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DRAINAGE CERTIFICATION:

I hereby certify that this report for the drainage design for Powers Boulevard North Extension was
prepared by me (or under my direct supervision} in accordance with the provisions of the Colorado
Department of Transportation Drainage Design Manual, and was designed to comply with the provisions
thereof, I understand that the Colorade Department of Transportation does not and will not assume
liability for drainage facilities designed by others.

Ellis Daniel Elsner, PE
Registered Professional Engineer
State of Colorado

No. 36217
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INTRODUCTION

Project Location

This drainage report presents a supplement to the final drainage report for Powers Boulevard North
Extension from Briargate Parkway to State Highway 83 (Sta. 603+85.80 to Sta. 760+67.08) located
within the limits of the City of Colorado Springs, El Paso County, Colorado as shown in Figure 1:
Vicinity Map. This extension is known as CDOT Project STU R200-107. This first supplemental report
amended prior information presented in the “Final Drainage Report Powers Boulevard North Extension”
(Reference 9) for drainage structures north of Powers Boulevard Sta. 721+00. These changes were made
due to the realignment of State Highway 83, associated entrance and exit ramps, and revisions in the
hydranlic grade line criteria. This current report continues with the design of the interchange of Powers
Boulevard and State Highway 83, and also includes the realignment of Shoup Road with State Highway
83. This portion of construction is known as CDOT Project STU M240-081.

Site Location and Description

The Colorado Department of Transportation (CDOT) is extending Powers Boulevard to the northwest
through Sections 16, 21, 22, 26, 27 and 35 of Township 12 South, Range 66 West of the 6™ Principal
Meridian. The extension traverses gentle rolling prairie grasslands and will cross a north tributary of
Pine Creek, the main tributary of Kettle Creek, and the upper tributary of the Elkhorn Basin. Also
included in this construction is the realignment of State Highway 83 from the Powers Boulevard
intersection to the Shoup Road intersection. State Highway 83 is within the upper tributary of the
Elkhorn Basin and then crosses over Black Squirrel Creek. The soils in the project area are
predominantly Peyton and Pring soils. See Figure 2: Soil Classification Map. The Natural Resources
Conservation Services (NRCS) of El Paso County (Reference 12) refers to these types of soil as
hydrologic soil type B, which are relatively poor draining soils with high runoff potential.

Construction of the entire Powers Boulevard project is planned in two phases. Phase T will consist of
construction for parts of the mainline roadway and ramps from north of Briargate Parkway to realigned
State Highway 83. In addition, ramps and a revised intersection to Old Ranch Road will be constructed
in the Phase T project. Phase T will consist of roadway construction for the mainline Powers Boulevard
between Briargate Parkway and Union Boulevard and near Old Ranch Road.

Construction of the Powers Boulevard and State Highway 83 intersection will occur in three stages.
Stage T (Pre-Interim Condition) will consist of construction of Powers Boulevard to Sta. 749400, the
beginning of the northbound off ramp (Ramp E) and the beginning of the southbound on ramp (Ramp F).
The first supplemental drainage report described the drainage structures involved in this first stage of
construction.

Stage II (lnterim Condition) will consist of realigning State Highway 83 from Powers Boulevard (o
Shoup Road and the completion of Ramp E and F from Powers Boulevard to State Highway 83. This
supplemental drainage report will describe the drainage structures involved in this second stage of
construction, Stage Il (Ultimate Condition) will consist of continuing Powers Boulevard north, the
southbound off ramp (Ramp G) and the northbound on ramp (Ramp H). The first supplemental drainage
report analyzed both conditions, interim and ultimate, to size drainage structures for the worst case
scenario within the {irst stage of construction within the Elkhorn Basin. This supplemental drainage
report will continue to use this analysis for the interim condition for the Elkhorn Basin at the State
Highway 83 and Powers Boulevard intersection. A separate analysis for the Black Squirrel Creek Basin
will be shown in this drainage report. An additional drainage report (to be published separately) will
describe the drainage structures involved in the third stage of construction.

Q\Admin\Reperis\Drainage\FDR 091003 .doc 1
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HYDROLOGIC AND HYDRAULIC ANALYSIS

Basin Description

The Interim Condition of the Powers Boulevard and State Highway 83 intersection and the realignment
of State Highway 83 and Shoup Road is within two drainage basins: Elkhorn Basin and Black Squirrel
Creek Basin. For the Elkhorn Basin, the interim drainage areas and ultimate drainage areas are shown
for both basins in Figure 3: Elkhorn Basin Intermediate Drainage Basin Map and Figure 4: Elkhorn Basin
Ultimate Drainage Basin Map. For the Black Squirrel Creek basin, the drainage areas are shown on
Figure 5: Black Squirrel Creek Basin Map.

Elkhorn Basin

Eikhorn Basin is located in northern El Paso County. The Elkhorn Basin flows relatively west
toward Monument Creek and eventually into the Arkansas River Basin. Eikhorn’s headwaters
are within the intersection of the Powers Boulevard mainline and realigned State Highway 83.
There is currently no Drainage Basin Planning Study (DBPS) for the Elkhorn Drainage Basin
(FOMO3400).

The Blkhorn Basin is bounded by the Black Squirrel Basin to the north and Kettle Creek Basin
to the south. A semiarid climate exists within the basin. The basin covers an area of roughly
3.5 square miles and has an elevation range of 6940 to 7040 feet. See Appendix A: Hydrology -
Rational Basin Calculations for Elkhorn Basin for hydrology.

Black Squirrel Creek Basin

Black Squirrel Creek Basin is in northern Bl Paso County and has a majority of the area within
the Black Forest area. Black Squirrel Creek flows southwest towards Monument Creek and
eventually into the Arkansas River Basin. A DBPS (Reference 2) was completed in January
1989 for the basin (FOMOQ3600).

The Black Squirrel Creek Basin is bounded by several other basin, with West and East Chetry
Creek to the north and east, Kettle Creek and Elkhorn to the south and east, and Smith Creek,
Monument Branch, and Middle Tributary along the west. A majority of the basin is forested
while about a third is pasture or rangeland. The total basin area is approximately 10.3 square
miles and has an elevation range or 6500 to 7500 feet. See Appendix B: Hydrology - Rational
Basin Calculations for Black Squirrel Creek Basin for hydrology.

