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“he nydrologic analysis conduc-ed In the study procuces peak flow ra-c
for the 19- and CC-year frequency, 24-nour storm duraticns. The nydroioct
analysis fcoccused on the existing and future Cevelopment conditicns, e
"Trafz, S1ty/County Drainace Crizeria Manual', ceted ADril 1957 was foliowe
Wnen Zelermining basin Cnaracieristizs, rainfal) satterns, and future retes -
PUnctT within the study area. The results of this @naiysis are container
Chapters [ and 11l of this report. A technical addendur contalning tTne cor
puterized printout of the hydrolcgy is on file wi<h £] Paso County Desartmer
of Publiz Works.

A hydraulic analysis of existing and proposed storm drainage facilitie
was carried out as part of the 5tudy scope, This dnalysis assisted in deter
mining the location of Tnedequate or undersized storm drainage facilities, :n
Tocation of existing anc future flocd prone areas, ficod damajes, anc -
Si1zing the facilities proposed herein,  Along seturity lreen, a HEC-? aacve
suirface gprofile analysis was completed in order CUoassess the flaca pron
&r<asS zdjacent to the Security Cree: driinaye channe!l Tne HEL-Z gata 15 ocor
Leinec in o technical scdendun “nSos on filie witn the T1 9as, ClLount
cepartrent of Public Worto. 4 omers tetatled desoriotion Lf ne Nydreul to arn.
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A TOUY ar Ternatiyen of Stoen o Py L 00T wlrs eyelouod, 22
. Tuil ConvEgancs oF purcffoyi; Jipes, _onddins.,
2. SulloConvesinte 5F punoff oyia channels,
. Siormwater retention facilities.,
<. stormwater Zetenticn facilities,
z. Rehabilitation or reconstructicn of existing facilizies.
e, combinations of the anove.,
‘he nydraulics of each alternative was evalu jated,
23Cn storm drainage alternative cetermined,
nete's feasibility include Cost, constructabili

cf-wa, requirements, sesthetics, land use, ana
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~S a direct result ¢f tne aiternative plan Wor-snoo, and throcu

WY

sultetion with 21 Paso County, an alternate was selected for oreliszi-z-,

11

design evaluation. The selected dlternative is discussec Oy basin below:
Little Johnson Drainase: The selected alternatz involves a systep of
closed conduits and open cnannels to convey runcff ts ‘hree detention zc-cs
within the basin., The detention ponds have been sizec +o reduce the rzts 57
runoff and, therefore, reduce the size of the outfall citities whicn grz<n
tne pond system to Fountain Creex. The capacity of tne individual comp
e

DLnenTs
range from 10- ts 100-year conveyance.  This systen 15 Zetailed on Sheeo-- Sz
throush 17 of the dra w1P; . otal cost of the ssstem s estimat=s -
57,881,JVO exclusive of the cost of minor oroloca; ireinaje systems.,

Lecurity Drainage Sasin N5 system s & 5Sizen System, which con, =,
runcff from the existing areas of security, Coloardc, =0 an tmproved Zesurcs,

u
ereek drainagewa, . Fountain Cros. 5
luced conduit star

a oLonduit gars o
tne esisting four
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Total cos
£ars ree ternativ i oNsSists 3
& 10-year Zazacity storm sewer, which wil] convey flow from deveioping arzis
through the existing Southmoor Sucdivision in the (ity of Fountain, Tne
ssstem gutfails to Fountain Creek., Total cost of the system is zs5%imatac a-
$285,600, exciusive of local or miner drainaye systems.
Orainace Zasin Fees
Using the total cos®s for each system, a basin fee was develsped for ezcn
drainage pasin witnin the study area. Ao discussion of how the fees wers
determined is contained in Chapter VI of thisg report, On Mlarzh 17, 38E, Tne
£l Pasc County Eoarz of County Commissicners approved the fo! owing drairase
Dasin fees ts be assessed d5a1nst unziatted acreage within the stuz,s arez,
Sumimary of Crainage Basin Fees
Little Jof n/Security Creek Drainage Zasin
Planning Study
- : [N |l A
22S1N ifame r2es S, 2C°r=
Littie Johnson Urainage Fee = 5 227
tand rse = Gy
Security 5,3C¢8
Widefield 5,525
Carscn Street 2,480
Oirect Flow Areas 3,480
Witnin the existing areas of Little Johnscn, Security, and Wice€is -
Basins, tne collection of drainage fees from developers will rnc- lover Toe
entire costs ¢f the drainage facilities proposed herein, Accordingty, funzi-:
mechanisms such as capital Improvement procrams, special or 1--3] TorLveTE T
districts, block grant Programs, or a combination of tness will sz posce- T
consiruct portions of each of these systems. In any case, fing 1239505 o s
more refined Zost estimates will have to be producea to furtrer lErtifL s
Tevel of funcing which will pe requirsd Lo Cconstruct starm A, T N AT
WILhAT sty wevelopes areai. A iscussion of SORSLrustion i e .
Papremeniation, and OLNGr relomiencetions are Contairer Gn Lnantors B
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- INTRODUCT 1N

Authorization

T
i

nN1s study <cov=ring the alternative developnient 31szects of the Lit

¢t

5
!

3%

~

Lsonnson/Security Crzs< Dr 3inage Basin Planning Stuc,  study) was authorized
under the terms of <ne agreement beiween E£] Piso cOunty o ilounty) and Simons,

Li & Associates, Inc. [SLA) dated April 27, 1987.

Purpose and Scoce

The purpose of tne study is %o identify feasi2’s s=<ormwater management

ptans to satisfy tne existing and future nezas within tne Little

-
[
i

Jennson/Security Creesk Basin and the Widefield B3asin. ne specific scope of

work for this study includes the following tasks:

1. Meet initially and biweekly with the County to: i
the services rzquired by this agreement obtain sx*sti
information from participating entities, solicit desires of participating
entities and ctner interested agencies or groups in order to develop
alternate plans, procure current information retative to development
plans 1in the bcs1n, procure information relative =2 right-of-way limita-
tions and potential hazards due to flooding, znz zvoid duplication of
effort whenever possinle by utilizing ex1>t1nu in“irmation available from
other agencies.

‘nsure compliance wit
ting data and gerera.

2. Contact the County, individuals, and other agenc<zs who nave knowledge
ana/or interest in the study area.

)

Utilize County pclicies and criteria and appliczoie dinformation where
possible.

4. Perform hydraulic and hydrologic analyses within =r= study area,

5. Identify existing and potential drainage problems.

N

Develop improvement alternatives to reduce existing and potential
flooding problems.

[a0]
[«9)
e
ct
D
Y
3
ja¥)
ot
-
<
D
)

Examine the operation and maintenance aspects of zr

5. Conduct an economic analysis of each alternative.

el

Prepare a writzen report discussing all items ex3in‘n2c in the study.



L. L0in Lurvey for 21 Paso WOUNTS L LLaora il dater JLne i

S.o Oratt "Uity of Zolorado Soringcs Dl Pas ccunty Irainae Criteria Mangal!
pregsared oy Lity  of  loiirecic Sprinys,  F ésc County,  ang
infrasiructure, Inc., ga‘teo “a, 15c7,

. "flocd  Insurance Stuaies for CGioracs Zprings, anc I Pasy  County,
Coteorado", urepared by the fezers wneryency Meragement Agency (FIlAL,
1900,

4. "Peterson Field Orainage Master pPlan", preparsed by URS/NES, dated
September 1584,

g s i1 o~ } 1 + N s S, o~ T+, " - mmm A gy M -~ ~ o

5. Aindmiil Gulch Master Drainaje study", prepared by Finn & ~SS3Ciates,
Ltd., dated July 1984,

In additicn to the above lis-ac reports tnere were a number 5f drainage
>-dGy reports, sxetch plans, orelizinary anc “ina] 2esisn crawings, land use
Waps, proposed development plans, anc €X15%1ng dratnace facility mess tnas
Were proviced by the County, loce: azencies, private entities, and IncivizZuals
for tne use of the project.,

Mapping and Surveying

~S part of the agreement, cdetziled mapsing for tne study arez 2t oa s-ale
of 1" = 200" with 2-foot contour intervals was prepared by Landmary Mapping in

fiay 1987, with the exception of the area t35 the northeast of Littie Jennson

reservair, The mapping covering the norineast porticn of Litt

Reservoir area were dated in November, 1986, and o5tained from Geu Consulzing
tngineers.
Fodetailed site insupection of *ne SUiCy area was conducted, anc SNCtos
Were téren documenting the ke, drainase features.,  This deta is tontainel In
section IV,
ACrnowl edyenents
Suring the course of rre LreLaraticon of Tnio Stuly, wifilisls £ o0
FLuLLunty and oUhers uroviced teonapicg) Trpatoant cuadence serltficaTa,

W WG b e To thank thie O] dalhooLuunty Lelartmernt F UL TL W S B
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Clo STUDY AREA DETTRINTION

Location
Tne study area as defineg in the agreement 1; jeneraily desirised zs =ro
2ntire watershed for the Little Jonnson Reservoir irea, Security arza, z-g
Aidefiela area. More specirically, the boundariss for the Little Sonnson

Reservoir and Security areas consist of Orennen Reoad on the nortn, rFountziig

Creek on tne southwest, and ~indmill Gulen 8asin 3oundary on tne east. ne

boundaries for the widefiela area consist of Crews Gulch on the sgutneg

ot

(V3]

[4¥]

Fountain Creek on the southwest, and Windmill 3ulch Basin doundary on <»

north. The total study area encompasses approximately five squars miles.

