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INTRODUCTION

Authorization
The preliminary design of the drainageway and roadway crossing facilities within the

Dirty Woman and Crystal Creek Drainage Basins was authorized under the terms of the
Agreement between El Paso County (County) and Kiowa Engineering Corporation. The
agreement was approved by the El Paso County Board of County Commissioners on July 22,

1991.

Purpose and Scope

The purpose of the study is to identify feasible stormwater management plans to satisfy

the existing and future needs within the Dirty Woman and Crystal Creek Drainage Basins. The
specific scope of work for this study included the following tasks:

1.

N s

10.

Meet with the County to: insure compliance with the services required by this
agreement, obtain existing data and general information from participating entities,
solicit desires of participating entities and other interested agencies or groups in order to
develop alternate plans, procure current information relative to development plans in the
basin, procure information relative to right-of-way limitations, proposed stormwater
projects, potential hazards due to flooding, and avoid duplication of effort whenever
possible by utilizing existing information available from other agencies.

Contact the County, Town of Monument, individuals, and other agencies who have
knowledge and/or interest in the study area.

Utilize City/County drainage policies and criteria and applicable information wherever
possible.

Perform hydraulic and hydrologic analyses within the study area.
Identify environmental setting of basin.
Identify existing and potential drainage and/or floeding problems.

Develop improvement alternatives to reduce existing and potential flooding problems,
and to mitigate the impact of stormwater runoff upon environmentally significant areas
along the drainageway(s).

Examine the operation and maintenance aspects of feasible alternatives.
Conduct an economic analysis of each altemative.

Recommend and prepare a preliminary design for a selected alternative plan.
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11.

12.
13.
14.

study:

Prepare documentation and summary report(s) sufficient for the review and processing of
a Letter of Permission (LOP) through the Corps of Engineers. :

Develop drainage and bridge fees for the basin.
Prepare a written report discussing all items examined in the study.

Conduct presentations to public and private entities in order to define project goals, and
to involve agencies with specific interest to help define feasible alternatives.

Summary of Data Obtained
Listed below are the technical reports collected for the review as part of preparing this

Soil Survey for El Paso County, Colorado, dated June 1981.

City of Colorado Springlel'Paso County Drainage Criteria Manual, prepared by City of
Colorado Springs, El Paso County, and HDR Infrastructure, Inc., dated May 1987.

Flood Insurance Studies for Colorado Springs, and El Paso County, Colorado, prepared
by the Federal Emergency Management Agency (FEMA), revised 1989.

Flood Insurance Restudy, Dirty Woman and Crystal Creeks, prepared by RCI, Inc., 1989.

Floodplain Information Report, prepared by the Colorado Water Conservation Board
(CWCB), dated July, 1985.

General Well Location Site Information and Water System Layout, prepared by the
Woodmoor Water and Sanitation District.

Woodmoor Subdivision Drainage Plans, dated 1971 - 1988.

In addition to the above listed reports there were a number of drainage study reports,

sketch plans, preliminary and final design drawings, land use and zoning maps, development
plans, and existing drainage facility maps that were collected from the Town of Monument, El

Paso County, and other local agencies.

The report entitled, Dirty Woman Creek and Crystal Creek Drainage Basin Planning

Study Development of Alternatives, was prepared prior to this report. This report was prepared
as a part of the overall planning effort and has been referred to throughout this report. The
Development of Alternatives report evaluated the various combinations of drainageway
improvements for the basin, taking into account environmental, cost, construction, right-of-way,
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maintenance, and implementation factors for each feasible alternate plan. This report is on file
with El Paso County Department of Public Works, along with its associated technical addendum.

Mapping and Surveying
Mapping used in the planning effort consisted of USGS 7-1/2 minute quadrangles; and 2-

foot contour interval, 1-inch to 200-foot scale planimetric topographic strip maps for the major
drainageways; and 4-foot contour interval, 1-inch to 400-foot scale planimetric topographic
maps of the entire watershed. The aerial mapping was compiled in August of 1991, by
Landmark Mapping Ltd., of Lakewood, Colorado. The aerial topographic mapping was used in
the drainage inventory, hydrologic/hydraulic analyses, alternative planning phases, and the
preliminary design of this project. All topographic mapping was based upon USGS vertical
datum.

Drainageway site inspections were conducted throughout the study area, and photographs

were taken documenting the key drainage features.

Project Coordination

Throughout the course of this study, meetings were held with representatives of the
County, State and Federal agencies with an interest in drainageway planning in general. The
primary reason for the coordination effort was to obtain technical information and to identify
concemns with regard to the development of drainageway facilities within the basin. During the
course of preparing the Development of Alternatives report, the planning constraints and
concepts were discussed with the agencies and interested individuals. Their input was used to
refine the feasible alternatives and to eventually identify a recommended drainageway plan for
further design evaluation. A public meeting was held to present the Development of
Alternatives report and solicit ideas and information from the gcncfal public regarding the
drainageway plan. The mailing list, public meeting minutes, and project correspondence is

contained in Appendix A of this report.

Acknowledgements

During the preparation of the study, several government agencies and interested
individuals were routinely involved in the coordination activitics. Representatives from the
Colorado Division of Wildlife, U.S. Army Corps of Engineers (COE), and various County
Departments provided valuable information and commentary during the development of these
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reports. A listing of the individuals and agencies routinely coordinated with during the study has
been presented below:

Name Agency
Alan Morrice El Paso County Department of Public Works
Ken Rowberg El Paso County Land Use Department
Rick O'Conner El Paso County Land Use Department
Dwight Whitney - Town of Monument
Jerry Standard Town of Monument
Phil Steineger Woodmoor Water and Sanitation
John Sterling Woodmoor Improvement Association
Bruce Goforth Colorado Division of Wildlife
Dan Bunting Regional Building Department
Sarah Fowler Environmental Protection Agency
John Liou Federal Emergency Management Agency
Dave Frick R(I, Inc., Fort Collins, Colorado
Bill Noonan U.S. Fish and Wildlife
Anita Culp U.S. Army Corps of Engineers
Brian Hyde Colorado Water Conservation Board
Bob Torres Colorado Department of Transportation
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II. STUDY AREA DESCRIPTION

Ever since we first saw the name "Dirty Woman Creek" on an El Paso County map we have
wondered how the stream happened to acquire that name. Was she a woman whose body was
physically unclean? Was she filthy mouthed? Did she possess a dirty mind, or did her morals
earn her the unkind appellation?...

...The creck (Dirty Woman Creek) was named for a dirty woman. Whether or not she was
old, we'll never know. If it referred to her physical, mental or moral being why should we care?
None of us are wholly pure. And with everyone throwing dirty poison and debris into the streams
these days any creek could be labeled "Dirty Creek.” She simply set a precedent.

"Dirty Woman Creek" is the first creek crossed when entering Monument. 1t is just south of

the Monument school and is a branch of Monument Creek.
Mrs, Lucille Lavelett, whose grandfather, John Olfs, homesteaded near what is now the
Woodmoor TownHouse subdivision, about 12 miles from Monument, told us how the creek came

to receive its name.
She told us that back in the 1870s the first Monument schoolliouse was built near the creek. Her

mother and an aunt attended it, and her aunt said that down near the stream lived a woman in a
little shack. The old lady kept a bunch of goats, chickens, and other animals on the place and
didn't keep it or herself very clean, so in speaking of the stream the kids called it the "Dirty
‘Woman Creek.”...

The above is an excerpt from the column "Harold's Haunts" written by- H. H. Hartman
and appearing in the Gazette Telegraph on August 8, 1971.

The Dirty Woman and Crystal Creek drainage basins are right-bank tributaries to
Monument Creek in El Paso County, Colorado. Dirty Woman and Crystal Creek's drainage area
at Monument Creek is approximately 6.59 square miles of which approximately 5.04 square
miles are included in the Dirty Woman drainage basin. The basin is divided into seven major
sub-basins, Dirty Woman Creek mainstem, Crystal Creek mainstem, Lake Fork of Dirty Woman
Creek, North Fork of Dirty Woman Creek, Middle Fork of Dirty Woman Creek, Upper Dirty
Woman Creek, and South Fork of Dirty Woman Creek. Figure 1 shows the location of the Dirty
Woman and Crystal Creek basins.

Basin Description

The Dirty Woman and Crystal Creek drainage basins cover a total of 6.6 square miles in
El Paso County including the Town of Monument. The basin(s) trend in generally a east to west
or southwesterly direction, entering Monument Creek in two locations. Crystal Creek enters
Monument Creek at Monument Lake, just west of the Town of Monument. Dirty Woman Creek
enters Monument Creek just southwest of the Town of Monument near its crossing with Mt.
Herman Road. Development has occurred throughout the entire basin. Large-lot single family
residential development has occurred throughout most of the basin areas with some higher
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density development along Interstate 25 and within the Town of Monument. Development of
the basins is approximately 85-90 percent complete.

The maximum basin elevation is approximately 7,505 feet above mean sea level, and
falls to approximately 6,860 feet at the lower confluence with Monument Creek. The
headwaters of the basins originate in conifer covered areas near the Palmer Divide.

Climate

This area of El Paso County can be described, in general as high plains, with total
precipitation amounts typical of a semi-arid region. Winters are generally cold and dry.
Precipitation ranges from 14 to 16 inches per year, with the majority of this precipitation
occurring in spring and summer in the form of rainfall. Thunderstorms are commeon during the
summer months, and are typified by quick-moving low pressure cells which draw moisture from
the Gulf of Mexico into the region. Average temperatures range from about 30°F in the winter
to 75°F in the summer. The relative humidity ranges from about 25 percent in the summer to 45

percent in the winter.

Soils and Geology

Soils within the Dirty Woman and Crystal Creek basins are generally hydrologic soil
type B with some scattered hydrologic soil type C along the drainages, as identified by the U. S.
Department of Agriculture, Soil Conservation Service. With the predominance of type B soil,
these basins will tend to develop a lower runoff per unit area rate as compared to basins
dominated by Type C & D soils. Presented on Figﬁre 2 is the Hydrologic Soil distribution map
for the Dirty Woman and Crystal Creek basins.

Property Ownership and Impervious L.and Densities

Property ownership along the major drainageways within the Dirty Woman and Crystal
Creek basins are mostly private. Along the developed reaches, drainage right-of-ways and
greenbelts have been dedicated during the development of the adjacent residential land. Where
development has not occurred, the drainageways remain under private ownership with no
delineated drainage right-of-way or easements. Dirty Woman Park abuts the mainstem of Dirty
Woman Creek near its confluence with Monument Creek. Both creeks have been impacted quite
heavily by roadway construction.

Land use information for the existing and future conditions were reviewed as part of the
planning effort. This information is used in the hydrologic analysis to predict runoff rates and
volumes for the purposes of facility evaluation. The identification of land uses abutting the
drainageways is also useful in the identification of feasible plans for stabilization and aesthetic
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treatment of the creek. Presented on Figure 3 is the Proposed Land Use Map used in the
evaluation of impervious land densities discussed in the hydrologic section of this report. Figure
3 is not intended to reflect the future zoning for land use policies of the Town or the County.



————————— e
| ' LEGEND - .
C
8 RESIDENTIAL, 5Ac. g
. . _ o
] [
COMMERCIAL 2l o
0 2
- - ; " 8] s
RESIDENTIAL, 1/2 Ac. o 8]
‘ Ll e
L G|l ¢ o
7 / open space/unoeverored| | B & 2
%e ) C € @
A =1 3 ai
DSy M
MIXED USE/RESIDENTIAL w i .8 lI')
1 . | Mo
oil @ onm
- INDUSTRIAL / gl 588
INSTITUTIONAL
NN RESIDENTIAL, 2.5 Ac.
o ‘/'\,'_,"r\ f%
]
4
h ¥
i
) L
4 o
[ O -
35
i b &
. 0]
o
I Og EI—
| G S =
) ¥ 3y
I %&J n >
| °% 2
a L i
sl
] =
_ O w
=6 0
- g O
g N0 @
- Project No-§ |-07-17
‘ Date:  [2/91)
Dasign: AW Mc
\t Orawn: EAK
: Chach: RNW
. ! Revislons:
: : o' 1500" 3,000'
- H e ———
. : SCALE IN FEET
i N
- ; a FIG 3




-

. HYDROLOGIC ANALYSIS

A hydrologic analysis was conducted in order to determine peak discharges and runoff
volumes for various storm types, and basin development conditions. This data was used in the
evaluation of existing flooding problems and in the evaluation of alternative plans. A Technical
Addendum has been prepared in association with the Development bf Alternatives report.
Detailed information with respect to the hydrologic analysis is contained within the Addendum
along with hydraulic information on the basin. The Technical Addendum is on file with El Paso

County.

Previous Studies

Various hydrologic studies have been prepared for Dirty Woman and Crystal Creeks.
These studies are Flood Hazard Identification Report, Crystal Creek and Dirty Woman Creek,
Monument, Colorado prepared by the Colorado Water Conservation Board (CWCB) in February
1987, the FEMA Flood Insurance Study, prepared in 1986, a study by Tri-Consultants on Crystal
Creck through Casey's Subdivision, and an ongoing study by Resource Consultants, Inc. which
included overall hydrology for Dirty Woman and Crystal Creeks.

The Flood Insurance Study has been recently updated. The revised FEMA Flood
Insurance Study, El Paso County, Colorado Unincorporated Areas was revised on September
30, 1992. '

Runoff Model

The runoff model used to determine the peak flows and volumes within the study area is
the HEC-1 computer program developed by the COE Hydrologic Engineering Center. The use
of this hydrological model is in conformance with the City of Colorado Springs/El Paso County
Drainage Criteria Manual. The HEC-1 hydrologic modeling was approved by El Paso County
for use in this Drainage Basin Planning Study.

Basin Characteristics

The study area subject to this hydrologic evaluation is the Dirty Woman and Crystal
Creek Drainage Basins. The Dirty Woman and Crystal Creek Basins were divided into seven
major regional basins for analysis purposes. Dirty Woman Creek includes the main stem, Lake
Fork, Middle Fork, North Fork, South Fork, and Upper Dirty Woman Creeks. Crystal Creek is 2
regional sub-basin itself. The major regional basins are shown in Exhibit 1 in the map pocket.
The regional basins were further subdivided into sub-basins.

11



Hydrologic data for each sub-basin was developed using the Soil Conversation Service
(SCS) Dimensionless Hydrograph Model within HEC-1. Basin characteristics required for the
SCS Dimensionless Hydrograph Method using HEC-1 are area, curve number, and SCS lag time
(Tlag)- Basin areas were planimetered to determine their area in square miles. Curve numbers
were determined for each sub-basin utilizing the hydrologic soil type, ground cover (both
existing and proposed), and Tables 5-4 and 5-5 of the City/County Criteria Manual. The
calculation of the SCS lag time was based upon its relationship to time of concentration (to)-
The time of concentration for each sub-basin was determined by adding travel times for overland
flow, channel flow, and pipe flow from the hydrologically most distant point in the basin to the
outfall point. The parameters used in these calculations were determined from available
topographic maps, soils maps, aerial photography, land use maps, and field investigation. Figure
2 shows the hydrologic soil types and Figure 3 shows the proposed land use types within the
Dirty Woman and Crystal Creek drainage basins. '

Sub-basin flows were routed and/or combined with other sub-basin flows to establish
discharges at various points throughout the drainage basin. Routing of flows was accomplished
using the kinematic wave method. The kinematic wave method is based upon characteristics of
each reach including length, slope, Manning's roughness, type of channel, bottom width of
channel, and chanrel side slope. Flows from upstream sub-basins or design points (points of
combined flow) were routed through the channel reach determining the channel storage and lag
time for the routing. At design points, two or more hydrographs were combined to determine the
outflow hydrograph at that particular point.