Channel Description

Elkhorn

Elkhorn is a small tributary to Monument Creek. Powers Boulevard crosses Elkhorn in the
upper portions of the basin. The majority of the area is small swales, with non-existent flood
plains.

Black Squirrel Creek

Black Squirrel Creek is a small to medium sized tributary to Monument Creek, State Highway
83 currently crossed Black Squirrel Creek just north of Shoup Road. The creek, within the
project area, is a deep narrow channel with minimal vegetation on the channel bottom and well-
vegetated side slopes.

QA\Admin\Reports\Diainage\FDR 091003.doc 2
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Precipitation

Northern El Paso County can be described in general as high plains and foothills, with total precipitation
amounts of a semi-arid region. The average annual precipitation varies from a low of 8 inches to a high
of 20 inches in the higher elevations. Winters are generally cold and dry with precipitation in the form of
snow. Winter storms typically track from the west to the easi and the majority of the snowfall occurs in
the higher mountains to the west and snowpack in the basin is generally light, therefore springtime runoff
is generally light. The majority of precipitation cccurs during the months of May through September
from convective thunderstorms. During the summer months intense thunderstorms occur, sometimes of
cloudburst intensity. Normal annual precipitation for Colorado Springs is 13.2 inches, with the normal
maximum monthly amount of 2.4 inches occurring in July.

Flood History

Recorded flood histories for the Elkhorn and Black Squirrel Creek Basins do not exist. The Federal
Emergency Management Agency (FEMA) Flood Insurance Study (FIS) for El Paso County and
Incorporated Areas shows a 100-year floodplain for Black Squirrel Creek Basin and no designated
regulated floodplains within the Elkhorn Basin, as shown on Figure 6: Flood Insurance Rate Map

(FIRM).

Design Freguency

The design frequency is based on CDOT criteria (Table 7.2 on page 7-8 of the CDOT Drainage Design
Manual-Reference 5) for multilane roads in urban areas. The 100-year storm event was used for the
project, due to the urbanization of the area, for the major storm. The 5-year storm is used for any minor
storm systems. Culvert outlet scour protection and channel lining are based upon the 10-year storm.

Design Discharge

Method of Analysis

The hydrology for this project is analyzed for the design storm using two methods as
recommended by both the CDOT Drainage Design Manual (Reference 5) and the City of
Colorado Springs and El Paso County Drainage Criteria Manual (City DCM) (Reference 3).
The Rational Method is used for drainage basins less than 160 acres in size. U.S. Army Corps
of Engineers HEC-HMS computer model program utilizing the SCS Unit Hydrograph Method
was utilized for drainage hasins greater than the 160 acres.

Run-off Coefficients

Rational Method coefficients are from Table 5-1 on page 5-8 of the City DCM (Reference 1).
The 10-year storm C valves were used for the S-year storm as per the manual’s
recommendations, The SCS curve numbers were also taken from the City DCM (Reference 3).

Time of Concentration

The Time of Concentration (t.) for both the Rational Method and the SCS Method were iaken
from the CDOT Drainage Design Manual page 7-11 (Reference 5). The time of concentration
consists of the initial time (the time runoff is sheet flowing) and the travel time (time runoff is in
a channel). A minimum t. of 5 minutes was used due to urban area, as per CDOT Drainage
Design Manual page 7-13 (Reference 5).

Q:\Admin\Reports\Drainage\FDR 091003.doe 3
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Rainfall Intensity and Depth

The rainfall intensity curves for the Rational Method were taken from the City DCM Figure 5-1
(Reference 3). Rainfall intensities of 2,96 inches and 4.4 inches for the 10-year and 100-year
storm were used for the SCS method, based on the 24-hour Type IIA storm distribution. These
values were taken from the City DCM Figure 5-4d and Figure 5-4e (Reference 3).

EXISTING STRUCTURES

Drainage Structures

An effort has been made to maintain as many existing drainage structures as possible. This has been
done by either adding to or extending structures or by modifications to the structure itself. In some cases,
the existing structure was undersized and could not handle the major storm event properly. In this case,
the structure was replaced or abandoned for an alternative structure in a different location, Within this
supplemental project area, the existing 15-foot corrugated meial underpass culvert under State Highway
83 north of Shoup Road will have to be replaced, due to being undersized and not allowing a habitat
corridor for the Prebles Meadow Jumping Monse (PMJIM). The replacement is called out as a bridge in
the DBPS (Reference 2).

Other Utilities

Other utilities that may be encountered include but are not Himited to water disiribution, sanitary sewer,
gas and electrical lines. These utilities have been examined on a case by case basis and will be avoided
where feasible and/or relocated. Any relocation of these utilities has and will continue to be coordinated
with the respective utility contact.

DESIGN DISCUSSION

Introduction

The criteria has been established by reviewing the most stringent requirement of the City DCM
{Reference 3) and CDOT Drainage Design Manual (Reference 5). The appropriate design storm was
used to size the storm drain system based on the design frequency discussed above.

Roadside Ditches

Roadside ditches are designed using the Manning’s Equation for open channel flow. Flexible linings for
erosion protection were designed wsing Federal Highway Administration (FHWA) “Design of Roadside
Channels with Flexible Lining” (Reference 8). Ditches were sized using the worst-case scenario
hydrology for the interim or the ultimate condition, where appropriate.

Inlets and Storm Sewer Systems

Inlet spacing is based on the road surface area required to generate encugh runoff to reach either gutter
capacity, given the allowable spread, or the ditch capacity given the allowable depth for the design storm.
The inlet efficiency and inlet sizing are calculated using Haestad Methods” FlowMaster design software
for the Type C close mesh grate inlets and the Type R curb opening inlets.

Storm sewer systems were designed using Haestad Methods’ StormCAD design software. The system is
sized using the 100-year storm with the hydraulic grade line (HGL) remaining inside the storm drain

QA\Admin\Reports\Drainage\FDR 091003.doc 4
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system. The 100-year storm HGL is shown on the construction plans. The storm systems were based on
a worst-case scenario hydrology for the inferim and ultimate conditions, where appropriate.