23
m

general location of thne study area is shown on Figure 1.

Climate

J

The study area can be described, in general as hign plains, witn tors?

C

ner

M
[&))
~

precipitation amounts typical of a semi-arid region. ainters gare g

-t
3

e
cold and dry, and summers relatively cocl and dry. Precipitation ranges

14 to 16 inches per year, with the majority of this precipitation occcurrs

—
D
(S}

spring and summer in the form of rainfall. Thunderstoras are commcn duri-g
the summer mcnths, and are typified oy quick-moving low pressure cells wniz-
draw moisture from the Gulf of Mexico into the region. Average ténperiturss
range from about 30°7 in the winter to 75°F in the summer.  Tne rzlativae nurc-

dity ranges fronm about 25 percent in the summer to 43 ercent in tne winzar,
54

Soils Characteristics

The study area is predominantly made up of Type A and 8 so0i] groups wizn
some C groups along U.S. Hignway 85/87 ana tne railroad, as described in tas
E1 Paso County Soil survey. Figure 2 shows the extent of the various so<!
groups which occur in the study area. This soil information was used to deyz-

lop the nydrologic parameters for use 1n the modeling process.

Major Drainage Zasins
Co - JTdNage casins
Tne entire study area was 2ivided into two major basins. & C75Cussian o

the major features of these areas 15 presented beloy:
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1. Little Johnson/Security Basins

The Little Johnson/Security Basins consist of three drainage zones:
(1) area to the north side of Canal No. 4, (2) area between Canal No. 4 and
U.S. Highway 85/87, and (3) area between U.S. Highway 85/87 and Fountain
Creek. The first zone is approximately 50 percent developed. Major develop-
ments include: a residential area at the northwest side of Drennan Road and
Hancock Expressway, a residential area at the northeast side of Canal No. 4
and Hancock Expressway, and an industrial area along both sides of Hancock
Expressway. The potential future developments includes commercial,
industrial, and office area for the undeveloped site near Hancock Expressway
and Drennan Road. The area north of Drennan Road lies within the City of
Colorado Springs. Currently, all the drainage flows are either directly or
indirectly discharged into Canal No. 4. Portions of the Canal No. 4 have been
improved and realigned due to the improvements on Bradley Road on the east
side of Hancock Expressway. The second zone consists mainly of residential
areas in Security, south of Bradley Road. Between the area south of Bradley
Road and existing Security area, there are residential development activities
that are currently underway. Areas along both sides of Academy Boulevard are
currently under gravel mining operations. Little Johnson Reservoir is an
abandoned reservoir and there are plans to develop this area into residences.
The area just west of Little Johnson Reservoir is now an open space and is
also proposed to be developed into a residential area. The area Jjust
southeast of Little Johnson Reservoir is to be developed into a planned busi-
ness park. Bradley Road is currently a two-lane road and is to be widened to
a four-lane road in the near future. All drainage flows in this zone even-
tually drain to Security Creek Jjust north of U.S. Highway 85/87 and the
railroad. Security Creek starts at the intersection of Cody Drive and Cactus
Drive, and runs parallel to the railroad. The Creek drains into Crews Gulch
in the Widefield area. Crews Gulich is also referred to as the Big Johnson
drainage and Widefield Creek, however, "Crews Gulch" will be used throughout
this report. Zone 3 primarily is an open space area. A small portion of the
land near the northeast side of Academy Boulevard and U.S. Highway 85/87 is



developed as a trailer court and an industrial area. DOrainage flows from this

area flow directly into Fountain Creek.

2. Widefield Basin
This basin is divided into two drainage zones by U.S. Highway 85/87 and

the railroad. Areas north of the railroad are mainly residential, with some
commercial development along Security and Fontaine Boulevards. Grinnell
Street and a parallel concrete ditch convey most of the drainage flow from the
northeast part of the basin. The rest of the area drains to Security Creek
and Crews Gulch. The area south of the railroad consists of residential area
and light industrial development. These are direct flow areas flowing into
Crews Gulch or Fountain Creek.



[II. HYDROLOGIC ANALYSIS
Runoff Model
The runoff model used to determine the peak flow and volumes within the

Study area is the SCS Computer Program for the Project Formulation Hydrology
(TR-20). The version is available for the IBM PC-XT, AT, or a compatible
machine. The use of this hydrological model is in compliance with the City of
Colorado Springs/El Paso County Drainage Criteria Manual (Criteria Manual).

Basin Characteristics

The total study area was divided into 88 sub-basins, 48 routing elements
and 45 design points on Figure 3 (See Map Pocket). The sub-basin charac-
teristics such as area, curve number, time of concentration, routing coef-
ficients, channel type and length, and flow velocities were determined from

predescribed mapping information, zoning and land use maps, soils map, field
investigation, and personal conversation with county staff. A summary of the
basin characteristics is included in Table 1.

Basin Designation System

A numbering system was developed for the entire study area. In general,
numbers 1 through 46, 62 through 77, 84 and 88 were assigned for the sub-
basins in the Little Johnson/Security area and numbers 47 through 57, 78
through 83, and 85 were assigned for the Widefield area. A hydrological basin
map which contains all the sub-basins and basin groups is shown on Figure 3
(See Map Pocket).

Impervious Land Density

The existing and future impervious land density used for the study is
presented in Figure 4. The different impervious designations were defined
using the E1 Paso County land use map dated February 22, 1985. Existing and
future land uses for the Little Johnson Reservoir and adjacent areas were
defined based upon input from E1 Paso County engineering staff, proposed
sketch and plot plans, and discussions with property owners. Aerial pho-
tographs (dated May, 1987) were also used to determine the extent of existing
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Table 1. TR-20 Hydrologic Basin Parameter.

Time of
Basin % Imperviousness Soil Type Curve Number{CN) Concentration(Hr)

1.D. existing Future Existing Future Existing Future Existing Future

1 2 85 2/3 A B 46 85 0.64 0.13
1/3 B
2 65 65 B B 82 82 0.31 0.31
3 65 65 B B 82 82 23 0.23
4 13 85 1/2 A B 46 88 0.72 0.20
1/2 B
5 2 67 A B 39 86 0.52 0.25
6 27 72 2/3 A B 54 88 0.62 0.62
1/3 8
7 72 72 A A 81 81 0.28 0.04
8 2 85 A B 39 92 0.28 0.27
9 2 67 A B 39 86 0.58 0.23
10 2 65 A B 39 85 0.26 0.23
11 2 65 A B 39 85 0.58 0.61
12 2 68 A B 39 86 0.52 0.28
13 2 75 A B 39 88 0.22 0.23
14 2 65 A B 39 85 0.26 0.56
15 27 75 4/5 A 4/5 A 72 88 0.45 0.41
1/5 8 1/5 B
16 65 65 3/4 A 3/4 A 84 84 0.55 0.55
1/4 8 1/4 B
17 65 65 A A 77 77 0.56 0.56
18 65 65 A B 77 - 85 0.48 0.48
19 2 65 A B 39 85 0.29 0.29
21 60 65 A A 77 77 0.12 0.12
22 5 65 A B 40 85 0.25 0.11
23 85 85 A B 85 92 0.33 0.40
24 5 85 A B 42 92 0.50 0.90
25 2 75 A B 39 89 0.71 1.22
26 65 65 A B 85 85 0.33 0.33
27 49 65 B B 81 85 0.49 0.45
28 35 75 4/5 A B 54 89 0.27 0.29
1/5 B
29 65 65 1/3 A 1/3 A 82 82 1.36 1.36
2/3 B 2/3 B
30 56 56 1/2 A 1/2 A 81 81 0.78 0.78
1/2 B 1/2 B
31 5 65 A B 40 85 0.14 0.11
32 59 59 A A 79 79 0.14 0.14
33 70 70 A A 80 80 0.45 0.45
34 70 70 A A 80 80 0.48 0.48
35 65 65 A A 77 77 0.25 0.25
36 2 70 A B 39 83 0.58 0.25
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Table 1. TR-20 Hydrologic Basin Parameter (continued).