Impervious Land Density

Land use for existing and future basin conditions were determined using a combination
of zoning maps, City/County Comprehensive Plan(s), aerial photographs, transportation plan(s),
and other related land use documents. Land use density and corresponding curve numbers were
determined in accordance with the City/County Drainage Criteria Manual. Soil Conservation
Service (SCS) curve numbers for both the existing and future conditions for both Dirty Woman
and Crystal Creeks are presented in the previously mentioned Technical Addendum,

Design Rainfall
The City/County Drainage Criteria Manual identifies a number of procedures to be used

in developing storm rainfall for input into hydrologic models. The criteria manual stipulates that
two storm durations (2-hour and 24-hour) be checked to determine the critical design storm (the
storm producing the greatest peak discharge) and recommends that the SCS Type IIA
distribution be used to represent the 24-hour rainfall pattern. A rainfall distribution for 2-hour

12



storms is also included in the Criteria Manual. Rainfall depths shown in the criteria manual are
based on National Oceanographic and Atmospheric Administration (NOAA) Atlas 2. Rainfall
depths used in the model are 4.40 inches and 2.88 inches for the 24-hour and 2-hour, 100-year
storms re'spectivcly. It was determined through analysis that the 2-hour storm was the critical
storm. The rainfall depth for the 2-hour, 10-year storm used in the analysis is 1.94 inches. The
use of the 2-hour storm is consistent with the ongoing FEMA Restudy of Dirty Woman and
Crystal Creeks.

The City/County Criteria was subsequently changed during the course of this study to
exclude the use of the 2-hour storm and AMC-III. Because the hydrology was completed under
then current criteria, the decision was made to utilize the 2-hour storm hydrology. The use of
this storm type is comparable to the previous studies by CWCB and FEMA. The soil and basin
conditions of Dirty Woman and Crystal Creeks lends itself to the use of the AMC-III condition.
The relatively small size of the drainage basins, under 6 square miles, lends itself to the use of
AMC-IIL. The AMC-II provides a method to better depict the infiltration rates during intense
rain events. These were all factors in utilizing the 2-hour storm hydrology.

Hydrologic Modeling

The hydrologic model consists of 95 sub-basins linked by drainageways or "reaches”.
Presented on Exhibit 1 (in map pocket) is the Hydrologic Basin Map which shows the sub-basins
analyzed.. Hydrographs are accumulated at design points along the major drainages. A
hydrologic flow chart was developed and is presented in Figure 4. Both the existing and future
development condition hydrologic models are based on the current configuration of both Dirty
Woman and Crystal Creeks and their tributary drainages. :

The hydrologic model for the basin is based upon the 1-inch to 200-foot topographic
mapping prepared by Landmark Mapping, Ltd. for this project. Basin areas, lengths, slopes, and
flow patterns were determined using these maps.

Results

The results of the hydrologic analysis have been presented in several formats. A basin
hydrologic map which contains the basin boundary, regional basins, channel routing scheme,
sub-basin locations, and design points is shown on Exhibit 1 which is contained in a map pocket
attached to this report. Flood discharge profiles for the various storm types analyzed are shown
on Figures 5 through 7. Summarized on Table 1 is the sub-basin peak discharge information,
Presented on Table 2 are the peak discharges for the key design points in the basin.

13



The flows generated by the 2-hour storm were greater than those generated by the 24-
hour storm for both drainage basins. The decision was made in the technical review meetings to
use the 2-hour storm for this drainage basin planning study.

The differences in the existing and future flow conditions were minimal. The reaches in
the upper end of the basin show no difference between the existing and future flow conditions.
The difference between flow rates is generated by the potential future development along the
Interstate 25 corridor and within the general area of the Town of Monument. The hydraulic
analysis and drainageway planning utilized the future condition flow rates due to the small
difference between future and existing flow rates. The use of the future flow rates will prevent
proposed structures from becoming hydraulically inadequate as development in the basin
proceeds.

14
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TABLE 1
Summary of Sub-basin Peak Discharges
Future Future Future Future
Basin 100 Year 10 Year Basin 100 Year 10 Year Basin
Designation 2 Hour 2 Hour Designation 2 Hour
SDWO01 147. 49 DWCT79 118 42 CC157
SDW03 90 31 1LDWS1 136 54 CC159
SDWO05 120 40 LDW8g3 74 28 CCle61
SDW07 91 38 LDW85 47 18 CC163
UDW(09 103 34 LDW87 112 43 CC165
UDWI11 57 20 LDWg9 94 35 CC167
UDW13 32 12 LDW91 26 10 CC169
UDW15 76 25 LDW93 46 18 CC171
UDW17 26 9 LDW95 53. 20 CC173
UDW19 33 11 LDW97 50 19 CC175
UDW21 47 16 LDW99 57 25 CC177
UDW23 24 8 LDW101 170 66 CC179
UDW25 44 15 LDW103 136 50 CC181
UDW27 80 29 LDW105 05 38 CC183
UDW29 80 27 LDW107 47 18 CC185
UDW31 82 35 LDW109 131 53 CC187
MDW33 131 47 LDW111 - 215 89 CC189
MDW35 33 11 DWC113 44 15
MDW37 81 20 DWC115 91 40
MDW39 116 46 DWC117 198 84~
NDwW41 146 56 DWC119 72 31
NDW43 61 23 DWCi121 211 88
NDW45 87 33 DWC123 77 34
NDW47 62 . 23 DWC125 73 31
NDwW49 14 5 DWC127 102 32
NDWS51 32 12 DWC129 137 58
NDWS53 17 6 DWC131 58 18
NDWS55 18 7 DWC133 102 38
NDW57 153 57 DWC135 81 26
NDW359 129 50 DWC137 65 25
DW(C61 76 29 DWC139 117 47
DWC63 130 50 PWCl141 79 . 32
DWC65 59 23 DWC143 101 38
DWC67 42 15 CC145 89 33
DWC69 41 17 CC147 103 35
DW(C71 72 29 CC149 69 22
DWC73 81 30 CC151 114 38
DWC75 153 61 CC153 77 29
DWC77 50 19 CC155 19.
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Future

Future

100 Year 10 Year
2 Hour Designation 2 Hour 2 Hour

111
22
132
127
121
116
119
90
56
46
89
42
49
136
111
96
64

46
9
37
51
52
49
37
40
24
15
32
13
15
50
36
37
23
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TABLE 2
Summary of Peak Discharges
Existing Existing Future Future
Design Creek 100 Year 10 Year 100 Year 10 Year
Point Symbol 2 Hour 2 Hour 2 Hour 2 Hour
Dirty Woman Creek
11 UDW 150 50 150 50
21 UDw 308 103 308 103
29 UDW 514 172 514 172
53 NFDW 108 40 108 40
55 NFDW 117 43 117 43
45 NFDW 354 132 354 132
57 NFDW 501 186 501 186
35 MFDW 156 55 156 55
37 MFDW 235 84 235 84
3 SFDW 229 71 229 77
7 SFDW 377 127 377 127
59 DWC 1,876 663 1,876 663
61 DWC 1,952 692 1,952 692
63 DWC 2,075 735 2,075 735
65 DWC 2,126 756 2,126 756
69 DWC 2,175 777 2,175 777
71 DwWC 2,202 791 2,202 791
75 DwWC 2,335 836 2,337 338
91 DWC 112 41 112 41
95 DWC 198 74 198 74
83 DWC 195 75 195 75
99 DWC 594 226 594 226
103 DWC 883 334 883 334
107 DWC 1016 381 1016 381
109 DWC 1107 417 1107 417
111 DWC 1240 413 1240 413
113 DWC 2,513 896 2,515 898
115 DWC 2,539 908 2,541 910
119 DWC 2,679 960 2,686 694
123 DWC 2810 1,000 2,868 1,031
125 DWC 2.850 1,015 2,909 1,046
127 DWC 2,879 1,028 2,943 1,057
131 DWC 2,989 1,068 3,055 1,098
135 DWC 3,142 1,124 3,212 1,154
139 DWC 3,192 1,136 3,258 . 1,170
Crystal Creek
149 CC 260 90 260 90
153 cC 416 142 416 142
157 cC 527 185 527 185
159 CcC 536 188 536 188
161 CC 594 211 594 211
163 CcC 644 231 644 231
177 CC 188 70 188 70
179 CcC 202 74 202 74
181 CcC 232 81 232 81
167 CcC 303 126 317 135
169 CC 397 148 412 157
183 cC 1,213 423 1,223 430
185 CC 1,277 442 1,288 450
189 cC 1,394 481 1,406 487
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IV. HYDRAULIC ANALYSIS AND FLOODPLAIN DESCRIPTION

A hydraulic analysis was conducted to ascertain the conveyance capacity of hydraulic
structures along the major drainageways of Dirty Woman and Crystal Creeks and to identify
flood-prone areas along the drainageways. Field verifications of major roadway crossing and
channel improvements were conducted and the general physical condition of the structure(s)
noted. The hydraulic analysis was conducted using the U. S. Army Corps of Engineers (COE)
HEC-2 water surface profiles program and/or the Federal Highway Administration's (FHWA)
HY-8 Culvert Analysis computer program. Cross section data for the analysis was obtained by
using the two-foot contour interval planimetric topographic mapping referenced earlier in this
report. The capacity of the major roadway crossing structures were estimated using the HEC-2
water surface profile data and supplemented by the FHWA HY-8 Culvert Analysis calculations.

Shown on the preliminary design plans is the 100-year floodplain for the future
development hydrologic condition. The floodplains have been delineated for Dirty Woman
Creek along with all five of its 'forks,' Lake Fork, North Fork, Middle Fork, Upper Fork, and
South Fork. The floodplain information shown on the preliminary design plans has been
primarily used for identification of flood-prone areas and for assistance in the development of
alternative plans. The floodplain data contained herein is not intended to replace the
information presented in the El Paso County Flood Insurance Study. A Floodplain
Delineation Technical Addendum containing the hydrologic and hydraulic computer input and
output was submitted to the Coﬁnty as part of this study.

Floodplain preservation and regulation has been recommended in conjunction with
selective channel and bank improvements for many reaches of both drainageways in the selected
plan. Due to this, the location of the 100-year floodplain is important since it denotes the limit of
allowable encroachment. Often times the zone of the 100-year floodplain contains higher quality
riparian and wetland habitat. These areas were determined to be desirable areas to preserve
during the alternative planning process. It is recommended that at the time of development,
areas which contain Dirty Woman Creek or Crystal Creek should have the 100-year floodplain
limits verified using the hydrology summarized in this report as a part of the initial process of the
land development planning. For areas where no floodplains have been delineated as a part of
this report or in the Flood Insurance Study, determination of the 100-year floodplain should be
required utilizing methods similar to those applied in this study. This requirement will be
needed primarily in the upper reaches of Dirty Woman and Crystal Creek and in the
northwestern portion of the Crystal Creek basin.
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Reach Delineation and Descriptions

Reaches were delineated for various segments of Dirty Woman Creek and Crystal Creek.
The reaches were determined based upon the existing physical condition of the low flow,
floodplain, and overbanks along the drainageways. The reach limits are shown on Figure 8 and
on the preliminary design drawings; Descriptions of the reaches along with environmental
review of each reach were conducted using field visits. This information has previously been
presented in the Development of Alternatives report.

Flood History
The flood history of the two basins within the study area is not known. Newspaper

articles of past flood events along either of the creeks could not be found. There are no clear
high water marks along the drainageways.

The potential for flash flooding will not increase significantly as urbanization continues.
This is because of the numerous natural and incidental storage areas which occur along both
creeks. In addition to the natural floodplain storage, the future land use will not cause a
significant rise in the flood discharges. A constant base flow does exist in Dirty Woman Creek.
Much of this base flow is transmitted to Lake Woodmoor via a gravity pipe system and
infiltration galleries situated along the creek low flow channel. Lake Woodmoor is a private
reservoir. Woodmoor Water and Sanitation District supplies raw water to the reservoir. During
the hydrology analysis, the storage in Lake Woodmoor between the maximum operating level
and the emergency spillway was assumed to be available for flood water storage. The State
Engineer records indicate a 5.5 foot difference between the maximum operating level and the
spillway.

Hydraulic Structure Inventory
As part of the field investigation, the existing drainage facilities were verified and

inventoried. The size, type, and condition was recorded for all the bridges, culverts, channels,
inlets, pipes, and miscellaneous drainage features in the basin. Hydraulic capacities were
estimated for the culverts and bridges over the major drainageways. An inventory of the major
structures is presented on Table 3. Hydraulic capacity of a structure was assumed to be reached
when the hydraulic grade line equalled the adjacent road surface.

In addition to the bridge and culvert inventory, the existing storm sewer facilities were
field verified and tabulated. The structures were measured and their condition noted. Maps
showing the facilities have been prepared along with a tabular listing and are contained under a

separate cover.
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TABLE 3
Major Structure Inventory

Dirty Woman/Crystal Creek Drainage Basin Planning Study

R

Middle Fork.Dmy Woman

" Crystal Creek
58+50

14x16"

Stone Arch
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Floodplains
Floodplains for the 100-year existing and future condition discharges have been

delineated for Dirty Woman Creek and Crystal Creek. The floodplain was estimated in order to
assess where hydraulic inadequacies exist along the major drainageways. Floodways were also
delineated as part of the hydraulic analysis. This analysis assumed rigid boundary conditions to
exist along the channel cross sections. The field inventory supplied roughness and bridge
opening data for use in the HEC-2 modeling. These floodplains are presented on the Preliminary
Design drawings. The previously mentioned technical addendum contains input and output data
for the hydrology, floodplain and floodway analyses.

The most significant areas of existing flood hazard occurs along I-25, between Crystal
Creek and Dirty Woman Creek. An inadequate capacity culvert under the 1-25 Frontage Road
forces the 100-year discharge in Crystal Creek to be diverted south along I-25 and into Dirty
Woman Creek. Though no structures are threatened, Colorado Highway 105 and the northbound
I-25 embankment could be eroded. The crossing of I-25 by Dirty Woman Creek will overtop the
roadway in its current configuration. No structures are threatened, but the potential for erosion
and localized roadway destruction is great. Elsewhere along Dirty Woman Creek, a single
family residence in the vicinity of Augusta Drive lies within the 100-year floodplain. The
floodplain at this location is wide because of the inadequate culverts under Augusta Drive and
Lake Woodmoor Drive. Along Crystal Creek, there are two locations in which flooding
potentially threatens a structure. The crossings of Crystal Creek at both Willow Park Way and
Emigrant Trail East pose potential flooding problems. In general, habitable structures adjacent
to Dirty Woman and Crystal Creeks have been elevated above the 100-year water surface.
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V. EVALUATION OF CONCEPTUAL ALTERNATIVES

Introduction

Alternative drainageway improvement concepts have been examined that address the
existing and future stormwater management needs of the basin. Alternatives have been
identified for each reach of the Dirty Woman and Crystal Creek drainageways. Quantitative and
qualitative comparisons were presented, and a recommendation made as to which concepts were
most feasible to advance to preliminary design and eventually to implementation. The majority
of the alternative analysis is presented in the Development of Alternatives report.

The general planning goals to be achieved during the alternative evaluation phase were:

1. Identify stormwater facilities which will reduce existing floodplains and flooding
problems within urbanized areas;

2. Provide stormwater management within developing areas of the basin in order to
reduce the detrimental effects of runoff and sedimentation from disturbed areas;

3. Provide stormwater facilities which preserve andfor enhance the existing
drainageway and areas adjacent to the drainageway which provide an
environmental resource in the area;

4. Identify facilities which will minimize future operations and maintenance costs;
and
5. Provide stormwater management facilities which will at least maintain and/or

enhance the water quality characteristics of the basin.

The City/County Drainage Criteria Manual was used as a guide in the conceptual sizing
of facilities. Planning goals were developed through the agency/individual coordination process.
Common and/or mutual goals of the interested agencies were identified prior to the initiation of

the alternative evaluation phase.

Evaluation Parameters

Coordination meetings were held throughout the planning process in order to discuss the
overall goals of the study and to solicit specific concerns from governmental agencies,
individuals, and private community groups. One result of this coordination effort was the
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development of the following list of parameters which should be considered when evaluating

alternatives.

