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ENGINEER’S STATEMENT:

The attached drainage plan and report were prepared under my direction and supervision
and are correct to the best of my knowledge and belief. Said drainage report has been
prepared according to the criteria established by the City/County for drainage reports and
said report is in conformity with the master plan of the drainage basin. I accept
respon51b111ty for any liability caused by any negligent acts, errors or omissions on my part
in preparing this report. -

S
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The Developer has read and will comply with all of the requirements specified in this
drainage report and plan.
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I. PURPOSE AND SCOPE

The purpose of this Master Development Drainage Plan (MDDP) is to identify all major
drainageways and facilities within the Northgate Master Plan. This plan includes the area
lying within the Black Squirrel Creek Drainage Basin and the Miscellaneous Drainage Basin
to the south. This report is intended to show location and approximate sizes for major

facilities. It also provides a guide to the drainage patterns for initial systems.

The Northgate development is located in the northern outskirts of the City of Colorado
Springs and El Paso County. The development generally lies between Interstate 25 on the

west, Northgate Road on the north and State Highway 83 on the east and south.

The Northgate development lies within five major drainége basins, Black Squirrel Creek,
Middle Tributary, Monument Branch, Smith Creek and Miscellaneous. Except for the Smith
Creeck Basin, all of the other basins have approved Drainage Basin Planning Studies (DBPS).
This report will exclude those areas within Middle Tributary, Monument Branch and Smith
Creek Basins. Drainage reports have been approved and submitted for limited _roadway
construction in the Black Squirrel Creek Basin. A Master Development Drainage Plén has
been submitted and approved for the Northgate Development within Middle Tributary and
Monument Branch Basins. Smith Creek Basin is not considered since there is no approved

Drainage Basin Planning Study, The majority of the basins are not currently developed.

This-report evaluates the present conditions of the major channels along with providing
recommendations for future fully developed conditions. The overall plan is considered to
be the most compatible with projected Iand use and environmental concerns and conforms
to the above mentioned Drainage Basin Planning Studies, as well as the City of Colorado

Springs/El Paso County Drainage Criteria Manual (October, 1987).
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II. PROJECT AREA DESCRIPTION

The Project Study Area encompasses those arcas of the Northgate Development within Black
Squirrel Creek and Misccllancdus Basins, as shown on Figure 3 (attached). The development
gencrally slopes from east to west and outfalls onto the Air Force Academy property at
Interstate 25. The development is located in Township 12 south, Range 66 west, Sections

6,7, 8,16, 17, and 18 of the 6th Principal Meridian.

The total development arca considered consists of 299 acres and lies within the City of
Colorado Springs, in the Black Squirrel Creek (279 acres) and Miscellaneous (20 acres)
Drainage Basins. Major road locations planned within the basin were obtained from the
approved Northgate Land Use Plan, Figure 1. Presently, Voyager Parkway and Jet Stream

Drive exist within the Project Study Area.

The area within the Northgate development was assumed to be developed per the mixed land

use presented on the Northgate Land Use Plan.
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BLACK SQUIRREL CREEK AND MISCELLANEOUS BASINS DRAINAGE PLAN

I1I. GEOLOGY AND SOILS

Soil and Iand use characteristics directly affect the relationship between rainfall and runoff
within a basin. The U. 8. Soil Conservation Service classifies soils into four hydrologic
groups (A, B, C and D) according to a soil’s runoff potential. Group A soils exhibit high
infiltration rates when thoroughly wetted and are considered to have low runoff potential
Group B soils exhibit moderate infiltration rates when thoroughly wetted. Group C soils
exhibit slow infiltration rates when thoroughly wetted. Group D soils exhibit very slow

infiltration rates when thoroughly wetted and are considered to have high runoff potential.

Soil types within the Northgate Development are listed in Table 1 and delineated in Figure
2. Approximately 95 percent of the Development consists of hydrologic soil group B soils

with the remaining five percent consisting of group A soils.

The soil types within the Development also influence the potential site locations for
reservoirs. All of the soils within the Development are well drained. In addition, soils
types 68, 69 and 93 have potential problems with low strength and many require importation
of suitable fill material and/or excavation below the natural ground surface. All of the

soils are expected to have moderate potential for frost action.

In addition, a preliminary geological and geotechnical investigation was performed by
Geotechnical Consultants, Inc. Their study is included in Appendix B for reference. The
recommendations made in the geotechnical report were adhered to in the design recommen-

dations included in this Master Development Drainage Plan.
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TABLE 1
SOIL TYPES
BLACK SQUIRREL CREEK BASIN

Soil
Identification Slope Hydrologic
Number Soil Name % Soil Group
I Alamesa Loam 1-3 C
g* Blakeland Loamy Sand 1-9 A
10 Blendon Sandy Loam 0-3 B
12% Bresser Sandy Loam 3-5 B
21%* Cruckton Sandy Loam 1-9 B
26 Elbeth Sandy Loam 8-15 B
40 Kettle Gravelly Loamy Sand 3-8 B
41 Kettle Gravelly Loamy Sand 8-40 . B
57 Neville Fine Sandy Loam - 3-9 B
67 Peyton Sandy Loam 5-9 B
68* Peyton-Pring Complex 3-8 B
69 Peyton-Pring Complex 8-15 B
71 Pring Coarse Sandy Loam 3-8 B
B3* Stapleton Sandy Leam 3-8 B
84* Stapleton Sandy Loam 8-15 B
93* Tomah-Crowfoot Loamy Sands 8-135 B
101* Ustic Torrifluvents, Loamy -—-- B

*  8oil types within the Northgate limits and the Black Squirrel Creek/Miscellaneous Basin

Source: Soil Survey of El Paso County Area Colorado
U.S. Soil Conservation Service
June 1981
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BLACK SQUIRREL CREEK AND MISCELLANEOUS BASINS DRAINAGE PLAN

IV. EXISTING DRAINAGE FACILITIES

Currently, major drainage facilitics downstream of the development and onsite are
constructed at the following locations:

1) Double horseshoe-shaped culverts at old railroad grade (AT&SF)

2) Concrete bridge at Interstate 25

3} Reinforeced box culvert at Voyager Parkway

The above mentioned structures are all of adequate size to pass the historic flows.

Field reconnaissance of the "stockpond" reservoirs, downstream of the Development, found
that there was no embankment protection or emergency spillways. The “stockpond"
reservoirs will have to be removed as required by the Black Squirrel Creek DBPS or
evaluated, upgraded and incorporated into a revised Basin Study. For the purpose of this
report, all "stockponds" were mneglected. However, future site specific studies must
incorporate the applicable city, county, state and federal regulations into their design

considerations.

The remainder of the existing drainage facilities in the study area consist of storm sewer
in Voyager Parkway and Jet Stream Drive. All of the existing drainage channels within the

development are natural with no improvements,

Historic conditions for the Northgate Development were taken as present {(1988) conditions,
Figure 3 (attached) delincates the historic drainage basins and the Federal Emergency
Management Agency (FEMA) 100-year floodplain through the Development. (Refer to
FEMA map, panel number 080060 0040 B dated December 18, 1986). Tables 3 to 5 show
flows locally and regionally for historic and developed conditions. It should be noted that

the hydrology does not take into account any "stockponds”.
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The following discusses design points and reaches along the major channel(s) for present
conditions. All flow data is from the associated Drainage Basin Planning Studies. Refer
to the design points and reaches of Figure 3. Cross sections were obtained through field

reconnaissance and USGS Quadrangle Maps.

Scils information was obtained from the Soil Survey of El Paso County, Colorado. The
historic 100-year 24-hour storm flows are discussed since they are larger than the historic

100-year 2-hour storm,

Design point 8 is located at the west boundary of the Northgate property. Also, a newly
constructed (14’ x 14”) x 10’ CBC with an improved inlet is Iocated here (Voyager Parkway).
Though this culvert was sized based on data generated from the original Black Squirrel
Creek Master Drainage Plan report (Qdev = 4346 cfs), its capacity is more than adequate
under the plan recommendations of the report (Qdev = 3779 ¢fs). The change in developed
flow is due to a2 modification in the detention concept, as flo“‘fs are now being detained and
released at a lower discharge level than previously assumed. The channel for Black Sduirrcl
Creek becomes a broad, shallow channel upstream of this point. The [00-year 24-hour

historic flow at this point is 4051 cfs and the 10-year 24-hour flow is 1129 cfs.

The Black Squirrel Creek channel (Reach I) length through Northgate is approximately 2500
feet. A box culvert has been constructed in the channel at the west property line to convey
flows under Voyager Parkway, reducing the net length of channel requiring improvements
to approximately 2150 feet, The existing channel is a broad-bottomed stream with a bottom
width varying from approximately 100 feet at the east property line to 200 feet just

upstream of the box culvert at the west property line. The majority of the reach has an
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existing width in the 130 to 150-foot range. The overall stream gradient through Northgate
is 1.36%. The channel is essentially a bare sandy bottom at the west end with increasing
wetlands vegetative cover towards the east property line (upstream). The vegetation is
indicative of typical wetlands consisting of grasses, cattails, some small scattered willows
in the center portion, and larger willows clustered near the east property line, Figure 4 in
Appendix A is the existing plan view indicating the location of the willows and wetlands
limits, and the pattern of the channel vegetative cover. The existing channel banks have
an average height of 6 to 10 feet with sideslopes varying from nearly vertical in limited
areas to typically 2H:1V. The site geology is discussed in detail in the geotechnical report
presented in Appendix B, along with the maximum permissible velocities which can occur

along the existing channel banks before degradation of channel banks begins.

The normal base flow is minimal and does not flow in a defined channel, but rather
through a braided flow pattern. The depth of flow does not normally cover the entire
bottom, and varies from a few inches to less than an inch over the various braided flow
segments. Currently, base flows are depositing sands and silts along the channel bottom.
Under present conditions, the 100-year 24-hour and 10-year 24-hour storm events are
estimated to result in flows of 4,051 cfs and 1129 cfs, respectively. The 100-year storm
event would result in velocities ranging from approximately 4 to 7 {ps. Continued erosion
would be expected to occur during these storm events under existing conditions,
Additionally, significant erosion is currently taking place as a result of overland flows
dropping into the channel. Continued erosion from overland flows can also be expected

unless measures are taken to control the entry points of these flows.

The existing 100-year flood plain, as identified by FEMA, scales to be approximately 200

feet wide through the Northgate Development. The flood plain width, with the proposed
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improvement, will vary from 180 to 240 feet. Due to the additional fill placed in the
floodplain, a letter of Map Revisions and a conditional letter will be required based on
FEMA Conditions and Criteria for Map Revision. Map Revisions are needed to reflect new
information which is supplemental to the original FIS analyses. The approximate FEMA
Flood Plain boundary is shown in Figure 4 (Appendix A). Any change in wetland
conditions would be subject to the 404 permit requirements per the U.S. Army Corps of

Engineers.

10
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V. HYDROLOGY

Determining runoff needs to consider the affects of many different variables. In the
absence of a reliable historic record of rainfall, runoff, and other pcrtix}cnt variables, it is
usually necessary to use a synthetic unit hydrograph method to determine the runoff that
will occur for a given rainfall event. The SCS method of determining peak flood flows and
hydrographs was used to estimate direct runoff for basins in excess of 100 acres. For an
explanation of the procedures used, see the "SC3 National Engineering Handbook, Section
4", Due to the number of computations necessary to determine the hydrographs and
hydrologic routing of the given storm events, the calculations for the main channel were
performed with the aid of the TR-20 computer program. Summary sheets for the TR-20

computer runs are included in Appendix C of this report.

For this study the City of Colorado Springs/El Paso County Drainage Criteria Manual was
predominately used. For this report, the major facilities were assumed to begin at points
where the contributing area is greater than 100 acres. The design peak flow shall be the
greater of the peak flows determined for the 100 year 24 hour storm and the 100 year 2
hour storm. In all cases the 24 hour event produced greater peak flows as determined in

the corresponding Drainage Basin Planning Studies.

Design of minor facilities (contributing area less than 100 acrés) shall be for the 10 year
storm in both El Paso County and the City of Colorado Springs. Flows for subbasins shall
be calculated usingl the Rational Method. Minor facilities shall be designed and planned to
integrate with the major drainage system to provide overflow capability for major storms.
The intent of 100 vear overflow provisions are to safely and economically direct 100 year
flow from points-of concentration and to safely convey runoff without causing property

damage or erosion. The onsite drainage basin boundaries were determined from the

Il
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topographic maps produced by Analytical Surveys, Inc. The subbasin boundaries, design

points, and flows for fully developed conditions are shown on Figure 3 (attached).

The hydrologic soil groups were then determined for each subbasin. For historic (present)
conditions, a weighted curve number was determined for each subbasin based on soil types,
type of cover, and taking into account presently platted areas. For future developed
conditions, a weighted curve number was determined based on soil types, type of cover, and

taking into account projected development.

As the calculations proceed downstream, the hydrograph was routed through each subsequent
reach and combined with local inflow to produce a composite hydrograph at cach design
point. Hydrologic channel routing was performed by inputting flow vs. area vs. elevation
for a representative cross section for cach reach. The TR-20 computer program uses the
Modified Att-Kin routing method for each reach based on the cross section entered. For
detention ponds, the hydrologic reservoir routing was performed by inputting outflow vs.
storage vs. elevations, for an assumed reservoir and outlet size. These variables were
modified by trial and error until the desired volume of the reservoir and peakloutflow were
obtained. Peak flows for historic and developed conditions were taken from the Black

Squirrel Creek DBPS and summarized in Table 5 and in Table 6 for the detention ponds.

The rainfall depths of 3.0 and 4.6 inches were obtained from isopluvials for the project area
for the 10-year 24-hour and 100-year 24-hour storm events, respectively. Table 2 shows the
dimensionless precipitation distribution for the SCS Type I1A storm. The rainfall depths
of 2.1 and 3.0 inches were obtained from the "Areawide Urban Runoff Control Manual” for

the 10-year 2-hour and 100-year 2-hour storm events, respectively. (AMCII was used for the

12
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24-hour storm and AMCIII was used for the 2-hour storm). Intensity curves for the Rational

Method were obtained from the City/County drainage criteria manuals.

13
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TABLE 3

BLACK SQUIRREL CREEK
MASTER DEVELOPMENT DRAINAGE PLAN
HISTORIC SUBBASIN HYDROLOGY

DESIGN SUBBASIN AREA C-10 C-100 Tc Q-10 Q-100
POINT NO. (acres) {min) {cfs) (cfs)
BLACK SQUIRREL CREEK BASIN
Al 42 0.25 0.35 45 22 47
A2-1 26 0.25 0.35 27 19 40
A2-2 14 0.25 0.35 27 10 22
2 A3 14 0.25 0.35 25 11 23
Ad-1 61 0.25 0.35 30 41 87
Ad-2 7 0.25 0.35 15 7 14
A5 11 0.25 0.35 41 6 13
Ab 40 0.25 0.35 29 28 59
AT 3 0.25 0.35 48 2 3
AS 47 0.25 0.35 40 27 58
A9-1 11 0.25 0.35 32 7 15
A9-2 3 0.25 0.35 27 2 5
9 A6,A7T,A8C3 98 0.25 0.35 50 49 103
10 A9-1,A09-2 14 0.25 0.35 32 9 20
MISCELLANEQOUS BASIN
Bl-1 12 0.25 0.35 45 6 12
B1-2 8 0.25 0.35 45 4 9
6 B1-1,B1-2,C} 42 0.25 0.35 43 22 50
OFFSITE
5 Cl 22 0.25 0.35 13 20 42
4 C2 20 0.25 0.35 12 21 46
7 C3 8 0.25 0.35 18 7 15

Note: These runoff calculations are based on the Rational Method,
Calculations for Design Points I, 3, and 8 are not included, as flows
were taken from the Black Squirrel Creek DBPS (November, 1988),
and were calculated using TR-20 computer model,



TABLE 4

BLACK SQUIRREL CREEK
MASTER DEVELOPMENT DRAINAGE PLAN
DEVELOPED SUBBASIN HYDROLOGY

DESIGN SUBBASIN AREA C-10 C-100 Te Q-10 Q-100
POINT NO. {acres) (min) (cfs) (cfs)
BLACK SQUIRREL CREEK BASIN
Al 42 0.72 0.80 17 112 188
A2-1 26 0.72 0.80 15 73 123
A2-2 14 0.72 0.80 15 39 66
2 A3 14 0.72 0.80 9 48 81
Ad-1 61 0.72 0.80 14 176 293
Ad-2 7 0.72 0.80 7 26 43
A5 11 0.72 0.80 7 4] 70
A6 40 0.72 0.80 15 112 189
A7 3 0.72 0.80 3 13 22
A8 47 0.72 0.80 12 142 244
AS-1 11 0.72 0.80 12 33 57
A9-2 3 0.72 0.80 7 11 19
9 A6,A7,A8,C3 98 0.72 0.80 20 240 400
10 A9-1,A9-2 14 0.72 0.80 12 44 76
MISCELLANEQOUS BASIN
Bi-1 12 0.72 0.80 37 32 54
Bl-2 8 0.72 0.80 13 24 40
6 B1-1,B1-2,Cl 42 0.72 0.80 17 112 188
OFFSITE
5 Ci 22 0.72 0.80 18 57 g5
C2 20 0.72 0.80 9 69 115
7 C3 8 0.72 - 0.80 3 29 48

Note: These runoff calculations are based on the Rational Method.

Calculations for Design Points 1, 3, and 8 are not included, as flows
were taken from the Black Squirrel Creek DBPS (November, 1988),

and were calculated using TR-20 computer model.



TABLE 5

BLACK SQUIRREL CREEK

MASTER DEVELOPMENT DRAINAGE PLAN
DESIGN PEAK FLOWS FOR

PRESENT AND RECOMMENDED CONDITIONS

PRESENT CONDITIONS| RECOMMENDED CONDITIONS

DESIGN 10-YR 100-YR 10-YR 100-YR

POINT (cfs) {cf's) (cfs) (cfs)
1* 1142 4220 1142 3597
2+ 11 23 48 81 «———-(See Note 4)
3 ¥ 164 185 164 183 x—— (Detained-Peak Flow
4 + 21 46 69 115 Undetained = 410 cfs)
5+ 20 42 20 42
6 + 22 50 22 50 «— (Detained-See Table 4 for
7+ 7 15 29 48 Undetained Flow)
8 * 1129 4051 1129 3779
9+ 49 103 240 400 «——(See Note 4)

10 + 9 20 44 76 €——(See Note 4)

Notes: 1} Design points are taken from Figure 3.