Energy Dissipators

Energy dissipators will be used to reduce flow velocities of storm water at various locations, as noted.
Riprap plunge pools at culvert outfalls are based FHWA “Hydraulic Design of Energy Dissipators for
Culverts and Channels” (Reference 7). These are used to reduce the exit velocity.

In cases where the exit velocity is greater than the allowable 16 feet per second as per CDOT Criteria
Manual (Reference 5), an internal energy dissipator is used to create tumbling flow within the circular
culvert. Energy is dissipated by having a series of internal rings inside the culvert, reducing the diameter
of the culvert and causing either full flow or tumbling flow. The abrupt change in flow regime, causes an
increase in flow area and a reduction in velocity to discharge the same quantity of flow. This internal
energy dissipator is based on FHWA “Hydraulic Design of BEnergy Dissipators for Culverts and
Channels” (Reference 7) and the American Concrete Pipe Association (APWA) “Concrete Pipe
Handbook™ (Reference 1).

Open channel drop structures are used to reduce elevation of a channel in a controlled area, keeping the
main portion of the channel at a non-eroding slope. Two types of drop structures are found within this
project. The first is a straight drop structure, where the elevation change occurs in a vertical drop. The
flow impacts the floor of the drop structure at a pre-determined distance from the vertical drop. Floor
blocks are placed downstream of the impact point to create a hydraulic jump in the flow. To complete
the process, an end sill is placed at the end of this structure.

The second type of drop structure is a sloping drop, where a steep slope is used drop elevation, forcing
supercritical flow. A stilling basin is created at the bottom of the drop to force a hydraulic jump before
an end sill completes the structure. Both of these structures are based on FHIWA “Hydraulic Design of
Energy Dissipators for Culverts and Channels” (Reference 7) and Denver Regional Council of
Governments (DRCOG) “Urban Storm Drainage Criteria Manual, Volume 2 (Reference 6).

RECOMMENDED DESIGN
The recommended improvements due to the construction of Powers Boulevard are shown on the

construction drawing set of CDOT Project No. STU M240-081, A brief description of each
improvement in the supplemental project area is listed below.

Kettle Creek Basin

A continuation of the roadside ditches along Ramp E and Ramp E will take flow towards the existing
inlets in CDOT Project STU R200-107. This continuation includes the underdrains as noted. The flow
from these ditches was accounted for in the design of each of these existing inlets. Please refer to URS
“Final Drainage Report — Supplemental Powers Boulevard North Extension Sta. 721+00 to Sta. 749-+00”
(Reference 10).

Elkhorn Basin

See Appendix C: Hydraulics - Diteh Capacity / Lining for Elkhorn Basin, Appendiv D: Hydraulics -
Culvert Design for Elkhorn Basin, Appendix E: Hydraulics - Multiple Drop Structure Design For
Elkhorn Basin, and Appendix F. Hydraulics - Inlet / Storm System Design for Elkhorn Basin for
caleulations on the following systems.

QA\Admin\Reports\DrainageAFDR 091003.doc 5
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Line SE

At the upper portion of the Elkhorn Basin, near the intersection of the proposed State Highway
83 and the State Highway 83 Access Road, a series of inlets will be used to direct flow from the
median towards the right ditch. The downstream inlet is set at 10 feet above the zero percent
cross-slope (where the cross-slope transfers from a super-elevation to a normal crown) of
Proposed State Highway 83, as per CDOT Drainage Criteria Manual (Reference 5).

STR-231

Al the intersection of Ramp E and the proposed State Highway 83, a culvert will bring flow
from the left ditch over to the right ditch. In the ultimate condition, with Ramp H being
constructed, a berm at the top of the cut slope will direct flow down to this culvert. The
beginning of this berm is shown at the upstream portion of the culvert. The culvert size is
designed for the ultimate condition flow.

Line SC and SD

To bring the headwaters of the Elkhorn Basin under Ramp E, a significant elevation drop has to
occur from the existing ground. In addition, there is no well-defined channel for the Elkhorn
basin at this upsiream location. A series of Type D inlets are designed in conjunction with
articulated concrete blocks and a berm fo form a sump area for the flow to be collected, The
inlets were designed with a clogging factor and redundancy. The flow will be dropped through
the inlets and out a culvert to a lower elevation to travel under Ramp E.

The outfall of the culvert, due to the slope and flow, has an exit velocity higher than the 16 feet
per second allowable by CDOT Drainage Criteria Manual (Reference 5) without any internal
reduction. An internal energy dissipator was designed to reduce the exit velocities to acceptable
levels, as per FHWA “Hydraulic Design of Energy Dissipators for Culverts and Channels”
(Reference 7). A riprap plunge pool continues this process.

The flow from line SC and SD will combine with the interceptor ditch along the top of Ramp E
cut slope. ‘The interceptor ditch is used to keep as much drainage area in the Elkhorn Basin as
possible, while also reducing the possibility of erosion along the cut slope.

STR-114

A culvert will take storm water from the right side of Ramp E io the lefi side. A riprap plunge
pool is designed to reduce velocities to non-erosive levels,

Drop Stracture Area

To continue the Elkhorn Basin under future Powers Boulevard, a series of drop structures are
needed. The uvpstream drop structures are veriical drops with floor blocks, as per FHWA
“Hydraulic Design of Energy Dissipators for Cuolverts and Channels” (Reference 7). Boulders
were used instead of the typical concrete foundation to maintain a more appealing natural look.
Grouted riprap and 4:1(horizontal to vertical) side slopes complete the structure.

The downstream drop structure is a grouted sloping boulder drop on a 4:1 horizontal to vertical
slope, as per FHWA “Hydraulic Design of Energy Dissipators for Culverts and Channels”
(Reference 7). A plunge pool at the bottom of the structure causes a hydraulic jump to complete
the structure.
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STR-416

A concrete box culvert will take flow under both the future Powers Boulevard and Ramp F. In
the interim condition, only about half of the ultimate box culvert will be installed. A
continuation of the box culvert will take the Elkhorn Basin under Powers Boulevard in the
ultimate condition. A trapezoidal channel will be installed in the same alignment and profile as
the future box culvert during the interim condition.