Time of
Basin % Imperviousness Soil Type Curve Number(CN) Concentration(Hr)
1.D. Existing Future Existing Future Existing Future Existing Future
37 65 65 A A 77 77 0.52 0.52
38 40 40 A A 73 73 0.21 0.21
39 65 65 A A 77 77 0.59 0.59
40 65 65 1/5 A 1/5 A 82 82 0.92 0.92
4/5 B 4/5 B
41 95 95 1/2 A 1/2 A 92 92 0.54 0.54
1/2 8 1/2 B
42 95 95 2/3 A 2/3 A 92 92 0.28 0.28
1/3 B 1/3 B
43 46 46 A A 73 73 0.52 0.52
44 65 65 A A 77 77 0.24 0.24
45 65 65 1/72 A 1/2 A 77 77 0.36 0.36
1/2 B 1/2 B
46 75 75 B B 90 90 0.13 0.13
47 65 65 B B 85 85 1.01 1.01
48 65 65 1/3 A B 85 85 0.27 0.27
2/3 B
49 65 65 B B 85 85 0.35 0.35
50 58 58 B B 83 83 0.60 0.60
51 65 65 B B 85 85 0.50 0.50
52 2 65 B B 61 85 0.53 0.26
53 18 65 B B 78 85 0.45 0.30
54 2 52 B B 61 81 0.26 0.38
55 53 53 2/3 A 2/3 A 77 77 0.37 0.37
1/73 8 1/3 B
56 76 76 B B 90 90 0.65 0.65
57 63 68 1/3 A 1/73 A 85 85 0.64 0.64
2/3 B 2/3 8
58 2 77 A B 39 90 0.13 0.13
59 65 65 4/5 A 4/5 A 77 77 0.35 0.35
1/5 B 1/5 B
60 65 65 172 A 1/2 A 82 82 0.63 0.63
1/2 B 1/2 B
61 65 65 B B 85 85 0.50 0.50
62 25 72 A B 54 81 0.93 0.62
63 15 72 A B 51 88 0.32 0.22
64 19 72 A B 53 88 0.39 0.39
65 72 72 A B 81 88 0.25 0.33
66 12 85 A B 69 92 0.20 0.17
67 29 85 A B 72 92 0.25 0.25
68 65 65 B B 85 85 0.20 0.20
69 65 65 A A 77 77 0.31 0.31
70 75 75 A A 81 81 0.18 0.18
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Table 1. TR-20 Hydrologic Basin Parameter (continued).

Time of

Basin % Imperviousness Soil Type Curve Number(CN) Concentration(Hr)
I.D. Existing Future Existing Future Existing Future Existing Future
71 2 2 C o 75 75 0.58 0.58
72 4 4 C C 75 75 0.48 0.48
73 2 2 C C 75 75 1.38 1.38
74 2 43 1/2 A 1/2 A 39 39 0.74 0.74

172 ¢ 1/72 C
75 2 43 C C 74 84 1.42 1.42
76 2 2 C C 74 74 0.52 0.52
77 82 82 2/3 A B g1 91 0.30 0.30

1/3 ¢
78 25 85 C C 80 94 1.78 1.78
79 30 30 C C 81 - 81 0.58 0.58
80 65 65 B B 85 85 1.22 1.22
81 67 67 B B 86 86 0.53 0.33
82 40 40 B B 76 76 0.11 0.11
83 65 65 B B 85 85 0.18 0.18
84 31 31 A A 72 72 0.36 0.36
85 65 65 C c 90 90 0.25 0.25
86 2 85 1/73 B B 46 92 0.50 0.38

2/3 A
87 65 65 B B 85 85 0.22 0.22
88 2 65 A B 39 85 1.67 1.10
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developed areas. Areas presently under construction were considered as
existing developments for purposes of this study.

To determine imperviousness for the various land uses, selected areas of
residential, commercial, and industrial were calculated in detail using the
aerial photographs. The Criteria Manual was also referenced for the defining

of imperviousness for each type of development.

Design Rainfall

Rainfall amounts for the 10- and 100-year storm events were compiled
using the Precipitation - Frequency Atlas of the Western United States, Volume
III, Colorado, Comparison of 100-year 2-hour and 24-hour storm runoff by
using CUHP and TR-20 during the course of this study concluded that calibra-
tion of basin parameters were needed. Since the CUHP program and its 2-hour
storm distribution were mainly designed for the Metropolitan Denver area, it
was recommended that the 24-hour Type-IIA storm distribution be used for the
study. The use of the 24-hour storm distribution is in conformance with the
Draft City/County Storm Drainage Criteria Manual. Precipitation amounts used
were 3.0 inches and 4.5 inches for the 24-hour storm of 10- and 100-year fre-

quencies, respectively.

Results

The results of the hydrological analysis are presented in several for-
mats. A hydrological basin map for both the 10- and 100-year storm under the
existing and future (without drainage improvements) basin conditions is pre-
sented in Figure 3 (See Map Pocket). The map shows the routing scheme for all
the sub-basins and presents the routing element and basin numbers and design
points for easy reference to the computer output (under separate cover). A
simplified TR-20 flow diagram has been prepared as Figure 5. A summary of
peak discharges for all storms and all hydrologic points are summarized in
Tabte 2. A technical addendum with the TR-ZO computer program input and out-
put is on file with the E1 Paso County Department of Public Works.
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Table 2. Summary of Discharge.

Deslign Polnt TR-20 24-Hour Storm (Type |-A)
Design 100-Yr Peak Flow (cfs) 10-Yr Peak Flow (cfs)
Bas!In Polnt Dralnage Area Locatlon ExIsting Future ExIsting Future
No. No. {(sqemi.) (Group) Condition Condition Condlt!lon Condi tion
1 0.09 A 6 251 0 140
2 0.08 A 178 178 92 92 *
3 0.02 A 51 51 26 26 *
4 0.09 A 6 253 0 146
5 0.1t A 1 294 0] 163
6 0.18 A 45 340 5 188
7 0.05 A 97 133 50 72
8 0.03 D 0 83 0 50
9 0.06 A 1 162 0 90
10 0.02 A 0 46 0 25
11 0.13 D 1 217 0 114
12 0.10 A 1 23 0 134
13 0.02 D 0 58 0 33
14 0.12 1 220 0 116
15 0.05 B 56 113 23 63
16 0.10 B 169 169 88 88
17 0.08 B 102 102 46 46
18 0.08 C 110 151 50 80
19 0.04 c 0 96 0 53
21 0.04 £ 83 83 41 41
22 0.04 £ 1 128 0 72
23 0.03 E 58 67 31 40
24 0.07 D 2 119 0 70
25 0.06 E 0 68 0 38
26 0.04 D 86 86 46 46
27 0.06 D 95 116 47 62
28 0.05 D 22 127 2 73
29 0.06 D 54 54 26 26
30 0.05 E 63 63 31 31
31 0.01 E 0 26 0 14
32 0.04 E 1@ 102 51 51
33 0.08 E 140 140 67 67
34 0.04 E 63 63 30 30
35 0.04 E 70 - 70 34 34
36 0.05 E 0 80 0 40
37 0.09 E 117 117 53 53
38 0.02 E 30 30 13 13
39 0.03 E 36 36 16 16
40 0.12 E 136 136 67 67
41 0.05 E 119 119 1Al 71
42 0.02 E 71 71 43 43
43 0.05 E 77 77 34 34
44 0.03 E 53 53 26 26
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Table 2. Summary of Dlscharge (continued) .

Deslign Polnt TR=20 24-Hour Storm (Type !I-A)
Design 100-Yr Peak Flow (cfs) 10-Yr Peak Flow (cfs)
Basin Polnt Drainage Area Location ExlIsting Future Exlistlng Future
No. No. (sq.mi.) (Graup) Condlition Conditlon Conditlon Condi tlon
45 0.08 E 138 138 64 64
46 0.01 E 33 33 20 20
47 0.04 I 41 41 22 22
48 0.05 I 145 145 80 80
49 0.13 [ 284 284 153 153
50 0.06 ! 91 91 46 46
51 0.11 H 210 210 112 112
52 0.27 G 148 674 36 367
53 0.23 G 359 551 166 298
54 0.04 H 32 70 8 35
55 0.04 H 62 62 29 29
56 0.10 H 187 187 107 107
57 0.02 H 30 30 16 16
58 0.02 D 0 59 0 36
59 0.09 E 159 159 73 73
60 0.03 3 46 46 23 23
61 0.09 D 164 164 87 87
62 0.14 D 25 199 3 96
63 0.02 6 53 0 31
64 0.09 D 49 276 4 161
65 0.02 D 46 54 24 30
66 0.04 L 52 117 20 72
67 0.03 L 42 82 18 50
68 0.02 L 45 45 25 25
69 0.01 L 21 21 10 10
70 0.01 L 22 22 11 LB
71 0.05 L 62 62 27 27
72 0.06 K 79 79 34 34
73 0.12 K 70 70 30 30
74 0.10 K 1 1 0 0
75 0.11 K 59 93 25 48
76 0.04 K 48 48 20 20
77 .03 K 79 79 47 47
78 0.17 J 179 - 395 84 242
79 0.05 J 102 102 52 52
80 0.10 J 101 101 52 52
81 0.05 K 91 113 49 62
82 0.01 K 18 18 9 9
83 0.02 K 49 49 27 2
84 0.04 L 49 58 20 24
85 0.03 | 90 90 53 53
86 0.0 A 2 47 0 29
87 0.03 H 64 64 35 35
88 0.14 L 1 160 0 80
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Table 2. Summary of Discharge (contlnued).