2) Present conditions include routed flows without existing "stockponds” or
proposed detention facilities. Present conditions are assumed to represent
historic conditions.

3) Recommended conditions include routed flows through proposed detention
facilities,

4) For runoff leaving the site where recommended {lows exceed historic (Design
Points 2,6,9,10), temporary onsite detention facilities will be the responsibility
of the developers that plat the land.

5) Design flows shown are for the ultimate buildout conditions as represented in
the Black Squirrel Creek DBPS. Interim flows may be higher at certain locations
along the main channel, (See historic flows, for example). Where facilities
are to be constructed along the main channel, the design flow must be analyzed
and accepted by the City or County at the preliminary and final drainage
report level. All flows leaving the site must be at or below historic levels
or downstream detention facilities and drainage easements will be required.

* Flows taken from the Black Squirrel Creek DBPS (November 1988),
calculated using TR-20 computer model.

+ Flows taken from this report {Tables 3 & 4), calculated using the Rational
Method.
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VI PLANNING STUDY RECOMMENDATIONS

The overall recommendation of this drainage planning study is the use of sub-regional
detention facilities in conjunction with partially lined and fully lined major drainage
channels as shown on Figure 3 (attached). The plan should be used as a layout for future
drainage facilities and take a natural regime approach to drainage. Channels should be
designed to be stable under design flow conditions and still retain as many natural features
as possible. This planning study incorporates the City of Colorado Springs/El Paso County
Drainage Criteria Manual. Major and initial drainage systems, as described in this study,
are reimbursable through the basin drainage fund. These facilities, ultimately, are to be
publicly owned and maintained if located in an adequate drainage easement or road right-

of-way, and meet all City design and construction standards.

Assumptions incorporated into this report are, 1) sub-regional off stream detention facilities
are strategically placed within the study area for the purpose of reducing sub-regional
developed runoff, 2) partially lined channels incorporating check structures are provided
for the purpose of stabilizing and maintaining the natural character of the channel, and 3)
fully lined channels are used where the natural channel is narrow and deep. The design
of the channels shall be based on maximum allowable velocities, determined by seil

characteristics.

The use of detention for this development is required due to the location of the U. S. Air
Force Academy and Interstate 25 downstream of the development. Detention facilities are
required to maintain storm runoff at or below historic levels at the Air Force Academy
boundary and so that the capacities of existing Colorado Department of Highways structures
at Interstate 25 are not exceeded. Sub-regional detention facilities in and around the

development are shown on Figure 3 (attached). The facilities should be designed to detain
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the difference between the historic and developed peak flows for both the 10-year and the
100-year storm events. The bottom of the emergency spillway, in all cases, was assumed to
be less than 10 feet high, thus, foregoing State Engineers jurisdiction. Inflow and outflow
hydrographs for detention ponds are shown in the Technical Addendums for the Black
Squirrel Creek DBPS. A summary of the peak flows for historic and developed conditions
are shown on Tables 3 through 6. The sub-regional detention facilities will be publicly
owned & maintained upon acceptance by the City and/or County. Any temporary on-site
detention facilities which will be required prior to the construction of the permanent

regional facilities will be privately owned and maintained.

Drainage facilities are designed and constructed according to the City/County Criteria
Manual. Other possible requirements may be imposed through the Corps of Engineers 404
permit process and through the Flood Plain Administrator concerning current FEMA
mapping, map revisions, and amendments in conjunction with the planning process.
Additional costs associated with these processes have not been included here and are not

reimbursable as part of this plan,

BLACK SQUIRREL CREEK BASIN

MAJOR CHANNEL SYSTEM

Reach 1 (Design Point I to Design Point 8)

The Black Squirrel Creek 100-year and 10-year peak flows entering Northgate (Design Point
1) under the ultimate developed basin conditions will be approximately equal to the 100-
year and 10-year peak flow under present conditions due to planned (future) detention
facilities upstream, However, channel improvement will be necessary since the portion of
Black Squirrel Creek in Northgate, with a present slope of approximately 1.4%, is not

currently in equilibrium. Additionally, these peak flows will be sustained for a longer
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period of time under developed conditions which, if the channel was left in its natural

state, would result in a higher amount of erosion than under present conditions.

A plan view of the proposed improvements described below is shown in Appendix A on
Figure 5. The overall design concept of the channel improvements herein is to present a
park appearance that will be in harmony with natural features and planned development,
This will consist of using natural channel alignment, natural channel bottom, and existing
channel widths to the greatest extent possible. Buried channel checks will be utilized to
prevent erosion of the bed during the larger storms. The channel sideslopes, for the most
part, will be grass-covered with slopes varying from a minimum of 3H:1V to I0H:1V in
order to enhance the aesthetics. The grassed slopes will be riprap with a soil/grass cover
and will be maintained by the developer. In limited areas it is envisioned that the channel
bank will be left in its natural state provided the formation competency and cxpected
velocities are compatible and City drainage criteria is met. This will only be performed in
areas that are felt to be visually attractive under their natural state. Overbank erosion will
be the responsibility of the developer, and will be controlled by using a combination of
landscaped berms, plantings, and swales or minor ditches along the top of the bank to direct
runoff to controlled discharge points into the channel. A gravel-surfaced maintenance road
is planned along the north bank that will also serve as a recreation trail, future sanitary
sewer line access road, and also assist in directing overload flows to controlled discharge
points (i.e. access roads to the channel’s bottom). An additional access may be required
along the south bank for maintenance and wetland conditions. Each aspect of the channel

improvements is discussed in detail below.
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Channel Alignment and Channel Bottom

The horizontal channel alignment will remain as natural as possible with all major bends
and "bays" left intact - no major re-alignment is planned. During the 100-year storm event,
and with the channel improvements outlined herein, maximum super elevation of the water
surface occurring at any of the bends is expected to be approximately 0.8 feet at the
sandstone outcrop near the east property line. The more typical super clevations will be in
the 0.2 to 0.5 foot range. Bank protection at the bends will be extended for both freeboard
and to account for super elevation, and at the toc to protect against potential scour

associated with increased velocities at the outside of bends.

The proposed channel improvements will utilize the existing channel bottom and any
construction activities in the channel bottom will be minimized. The existing channel bed
slope of approximately 1.4% will be maintained and four buried channel check structures
will be utilized to control bed erosion during the 100-year storm. The check structures will
vary in height from 6 to 7 feet. Based on an equilibrium analysis of the creek during the
100-year storm (see Appendix A), degradation of the bed slope will occur until the
equilibrium slope of approximately 0.25% is reached between check structures. When the
final equilibrium state is reached, the check structure is, in effect, a drop structure. The
channel will eventually aggrade back to the existing bed slope and the check structures will
once again be buried. Channel check structures will be constructed of reinforced concrete,
as illustrated in Figure 6. The last 450 feet immediately upstream of the box culvert (to
the first check structure) will also use the existing channel bed slope since velocities from
the 100-year and 10-year storm event will be reduced to less than 3 fps due to the
backwater ef fects of the box culvert. Water surface profiles and velocities were determined

by use of the HEC-2 computer program (see Black Squirrel Creek DBPS). A Mannings
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coefficient n of .04 was used based on the channel improvements. All channel improvements

as described are subject to final design.

In order to minimize wetlands disturbance, this concept calls for leaving existing vegetation
and willows in the channel rbottom except for the minimal construction area required for
the check structures. Massive channel regrading will not be performed. The degradation
process which will occur during the 100-year storm (due to increased velocities) will be
controlled by the check structures, as described above. Channel lining will be constructed
to the 100-year flood level based upon the ultimate channel bed elevation. The depth of
toe at these locations will be based on ultimate channel bed elevations. This should greatly
reduce the potential of flows undercutting the channel lining. Figure 6 in Appendix A
illustrates a typical cross-section of the proposed check structure. This concept would allow
the wetlands vegetation to adjust and "rise” with the sedimentation process {following
degradation from the 100-year storm). Additionally, the wetlands vegetation is aided by
the existing braided flow pattern; thereforre, to minimize wetlands disturbance and to

promote wetlands vegetative growth, no trickle channel is planned.

Sideslope Protection

The developer intends for the majority of the channel to have buried riprap with a grass
COVer. Figure/in Appendix A shows a cross-section of the typical slope improvement
proposed. The materials covering the riprap are not reimbursable and is the responsibility
of the developer to provide aesthetic maintenance for this portion of the cross-section, The
City would maintain the structural (rip rap, drop) portion of the channel. In limited areas,
the existing rock outcrops will be left exposed, as approved by the City. The applicability
and adequacy of this type of slope protection is discussed in detail in the geotechnical

report found in Appendix B.
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A native seed mixture will be used to re-vegetate the buried portion of the slopes. The
native seed mixture shown below are perennial grasses and legumes that will withstand the

climatic conditions of the semi-arid upper Arkansas River Yalley Basin.

Native Seed Mixture

Application
Rate % of
Native Grasses lbs/acre Mixture

Blue Grama 0.45 15
Little Bluestem 1.05 15
Side Oats Grama 2.70 30
Western Wheatgrass 2.80 20
Smooth Brome 2.60 20

The native grasses require approximately two vears for proper establishment. The native
grass seed mixture will be drilled and seeded to a depth of one inch. Hay mulch and
fertilizer will be used to facilitate initial growth. The channel banks during the initial
stages are highly susceptible to loss of seed and topsoil due to flooding events. To assure
proper growth and reduce the risk of damage due to flooding, the channel lining will be
installed before May Ist or after October 1st. In addition, a temporary watering system
shall be installed and maintained by the developer to assure proper growth during

establishment.

The median riprap size (D50), based on the expected velocities will be 6 to 9 inches. The
City/County criteria does require burial of these sizes of riprap. If topsoil is lost over
riprap, we anticipate it will be localized and would require minimal replacement of topsoil

and native seed. Replacement would be the responsibility of the developer.
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Rock outcrops will only be left in arcas that can withstand the expected water velocitics
and which are visually attractive. Any seepage zones along the rock outcrops that are to
be left in their natural state will be buttressed as recommended by the geotechnical

engineer. Vertical drop-offs may require safety features for the public (handrail, ete).

With the improved bank protection, the channel bottom widths will be extended
approximately 10 feet. This should decrease mean channel velocities through the channel
reach. Therefore, "buffer zones" or "set backs" are not needed and should not be required
where acceptable channel lining is provided. An cascment will be established to contain the

channel and the access roads/trails.

Certain construction procedures will be specified to minimize wetlands disturbance and
enhance aesthetics. Construction excavation for placement of the slope protection will begin
at the existing toe (approximate limit of wetlands) and "pull back" the slope from that point
(refer to Figure 7, Appendix A). This will result in the new toe of slope being set back
from the existing toe from 1 to 5 feet. This approach will effectively widen the channel
bottom helping to reduce velocitics while at the same time greatly reducing excavation and
filling in the existing wetlands. Other than this minor widening, the existing channel

widths will be utilized throughout this reach.

The channel sideslopes will be varied gradually to create a rolling natural appearance, but
the minimum slope used will be 3H:1V, Minor gully and bank alignment variations will be
filled in and smoothed while significant "bays" will have erosion protection placed on the
existing banks surrounding the bay area. All work shall be subject to COE 404 permit
limitations. Any bank seeps encountered will have drains field-fitted as recommended in

the geotechnical report (Appendix B). Slope protection will be extended upslope to the
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depth of the 100-year storm plus freeboard and superclevation requirements. Throughout
most of the channel, the depth of flow is expected to be approximately 4.5 feet, resulting
in a total slope protection depth of 6 to 7 feet above the ultimate channel bottom. The
buried riprap will have a toe down depth of 4 feet below the existing channel bottom, or
deeper as required by the scour characteristics. Following .the 100-year storm event, the
channel bottom will be up to four feet lower than the existing channel bottom at the

downstream side of the check structures.

Currently, much of the erosion occurring along the banks is a result of overland flows
"spilling" over the top of the banks. This type of erosion will be minimized by construction
of landscaping berms and swales along the top of the banks that will direct flows to
controlled discharge points. The controlled discharge points will consist of a drop inlet with
a lateral pipe discharging onto the downstream end of the check structures. These control
points would be installed concurrently with channel improvements. Site specific grading
will dictate the number of drop inlets, but it is estimated that there will be 4 inlets per side.
QOver land flow velocities will additionally be reduced by the planting of trees and shrubs
along the top of the banks and on the channel sideslopes above the 100-year floodplain
limits. On-site erosion control measures for overland flows will also help in reducing

velocities and will be required as development occurs,

Access Road/Recreational Trail

The maintenance road for the channel is proposed to be along the top of the north bank
with access to the channel bottom achieved by ramps from the road at locations to be
coordinated with the City. The road will be a 12-foot wide compacted gravel surface that
will jointly serve as an access to the future sanitary sewer line proposed along the north

bank, and as a recreational trail. The Colorado Springs Multi-Use Trails Master Plan Map
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indicates a minor trail, La Foret Trail, at this location. To enhance the aesthetic quality
as a recreational trail, the conceptual design calls for the road to gently meander to and
from the top of the bank within the cascment set aside for the road. Tree planting along
the north bank will be clustered on alternating sides of the trail to enhance the aesthetics.
However, these plantings will not impede access to the channel. Maintenance of landscaping
will be the responsibility of the developer. To facilitate the use of the road as an access
for the future sanitary sewer ling, the road will cross over the sewer line at the manhole
locations. An additional access may be required along the south bank for maintenance and

wetland conditions, but this will be determined at the time of final design.

Channe! Maintenance/Acceptance Criferia

As discussed above, the channel banks will be lined with riprap, then buried and seeded
through most of the channel reach (see Figure 5, Appendix A). Check structures will be
utilized to control water velocities and erosion. A temporary, privately maintained water
irrigation system will also be set up to facilitate growth and to reduce the time when the

channel banks are highly susceptible to erosion,

Maintenance during the first year would be kept to a minimum by the developer, This will
help for proper establishment. Grasses should not be mowed the first year. For the second
and remaining vyears, in general, mowing and debris pick up should be performed a
minimum of three times a season. Mowing height should be at least 6-inches. Mowing may
be reduced or climinated once native grasses are well established and potential of weeds
crowding out grasses are minimal. Once the channel has met standard City acceptance
criteria, the channel will be turned over to the City of Colorado Springs for operation and
maintenance of the riprap and channel bottom portions of the reach. Maintenance of the

grassed sideslopes and any other landscaping or aesthetic features will remain the
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responsibility of the developer or his assigns. Maintenance within the wetland areas may

be required by the City per the 404 permitting requirements.

Reach 2 (Design Point 3 to Detention Pond 2)

This channel conveys a 100-year developed flow of approximately 285 cfs (Design Point 3)
under ultimate conditions with detention facility number 1 in place and operating (see
Figure 8). Thus, flows entering the site shall be at or below historic levels. Channel
improvements will be necessary since this reach will undergo erosion if left in this natural

stafe.

This report proposes a fully lined grouted riprap channel, 3 to 4 feet deep and an 8 foot
bottom with 3 to 1 sideslopes. A maintenance road is alse required to one side of the
channel. A drainage easement of approximately 50 feet would be required for this type of
facility. However, the actual type of facility and its location will depend on future site
specific land use constraints. The final facility type shall be addressed at the preliminary

and final drainage report level for this area.

Flows also enter the site from design points 4, 5 and 7 located along Northgate’s castern
boundary. Flow at theses points are considered minor, due to the tributary area being less

than 100 acres.

Developed flow from design point 4 is planned to be conveyed, via future facilities, to
existing facilities in Jet Stream Drive. These future facilities shall be described and sized
at the time of the preliminary and final drainage reports. Facilities in Jet Stream Drive
and Voyager Parkway were sized for the 5 year event and therefore future drainage reports

must consider how the 10 and 100-year events will be conveyed. It is anticipated that the
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existing 42", extending from the existing box culvert, may have to be diverted to Pond 3.
This would allow detention of the smaller storms. 100-year {lows would have to be diverted

to Pond 3 by some overland provision, such as, roads, curb cuts (chase) and on-site grading.

Developed flow from design point 7 is planned to be conveyed to future downstream
facilities located in Voyager Parkway. Conveyance facilities from design point 7 to the
outfall in Yoyager Parkway, shall be addressed at the preliminary and final drainage report

level.
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MISCELLANEOUS BASIN

Developed flow from design point 5 is planned to be conveyed to a future facility in a
planned future collector road (existing S.H. 83). These facilities shall be designed when
State Highway 83 is abandoned and the collector is constructed. For cost estimate purposes
conveyance facilities from design point 5 to design point 6 were estimated, as shown on

Figure 3 and in Table 8.

All other developed flow within the Miscellaneous Basin in Northgate shall be detained to
historic levels using onsite detention. Therefore, developed flow leaving the site at design
point 6 shall be at or below historic levels. Design peint 6 is anticipated to be an outfall
point for the storm sewer in the future collector which ties into Voyager Parkway. Flows
south of the Northgate boundary will be conveyed in the proposed storm sewer system
within Fairlane Technology Park (sece Master Subdivision Drainage Report Fairlane

Technology Park, May 1986).

DETENTION FACILITIES (Sub-Regional) N

Within the development are two detention facilities (2 and 3). Both are proposed to be
offstream of Black Squirrel Creek, Other detention facilities shown (I and 4} are located
just offsite (within the County) and are also offstream of Black Squirrel Creek. See Figure

9 for a typical detention pond sketch.

The offsite detention facilities over-detain for some onsite areas and are required
construction for this development, The propesed drainage areas tributary to each pond are
listed in Table 6, Sketches are provided in Appendix A showing the areas detained (and
undetained) by each pond. It is intended that all these facilities be constructed as proposed

in the Black Squirrel Creek Drainage Basin Planning Study to maintain historic flow
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conditions downstream with the build-out of the Northgate Development. These sub-regional

ponds are to be publically maintained upon acceptance by the City of Colorado Springs.