%* Flood Control * Open Space/Aesthetics

%* Erosion Control * Land Use

* Operation and Maintenance * Water Quality

* Recreation ‘ * Habitat

%k Right-of-Way * Construction Cost

* Transportation (Roadway and * Administration and
Trails}) Implementation

By reviewing the relative impact of future stormwater runoff upon the major
drainageways, each of the evaluation parameters were ranked. A minimal impact was assumed
wherever the future flows were considered to cause little physical change with respect to a
specific parameter. Neutral impact upon a given parameter was considered wherever the
negative effects of future flows could be planned for and mitigated. High impact was considered
wherever the existing channel section would be rendered unsuitable to provide for a given
parameter in the future flow condition. Using the input from the individuals and agencies who
participated in the meetings and field reviews, flood hazard, operations and maintenance, habitat
preservation, open space/aesthetics, and water quality were judged to be of high concern in the
Dirty Woman and Crystal Creek drainage basins.

Environmental Review of Dirty Woman Creek and Crystal Creek Drainage Basins

The environmental review conducted as a part of this project consisted of a description
and compilation of the biological and land use resources in the basin, their present condition, and
an analysis of abiotic and human factors affecting the environment. A reconnaissarice survey
was conducted during which the environmental conditions were studied by driving and walking
the areas and drainageways in the basin. The area was mapped and interpreted in the field based
on 7-1/2 minute topographic maps and ortho-corrected aerial photographs at a scale of 1-inch to
400 feet. Particular attention was given to conditions in the drainages and spring/seep areas for
biological resources in the riparian zones and wetlands. Dominant plant species for each habitat
type were observed and recorded.

The Dirty Woman and Crystal Creek drainage basins trend in a west to sonthwest
direction from their headwaters in the Black Forest/Palmer Divide area. Dirty Woman Creek
extends about 5 miles to its confluence with Monument Creek. Crystal Creek extends about 3
miles to it confluence with Monument Creek just upstream of Monument Lake. These areas are
in the transition zone of high plains grasslands and wetlands to the foothills and lower montane
pine forests. The drainage basins have a mixture of semi-natural vegetation and habitats
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somewhat altered by development, specifically transportation corridors, and commercial and
residential development.

The basin has a history of human activity and disturbance. The western, lower drainage
area has supported the Town of Monument and was and continues to be a major north-south
roadway and railroad corridor for traffic between Denver and Colorado Springs. The eastern,
upper drainage, area has historically been a ranching district with evidence of heavy livestock
grazing and stock pond construction still present. Interstate 25 (I-25) has replaced the old
roadway, and commercial and business development along the frontage road has occurred. East
of I-25, a large lot residential comrmunity, Woodmoor, has been developed along with a country
club and golf course. |

Portions of the Dirty Woman/Crystal Creek Drainage Basin west of and along 1-25 has
been highly developed for residential and commercial use and other businesses. Access roads
and residential lots were developed east of the interstate, and further development in this area is
expected to be minimal and localized. The Town of Monument is also located west of 1-25 with
surrounding businesses and large lot residential areas. The Town was founded during the last
century, and is well established but without current plans for expansion. The I-25 interchange at
Monument is considered inadequate and may require replacement in the near future. This would
affect the drainages of Dirty Woman Creek in the vicinity of the interchange freeway crossings.

Immediately east of I-25 a water supply reservoir (Lake Woodmoor), has been
constructed on the Lake Fork of Dirty Woman Creek, and on other small tributaries drain into
this reservoir. Roads and some of the residential lots occur in the drainages, and have interfered
with the water regime and flow and the associated wetlands. The major land uses that presently
affect the natural resources, riparian zones and habitats along drainages and wetlands are
commercial, transportation corridors, roads and residential. There is at present little agriculture
or livestock grazing in this basin.

The approximately one acre residential lots in the upper reaches of the drainage east of
the interstate have disturbed the natural setting the least and have semi-natural vegetation and
habitats. In most cases, the drainages have been undisturbed by construction and removal of
grazing has allowed the vegetation to establish to productive riparian, wetlands and wet meadow
habitats. Exceptions to this are the golf course along the North Fork Dirty Woman Creek and
several homesites along the upper portion of Crystal Creek immediately south of Woodmoor
Drive. The freeway and the Town of Monument occupy the southwestern lower areas in the
drainage basin(s).

A more thorough description of the environmental resources identified during the
preparation of the planning study is contained within the Development of Alternatives report.
Both qualitative and quantitative assessments are presented which were used in the
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determination of relative impact for each feasible plan identified in the alternative evaluation
process. '

There are no known threatened or endangered plant or animal species specifically
identified for these drainage basins. Peregrine falcons are known to nest along portions of the
Front Range, and this area is possibly within the hunting territory of this raptor. Migratory
waterfowl may seasonally use the reservoir in the lower portion of the Lake Fork of Dirty
Woman Creek, and may land on the small stock or constructed ponds in the upper drainage near
the golf course.

Preliminary Matrix of Conceptual Alternatives
The alternative planning process began with the evaluation of general drainageway

planning alternatives.  Alternatives which are generally available when planning urban

drainageways include:

Floodplain preservation (do nothing alternative)
Channelization, using various materials and varying capacity
Detention, on-site or regional

Selective stabilization

Combinations of the above.

i

These concepts were qualitatively evaluated for each reach of the basin. The qualitative
assessments were made using the information gathered in the field, and using input provided by
the various agencies and individuals who participated in the coordination meetings.

Drainageway System Alternatives
A review of each drainageway alternative with respect to the evaluation parameters listed

earlier was conducted. Based upon the technical work, field visits, and meetings with the
interested agencies and individuals, the alternative drainage concepts have been developed.
Alternatives for floodplain and channel sections have been evaluated and are discussed in detail
in the Development of Alternatives report.

Evaluation of Concepts
Presented in the Development of Alternatives report are qualitative and quantitative

comparisons of the floodplain preservation (do nothing), channelization and selective
improvement concepts. Each alternative was compared with respect to flood hazard, habitat
loss, operations and maintenance, open spacefaesthetics and water quality. Each alternate's
relative impact upon the drainage planning parameters was assessed. The areal impact upon the
habitat resources within each reach have been categorized as minimal (less than 30 percent
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Conclusions
Based upon the concept evaluation discussed and summarized in the Development of

Alternatives report, the following findings were established:

1. Regional detention, except that currcntly being provided by Lake Woodmoor, is not

feasible from the flood control and peak flow reduction standpoints. The storage behind
man-made embankments (roadways and ponds), in combination with the floodplain
overbank storage is providing a sufficient amount of long-term stormwater storage in the
basin(s). On site detention for new commercial or residential areas within the Town of
Monument is desirable from the localized erosion and water quality control viewpoints.
On site detention and its effect upon peak discharges in Dirty Woman or Crystal creeks is
not significant.

. Feasible channel section alternatives for the mainstem of Dirty Woman and Crystal

creeks range from the floodplain preservation, or "do nothing" alternate to selective
riprap bank linings. The feasibility of channelization concepts decreases within the upper
reaches of the basin(s).

. Habitat disturbances due to channelization of the Dirty Woman and Crystal creeks would

be significant and would have to be replaced elsewhere along the drainageways. In some
locations the channelization of runoff could have the effect of "drying up" the natural
base flow and thereby having a negative impact upon the vegetative and wildlife habitat.

. Long-term maintenance concerns make the implementation of a 100-year or 10-year

contiguous channelization concept difficult. The acquisition of property along the
drainages would have to occur if a channelized concept was advanced to implementation,
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VI. DEVELOPMENT OF ALTERNATIVES AND RECOMMENDED PLAN

The concepts which are available for handling stormwater runoff within the Dirty
Woman and Crystal Creek basins have been presented and discussed in detail in the
Development of Alternatives report. The process of combining the various channel
treatment options and roadway crossing structures into a contiguous plan for all of the
reaches is presented in this chapter of the report. As a result of the evaluation of the
flood control, habitat, open space, operations and maintenance, and water quality
concerns within the basins, the following concepts were identified as having sufficient
feasibility to warrant further evaluation and review:

Channel Concepts: Floodplain Preservation
Channelization, 10- or 100-year
Selective Improvements

Channel Concepts: The channel concepts listed above have been evaluated with
respect to the parameters listed in the previous chapter and in the Development of
Alternatives report. A concept's féasibi]ity depends upon its impact, positive or negative,
upon the evaluation parameters. The Floodplain preservation concept has been
considered to be the same as the "do-nothing" alternative. The floodplain preservation
concept would involve the regulation of the floodplain limits, generally as depicted on
the El Paso County Flood Insurance Rate Maps and as further refined by this drainage
basin plan. Regulation of the floodplain so that future encroachments are minimized and
the floodproofing of structures which are currently within the 100-year floodplain would
presumably be the methods used to address the fiood hazard concemns along the
drainageways. Channelization would involve the lining of the creek into a more confined
flow area, and could be done for either the 100-year or 10-year flood discharges. Several
typical channel concepts have been evaluated. The primary bank lining material would
probably be riprap. Grade control andfor drop structures would be required in a
channelization concept so that the flood velocities could be controlled to a level requiring
medium to heavy riprap. The preservation of invert vegetation upstream of grade
controls or checks would help to minimize the amount of invert riprapping for the
channel concept. Revegetation would occur wherever the native vegetation was disturbed
by the channel construction. Willows at the toe of the riprap banks would be a minimum
replacement. Selective improvement concept would involve the construction of grade
controls, drop structures, bank linings, low flow channel linings, and storm sewer outlet
control structures selectively sited to resist stream erosion or to reduce potential flooding
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damages while minimizing habitat impacts. Areas of future concern such as at the
outside bends of the drainageways and the outlets of roadway bridges, culverts, or
reservoirs would be the areas primarily subject to selective improvements.

Channel Alternatives

All reaches of Crystal Creek and Dirty Woman Creek had at least three
alternatives analyzed. Presented on Tables 4 through 6 are comparative evaluations of
the floodplain preservation, channelization, and selective improvements concepts by
reach. The purpose of the evaluation process was to identify the relative advantages and
disadvantages of each concept within each reach. For the channelization and selective
improvement concepts, a cost comparison has been completed. The cost evaluation and
detailed discussion relating to the various concepts are contained within the Development
of Alternatives report. The costs do not include an allowance for land acquisition for
channel improvements, or for the relocation of utilities associated with the construction

of channel improvements.

Culvert Alternatives

Throughout the Dirty Woman and Crystal Creek drainageways, roadway
crossings have been constructed. In some locations such as at the major roadway
crossings, the existing crossings are of 100-year capacity. In many other locations,
particularly within the Woodmoor subdivision, the existing culverts are very small, most
having less than a 10-year flow capacity. The crossings with inadequate capacity
culverts generally have a wide floodplain upstream of the roadway embankment. In
addition to wide floodplains, wetland and riparian zones exist which could be negatively
impacted by increasing the capacity of the roadway culvert. The Development of
Alternatives report contains a detailed analysis of the culvert crossings.

Impact Upon Habitat
For each of the channel alternatives evaluated an estimate of each alternative's

potential for disturbance of the habitat was made. The acreages presented on Table 7
summarized the acreages associated with wetland and riparian areas. The areas mainly
lie within the floodplain of the drainageways. Since it is the goal of this planning process
to identify concepts which will avoid disturbances to the existing habitat wherever
practical, alternatives which would have a greater level of disturbance compared to
another must have provisions for mitigating the disturbance. Typical disturbances caused
by channelization would include loss of native toe and/or bank vegetation, filling of
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_TABLE 4: Evaluation of Channel Aliematives

Major Drainageway: Dirty Woman Creek / Crystal Creek
Altemnative Concept: Floodplain Preservation (do-nothing)

T
[ S—

T

DW-B

One residenee is curently
within the 100-year
floodplain

Future: flocd hazards can.
be reduced using fleodplain
regulation

NFDW-A f No structures are currendy
within the 100-year
floodplain

No structures are cuenty | Undersized culverts are
within the 100-year potentially dangerous
floodplain

Undersized culvert at
Augusta Dr. creates
flooding hazard,

LFDW-A || Lake Woodmoor redaces Lake Woodmoor spillway is
the flood hazard petentially hazardous at
in this reach. Some oad ¢rossing
structures have been built
on stilts over the lake

LFDW-B j| Nostructures are currently | Undersized & improperly
within the 100-year located culverts are
floodplain poicatially hazardous

regulation

CCB Future flood hazards can
be ruduce d using floodplain

mcrease flows

Increased O & M costs
doe to undersized roadway
culverts

Existing floodptaia well
vegetated and srable.

Increased O & M costs
due to undersized roadway
culverts & inlcts.

lower portion of reach
could reduce aesthotics

H vl swocd:
Floodplain is privately
owncd

cansed by spillway erosion

Tecreased O & M couts
due to undersized &

mpropedy located readway
& driveway cuiverts

enhance the Cpen Space &
acathetics of the reach
High quality currently
exists i the reach

Opportunities exist to
cnhance the Open Space &
acsthetics of he reach

Heolplain is within
drainage/peeservation
casement.

Short term

Existing wetland areas
provide significant water
quadity echancernent

Jarned
arcas

activity & roadway erosion
impa¢t water quality

mv?i;uwam quality
ctthanoement

Parameter Flood Hazard Habitat Operations and Maintenance Open SpaccfAcathctics Watsr Quality Comments
impact NoImpact Reduced Hazard/ Impact Mitigation/Enhancement Reduced Increased Low Visual No Lmpact Visually Degrades : HNo Impact
— Increased Hazard Opportunities effort effor Quality Enhanced Quality or Entancement
Reach Moderate Major
No.
]

The

lopment which could h
upon the creck.

Undemsizing of .rondway culverts is biggest
problem in this reach

Low water level ‘Lake Woodmoor is privately
Lake Woodmoor owned & operuted
Boildout is nearly congick
Most of the floodplain is
privaicly owied

O & M ¢osts should remain
relatively the same

Opportunities cxist to
cuhanse the Open Space &
acthetics of the reach
afforded by this concept

Development without
floodplain control could
reduce aesthetics

i

Opponunities

enhance the Cpen Space &
acsthetics of the reach
afforded by tllag_’o%wept

Opportunitics cxist to
increase waler quality which
dircetly enlers rescrvoir

3 e
Development in area
could result in loss

of water quality

"Lake Woodmoor is waler
supply rescrvoir

Existing weiland arcas
provide water quality
cnh."nocmcnl

S EH
Spillway and area below Lake Woodmoor
is actively headcutting

Roadway and driveway culverts curnently
are detrimental to flood flow in the reach.
Since water directly enters watcr storage
mervolr, water quality should be

2 major concem

Monument currently has a detention and
"no build" in floodplain policy in effect
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TABLE 5: Evaluation of Channel Altemnatives

Panmeter
Impact

e

LFDW-A

100~y loodplain may
be removed from floodplain X

i G R
ding properly sized
culverts will reduce
flooding potential. Pond X
outlet improvements would

i 2t
Structurcs are currently
outside 100-yr floodplain

No structures within
100-year floodplain.

J':;]m ‘Weodmoor reduces
the flood hazard in this

stilts over the lake

R R
Structures arc currently Improvements through the
cutside 100-yr Boodplain existing farmland would
improve flood hazards
as that area develops

ceC

Improvements at existing
cmbankments & roadway

Structures are cumently
outside 100-yr floodplain

flooding hazards

culverts will reduce X

Major Drainageway:
No Impast Raduced Hazard/ Mitigation/Enhancement Reduced
Ircreased Hazard Opportunitics effort

Dirty Woman Creek / Crystal Creek

Altemative Concept: Selective Channel Improvememts

I Comments

Increased Low Visual

due to proper roadway

Culvert at Augusta Dr.

Rt SV R

would reduce O & M costs.

Mamnm.anm costs could
incrcase as development
occurs in Yower portious
of the reach

0 W Q I. "
No Inmtpast Visually Degrades No Impast
Enhanccd : Quality

£ S
Opportunities exist to
enhance the Open Spase &
acsthetics of the reach

Most of the Roodplain
is privately owned

& acsthetics exist within

the reach currendy impact water quality

e
RSt A e

& channel could reduce
O &M costs

Rep
vegeiation/habitat is
possible duoughout reach

LSl
Reduoed O & M cons
duc to proper roadway
culvert sizing

As the.nndcwlopcd Jand
develops, O & M costs
will increase

Most of floodpain within
easement or private

activity & roadway crosion

quality enbanccment.
Weidand areas should

provide si‘;niﬁam water

quality enbancement.