Deslgn Polnt TR-20 24-Hour Storm (Type | [-A)
Design 100-Yr Peak Flow (cfs) 10-Yr Peak Flow (cfs)

Baslin Polnt Dralnage Area Location Existing Future ExIsting Future

No . No .o (sg.ml.) (Group) Condltlon Conditlon Conditlon Condition
3 0.11 A 1 279 0 155
4 0.10 A 228 228 118 118
5 0.22 A 228 495 115 259
6 0.15 0 1 252 0 132
7 0.19 D 86 333 46 176
8 0.34 D 176 610 90 332
9 0.41 D 194 629 98 340
11 0.10 0 2 161 0 85
12 0.07 E 1 72 0 41
13 0.15 E 140 195 67 98
14 0.19 E 215 258 103 120
15 0.49 E 523 577 246 271
16 0.07 E 58 188 31 107
17 0.14 £ 184 316 90 167
18 0.23 E 270 395 126 199
19 0.09 E 70 243 34 132
20 0.13 E 148 310 67 159
21 0.28 E 328 449 151 220
22 0.95 £ 1106 1154 529 557
23 0.98 £ 1174 1224 569 598
24 1.09 E 1363 1413 658 686
25 1.90 £ 1733 2836 814 1375
26 0.21 I 427 427 229 229
27 0.27 | 499 499 264 264
28 0.18 H 300 340 147 173
29 0.28 H 479 519 250 276
30 0.30 H 505 546 265 290
31 0.50 G 495 1213 183 670
32 0.40 B 349 710 156 377
33 0.37 £ 326 378 154 187
34 0.46 £ 483 536 227 253
35 0.22 J 193 482 91 265
36 0.31 J 291 529 142 298
37 0.27 D 87 507 22 261
38 0.31 D 104 632 23 334
39 0.72 D 298 1253 100 670
40 0.80 D 436 1412 172 747
41 2.20 ! 2303 3416 1122 1662
43 0.10 A 7 298 0 169
44 0.19 A 12 550 0 314
45 2.52 H 2850 3996 1403 1576

* Assumes no attenuatlon due to the Foxh || Is Subdlvislon pond.
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IV. HYDRAULIC ANALYSIS AND FLOOQDPLAIN DELINEATION

A hydraulic analysis for the study area has been conducted for the 10-
and 100-year frequencies. This work consisted of analyzing the local storm
sewer and street drainage systems and an analysis of the open channe)
(Security Creek) which drains the majority of the study area. A discussion of
existing systems follows.

Uescription of Existing Storm Drainage Systems

Presented on Table 3 is an inventory of the existing storm drainage
system(s) within the study area. The hydraulic capacities have been calcu-
Tated using topographic mapping in combination with field inspections of these
systems. The facilities listed in Table 3 lie within the Widefield, Security,
and Little Johnson sub-basins. A discussion of each follows.

1. Little Johnson Basin
This portion of the study area lies within hydrologic group A, B, and C

as shown on Figure 3 (See Map Pocket). The predominant features of the areza
are the Fountain Mutual Canal No. 4, and the Little Johnson Reservoir Basin.
These two facilities have acted to keep the historic flows from crossing
Bradley Road to very small amounts, and thereby protected the Security area.
Urban development has placed an increasing storm drainage conveyance burden on
the Fountain Mutual Canal No. 4. Developed flows entering the canal at times
of high irrigation use have caused overtopping and maintenance problems at
several locations along the canal's Tength. Future flows will only serve to
worsen the flooding potential the canal represents, unless the canal is
improved to meet the anticipated design flows,

The Little Johnson Reservoir is a former irrigation water storage faci-
Tity that was taken out of operation in the 1970's. An outlet pipe exists
under the embankment into a historic drainage path, however, the size and con-
dition of this outlet has not been verified. The land underlying the reser-
voir is currently under consideration for residential  development.
Disregarding any stormwater diversion by the Canal No. 4, the Little Jonnson
Reservoir has adequate volume to store the historic runoff tributary to the
Reservoir. The structural integrity of the embankment has not been investi-
gated as part of this study.
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Table 3. Structure Inventory.

Maximum
Sheet  Hydrologic Capacity
No. Sub-Basin Size/Description (Flowing Full)
1 2 Drennan Road Storm Sewer 30" to 42" RCP. 110 cfs
Qutfalls to Foxhills Pond.
2 Foxhills Detention Pond: 5 acre-feet
2 - 24" RCP Qutlet
3 62, 89 Colorado 83 (Academy Boulevard) 110 cfs
Storm Sewer System 18" to 42" RCP.
Outfalls to Fountain Creek.
89 11.5" x 1.3' Trestle under D&RGWR 160 cfs
(Partially Plugged)
89 30" CMP under D&RGWR (Partially Plugged) 50 cfs
4, 5 86 72" CMP under Hancock, North of 280 cfs
Schlage Lock.
6 24" RCP Storm Sewer, Yucatan Drive to 25 cfs
Hancock Expressway
15 Hancock Expressway Storm Sewer System, 70 cfs
Yucatan to Bradley Road 36" RCP
Outfalls to Fountain Mutual Canal No. 4
15 Concrete Channel, Hancock to Cantrell 25 cfs
Drive, OQutfalls to Fountain Mutual
Canal No. 4
5 11 24" CMP under Bradley near Hennings 17 cfs
Drive
24 Bradley Village Storm Sewer System North 90 cfs
18" to 42" RCP, Outfalls to Low Area
West of Subdivision
24 Bradley Village Storm Sewer System South 15 cfs
18" to 24", Outfalls to Cassidy Street
Storm Sewer System
25, 26 Cassidy Street Storm Sewer System, 18 cfs

Tuttle Drive to Cassidy Street and
Cactus Drive 24" RCP
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Structure Inventor, (continued).

Maximum
Sheet Hydroloyic Capacity
No. Sub-Basin Size/Description (Flowing Full)
5 21 Hunters Run Detention Pond. GQutfalls < 3 acre-feet
to 8" H x 1.5' W Concrete Channeil
via 10" PVC OQutlet
5 24-27 Cactus Drive Storm Sewer System, 18" to 40 cfs (maximum)
36" RCP. Qutfalls to Ivanhoe Drive Storm
Sewer,
6 29 Ivanhoe Drive Storm Sewer 36" RCP. 40 cfs
Outfall to Chimayo Drive Storm Sewer.
29 Chimayo Drive Storm Sewer System, 45 cfs
45" x 29" RCP. Outfalls to Security
Creek,
6 61 2" Inlet and 18" CMP to Security 20 ¢fs, ea,.
Creek at Norman through Hallum Place
Cul-De-Sacs
6 61 8" x 6' RCB, on Security Creek, between 440 cfs
Hallum Place and Chimayo Drive
61 Security Creek, Open Grasslined Channel, < 200 cfs
to Sumac Drive, Extended.
6, 8 61 Security Creek Trapezoidal Concrete 300 c¢fs
Channel, Sumac Drive to Main Street
7 35 Pheasant Run Detention Pond., OQutfalls < 3 acre-feet
to Norman Drive, via 18" RCP and Swale
7, 8 42, 44 Main Street Storm Sewer, 24" to 42" RCP 40 cfs
Outfalls to Security Creek
8 61 Security Creek Culvert under Main Street 110 cfs
72" x 43" CSP
8, 10 85 Security Creek Trapezoidal Concrete 300 cfs
Channel, Main Street to Fontaine
Boulevard
8 45 Twin 18" CHP, Chatfield Drive and 40 cfs ea.
Grand Avenue
8 78 36" RCP Storm Sewer within Shopping 40 cfs (estimate)

Area, Qutlet Location Unconfirmed,
System being Relocated by Developer.
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Table 3. Structure Inventory (continued).

Maximum
Sheet Hydrologic Capacity
No. Sub-Basin Size/Description (Flowing Full)
9 54 Fontaine Boulevard and Grinnell Street < 5 acre-feet
Detention Pond, Outfalls via 24" RCP to
Fontaine Boulevard Storm Sewer
9 49 Twin 36" RCP (Two Locations) under 120 c¢fs
McBurney Boulevard (Widefield Canal)
Outfall to Crews Gulch via 24" RCP
9, 10 55, 56 Fontaine Boulevard Storm Sewer System 20 - 60 cfs
24" RCP to 42" CMP. Outfalls to Security
Creek
10 85 Security Creek Culvert under Fontaine 200 cfs
Boulevard, 7' x 5.5 CSP
10 87 Security Creek Trapezoidal Concrete 300 cfs
Channel, Fontaine Boulevard to Crews
Gulch
10 57 Concrete Cross Pan to Security Creek 30 c¢fs
at Grinnell Street and Widefield
Boulevard
49 36" CMP at Willis Drive and Security 40 cfs

Boulevard Qutfalls to Security Creek
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An existing 36-inch storm sewer in Hancock collects flow from the
Clearview Estates area, and the commercial industrial areas east of Hancock,
to Yucatan. This system is highly dependent upon the hydraulic grade of the
Canal No. 4, and has been calculated to be under capacity to serve the current
development. Overtopping of this system forces flow west over Hancock, and is
eventually picked up by Canal No. 4. The interaction between the Hancock
storm sewer and Canal No. 4 1is largely responsible for the local flooding
problems along Bradley Road and in the northern portions of Security.

The areas tributary to Canal No. 4 east of Hancock Boulevard are conveyed
to the Canal via a storm sewer System. The Canal has been reconstructed
within this area, and eventually carries stormwater into the Windmill Gulch
Basin,

A stormwater detention pond serves the Foxhills and Pinehurst Station
Subdivisions, This pond is drained by two 24-inch outlet pipes, and was
designed to control the design flow(s) to historic levels. The City of
Colorado Springs has expressed an interest in abandoning this pond because of
operation and maintenance concerns. A hydraulic review of the pond revealed
that the pond volume is insufficient in capacity to lower the peak flow rate
to match the outlet (for the hydrologic criteria applied in this report). The
pond at the Foxhills Subdivision was therefore assumed to be eliminated for
the purpose of estimating peak discharges and sizing of downstream
facilities.