It shall be the responsibility of the developers that plat and develop land tributary
(including over detained areas) to the proposed detention facility(s) to either have the
permanent detention facility(s) affecting his site constructed or to construct temporary
onsite detention facilities to maintain onsite developed flows to historic levels. (See
Appendix A for agreement letter regarding the notification of property owners for
Detention Pond construction requirements). The permanent facilities must have the ultimate
outlet works constructed initially., However, the volume can be increased as development
occurs until ultimate conditions are met. The temporary facility will not be accepted by
the City or reimbursed, and must be maintained and operated privately. All partially
constructed ponds must function to maintain the required historic discharge relative to the
developed area, Acceptance will only occur once total ultimate construction of the facility
is in place. Once the permanent detention facility(s) is constructed within the tributary
area, temporary facility(s) must be abandoned so that the basin drainage system will operate
as intended by the Drainage Basin Planning Study. These issues shall be addressed ‘in the

preliminary and final drainage reports for each developed site.

INITIAL DRAINAGE SYSTEM

Initial facilities exist within Voyager Parkway and Jet Stream Drive. Their costs are
included in this report. Future facilities are designated as proposed facilities (within
Voyager Parkway) or by arrows as shown on Figure 3. Figure 10 depicts conceptual minor
system types that may be used where arrows are shown. These costs are also included., The
initial system, if accepted by the City Engineer and constructed within public easements or

rights-of-way, shall be reimbursable per City of Colorado Springs codes and regulations.
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SUMMARY

Tables 7 and 8 include a brief description of proposed improvements for each chan'ncl reach
and detention pond. Figures in Appendix A represent conceptual details for typical drop
structures, dam sections, and channels. Figure 3 shows the approximate right-of-way
requirements for major facilities. All drainage improvements in the City that are in a

public right-of-way shall be maintained by the City.

The Olive Company, per their annexation agreement, must maintain all public drainage
facilities prior to August 13, 1990. After that date, the City of Colorado Springs shall be
responsible for maintaining all public drainage facilities once the two year warranty period

is met and the facilities are accepted by the City Engineer.
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TABLE &

BLACK SQUIRREL GREEK
MASTER DEVELOPMENT DRAINAGE PLAN
SUMMARY OF DETENTION FAGILITIES

(SUB-REGHONAL)

100-YEAR DETAINED AREA
PORD LOCATION® TYPE SURFACE VOLUME
ND. PEAK FEAK PEAK AREA MDDP Basin Black
INFLOW  CUIFLOW  HISTCRIC @) (&) SipriTe
(cfs) {cfs) {cfs) DEPS Basn
1 Des Pi3 Offstream 4190 1832 185 1.7 i2 Offsite J1
2 Sub Ad Offstream 58 285 259 16 B Af, Offsite Jdi,d42
3 Sub AZ Offstream 333 148 148 1.2 9 AT, G2 J4
4 Des Fil Crfstream 233 92 106 1.1 7 A3, Oifsite i1
NOTE:

1} Subbasins AZ-1, A2-2, G-3 & A5 through A9, under ultimate conditions, will be
maintained to historic flows due to a delayed peak from upstream ponds. For
these sub-basins and discharge points with runoff leaving the site where
recommended flows exceed historic {Design Points 2,6,% and 10}, temporary
onsite detention facilities will be required and will be the responsikility of the
developers that plat the land, until permanent detention facilities are constructed.

2) Dual outiet will be required for 10 and 100-year discharge. Peak outfiow for
10-year storm are as follows: Pond 1: @10 =85 ¢fs; Pond 2: Q10 = 76 ofs;

Pend 3: Q10 = 74 ofs; Pond 4: Q10 =68 cfs.

Additiona! 10-year storm design data to be provided at time of final review of ponds.

* Gubbasins refered to in the ¥ {ocation” column are taken from the
Biack Squiitel Greek DBPS.
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VII. FINANCIAL SECTION

Shown in Tables 7 and 8 are estimated construction and land costs for all proposed major
and initial system drainage improvements (public) affecting the Northgate Development, as
reflected in the associated Basin Planning Studies. The facilities are broken out between
the Black Squirrel Creck and Miscellancous Basins for onsite and offsite. Land costs for
detention facilities are based on current park land costs of $14,000 per acre. Bridge costs
(the box culvert on Voyager Parkway) are subject to reimbursement by the City of Colorado

Springs.

These costs only reflect buildout within the Northgate Development. Other cost
considerations for development upstream of Northgate which might require additional
detention and major channel facilities are not included. Downstream facilities may not be
required by this development if developed flows are either detained (or overdetained) to
maintain historic flows at the west boundary or if onsite temporary detention is used.
Where historic rates are exceeded downstream of the Northgate development, public drainage

easements will also be required to convey the flow to a detention or channel facility.
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TABLE 7

BLACK SQUIRREL CREEK
MASTER DEVELOPMENT DRAINAGE PLAN
ESTIMATED DRAINAGE ITMPROVEMENT COSTS
(PUBLIC, REIMBURSABLE)

ESTIMATED 1989 CONSTRUCTION COSTS

DESIGN REACH DESIGN IMPROVEMENT COMMENT QTY. UNIT UNIT AREA DRATNAGE DRAINAGE BRIDGE
POINT FLOW CONSTRUCTION LAND CosT
frfe)y £9) {ac) COST_L%) COST ($) £45)

BLACK SQUIRREL CREEK BASIN
ONSITE FACILITIES -

- 1 3779 1500-250'x 4*'-5! PLC - 2150 LF 20 193,500
CHECKS - 4 EA 36,000 120,000
- 2 358 8'x 3! FLC - 3000 LF 75 225,000
8 - 3779 (14'x 14') x 10 CBC VOYAGER PKWY 220 LF 1,345 295,900
DETENTION POND #2 8 ac-ft 1 LS 72,000 1.6 72,000 22,400
DETENTION POND #3 9 ac-ft 1 LS 81,000 1.2 R (00 14 200
MAJOR SYSTEM SUBTOTALS 691,500 39,200 295,900
INITIAL SYSTEM SUBTOTALS AAA 060 n/a nfa
(SEE TABLE &)
BLACK SQUIRREL CREEX ONSITE TOTALS 1,357,550 39,200 295,900
OFFSITE FACILITIES -
. DETENTION POND #1 12 ac-ft 1 Ls 108,000 1.7 108,000 23,800
DETENTICON POND #4 7 ac-ft 1 Ls 63,000 1.1 A3 000 15 400
MAJOR SYSTEM SUETOTALS 171,000 32,200 [¥]
INITIAL SYSTEM SUBTOTALS nia nfa_____ nia
BLACK SQUIRREL CREEK CQFFSITE TOTALS 171,000 39,200 0
BLACK SQUIRREL CREEK BASIN TOTALS 1,528,550 78,400 295,900
MISCELLANEQUS BASIN
There are no major system facilities considered in the
Miscellaneous basin. All facilities considered are onsite.
MAJOR SYSTEM SUBTOTALS 0 0 0
INITIAL SYSTEM SUBTOTALS e 194 450
{SEE TABLE 8)
MISCELLANEOUS BASIN TOTALS 194,450 0 0
BSC & MISC SUBTOTALS 1,723,000 78,400 295,900
CONSTRUCTION CONTINGENCY 5% 86,150
ENGINEERING 10% 180 915

Notes: 1) Detention Land Area Cost/Acre = $14,000



TABLE 8

BLACK SQUIRREL CREEK
MASTER DEVELOPMENT DRAINAGE PLAN
ESTIMATED INITIAL SYSTEM COSTS
(REIMBURSABLE)

IMPROVEMENT QUANTITY UNIT UNIT DRAINACE

CONETRUCTHON
($) COST ($)

BLACHKE SQUIRREI CREEE BASIN
ig" RCP e LF $28 323,600
24" RCP g30 LF &l 51,850
. 30" RCP 2,100 lF 7e 255,000
i6" RCP 2,200 LF 87 121,400
42* RCP SO0 LF 104 33,600
INLETS 24 HEA 2,500 &0, 000
INETIAL SYSTEM SUBTOTAL $666_050

MISCPELI ANFOUS BASIN

18* RCP 30 LF $4# $2,400
36" RCP 220 LF g2 21,750
Futlure 38* RCP 1300 LF 87 165,300
INLETS 2 EA 2,500 5,000

INITIAL SYSTEM SUBTOTAL $194,450



BLACK SQUIRREL CREEK AND MISCELLANEOUS BASINS DRAINAGE PLAN

VIII. BIBLIOGRAPHY

National Engineering Handbook, Section 4
USDA, Soil Conservation Service
1969

Soil Survey of El Paso County, Colorado

USDA, Soil Conservation Service

In Cooperation with Colorado Agricultural Experiment Station
May 1982

TR-20 Computer Program for Project Formulation Hydrology
USDA, Soil Conservation Service
May 1982

Design of Small Dams, 2nd Edition
US Department of Interior

Bureau of Reclamation

1677

Soil Engineering, 3rd Edition
Merlin Spangler and Richard Handy
Intex Educational Publishers

1973

Black Forest Preservation Plan
El Paso County Planning Department
1974

Subdivision Policy Manual and Public Works Design Manual
City of Colerado Springs

SW Storm Drainage Symposium, Texas A & M
November 1983

House Bill No. 1052
General Assembly of the State of Colorado
1984

HEC-2 Water Surface Profiles
US Army Corps of Engineers
September 1982

Engineering Analysis of Fluvial Systems
Simon, Li, & Associates 1982

Water Resources Engineering, 2nd Edition
Linsley and Franzini
McGraw - Hill 1972

Current Trends in Design and Construction of Embankment Dams
Stanley Wilson and Raul Marsal
American Society of Civil Engineers 1979

36



BLACK SQUIRREL CREEK AND MISCELLANEOUS BASINS DRAINAGE PLAN

Drainage Criteria Manual
Wright-McLaughlin Engineers

Denver Regional Council of Governments
March 19695

Colorado Standard Plans - M Standards
Division of Highways
January 1982

El Paso County Land Deveclopment Code
El Paso County
January 1980

Resolution No. 85-97, Transportation - 6
El Paso County, Board of County Commissioners
March 1585

General and Engineering Geology of the

United States Air Force Academy Site Colorado
Geglogical Survey Professional Paper 551
1967

Black Squirrel Creek Drainage Basin Mastér Plan
URS, Corporation

September, 1985

Black Squirrel Creck Drainage Basin Planning Study

URS Consultants
Qctober 1988

4823%dra.rpt

37



BLACK SQUIRREL CREEK AND MISCELLANEOUS BASINS DRAINAGE PLAN

APPENDIX A: REPORT FIGURES, DETAILS AND MISCELLANEOUS CALCULATIONS
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NOTE: ADEQUATE "TOE-DOWN"
OF BANK LINING IS TO BE PROVIDED:
IN AREAS OF SCOUR. -

EXISTING STREAMBED

45' 10 5.5'

= T T —— EXISTING SLOPE = 1.4%
i U= == N T — /
“Uz= ey 7 } 6')1?' i N — L
|00 YR. EQUILIBRIUM SLOPE = 0.25% IR T
- TEIE ] —

“REINFORCED CONCRETE
CHECK STRUCTURE

Lx

*RIP-RAP l
2
: VARIES
- SEE FIGURE 5

%

JHCEALIZE N

STREAMBED AFTER)
DEGRADATION (FOLLOWING
100 YR. STORM EVENT)

CHECK STRUCTURE

TYPICAL SECTION

#SECTION IS SUBJECT TO FINAL DESIGN

MAKING TECHNOLOGY WORK”
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R.OW. or EASEMENT
See note 2

MAINTENANCE ROAD/
EXERCISE TRAIL

- NOTES®
" |. ALL FINAL DESIGN AND CONSTRUCTION SHALL BE TO CURRENT
CITY OF COLORADO SPRINGS AND EL PASO COUNTY STANDARDS

AND SPECIFICATIONS.

2. FINAL CHANHEL SIZiNG,TRAHSiTIONS,SUPERELEVATIONS & EASEMENTS ARE
SUBJECT TO DETAILED DRAINAGE REPORTS OF THE SUBJECT AREA.

3 THIS DETAIL WAS USED FOR COST ESTIMATING PURPOSES FOR
THIS MASTER PLAN ONLY. . E

4. TOPSOIL AND REVEGETATION ASQVE RIP-RAP ASSUMED TOQ BE
NOM-REIMBURSABLE, AND WILL NOT BE MAINTAINED BY THE CITY.

RIPRAP REQUIREMENTS FOR CRANNEL LININGS **

vs+17(5 1)0-66» Rock Type *=*
{feet per second)

1.4 to 3.2 v

3.3 to 3.9 ‘ L

4.0 to 4.5 M

4.6 tg 5.5 H

5.6 ta 6.4 . ¥H

* Use 5s = 2.5 unless the source of rock and its densities are
known at the time of design.

++  Table valid only for Froude number of 0.8 or less and side
slopes no steepar than Zh:ly,

*++ Type YL and L riprap shall be buried after placement to
reduce vandalism,

BURIED RIPRAP

100 YR. FLOOD

PERCENT FINER BY WEIGHT
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INTERMEDIATE ROCK DIMENSION - INCHES (050)

GRADATION OF ORDINARY RIPRAP

DEPTH,PLUS
FREEBOARD
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~ 61 : ‘lf
TERDERTH 2.8' N([#
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o

Vi

SOURCE: URBAN DRAINAGE & FLOOD
CONTROL DISTRICT, DRAINAGE
CRITERIA MANUAL

PARTIALLY LINED CHANNEL
FIGURE 7
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50' DRAINAGE EASEMENT

é 12
SIMILAR ABOUT
CENTERLINE — Minimum Freeboard
Vi Z
B=8'- 3. g 2.5 (MIN.)
Filter or equivalent
2Dso
Channel Bed
"0\0"""!'.."‘ LY/ Y

....‘--. o

Sea Section 10.11{DCM)

Relerencs ! Urban Dralnage &Flood Control Distdet, Urban Storm Drainags Criterla Manusl, November 15, 1882,

URS The City of Colorado Springs / El Paso County . ) per
Dralnage Criterla Manual OCT. 1987

CONSULTANTS
MAKING
TECHNOLOGY
WORK™ )

[Figure
Fully Lined—- Grouted our

Ordinary Riprap Channel Section 8




DOWNSTREAM
SLOPE PROTECTION.

PROVIDE EMERGENCY 100 YR. DETENTION 'LEVEL
SPILLWAY .
 VARIES .
- g fIOYR.DETENTION LEVEL
100 YR. OUTLET | B - 1
l I 3
- - * N ':::-.
‘\ '!—=' ——
e —— == = e e e —————— e 72 —
10 YR OUTLET'——;-
TRICKLE CHANNEL
UPSTREAM

OUTLET TRANSITION / SLOPE PROTECTION

ENERGY DISSIPATER

NOTES: " CONCEPTUAL DAM SECTION

. THIS SECTION WAS USED FOR COST NOT TO SCALE
ESTIMATING PURPOSES (THIS STUDY ONLY).

2.M & N SUBJECT TO GEOTECHNICAL DESIGN.

3. ALL FINAL DESIGN AND CONSTRUCTION SHALL -
BE TO CURRENT CITY OF COLORADO SPRINGS,
EL PASO COUNTY, AND STATE OF COLORADO
SPECIFICATIONS WHERE APPLICABLE.

4. DUAL OUTLET REQUIRED FOR 10 8 IQOYEAR
DISCHARGE.

5 IF DETENTION FACILITY IS AGAINST ROADWAY
EMBANKMENT, THEN ,A SPILLWAY / OVER FLOW
STRUCTURE MUST BE PROVIDED BENEATH
ROADWAY .

URS

CONSULTANTS

MAKING
WORK . sure o




CONCEPRTUAL
INITIAL SYSTEM DETAILS

NTS

DRAINAGE EASEMENT AND MAINTENANCE /ACCESS ROAD REQUIRED ’4

{00 YEAR OVERFLOW

L

. h 4
ﬂ\; £

STREET OR
PARKING LOT
PUBLIC OR PRIVATE STREET
N I00 YEAR PROVISION
[ . - . - > l__—————ﬂ
i
| - _ U
| ' INITIAL SYSTEM FACILITIES
« INLET ]
« LATERAL

« MAIN STORM SEWER .
« STREEY B CAS6

_DRAINAGE EASEMENT AND MAINTENANCE/ACCESS RD. REQ'D

PARKING LOT

100 YEAR PROVISION

Ah—
N . v . /
' H
L_ INITIAL SYSTEM FACILITIES
« |NLET
« LATERAL

MAIN STORM SEWER

+ PARKING LOTS
BERMED OR

EXCAVATED CHANNELS

(UNLINED CHANNELS
LIMITED BY SCQURING
VELOGITIES)

=

\ INITIAL SYSTEM FACILITIES
« IMPROVED CHANNEL

* INLET & LATERAL

+ STREETS

+ PARKING LOTS

NOTES:

. ALL FINAL DESIGN AND CONSTRUCTION SHALL BE TO CURRENT
CITY OF COLORADO SPRINGS ANDEL PASQ COUNTY STANDARDS
AND SPECIFICATIONS.

2. ALL IMPROVEMENTS ON BASINS GREATER THAN 100 ACRES
SHALL BE DESIGNED FOR THE 100-YR.,24-HR. STORM,

3.SUBJECT TO FINAL DESIGN & EASEMENT REQUIREMENTS.

'CONSULTANTS™
MAKING

TECHNOLOGY
WORK™

FIGURE 10




M= IDDLE TRIB. Xy-
~ DRAINAGE [BASIN \

7IREACH 26
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DETENTION POND 6 {DBPS) SCALE:1"= 1000" CONSULTANTS

MAKING TECHNOLOGY WORK™

CONCEPTUAL DETENTION POND
TRIBUTARY AREA FIGURE Il
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J DRAINAGE BASIN ,

DIRECT DETENTION
SUB-BASIN J4

'
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DETENTION POND 3 (MDDP)
DETENTION PONDS8 (DBPS) SCALE:!"= 1000
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RECEIVED
FUBLIC WOFES/ENGINEERING

THE OLIVE COMPANY COLORADO GPRINGS, COLO .
NOV 11989

October 30, 1989

Mr. Chris Smith, Subdivision Administrator
Public Works Department

City Engineering Division

City of Colorado Springs

P.O. Box 1575

Colorade Springs, CO 80901

RE: Landowner Notification for Detention Pond Construction on
Existing or Future Development within the City of Colorado
Springs Black Squirrel Creek Drainage Basin

Dear Chris:

It is the understanding of The Olive Company that at the
Development Plan-Preliminary Plat Stage of the platting process
for all proposed development which occurs within the boundaries of
the Black Squirrel Creek drainage basin that a preliminary
drainage report will be prepared which definitively states the
necessity for and construction of detention ponds as called for in
the Black Squirrel Creek drainage basin studies. The preliminary
drainage report for each parcel will state whether or not a pond
is to be constructed on the property, or as an alternative,
whether the property being platted must construct a pond upstream
to insure that the over detention referred to in portions of the
master drainage basin reports is accomplished. The preliminary.
drainage report will be submitted to the City Engineering Division
concurrently with the plat submittals or developmental plan
submittals to the City Planning Department. No parcels within
Northgate are exempt from this requirement.