‘Wetland arcas should
in |

spillway channel would
improve acsthetics

could result inloas
of water quality

enhance the Open Space &
acsthetics of the reach

i (.)ppo.numms cxu{ tc;
enhance the Open Space & | could result inloss

acsthetics of the rcach of water quality

Development in the reach

Imawng:m o pillway
channe] would recuce
crosion

Existing u‘eﬂmd areas
provide significant water
quality cnh

R AR
This reach appears relatively statle,
bowever there is potential for high
intensity development in lower

be replaced.

Headcutting (erosion) of the spillway
channch should be stopped. Habitat,
acsthetics & water guality would

all be increased

Existing farm/ranch land in rcach ia key.
The reach is relatively stable as it cxists,
b development could change that,

Al i
Existing w;eﬂmdaxeas
provide significant water
guality enbancement

‘Wetland arcas should remain JCulverts atN. Mouument Lake Road will

the 100-yr f]

o e v
The characicristics of this reach closely

bl h istics of the forks
of Dirty Wosnan Creek. The Frontage Road

Wetland arcas shotld remain Jeulvert is grossly undersized &

needs replacement
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TABLE &: Evaluation of Channel Altematives

Major Drainageway:
Altemative Concept: Channelization

Dirty Woman Creek / Crystal Creek

Parameter Flood Hazard Habitat Operations and Maintenance Open Space/Acsthetics Water Quality : Comnents
Ympact No Impact Reduced Hazard/ 1mpact Mitigation/Enhancememnt Reduced Increascd Low Visnal No Impact Visually Dcgradcs No Impact
Increased Hazard Oppoctanitics effort effort Quality Enhanced Quality or Enhancement
Reach Minimal Moderate Major ;
No. '

one residential siructure
will be reduced by con-
flining flow to the
channel and culverts.

SFDW-A | Structures are currently Property flood hazards
outside 100-yr floodplai will be reduced by con-
fining flow to the
channel and culverts.

will be reduced by con-
flow to channels and

Structures are currently

outgide 100-yr floodplain will be reduced by con-
No struetural flood flow to the channel
hazard exists and road culverts.

Toe vegetation & overbank
vegetation can be used to +
to provide habitat areas

Aarpla i RIRLEES
Structurcs are coneotly Property flood hazards
outside 100-yr loodplain; will be reduced by con-

flow to the channcl and

Na stractural flood

hazard

culverts

outside 100-yr floodplain; | will be reduced by
No structural flood confining the Roed
fhazard exists flow to the channel

vegetation can be used to
to provide habirat areas

Increascd O & M costs
dac to channel constroction

.Pmper.nzmg of culverts Tncreased O & M costs
for pew channels will duc 1o channe] construction
redoce O &M

& R
Toe vegetation & overbank
vegetation can be wsed to
provide stabilization &
habitat arcas along and

near the channel

Toe vegetation & averbank
vegetation can be used to
to provide habitat arcas

Toe ve'gemion & ave
vegetation can be used to
1o provide habitat arcas

along channels

R
Channel constriction conld
lower the high visual
quality of the creck

X £
Charmel construction could
lower the high visual
«quality of the creck

Spillway maintenance
woeuld be reduced with
the construction of

a channek

‘As this reach develope
O & M costs will incrcase

Construction of a

enhance the reach

Chanre] construction could
lower the visual quality
of the creck

Proper sizmg of culverts ) Imeued D'é: M costs.
for new chennels will due to channcl constructioa
rduce O & M

spillway channe] wonld

5 3 s
Coanstruction of channels
could reduce the quality
of water in the reach

The reduction of the
channe erosion would
increase water quality

10¢-year charmel would ncgatively im-

puct the cxisting wetlands, open space

and acsthetics of the reach. 10-year channcl
would reduce negative impacts.

£t AORRE S
Channclization of the main stroam will
oot addre ss the main protlem of
wndersized roadway culverts

Construction of channc
conld rednce the impact
of the existing wetlands
on waler quality

Headeutting (erosion) of the channcl
spillway should be stopped, this would
incrcase aesthetics, water quality

Channelization does not address the
problems of this reach.
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TABLE 7
Calculated Acreage for Resources Along Dirty Woman and Crystal Creeks
REACH MRW IRW RS RG HW TOTAL
(acres) (acres) (acres) (acres) (acres) (acres)
DW-A 6.91 5.47 1.03 13.41
DW-B 1.03 6.10 12,78 19.91
UFDW-A 3.05 11.97 15.02
SFDW-A 7.90 7.90
MFDW-A 0.15 6.02 6.17
NEDW-A 2.94 2.94
LFDW-A 0.44 375 4.19
LFDW-B 0.15 1.95 2.10
CC-A 0.37 4.66 5.03
CC-B 0.29 1.76 1.91 3.96
CC-C 0.59 2.17 2.76
TOTAL 8.23 0.37 20.65 0.00 54.14 83.39
LEGEND .
MRW Mature Riparian Woodland
Riparian - hydrologically associated with a waterway
IRW Immature Riparian Woodland
Immature trees - typically less than 5 years old
RS Riparian Shrubland
Shrubland - very little or no tree overstory
RG Riparian Grassland
Mostly grasses, some forbs
HW Herbaceous Wetland

Mostly forbs (sedges, spike rushes, etc.), some grasses
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historic (physiographic) floodplains which may contain wetland or riparian habitat, or
degradation of water quality to downstream areas resulting from flow concentrations
within unlined areas. Selective improvements could create disturbances similar to
channelization, however because the improvements can be selectively sited, avoidance of
disturbances is easier to achieve.

A comparison of potential habitat disturbances for each of the concepts was
conducted. With the exception of the channelization concept(s), the alternatives would
cause minimal disturbances to the habitat if implemented. The disturbance of habitat
areas would be mitigated by replanting native species after construction. It is not
anticipated that implementation of any of the alternates would result in a loss of habitat
value. Most disturbance would be temporary in nature, mostly occurring at the time of
construction. The floodplain preservation concept has the potential for causing the least
amount of habitat disturbance, however losses which could occur include the loss of toe
and bank vegetation over time from natural erosion of the invert and unlined banks.
There are currently several locations along the major drainageways where this is the
situation.

The least total areal disturbance results from the floodplain preservation or
selective improvement concept. Loss of habitat would occur naturally, mainly along the
toe and at low channel benches due to the long-term degradation of the invert, and
localized bank erosion. Water quality for the downstream reaches would not necessarily
be improved by a floodplain preservation concept alone because of the potential for
sediment deposition due to natural erosion processes. For the floodplain preservation
concept it was considered that after a bank or invert failure, a portion of the native
vegetation might eventually replace itself over a period of years.

Implementation of a selective improvement plan could result in an increase in
habitat value as compared to the floodplain preservation concept. This is because
selective improvements, if constructed prior to the onset of active natural bank and invert
erosion, would prevent the loss of native habitat along the existing low flow banks and
in floodplain areas. Compared to a channelization concept, disturbances due to
construction could be better controlied and minimized with a selective improvement
concept.

Development of the Recommended Plan

Presented on Table 8 is a matrix representing the recommended plan for each
major drainageway reach. The selection of a recommended channel treatment scheme
has been based upon the qualitative and quantitative information presented in the
Development of Alternatives report. Presenied on Table 9 is a cost estimate for the
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recommended plan. The selected culvert improvements are presented in Section VIIL
Shown on Figure 9 are the locations of the various recommended channel treatments.
Contained within the Technical Addendum to the Development of Alternatives report, is
the alternative hydrologic, hydraulic and cost data used in the development and
comparison of each of the alternatives.

Discussion of Recommended Plan

The recommendation of a particular method of treatment for each channel
segment has been based upon the qualitative and quantitative data presented. For each
segment the flood hazard, habitat impacts, operations and maintenance, visual impact,
water quality, and cost aspects have been weighed for each alternative concept. The
channel segment designations (e.g., DW-A-01, etc.), are coded with the drainageway
name (DW or CC for Dirty Woman and Crystal creeks, respectively), the reach, and the
channel segment number as shown on the Hydrology Map, Exhibit 1. Section VII
Preliminary Design provides a discussion on the implementation of the final plan.

DW-A-01 through DW-A-03: For these segments selective improvements are
recommended. Improvements to these segments include a 10'x10' triple concrete box
culvert under Mitchell Avenue and an 10'x11' twin concrete box culvert under the Old
Denver Highway to carry the 100-year flow. Inlet and outlet improvements are included
for the culverts. Inlet improvements in the form of bank slope protection is proposed for
the Denver & Rio Grande Western Railroad bridge. The segments also include the
installation of five drop structures and four check structures. _

DW-A-04: For this segment the floodplain preservation or do-nothing alternative
is recommended. |

DW-A-05 through DW-A-06: For these segments selective improvements are
recommended. Improvements to these segments include 1,620 feet of bank slope
protection along with four drop structures and nine check structures. Outlet stabilization
at the Highway 105 bridge is also proposed.

DW-B-07 through DW-B-11: For these segments selective improvements are
recommended. The improvements proposed for these segments include a 10'x5' twin
concrete box culvert at South Park Drive to cairy the 10-year flow. In order to camry the
10-year flows. A 10'x4' twin concrete box culvert at Lake Woodmoor Drive and a 12'X4'
triple at Augusta Drive has been proposed. Qutlet stabilization has been proposed for the
South Park and Augusta Drive crossings. Outlet protection along with an 8'X6' twin
concrete box culvert with a drop inlet with an overflow grate has been proposed for the
Knollwood Drive crossing. Approximately 570 feet of bank slope protection is
recommended along with three drop structures and eight check structures. In segment
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TABLE 8: Matrix of Recommended Plan

LFDW-B-27 @
LFDW-B-28 2
¢

—
S
PR

CC-C-38
CC-C-39

(1} Creek - Reach - channel segment # (See Exhibit 1)
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TABLE 9

Recommended Plan Cost Summary

Channels Mitigation Comments
Recommended Cost (1)
Channel Disturbance Cost (2)
Reach Alternative ($ Thous) (ac)
DW-A Selective 766.0 2.40 $9.582 (1) Land acquistion, utility relocation,
Floodplain Preservation engineering and contingency costs
DW-B Selective 557.8 2.05 $8,182 Inot included in totals.
UFDW-A Selective 165.3 0.52 $2,084
Floodplain Preservation (2) Mitigation costs determined using
SFDW-A Selective 126.6 0.18 $707 Junit cost of $4000 per acre.
MFDW-A Selective 194.1 0.87 $3,499
NFDW-A Selective 98.1 0.23 $909
NFDW-B Selective 100.3 0.21 $826
Floodplain Preservation
LFDW-A Selective 2434 0.18 3735

Selective

Selective
Floodplain Preservation
100yr Channel
Selective
Floodplain Preservation
Selective

103.5
2469

092 $3,669
0.54 $2,163
0.22 $805
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DW-B-11 fill will be used to stabilize the creek and confine the flood flow through this
area to prevent flooding. Three lots are proposed for acquisition to provide floodplain
preservation on both sides of Lake Woodmoor Drive. In segment DW-B-07, spillway '
protection is recommended for the existing dam. The protection consists of buried
riprap. -

UFDW-A-12: For this segment selective improvements are recommended.
Improvements for this segment include an additional two 36" RCP's at Furrow Road in
addition to the three 48" RCP's already existing. Approximately 400 feet of bank slope
protection along with six check structures are recommended.

UFDW-A-13: For this segment the floodplain preservation or do-nothing
alternative is recommended. '

SFDW-A-14 through SFDW-A-16: For these segments selective improvements
are recommended. Improvements to these segments include three 36" RCP's with outlet
protection at Furrow Road and a 36" CSP with outlet protection at Martingale Road. The
Furrow Road culverts are designed to pass the 100-year storm and the Martingale Road
culvert is designed to carry the 10-year storm. Three 42" CSP's are recommended under
Winding Meadows Road. These culverts are designed to pass the 10-year flow. Outlet
protection is also needed at this culvert. Special attention needs to paid to this culvert
due to the close proximity of a small dam embankment just upstream of the roadway.
Other provisions may be necessary to provide adequate flow capacity. Three check
structures are required for these reaches. These are located downstream of the outlet
protection required for the culvert crossings.

MFDW-A-17 through MFDW-A-2(: For these segments selective
improvements are recommended. The recommended improvements for these segmcnts
include two 60" CSP's along with outlet protection at Will O The Wisp Way, a 54" CMP
with outlet protection at Lost Creek Way, three 42" RCP's with outlet protection and a
headwall at Furrow Road, and a 54" CMP with outlet protection and road alterations at
Ajo Way. The CMP's at Will O The Wisp Way, Lost Creek Way and Ajo Way are
designed to carry the 10-year flow and the reinforced concrete pipes at Furrow Road is
designed to carry the 100-year storm runoff. Other improvements include 1,030 feet of
bank slope protection and four check structures all associated with the outlet protection
of the culverts.

NFDW-A-21: For this segment selective improvements are recormmended.
Improvements include a 8'x4' concrete box culvert under Augusta Drive to pass the 10-
year storm along with outlet protection. Other improvements include one drop structure
and two check structures.
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NFDW-B-22: For this segment floodplain preservation is recommended. Bank
slope protection is recommended for stabilization of the channel just downstream of the
golf course pond embankment near station 27+00. Floodplain preservation is
recommended for the remaining portions of the drainageway.

NFDW-B-23: For this segment selective improvements are recommended.
Improvements include 210 feet of 53"x34" elliptical reinforced concrete pipe at Tam-O-
Shanter Way with outlet protection. A 36" RCP is proposed at the Woodmoor Drive
crossing along with outlet protection. The Tam-O-Shanter culvert is designed to convey
the 100-year runoff and the Woodmoor Drive culvert is designed to pass the 10-year
storm. Floodplain preservation is recommended for the remaining portions of the
drainageway.

LFDW-A-24: For this segment, stabilization of the reservoir spillway channel is
recommended. This constitutes four drop structures and one check structure. An outlet
structure with curved concrete drop structure is recommended to dissipate energy at the
bottom of the steep embankment where the spillway enters Dirty Woman Creek.

LFDW-A-25: For this segment selective improvements are recommended.
Improvements to this segment includes a 16'x8' concrete box culvert attached to a
concrete spillway just below the Lake Wood Moor Dam at Lake Woodmoor Drive. The
CBC is designed to convey the 100-year flow of 480 cfs. Some modifications to Lake
Woodmoor Drive are necessary to properly install the culvert. Three 60" CMP's with
outlet protection is recommended at the Autumn Way crossing. Three check structures
are recommended throughout the reach.

LFDW-B-26 through LFDW-B-29: For these segments selective improvements
are recommended. Improvements to these segments include 12'x5' twin concrete box
culvert at the southern crossing of Deer Creek Road. Four 60" CMP's are recommended
for the middle crossing of Deer Creek Road. The northern crossing of Deer Creek Road
will require three 72" RCP's. Two 60" and one 72" RCP's are recommended for the
crossing of Woodmoor Drive. All four crossings will have outlet protection provided
with the culverts. The Deer Creek Road culverts are to provide capacity for the 100-year
flood event. The culvert at Woodmoor Drive is designed for the 10-year storm.
Headwall are recommended for the two northern crossings of Deer Creek Road and at
Woodmoor Drive. Other improvements include 410 feet of low flow channel protection,
260 feet of bank slope protection, five drop structures, and five check structures. In
conjunction with the low-flow channel, 130 feet of berm should be constructed on the
west side just north of Deer Creek Road. This is to protect the adjacent properties from
flooding.
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CC-A-31: For this segment 10-year channelization is recommended. The
improvements include 450 feet of 10-year low-flow channel with two check structures.
Two additional 72" CMP's are recommended to be added to the two existing CMP's
under North Monument Lake Road in order to pass the 100-year storm. Outlet protection
is recommended for these culverts.

CC-A-32: For this segment floodplain preservation is recommended.

CC-B-33 through CC-B-35: For these segments channelization is
recommended. Improvements to these segments include approximately 540 feet of
channelization and approximately 230 feet of existing channel repair and stabilization.