The box culvert is sized for the ultimate condition. During the ultimate condition, other culverts
will be connected to the future box culvert to take flow from future Powers Boulevard and
futare ramps.

Line SB

A type C inlet will take flow from the northwest side of the proposed State Highway 83. This
inlet will also take the discharge from the existing corrugated metal pipe (CMP) under the
existing State Highway 83. A type R inlet will take flow from the median of proposed State
Highway 83 near the turn lane to Ramp F. Both of these will discharge into STR-410,

Elkhorn Basin Channel

STR-410 will discharge into the proposed trapezoidal channel. To drain, a minimal slope will
be used for this channel, until the southern portion of the project where the flow will discharge
into the historical channel.

Line SA

At the southern end of the project, a series of type R inlets will collect flow along the median
and discharge info the existing ditch along Old State Highway 83. The downstream inlet is set
10 feet upstream of the zero percent cross-slope of proposed State Highway 83, as per CDOT
Drainage Criteria Manual (Reference 5).

Black Squirrel Creek Basin

See Appendix G. Hydraulics - Ditch Capacity/ Lining for Black Squirrel Creek Basin, Appendix H:
Hydraulics - Culvert Design for Black Squirrel Creek Basin, Appendix I: Hydraulics — Channel
Improvements for Black Squirrel Creek, and Appendix J: Hydraulics - Inlet / Storin System Design for
Black Squirrel Creek Basin for calculations on the following systems.

Line SF and 5G

A series of type R inlets accepts flow from the median along proposed State Highway 83 north
of the intersection with State Highway 83 Access Road. A type D inlet takes flow from the
right ditch and, combining with the median flow discharges into the left ditch. This flow then
flows down the left ditch of the State Highway 83 Access Road and then into the existing east
ditch along the existing State Highway 83. The proposed discharge is within five percent of the
historic flow at this point.

STR-703 and STR-708

A pair of culveris takes flow from the left ditch of State Highway 83 Access Road to the right
ditch, back from the right ditch to the left ditch, and then along the existing ditch of the existing
State Highway 83.
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Left Roadside Ditch Sta. 258400

The left ditch of propesed State Highway 83 from the highpoint at Sta. 251400 to Sta. 258400
discharges into the existing ditch of existing State Highway 83. The proposed flow is less than
historic, due to a portion of the historic drainage area being intercepted by the right ditch of
proposed State Highway 83. :

Line ST

A flared end section takes ditch flow from the right side of Shoup Roead to the left side. This
flow, in combination with the left ditch, will discharge into Black Squirrel Creek upstream of
the proposed bridge. The ouifall of the culvert, due to the slope and flow, has an exit velocity
higher than the 16 feet per second allowable by CDOT Drainage Criteria Manual (Reference 5)
without any internal reduction. An internal energy dissipator was designed to reduce the exit
velocities to acceptable levels, as per FHWA “Hydraulic Design of Energy Dissipators for
Culverts and Channels” (Reference 7). The outfall will be in the proposed Black Squirrel Creek
channel bottom.

Sheetflow along right side Sta, 270+00

Due to the fill condition of proposed State Highway 83 on the right side from Sta. 270+00 to the
end of construction at Sta. 298449, no roadside ditch will be used. The two existing culverts
taking flow from the left side of proposed State Highway 83 to the right will be removed. The
existing ditch along the right side, outside of the right-of-way will have sheet flow from
proposed State Highway 83 that will be less than historic, due to the removal of the existing
culverts.

Line SH

A roadside ditch will take flow along the left side of proposed State Highway 83 and discharge
into Black Squirrel Creek through a Type D inlet and storm system. The outfall of the culvert,
due to the slope and flow, has an exit velocity higher than the 16 feet per second allowable by
CDOT Drainage Criteria Manual (Reference 5) without any internal reduction. An internal
energy dissipator was designed to reduce the exit velocities to acceptable levels, as per FHWA
“Hydraulic Design of Energy Dissipators for Culverts and Channels” (Reference 7). The ouifaft
will be in the proposed Black Squirrel Creek channel bottom.

Black Squirrel Creek Bridge and Drop Structures

The existing 15-foot corrugated metal underpass culvert will be replaced with a single-span
bridge, as per the recommendations of the Black Squirrel Creek DBPS (Reference 2). With a
low chord of 6891.89 feet, there will be over 25 feet of freeboard over the 100-year water
surface elevation. No scour is anticipated as there are no piers or abutments in the channel area,
nor is there any contraction.

Buried riprap protection with vegetation will be used to guide the Black Squirrel Creek into and
through the proposed bridge. Vegetated gabions will replace the existing concrete slope paving
in the 2:1 horizontal to vertical area. A series of small drop structures (maximum of 3.5" in
height) will be used to drop the channe] bottom to existing grade. The drops will be used for
habitat improvement and will be installed with as minimum excavation as possible. The furthest
downstream drop will be used to prevent possible headcutting of the abutments of the bridge. A
small 1-foot by 1-foot key low flow opening will continue the average daily flow through the
drop structures,

(QMAdmin\Reports\Drainage\FDR 091003.doc 8



URS DRAFT

EROSION CONTROL

Best Management Practices (BMPs) will be utilized to minimize erosion during construction and are
shown on the consiruction drawing set of CDOT Project No. STU M240-081 in accordance with CDOT
Erosion Control and Stormwater Quality Guide (Reference 4). BMPs will be utilized as deemed
necessary by the contractor and/or engineer and are not limited to the measures shown on the
construction drawing set. The contractor shall minimize the amount of arca disturbed during all
construction activities. All materials shall conform to the CDOT Standard Specifications for Road and
Bridge Construction.

In general the following shall be applied in developing the sequence of major activities:

1. Install downslope and sideslope perimeter BMPs before the land disturbing activity occurs.

2. Do not disturb an area until it is necessary for the construction activity to proceed.

3. Cover or stabilize as soon as possible.

4. Time the construction activities to reduce the impacts from seasonal climatic changes or weather
events.

5. The construction of filiration BMPs should wait until the end of the construction project when
upstream drainage areas have been stabilized.