Prior to final plat approval of any parcel within the Northgate
ownership, a final drainage report will be submitted to City
Engineering for review and approval. The final drainage report
will indicate any detention ponds located on the property and
define easements reguired for those ponds. If ponds are
constructed upstream of the property which is being platted, the
pond will be located accordingly and the appropriate easements
will be granted prior to final plat approval of that subdivision.

5450 TECH CENTER DRIVE, SUITE 400, COLORADO SPRINGS, COLORADO 80919
COLORADO SPRINGS (719)598-3000  FAX: (719) 528-8360  DENVER (303) 893-9555



~ Mr. Chris Smith
- Landowner Notification
" Qctober 30, 1989

-~ Page Two

If this letter correctly sets forth our agreements, would you
please sign the enclosed copy of this letter and return it to us
while keeping a copy for your own files.

Sincerely,

TEE OLIVE COMPANY

Kevin{g. Walker
Develdpment Manager

KJW/ jb

This letter correctly sets forth the agreément we have reached
between the City of Colorado Springs and the Northgate property
owners.

“H
Dated this Z&  day of M , 1989,

p >

Mr. Chris Smith
Subdivision Administrator
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BLACK SQUIRREL CREEK AND MISCELLANEQUS BASINS DRAINAGE PLAN

APPENDIX B: GEOLOGICSTUDY AND PRELIMINARY GEOTECHNICAL RECOMMEN-
DATIONS BLACK SQUIRREL CREEK CHANNEL.



URS

A PROFESSIONAL SERVICES ORGANIZATION

October 12, 1988 URS CONSULTANTS oFFicES
5450 TECH CENTER DRIVE, SUITE 327 SANFRANGISCO

=
i<
Q
b}
=S

NE!
GLEVELAND
COLORADOC SPRINGS, COLORADO 80819 A“\T/E L ARBARA ggﬁgmggs
TEL: (719) 580-7377 DLORADQ SPRINGS ~ AKRON
gagﬁAlh\dhllEDN 9. NEW ORLEANS
ANCHORAGE ATLANTA
SAN BERNARDINOG BOSTON
i - ERGSEACHT deis eaon
City of Comrad? _Sl?rlngs LAS VEGAS PITTSBUAGH
Public Works Division
30 South Nevada, Suite 403
Colorado Springs, Colorado 80903
RE: Black Squirrel Creek Master Development Drainage Plan - Clarification to

Geotechnical Recommendations
URS Project No. 48329

To Whom It May Concern:

The following geotechnical recommendations, presented by Geotechnical Consultants, Inc.,
make reference to lining the Black Squirrel Creek Channel with an erosion control netting
and then establishing vegetation. This portion of their recommendation is not acceptable
by the City of Colorado Springs for this particular channel and therefore should not be
considered as a part of the channel! construction. All other geotechnical information and
recommendations regarding the channel and the proposed riprap side slope lining should be

utilized.
Should you have any questions please notify this office.
Sincerely,

URS Consultants
”7

/

Bryan T. Law, P.E.

BTL/kp

¢c¢:  Robert L. Bass, P.E. - G.C.L

georccom.let



Geotechnical Consulta

nts, Inc. g

PR TR

September 25, 1987

URS Corporation
5450 Tech Center Drive, #327
Colorado Springs, CO 80919

Re: Geologic Study and Preliminary Geotechnical Recommendations
Black Sguirrel Creek Channel

Gentlemen:

As requested, personnel of GCI have performed a preliminary
geological and geotechnical study for the Black Squirrel Creek
Channel between the proposed detention pond area and the proposed
Voyager Parkway. This letter 1is intended to serve as our
preliminary report and documentation of discussion and recom-
mendations which we have presented informally on this project.

The channel is a broad-bottomed stream with an approximate bottom
width of 150 feet. The average gradient of this stream through
this reach is about 1.25%. The normal base flow in the stream is
very slight, and consists of a small meandering braided "trickle"
which does not cover the entire bottom of the stream bed, and is
only a few inches in depth. We understand that the 100 vear
historic flow for this stream is on the order of 4000 cfs. The
banks of the stream are locally very steep and roughly 6 to 10
feet in height. Above the banks the native ground surface
consists of gentle to moderately sloping rolling terrain. The
total fall of the stream through the reach in question 1is on the
order of 30 feet.

Our geologic research consisted of a review of aerial photo-
graphy, to provide an indication of 1local geologic wunits based
upon landforms observed on the stereo photographs. The channel
was then inspected on foot, and the materials identified in this
field reconnaissance were compared to the units derived from the
aerial photography research. Test borings previously drilled in
the vicinity of the channel by Woodward, Clyde Consultants were
reviewed to determine the type of so0il or bedrock encountered at
the test boring location,

GEOQLOGIC SETTING

Bedrock underlying the Black Squirrel Creek channel area consists
of the Dawson Arkose of Tertiary Age. Overlying the bedrock are
various surficial deposits which have been deposited in more
recent geologic times. The mapped and interpreted geologic units
are shown on the enclosed Figure #l.

7750 N. Union Blvd,, Suite 105 Colorado Springs, Colorado 80918 (303} 5281331
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The Dawson Arkose 1is the upper and youngest formation in the
Dawson Group. The Dawson Group of formations were deposited in
ancient times in the Denver Structural Basin during the uplifting
and mountain building along the Front Range. The Dawson Arkose
is exposed in several areas along the stream banks of the Black
Squirrel Creek channel. These exposures indicate that the Dawson
Arkose consists of a variable seguence of sandstone, siltstones
and claystones. The layers within the Dawson Arkose are typic-
ally lensatic and exhibit a high degree of variability, both
horizontally and vertically. This is a consequence of the fact
that the Dawson was laid down by rivers and streams, and in small
bodies of standing water.

The sandstones are exposed only in the extreme easterly reach of
the Black Squirrel Creek on the north bank. They are typically
tan to orangish where stained by iron oxide and consist of fine
to coarse grain arkosic sand, Observations of the exposures
indicate that the sandstones are only slightly cemented, however
they are very dense. Some seepage from the sandstone was noted
in the exposures.

The majority of the bedrock exposures along Black Sguirrel Creek
consist of claystone. The claystones are varicolored and range
from various shades of grey to orangish to brown. They vary from
fine sandy and silty to slightly silty and very fine grained.
Desiccation and ravelling of the claystone beds indicate that
they contain expansive clay minerals.

A few exposures of siltstone were also recognized along the
stream channel. These siltstones typically are tan to brown,
sandy and micaceous. They are only slightly cemented to non-
cemented but moderately consolidated.

Surficial Deposits:

Bedrock along the stream channel is overlain by alluvial deposits
of various ages on several terrace levels. The recent alluvium
in the present flood plain is the youngest of these terraces,
with the highest terraces being the oldest. These alluvial
terraces were deposited by actions of Black Squirrel Creek when
it flowed at higher levels. 1In some cases, it appears that the
stream cut terraces, depositing only thin sediments, In other
cases the stream deposited significant thicknesses of alluvial
soils. During various episodes of stream erosion and deposition,
the stream also cut benches within the flood plain of the stream
at that time. Younger episodes of stream action (which have also
been generally smaller with the passage of time) have served to
modify the older terraces. That 1s, the older, higher terrace
surfaces are partially or wholely dissected by younger stream
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action., These terrace deposits are composed of a stratified
sequence of sands, silts and clays.

Along the northern bank of Black Squirrel Creek an alluvial fan
deposit can be found. This sizeable deposit has resulted from
deposition by a small tributary of Black Squirrel Creek. The
geologic mapping and review of the test holes drilled by Wood-
ward, Clyde Consultants indicates that a sizeable portion of this
fan appears to be underlain by older alluvial terrace deposits.
Remnants of underlying terraces can be found in the easterly
portion of the fan area. Exposures along the stream bank also
indicate that portions of this alluvial fan directly overlie
weathered bedrock. The alluvial fan deposits are similar to the
alluvial terraces 1in that they tend to be highly stratified
sands, silts and clays.

Colluvium (slope wash) is unconsolidated surficial deposits which
have been deposited as a result of wind, sheetwash, water and
gravity. Along the southwest portion of the stream channel some
gentle to moderate slopes are underlain by these surficial
deposits. In this area the colluvium apparently mantels the
underlying bedrock and possibly some older terrace deposits.

EROSION CHARACTERISTICS

A significant portion of the surficial materials in the immediate
vicinity of the channel are unconsolidated deposits or weathered
materials which will tend to erode rather rapidly. 1In particu-
lar, the alluvial and colluvial materials, the terrace sand and
gravel materials, and the alluvial fan deposits will probably
begin to experience erosion at the velocities on the order of 2
to 3 feet per second.

The weathered bedrock materials will be somewhat more resistant
to erosion. The siltstones will be the most erosive of this
group, and significant erosion will probably begin at approximat-
ely 4 feet per second in these materials. The weathered clay-
stone materials will be somewhat more resistant to erosion owing
to the plasticity imparted by the clay fraction. The claystones
should be able to withstand surface velocities of about 6 feet
per second before significant erosion occurs. The weathered
sandstone materials will be even more resistant to erosion with
velocities on the order of 7 to 8 feet per second being permis-
sible. However, we would note that local seepage conditions at
the base of the sandstone exposure will result in somewhat
unstable conditions in some areas, and localized buttressing with
small riprap would be appropriate to ensure the 7 to 8 feet per
second allowable velocity.
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A map (Figure #2) has been prepared based upon our field recon-
naissance, which shows the various geolecgic wunits and also
indicates the =zones of various erosion potential within the
stream bank. The locations of small seeps in the stream bank are
indicated as well.

CHANNEL IMPROVEMENTS

We understand that a rigid "industrial"™ type of channel lining,
such as concrete or grouted riprap is not desirable aesthetically
for the type of development proposed adjacent to the channel. We
also understand that a "wild" appearance for the stream bed is
not wanted either. A "planned park" appearance with dressed
slopes of variable gradient and grasses which are to be periodic-
ally mowed and otherwise maintained, in conjunction with planting
some trees and shrubs and construction of park trails, is the
desired objective.

This concept will involve the use of "drops" to flatten the
average gradient of the stream and reduce the velocities to a
level which will permit the "soft™ channel lining at 100 year
historic flows. 1In order to permit establishment of the grass,
we suggest the use of an erosion control material such as Enkamat
or Miramat. The combination of the erosion control netting and
the establishment of grass roots will permit velocities in the
range of 5 to 6 feet per second for the stream banks. This
technique would be recommended in the areas of weathered silt-
stone and unconsolidated alluvial materials. If velocities are
reduced to below 6 feet per second, the weathered claystone
materials and weathered sandstone materials should bhe capable of
withstanding these velocities without requiring the "soft"
channel lining.

At the outside of bends the velocity is higher than the average
velocity of the stream, and scour or accelerated erosion is a
potential problem. The manufacturer's literature for the erosion
mat would seem to indicate that the higher velocities can be
tolerated. However, care is reguired to obtain an acceptable toe
depth for the netting to prevent the scour from undermining the
material, A more substantial lining such as buried riprap could
be wused in these locations, but again the critical factor is
probably the toe down depth. Another alternative would be the
placement of a series of small groins against the bank to deflect
water away from the bank and thereby protect against erosion on
the outside of the bends.

The crucial consideration in achieving satisfactory performance
for the erosion control products described above is the treatment
of the top and bottom of the material and proper anchorage of the
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beginning or end of the material at transitions. The manufac-
turer will have recommended details for proper treatment of the
edges of the mat. The actual construction should meet or exceed
the requirements on these details.

Another consideration is that of concentrated flows from outside
the channel discharging onto the netting and grass material.
These discharges, while relatively small, can result in intense
localized erosion. This in turn can result in a weak spot in the
channel 1lining, which may become damaged during higher flows
within the channel itself. Therefore, we recommend that drainage
from the area adjacent to the channel be controlled in ditches or
swales such that it does not enter the channel except at control-
led locations. At these locations the flow should be discharged
to the channel bed such that ercsion does not occur. If stone or
gabion drop structures are used, discharge of these flows onto
the drop structures could be a good method of eliminating the
erosion.

In addition to the requirement of erosional stability, it will be
necessary to construct the channel bhanks in such a manner that
the gross stability against slope failure is acceptable. For
these low banks, typically 10 feet in height, a slope of three
horizontal to 1 vertical will be acceptably stable for the
alluvial and terrace materials and other unconsolidated deposits.
The weathered bedrock materials can be steeper, with a slope of
1.5 horizontal to 1 vertical being acceptable for the claystone
and siltstone materials, The dense, weathered sandstone mater-
ials can probably be left at a vertical face, but this should be
verified for each outcrop on a case-by-case basis. It also may
be possible to leave some claystone outcrops at steeper angles
than the 1.5:1 slope, providing the trails, drainage swales, and
other features are set back to a location well behind the 1.5:1
slope plane.,

The presence of some seepage zones and seeps indicates that
groundwater is flowing into the Black Squirrel Creek channel from
adjacent surficial (and bedrock) deposits. It will be important
from a slope stability standpoint that these seepage areas are
not Dblocked during channel improvements. Small drains may be
necessary in areas of proposed fill over these Seep areas.

It is believed that this letter covers the erosion and stability
characteristics of the channel in brief, as well as stating our
interpretation of the existing geologic conditions. While the
discussion of the characteristics of various materials is
somewhat general, application of our recommendations to the
actual design of the channel should not be difficult. We would
request the opportunity to review and comment on the ultimate
design, as well as the opportunity to inspect during construction
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to more accurately determine the extent of various soil and rock
materials as grading is being performed.

Should you have any questions or should additional discussion be
required on any of the points covered in this report, please feel
free to contact GCI at your convenience.

Respectfully submitted,
GEOTECHNICAL CONSULTANTS, INC.

By: Robert L, Bass, P.E. i)

SN
AN ﬁ&r« 7 |
By: Johk W. Himmelre Jr.
RLB/JWH/V

GCI Job No. 2502-3
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Geotechnical Consultants, Inc,
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April 14, 1988

URS Corporation
5450 Tech Center Drive, Suite 327
Colorado Springs, CO 80919

Re: Supplemental Report
Black Squirrel Creek Channel

Gentlemen:

The purpose of this letter is to summarize and supplement our
original report for the site, dated September 25, 1987. Most of
the discussion in this letter is comparable to recommendations
previcusly given. However, the discussion herein is perhaps more
specific, reflecting concept development subsequent to and
partially based on our original report.

Geologically, the vicinity of this site consists of a variety of
surficial deposits overlying bedrock of the Dawson Arkose
Formation. The Dawson Arkose Formation is the upper and youngest
formation in the Dawson group. The Dawson Arkose consists of a
variable sequence of sandstone, siltstone and claystone. The
layers within the Dawson Arkose are typically lensatic and
exhibit a high degree of variability hoth horizontally and
vertically, as a consequence of the fact that the formation was
laid down by rivers and streams and in small bodies of standing
water,

A reconnaissance of the channel reveals exposures of sandstone,
siltstone and claystone in the channel banks. The sandstones are
exposed only in the extreme easterly reach of the channel on the
north bank. Claystone exposures occur on both banks in the
central and western portions of the channel reach. Siltstone was
exposed in the eastern portion of the southern bank of this
channel reach. We have indicated the approximate locations of
the various exposures on the enclosed Geologic Map (Figure 1).

A variety of surficial deposits exist in the vicinity of the
channel. Recent alluvium, deposited by the channel as we see it
today, is located within the channel banks. At present, deposi-
tion rather than erosion is occurring as a result of flows in the
channel, Above the channel on both sides, older alluvial
terraces can be found. A large alluvial fan deposit exists above
the channel on the western half of the northern bank. In
addition to these alluvial deposits, a surface colluvium has been
mapped in the extreme western portion of the southern channel
bank.

7750 N. Union Blvd,, Suite 105 Colorado Springs, Colorado 80520 (303) 5281331
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With regard to permissible velocities, it is the opinion of GCI
that all of the surficial deposits, specifically the alluvial and
colluvial soils, will be capable of withstanding flow velocities
of 2.5 feet per second. The bedrock materials will be somewhat:
more resistant to erosion. The siltstone materials are the least
resistant of this group, with permissible velocities on the order

of four feet per second. The claystones will be capable of
withstanding surface velocities of six feet per second before
significant erosion occurs. The weathered sandstone materials

will be even more resistant to erosion, with velocities on the
order of seven to eight feet per second being permissible.
However, we have noted localized seepage at the base of the
sandstone exposure. We would recommend localized buttressing
with riprap at the seep locaticns to ensure continued stability
of these materials (Sta 23440 to 24+10, see Figure 1).

These permissible velocities are based on our experience.
However, they correlate very well with values given in Table 6-7
of the City/County Drainage Criteria Manual.- The locations of
various materials in the channel banks, with stationing for the
transitions, are shown on the enclosed Geologic Map (Figure 1).

Where €low velocities are less than or equal to the permissible
values given above, no lining material will be necessary. Where
the velocities exceed the wvalues given above, then obvicusly,
some sort of lining will be required. We understand that with
the construction of grade control structures {drops), it will be
possible to reduce the average velocity for the 100 year dis-
charge to something on the order of five to six feet per second.

The drop structures will be sloped-face gabion structures. The
gabions are flexible and permeable, which will be advantageous in
this application. The bed will be adequate to support the
gabions. We do not anticipate any problems from uplift or
seepage, due to the permeable nature of the gabions. We would
suggest, however, that a fabric filter be placed between the
streambed and the gabions, as a precaution against localized

piping.