CC-B-36: For this segment selective improvements are recommended.
Improvements to this segment include two 66" CMP's under the embankment at Beacon
Lite Road with outlet protection. Floodplain preservation is recommended for the
remaining portions of the drainageway.

CC-B-37: For this segment floodplain preservation is recommended.

CC-C-38 through CC-C-40: For these segments selective improvements are
recommended. Improvements to these segments include extending a 10'x5' concrete box
culvert from the existing 10'x14' concrete box culvert at the Interstate under the Frontage
Road in order to pass the 100-year storm and eliminate the current flow split. One 72"
and two 48" CMP's with outlet protection are recommended at Willow Park Way to carry
the 10-year storm. An additional 84" CMP at Deer Creek Road with outlet protection is
recommended in addition to the existing 60" CMP. This will provide capacity to carry
the 100-year storm. Three 48" CMP's are recommended near Emigrant Trail East along
with outlet protection to carry the 100-year storm and help reduce the surface flooding
around the existing structures. The existing drive will need to be raised in order to
accommodate the new culverts.

CCSF: This segment, which is the current flow split, will be eliminated with the
construction of the 10'x5; CBC under the Frontage Road at Crystal Creek.
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ViI. PRELIMINARY DESIGN

The results of the preliminary design analysis are summarized in this section. The
alternative improvements have been quantitatively and qualitatively evaluated, and presented to
El Paso County and other interested agencies and individuals. Field review of specific areas of
concern have been conducted in order to refine the treatments suggested for use along Dirty
Woman and Crystal Creeks and its major tributaries. The preliminary plan for the recommended
alternative is shown on the drawings contained at the rear of this report. The preliminary design
plan reflects the refinement of the recommended plan brought forth in the Development of
Alternatives Report. The Preliminary Design Plan presented in this section is the plan which is
recommended for implementation in both the Dirty Woman Creek and Crystal Creek drainage
basins. As with all preliminary designs, further refinement and the need for additional
improvements may be needed or identified during the final design stage prior to actual
construction. This Preliminary Design Plan is intended for use as a guide in the overall
stormwater management plan for the two drainage basins.

Criteria

The City of Colorado Springs ! EI Paso County Drainage Criteria Manual was used in
the development of the typical sections and plans for the drainageways within the basins. The
City/County Criteria Manual was supplemented by various criteria manuals with more specific
application. These were:

1. Storm Drainage Criteria Manual, Town of Monument, Colorado, prepared by Gelvin
Engineering, 1936.

2. Urban Storm Drainage Criteria Manual, Volumes I, II, and III, prepared by the Urban
Drainage and Flood Control District.

Hydrology
Presented on Table 10 is selected hydrologic data to be used for the sizing of major

drainageway improvements within the basins. Peak flow rates for the 10-year and 100-year
storm frequency future condition are summarized for key points along the major drainageways.
Contained within the Technical Addendum of the Development of Alternatives report is a
complete listing of peak discharges for all the sub-basins and design points shown on Exhibit 1.

45



TABLE 10

SUMMARY OF SELECTED PEAK DISCHARGES

Dirty Woman and Crystal Creeks Drainage Basin Planning Study

SELECTED ALTERNATIVE
2-HOUR, AMC HI
Design Location Area 100-YEAR  10-YEAR
Point s.m. (CFS) (CES)
DIRTY WOMAN CREEK
45 Woodmoor Country Club 0.36 355 135
57 ‘Woodmoor Country Club 0.50 500 185
59 @ Confluence w/ North Fork 2.03 1,880 665
61 Augusta Drive 2.10 1,950 690
63 1ake Woodmoor Drive 2.23 2,080 735
65 South Park Drive 2.28 2,130 755
71 Between Knollwood & South Park 2.40 2,200 790
75 Knollwood Drive 2,57 2,340 840
113 @ Confluence w/ Lake Fork 3.96 2,520 900
115 State Highway 105 400 2,540 510
119 @ Confluence w/ Split Flow 4.17 2,690 963
123 1-25 Inlet 4.36 2,870 1,030
125 1-25 Outlet 4.40 2910 1,050
131 Santa Fe Trail 464 3,060 1,100
135 Railroad 485 3,210 1,150
139 @ Confluence w/ Monument Ck 4,93 3,260 1,170
CRYSTAL CREEK
153 Emmigrant Trail East 0.46 415 140
157 Frontage Road 0.58 525 185
159 I-25 0.59 535 190
161 Beacon Lite Road 0.66 595 210
163 Railroad 0.74 645 230
183 @ Confluence wf N, Side Trib .1.34 1,225 430
185 North Monument Lake Road 143 1,290 450
189 @ Monument Lake Spillway 1.55 1,410 490

Note: See Table 2 for a complete listing of Design Point Discharges



The sizing of the drainageway improvements will need to be verified during the final
design and layout of the proposed facilities. Land development activities may alter the location
of design points, and therefore slight alterations in a sub-basin's length, slope and area may
occur. The methods outlined in the City/County Drainage Criteria Manual should be adhered to
during final design analysis. The rational method should be used to check the peak flow rates for
all drainageways and drainage structures draining areas less than 100 acres in‘size.

Channels

The recommended drainageway improvements for each reach of Dirty Woman and
Crystal Creeks have been outlined in Section VI of this report and are shown in the drawings
contained in this report. In general, the Dirty Woman Creek and Crystal Creek channels will be
lined with selectively located riprap bank protection such as at outside bends, bridge or culvert
outlets, at confluences with side drainages and at dam spillways as shown on the Preliminary
Drawings. In conjunction with the selective improvement measures, the 100-year floodplain
should be preserved and regulated. Wherever the existing drainageways were judged to be
adequate and relatively stable, no improvements have been recommended.

Drop Structures and Check Structures
Drop and check structures have been sited along Dirty Woman and Crystal Creeks in

order to slow the channel velocity to the recommended 7 feet per second, and to prevent
localized and long-term stream degradation from affecting the drainageway. In localized
situations it may be necessary to limit velocities to less than 7 fps. Additional drop structures
and checks may be used in these locations to provide adequate protection. In the reaches to be
selectively lined, drops and check structures will protect the native vegetation from the
detrimental effects of stream invert headcutting. Different types of structures may be considered
for these drainageways, however the performance of these structures should be adequate to
maintain the intent of this plan. For most channels reinforced concrete drops and checks are
recommended. A maximum drop height of four feet is recommended. The methodology
recommended for use when designing vertical structures is contained within the City of
Colorado Springs and El Paso County Drainage Criteria Manual and Volume II of the Urban
Storm Drainage Criteria Manual.
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Detention

This plan does not recommend detention as a basin-wide flood control measure. The
difference between the future and existing flow rates is minimal and the downstream structures
don't warrant reducing the peak flow. However, on site detention may be used, as approved by
the County or Town, to reduce the local storm sewer costs along with providing water quality
benefits to the site and the basin. The Town of Monument currently has an on site detention
policy in effect. Al developed flows within the Town of Monument must be reduced to the
existing flow rate. The overall impacts of on-site detention on the major drainages should be
evaluated throughout the Town.

Water Quality

Improvement of stormwater quality has become an important issue in drainage basin
planning. Many pollutants are naturally associated with sediments that enter sensitive receiving
waters. The pollutants are naturally occurring compounds that are carried to the drainageways in
storm runoff. Other pollutants are the result of urbanization such as lawn chemicals, oil and
grease, pet feces, lawn clippings and other items. Many pollutants can be limited by programs
such as _erosion control at construction sites, educational programs to inform the public as to the
proper use of lawn chemicals, oil recycling programs and street sweeping programs. Even with
these programs in place, erosion along the drainageways can generate large quantities of
sediment that can settle out along the downstream channel bottoms. |

Various methods of water quality enhancement have been identified for use in this
preliminary design. Channels are lined to prevent erosion, selective improvements are placed to
prevent erosion, and drop/check structures are used to control channel grade. On site detention
facilities should be designed not only to reduce flows to historic rates but probably more
importantly to improve the stormwater quality. General criteria for designing and sizing a water
quality pond can be found in the Urban Drainage and Flood Control District's December 1989
Flood Hazard News. The article outlining criteria is called "Sizing a Capture Volume for
Stormwater Quality Enhancement," by Urbonas, Guo and Tucker.

Trails

In areas where routine maintenance of the drainageways is necessary, a trail for that
purpose should be provided. These maintenance trails, while few in number in this basin, should
be evaluated for potential multi-purpose use. The multi-use trails could include hiking, biking
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and horse back riding trails. The size and location of trail, if necessary, will be mostly dependent
upon the type of development adjacent to that particular drainageway.

Maintenance and Revegetation
Maintenance of drainageway facilities is essential in preventing long term degradation of

the creek and its environs. Along the drainageway, clearing of debris and dead vegetation
should be considered within the low flow area of the creek and its tributaries. Trimming and
thinning of shrubs and trees should be carried out if greater physical access to the creek is
desired. On the overbanks and in most drainageways in Dirty Woman Creek and the upper
portions of Crystal Creek, limited maintenance of the existing vegetative cover is recommended.
Yearly clearing of trash and debris at roadway crossings is strongly recommended to ensure the
culvert maintains its full design capacity, and to enhance the surroundings of the area. Sediment
removed from all cleaning and maintenance operations should be disposed of properly, not left
In an area such as on the stream overbank. This disturbs the native vegetation and creates a
potential water quality concern if the dredgings are subsequently washed into the drainageway
by natural erosion. In those reaches designated to be selectively lined and the floodplain
preserved, maintenance activities should be carried out while minimizing the disturbances to
native vegetation.

Right-of-Way

For the most part the main channels within the basin which pass through the developed
portions of the basin are contained within previously dedicated drainage tracts, easements or
right-of-ways. Where appropriate right-of-ways have not as yet been dedicated such as within
the undeveloped portions of the basin, the required right-of-way can be obtained through the
land development process. For those segments of the drainageway where floodplain
preservation is the recommended plan, a combination of open space dedication (such as
parklands and greenbelts), in combination with a more narrow dedicated right-of-way along the
low flow area of the drainageway should be obtained through the land development process.

Roadway Bridge and Culvert Replacements

Bridge and culvert replacements shown on the preliminary design drawings have been
sized in accordance with the City/County Drainage Criteria Manual. Bridges (major crossings)
are defined as those structures conveying at least 1500 cubic feet per second, having a flow area
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of at least 200 square feet or a span of 20 feet. There are two bridges within this study area,
Mitchell Avenue over Dirty Woman Creek and Old Denver Highway over Dirty Woman Creek.
Road crossings conveying flows less than 1500 cubic feet per second, smalier than 200 square
feet in flow area and less than a 20 foot span have been included in the drainage basin fee
evaluation and calculation. Structures over arterial roadways which have been defined as
bridges have been included into the bridge fee evaluation and calculation.

Erosion and Sedimentation Control

Areas within the basin are subject to varying degrees of hazard resulting from sediment
being transported to the drainageway(s). During the collection of field and drainage inventory
data, areas were noted which were being impacted by either erosion (of one form or ancther), or
sediment deposition. The areas impacted ranged from localized bank failures to roadway
embankments and crossings The soils of the basin are generally very erodible when exposed,
and this is particularly the case in the upper portions of the drainage basins. The disturbance of

the native vegetation and failure to properly revegetate arecas has in some cases negatively
affected downstream portions of the basin.

In general, it is the responsibility of the entity conducting any land disturbance activity to
properly control surface runoff, erosion and sedimentation during and after the activity.
Technical criteria identifying measures which help mitigate the impacts of erosion and
sedimentation is available and is being used throughout the Front Range area. Minimum
requirements must be developed to properly control erosion,

Erosion control is necessary to prevent environmental degradation caused by wind or
water-borne soil. The following minimum criteria and standards are intended to prevent’
excessive erosion. EI Paso County as well as other effected agencies reserve the right to enforce
the Clean Water Act standards if the planned erosion control measures fail to .perform
satisfactorily. Evidence of visual erosion will determine the effectiveness (or lack thereof) of
erosion control measures. Proper installation and maintenance is necessary to achieve the
desired function of erosion control measures. By paying attention to quality and workmanship,
reinstallation of the erosion control measures can be avoided. The general requirements for
erosion control are as follows:

1. Any land disturbing activity shall be conducted so as to effectively reduce
unacceptable erosion and resulting sedimentation.

2. All land disturbing activities shall be designed, constructed, and completed in

such a manner that the exposure time of disturbed land shall be limited to the
shortest possible period of time. ’
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3. Sediment caused by accelerated soil erosion and runoff shall be intercepted by
sediment traps and contained on the site.

4, Any facility designed and constructed to convey storm runoff shall be designed to
be non-erosive.

5. Erosion control measures will be used prior to and during construction.
Temporary erosion control measures are required during construction, and
permanent erosion control measures are required for all developments.
Maintenance of erosion control measures is the responsibility of the property
owner.

Various structures have been proposed in this plan to control localized erosion and
sedimentation problems. It is important that the required and approved erosion control
plan for any land disturbing activity be strictly adhered to, and maintained so that the
above minimum criteria can be achieved in the Dirty Woman Creek and Crystal Creek

Basins.
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VII. PLAN IMPLEMENTATION

General

Many of the drainageway sections shown on the plans have to be modified to fit specific
site conditions. This will be particularly true in the segments where selective channel treatments
are proposed. Drop and check locations are approximate and may be moved to minimize
disturbances to existing vegetation, roads, trails, and utilities as well as for optimum
performance. Existing right-of-ways will play a key role in the location of future drainageways.

The acquisition of property for the floodplain preservation between South Park Drive and
Augusta Drive along Dirty Woman Creek could proceed at any time. It is recommended that
funds generated within the basin drainage fee system be used to acquire these three lots. County
capital improvement funds could be used with basin fee funds to advance the acquisition of these
parcels. If the County agrees to acquire the lots, the owners of the parcels could be in line to
receive payment for the lots from the basin drainage fund as the funds become available. The
County then would not have to "advance" this money and recoup it later.

Improvements along Dirty Woman Creek within and adjacent to Dirty Woman Park area
should be completed with two goals in mind: (1) to provide a more stable drainageway, (2) to
maintain and enhance the visual setting of the creek, and (3) preserve or enhance the natural
setting of the creek. Construction of drops or checks could be combined with trail crossings of
the creek.

In areas where the existing drainage facilities are inadequate, capital improvement
projects will be necessary. This is true within both Dirty Woman Creek and Crystal Creek. The
bridges are presently inadequate because of hydraulic and/or roadway design deficiencies.
These structures will have to be funded through capital improvement or bridge replacement
funds.

Cost Estimate

Presented on Table 11 are the unit costs used to estimate for the total construction costs
for drainageway and roadway crossing improvements shown on the preliminary design plans.
The cost estimates for the drainageways, roadway culverts, miscellaneous improvements and
bridges are presented on Tables 12, 13 and 14. The estimates represent total improvement costs
for the Dirty Woman and Crystal Creek basins for areas which drain grea;ter than 100 acres. No
estimate for local or minor systems has been made, and therefore no costs attributable to local or
minor drainage systems have been computed in the estimation of the drainage basin fee. These
'minor system' costs are the responsibility of the owner and/or developer. "Minor systems' are
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TABLE 11
Unit Construction Costs

D:"‘I‘j Weman Cv’ﬂg\a D®IS “’\je—ﬁbw i"\ﬁg

CHANNEL AND HYDRAULIC STRUCTURES

Channel earthwork
Filter material
Structural concrete
Seeding and muilching
Riprap Type H

Riprap Type M

12 foot wide gravel trail
Erosion netting

Topsoil

CULVERTS RCP/CMP

18-inch
24-inch
30-inch
36-inch
42-inch
48-inch
54-inch
53"X 34" Ell
60-inch
66-inch
T72-inch
84-inch

ROADWAY CROSSINGS

Structural Concrete, in-place
Wingwalls/headwalls

Inlet Structure & Flow Control
8’ x8’ CBC

4’x16° CBC

5’x7" CBC

Twin 4’ high CBC, 4’-8° wide
Twin 6’x 10" CBC )
Twin 6 high CBC, 8’-15" wide
Twin 8°x 10’ CBC

Twin 5°x12° CBC

Twin 11°x10° CBC

Triple 5’x 8’ CBC

Triple 4’x 12 CBC

Triple 6’x 14’ CBC

Triple 6'x 16° CBC

Triple 8'x 10° CBC

Triple 10’x 10* CBC

MITIGATION (Wetland/Riparian)

LAND ACQUISITION

Floodplain Preservation

CY
Ton
CY
SF
CY
CY

LF

CcY

AC

$8
$25
$250
$0.15
330
$24
$15 Maintenance trail
$1.75
$12

$20
$25
$42
$58
§75
$80
$100
$110
$120
$170
$200
$350

$300
$5,000
$20,000
$350
$950
$500
$480-570
$1125
$600-1200
$750
$1190
$1250
$900
$1110
$1410
$1770
$1110
$1260

$4,000

$14,700 Based on park land fee.