6. Do not remove the temporary perimeter controls until after all upstream areas are stabilized.

Drainage Ditches

The roadside ditches will have 6:1, 4:1 and 3:1 side slopes with a typical 4’ bottom width. The ditches
will be seeded with native grasses to match those that exist at the site now. Plastic soil retention blanket
shall be installed in drainage ditches where noted. The minimum shear stress allowable is 3.00 pounds
per square foot. Straw soil retention blankets shall be installed in the remainder of the drainage ditches
where noted. Erosion bales or logs shall be installed in drainage ditches where noted. The maximum
spacing between bales/logs should be such that the toe of the upstream baleflog is at the same elevation
as the top of the downstream bale/log. Erosion bales/logs shall remain in place until all construction is
complete and/or “finally stabilized”. Bales/logs shall be inspected frequently and, if needed,
repair/freplacement made promptly. At this time, the bales/logs shall be removed from the ditches, All
material shall be installed per manufacture’s installation instructions.

Slopes

Plastic soil retention blanket shall be installed where noted on slopes 3:1 or steeper facing south or west,
Mulching with mulch tackifier shall be installed where noted on slopes 3:1 or steeper facing north or
east. Silt fence shall be installed at the toe of fill slopes where noted on a level coniour. Erosion logs
shall be installed on slopes greater than ten feet in height where noted to reduce runoff length. The
erosion logs shall be installed on a level contour. Disturbed surfaces shall be left in a roughened
condition at all times with horizontal depressions approximately 2” to 4" deep, spaced 4” to 6™ apart. Silt
fence shall remain in place until all construction is complete and/or “finally stabilized”. At this time, the
silt fence shall be removed from the slopes. All material shall be installed per manufacture’s installation
instructions.

Stockpiles/Mobilizations/Winter Shutdown

Soils stockpiled for more than 30 days shall be mulched with mulch tackifier and native seeding within
14 days of stockpile construction. Afier any mobilization and prior to any winter shutdown, all disturbed
slopes not completed shall be mulched with mulch tackifier and native seeding shall be required.

Inlet and Outlet Protection

Storm Drain Inlet Protection shall be provided at all storm inlets where noted. All material shall be
installed per manufacture’s installation instructions. Permanent riprap plunge pools shall be installed at
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outlets where noted to dissipate energy to a non-eroding velocities (dsp noted). Erosion control geotextile
shall be installed as bedding. All material shall be installed per manufacture’s installation insiructions.
A concrete apron will be used at STR-410 to help establish a normal flow regime.

Concrete Washout

A concrete washout structure shall be installed for cleaning concrete trucks. The concrete washout
structure shall be bermed such that water can only evaporate or infiltrate from the structure. The
concrete washout structure shall be periodically cleaned out of residue and concrete.

Erosion Conitrol Supervisor and Maintenance

The erosion control supervisor shall be a person other than the superintendent. The erosion control
supervisor shall inspect at least every 14 days and after any precipitation or snowmelt event that causes
surface erosion. At sites where construction has been completed buf a vegetative cover has not
established, these inspections must occur at least once per month.

All erosion control measures shall remain in place until all construction is complete and/or “finally
stabilized”. “Finally Stabilized” means that ail disturbed areas have been either built on, paved, or a
uniform vegetative cover has been established with a density of at least 70 percent of pre-disturbance
levels, or equivalent permanent, physical erosion reduction methods have been employed. Any areas not
meeting this equivalent shall be repaired according to the BMPs and re-seeded at no additional cost. Re-
seeding alone shall not qualify. Accumulated sediment and debris shall be removed when the sediment
level reaches one half the height of the BMP or at any time that sediment or debris adversely impacts the
function of the BMP. The Contractor shall remove all sediment, mud, and construction debris that may
accumulate in any public right of ways not designated before hand as a result of this construction project.
All repairs, removals, and replacements stated above shall be conducted in a timely manner.

ANTICIPATED CONSTRUCTION PERMITS

Construction permitting is required by many agencies, depending on the location, type, and magnitude of
construction activity. Below is a summary of some of the anticipated construction permits required prior
to construction. This list is meant o be a helpful starting point and is mo way all inclusive of the
construction permits required. A pre-consiruction meeiing with local/city/county departments is key
to a successful beginning. A point of contact for each permit is a good way to insure that the permit is
acquired, compliance is kept, and periodic inspections are completed as required. Not included in this
list is local or special permits needed (e.g. grading permit, construction dewatering, waste generation and
disposal, fuel and oil storage, chemical handling, wildlife protection, cultural resources, etc.)

Colorado’s Stormwater General Permit for Construction Activities

A stormwater permit is required for any construction activity that disturbs at least one acre of land (or is
part of a larger common plan of development or sale that will disturb at least one acre). The
development is considered a “small construction site” if it will disturb one to five acres, or a “large
construction site” if it will disturb five acres or more. A “large construction site” is required to obtain
coverage under the “Stormwater General Permit for Construction Activities” through CDHPE. A “small
construction site” can obtain a permit by either applying for coverage under the “R-Factor Waiver”, a
state-designated qualifying local program, or the “Stormwater General Permit for Construction
Activities”. A “Stormwater Management Plan™ (SWMP) is required for any permit, but does not qualify
for the application solely. Inspection and maintenance are major keys in the implementation of this
permit.

It is anticipated that the construction of this site will require this permit.
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Floodplain Development Permit

All construction in federally designated floodplain areas must obtain a “Floodplain Development Permit”
from the local Floodplain Administrator. Construction includes, but is not limited to: any structures, fill,
excavation, utilities or bank stabilization.

Tt is anticipated that the construction of the bridge and proposed channel improvements in the Black
Squirrel Creek floodplain will require this permit. El Paso County Floodplain Administrator is Kevin
Stilson and can be reached at (719) 327-2906.

404 Permit

Permits for Section 404 of the Clean Water Act are needed for the discharge of dredged or fill material
into waters of the United States from the U.S. Army Corps of Engineers (USACE). Waters of the U.S.
can include rivers, sireams, tributaries, and wetlands.

It is anticipated that the construction within Black Squirrel Creek will require this permit. The U.S.
Army Corps of Engineer office for this project will be the Albuquerque Distrist’s Southern Colorado
Rgulatory Office in Pueblo at (719) 543-9459.

Others

Colorado Demolition Permit

Any demolition or dismantling activity during construction requires a “Demolition Permit
Application Form” from the Colorado Department of Public Health and Environment (CDPHE),
due to the possibility of asbestos.