We understand that a ‘"soft" 1lining, using seeded grasses and
synthetic reinforcing mat will be wused in areas where flow
velocities exceed the maximum permissible velocities given above,
.Manufacturer's literature would seem to indicate permissible
velocities of 10 to 12 feet per second for Enkamat or Miramat
products. We understand that actual velocities for 100-year flow
conditions will be substantially less than this.

Typically, failures of channel 1lining do not occur as a direct
result of flow against a continuous properly constructed lining.
Rather, failures will occur at boundaries and discontinuities in
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the 1lining &as the 1lining becomes outflanked and flows are
directed beneath or behind the 1lining. Additional care is
warranted at the critical areas where failures are likely to
occur. This would include the toe of the bank 1in general, and
the outsides of bends where velocities tend to be higher.

For this reason, careful attention to the manufacturer's recom-
mended details for installation of their products is important.
Additionally, we recommend the mat be "toed down" at least three
feet through straight reaches and at the inside of bends. On the
outside of bends, we suggest a riprap buttress at the toe, which
extends to a depth of at 1least four feet below the streambed.
Alternatively, buried riprap could be used to line the outside of
bends. 1If buried riprap is used, the riprap should extend to
four feet below the streambed, and transitions between the riprap
and adjacent lining materials should be properly designed and
constructed.

Another possibility for protecting the outsides of bends from
high velocity is the use of groins. These groins would consist
basically of small stone jetties which project from the channel
bank a short distance into the stream at an angle from the flow.
The groins will deflect the flow from the bank, thereby protect-
ing from erosion, and will facilitate the deposition of silt and
sand against the bank between the groins. Properly installed
groins have proven to be effective, especially on the outsides of
channel bends. If groins are used, no other bank protection is
necessary in areas protected by the groins. It will probably be
necessary to design the groins for 100-year flow conditions.:

In addition to erosion caused from flows within the channel,
there typically 1is erosion that occurs as a result of smaller
drainageways discharging into the channel over the channel banks.
While these discharges typically are small, they can result in
significant erosion due to the high velocities which result from
the steep gradients necessary to reach the channel bed. These
small erosional occurrences can in turn result in a weak spot in
the channel lining which may become damaged during higher flows
within the channel itself. Therefore, it is necessary to control
these point discharges. This can be done with drainage ditches
or swales parallel to the channel to intercept the flows and
prevent them from discharging over the bank. These flows can be
discharged to the channel at the drop structure locations in
order to prevent erosion at the discharge points. A ditch and
swale system with discharge onto the drop structures has been
incorporated into this design.

In addition to providing for erosional stability of the channel,
the channel banks must be constructed in such a manner that the
gross stability against slope failure is acceptable. For these
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low banks which are typically ten feet or lower in height, a
slope of three horizontal to one vertical will be acceptably
stable for the surficial deposits. For the bedrock claystone and
siltstone materials, a somewhat steeper slope, on the order of
1.5 horizontal to 1 vertical will be acceptable, The dense,
weathered sandstone materials encountered in the east end of the
north bank of the channel can probably be left at their existing
nearly vertical face, but this should be verified for each
outecrep on a case by case basis.

Also, it will be possible to leave some claystone outcrops at
steeper angles than the 1.5:1 slope providing the drainage swales
and other features above the outcrop are set back to a location
behind the 1.5:1 plane. With exposure to weather, the claystone
ocoutcrops may experience surface ravelling to a degree resulting

in a gradual flattening of the slope with time. This ravelling
process will be very slow and should stabilize before the 1.5:1
plane is reached. The concept plan for the channel indicates

several claystone and sandstone outcrops which will be left in an
exposed state for aesthetic reasons.

On previous mapping we have noted the presence of some seepage
zones adjacent to the channel., Typically these occur within the
small drainages which discharge into the channel from the side
rather than within the main channel banks. However, in any case,
it is important from a slope stability standpoint that these
seepage areas not be Dblocked during construction of channel
improvements, If fill is placed over these seeps, small drains
made from crushed rock may be necessary to permit drainage. The
necessity for these drains can best be determined on a case-by-
case basis at the time of construction.

It is believed that the geotechnical aspects of the Black
Squirrel Creek channel through Northgate Phase I have been
covered above 1in brief. Should questions arise concerning the
discussion contained herein, or should additional information be
needed, please feel free to contact GCI at your convenience.

Respectfully submitted,

GEOTECHNICAL CONSULTANTS, INC.

G T Bvos

By: Robert L, Bass, P. E.

RLB/kk
GCI Job No. 2502-3
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BLACK SQUIRREL CREEK AND MISCELLANEOUS BASINS DRAINAGE PLAN

APPENDIX C:TR-20 COMPUTER RUN SUMMARY SHEETS



BLACK SQUIRREL CREEK AND MISCELLANEOUS BASINS DRAINAGE PLAN

APPENDIX C: TR-20 COMPUTER RUN SUMMARY SHEETS

Summary sheets for the TR-20 computer runs (which were computed a.'; part of Black
Squirrel Creek Drainage Basin Planning Study) are attached. Copies of the complete input
and output files are available in the Black Squirrel Creek DBPS. Structure and detention
pond numbers from the Black Squirrel Creek DBPS which correspond to design points or
detention ponds from the Northgate Master Development Drainage Plan (this document) are

as listed below:

Black Squirrel Creek DBPS

Northgate MDDP Design Point Design Point
1 : Structure 8
3 o . Reach 25
8 Structure 9
Detention Pond 1 Detention Pond 6
Detention Pond 2 Detention Pond 7
Detention Pond 3 Detention Pond §
Detention Pond 4 Detention Pond 5

Note: Northgate MDDP Design Points not shown do not have corresponding Black Squirrel

Creek DBPS Design Points.



FIGURE 3 - PRESENT CONDITIONS

BLACK SQUIRREL CREEK DRAINAGE BASIN

TR-20 & HEC-2 CROSS-REFERENCE

(DBPS)

FIGURE 4 - DEVELOPED CONDITIONS

TR-20

ID

HEC-2 DAT!
HEC-2 ID

TR-20 ID
XSECT 1
XSECT 2
XSECT 3
XSECT 4
XSECT 5
XSECT 6
XSECT 7
XSECT 8
XSECT 9
STRUC 1
STRUC

STRUC

STRUGC 24
STRUC 44
STRUC 4
STRUC 5
STRUC 28
STRUC 48
STRUC 6
STRUC 7
STRUC 8
STRUC 9

STRUC 10

LOCATION x
REACH 2
REACH 3 & 5
REACH 6 & 7
REACH 9 & 10
REACH 17 & 19
REACH 20
KEACH 22,23&24
REACH 26 & 27
REACH 29
DES PT 1 - Ttl
DES PT 2 - Ttl
DES PT 3 - Ttl
DES PT 4 - W
DES PT 4 - E
DES PT 4 - Tt1l
DES PT 5 - Ttl
DES PT 6 - W
DES PT 6 - E
DES PT 6 - Ttl
DES PT 7 - Ttl
DES PT 8 - Ttl
DES PT 9 - Ttl

PT 10 - Ttl

DES

* - Reach & detention

XSECT
XSECT
XSECT
XSECT
XSECT
XSECT
XSECT
X5ECT
XSECT
Z5ECT
XS5ECT

STROC
STROC

STRUC
STRUC
STRUC
STRUC

STRUC
STRUC
ETRUC
STRIC
STRUC
STRUC
STROC
STROC
STRUC
STROC
STRUC
STRUC
STRUC
STRUC
STRUC
STROC
STRUC
STrRUC
STRUC

RO WO 100 &= W)

-

1N A

> O
O30, b e GO

LOCATION %
REACH 5
REACH K

REACH 20
REACH 22
REACH 23 & 24
EEACH 26
REACH 27
FEACH 29
EEACH 25
DES PT 1A - Ttl
g5 PT 1B - Ttl
DES PT 1 - Tzl
DES PT 2 - Ttl
DES PT 3 - Ttl
DES PT 4 - W
DES PT 4 - E
DES PT 4 - Ttl
DES PT 5 - W
DES PT 5 - E
DES PT 5 - Tti
DES PT 6 - Ttl
DES PT 7 - Ttl
DES PT 8 - Ttl
DES PT 9 - Ttl
DE5 PT 1¢ - Ttl
DES PT 11 - T%l
DES PT 12 - Ttl
DET FD 1
DET PD 2
DET PD 3
DET PD 4
DET PD 5
DET PD 6
DET PD 7
DET PD 8
DET PD 9
Figure 4.

pond location is as shown on
Design point location is as shown on Figure 3 or 4, respectively.

NOTE - The following codes correspond to the TR-20 ID's above:
refer to the total Design Point.

refer to the West side of Design Point.
refer to the East side of Design Point.
refer to the detention pond at that Design Point.

nip™
"o
" 40"
g

series
series
series
series

codes
codes
codes
codes
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R20 €0 11-17-88 11:47 BLACK GOUIRREL CREEK BASIN - DEVELOPED CONDITIONS W/ 9 PONDS J0B 1 SUKNARY

REV PC 09/83(.2) 10 YR & 100 YR 24-HR STORMS  3rd SUBMITTAL PABE 26
SUNNARY TABLE 1 - SELECTED RESULTS GF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERFORMED

(& STAR(Y) AFTER THE PEAK DISCHARGE TINE AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROBRAPH
A GUESTION MARK{?) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.)

SECTION/  STANDARD RAIN ANTEC MAIN FRECIFITATION FEAK DISCHARGE
STRUCTURE  CONTROL  DRAINABE TABLE MOIST TIHE  ~-m-mmm-=-mmmmmmeemmmmeee RUNOFF . -

1D GPERATION  AREA &  COND INCREW BEGIN  AMOUNT DURATION ANOUNT  ELEVATION  TINE RATE RATE

(5 HI) (HR) (HR)  (IN}  {HR) (W) {FT) {HR) (CF5) {E5M)

ALTERNATE 1 sToR 1 Erowe)
STRUCTURE 1 RUNDFF 1,44 12 a0 .0 300 2400 .66 £30  40B.%  2B3.B
ITRUCTURE 51 RESYOR  1.44 L2 0 .0 300 2400 bb o TH06.BL 7.1 98.08 68.1
ISECTION 1 REACH  1.86 1 2 .10 .0 3.00 24,00 b 708,78 .2 9B, 06 £8.1
STRUCTURE 2 RUNDFF  1.80 L 2 .10 .0 3.00 24,00 .68 883 39727 2.5
STRUCTURE 52 RESVOR 1.0 1 2 .10 00 3000 28,00 68 712650 7.35 95,04 47.8
YSECTION 2 REACH  1.40 1 2 .10 .0 3.00 24,00 68 L7587 TS 94,56 87.5
STRUCTURE 3 ADDHYD 288 1 2 10 .0 3.00 2000 .47 7,43 191,40 87.3
STRUCTURE 3 RUNOFF .30 1 2 .16 .0 3.00  24.00 77 8,09 180.62  594.2
STRUCTURE 3 ADDHYD  3.15 1 2 10 .0 300  24.60 .8 7.3 2031 64,4
(SECTION 3 REACH .45 1 2 6 .0 .00 24.00 68 B9TA4Z T8 310 88,6
STRUCTURE 5 RUNDFF .38 1 2 .10 0 300 28,60 .67 I TREY % (R T
STRUCTURE 25 ABDHYD .53 1 2 .10 .6 3.00 2400 .68 S48 32993 93,4
STRUCTURE 24 RUNGFF 1.8 1 2 .10 .0 3.00  24.00 &4 633 47309 2573
STRUCTURE 53 RESVOR 1 P2 W0 300 24,00 &3 720685 1.3 98,51 53.6
STRUCTURE 44  RUNDFF 12 0 .00 300 20.00 L4 8,26 306 2980
STRUCTURE 4 ADDRYD  3.00 & 2 .10 .0 3.00  24.00 .83 829 B3 1263
YSECTION 4 REACH  3.00 & 2 .10 .0 3.00 24,40 63 700368 6.6 IM.B6 1117
JIRUCTURE 5 RUNOFF .99 & 2 .40 .0 3.00 24,00 1 845 14 B
STRUCTURE 5 ADDHYD  3.99 {2 .40 .0 3.00  24.00 I — 6.47  5B0.40  145.4
STRUCTURE 5 RUNOFF .52 1 2 .10 0 3.00 24,00 71 819 850 4017
STRUCTURE 54 RESVOR .52 £ 2 .10 .0  3.00 2600 .71  4903.86  &.77 47,85 92,2
XSECTION 4 REACH S0 2 40 00 300 24,00 gL 700114 6,94 47,51 91,5
STRUCTURE 45 ADBRYD 451 1 2 .10 .0 3.00 24,00 &b 8,49 BI3.9B 1361
STRUCTURE 5 ADDHYD  &.08 1 2 .10 0 300 24.00 .67 £.46  765.48 95,2
YSECTION 5 REACH 804 1 2 .40 .0 3.00  24.00 A7 B90B.22 66T TALZ2 92,2
STRUCTURE & RUNBFF .55 1 2 .19 0 300 24,00 1,35 8.2 399.98  729.9
STRUCTURE & ADDKYD €59 1 2 .10 .0  3.00  24.00 i B.44  9BRLES 114.b
STRUCTURE & RUNDFF .43 £ 2 .10 .0 3.00 2400 78 .16 201,63 472.2
STRUCTURE & ADDHYD 9,00 & 2 .16 .0  3.00 2400 .71 8,37 10BL2L 1200
XSECTION & REACH  9.00 & 2 .10 .0  3.00 24.00 J1 o 8832.63 6,37 10BL21 120.0
STRUCTURE 7 RUNOFF .21 1 2 .10 0 3000 24,00 174 .07 2B7.59 13630
STRUCTURE 7 ADDHYD 9,22 & 2 .06 .0  3.00 24.00 .74 6,29 1206.40  130.8



TR20 Yt@ 11-17-88 1f:47 BLACK SDUIRREL CREEK BASIN - DEVELOPED CONDITIONS W/ 9 PONDS J0B !  SUMMARY
REV PL 09/83(.2) 10 YR & 100 YR 24-HR STORMS  3rd SUBMITTAL PABE 27
SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AWD EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER FERFORHED
{4 STAR(Y) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS} VALUES IWDICATES A FLAT TOP HYDRODGRAPH
A BUESTION MARK(?) INDICATES A HYDROGRAPH WITH PEAK AS LAST POINT.)
SECTION/  STANDARD RAIN ANTEC HAIN PRECIPITATION PEAK DISCHARGE
STRUCTURE  CONTROL  DRAINAGE TARLE MNOIST TIME --- : ---- RUNOFF ---
ID OPERATION  AREA §  COND INCREM BEGIN  AMOUNT DURATION AMOUNT  ELEVATION  TIME RATE RATE
{80 HI} {HR]  {HR) (IN) {HR] (N (FT) {HR} (CFS) {C5H)
ALTERMATE 1 GTORN 1
JRECTION 7 REACH 9.22 1 Z 0 Nl 300 24.00 g8 871N.52 b.08 109L.59 £18.4
STRUCTURE B RUNOFF 10 1 2 0 0 300 24,00 1.74 --- 6,01 150,75 1338.3
STRUCTURE %5 REEVOR .10 1 2 A0 0 .00 24,00 1.74 890581 b.21 b8.04 694, 0
STRUCTURE 8 ADDHYD 3.32 t 2 10 Ri L6 24,00 .73 - .56 1144.30 i22.8
STHUCTURE 8 RUNDFF 12 1 2 A0 .0 3o 4.0 1.74 --- 6,04 175.40 1474.4
STRUCTURE @ ADDHYD .54 i 2 10 0 3.00 25,00 .7 === L] 1167.26 123.7
IEECTIOR 7 REACH T.44 1 2 L0 0 300 25.08 g4 67205 6.73 1140.21 120.8
STRUETURE % RUNOFF ol 1 Z .10 0 3.60  24.00 174 --= 5.03 244,61 1452.7
STRUCTURE 36 RESVOR . i 2 40 N .00 24,00 £.74 650566 6.28 84.91 317.8
YSECTION 12 REACH e i 2 10 0 3.00 24,00 .74 &B01.72 6.44 82,64 a4, 1
STRUCTURE & RUNOFF A0 i 2 A 0 3.00 24,00 1,74 i 6,01 159.61 1326.1
STRUCTURE % ADDHYD ¥ I 2 10 { 3.00 24,00 1.74 - 5.04 189.70 765.2
STRUCTURE 37 RESVDR 27 1 2 0 0 300 24,00 1.74 908,04 6.93 773 28L.4
STRUCTURE 9 ARDHYD 9.71 1 2 J0 .0 300 24,00 79 - 6.7 1209.41 128, 4
STRUCTURE 9 RUKOFF 04 1 2 .10 .0 .00 24.00 1.74 --= 3.9 67,34 1603.3
STRUCTURE % ADBHYD 9,75 i 2 A0 R 3.00  24.00 7 --—= 6.74 1213.91 124.3
STRUCTURE 7  RUNOFF A3 i 2 A A4 3.00 24,00 174 == 6,06 183.B3 1436,3
STRUCTURE 3B RESVOR A3 I 2 A0 0 3.00 24,00 1,78 4906.82 .30 4.1 a78.9
STRUCTURE % ADDHYD 9.88 1 2 .10 .0 .60 24,00 B0 --- 6.72 1274.13 1294
IGECTION B REACH .88 1 2 10 0 3.00 24,00 B0 415,82 b.72 127413 129.0
ETRUCTURE 10 RUNOFF Ab 1 2 .10 .0 .60 24.00 1.74 --- 6.07 215.22 1379.6
STRUCTURE 10 ADDHYD  10.04 ] 2 10 N 3.00 24,00 B2 - 6,71 1297.60 129,3
XSECTION 9 REACH 10.04 1 2 10 A 3.00 24,00 82 B345.2D .84 1282.64 127.8
STRUCTURE 11 RUNDFF 27 I 2 .10 W .00 24.00 1.74 === 6.1 339.49 1248.9
STRUCTURE 11 ADDHYD  10.3 1 2 .10 9 .00 24.00 .84 --- 6.83 1324.53 128.3
STRUCTURE 11 RUMOFF 28 H : .10 A 300 24,00 .74 -—= .08 334,59 1348.2
STRUCTURE 11 ADDHYD 10,57 1 2 10 0 300 24.00 .8h --- 6.82 1357.53 128.4
STRUCTURE 11 RUNDFF 19 ! 2 10 A J.00 24,00 1.19 -=- b.15 148.59 762.0
STRUCTURE 39 RESVOR A9 I 2 10 R 3.00 24,00 1,19 890378 6,52 54,29 278.4
STRUCTURE 11 ADDHYD  10.77 i 2 .10 i 3.00  24.00 87 - 6.81 1405, 50 130.4
XSECTION 10 REACH 10.77 I 2 10 A J.00 24.00 87 682401 7.00 1379.33 128.1
STRUCTURE 12  RUNOFF A4 ! 2 10 .0 300 24,00 .64 --- 6,49 33,38 384,46
STRUCTURE 12 ADDHYD  10.%1 i 2 10 R .00 24,00 87 == 7.00 i3B5.82 127.1
ALTERNATE 1 STORN 2
STRUCTURE 1 RUNDFF 1.44 1 2 10 J §,60 24,00 1,66 -=- 8,26 1204.75 B34.0
STRUCTURE 31 RESVOR 1.4 1 2 10 0 .60 2400 [.65  7112.94 .50 905.81 £28.6



R20 YED 11-i7-B8 11:47 BLACK SOUIRREL CREEK BASIN - DEVELDPED CDEDITIBHS W/ 9 PONDS JOB 1 SUHNARY
REV PC 09/83(.2} 16 YR & 100 YR 24-HR STORMS  3rd SUBKITTAL PAGE 28

SUMMARY TABLE I - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER FERFORHED
(A STAR(}) AFTER THE PEAK DISCHARGE TINE AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH
A BUESTION NARK{?) INDICATES A HYDROBRAPH WITH PEAK AS LAST POINT.)