TABLE 12: DIRTY WOMAN & CRYSTAL CREEKS DRAINAGE BASIN PLANNING STUDY
COST ESTIMATE -- SELECTIVE DRAINAGEWAY IMPROVEMENTS

SELECTED ALTERNATIVE ,

REACH REACH NUMBER CHECK NUMBER DROP LENGTH LENGTH OF LENGTH OF LENGTH CF LENGTH OF LENGTH OF LENGTH OF LAND TOTAL

NUMBER LENGTH CHECK LENGTH DROP LENGTH BANK SLOPE 100 YR CHANNEL 10 YRCHANNEL  CHNLSTAB. & OUTLET SPILLWAY BERM MITIGATION  ACQUISTION COsT
(FT) STRUCTL ___(FD) (FT) (FT) REPAIR (FT) PR A

$114,250

N 3308
DW-B-10
DW-B-11 490
UFDW-A-12

MFDW-A-17 ;
MFDW-A-18 1855

HNEEWLRZE S 560 :
NFDW-B-22 5215 2
NFDW-B-23 850 2

TOTAL DIRTY WOMAN CREEK
COAS] 363 2
CC-A32 1,880

0

RN TH S
L£C-11-43

TOTAL CRYSTAL CREEK
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TABLE 13: Recommended Culvert Improvements

Dirty Woma

n/Crystal Creek Drainage Basin

Roadway Reach

31
Old Denver
Highway

Creek/

UFDW-A-12

NFDW-U-46

| Twin 12*x8’ CBC

{ Dron 1t & Ov

i

24" CMP

Lake Fork Dirty Won

72+50

3-24" CMP

3-42"RCP

3-42" RCP

Dirty Woman Creek Total Culvert Costs

$1,248,415

36 CMp

$8.400

24" 81

Crystal Creek Total Culvert Costs

(Addit
348" CSP

3-30" CSP




£

IR
|

o
%

3

—J

e

£y
| SV

\
|

ey

those improvements which are needed in areas which do not drain over 100 acres. Costs
associated with utility relocation have not been estimated. It appears that the majority of the
potential relocations will occur at the roadway crossings.

The costs for habitat mitigation have been included within the miscellaneous
drainageway improvement costs. The cost of protection and/or replacement of habitat impacted
by the construction of the facilities can be minimized by with strategic siting, construction
sequencing and access.

Unplatted Acreage

Using El Paso County Tax Assessor maps, plats, and ownership records, the amount of
unplatted acreage was estimated. From these records it was determined that a total of 224.4
acres is unplatted and lying within the Dirty Woman Creek basin, and 126.6 acres are unplatted
and lying within the Crystal Creek basin. The unplatted acreages are subject to future
development. Park areas have been excluded from the unplatted acreage total, as has acreage
within the Town of Monument corporate limits. Property within the Monument corporate limits
is currently not subject to the EI Paso County drainage or bridge fees. Cost estimates and
uriplattcd area estimates have been included in this study, in case the Town of Monument
decides to implement a similar Drainage Basin Fee system.

Drainage and Bridge Fee Calculations

Presented on Tables 15 and 16 are the drainage and bridge fees calculated separately for
both.the Dirty Woman Creek Basin and Crystal Creek Basin. Unplatted acreage, drainageway
costs and culverts costs which are within the corporate limits of the Town of Monument have
been specifically excluded from the following County drainage and bridge fee determinations.

The term "reimbursable costs" used on Tables 15 and 16 means those costs which have
been used in the estimation of drainage basin fees. Costs considered "non-reimbursable” are
costs for the replacement of an existing, undersized culvert, or costs to rehabilitate or maintain
an existing lined segment of drainageway. For the most part, the drainageway costs for the
mainstem of Dirty Woman Creek and Crystal Creek have been considered as reimbursable.
Drainageway improvements which have the potential to be funded in the future by State or
Federal funds (such as the 1-25 and Highway 105 interchange), have not been included in the
reimbursable cost estimate. Localized drainageway and storm sewer improvements shown on
the plans which lie within the Town of Monument have not been included in the drainage fee
calculations.

The costs associated with bridge replacement have been calculated using the County's
methodology as presented in the County Drainage Basin Fee Resolution as adopted by the Board
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of County Commissioners. Drainageway facilities which were found to be required due to
existing inadequacies have not been included in the drainage basin fee estimate. The cost of land
has been based upon the park land dedication fee as described in the Drainage Basin Fee
Resolution. The bridge over Dirty Woman Creek at Mitchell Avenue has not been included in
the County bridge fee because the bridge lies within the Town of Monument corporate limits.
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TABLE 14: DIRTY WOMAN & CRYSTAL CREEKS DRAINAGE BASIN PLANNING STUDY

-
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OVERALL COST ESTIMATE

SELECTED ALTENATIVE

DRAINAGEWAY  CULVERT OVERALL [ SUGGESTED NON-REIMBURSIBLE COST ALLOCATION
REACH SUBTOTAL SUBTOTAL REACH TOWN OF EL PASO REIMBURSIBLE
NUMBER COSTS COSTS COSTS MONUMENT CDoT COUNTY COSTS

"DW-B-10

DW-B-11

vl
SFDW-A-16
MFDW-A-17

NFDW-B-22
NFDW-B-23
NFDW-U-46

30
$190,316

QL
$114,250
$48,512
$148924

g
$80,921
$54,955
$0

136,
50
§71,600

50

$114,250
$120.112

$67,620
$65,074
$74.389

%
oW SEA04 953 :
LFDW-B-27 $106,225 $33,800 $140,025
LFDW-B-28 $119,465 $35,000 $154,465
$115,370

$136,250

@

iR
$114.250
$1201112
s1§5iss4

SRR
$80,921
$82,855
3

TOTAL DIRTY WOMAN CREEK $4,283,203 $461,714 $136,250 $2,795.641 $889,598
A1 B107.120 L SVE RV B105,100
CC-A-32 $0 $0
$79,750

_CC-U-43

$74,400

¥

$1,078,917

TOTAL CRYSTAL CREEK

(1) A portion of this amount is reimbursible under County Bridge Fee
(2) Considered a bridge by El Paso County

$605,372

58

$125,000

$348,545
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TABLE 15:

Dirty Woman & Crystal Creeks Drainage Basin Planning Study

Drainage Basin Fee Estimation

, Reimbursible
Reimbursable Construction
Drainageway Improvments Costs

Dirty Woman Creek Drainageway $889,598
Total Reimbursable Improvements $889,598
5% Contingency $44,480
10% Engineering $93,408
Total Reimbursible Drainage Costs $1,027,486
Study Costs $59,836
Subtotal $1,087,322
Deduct BOCC Fee Waivers $51,656
Total $1,035,666
Unplaited Acreage El Paso County 224.4
Unplatted Acreage Town of Monument 156.5
Dirty Woman Creek Drainage Basin Fee $4,616
“Crystal Creek Drainageway $348,545
Total Reimbursable Improvements $348,545
5% Contingency $17,427
10% Engineering $36.597
Total Reimbursible Drainage Costs $402,569
Study Costs $19,147
Subtotal $421,716
Deduct BOCC Fee Waivers $37.888
Total $383,828
Unplatted Acreage El Paso County 126.6
Unplatted Acreage Town of Monument 87.0
$3,032

Crystal Creek Drainage Basin Fee
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TABLE 16:
Dirty Woman & Crystal Creek Drainage Basin Planning Study
County Bridge Fee Estimation

ROADWAY CROSSING TOTAL COST TOTAL TOTAL TOTAL
TYPE CDoT MONUMENT COUNTY COST
CoST COST @

Mitchell Avenue (1) Triple 10'x10* CBC $105,800 $105,800 $0
Old Denver Highway Twin 10°x11’ CBC $123,750 S0 $106,360
Interstate 25 Additional 10°x8* CBC $136,250 $136,250 $0 $0
TOTAL BRIDGE CONSTRUCTION COSTS $365,800 $136,250 $105,300 $106,360
5% CONTINGENCY $18,290 $6,813 $5,290 $5,318
10% ENGINEERING $38,409 $14,306 $11,109 $11,168
TOTALS $422.499 $157,369 $122,199 $122.846
TOTAL REIMBURSIBLE COSTS $20,085
TOTAL UNPLATTED ACREAGE IN EL PASO COUNTY 224.4
DIRTY WOMAN CREEK

$90

COUNTY BRIDGE FEE ($/ACRE)

(1) Bridge is within juristictional limits of the Town of Monurment.

(2) County Cost = Total Cost ((Exstg. Flow - Exstg. Capacity)/Future Fiow)
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APPENDIX TABLE 1

Summary of Sub-basin Hydrologic Data

* Basin
ignation

SDWO01
SDW03
SDWO05
SDWO07
UDW09
UDW11
UDWI3
UDW15
UDwW17
UDW19
UDW?21
UDW23
UDW25
UDW27
UDW29
UDW31
MDW33
MDW35
MDW37
MDW39
NDw41
NDW43
NDW45
NDW47
NDW49
NDWS51
NDWS53
NDWS55
NDWS57
NDW59
DWC61
DWC63
DWC65
DWCe67
DWCa9
DWC71
DWC73
DWCT75
DWC77

Area Curve
A Nymber
119.6 82
60.0 83
69.7 82
37.7 88
612 82
272 83
18.6 84
62.0 82
19.6 82
230 83
21.1 83
11.9 83
33.6 83
424 84
51.1 83
305 88
90.8 84
18.1 83
56.1 84
58.6 87
61.8 85
37.1 85
56.4 86
31.2 85
7.1 85
238 84
7.5 85
6.4 85
89.0 85
69.2 86
434 86
81.7 86
344 86
26.2 85
13.1 87
319 87
48.5 85
60.5 86
30.1 85

Tc
min
39.2
28.6
17.5
18.3
19.3
12.6
234
39.7
33.3
32.7

93
13.8
39.6
19.5
26.8
14.6
35.5
18.6
36.2
26.8
11.0
30.7
39.8
204
18.8
40.5
14.7

6.1
27.8
26.9
29.6
36.4
31.7
333
7.2
19.3
290.7
10.8
29.7

Basin Area Curve Tc Basin Area Curve Tc
_Designation  (Acres) Number (min) _Designation (Acres) Number (min)
DWC79 78.1 84 329 CC157 56.5 88 29.9
LDWS81 546 86 12.9 CC159 7.8 88 11.6
LDW83 40.5 8  23.8 CCl161 472 88 12.0
LDW85 24.2 8  24.0 CC163 475 86 9.7
LDW87 65.3 86 317 CC165 432 88 12.0
LDW89 61.8 85 358 CC167 459 88 16.8
LDW91 11.6 86 16.5 CC169 67.6 80 9.4
LDWO93 21.1 86 17.8 CC171 273 88 55
LDW95 287 85 229 CC173 20.1 88 11.5
LDW97 17.8 85 6.5 CC175 22.4 82 9.5
LDW99 21.1 88 14.5 CC177 45.6 84 17.2
LDW101 799 86 19.7 CC179 37.2 80 379
LDW103 81.2 85 291 CC181 24.1 80 55
LDW105 517 87 302 CC183 54.3 84 8.2
LDW107 26.8 85 267 CC185 53.0 82 8.9
LDW109 559 87 17.1 CC187 47.6 86 22.1
LDWill 122.0 88 373 CC189 30.6 83 12.2
DWCI113 19.6 83 9.0
DWC115 277 88 7.7
DWCI117 792 88 17.1
DWCI119 282 88 16.6
DWC121 98.4 88  24.2
DWCI23 215 88 3.8
DWC125 302 88 18.6
DWC127 576 81 13.8
DWCI29 587 88 208
DWCI131 337 80  11.8
DWCI33 485 85 16.5
DWC135 545 82 263
DWCI37 339 86  25.2
DWCI39 506 87 17.4
DWC141 293 87 10.9
DWCI143 402 85 9.7
CC145 54.8 85 320
CC147 68.8 83 288
CC149 52.1 81  29.1
CC151 87.6 82 350
CC153 340 85 14,2
CC155 15.5 88 1.3
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APPENDIX TABLE 2
Summary of 24 Hr, Peak Discharges
Existing Existing Future Future
Design 100 Year 10 Year 100 Year 10 Year
Point 24 Hour 24 Hour 24 Hour 24 Hour
Dirty Woman Creek
11 127 42 127 42
21 243 81 243 31
29 421 142 421 142
53 97 38 97 38
55 101 39 101 39
45 322 131 322 131
57 459 178 459 178
35 133 50 133 50
37 202 75 202 75
3 172 55 172 55
7 310 113 310 113
59 1,567 595 1,567 595
61 1,634 622 1,634 622
63 1,736 660 1,736 660
65 1,781 670 1,781 670
69 1,817 678 1,817 678
71 1,828 687 1,830 688
75 1,877 706 1,879 708
91 96 37 %6 37
95 177 70 177 70
83 182 76 182 76
99 547 226 547 226
103 809 328 809 328
107 919 373 919 373
109 974 394 974 304
111 1206 469 1206 459
113 2,009 747 2,016 751
15 2,008 745 2,016 750
119 2,079 766 2,102 778
123 2,137 775 2,275 840
125 2,172 788 2,314 855
127 2,158 789 2,308 856
131 2,208 803 2,397 884
135 2,295 821 2,490 904
139 2,302 819 2495 905
Crystal Creek
149 209 74 209 74
153 322 111 322 111
157 489 201 489 m
159 502 207 502 207
161 566 238 566 238
163 610 266 610 266
177 198 o4 208 101
179 217 95 225 104
181 227 96 236 103
167 323 158 432 240
169 406 175 518 267
183 1,294 542 1,424 639
185 1,313 556 1,449 650
189 1.370 581 1,491 673
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DEPARTHENT OF THE ARMY

ALBUQUERQUE DISTRICT, CORPS OF ENGINEERS
P.0.B0X 1580
ALBUQUERQUE, NEW MEXICO B7103-1580
FAX (508) 765-2770.

REPLY TO

ATTENTION OF: January 7, 1993

Construction-Operations Division
Regulatory Branch

STTT Wy 17 yp £6.

NOISIAIG 5
SYYOM 017

Mr. Alan Morrice

El Paso County

Department of Public Works

3105 North Stone Avenue

Colorado Springs, Colorado 80907

‘Dear Mr. Morrice:

Reference is made to your Drainage Basin Planning Study
being prepared for the Dirty Woman and Crystal Creek basins near
Monument, El Paso County, Colorado (Action No. C0-91-50499).

We have reviewed your development of alternatives which has
been done to this point. Based on our preliminary review, if an
individual permit action for this study was evaluated, it appears
that the basin study activities would meet the Environmental

Protection Agency's 404 (b) (1) Guidelines.,

This basin has important flood plain functions and values
such as natural moderation of floods, water quality maintenance,
wildlife and plant resources, open space, and natural beauty. We
support and encourage your contlnued consideration of these

natural resources during the rest of the study.

Should you have any questions please feel free to write or
call Ms. Anita Culp at (719) 542-9459.