The balance of the Little Johnson Basin is drained by small culverts
under roadways. A storm sewer system for State Highway 83 (Academy Boulevard)
outfalls to the Fountain Creek, however, is of inadequate size to convey any
additional runoff. Flows which do pass across Bradley enter the Security

Creek via the street and storm sewer systems within Cody and Ivanhce Drives.

2. Security Basin

This area has predominantly single-family residential development, and is
drained by streets and small diameter storm sewers. The entire basin, bounded
by Crawford Street on the south, is tributary to the Security Creek, which
extends along the Denver and Rio Grande Western Railroad (D&RGWR) upstream to
Cody Orive. The high impervious area in combination with the moderate-to-

steep street slopes deliver stormwater to the lower portions of the basin at
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too high a rate for the storm sewer system(s) and Security Creek to carry 1t
away.

The two existing storm sewer systems, the Cassidy-Ivanhoe Drive storm
sewer and the Main Street storm sewer have both been surcharged in recent
years., These systems have been calculated to be over capacity, and unable to
convey additional runoff without expansion. These systems are adversely
impacted by the Security Creek hydraulic inadequacies. Structural damages to
properties adjacent to these systems have been limited to the Main Street and
Security Boulevard commercial areas.

The Security Creek begins at approximately Cody Drive, and extends south
along the east side of the D&RGWR tracks to Main Street. The channel is
poorly defined, and grasslined until approximately Sumac Drive. From this
point a concrete lining extends up to Main Street. Two culverts cross the
Security Creek. A recently constructed culvert near Kenny's Nursery has ade-
quate capacity to handle existing condition flow rates. The HMain Street
crossing has an inadequate capacity. Relatively minor flooding has been
calculated to be caused by the inadequate conveyance capacities of the
Security Creek, the damage which does occur could be solved by reconstructing
the Main Street culverts,

Two detention ponds have been constructed in the upper portions of the
Security Basin. One pond serves the Pheasant Run Subdivision Filing No. 1,
and the other pond serves Pheasant Run Filing No. 2. These ponds were
constructed to limit flows originating within the subdivisions to historic
lTevels, Both ponds have been overtopped in heavy rainstorms since their
construction in 1986. The flows which have overtopped the ponds have moved

into the Security area streets.

3. Widefield Basin
Similar to the Security Basin, the Widefield Basin has predominantly

single-family development which is drained through mainly street and limited
sections of storm sewers to Security Creek. The Security Creek is concrete-
lined from Main Street to its outfall at Crews Gulch. The Fontaine Boulevard
culvert at Security Creek has an inadequate capacity and forces flood flows
west across Highway 85/87. The creek has an inadequate hydraulic capacity

from Fontaine Street to Crews Gulch.
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The Fontaine Boulevard storm sewer conveys storm flows from Grinnell
Street to Security Creek. This system has been overtopped and has caused
stormwater to move into commercial areas south of Fontaine Boulevard. This
system includes an existing detention pond and outlet north of Fontaine at
Fordham Street. The system has recently been extended to Grinnell and catch
inlets installed at the intersection of Grinnell and Fontaine Boulevard,
Prior to recent storm sewer extension, flows which have entered the Widefield
Basin at Grinnell Street have overtopped Fontaine Boulevard and moved overland
into the residential areas south of the detention pond. Several residences

have experienced flood damages on an annual basis in recent years,

Floodplain Delineation

A hydraulic analysis was conducted of the study area to determine the
extend of flooding along the major flow paths and drainageways. The U.S. Army
Corps of Engineers HEC-2 Water Surface Profile Program was utilized to deter-
mine the 10- and 100-year floodplain boundaries and depths for Security Creek.
Along streets which are known to have experienced local flooding such as
Security Boulevard, Main Street, and Norman Drive, uniform f]ow calculations
were applied to determine the limit and extent of flooding.

Channel cross section data was obtained from the Federal Emergency
Management Agency (FEMA) Flood Insurance Study conducted for Security Creek in
1981. This data includes field measured channel cross sections, which corre-
Tated well with the topographic mapping prepared as part of this Drainage
Basin Planning Study. Channel roughness coefficients were determined through
the use of photographs and from a field survey. The HEC-? input and output
are contained within the Technical Addendum of this report, and is on file
with the E1 Paso County Department of Public Works.

Presented on Sheets 6, 7, 8, and 10 is the existing 100-year floodplain
boundary, With the exception of the area in the vicinity of the Security
Creek channel, the flooding depths are all shallow in nature, Depths on the
overbanks are estimated to be between one- and three-feet, This is an
expected result since the channel is constricted at several locations by ina-

dequate culverts. As stated above, these culverts force the flood flows
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overland through residential areas and across Highway 85/87, which fill low-
lying areas,

Flooding along streets in the 100-year event occurs along Security
Boulevard, Main Street, and Widefield Boulevard, mestly along the commercial
areas in Security and Widefield. Areas of Tlocalized intersection flooding
occurs along Norman Drive, Willis Drive, and Security Boulevard, Discussions
with residents during the field survey portions of this study confirmed these

local problems.

Flood Damage Analysis

The hydraulic data was used to generate flood damage estimates for the
study area. Depth versus damage data compiled by FEMA was used to estimate
the dollar value of structural and content damage for businesses and residen-
ces determined to lie within the 10- and 100-year floodplain.

A field check of the floodplain was conducted to verify the flooding
Timits and structure types were noted. A total of 75 single-family residences
and eight businesses were determined to lie within the 100-year floodplain.
No significant structures were determined to 1lie within the 10-year
floodplain.  Typical 100-year flood depths ranged from 0.5 feet to 1.5 feet
above the first floor for all structures.

In order to assess the level of flood protection economically justi-
fiable, calculations of the dollar loss associated with the 10- and 100-year
flood events were carried out. To do this, several assumptions were made to
facilitate the calculations. The major assumptions were:

1. Average single-family house value:

a. With basement = $70,000
b. Without basement = $60,000

2. Contents are defined as carpeting, furniture, draperies, personal
belongings, plus maintenance associated with the clean up of first floors
and basements.

3. Average depth range in the business district was 0.5 feet and 2.0 feet,
for the 100-year frequency.

4. Average content value for single-family residences was assumed to be
$20,000.

From this analysis, a total of $687,000 in property damages was estimated

for the 100-year flood event, and approximately $75,000 worth of damagyes 1in
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the 10-year event, Costs associated With the annual maintenance of Streets
Subject tg flooding has not been estimated, however, in recent years the
County and 7ocal residences have incurred costs associated with g4 flood
cleanup in the range of $10,000 to $50,000 annually, Using this data, annual
flood losses haye been estimated at $63,000, byt does not account for flood
damages associated with loss of business and wages, damage to utilities,
public inconvenience, structure rep]acement, or the deterioration of public

and private Properties adjacent tg known flood prone areas,

Basis of Design

SewWwer systems, The analysis enabled the planning of improved channel sec-
tions, storm sewers, and crossings for later Cost estimation,

Basic design criteria contained in the City/County "Storm Drainage
Criteria Manualn" were followed when designing Street and drainage facilities
for the alternative evaluation process, A1 Tocal facilities were designed to
flow full, Proposed channels have been designed to convey the fulj 100-year
flow. Roughness valyes for the hydraulic calculations ranged from ,025 fop
natural stream bedding to .045 in areas where natural channels were deemed to
be overgrown, |

The following design criteria were followed in the analysis of existing

and proposed Systems:
1. Minimum roughness valyes,

. Channel Tinings and culverts, 0.015,

. Corrugated metal pipe (CMP), .024,

. Reinforced concrete pipe or Corrugated meta] pipe, Tined, ,013,
Natural stream beds, .035.

Maintained grasslined Channels, .030.

. Street sections, 0,016,

SO A0 o
. .

2. Design velocities for grasslined channels were limited to six-feet per
second, with maximum side slopes of four horizontal to one vertical
(4H:1v).

The criteria which Will be applied during the finaj design of facilities

will bpe subject to specific Site constraints,
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Y. ALTERNATIVE DEVELOPMENT

General

In determining a limited number of most feasible alternatives for analy-
sis to facilitate the designation of the best alternative, the following
planning policies have been developed:

1. Separation of irrigation and stormwater flows. The Fountain Mutual Canal
No. 4 has had a significant impact upon the existing hydrologic charac-
teristics of the basin. Future stormwater flows will act to further
degrade the operation of the Cana) system, to 'a point where the Tong-term
use of the Canal (from the stormwater management point of view), becomes
questionable. Therefore, a basic planning policy guiding the planning

process is that no mixing of stormwater or irrigation will be considered
in the development of alternatives.

2. Criteria. The technical analysis has been completed in conformance with
the Criteria Manual, adopted for use by E1 Paso County in July, 19&7.

3. Land Use. Land use data used to prepare the hydrologic analysis has been
developed through existing zoning data, as well as site planning maps
fron individual developments.