SECTION/  STANDARD RAIN ANTEC HAIN PRECIPITATION PEAX DISCHARGE
ATRUCTURE  CONTROL  DRAINABE TARLE MOIST TIME -———-----seee- - RUNOFF -
D OFERATION  AREA $  COND INCREM GEEGIN  AMOUNT DURATION AHMOUNT  ELEVATION TIME RATE RATE
{80 KDY [HR}  (HE} (IN) {HR} (IN} {(FT) {HR) {CF5} (CSH)

ALTERNATE 1 sToms 2 Ctoovg)

#SECTION 1 REACH 1.44 1 2 A0 0 460 24.00 1,85 T047.80 6.62 879.80 610.6
STRUCTURE 2 RURDFF 1.40 l 2 10 g 4,60 Z25.00 1.70 --- b.3% 783.09 703.1
STRUCTURE 52 RESVOR 1.40 t 2 A 1 .60 24.00 1.6%  7132.47 b.b7 739.72 228.0
{BECTION 2 REACH 1.40 i 2 A0 0 .60 24,00 1.69  7177.42 &.61 708.05 o05.4
ETRUCTURE 3 ADBDHYD 2,84 f 2 L0 0 4,60 24,00 1.67 -~- 6.72 1430.70 3,2
STRUCTURE 3 RUMOFF 30 i 2 A0 .0 4,60  25.00 .84 --- 6.07 458,76 1309.1
STRUCTURE I ADDHYD 315 i 2 i .0 4,60 24,00 L9 --- 6.72 1476.47 469.3
ISECTION 3 REACH 3.15 1 2 A0 0 L,60 2400 1.6%  69B0.02 .84 1402.29 £43.7
ETRUCTHRE 5 RUWOFF .38 i 2 A0 .0 4.60 25,00 i.68 - b.69 192.2 1293.4
STRUCTURE 25 ADDHYD 3.5 i Z A0 0 60 2400 1.8 --= b.Bh 144983 §15,1
STRUCTHRE 24 RUNOFF 1,84 H 2 10 0 §,60 24,00 1.62 - 4.29 1421.39 172.9
STRUCTURE 53 RESVOR t.84 1 2 10 .0 4.60 24,00 1,60 7212.,3% 6.04 1084.93 390.0
STRUCTURE 44 RUNOFF 116 i Z 10 0 5,60 24.00 1.62 - 6.22 1029.34 BeR.1
STRUCTURE 4 ADDHYD 3.40 1 Z .10 R 4,60 24.00 1.81 --- 6,50 1640.867 47.3
IRECTION 4 REACH 3.00 1 2 10 Nl .60 24.00 1.1 7008.52 6,69 1343.53 448.8
STRUCTURE 5 RUNOFF 99 i 2 10 0 .60 24.00 .74 - b.41 703.88 708.1
STRUCTURE 5 ADDHYD 3.99 1 2 10 Rt 4.60  24.00 1.64 --- b.63 170%.34 478.3
STRUCTURE 5 RUNDFF L52 { 2 10 0 4,60 24.00 1.74 --- b.1b 373,37 1108.46
STRUCTIRE 54 RESVOR 52 1 2 .10 0 4,60 24.00 .74 690773 6,35 388.09 748.7
FSECTION 4 REACH 32 1 2 10 0 4,60 24,00 .73 7004,01 6,48 386,66 745.0
STRUCTURE 45 ADIHYD 5,51 { Z 10 N .60 24.00 1.63 --- 6.58 2202.4 488.2
STRUCTURE T ADDHYD B.04 i} 2 10 9 §.60  24.00 1.67 — 5,76 3327.89 §14.1
ISECTION 5 REACH B.04 1 2 10 0 4,60 24,00 §.67  &%12.15 .89 3268.38 406.7
STRUCTURE & RUNOFF V3 I 2 10 R .60 24,00 2,69 === 8.22 843.74 1339.7
STRUCTURE & ADDHYD 8,59 { 2 0 A .60 28.00 1.73 - 6.87 3467.32 403.9
STRUCTHRE & RUNOFF 43 t 2 A0 0 4,60 24.00 1.85 --- .13 135.93 1253.4
STRUCTURE & ADDHYD 7.04 { 2 A0 .0 .60 24.00 .74 --= 6.87 3936.11 392.4
ISECTION & REACH 9.01 i 2 .10 .0 .60 24,00 1,74 834,72 6.87 3536.11 392.4
STRUCTURE 7 RUNOFF 21 i 2 10 .0 4,60 24,00 319 — .08 531.83 2920.5
STRUCTURE 7 ADDHYD 9.2 1 2 10 .0 .60 24,00 1.77 - .86 3577.29 387.9
YSECTION 7 REACH 9.22 i 2 .10 0 4,60 24,00 .77 §722.42 7.00 N9 380.3
STRUCTURE 8 RUNOFF 10 [} Z .10 R 4,60 24,00 3.20 - 9.99 275,01 2806.2
STRUCTURE 33 RESVOR .10 i 2 10 .0 4,60 2400 .19 £910.08 b.22 91,89 %37.6
STRUCTURE 8 ADDHYD .32 1 2 10 J 4,60 24,09 1.78 - 71.00 3578.04 381.9
STRUCTURE 8 RUNDFF 12 1 2 10 .0 460 24,00 3.20 - 6.02 321.44 2701.2
STRUCTURE 8 ADDHYD F.44 1 2 10 9 4,60 24.00 1.80 == 7.00 3397.40 381.1



K20 YED 11-17-BB 11:47 BLACK SQUIRREL CREEK BASIN - DEVELOPED CONDITIONS W/ 9 PONDS J0B 1
REY PC 09/83(.2) 10 YR & 100 YR Z4-HR STORMS  3Ird SUBNITTAL

SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE DRDER PERFORMED
{A STAR(Y) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS] VALUES INDICATES A FLAT TOF HYDROGRAPH
A BUESTION HARK(?} INDICATES A HYDROGRAPH WITH FEAK AS LAST POINT.)

SUNKARY
PABE 29

RATE

ECTIOR/  STANDARD RAIN ANTEC HAIN FRECIPITATION PEAK DISCHARGE
STRUCTURE  CONTRGL  DRARINABE TABLE MOIST TIME - RUNGFF - meme e
1D OPERATIOR  AREA §  COND [HCREX BEGIN  AMOUNT DURATION AHOUNT  ELEVATION TIHE RATE
{50 HI} {HR)}  (HR) {IN) (HR) (1K) (FT) {HR) {CFB}

ALTERNATE | G¥0RH 2

YGECTIBN 7 REACH ?.44 1 2 A0 R 4060 24,00 1.80 872205 7.12 3575.59
STRUCTURE §  RUNOFF St i 2 10 0 L.50 24,00 3.2 - 6.01 £48.07
ETRUCTURE 36 RESVOR b i 2 .10 0 4,60 24.00 3.1% 6%10.20 6.24 183,063
ISECTION 12 ReACH 16 1 2 A0 .0 .50 24.00 3.19 46802.29 8,37 189.51

TRUCTURE § RUNOFF A0 1 2 .10 R 4,60 24,00 3.20 - 6,00 291.481
STRUCTURE 9 ADDHYD 27 ! 2 A0 0 580 24,00 3.19 - b.04 338,14
ETRUCTURE 57 RESVGR .27 1 2 10 N 4.60  24.00 .19 6907.3) 6.22 284.81
STRUCTURE 9 ADDHYD 9.71 1 2 0 0 860 24.00 t.84 --- 7.12 3656.03
STRUCTURE 9 RUNOFF 04 1 2 A0 .0 4,60 24,00 3.20 - 3.98 22.11
STRUCTURE ¢ ADDHYD 9.73 ! Z A9 0 4,60 24,00 1.85 === 7.1 3761.98
ETRUCTURE 9 RUNDFF A3 { Z A0 .0 .60 24,00 3,19 --- b.04 332.94
STRUCTURE 5B RESVOR 13 i 2 10 0 4.60 24,00 3.48 49110 6.29 148.14
STRECTURE 9 ADDHYD 9.68 1 2 40 0 .60 24.00 i.B6 --= 7.11 778,76
XGEETION 8 REACH 7.80 L 2 10 N} 4,60 24.00 1,66 bA17.79 7.1 3778.76
STRUCTURE 10 RUNOFF Jb { 2 10 0 .60 24.00 3.19 --= b.06 347,37
STRUCTURE {0 ADDHYD  10.04 { 2 J R 4,60 Z24.00 1,88 -—- 7.1 3803.30
ISECTION 9 FREACH 10.04 ! 2 .10 .0 4,60 24.00 1.8 &56B.47 71.23 Jag.09
STRUCTURE 11 RUNOFF 27 i 2 0 .0 4,60  Z24.00 3.19 -- 6.10 635,09
STRUCTURE ii ADDHYD 10,31 { 2 10 0 4,60 24,00 1.92 - 1.22 3829.45
STRUCTHRE 11 RUNOFF 26 1 2 10 0 4,60 24.00 .19 --- b.07 636,65
STRUCTHRE £f ADDHYD  10.%57 I 2 A0 N 4,60 24,00 1.95 -—- 1.22 3Bbb. 53
STRUCTURE i1 RUNDFF 19 f 2 J0 R .60 24,00 2.4 === 6.13 326.81
STRUCTURE 5% RESVOR 19 1 2 0 0 4,60 Z4.00 2,46 907,40 6.53 106,03
STRUCTURE {1 ADDHYD  10.77 i 2 10 0 §.60 25,00 1.9 --- A 3%32,51
ISECTION 10 REACH 10.77 i 2 J0 A .60 24,00 1.9 &527.84 7,35 919,12
STRUCTURE 12 RUNOFF A4 l 2 10 .0 §.60  24.00 1,82 e b.12 161.2%

STRUCTURE 12 ADDRYD  10.91 i 2 .10 0 460  24.00 1.95 - 7,33 3931.01

(CSH}

378.8
21381
i118.0
1034.2
2777.3

1331.4
1038.8
380.7
2907.4
3.

2601.1
1157.3
382.5
382.5
20472

379.0
377.9
2334.9
LG
24956.8

3b5.8
1676.0
343.7
367.2
364.1

1120.1
360.3



TR20 XEB 11-17-B8 11:47 BLACK SOUIRREL CREEX BASIN - DEVELOPED CONDITIONS W/ 9 PONDS J08 1 SUMNARY
REV PC 09/83(.2) 10 YR E 100 YR 24-HR STORMS  3rd SUBMITTAL PABE 30

SUMHARY TABLE 2 - SELECTED MDDIFIED ATT-KIN REACH ROUTINGS IN ORDER OF STANDARD EXECUTIVE CONTROL INSTRUCTIONS
(4 STAR{¥) AFTER VOLUME ABOVE BASE(IN) INDICATES A HYDROGRAPH TRUNCATED AT A VALUE EXCEEDING BASE + 10% OF PEAK
A DUESTION MARK{?)} AFTER COEFF.(C) INDICATES FARAHETERS fUTSIDE ACCEPTABLE LIMITS, SEE PREVIDUS WARNINGS)

HYDROGRAPH INFORNATION ROUTING PARAMETERS PEAK
OUTFLOW+ VOLUME MAIN ITER- @ AND A PEAK  &£/0 ATT- TRAVEL TIME
XSEC REACH INFLOW OUTFLOW INTERV.AREA BASE- ABOVE TIME ARTION _EBUATION LENGTH RATID @PEAK KiN GTOR- KINE-
ID LENGTH PEAK TINE PEAK TFIME PEAK TIHE FLOW  BASE INCR % CDLFF POWER FACTOR 0/} (K] COEFF AGE HATIC
{FT} (CF8} (HR) (CFS} (HR} (CFE} (HR) (CFS) {IN] (HR) (X} ¥y (K&l (Gt} {SEC) (C) (HR) [HR)

ALTERWATE 1 GTORE 4

1 2200 9% 7.4 98 7.2 - - 0 b6 W10 1 185 L4 L0022 L0000 212,927 L1G L08
2 3000 93 1.4 CET I S 0 L8 100 1 2,261,240 .02 5% 53 LM 0 LIS
3 3400 203 7.4 23 1.§ - --- g £8 0 L1001 L99 L.4B 0 002 1000 280 827 .16 .07
§ 8300 63 3By by e - g L3 100 1 204 147 019 B8] §82 LM 2 1D
4 3000 8 5.8 7 69 - - 0 JUo0 1 2.4 1,45 L0060 992 3 66 100 10
3 5000 H R e sT - - [ &7 L1001 LBB3 LA 008 967 479 .5 L2000 13
b 400 1079 &4 1079 b4 - - 0 gL W10 00 2,30 130 001 1,066 87 1.007 .00 .00
73860 1206 63 1091 b - =-- 0 o7 001 8B LR W0e V904 602 43 L300 LB
7 2500 1162 6.5 1138 6.7 --- - a Jeo L1 1 J0Bf L6 007 980 423 .60 20 .12
£2 3300 83 6.3 82 4 - - 0 L7410 1 2,B21.3% 024 (968 362 b6 L1010
B 3 1273 &7 1213 67 - - 9 8 .10 0 224 1,31 .001 1000 1101007 .00 .0
9 4700 1297 6.7 1280 69 - - | A2 W10 1 1,58 LL3B L00F J9B7 3&3 697 200 LI
10 4900 1305 &8 1379 6 - --- g A7 W10 486 1.10 027 9B 837 .30 .20 LIS
ALTERRARTE 1 STORH 2
i Z2z00 %06 6.5 876 b6 - - 9 169 10 1 2,95 1,20 .027 967 245 ,BO? L1007
2 3000 3 6.7 07 68 - - 0 L4 10 1§63 020 L2 302 .77 .10 .08
3 OM00 1471 &7 1393 b9 - - 0 .49 10 1 242124 023 %47 3 .11 @0 .09
4§ BNOC 1680 &5 15 6T - - { Lt 10 2 236125 .0BY .B200 78R 3T 20 .22
4 3000 379 6.4 i &y - - 0 .24 10t 2.04 147 012 999 BB .987 .10 .05
3 W00 3308 6.8 3B HF - --- 0 .47 10 t 920 1,43 014 988 324 71?7 .10 09
& 24060 3325 4.9 3525 A9 - - 0 J00 0 2,73 L4h 001 LL000 62 1,007 .60 .00
703900 3363 6.9 IR0T 7.0 -ee - 0 001 0Bs 1.4 012 984 830 5% L1000 .12
7200 3597 7.0 W74 eem ee- 0 Q001 086 1,64 003 993 273 797 .10 0B
12 3300 179 6.2 7 64 - - 0 . Jd¢ 1 2.B4 L34 023 937 301757 .20 .08
8 350 378 7.4 IO ee- - 0 .86 0 0 2.631.47 001 1.000 Bl 1.007 .00 .00
§ 4700 3803 7.1 I784 7.2 --- ee- 0 t.88 .16 1 L.57 1,38 .00B .99% 284 837 .10 .07
16 4%00 3982 7.2 WW 1.3 e - 0 A1 L501.32 .04 .98 37 .60 L B0 10



TR20 XE@ 11-17-B8 11:47
REV PC 09/83(.2)

SUNMARY TABLE 3 - DISCHARGE (CFS} AT XSECTIONS AND STRUCTURES FOR ALL STORWS AND ALTERNRIES

ISECTIDNR/ DRAINAGE

STRUCTURE AREA
1D {58 EI)

STRUCTURE 59 49

ALTERNATE 1

STRUCTURE 358 .13

ALTERNATE 1

SYRUCTURE 57 .27

ALTERNATE 1

STRUCTURE 56 i

ALTERRATE 1

STRUCTURE 53 10

ALTERNATE 1

STRUCTURE 54 32

ALTERNRTE 1

STRUCTURE 53 i.84

ALTERMATE 1

STRUCTURE 52 1.40

ALTERRRTE 1

STRUCTURE 51 1.44

ALTERNATE |

BTRUCTURE 45 4,51

ALTERNATE 1

STRUCTURE 44 1.16

ALTERNATE

STRUCTURE 23 3.53

ALTERRATE |

STRUCTURE 24 1.B4

ALTERRATE 1

STRUCTURE 12 18.91

ALTERNATE 1

BLACK SGUIRREL CREEK BASIN - DEVELOPED CONDITIONS W/ % PONDS
10 YR & 100 YR 24-HR STORMS

STORN HUKHERS......... .
t - 2
_lﬁiﬂ jo0-wR
34.29  106.03
7411 148,14
75,73
g4.91
6R. 04
47.8%  388.59
78.51  10B4.%3
9L.04  739.72
98.08  %05.B1
£13.98  2202.41
343,06  1029.34
329.93  1449.65
473.09  1421.39
1386.82 3931.01

3rd SUBMITTAL

Powb a3

.80 Pod

183,03 Powp =)

91,89 Pomo Y

J0B |

SUMMARY
FRBE 31



‘R20 XEQ@ 11-17-88 11:47
REV PC 09/83(.2)

SUMMARY TRBLE 3 - DISCHQREE.(CFS) AT XGECTIONS AND STRUCTURES FDR ALL STORMS AND ALTERNATES

~SECTION/ DRATNAGE
STRUCTURE AREA
11 {80 MI}
STRUCTURE 11 10.77
ALTERMATE |
STRUCTHRE 14 10.04
ALTERNATE |
ETRUCTURE 9 .08
ALTERNATE |
STRUCTURE 8 9.44
ALTERRATE 1
STRUCTURE 7 3.22
ALTERRATE 1
STRUCTURE & 2.41
ALTERNATE 1
STRUCTURE 3 8.04
ALTERNATE 1
STRUCTURE 4 3.00
ALTERRATE |
BTRUCTURE 3 3.13
RLTERNATE 1
STRUCTURE 2 i.490
ALTERNATE 1
STRHCTURE | £.44
ALTERNATE |
ISECTION 1.44
ALTERNATE |
XSECTION 2 1.4
ALTERNATE |
XSECTION 3 3,15
ALTERNATE 1

BLACK SOUIRREL CREEK BARIN - DEVELOPED COWDITIONG W/ 9 PONDS
[0 YR & 100 YR 24-HR STORKHS

5TORM HUMBERS..........

i
J6-4R

2
ypo-%R

1405.50
129740
1274.13
1167.26
1205.40
1681.21
765,48
378.73
203,14
33%.72
405.9;
98.06
94.546

203.10

L)
-~
n
[ %]
_r
—

3803.30

3778.76

3577.29

303611

3327.83

1640.67

1476.47

85,09

1204,75

B879.80

708,08

1402.29

3rd GUBMITTAL

J0E 1

SUNRARY

FABE

T
L



R20 YE@ $11-17-88 11:47
REV PC 09/83(.2)

SUMMARY TABLE 3 - DISCHARGE {CFS} AT XSECTIONS AND STRUCTURES FOR ALL STORMS AND ALTERNATES

_SECTION/ DRAIKAGE
STRUCTURE AREA
1D (58 KI)
ISECTION 4 52
ALTERNATE 1
YSECTION & 8,08
ALTERNATE 1
YSECTION & 9,61
ALTERNATE 1
ISECTION 7 7,44

ALTERNATE 1

ISECTIPN 8 .88

ALTERNATE 1

ISECTIEON 9 10.04

ALTERNATE 1

RSECTIBN 10 10,77

ALTERNATE !