Sincerely,

EW

obert E. Meehan, P.E.
Chief, Construction and Operations

Division

HI¥33INI9N3
80d 40 143¢

ALNNOD 0sY4 13
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MAX L. ROTHSCHILD, P.E.
DIRECTOR OF PUBLIC WORKS

COUVALD OOV

wAMACZR ENGINEERING DIVISION

MERVIN M. CASEY .
3YSTEMS SUPERVISOR

WILLIAM O. CERDA
INSPECTION SURPERVISOR

CARL R. MCCLELLAN EL PASO COUNTY
SURVEY SUPERVISOR DEPARTMENT OF PUBLIC WORKS
- 2
Sron wATan O ENGINEERING DIVISION
3105 N. STONE AV. PHONE (719) 520-6840
DAVID M. WATT COLORADO SPRINGS, COLORADO 80907 7 FAX (719) 520-6878
DESIGN ENGINEER 24hr. MSG. (719) 520-6480

November &, 1992

Jim Tounsend

U.S. Army Corps of Englineer
Southern Colorado Regulatory Office
421 N. Main St., Ste. 416

P.O. Box 294

Pueblo, CO. 81002-0294

Deér Mr. Tounsend:

In reference to our conversations regarding the Dirty Woman and Crystal
Creeks Drainage Basin Planning Study, we are still awaiting confirmation
from the Corps regarding the study's continuation in the Letter of
Permission / List of Categories of Activities process. The El Paso
County Department of Public Works feels that it is in the community's
best interest to proceed with completion of the drainage basin planning

study.

As you may be aware, copies of the study Alternative Development Report
were sent to the Corps on July 15, 1992, almost four wonths ago. As has
been the case with past studies for the Windmill &ulch and Fishers
Canyon (still awaiting final public notice) basins, the County has made
every effort to try and facilitate an expedient yet least demanding
LOP/LCA process for the Corps of Engineers. The Windmill Gulch Drainage
Basin Planning S$tudy which was performed for El Paso County was the
first basin in this region to receive LOP/LCA authorization.

We feel it is unfortunate that the Corps finds that LOP/LCA
auvthorizations are not of sufficient importance to receive a higher
priority. We thought that a streamlined permitting process, protecting
existing environmental assets, and encouraging local participation in
the permit program would have been a worthwhile endeavor.
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We will continue to maintain the same mailing list which includes all
LOP agencies and consider comments from all study participants in a
similar manner as previously intended. If I can answer any guestions
you might have regarding this matter, please do not hesitate to contact
me.

Sincerely,
// 4
M«’
!
Alan B. Morrice, .E.
Stormwater Management Supervisor

/—’)

cc: Max L. Rothschild, P.E.
Donald F. Smith
Richard N. Wray v*



L

— ) 3

PRELIMINARY DESIGN OF SELECTED ALTERNATIVE

DIRTY WOMAN AND CRYSTAL CREEKS
DRAINAGE BASIN PLANNING STUDY

LEGEND
100 YEAR FLOODPLAIN

e

FUTURE 100 YEAR FLOODPLAIN ——————— SHEET
WETLAND FEATURE

DROP STRUCTURE I — IS
CHECK DAM STRUCTURE | — DW1

MONUMENT CORPORATE LIMITS

LIST OF ABBREVIATIONS - Dugy

CBC  CONCRETE BOX CULVERT
WS WATER SURFACE ELEVATION a
FIS = FLOOD INSURANCE STUDY \
RCP  REINFORCED CONCRETE PIPE |
HGL  HYDRAULIC GRADE LINE

FES FLARED END SECTION

FB  FREEBOARD

CSP  CORRUGATED STEEL PIPE

..............

GENERAL NOTES

1. THE INFORMATION PRESENTED ON THESE DR el
IN NATURE AND SHOULD BE USED FOR[(E\‘% NING. BLRPOSES ONLY.
THE FACILITIES SHOWN IN THIS MASTER R E?‘lﬂ‘BJECT T0
CHANGE AND WILL REQUIRE ADDITIONAL ‘TSIYD,RO &AND HYDRAULIC
DESIGN ANALYSIS DURING THE FINAL DESIGN -STAGE.-

g PRELIMINARY

2. MAPPING USED IN THE PREPARATION OF THIS BASIN PLAN HAS BEEN
COMPILED FROM AERIAL MAPPING DATED JULY 31, 1991 BY LANDMARK
MAPPING, LTD.

PREPARED FOR:

El Paso County Colorado
Department of Public Works
Stormwater Management Division
3105 North Stone

Colorado Springs, Colorado 80907

APRIL 1993

SHEET INDEX

DESCRIPTION

COVER SHEET |

INDEX SHEET ;

DIRTY WOMAN CREEK STA. 0400 to 25+90

" .DIRTY WOMAN CREEK STA. 25+90 to 51470
~ DIRTY WOMAN CREEK STA.- 51+70 to 77490
; IRTY WOMAN CREEK STA. 77490 to 105+85

WOMAN, CREEK ST, 105+85 to 130+25

‘MANY’—CREST@‘ 130+25 to 156+00
ANGCREEK STA. 156400 to 184400

.;.;-fREEK STA. 184400 to 212+00

MEKE. FORK D'I'RTY’ WOMAN CREEK STA. 25440 to 51450

F==7LAKE FORK DIRTY WOMAN CREEK STA. 51+50 to 73+75
LAKE FORK DIRTY WOMAN CREEK STA. 73+75 to 97+00

NORTH FORK DIRTY WOMAN CREEK STA. 0+00 to 22+00
NORTH FORK DIRTY WOMAN CREEK STA. 22+00 to 47+00
NORTH FORK DIRTY WOMAN CREEK STA. 47+00 to 70400
MIDDLE FORK DIRTY WOMAN CREEK STA. 0+00 to 23+00
MIDDLE FORK DIRTY WOMAN CREEK STA. 23+00 to 48+00
SOUTH FORK DIRTY WOMAN CREEK STA. 0+00 to 20400
SOUTH FORK DIRTY WOMAN CREEK STA. 20+00 to 42+00
CRYSTAL CREEK STA. 0+00 to 22483

CRYSTAL CREEK STA. 22483 to 51+18

CRYSTAL CREEK STA. 51+|18 to 71445

CRYSTAL CREEK STA. 71+45 to 91+00

CRYSTAL CREEK SPLIT FLOW STA. 0+00 to 30+90

UPPER REACHES OF DIRTY WOMAN & CRYSTAL CREEKS
CONCEPTUAL OUTFALL SYSTEM TOWN OF MONUMENT
DETAIL SHEET

PREPARED BY:
Kiowa Engineering Corporation

419 West Bijou Street
Colorado Springs, Colorado
80805-1308

(719) 630-7342




AALARRAR TR LALLM R LR AR R AL TR R R RV R R TR RN,

V\

WLLLLLLAL LR AR LRV R LR RR AR R L R B AL R NR AR AR \ _/_f
i i

Ty

AN

mDm —\ lmomom uoIsIalg —:mEmmmcm—Z J9]EMULIO)S SMIOM DIIQNd JO «:m_._._tmn_mﬂ B::DO OSBd |3
opeJo|or 'sButudg opedojon leaus xapuj
s@a.ns Nollg ‘M 6Lt NOISIA AHYNIWIT3Yd HERE i S
. Apnig Bujuue)g uiseg abeuleiq 4 m §
uoneJodao) Buiussulibu : : ! ]
3 9 bui 1oU3 BMOR s)aal) [e1SAI) pue uewop AUI] HE m HE —
llllll w
1
o
—-— P ——GEEE  -
...... ]
=
.. ol
=

Y

7 m
m

. {
| 5
/ R

Y ~ E @

i _ m ®
m . 5% gp
“ . _ WU m Um

w * L=

7 e g8

g2 = B

| 5§ 3 5

R
Se B 3
R m

e R e s




uolsialg JuswaBeuBpy JBIEMLLICIS SHIOM 1(qNd Jo JusWiedag Aunoy osed |3

THIS DRAWING IS A MASTER PLANNING SHEET

REPRESENTING PRELIMINARY AND CONCEPTUAL
DESIGN. ENGINEERING., ALL DRAINAGE FACILITIES
SGHOWN ARE FOR PLANNING PURPOSES ONLY AND

SHOULD NOT BE USED AS THE FINAL DESIGN CR FOR

CONSTRUCTION.

06+62 BIS O 00+Q "BIS m
80E L-S0603 #0819 Uewiom Auig 2l e
opeJojog _mmc_..__um opeJs|on NDIS3A AHYNIWNIIHd HEEEER
[ | = 4 B
iesJ g noligassmes Ly | Apnis Buiuueld uiseg aheureaq 3 . m,.._ 3|2
uoredoddon) BuasuIBUS mo>| syea.19 [eIsAID pue uswop fIg HHEHEE D
—
3 = g = m =
5 5 (& |4 |8 |9 |8 |8
¥
H FAN]THEILYN | OGR!

25400

Solcts

o1ol=H
Qo=+

BRIDGE-TO REMAIN—

.
>
W

ITz]
§8]=

=]

20400

T BANK_SLOPE PHOTEGTION L

nardl o
Dot

od =2t .c 5]

A85 LT~
¥ A=

REACHDWA-03:

EXTRTING RIS

Y
LY
4

<CHEer <3

st e

[T
o

ek

TTRE

15400

=

M
o
3
|

H m
= LI
2
o ST
b ®
& i
E= T

ol

w

k!

A

h|

o

||;¢! PTG YRV O
ST ONDY )

g

BAl
ey
riv)

O L BAKNY _SILOPE
¥ i3 P

BT TRIFLE I0'W X{Ir'H CB

Qdesign=320-cfs ] HW=

1C+00

1 wﬂ AN WumMmm
] W 5 SEE
SRR 52
e W&
2 o ulm
\ _ml 4—|m
i AR R EN LTI
/ ‘.—M J ~ EA
7 =3 3 ]
&
= AL z RN T EREN TSI ,
7/ 5% H
\t.‘.. g X .m m _._UuE._ b1 Iﬁ m f 1 1
: ) s 4 i L
3 = =l i 5 El 5=
; 1 [ A4 Wy [ UW._ 2 u_
g f 83 LIIEEES
7 o u ¥ >
] I ¢
N % a5
5 3 Pt 3l |
W 1||H_~ eu Dl ! w
n g - | A\
H - D=t Ll
!\/P/QW\I/ z g ] I wfu
Z g A9 _wm i s
T = MR
. ~ S0
W c%- wn.__MMH HDIHD)
& TH
& 5%
2363
W
<
g g5

100
p:
80 _

5100

O+ 00

) .

| 3D
] _“_ m
Q .
& i =X
2 g \ ZE Y
LR
o & 1Lg i
Iz & we i
wlg VES 3
gz ol + _ i
il & |
g <
al> " HM _
1 q 2
1
® o|F
{ =
= mw
Bg 1
- b=
H g
=T
] S
/ z
g ||
=l
mnuu |
fo .
q __ 9 2
o ®

6910
F_QSOO

SIS S B G R (S N GRS N (i N (s S s I S [ (S0 R (RS I (A B SRR I S

8870

45880
J_ESGO




THIS DRAWING IS A MASTER PLANNING SHEET
REPAESENTING PRELIMINARY AND CONCEPTLUAL
DESIGN ENGIMEERING. ALL DRAINAGE FACGILTIES \(

SHOWN ARE FOR FLANNING PURPOSES ONLY AND
SHOULD NOT BE USED AS THE FINAL DESIGN QR FOR

BANK SLOPE \/\

CONSTRUCTION.
NEW TWIN I0'Wxit'H CBC
PRESERVE FLOODPLAIN c
o]
FUTURE [0O0-YR B
m 0
C g}
o ®
0 C
L+ 0
BANK STOPE PROTECTIO UO % 0
YTSIDE_BENDS & c
2llod
RIPARIAN SHRUBL A !,? a (g E)
s @ oloco
) e T et ’:;‘—‘\_ ' g c ﬁ (%g
= V’“—M S 7 )
q e Wi 00y
o 7 noo
" K j\/ 01«00
x/’ y v | vow

PRESERVE 8 REGULATE 8
10GYR FLOODPLAIN =2
4 - =
. mox - —
~~. [ R L - M s
TN Y- —fy ‘‘‘‘ v A 0D )
- PRESERVE VEGETATION o= g
N WITHIN FLOODPLAIN n s
TYPE ‘M’ BURIED RIPRAP O =
2 OUTSIDE BEND = o % 2
o' foo* 200 ; =L = 22 2
TYPICAL SECTION STA46+00 A : X nc B g+ E
DIRTY WOMAN CREEK S = =C g 50 8
P &) 4] o]
e 3210 e -} Qi st e Giho=30BE0EE roaezoali cis = aed o (+ E g0 £
== Qrp =100 cfs o e - » 'E c < E2 =
F = = ;g o
—— == —F ‘N = 29 5
DEA T, OR REA N vl 1 ¥l TINWTTH I
6050 < FEAGH DW-A—03 REACH BwWh—-04|-— | —JREACH-BWA—0s1—— 5950 c8 = 28 &
y X - com 5 o ‘B
T ¢ E [1}] L n(?j IS
% —% oo g
6940 5 ) =a 5
! ] T 16940} >: =3
L= | ] L —
= ] x a
: == £X £
o T ] o) [m] 3
6930 — = = — d FUTUREIQOIR WSS - = 30 8
—15 B-EF HIPRAP T EH: = 220 UF SRNCOIOPE f —het=r == g 2
L & OITTETI PRY F;H’\\-f!;qﬁ_'u‘_.‘\fl FYXTICVRY —— = ] = = 3
b > (SOUT - SHE ONLYS —— ‘ = <
— —1 ] — == i) w
8920 tr = — S ] 5
B 2 = —= 2 5 220
& = s—=
% g 2 = == H
ey [a] S 1 X T il
69100 =] |— =H 4=
o b L — — 1 6910 Project No.91- 07 I7
Ty B T et I = — - = Date;  1/93
:_.: —f=r 5 o Design: AWMc
< Y I Drawn: EAK
§900 = — oIE ; H — 0 .6900f | chack: RNW
) . —‘:: - ol E = i Revisions:
z e e = B £ s 2 = — = w
= | - + PN o Lacs 4 o J— = =]
6850 z 200 EFBARK SEOPE. | 200 BANRSLERE— AT o E_E__xu 2 @ S =
E PROT _\...u{c{jgcm_ﬂ— FPROTECTICON (Bem——sme@g rad = " S — L & 6890
= OB Rl Ll 2in T X=T N NK S LOPE =
- y EXISTING ABANI DAL = —Z5Q'LF BANK §LOPE BANK-SLoRE-PROTECTION —| = |-< =
95 [LETWI NI W T AT T {TRA} -} BRIDGE] EMAIIE = PRO w:-ﬂ-;_vﬁ HTHSIBE ETSHT PWS =
Crdpsign= 3060 ¢l HW=IS.H_FT |~ "[—— [ =
1
30400 35+00 40400 45+00 50400




uoisia] Juswabeurp Jelemuncls SHOM 2IgNd JO JuallKEdag Aunog osed |3 3
PR :
oo M AL 8
B0E L.-S0608 #lml
opedooD ‘sBuludg opedojon NDISIT AHYNIWNIIIHA AKE % S .
i | —| < [+
agaulg nolig 1sepm 5 | t» >U=”—w mr__:r_m_n_ uiseg Qmm:_m._ﬁ HAEEE $ D
Tl=|= 1
uoinedoddnn BuuesuiBug BMmO>] syea1) jeisAiy pue uewop A1Q HHHHAEE
s
FFTER ; 218 |8 |8 |3
mmm = %) %] o o 0]
WoHG
92idg |
ESypa
Fo287 - o ok 2 1D
ZzkE W 8 i W3=HS] (339 |10 +2L1vllS VI
[ a ;
EWLGE 3 \ _
2238F
25 29 < \ i
<Jg3n 8 i
abE 2 a ME
90228z , 0|8
ZE5885 :
DSNNDW T \ W
smmww_m e HR 5 —— = w
254558 I | HE
9 Ek=
i | O ._w..
. T
E \ | NENE
i.w =
_m ) ‘_
3, i _m _
£
Q6+, ‘Yig |
—
‘ [ |
[
: : i
= I o
: n m g
m L / 2
ANH 1
2 &
m ,_M ,
w g :
[ EL
& ;
g
=
" Gk
AT |
: i
C4 m "
= by
th Ha
E3 2
5 d R
t el K ml
oo o w
_Mmm _... | _ M 5 :“.v
3 L e
P Xt
3 AEEqR
m“ N i g
v Ill.flf kg &
W et
R AEPILOELS [dpan e.
. i il
T 4 ! @
g = i K
2N ; ; i
s \ HINE
g : 2 F &
r L
jo i g
._\v.n .
A
| > HDBHD)
2 8
< Tt b
W 3 y et
Vi 2 = =
..__ .. % T W ._
9 r
7 3 E sl
-l 4 o -
& & 5
oF 3 &
Nle
1 Ny ,......._‘ | o
,/V. ﬁ TEE B .
il il
_ i _ il m w
Ly __ I u
z 1
|..q | _mm
| I s
& o
5 I i
5 | B
g &
@ 3
1 0 EIRIEEINS YA ETNTAE
_ |
o o Q o
~= ? Ired 9] n
@ 3 % P o




L.