4. Detention/Retention. The concept of detention and retention of
stormflows has been limited to the development of regional ponds.
Regional ponds have been defined as ponds receiving stormwater from more
than one subdivision. On-site detention/retention has been specifically
ruled out as a future stormwater management alternative, excepting those
individual ponds which May serve as an interim facility, prior to the
construction of downstream facilities.

5. Separation of the system between areas north of Bradley Road and the
existing areas of Widefield and Security should be considered for
planning purposes.

6. The natural flow path, prior to the construction of the Fountain Mutual

Canal No. 4 shall be used to site drainage improvements.

Based on the above planning policies, regional detention systems, and
storm sewer systems have been conceptualized and analyzed for the study area.
Presented in the following sections are descriptions summarizing each alter-
native evaluated. 1In general, detention systems have been evaluated for the
area north of Bradley Road (Little Johnson Basin) which emphasizes regional
detention ponds to control the release of flow from the contributing area.
Three regional detention system alternatives have been evaluated, which
include three sub-alternatives for Alternative 1 and two sub-alternatives for
Alternatives 2 and 3. The main difference between the sub-alternatives are
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the detention pond size and its controlled outflow rate and outlet pipe size,
The third sub-alternative for Alternative 1 (Alternative 1-3) was added to
reflect the commnents obtained from a project workshop hela during the course
of the study. Storm sewer systems have been evaluated for the Security and
Widefield areas south of Bradley Road. These systems include the evaluation
of improvements to Security Creek and storm sewer improvements. Two alter-
natives for the Security Creek improvements have been analyzed for the
100-year storm event, with different outfall points. Two alternatives for the
storm sewer improvements have been studied which emphasize the different storm
sewer routes and design storms.

A complete Tisting of cost estimates and design information on all alter-
natives developed for the regional detention system and storm system/Security
Creek system are presented in the technical addendum (under separate cover).

Description of Alternatives

1. Regional Detention Pond System
Alternative 1-1
Figure 6 illustrates the conceptual layout of a system collecting
the 100-year storm runoff through open channels, storm sewers, and regional
detention ponds. This system then releases the flow from the detention pond

to a designated outfall point at a very minimum rate. The system includes:
(1) regional detention pond at location A to collect the flow conveyed by open
channels (Lines 1, 3, and 2), and storm sewers (Lines 6, 8, 11, 9, and 22.1).
The controlled outfiow from detention pond A will be carried by storm sewers
(Lines 12 and 12.1) and daylight at Security Creek. The open channel (Line 1)
is located to receive the developed flow from the area just north of Drennan
Road. A culvert at location 4 will allow the future developed flow to be
transported to open channel at Line 3. A storm sewer at Line 9 will carry a
portion of the existing flow to pond A instead of Canal No. 4. A section of
an existing canal at location 7 will be relocated to allow the installation of
a storm sewers at Lines 6 and 11. A storm sewer at line 8 will carry the
future developed flow from the area northeast of Hancock Expressway and
Yucatan Road. A spill structure at location 10 will allow the canal to
overfiow the storm sewer at Line 22.1. The total area to be controlled by
detention pond A is highlighted on the map; (2) the regional detention pond at



Tocation B is to collect the flow conveyed by storm sewers at Lines 17 and 20.
The controlled outflow from pond B will be connected to a proposed storm sewer
system via a storm sewer (Line 21). The system will allow the future deve-
loped flow to have a minimum impact to the existing area; (3) a temporary
detention facility at location C is to collect the local flow from the storm
sewer (Line 15) and release the outflow at a minimum rate via an outlet pipe
(Line 16). The release flow must be coordinated between property owners;
(4) a detention pond at location D to collect the flow conveyed to a storm
sewer at Line 23 and release a minimum f1low through an outlet pipe (Line 22)
into a storm sewer at Line 12.1; (5) a detention pond at location E is to
collect the flow carried by a storm sewer at Line 24 and discharge at a mini-
mum rate into the Security Creek; (6) an open channel at Line 25 is to carry
the flow from the area bounded by the railroad, Drennan Road, Academy
Boulevard, and the open mining 1imits. A storm sewer at Line 13 is to convey
the flow from Line 25 and daylight at Fountain Creek via an energy dissipating
channel (Line 14); and (7) a storm sewer at Line 26 is to convey the 10-year
future developed flow for the area bounded by the railroad, U.S. Highway
85-87, Drennan Road, and Academy Boulevard, The storm sewer is to be
daylighted at Fountain Creek.

Alternative 1-2
Figure 6 contains the same conceptualized system layout as

Alternative 1-1. The only difference is in the sizing of ponds A and D.
Instead of a minimum release as proposed for Alternative 1-1, the ponds at
sites A and D will allow a larger outlet pipe and smaller detention volume to
release a flow equivalent to the future 10-year flow. The storm sewer at
Lines 12, 12.1, 13, and the open channel (Line 14) must be increased in size
to convey the future 10-year storm released from ponds A and D. The remaining
facilities are the same as contained in Alternative 1-1.

Al ternative 1-3

Figure 7 illustrates a modified version of Alternative 1-2 as the
result of a project workshop held during the course of this study. This
modified alternative includes: (1) the separation of the detention pond into
two ponds at sites A-1 and A-2; (2) the connection of outlet pipe from pond B
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to an existing storm sewer system near Dooley Way, instead of a new system
near Birch Drive; (3) the redirection of the outlet pipe (Line 16) from pond ¢
and discharges into an open channel at Line 1; (4) incorporate detentijon pond
E with future highway interchange location near Bradley Road and Academy
Boulevard; and (5) connect storm sewer (Line 25) to the outfall system at Line
13 instead of the direct daylighting at Fountain Creek. The area controlled
for pond A-1 and A-2 is highlighted on the alternative drawing.

Alternatives 2-1 and 2-2
Figure 8 illustrates the conceptualized system layout for Alter-
natives 2-1 and 2-2. Both alternative Tayouts are very similar to Alternative

1 with the exception of the detention pond location at site A and B. The
area controlled for ponds A and B are highlighted on this map. Alternative
2-1 emphasizes the retention pond concept which minimizes the release flow to
the downstream system. Alternative 2-2 utilizes the detention pond principal
to release a 10-year developed flow through the system for ponds A, B, and D.
Ponds C, E, and F still will be sized to release a minimum flow rate due to
the physical constraints downstream.

Alternative 3-1 and 3-2
Figure 9 is the third alternative of the detention pond system.

This plan calls for three detention ponds (A, B, and C) to control the high-
lighted area, as shown on the map. Pond A is different in location as com-
pared to Alternatives 1 and 2, and reflects the consideration for an alternate
pond site. Ponds B and C are located as an alternate site to minimize the
volume requirement at site A. The other pond locations at D, E, F, and G are
the same as Alternative 1. Both alternatives are different in concept to the
detention requirement. Alternative 3-1 is a retention system where all ponds
are to be sized as retention ponds which minimizes the release to the
downstream system. Alternative 3-2 is a detention and retention system
whereby ponds A, B, C, and F are sized as detention ponds with a 1U-year
outlet system; and ponds D, E, and G are identified as a retention pond which
releases a minimal flow to the downstreanm system. A1l drainage collection
systems to the detention pond are similar to Alternative 1 with the exception
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of storm sewers at Lines 11, 9, 10, 26, and 24.1, which is due to the dijf-
ferent pond locations at A, B, and C.

2. Storm Sewer/Security Creek System
Alternative 1 and 2
Figure 10 demonstrates the storm sewer/Security Creek alternative

for both Alternatives 1 and 2. Stormm sewer Alternative 1 includes the storm
sewer improvements along Lines 1A, 1Al, 1A2, 1A3, 1B, 1C, 1D, 1D1, 1D2, 1E,
1G, and 1F. Storm sewer Alternative 2 includes the storm sewer improvements
along Lines 2A, 2Al, 2A2, 2A3, 2B, 2C, 2Cl, 2-SEC-3, 2D, 2D1, 2D2, 2E, 2G, and
2F. Storm sewer Alternative 1 emphasizes improvements along major streets
such as Main Street and Security Boulevard. Storm sewer Alternative 2 routes
the pipe through local streets (Lines 2A and 2Al). Both storm sewer systems
have been evaluated for a 100-year storm event and the combination of 10- and
100-year storm event. The Security Creek system investigated includes the
improvements of the Security Channel based on the various storm sewer system
configurations. Alternative 1 shows the total improvement along the channel
from Academy Boulevard to Crews Gulch. Alternative 2 calls for the channel
improvements between Academy Boulevard and Crawford Drive, and Fountaine
Boulevard to Crews Gulch. Both Security Creek alternatives were evaluated for
the combination of 10- and 100-year storm events based on the floodplain and
damage analysis conducted for Security Creek.

Cost Estimates and Alternative Evaluation

Cost estimates for all the alternatives investigated are based on the
unit costs as developed for this study (Table 4). Contingency costs are
defined to be 5 percent of the construction cost, and engineering costs are 10
percent of the contingency cost and construction cost. Costs for utility
removal and relocation are assumed to be 10 percent of construction cost.
Land acquisition cost for the detention pond is $15,600 per acre, and the
construction costs for the detention pond which includes earthwork, native
grass, outlet structure, and emergency spillway is estimated at $7,000 per
acre-foot of storage volume. The land acquisition cost is based upon the
parkland reimbursement fee, and has been applied to the land cost of detention
ponds in several past and ongoing master drainage plans in the area. This fee
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Table 4.

a1

Unit Construction Costs.