I5ECTIGN 12 15

ALTERNATE

BLACK SDUIRREL CREEK BASIN - DEVELDPED CONDITIGNS ¥/ 9 PONDS
1 ¥R & 166 YR 24-HR STORNS

STORK NUMBERS..........

i

Jo-%%

47,51

1140.21

1379.33

82,66

3268.34

3036, 11

3778.74

378B.0%

3919.42

i69.61

3rd SUBKITTAL

J0B 1

SUHKARY
PABE 33



TR26 YEB 03-30-88 1f:19 BLACK SQUIRREL CREEE BASIN - FRESENT CONDITIONS 108 1 SUHHARY
REV FC 49/83(.2) [0 YEAR AND 100 YEAR, 2-HOUR STORKS ANC-]I _ FAGE 11

SUMMARY TABLE 1 - SELECTED RESULTS GF STANDARD AND EXECUTIVE CONTROL INSTRUCTICNS IR THE ORDER PERFORKED
{h STAR(L) AFTER THE PEAK DISCHARGE TIME AND RATE {CFS} VALUES INDILATES A FLAT 70P HYDROGRAFH
A BUESTION MARK(?) INBICATES A HYGRDSRAFH WITH PEAK AS LAST FOINT.)

SECTION/  STANDARD RAIN ANTEC HAIN PRECIPITATION FEAK DISCHARGE
STRUCTURE  CONTROL  DRAINABE TABLE HDIST TIME  --==---=-m-m-mceeemmmmne- RUNOFF  —-mmmmmmmomooem s cmsmmm e o
i OPERATION  AREA &  COND INCREK BEGIN  AMOUNT DURATION AMOUKT  ELEVATION TINE RATE RATE
(50 K1) (HR} (HR}  (IN) (KR} (IR} {FT} {HR) (CFS) {CSH)

BLTERNATE 1 GTORM 1

STRUCTURE 1 HRUNDFF 32 9 2 03 { 1.%7 2.00 10 - 1.49 i7.48 53,6
JSECTION 1 REACH 32 2 2 RiH] q 1.97 2.00 A8 7379.63 203 i, 3% 8.0
STRHETURE 2 RUNOFF B8 % i 03 i 1.97 2.00 12 === 1.49 38,97 S8.EB
STRUETURE 2 ADDHYD L.06 § Z 03 0 £.97 2.00 11 === 1,34 a3.48 33.2
XSECTIOR 2 REATH 1.0 7 2 Mty 0 1.%7 2,00 A1 720,00 Z.13 alBa 3.4
STRUCTURE 4 RUNOFF R.¥4 g 2 .09 0 1.97 2,00 13 - i.47 39.33 3.8
EYRUCTURE 4 ADDHYD 1.42 3 2 .03 0 1,97 2,00 .12 oo 2.01 Bb.G5 3.8
ETRUCTURE 3 RUNDFF 1 7 2 03 .0 1.7 2.00 12 — .39 35,00 .2
ESECTION 3 REACH 98 g 2 03 0 1.97 2.00 g2 TIFRG 2.8 4.2 3.1
STRUCTHRE 4 RUNOFF .33 g Z 3 { 1.8 2.00 A --- 1.53 33.25 82.8
STRUCTURE 4 ADQHYD 1.4% ki Z .43 .0 1.97 2.0¢ .12 — 2,06 7162 820
STRUCTURE 4 AIBHYD 3.12 v 2 05 0 1.57 2,00 A2 --- .03 163.57 82,9
¥SECTION 4 REACH 3.12 ¥ 2 Nk .0 .97 2,06 A2 #975.E0 2.11 162,92 5.1
STRUCTURE & RIUNOFF 38 2 p) .05 .4 1.97 2.00 14 - 1.50 . 28T 87.1
ETRUCTURE & ADDRYD 3.50 g 2 L5 N 157 2.06 12 === Z.08 164,89 22,8
STRUCTURE & RUNOFF 3.3 3 2 Rik] 0 1.97 2.0 1 - 2.03 167,53 30,7
ISEETION 5 REACH 3.3 g 2 R 0 £.97 2.00 A1 7002.42 2.2 160,13 0.0
STRUCTURE & RUNGFF 1,23 9 2 03 ] 1.97 2.00 A3 - 1,89 79.74 64.6
STRUCTURE & ADDHYD 4,54 9 2 035 ] 1,97 2.00 11 === 2.06 236,61 22,1
STRUCTURE & ARDDHYD B.04 7 2 35 g 1.97 2.00 A2 === 2,07 §21.36 224
IGECTION & REACH 8.04 9 2 J3 A 1,97 2,00 A7 890934 2.2} 410,96 Ll
STRUCTURE 7 RUNGFF 94 9 2 03 J 1.97 2.00 1B -~ 1,43 Gt.%4 87.3
STRUCTURE 7 ADDHYD 8,98 g Z A3 N ( 1,97 2,00 A2 - a1 470,11 5.4
ISECTION 7 REACH B.9%8 9 Z R N ( .97 2.00 42 803802 .19 433.28 5.5
ETRUCTURE 8 RUROFF .87 § Z 05 .0 1.97 2,00 .2 - 1.42 84,45 97.3
STRUCTURE @ ADDHYD .04 & 2 .05 0 1.%7 2,00 A3 - 2.16 §9%.66 o.8
XSECTION 8 REACH .54 § 2 .05 N 2,00 A3 6719.91 2.88 422,37 §2.9
STRUCTURE 9 RUNDFF 93 9 2 .05 .0 &7 2.00 19 - 1.47 80.% 87.3
STRUCTURE 9 ADBHYD 10,77 ¥ 2 .05 0 ) 2.00 .14 == 2,60 429.82 19,9
KSECTION 9 REACH 10.77 ¥ 2 .08 0 1.97 2.90 A4 6563.83 2.78 423.40 39,3
STRUCTURE 10 RUNOFF ST b 2 08 0 1.97 2.00 A8 == 1.40 3.3 92.5
STRUCTURE 10 ADDHYD 10,91 7 Z .03 o] 1,97 2.00 .14 e Z.78 423.58 38.8



TRZ0 %L@ G3-30-38 [1:1% BLACK SGUIRREL CREEK EAGIN - FRESENT CONDITIONS J0B 1  GUMHARY
REV PC 09/83(.2) {0t YEAR AND 100 YEAR, 2-HOUR STORMS AMC-II FAGE 12

SUMMARY TASLE 1 - SELECTED RESULTS OF STANRARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE CRDER PERFORHED
{ik STAR(X) AFTER THE PEAK DISCHARSE TIHE AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAFH
& BUESTION MARK(?} INDICRTES A HYDRDGRAPH RITH PEAK AS LAST POINT.)

SECTIOR/  STANDARED RAIN ANTEC KATN PRECIPITATION FEAK DISCHARGE
STRUCTURE  CONTROL  DRAINAGE TABLE MOIST TIME -- L
i OFERATION  ARER  §  COND INCREH BEGIN  AMOUNT DURATIDN AMDUNT  ELEVATION TIME RATE RATE
(52 KI) (HR) (HRY  (IND (HR)  (IN) (FT}  (HR) (CF8)  (CSK)

ALTERKATE 1 GTORH 2

ETRUCTURE 1 RUNDFF 32 8 Z LG8 R 2.8 2.6 28 - 92 B4. 40 260.3
YEECTION | RERCH Y ] 2 03 0 .89 2,00 39 7380.08 1.2 72,42 22,
ETRUCTURE 2 RUMCFF .68 g 2 03 . 2,09 2.00 44 --- 1.07 160,97 2bb.8
STRUCTURE 2 ADDHYD 1,00 8 2 Nis] 4 2.8 2,00 A2 - 143 249.02 247.8
JEECTION 2 REACH 1,08 g 2 L3 .0 2.89 2,00 oA 1286.78 1,38 228,23 2231
STRUCTURE 4 RUNOFF 42 8 Z Bt A 2.89 2.00 b . 1,02 175,68 283.9
STRUCTURE 4  ADOHYD 1.62 B 2 .08 .0 2,89 2,00 A4 - 1.25 376,32 317
STRUCTURE 3 RUNDFF -9b g 2 03 .0 2.89 2,00 A3 -=- 1.17 248.27 2581
YSEETION 3 REACH 6 g 2 .05 0 2,89 2,40 A3 TiTh.NY 1.50 157,25 205,90
STRUCTURE & RUKOFF 53 & Z 03 0 2.89 2,00 Wb —-- 1.1l i45.79 2755
ETRUCTURE 4 ADDHYD t.49 ] 2 N 0 2.89 2.40 JG3 - 1.33 315,08 2119
STRUCTURE 4 ARBHYD 312 B 2 .03 A 2.69 2.40 .44 - 1.28 687,72 220.4
ICECTION 4 RERCH 302 & i .43 R .89 2.00 A4 BRTILER 1,36 57997 2iB.¢
STRECTURE & RUNDFF 38 g 2 Nik] .0 2.89% 2.00 .48 - Lo 289.9
ETRUCTURE & ADDHYD 3,90 B Z 08 M 2.89% 2.04 A3 - 1.3 771,58 220,35
STRUCTURE 5 RUNOFF 3.3 B 2 Rik] J 2.89% 2.00 A === 1.30 130,73 221.1
EEECTION 5 HEACH 3,31 B 2 ik 0 2.89 2.0 Al 6623 .4 bBB. b4 208.4
STRUCTURE & RURDFF 1.23 8 2 Ri}] 0 2.89 2,00 A7 === 14 344,14 218.9
STRUCTHRE & ADDHYD 4,54 f 2 .03 .0 2.89 2,00 A3 - 1.8 758,84 213.4
STRUCTHRE & ADDHYD .04 B 2 03 ny 2.89 2.00 44 - 1,36 1738.91 216.3
ESECTION & REACH 8,04 8 2 A3 .0 2.8 2,00 A4 671276 %)) 16B0.43 205.0
STRUCTURE 7 RUNOFF WG4 B 2 03 ay 2.89 2,00 .07 i 1,400 336,17 358.0
ETRUCTURE 7 ADDHYD .58 # 2 13 Rt 2:89 2,00 A9 --- 1.4b 1881.75 2096
ESECTION 7 REACH .98 B 2 BIK] 0 2.89 2.00 AL BBALL4b 1.73 1691.95 i88.3
STRUCTURE 8 FRUNDFF 87 8 2 03 R 2.89 2.00 o1 - 54 M7.24 §01.0
STRUCTURE 8 ADDHYD .84 B 2 03 0 2.89 2.00 A7 - 1.7 1813.27 184.,2
¥SECTION 8 REACH 7.84 B 2 N(5] 4 2.89 2.00 AT E720.64 1.94 1729.18 175.7
STRUCTURE 9 RUNOFF 3 8 Z 03 0 2.8% .00 37 === 1.01 329.42 301
STRUCTURE 9 ADDHYD  10.77 | 2 05 Ry 2.89 2,00 .47 -=- 1,53 1843.69 i71.2
XSECTION 9 REACH 10.77 8 2 .05 0 2.89 z.00 47 656,13 2,04 1830.36 170.0
ETRUCTURE 10 RUNCFF A4 B 2 A3 J 2.89 2.00 .08 --- 50 06,33 394.2
STRUCTURE 10 ADDHYD 10,94 8 2 Rk 0 2.89 2.00 A48 - 2,04 1846.78 169.2



TR20 YEQ 03-30-88 (1:19 BLACK SOUIRKEL CREEK BASIN - PRESEMT CONDITIONS J0B 1 SUKNARY
REV FC 09/83(.2) i0 YEAR AND 100 YEAR, 2-HOUR STORRS AHC-II PRBE 13

SUMMARY TABLE 2 - SELECTED MODIFIED ATT-KIN REACH ROUTINGS IN ORDER OF STANDARD EXECUTIVE CONWTROL IKGTRUCTIONS
{h STHER{4} AFTER VOLUME AEOVE BASE{IN) IHDICATES A HYDROGRAPH TRUNCATED AT R VALUE EXCEEEING BASE + 1C) OF PEAK
& DUESTION MARK(Y) AFTER COEFF.(C) INDICATES PARAMETERS QUTBIDE ACCEPTABLE LIKiiG, SEE PREVIOUS WARNINGS)

HYDROGRAPH INFORMATION ROUTING PARAKETERS FERK
QUTFLOK+ VOLUKE MAIN ITER- @ ARD A PERE  §/R  ATT- TRAVEL TIME
YSEC REACH INFLOE CUTFLOH INTERV,ARER BASE- ABOVE TIME ATION _EQUATION LENGTH RATIG @PLAK ¥IN GSTOR- KIKE-
Il LEMGTH PERK TIME PEAK TIRE PEAK TIWE FLOW  DBASE INCR &  COEFF POMZR FACTOR D/I (K] COEFF AGE MATIC
{FTy  {CFB] (HR)  (CFB) ({RR)  (CFS] (KR} (LFE} (IN)  (HR) (X} (W) iEY) iGt)  (BEC) (C) {HR) (R}
ALTERRATE 1 STORM 1
1 4000 17 1.4 w2t - - ] 6 .ed 0 B2 Let Lzl 8920 1087 16 6F 2B
Z 500 EN ]2 - - 0 A1 A% 1 408 1,2 180 .50 L0 L6 A0 78
3 8s00 L I 4 2 - - 0 Az .08 1 201,24 35F 0 .BeL 1702 100 80 4B
4 330 W 2.4 62 21 - - G 12 . 1 591145 .02 9% 266 01 08 0T
3 &0 7 1.4 3 2,2 =me e 0 o1 05 L R0 1470 L0710 938 M6 .28 10 DD
o 5100 421 2.0 411 2.2 - --- 0 12 A5 1 448113 0% 76 FI A 0D LG
Foo6600 §70 2.4 45 2.3 === ee- ¢ 7008 1 4,581,220 096 LReA kG5 L2420 19
B 7900 500 2.2 22 2.7 = ee- 0 A3 .08 7 1% LEE LB B4R LFAG N DN
§ 3000 5t 2.6 2y 2.8 -— - 9 ST S T 0 % AT - L I s s | Y £
ALTERRATE | ETORH 2
14000 g . 2 T 0 A 08 2 LS LY L2 88 B X LB
Z AW 49 1.4 48 - - | A7 61 2,081,260 L1861 000 738 .22 Ay L2
3 8400 M8 1. 197 1.3 - ee- g A% .05 1 204 126 L300 .79% 1238 14 3R 3D
4 33060 687 1.3 79 14 e - g 440,03 L 2,36 1.3F .03 .988 253 L2 10 47
3 700 FASD S 8 Ly e e 0 ) B 1 0 3 RN ¢ I £} 27 .2 eI
& 510 1738 1.4 10 L3 --- --- 0 A4 .08 1 L.2B L2100 L06% LB6F 0 A2 L300 W1D L2
TooBb00  1BBI 1.3 91 1.8 - - 0 45 .08 1 RSB LAO0 LEFY 0 LBFY E9B 1B 30 DD
g 7900 1813 1.7 1729 2.6 - --- U 47 T I | LB L6 074 94 T 12 .2 LN
7 3000 1863 2.0 B30 2.0 - - ¢ A7 00 1 LB L8 026 L9930 330 41 L1009



TR20 JEB 03-30-BE 11:19
REV FC 09/83(.2)

SUMMARY TAELE 3 - DISCHARSE {CFS) AT YSECTIONS AND STRUCTURES FOR ALL STORKS AKD ALTERRATES

XSECTION/ [IRAINAGE
STRUCTURE AREA
1D {50 K1}

STRUCTURE 10 16,94

ALTERKATE 1

STRUCTURE 9 16,77
LTERRATE 1
STRUCTURE 8 .84
ALTERHATE 1
STRUCTURE 7 .78
ALTERNATE 1
STRUCTURE & g.04
ALTERRATE 1
STRUCTURE 3 3,31
ALTERNATE 1
STRUCTURE & 3,12
ALTERNRTE 1
ETRUCTURE 3 .96
ALTERRRTE 1
BTRUCTURE 2 1,00
ALTERNATE 1
STRUCTURE 1 32
ALTERNATE |
XSECTION § .32

ALTERNRTE

ISECTION 2 1,04

ALTERNATE |

ISEETION 3 96

ALTERNATE |

YSECTION 4 3.12

ALTERNATE |

RLACK SOUIRREL CREEK HASIN - FRESENY CONDITIONS
10 YEAR AND 100 YEAR, Z-HOUR STORMS AMC-II

ETORK NUMBERS..........
i 2

) O-%E, loe-vE
473,58 1B46.7B
29,82 LB4%.A9
49966 1B13.27
470,11 1881.73
421,36 1738.97
167,53 730,73
163,97 687.72
96,00 248,27
53,48 249.02
17.48 B4.60
13,59 72.42
30.85 224,23
48.20 197,23
162,52  &£19.97

R |

SUNKRRY
PAGE 14



TR20 XEB 03-30-88 11:19 BLACK SOUIRREL CREEK HASIN - FRESENT CONDITIONS
REY PC 09/83(.2] 10 YEAR AND £00 YEAR, 2-HOUR STORMS AHC-i1

SUMM&RY TAELE 3 - DISCHARBE (CFS) AT XSECTIONS AND STRUCTURES FOR ALL STORMS AND ALTERNATES

XSECTION/ DRAINAGE
ETRUCTURE AREA STORYM NUMBERS..........