S "

e
il

Kiowa Engineering Corporation
Colorado Springs, Colorado

419 West Bijou Street
80305-1308

.

L.

c
0
(7]
2z
fa]
0 g
~L_ X 2 E
MATURE RiIPARIAN WOODLAND QO .g o
1]
™ 20000 E 4 (‘l::l
Iy o =
BANK SLOPE PROTECTION 8 = .
ON OUTSIDE BENQ S THIS DRAWING IS A MASTER PLANNING SHEET i (=) G w i
REPRESENTING PRELIMINARY AND CONCEPTUAL e Y v £
DESIGN ENGINEERING. ALL DRAINAGE FACILITIES ” m -E m 013 £
SHOWN ARE FOR PLANNING FURPOSES ONLY AND | w 25 s
SHOULD NOY BE USED AS THE FINAL DESIGN OR FOR | & b= o6~ &
CONSTRUCTION. N o os o
_ D - % c8 ¢
— I ol I 3® E
Qloc=2650c¥s ——Qj66=2440 ¢fj5, @ip -OI0 ths G100 =2520 ¢Fer @ ro-q00 et cc < ES £
It Qro=8go<fs tﬂ'a Zg%%
It ——|REACHBW-A-05 REACHOW-B-DF CE0C = S &
¢ hl = © m =L
= - = ©
oI Ep Wiog =
=1z o9 & §
ey 7 P o E
£ a ——— @ £
7030 e — = — = 7030 3 - :!.;.
B ; o = ' fal
bt [N ) t L =
L — [ P T 1 — Q =
[77] —_———— - 1 A —_— Q g
7020 ﬁ .—"’Ll %  — P -~ 7020 (g
— N =1 &
= — IO I00=YRWSS e — i =
o —— = — 5 5 = — b o
¢_4 f . :J- L) 1"I _ - L1
7010 (= &) =3 = ri e 7010
12 s = = -
= o & e — T
— () =7 —— Iyl
1y Sn— = e — E: h h— 4y
- —[—]— 5 r— o - —
1l - — j—— - T - - L T
7000 | > = — | e e St i H 7oo0 Project No. 7|-07-17
I — L — ——| ===t o T = T Date: 1793
o — —— - — o = Design: AWMc
= e S = == & Drawm: FAK
- . e S P P— H
6990 +==r = el —— | Chack: RNW
e e i e et o pumm— = - Revisiona:
. T J— —— ~ R -
= == ' : : — =t
6980 || _—f=—T"— § — 50 LF BANK SLORE PROTEETION—|—5 S 5
— i BOTH-StOESY — PR IR M— _E
350 LF|EANK| STOPEPROTEETION + 70 LF _BANK SLOPE PROTECTION — = S = EEES
—{EAST fI_D_E;_QNtY-}- — NORTH S ONEYr} —IC0| LF-RIFRAP T YP M {BURIED =
— —_—— —— — | —- - —_— L ai=T] ETTT [l ATEATLAAL 1 ~
——— - — | — : lcEWAYTPROTECTION-— —
j f— ‘I
80100 85400 S0+00 ‘ 25100 100+00 1065400 | DW




RIPRAP QUTLET

STA106+50 DROP e e

§8+G0I VLS  INITHILYW

Mg 133HS 338

TO BE PRESERVED &

7059:74
HERBACEQUS WETLAND
TO BE PRESERVED

PROTECTION, TYPE'H'

[

KN L Woo

)
s
D)
RIPARIAN SHRUBLAND
TO BE PRESERVED

@ 105
T112.9¢

HSHOWN ARE FOR PLANNING PUAPOSES ONLY AND

THIS DRAWING IS A MASTER PLANNING SHEET
AEPRESENTING PRELIMINARY AND CONCEPTUAL
OESIGN ENGINEERING. ALL DRAINAGE FACILITIES

SHOULD NOT BE USED AS THE FINAL DESIGN OR FOR
CONSTRUCTION.

/
L"}f\//—’;:’?n: 04
S

D —— 7, —— Gm———

¢} 100" 200 §°

Kiowa Engineering Corporation
Colorado Springs, Colorado

419 West Bijou Street
803805-1308

o)

-'J:.g cfs

=1505¢fs

DEARLL oy
RERL T W

[as]
Lo
!

7020

7080

— 7080

7070

P,

.l
Ey]
=

7060

!

INLET

s

S,

70608

Dirty Woman and Crystal Creeks
Drainage Basin Planning Study
PRELIMINARY DESIGN
Dirty Woman Creek

Sta. 105485 to Sta. 130+25
El Paso County Department of Public Works Stormwater Management Division

7060

INLEY EL

LNST,

7050

Projact No.S|-07-17

Date: 1/93

Design: AWM c

7040

DROA BIR lﬁlw URE

70408

HiL [ | [ [sTAL{OBHas! | Be k] | BHeer [oyd

Drawn: EAK

Check: RNW

Revisions:

h
b

7030

MAT!

HEQK

QHEC

L

O HECH

7030

L=TOBGIQ

MATCHLI(NE | 1Tl IS0H25] |SEE | BHEEN iDWe

STA'

| 14

130+ 00

DWS




L

J 0

L

L_—J

GRS R

..

..

L.

THIS DRAWING IS A MASTER PLANNING SHEET
3 \ T REPRESENTING PRELIMINARY AND CONCEPTUAL
NEW TWIN 6'H xI0'W CBC 4 DESIGN ENGINEERING, ALL DRAINAGE FACILITIES
RAISE ROAD TO min 2 gngwu AFCI,E FOR PLANNING PURPQSES ONLY AND
=7124. ULD NOT BE USED AS THE FINAL DESIGN OR FCR
INTERSEOTION & FILL_EMBANKMENT SousTRVGTION
CULVERT CROSSING '
H
5 —
e \—//
\ - ) ,
o X
%)
03{9 \ W 149 c
& \ \ 3 3 ) 2 9
t‘g’ N e 28 X W wo ‘43
) 7
RIRA @ 0
o f ~~ S%R“ - C T
4 7 i 3 ‘COMMON, ; ¢
v \ o0 M
. : cAS COMMON S LE
{ . ', £ ' > 0 o C
£ SRR urRfl 100-YR o . tll oo
Al Ty '1!1 = g (ORI 7 & 24 : QK %o
4@ Ei 111 ; » ‘?@ U r[]_] U
Y, s d ’ 15E"ROAD T&-min. f/ : E] o a
STA133+00 < - SO o
CHEC P > OVER » Cll 3
VERT CROSSING ¥ ) £
<, 0] g. C 8
4 cllsa
/1 ) p = e m
! \ X [0)] ih]
ke / 3Q E o c ) 0 ‘T
P’ 1] 00
< | EHRU ¥ Z 0 0
: E3l 90 164 ] cO
X N (e | ’ AL SEE SHEET Upy 2loom
”33'6,9 >"’9~ _g «— 0 O
. == === 760 %o ) YI[¥0m
. * - SCUTH PARK DRIVE e Vi
\ ™ 9] = = N2g P (]
3 e ; & HERBACEOUS WETE. g
N2 N Y B &
& o iy : & % \
= g \ g
8 2
‘ Y : ] ~ $
[ X Z
. i ¥ = [/ P
* \) / a_,é 213y, 2 = 2
fio 25 & E
- / LOTS 42,43 &7 ARE RECOMMENDED =5 5
T - FOR ACDUISION & FLOODFLAIN =} o3 g
: ) PRESERVATION fud a &
‘:” * 50 / RAISE ROADWAY TO min EL=7113.0 o = =
4 HERBACECUS WETLAND = @ LOW POINT OVER CULVERT ‘ © =2 g 2 2
. CROSSING N - e & %? z
(o]
. ~/_\ riprap outLET gROTECTION 2 Cu o0 £
TYPE W SE Q6T o
~ [ (] o
! ) RIPRAP BANK PR . . ‘ QE >~ L 2
T 1 | 1 o> S o
Q=TI e e | iae| 790T Trolo=2RpeTerQ=Ta 0o G2y eTe, | Grecl7e0els oo D08 515, | 0= A els Gioy=IE0ETs -E c § Eﬁ =
QuoF65eks— © 5 =zq 2
= N =
7150 REA B0t REAGH BW-B-09— < |REAE 09 REASH-bw-B-HD —FEAEHBW-B-16lL - B i 7150 53 E 3.8 T
— -l == 5
» eI T T = Wog =
EUFEETPRTEEHON— = f g O x % 5
L + ~ o (=% g
7140 = = 7140 = E g
p— —= = @
l= Q
2 > min|-ROAD CLop5-6 v £ 8 2
o ié E_ e B - —~ o 5
p— = = ] =111 (] 2
7130 {5 T — = 2130 2
i o — - ==7 e = @
o ROAT =F175 E = o
3 = o) - Hu— i
o ] r i 7s —
— Fa J—— ™
7120 IEr SEHFREARAF—TTYF T e rd ;,,-,E_ :% 7120
| SUTLET PROTECHON I 3 e % oﬁﬁ%
Ig: % — ] e—fto &
2 3 3 - 9 R
i) o v 1 = e e
7110 |2 5 b= = & = e 7o Project No. 91-07-17
}g 2 e [ Dats:  1/93
i — o oL TRIPLE a'd5e 'Ir' 0 Design: AWM ¢
} — T e = E—y = LA = T S N L (247 T -
E FTORED : — b= ot Drawn: EAK
7100 Iz WSt — — 1 = :",ﬁm = Mum MFL%:H — = raw. .
|_ ‘,, —— e 0 = — H¥H0 1936 FT; @ Oo—F = 7100 Chack: RNW
iEI ’, - =— e 200 LF VT =~ = ol s Ravisions:
s —— A =] PROTECTIN :l—'-l = u:., “' = ot l_;.'
—E = i == = E i ENGRTH SIBE GNEY? +— =
7080 = Ep = so U rwliTo: B=[F ro00]
— B-HOfEERE Wider g Tt = s 1=
= = St 2T re0oh— HWig=s 2 -I—-,InNm-@,q. i o - ;__
= — oL RipRhb T OUTHET_PROTECTION 2
S — (T- =3 TeTs W] 1 1
BoF WESESNEA0+ 00 195400 150+00 155500




.

)

DESIEN ENGINEERING.

THIS ORAWING IS A MASTER PLANNING SHEET
REFPAESENTING PRELIMINARY AND GONCEFTUAL
ALL DRAAINAGE FACILITIES
SHOWN ARE FOR PLANNING PURPOSES ONLY AND
SHOULD NOT BE USED AS THE FINAL DESISN OR FCR

CONSTRUCTION. d g’ :
%]
X
o £
3 5
o c
g - 2 NN 2 9
., "; . o / JEE o
i — gl\\\ A, 513
{ = ¢ Q @
L > =2 0. [
< z clf+ 0
% ’ Q % ©
/4 \ i [_] L U
0] [
> TA
= A 100-YEAR PUAAND R 1= | R %
> & STAl B 7]'-"F!ES RVED, @ JC
“ o Teo CHE x95 o =
= = Vi 0 Q ]
g g R o (i,
I ' oll nm
o 7/ 2 > e Cllwos
~ X - Wi oo4
/-\\\“\__ 153 o 1y}
b g g c O
goom
~lea 1 &y 9= g0
FLOODPLAIN ~13 ]
/j@ PRESERVATION ¥Y{I<t0D
) : 4
H
| 7
i T ¢ Sy, 8
N\ 2 @
. .‘“\ = S0\ S
i 5 [Ny -
— =
{:;ﬁ N - ‘ y o A~ / ﬂ > g
S2c8 " Q -g %
N -, \‘\0\"\ 2 et %
= ; p ow =
Q _ . SE O 9o &
NS \ \ ERS'FE 10 Ve B Oz E
N7 0 : 200, N a e W g2 5
__ =~ S D a.®
2 B - e - O = ES o,
: - | =} o 85§
T e —Q'Ifﬁgmk‘- Wie=530clis Tob=550<Fs CoREkS -g c o = ‘;
: mp =2 28 8
—] - = £5 5
lzm_‘% — H—UF{SW—-IZ c g = Eé §
il — 7 E ()] w ags ‘g
J - p O E :’n.cn E
i
7190 & — = 2z | = 8 8
\Tv) T >-— 8
o) — O
g0 |F — e = 7200 O
= : 2
m_ — D PUTHREIDO-YR WS [
K 1ed - ' L %
- T — | oy ———
7170 2 L r’_;‘—, A BT il 17190
oI —] =
= i "
& Emae i = —
7160 ||E — m— 7180 § [eroiect No.91-07 17
= SOLESPH. —— [ — - — 1 Date: /93
PREFTECTH — — ] Dealgn: AWMe
— — -"" p— Drawn: EAX
7150 e P— 7170 Check: RNW
- == — Revisions:
— g S = 5 —
7140 S Fs] & =) —]
- 400 EF BANK SILOPE-PRATECTION <
= - H-SHOE-GNLY ) -
7130 o S R
160+ 00 165+00 170100 175+00 180-4- 00




BOE L-S0808
opeJo|o] 'sBuludg opeuojon
aesuag nolig1sepa s Lt

uoedoddo] BuldssuBug emory

HOISIAI] USILGBRUBY JOTEMILIOIS SHIOM JaNd J0 Wslisedeg ALno: 0sed 3

00+2ig "BiS Ol 00++81 .Sm
¥oa4o uewops Aug Jeddn

NOIS3A AHVNINITIYd

Apnig Buluue|d uiseqg afeuieig
s)aa19 [e1sAln pue uewiop, Auig

Projact No.

1/93
Ign: AWMc
EAK

{kHEﬂBACEDUS WETLAND

7320
7310
7300
7290

7280

— 7270

210+00

e

5 ) g
q I
I L1
i >
- N
o |
N
L
&/ [T
4 N 2
Bl 2§ 40303 Tl
i \ | m
i
o
[
\
'I
\
N
{
\
\ ]
\ []14] g
0T ;
0, L |
g
3
¢l i
(S04 o
8oz ,. ot
migd i =
MRV
_ NRUHIE it
SN Y =
Pane NN Gt ik
o) e\ ..\Nnrrv\.././‘.hz.fr 3 7 | A | me
, A e _ It
R g e Zw,.J: iz
g : 0 i ® 5
R R MU
/.p'/, 7 | A% ,‘W Fd | ot 4 bizind | ) M
3 o‘x / 2 i n_‘._ ITEE 4 DOISNLL A It |
N b..\\ p’/, _ﬂ 1 e nmﬂ 7 7 _.—Z.f_ il
NN 2 V@i % i e T =
y “g , W xumzﬁ_
/A 5 L
JIS [
il
num v
Il W
W e
[N 14D _f 10g4ba1 IS __.sr_, 135HS | pas ;
. o o o o o e
g 308 |8 /¢ |8 |8 |8 |8
[ C 3 R N G [N A R SR N SN R S [ GRS I S




'

]

L.

I

)

e

e Cod

)

THIS DRAWING IS A MASTEA PLANNMNING SHEET
REPRESENTING PRELIMINARY AND CONGEPTUAL |'
DESIGN ENGINEERING. ALL DRAINAGE FACILITIES
SHOWN ARE FOR PLANNING PURPOSES ONLY AND
SHOULD NOT BE USED AS THE FINAL DESIGN OR FOR
CONSTRUGCTION.
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