Estimated
[tem Description Unit Unit Price
REINFORCED CONCRETE PIPE
18-inch LF $ 44
24-1inch LF 50
30-inch LF 60
36-inch LF 85
42-inch LF 95
48-inch LF 110
54-inch LF 135
60-inch LF 155
66-inch LF 175
72-inch LF 205
78-inch LF 245
84-1inch LF 300
90-1inch LF 325
96-inch LF 350
JACKING PIPE AND TUNNELLING
90-1inch LF $ 600
96-inch Lr 700
CONCRETE BOX CULVERT
5 ft. x 7 ft. LF $ 300
5 ft. x 8 ft. LF 325
6 ft. x 8 ft. LF 350
7 ft. x 10 ft. LF 450
8 ft. x 10 ft. LF 500
SECURITY CREEK ROAD CROSSINGS
5 ft. x 10 ft. LF $ 720
8 ft. x 11 ft. LF 920
2 -5 ft. x 9 ft. LF 1,014
6 ft. x 22 ft. LF 1,814
CURB INLETS
10 ft. EA 5 3,000
15 ft. £A 3,500
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Tabi=z 4. Unit Construction Costs {cuntinued;,

Estimated

Item Description Unit Unit Price

MANHOLES
4 ft. diameter EA $ 2,000
5 ft. diameter EA 2,500
6 ft. diameter EA 3,500
Box Base EA 4,500
Junction Structure/Drop Inlet EA 10,000

SECURITY CREEK CONCRETE CHANNEL
(VERTICAL WALLS)

4 ft. x 10 ft, LF 5 424
5 ft. x 14 ft. LF 656
6 ft. x 22 ft, LF 324

FLARED END SECTION
(REINFCRCED CONCRETZ)

24-1inch EA ) 200
42-1nch EA 550
£8-1inch EA 650
72-inch EA 1,500
OUTLET (90-inches) EA s 20,000

GRASSLINED CHANNELS (INCLUDES EARTHWORK
AND NATIVE GRASS)

B =8 ft., D=4 ft,, SS = 4:1 LF $ 50
8 =15 ft., D=6 ft., SS = 4:1 LF 110
SPILL STRUCTURE EA S 5C,000

DROP STRUCTUKRE

4 ft LA S 5,000
DETENTION PORD » 20 AF (WITH EARTHWCRK, OUTLET AND
CHMERGERCY OVERFLOW STRUCTURES, AND NATIVE GRASS) AF < 7,000
DETENTION POHD <« 20 AF [WITH CARTHWORK, OUTLET,
OVERFLOW STRUCTURES, AKD NATIVE GRASS) AF S 5,600
LAND ACGUISITION AC S AN ANV



Table 4. Unit Construction Costs (continued).

Estimated
[tem Description Unit Unit Price
RIPRAP
18-24 qn. cY $ 45
SEED/MULCH/FERTILIZER AC 3 3,500
CHAIN LINK FENCE LF $ 14
48-INCH SIPHON LS $ 10,000
REMOVAL AND RELOCATIONS LS 10% of
construction
cost
CONTINGENCIES LS % of
construction
cost
ENGINEERING LS 10% of
contingency
and

construction
cost
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15 collected at the time of platting the parcel where the pond is to be sited.
Grasslined channel cost, as shown in Table 4, includes earthwork and native
grass establishment. Other facility costs such as storm sewer costs are based
on actual project biad lists and available cost data obtained for the region.
A summary of the total cost for all alternatives evaluatea is shown on Table
5. A detailed cost breakdown for each alternative is contained in the tech-
nical addendum to tnis report.

Evaluation of alternatives studied includes the comparison of cost,
design storm, constructability, operations and maintenance, land use, land
acquisition, and impact on existing utilities. A rating of each alternative
is shown on the bottom row of Table 5. Alternatives 1-1, 2-1, and 3-1 for a
regional detention system were not the most feasible alternatives because of
the large detention pond sizes required, and the potential high risk of
seepage, debris blockage, and drainage problems. Alternatives 1-2, 2-2, and
3-2 are rated as 2, 3, and 4, based on the consideration of pond locations and
sizes. Alternative 1-3 s rated as the most feasible alternative by con-
sidering the project cost and pond location. Alternative 2 on Security Creek
and Alternative 2-1 of tne storm sewer system is selected based primarily fron

the total cost benefit point of view.



Tante . o e oot Alternatives

Storm Sower System

Reglional Do tentlon Syston Al Tarnatives
ATternafTves Secur 1Ty Treor SForm Sowor
Soalaatrlon Sriteria =T T-7 - =7 AR -7 EN - T T 7z =T 7T [ A 7=7
ost (%) 11,984,200y 1,443,000 11,072,000 12,027,060 11,010,000 12,041,000 11,521,005 15,322,000 n,911,000 10,042,000 10,337,000 7,722,700 8,061,000
Leslgn Gtom 130-yr . W/ VOC=yr . oW/ FO0=-yr. w/ 100-yr. w/ 100=-yr. w/ 100~yr. w/ 100~y o W/ 100-yr. 100-yr. 100~yr. 100—yr. ComzInatlon Comb Ination Floodplaln analysis
minImum Py 10—yr. minimun T0—=yr. m!ntmum of i~ and of 10~ and concludes that storm
relzase release release release release relzase 100-ye .r 100-year sewer alternatives 2-1
or 2-2 are more feaslinle
Tonstructab!lity Fequlre mass Large ouvi=z=  Same as Same as Sane as Upgraded Large Use larger Same as Use smz2iler Same as S5torm sewzr alternatives
earth move- pipe requires Alt. 1-2 Alt. 1-2 Alt. 1=2 channel dianeter di ame ter Alte 1-1 diamet:r Alt. 2-1 1~2 and 2-2 will!l have
ment for under rail-~ systen storm sewer storm sewer storm Lewer less Impact on traffic
Pond A road and required required within within during construction due
Highway 85/27 under rall- ex!sting ex]sting to the pipe location
road and right~of-way right-zf-say
Highway 85/87
Ltarger culvert
required under
main street
merations and Less number Same as Same as More ponds Same as Most number Zame as All zhannel Less channel Requlre Same as San2 as Same as Retention pond may havs
“a3intenance of ponds to Alt. 1-1 Alt. 1= to be maln- Alte z-1 of ponds to Abte 3-1 length to be length *o be routine Alt. 11 Alte 1= Alt. 1-1 dralnage, seepage, and
pe maintains? talned +than be maintained malntalned mnalntained maintenance debrls blockage sroblams
Alt. 1-1 than Al+. 1 for al! storm during a flood
sewer
_znd Use Multiple use Same2 as Same as Same as Same as Detention system
potential a+ Ait+. 1-1 Alt. 1-1 Alt. 1-1 Alt. 1-1 Alternatives 1-1, 2-1,
Pond site A and 3-1 require largsr
Pond £ can be surface area for
pfanned as detentlon pond
part of the
future Academy
2{vd. Inter-
change
cand Acquisition Acquisition Same as Same as Sane as Same as Same as Same as None None None None None None All storm sewer systems
of right-of- Alt. 1-! Alt. 1-] Alt. 1-1 Alt. 1-1 Alt. 1=t Alt. 1-1 will be located within
way requlred exlsting rlght-of-way
for all
facilitles
withln private
property
Impact on Relocatlon of Relocation of Same as Same as Same as Same as Same as Relocation of Relocation of Relocation of Same as Same a3 Same as Existing utillty
Existing Utilities exlisting exlsting Alt. 1-2 Alt. 123 Alt. 1-2 Alt. 141 Alt. 1-2 exlsting exlsting exlsting Alt. 11 At 1-1 Altt. 141 locatlons to be
utiitties utiflities uttiities utitities utillties ldentified for
required at required at required at required at requlired prellminary design
Bradley Rd. rallroad, Main St. and Main St.,
and Hancock Highway 85/327, Founta!ne rallroad,and
Expressway Sraolsy Rd., Blvd. Highway 85/87
anc Hancook
Exprassway
Ra*tling on 7 2 1 6 5 p) 4 2 1 4 3 1 2

Alternative
Selaction
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Viminary design, namely; Alternative 1-3 regional detention pond system;
Alternative 2-1 for the storm sewer system; and Alternative 2 for the Security
Creek system. Each system is presented in the preliminary design plates, and
contained 1in the appendix. Sheets 1 through 10 presents the detailed
topography map used in the hydrologic and hydraulic analysis and the inventory
of existing drainage facilities. Sheets 11 through 17 includes the orelimi-
nary design of a regional detention pond system in a separate plan and profile
format. Sheets 18 through 26 contain the plan and profile view of the storm
sewer system and Security Creek system. Each system and associated costs are
described below. Figure 11 shows the individual drainage basins associated

with the storm drainage systems described below.

Little Johnson Basin System

The regional detention pond system consists of eleven sub-systems.
Sheets 11 through 13 contains the plan views, and Sheets 14 through 17 are the
corresponding profiles for each sub-system, Line 1, as shown in Sheets 11,
13, and 14, is the main outfall system that has the connection to all the
other sub-systems. This outfall system is designed from tne northeast corner
of Drennan Road and Hancock Expressway, to Fountain Creek via Bradley Road.