It is anticipated that this permit will not be required.

Air Pollution Emission Notice — Land Developmeni

An “Air Pollution Emission Notice” (APEN) for land development is required from the CDPHE
when the project is over 25 acres or takes more that six months to reach completion. The permit
application for land development activities must include a “Fugutive Dust Control Plan”. The
dust control plan addresses how dust will be kept to 2 minimum at the site.

It is anticipated that given the length of construction of this project, this permit may be required.

Air Pollution Emission Notice - Hot Mix Asphalt and Conerete Batching

An “Alr Pollution Emission Notice” (APEN) for either hot mix asphalt or concrete batching is
required from the CDPHE for new plants, including portable sources.

It is anticipated that the construction of the bridge could use or employ a portable batch plant
and may require this permit.

Q:\Admin\Reports\Drainage\FDR 091003.doc 11



URS DFEAFT

REFERENCES

1.  American Concrete Pipe Association. 1998. Concrete Pipe Handbook.
2. “Black Squirrel Creek Drainage Basin Planning Study”, January, 1989. Prepared by URS.

3. “City of Colorado Springs/El Paso County Drainage Criteria Manual” Sept. 1987, Revised
November 1991, Revised October 1994,

4, CDOT. 1995 (June) Erosion Control and Stormwater Quality Guide.
5. CDOT. 1995 (July). Drainage Criteria Mannal.

6. Denver Regional Council of Governments. 1969 (March). Urban Storm Drainage Criteria Manual,
Volume 2.

7. Pederal Highway Administration (FHWA). September 1983. Hydraulic Design of Energy
Dissipators for Culverts and Channels. Hydraulic Engineering Circular No. 14.

8. Federal Highway Administration (FHWA). April 1988. Design of Roadside Channel with Flexible
Lining. Hydraulic Engineering Circular No. 15.

9. Final Drainage Report Powers Boulevard North Extension Sta. 603+85.80 to Sta. 760+67.08
(Briargate Parkway to State Highway 83). January 30, 2002. Prepared by URS.

10. Final Drainage Report — Supplemental Powers Boulevard North Extension Sta. 721400 to Sta.
749+00 (Briargate Parkway to State Highway 83). August 29, 2002. Prepared by URS.

11. Flood Insurance Rate Study for El Paso County, Colorade and Incorporated Areas. Federal
Emergency Management Agency, revised March 17, 1997,

12. Soils Survey of El Paso County Area, Natural Resources Conservation Services of Colorado.

QAAdmin\Reports\Drainage\FDR 091003.doc 12



URS [PRAFT

FIGURES

ChAdmin\Reports\Diainage\FDR 091003.doc 13



URS DRAFT

Figure I: Vicinily Map
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Figure 2: Seil Classification Map
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Figure 3: Elkhorn Basin Intermediate Drainage Basin Map
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Fignre 4: Elkhorn Basin Ultimate Drainage Basin Map
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Figure 5: Black Squirrel Creek Basin Map
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Figure 6: Flood Insurance Rate Map
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Appendix A: Hydrology - Rational Basin Calculations for Elkhorn Basin
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Powérs Boulavard and Siate Highway 83 Inlerchange

Finl:DralHege Calcutation for Interim Condition

Average Channel Valocity B

Average Slope . 0,020 {If Elevations are used, this will ba Ignored)

Note: 02, Q5 & O10 are basad on C10, 025, Q50 & Q100 ara based on C100
Channal ttow True Channel High Point  Low Paint Avarage Total 110G QICD

Total Area Total Area Surlaca Type 1 Surface Type 2 Surface Type 3 Average Avaragi Inftial Length  True Initial
Basin : st _gcras C10 C100 Area  C10_C100 Ares CiD  C100 Area C10 €100 H# Langth ft Langth fi Langth It Elavation Elpvation Slopa Te Infhr_ cls v
i 4 1 O 4622 0.25 o 4341,00 {05! 688000 . 0.037%3233 401 1122
0.50 ; { 0.025% 500 800 3114
0.40 0,041 1530 550  B.0B
044 0.019 435 613  9.24
0.45 003 833 783 L7
0.52 0040 B39 THI 118
0.34 .01 1368 636 1017
0.30 0.029 2192 5.04 14,08
V-AD 0.80 0018 600 900 799 —
INF-A1D 136 0.34 0.031 1719 6560 2023
. el .. 0.00 0.020 5.00 9.00 0.00
ANT-ACT | 137450, 3 .90 © 0,46 0.041 1422 613 1053 ~
ANT-AGZ [ 280216 : 046170, {2 ! 045 0040 1504 590 2091~
INT-AC3 3743433 9471028 : 8024 (10973 027 0045 3167 408 12783 ~
IINT-AO1A 6,25 7 0.25 0032 2093 515 1L2B_
0.31 0008 2159 504 2215+~
0.27 0040 3480 387 13523 — \
.28 0.040 3460 387 15567 =~
0.25 6040 1834 545  6.99 — N\
0.00 0020 500 900 000
0.26 0.032 4065 345 15594
035 0.027 20.47 515 1242
025 o022 2721 442 40,08
0.00 0020 500 900 000
0.28 0.032 4021 3.45 15687
0.40 0.027 1881 530 1529
0.00 o020 500 9S00 0.00
0.25 0042 820 7BZ 22
057 0043 639 BBl 928
0.90 0.020 500 9.00 427
0.34 0044 910 744 B.02
0.40 0044 BBT 783 1014
.00 0020 500 9.00 D00
0.47 0043 726 822 1119
0.42 0.044 847 783 2230
0.00 0020 500 900 0.00
0.00 0.020 500 9.00 000
0.00 0.020 500 900 Q.00
0.00 0.020 5.00 9.00 0.40

ratlanal calcs-Powers and SHEJ Inerchange.x!s 7602



&:folievard and State Highway 83 Interchange

‘Hiriai Dalindige Caleulation for Ultimate Condition
Average Channal Velocity & Ws
Average Slope 02, (1 Elevations ara used, this will be ignored)
Note: Q2, Q5 & Q10 ars based on G10, Q25, Q50 & Q100 ars based on G100 / /
Total Area  Total Area Surface Type 1 Surface Type 2 Surlace Type 3 Average Averaglnitial Length Trua Initfal Channel Nlow True Ghannal High Point  Low Point  Average Total 1100 Q100
G100 Araa Gio Clo0 Area  C10 G100 Ama _ C10 cioe i Length ft Length It Length t - Elevation Elgvation Slope Tc inhr _cfs