I {50 K1) ! 2

lo-% 100-1E

ISECTION % 3.3

ALTERNRTE 1 165,13 6BB.&4
ISECTION & .04

BLTERNATE 1 410,98 15680.43
JEECTION 7 g8.98

ALTERNARTE 1 453,28 1401.93%
ISECTION 8 9.84

HLTERMATE 1 422,37 1729.1%
JEECTION 9 10.77

RLTERNATE I 42340 1BILLIS

HAIR - UNEXFECTED RECORD FOURD{1SKDRED) »:>BOTTOM

HE 1

SUKHARY

PAGE

{9



'R20 XEO 11-17-8B 12:22 BLACK SOUIRREL CREER EASIN - PRESENT CONBITIONS JO0B {  SUNHARY
REV PC 09/83(.2) £0 YEAR AND 100 YEAR STORMS PABE 20

SUMMARY TABLE | - SELECTED REGULTS OF STANGARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER FERFORMED
{R GTAR(f) AFTER THE PEAK DISCHARGE TIME AND RATE (LFS) VALUES INDICATES A FLAT TOP HYDROGRAPH
& BUESTIDN HARK{?) INDICATES A HYDRDGRAPH WITH PEAK AS LAST POINT.)

SECTION/  STARDARD RAIN ANTEC HAIN PRECIPITATION PERK DISCHARGE
;TRUCTURE  CONTROL  DRAINABE TABLE MDIST TIME -------m--mmmommmmmmee- RUNDFF - ----
iD OFERATION  AREA §  COND INCREX EEGIN  AMOUNT DURATION AMGUNT  ELEVATION TIME RATE RATE
(50 M) (HR}  (HR) {IN) (HR) (1K) {FT) (HR) (CF5} (C3H)

ALTERRATE § G70RM |

FTRUCTURE 1 RUNOFF 32 b 2 A 0 .00 24,00 A4 --- 6.13 83.91 204.3
{SECTION 1 REACH 32 1 i 10 <0 .00 24,00 AF 0 737991 .44 30.94 156.7
STRUCTURE 2 RUROFF BB 1 2 .10 0 .00 24,00 .48 --- .21 158,76 2353
ETRUCTURE 2 ADDHYD L.00 1 2 i 0 300 24,40 47 --= 6.23 tB1.54 i80.4
{BECTION 2 REACH 1.0 i Z A0 ] 00 4,00 AT T250.48 6.30 140.08 139.4
STRUCTURE 4 RUNOFF .62 1 y: 10 0 3000 24,00 11 --- .20 139,13 237.1
STRUCTURE 264 ADDHYD 1.62 1 2 A0 .0 3.00 24,00 A8 --- .30 280,43 148.¢0
JTRUCTURE 3 RUNOFF .G i 2 0 .0 3.00 0 28,00 .49 - 6.28 193,55 201.2
ESECTION 3 REACH B 1 2 .10 .8 oo ZA.o0 A7 7176.00 b.69 124,30 9.2
TTRUCTURE 4 RUNOFF 33 i 2 10 0 300 24,00 L — .23 125,63 2386
STRUCTURE 44 ADDHYD 1.4 H 2 Ly -0 300 2400 (] --- 6.54 175.41 117.5
STRUCTURE 4 ADDHYD 312 1 2 A0 0 500 24,00 Y — .34 404,31 129.8
(SECTION 4 REACH 312 i Z .10 .0 .00 24,00 AT B975.60 b.43 400,564 128.5
JTRUCTURE & RUNOFF 3 i 2 10 .0 .00 24.00 33 --= .22 96,63 204.3
STRUCTURE 26 ADDHYD 3,30 i 2 10 ] 3.00 0 24,00 30 — b.40 446,69 131.5
iTRUCTURE & RUNOFF 3.3 i 2 .10 0 .00 2409 b b b.39 496,49 130.2
YBECTION & REACH 33 i 2 10 R4 300 24,00 A6 700452 6. 5% 470,53 142.4
STRUCTURE & RUNOFF 1,23 i 2 10 .0 3.00 24,00 52 --- .26 278.04 223.3
JTRUCTURE 46 ADDRYD 4,54 H 2 10 0 3,00 24,00 .40 --- b.45 631.23 153.5
STRUCTURE & ADDHYD B.04 i 2 10 0 3,00 24,00 49 - b.43 1117.99 1571
(SECTION & REACH B.04 § 2 10 R 3,00 24.00 A9 891 b.b4 1047.86 130.4
JTRUCTURE 7 RUNOFF 4 i 2 .10 Rt 300 24,60 .63 - 6,20 313.3 333.7
STRUCTURE 7 ADDHYD 8.%8 i 2 10 0 3.00  24.00 R --- b.o0 1153.4 128.%
(SECTION 7 REACH &.98 i 2 .10 b 300 24.00 0 6839.15 b.84 1066.94 118.9
STRUCTURE B RUNGFF B7 i 2 A0 0 300 24,00 b7 - 6.17 331,49 3.0
STRUCTURE 8 ADDHYD 9.64 I 2 10 0 o0 24,00 52 --- b.82 1128.33 114.7
[SECTION 8 REACH 9.84 i 2 10 .0 00 24,00 o 6720,23 1.08 1052.81 107.0
STRUCTURE ¢ RUNOFF 93 i 2 10 .0 3000 24,00 V63 --- 6.2 308.40 325.8
STRUCTURE 9 ADDHYD 10,77 £ 2 .10 W0 3,00 24.00 .52 -=- 7.08 1104.63 102,5
(SECTION ¥ REACH 10,77 i 2 10 0 000 2400 33 6564.93 1.22 1090.97 108.3
STRUCTURE 10 RUNDFF 4 i 2 A0 Bt .00 24.00 b4 --- b.15 95.38 3644
JTRUCTURE 10 ABBHYD 10,91 1 2 A0 0 00 24,00 .33 -- 1.2 1097.146 00,6



TR20 ¥£Q 11-17-B8 12:22 BLACK GBUIRREL CREER BASIN - PRESENT CONDITIONS JBE 1 GUMMARY
REV PT 03/B3(.2) £0 YEAR AND 100 YEAR GSTORNS PABE 21

SUMMARY TABLE 1 - SELECTED RESULTS OF STANDARD AND EXECUTIVE CONTROL INSTRUCTIONS IN THE ORDER PERTORMED
(A STAR(%} AFTER THE PEAX DISCHARGE TIME AND RATE (CFS) VALUES INDICATES A FLAT TOP HYDROGRAPH
A QUESTION MARK(?} INDICATES & HYDRDGRAFH WITH PEAK AS LAST POINT.)

SECTIEN/  STANDARD RAIN ANTEC HAIN PRECIPITATION PEAX DISCHARGE
ETRUCTURE  CONTRDL  DRAINABE TABLE NOIST TIME ---- ---  RUNDFF - - -
D DFERATION  AREA COND IWCREM BEGIN  AMDUNT DURATION AHOUNY  ELEVATION  TIHE RATE RATE
{50 HI} {HR)  {HR) (1K) {HR) {IN {FT) (HR) (CF&} {CSH}

ALTERMATE I STORM 2

STRUCTURE 1 RUNOFF ¥ t i 10 0 5,60 24,00 1.27 — b.10 307,04 744.7
ISECTION 1 REACH 12 H 2 10 .0 4,60  24.00 .27 7380.79 6.2 23807 726.4
ETRUCTURE 2 RUNGFF Lb i 2 A0 0 .60  24.00 1.35 i b.17 55053 B0%.0
STRUCTURE 2 ADDHYD 1.00 i 2 10 .0 .60 Z4.00 1.33 --- 6.20 FEETRAN 769.3
ESECTION 2 REACH 1,00 i Z 10 Bt 4,80 24,60 1,33 72441 6.38 £36.08 832.B
STRUCTURE 4 RUNDFF & i 2 A4 .4 5.0  24.06 1.3% --- b.15 53161 g58.8
STRUCTURE 24 ADDHYD .82 H Z .10 Rt .60 I4.00 1.35 —-- 6.28 135,43 540.0
STRHCTURE 3 RUNOFF 98 i 2 14 .0 4,60 24,00 1.37 - 6.23 £83.94 713.0
ISECTIDN 3 REACH B i 2 A0 N 4.0  24.00 £37 N77.63 b.48 812,75 533.0
STRHETURE 4 RUNOFF vl 1 K J4 0 4,60  24.00 £.40 --- 6.20 §25.81 B801.9
STRUCTURE 44 ADDHYD .49 1 2 a0 . .60 2400 £.38 --- 6.34 790,02 8.5
STRUCTURE 4 ADBHYD 312 i 2 4 R .00 24.00 1.7 --- 6.30 16825.14 85,9
KBECTION 4 REACH 3.12 i 2 A4 N 4.00 24,00 1,37 %B0.60 b.43 1782.72 571.9
STRUCTURE & RUNOFF +38 i 2 10 A 4.0 24,00 1.43 --- .19 318.03 8346.9
STRUCTURE Z6 ADDHYD 3,00 1 2 10 J 4,850 24.00 i.37 --- b.40 1972, 5 3b4.1
STRUCTURE 3 RUNDFF 331 i 3 10 0 4.60 24,00 1.3 - b.34 1831.461 4.2
ISECTION 3 RERCH 3.31 i 2 A0 0 3,60 24,00 1.3t 700B.%8 6.4 1629.77 493.1
STRUCTURE & RUNGFF 1.2 1 2 10 R 4,60 24,00 1.4 --- 6,22 §47.26 767.6
STRUCTURE 44 ADDHYR §.04 1 2 14 KU Le0 2800 L34 - b.43 2188.43 482.1
STRUCTURE & ADDHYD B.04 1 2 .10 0 h.60  Z4.00 1.36 .o 6.42 4156,63 817.3
ISECTION & REACH B.04 1 2 J0 R 4,60 24.00 .36 691893 .58 4044.87 503.3
STRUCTURE 7 RUNOFF 94 { z 40 A 4,60  24.00 1.60 --= 6.17 926,42 986.4
STRUCTURE 7 ADDHYD B.98 1 2 A0 R .60 24,00 1,38 - 6.53 4387.3 448.8
ISEETION 7 REACH 8.98 ! 2 A0 .0 4,60  24.00 1,38 &B45.18B 6.78 886,92 433.1
STRUCTURE 8 RUNDFF 87 1 2 0 0 §.60 25,00 1.67 - 6.14 ¥57.72 1103.9
STRUCTURE & ADDHYD 9.84 1 2 A0 0 4,60 24,00 1.4 --- 6.7b 4049.33 411.5
ISECTIDR 8 REACH 9.84 1 2 A0 A £.60 24.00 141 8721.53 6.98 3820, 52 388.2
STRUCTURE 9 RUNDFF 93 { 2 J0 0 .00 24,00 1.64 -=- b.18 892,39 64,7
STRUCTURE 9 ADDHYD 10,77 1 2 A0 0 f.60 24,00 1.42 - .98 3954,81 367.3
ISECTION 9 REACH 10.77 i Z A0 N .60 24.00 1.42  &568.6] 7.09 3932.41 3p5.3
STRUCTURE 10 RUNOFF A4 { 2 0 .0 £.60 24,00 1.42 --= .12 161,29 11201

STRUCTURE 10 ADBHYD 10,91 l

(%)

J0 N .00 24.00 [.43 === 7.09 1948.24 361.9



R20 JER 11-17-88 1Z2:22 BLACK SOUIRREL CREEK BASIN ~ FREGENT CONDITIONS d0B 1 SUKHARY
REV PC 09/83(.2) £) YEAR AND 100 YEAR STDRHMS PagE 22

SUKKARY TABLE 2 - SELECTED KODIFIED ATT-KIN REACH ROUTINGS IN ORDER OF STANDARD EXECUTIVE CONTRDL INSTRUCTIONS
{A STAR{f) AFTER YOLUME ABOVE BASE(IN) INDICATES A HYDROGRAPH TRUNCATED AT A VALUE EXCEEDING EASE + 101 OF PEAK
A OUESTION MARK(?) AFTER COEFF.{L} INDICATES FARAMETERS QUTSIDE ACCEFTABLE LINITS, SEE PREVIDUS WARKINSS)

HYDROGRAFH INFORMATION ROUTING PARAKETERS FEAR
QUTFLOH+ UOLUME HAIN ITER- 0 AND A FEAK  §/8  ATT- TRAVEL TINE
#5EC REACH THFLOW OUTFLOH INTERV,AREA BAGE- ABOVE TIME ATION _EBUATION LENGYH RATID EPEAK KIR STOR~ KINE-
1D LEWBTH PEAK TIME PEAK TIKE PEAK TIBE FLDM  BASE INCR & COEFF POWER FACTOR B/1 {K) CDEFF AGE MATIC
(FT) {CF8) (HR) {CFS} (HR) {LFS} (MR} (CFE) ({IN) {HR) (¥} {H) (K$} (@] {8EC) (L} (HR) {HR}
ALTERNATE 1 STORH 1
1 4000 84 4.1 o b4 - - 0 A4 10 &0 365 130 280 (53 b 32 L0 2T
2 h260 179 8.3 % 8,5 - - 0 A7 0 L 212125 .10% J7BY BO6 W37 LE0 LT3
I BbOg 193 4.3 124 837 - --- 0 A% W10 1 25 LE 213 e 1327 0 W LM
§ 3300 401 6.3 39 &5 - - G A% 10 1 L% LR 007 994 205 .94 LA L06
34700 %% 6.4 et &6 - --- { A6 W16 1 207 1,47 024 L9380 387 W64 LU
b G0 t112 6.4 1042 &b - - 0 A 10 L 178 LL1B 0 644 937 SBS .4 W20 14
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fR20 XED 1:-17-8B 1Z:2
REY PC 0%/83{.2)

GUMMARY TABLE 3 - DISCHARSE (CFS) AT YSECTIONS AND STRUCTURES FOR ALL STORMS AND ALTERNATES

(SECTION/ DRAIRAGE

STRUCTURE AREA
ID (5¢ HI}

STRUCTURE 44 4,54
ALTERRATE 1

STRUCTURE 44 1.49
ALTERNATE 1

STRUCTURE 26 3.50

ALTERNATE 1

STRUCTURE 24 1.62
ALTERNATE
ETRUCTURE 10 10,54
LTERHATE 1
SYRUCTURE 9 10.77
ALTERNATE |
STRUCTURE 8 5.84

ALTERRATE 1

STRUCTURE 7 8.98

ALTERNATE 1

STRUCTURE & 8,04
ALTERHATE 1 :

STRUCTHRE 5 3.34

ALTERNATE

STRUCTURE 4 3.12

ALTERKRTE 1

STRUCTURE 3 g6

ALTERNATE 1

STRUCTURE 2 1,00

ALTERWRTE 1

STRUCTURE 1 .32

ALTERNATE |

BLACK SQUIRREL CREEX BASIN - PREGENT CONDITIDNS
10 YEAR AND 100 YEAR STORHS

740,43

10%7.14

110405

1128.33

1153.41

1117.%0

4%6.49

404,51

193.53

181,51

8,91

773.02

1972.53

139,43

3948.24

1954.81

404%.33

4387.4

4136.63

1831.61

i825.11

$83.%4

17344

307.04

dC8

H

SUNHARY

FAGE

23



TR20 %EQ 11-17-B8 12:22
REY PC 0%/83(.2]

SUMMARY TABLE 3 - DISCHARGE (CFS)} AT YSECTIONS AND STRUCTURES FOR ALL STORMS AND ALTERNATES

ESECTION/ DRAINAGE

STRUCTURE AREA
1D {88 M)

YEECTION 1 32
RLTERNATE |

JSECTION 2 1.00
ALTERRETE I

ISECTION 3 96
ALTERNATE 1

ASECTION 4 5,47
ALTERHATE 1

XSECTION 5 3.3
ALTERNATE |

ISECTION & B.04
ALTERNATE 1

ESECTION 7 B.98
ALTERNATE |

SGECTIBR @ .64
ALTERNATE 1

KSECTION 9 10,77

ALTERNRTE 1

BLACK SBUIRREL CREEK BASIN - PRESENT CONBITIORS
10 YEAR ARD 100 YEAR STORMS

l

?0.?4
140.08
124,30
400,84
470,53

1047.86
1066.94
105281

10%0.97

238.07

1782,72

1629,71

4044.87

J8B6.52

820,52

3932.41

HE 1

SUKHARY

PAGE

b



BLACK SQUIRREL CREEK AND MISCELLANEQUS BASINS DRAINAGE PLAN

APPENDIX D: DRAINAGE BOARD MINUTES