Major improvements for ail sub-systems are highlighted below.

Line 1: This sub-system includes: (1) 507 feet of concrete-lined chan-
nel along the east side of Hancock Expressway, (2) 1,160 feet of 54-inch RCP
between Hancock txpressway and Canal MNo. 4, (3) a 25 acre-feet detention pond
Just north of Canal No. 4, (4) 1,460 feet of grasslined channel between Canal
No. 4 and Bradley Road, (5) a 36 acre-foot detention pond north of Bradley
Road, (6) 4,486 feet of box culvert from Bradley Road to the railroad with a
culvert size ranying from eight-feet by nine-feet to seven-feet by ten-feet,

{7) 200 feet of 90-inch RCP to be tunnelled under the railroad and H1ghwa y
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85/87 (8) 820 feet of 90-inch RCP from the west side of the railroad,
(9) 1,305 feet of riprap channel between Highway 85/87 and Fountain Creek.

Line 2: This sub-system includes: (1) 1,510 feet of grasslined channel,
(2) canal spill structure at northwest side of Canal No. 4 and Bradley Road,
and (3) 260 feet of 42-inch RCP between Canal No. 4 and Hancock Expressway.
Line 2 is shown on Sheet 11,

Line 3: This sub-system includes 2,033 feet of storm sewer from the
south side of Drennan Road to detention pond A-1. The existing inlet and
outlet pipes from detention pond just north of Drennan Road are to be con-
nected to this system. Line 3 is shown on Sheet 11, It is recommended that
the improvements to the Foxhills Subdivision pond and/or outlet structure be
designed to prevent overtopping of Drennan Road in the 100-year event, using
the discharges calculated herein.

Line 4: This sub-system includes 863 feet of 54-inch RCP from detention
pond A-1 to the intersection of Yucatan Drive and Hancock Expressway. Line 4
is shown on Sheet 11.

Line 5: This sub-system includes 2,125 feet of grasslined channel to be
daylighted at detention pond A-2 as shown on Sheet 11.

Line 6: This subFsystem includes 3,500 feet of concrete-iined channel to
be discharged into the junction structure at Line 1 as shown on Sheets 12 and
13.

Line 7: This sub-system includes 1,960 feet of 42-inch RCP to be con-
nected to the security channel at Line 6 as shown on Sheets 12 and 13.

Line 8: This sub-system includes: (1) 324 feet of 42-inch RCP, (2) a
five acre-foot detention pond, and (3) 1,265 feet of 18-inch RCP to be con-
nected to Line 3. The installation of 18-inch outlet pipe will need to be
coordinated with property owners. This sub-system is a temporary drainage
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facility which no cost is to be included in the basin fee calculation. Line 8
is shown on Sheet 11.

Line 9: This sub-system includes: (1) 150 feet of 18-inch RCP to be
connected to the existing 24-inch RCP, (2) a 15 acre-foot detention pond with
an 18-inch diameter riser pipe, (3) 593 feet of 48-inch RCP, (4) 261 feet of
42-inch RCP to be connected to the existing 42-inch RCP, and (5) 425 feet of
36-inch RCP to be connected to existing 42-inch RCP, Line 9 is shown on Sheet
11,

Pond D Sub-System: ° This sub-system includes: (1) 3,280 feet of
grasslined channel, (2) a 17 acre-foot detention pond. Due to the current
open mining operation, only plan view with conceptual design is shown on Sheet
12.

Pond E Sub-System: This sub-system includes: (1) 1,700 feet of
grasslined channel, (2) 31 acre-foot detention pond. Due to the current open

mining operation, only plan view with conceptual design is shown on Sheet 12,

The total system cost with cost breakdown for each sub-system is shown on
Table 6.

Storm Sewer and Security Creek System

1. Storm Sewer System

A storm sewer system was designed to provide drainage outfalls to mini-
mize existing drainage problems and prevent potential damages from a major
flood event for unincorporated Widefield and Security. The system contains a
total of 33,470 feet of pipe and box culverts ranging in size from 24-inch
diameter to 8-foot by 12-foot boxes. The total system contains seven separate
outfall systems. The storm sewer system is shown on Sheets 18 through 24.
Each individual system is described below:

Security Creek-Security Boulevard Qutfall: This system includes storm
sewers along Security Boulevard, Rose Drive, Doris Drive, Hallam Avenue, and
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Table 6. Preliminary Cost Estimates for the Little Johnson Basin System.

Estinated
Sub-System Item Unit Item Cost
No. Description Unit Price Quantity ($)
1 Riprap Channel cY 45 10,540 474,300

(B=30', D=6', S$S=2.5:1)
90-inch RCP LF 325 825 268,125
Tunnelling 90-inch RCP LF 700 200 140,000
7'H x 10'W RCB LF 450 914 411,300
6'H x 10°W RCB LF 400 894 357,600
5'H x 10'W RCB LF 370 484 179,080
8'H x 9'W RCB LF 470 2,194 1,031,180
Detention Pond (Including AF 5,000 61 305,000
Earthwork and Native Grass)
Emergency Spillway LS 50,000 2 100,000
Grasslined Channel LF 125 1,460 182,500
(B=15"', D=5', SS=4:1)
Canal Siphon Structure EA 10,000 1 10,000
54-inch RCP LF 135 1,235 166,725
Concrete Lined Channel LF 250 1,285 321,250
(B=5', H=5"', Vertical)
Junction Structure EA 10,000 13 130,000
6-ft. Diameter Manhole EA 3,500 1 3,500
Concrete Low Flow Channel LF 60 769 46,140
(B=8', D=1.5")
54-inch RCP Flare End EA 800 1 800
Section
Drop Structure EA 5,000 4 20,000
A. Construction Cost $4,147,500
B. Contingency (5% of Construction Cost) 207,375

C. Engineering (10% of Construction Cost & Contingency) 435,488
D. Subtotal $4,790,363
E. Land Acquisiton - 10 acres @ $15,600/AC 156,000
F. TOTAL SUB-SYSTEM 1 COST 34,946,363
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Table 6. Preliminary Cost Estimates for the Little Johnson Basin System,
(continued)
tstimated
Sub-System Item Unit Item Cost

No. Description Unit Price Quantity ($)

2 Concrete Low Flow Channel LF 60 300 18,000
(B=8', p=1.5")
Grasslined Channel LF 50 1,510 75,500
(B=8', SS=4:1, D=4')
42-inch RCP LF 95 260 24,700
Canal Spiil Structure EA 50,000 1 50,000
5-ft. Diameter Manhole EA 2,500 1 2,500
42-inch RCP Flare End EA 550 1 550
Section
A. Construction Cost $ 171,250
B. Contingency (5% of Construction Cost) 8,563
C. Engineering (10% of Construction Cost & Contingency) 17,981
D. TOTAL SUB-SYSTEM 2 COST $ 197,794

3 54-inch RCP LF 135 448 60,480
60-inch RCP LF 155 1,585 245,675
Concrete Low Flow Channel LF 60 580 34,800
(B=8', D=1.5"')
60-inch RCP Flare End EA 1,000 1 1,000
Section
A. Construction Cost $ 341,955
B. Contingency (5% of Construction Cost) 17,098
C. Engineering (10% of Construction Cost & Contingency) 35,905
D. TOTAL SUB-SYSTEM 3 COST .

4 Concrete Low Flow Channel LF 60 360 21,600
(B=8', D=1.5")
54-inch RCP LF . 135 863 116,505
6-ft. Diameter Manhole EA 3,500 2 7,000
A. Construction Cost $ 145,105
B. Contingency (5% of Construction Cost) 7,255

C. Engineering (10% of Construction Cost & Contingency) 15,236
D. TOTAL SUB-SYSTEM 4 COST $ 167,59
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Table 6. Preliminary Cost Estimates for the Little Johnson Basin System,
(continued)
Estimated
Sub-System Item Unit Item Cost

No. Description Unit Price Quantity ($)

5 Grasslined Channel LF 50 2,125 106,250
(B=8', SS=4:1, D=4')
Concrete Low Flow Channel LF 50 200 10,000
(B=6', D=1,5')
A. Construction Cost $ 116,250
B. Contingency (5% of Construction Cost) 5,813
€. Engineering (10% of Construction Cost & Contingency) 12,206
D. TOTAL SUB-SYSTEM 5 COST $§ 134,269

6 Concrete Lined Channel LF 100 3,500 350,000
(B=6', S$S=1.5:1, D=4')
Drop Structure EA 5,000 1 5,000
A. Construction Cost $ 355,000
B. Contingency (5% of Construction Cost) 17,750
C. Engineering (10% of Construction Cost & Contingency) 37,275
D. TOTAL SUB-SYSTEM 6 COST $ 410,025

7 42-inch RCP LF 95 1,960 186,200
5-ft. Diameter Manhole EA 2,500 5 12,500
A. Construction Cost $ 198,700
B. Contingency (5% of Construction Cost) 9,935
C. Engineering (10% of Construction Cost & Contingency) 20,863
D. TOTAL SUB-SYSTEM 7 COST $ 229,498

8 A1l facilities associated with Line 8 on the $ 0

preliminary design plans are considered temporary.
Therefore, no costs have been included in the cost
estimate or fee calculation.,