0.037 4233 401 11123
0009 2944 424 a.84
0018 1435 613 9.24
0029 500 2.00 3.14
0041 1530 580 B.08
po3s 823 783 1,70
0040 839 7.83 118
0043 (1142 682 707
pozs 811 783 1345
D039 933 744 1.98
0.019 1327 636 1159
0009 1118 682 .87
00z0 500 900 aoe
0053 500 9.00 0,65
oozl 907 744 514
ool7 723 822 2180
0030 923 744 2.45
0030 819 88 6.63
0020 973 744 837
0020 1621 575 443
0.009 1246 653 1.09
o027 17.34 560 5,51
0027 500 9.00 2.65
0050 928 744 373
o020 500 9.00 0.00
0032 2093 515 11.28
o009 2613 451 1088
0041 1422 613 1053
0013 2332 482 2085
o096 3298 401 12027
p.0z7 2320 394 13150
0.019 1442 613 2333
o0ig 1488 613 2663
0o0i7 1579 590 3215
0043 3279 401 15112
0020 1181 682 9.91
0014 1696 575 17.22
0043 1824 545 1717
o042z 3316 394 17134

rational celcs-Powers and SHE3 Interchange Part 2.5



?ﬁaﬁa::fé'ﬁ.oﬁlavnrd and Stata Highway 83 Imerchange
‘Finigl-Bralidipa Calculation for Ultimata Congitlon

Averaga Channel Velacity Lo Bl
Avarage Slope N 7R T ] [It Elevations are vsed, this will ba Ignored)
Nota: Q2, Q5 & Q10 ara based on €10, Q25, Q50 & C10G are based on G100 /

v

Total Area  Total Area Surlace Type 1 Sudaca Typa 2 Surlace Typs 3 Average AvaragiInitlat Length True nitiat ~ Channel flow Trus Channel High Peint  Law Polnt  Averaga Total 11CO Q100
st acras CID €100 Area C10 CI00 Area  C10 G100 Area  C10 Length ft Longth it Lenglh [t Elavation Elevation Slope Te Infr  cfs

109.59 ;- 0,281 0,36.14372337: ' A9 279860 0.30 ; 300,00 L ; 57050, oT 0042 3316 394 17134
.37 0.44 400.00 0, i 0023 17.62 560  9.98
0.3t J00.00 0.040 8408 387 17520
0.00 0,00 0020 500 9.00 0.00
0.30 300.00 0.032 3871 452 178.53
0.43 300.00; 0.027 1915 530 1623
0.00 Q.00 0020 500 9.00 ¢.00
0.31 300,00 0023 2021 B&.15 554
0.26 300,00, 0022 2687 451 27.36
0.00 0.00% 0020 500 9.00 000
0.25 75.00 0024 1086 7.05 0.54
0.25 100.00 0034 1190 682 1.58
0.57 50.00 0043 639 861 9.26
n.90 100,00 0.3 581 5.00 1394
038 50.003) 004 879 783 647
0.51 125.00 0012 1382 636 10.59
.40 50.00 o044 861 783 1014
0,00 0.00 0020 500 5.00 0.00
0.25 100.00 0034 1190 682 21
Q.46 100.00 0031 1044 705 9.78
0.48 125.00 5 0012 1482 613 1528
0.44 125.00 5 002 1567 590 2235
000 0,00 0.020 500 4.00 0.00
0.00 0.00;, 0020 500 9.00 0.00
0.00 0.00 0020 &OO  9.00 0.00
0.00 0.00 1} 0020 500 900 000
0.00 0.00 0020 500 900 0,00
0.00 0.00 0.020 500 900 0.00
0.00 0.00 0020 500 S.00 0.00
0.00 0.00 0020 500 800 0.00
0.00 Q.00 0020 500 900 0.00
0.00 0.00 0020 500 900 0.00
0.00 0.00 0020 500 9.00 0,00
0.00 0.00 0020 500 900 000
0.00 0.00 0020 500 9.00 0.00
0.00 0,00 0020 500 9.00 0.00
0.00 0.00 0o 500 200 c.00
0.00 0.00 0020 500 900 0.600
0.00 0.00 0.020 500 9.00 0.00

ratlonal calcs-Powers and SHB3 Interchange Part 3.x1s
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Appendix B: Hydrology - Rational Basin Calculations for Black Squirrel Creek Basin
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URS

Page of
Job aHeR & Sleep Pocd ProjectNo, _ Z(7(0 83 Sheet of
Descrpion ___Dentmace. - Hdology Computed by __ &G4y Date _ o207
Denafl (pefPicrent Checked by R P Date _2.fil/e%

_ _Reference

Uity of Colotade Sprinas and £l Paso Cousty br‘ama%z, Crrkerie. Mopual =

AR SaclS AR Coils
Undoteloped Pastore 025 035 |
Streets (Paved) 0.50 0.95
%"h}‘{é‘;‘l"ﬁ Caravel) 0.96 0.2%5

CDST Dr‘mnu?a Manvel 2 (N6T USEED

_oyr 100y

CLowns fSondysed) 005 02 - ]
Lowns (Clayey Sort) 0.20 0:40
Steeets ( Faved) 6.90 ©.93
StreetS (el 6.35 6.65
Roefs 6.906 0.90

Runchf coaicrents Fram Tho Cﬁ‘L/ /Cc;umh{ Dmmag& Corerto. oaval are
consitax 'Lf kpiu,s‘ +han Hose Frem 06T bmmo\%a_ Manlel. Ta be @&rv{hv& ,
e coefPrerents from te Coty (County Dramace. (orterte Mamvel will be
used foo deﬁijr\ V4 =

Mawmum 30¢ Tnrtral channe tenﬁ"l"!\ will be vged . This meets C#g/c‘aum“k[
crokerto R developed ond CDeT errterio. For urban




CDOT Drainage Manual, 1995 Chﬁpter 7 - Hydrology

Table 7.4 Recommended Runoff Coefficients and Percent Impervious -

Land Use or Surface Percent Frequency
Characteristics Impervious
' 2 5 10 100
' Commercial Areas 95 .87 .87 .88 .89
: Neighborhood Areas 70 .60 65 .70 .80
Residential: | o
Single-Family ‘ 40 45 .50 60 .
Multi-Unit (detached) 50 45 50 .60 .70
Multi-Unit (attached) 70 .60 65 70 .80
14 Acre Lot or Larger 30 35 40 .60
* Apartments 70 6 .70 70. .80
Light Areas 80 71 72 76 .82
Heavy Areas 90 .80 .80 - 85 9
Parks, Cemeteries: 7 10 10 35 .60
Playgrounds: 13 15 25 35 65
Schools: 50 A45 .50 .60 70
Railroad Yard Areas: 40 A0 A5 .50 60
Undeveloped Areas: '
Historic Flow Analysis .
Greenbelt, Agricultural: 2 See Lawns
Offsite Flow Analysis: 45 A3 A7 55 . .65
(when land use not defined)
Streets: :
Paved - 100 87 .88 .90 93
Gravel 13 15 .25 35 .65
Drive and Walks: 96 87 87 88 .89
Roofs: 90 .80 .85 90 .90
Lawns. Sandy Soil. 0 .00 01 .05 20
Lawns, Clavey Soil: 0 .05 10 20 40

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

Source: Urban Storm Drainage Criteria Manual (UDFCD, 1969).

7-17



TABLE 5-1

RECOMMENDED AVERAGE RUNOFY COEFFICIENTS AND PERCENT IHP!hVIOUB

LAND USE OR

SURFACE CHARACTERISTICS IMPERVIOQUS
Business
Commercial Areas 95
Neighborhood Areas 70
Residential
1/8 Acre or less 65
1/4 Acre 40
1/3 Acre 30
1/2 Acre 25
1 Acre 20
Industrial
" Light Areas 80
Heavy Areas S0
Parks and Cemeteries 7
Playgrounds 13
Railroad Yard Areas 40
Undeveloped Areas
Historic Flow Analysis- 2
Greenbelts, Agricultural
Pasture/Meadow 0
Forest o
Exposed Rock 100
Offsite Flow Analysis 45
(when land use not defined)
Streets
Paved 160 —
Gravel 80
Drive and Walks l00
Roofs 90
Lawns 0

* Hydrologic S$oil Group

9/30/90

PERCENT

Ilc"l
FREQUENCY
10 100
AgB* C&D*  AGB* C&D*
0.90 0.90 0.90 0.90
0.75 0.75 0.80 0.80
0.60 0.70 0.70 G.80
0.50 0.60 0.60 .70
0.40 0.50 0.55 0.60
0.35 0.45 0.45 0.55
0.30 0.40 0.40 0.50
0.70 0.70 0.80 0.80
0.80 0.80 0.90 0.90
0.30 0.35 0.55 0.60
0.30 0.35 0.60 0.65
0.50 0.55 0.60 0.65
0.15 0.25 0.20 0.30
0.25 0.30 0.35 0.45
0.10 0.15 0.15 0.20
0.90 0.90 0.95 - 0.95
0.55 0.60 0.65 0.70
0.90 0.90 0.95 0.95
0.80 0.80 0.85 0.85
0-90 0-90 0-95 0-95
0.90 0.90 0.95 0.95
0.25 0.30 0.35 0.45

.‘i



o b AR

ZDE

! z/life 3
e Channel Velocity
age Slope 009, {If Elevations are used, this will be ignored)
¢ 02, Q5 & Q10 are based on C10, Q25, 050&0100 are based on G100
Total Area Total Area  Surface Type 1 Surface Type 2 Surface Type 3 Average Average Initial Length True Initial Channel flow Trug Channel High Point Low Point Average Initiasl  Channe Total 12 Qz2 i5 Qs i10 Qi0 25 Q25 50 Q50 oD Q100
n sf acres C10 C100 Area C10 C100 Area C10 C100 Area C10 C100 ft Lengthft Le ngthft Lengthft Elevation Elevation Slope Te Te Te infhr  ¢fs infhr  cfs infhr  cfs inhr cfs Infhr  cfs infar  cfs
F Z 3 * 3617.00¢ ( i 18.42 1206 30.48/ 176 20.25 242 27.87 2.83 3252 3.63 57.89 4.12 6561 431 68.70
=12530 15.22v" 418 19397 225 432 300 594 361 693 464 1179 526 1336 ' 551 13.99
- 4668.00 18.35 1556 33.92v° 1.67 2237 220 30,79 267 3592 344 63.54 390 72.01 4.08 7540
by 1538 656 21.94¢ 214 1098 294 1511 343 17.63 4.41 3453 600 3574 623 3742
18.41 1556 33.97 167 30.84 229 4257 267 48.67 344 8843 390 99.88 4.08 10458
1649 - 7.80 23297 204 17.85 280 2456 3.27 2866 4.21 50.53 477 5727 499 5996
1256 3.23 15.80" 252 4.80 345 6.60 404 770 519 13.87 589 1572 6.16 .16.46
1555 7.80 23.357 204 21.74 280 29.91 3.27 3490 4.21 61.76 477 70,00 499 73.29
581 281 B.42¢ 323 41.65 444 227 518 265 667 436 755 495 791 518
. 1550 7.80 23.30/@.04 2278 280 31.34 3.27 3657 4.21 6451 477 7312 499 7656
: Seens highn
20.32 2.62@09 0.92 287 127 335 148 430 266 488 301 511 315
1404 215 17197237 1047 327 1400 3.81 1633 4.90 2884 555 3260 581 34.23
: 6.20 12147 18.37 9.34 318 1285 3.71 1499 476 2448 540 2774 - 565 29.05
1407 755 21627214 18.74 294 2579 343 3009 441 5135 500 5320 523 6094
13.32 549" 1881 <231 13.29 318 1829 3.71 2134 4.76 3809 540 4317 565 4521
A 7 (’ Z &)
e R e B e -
Taye Channel Velocity ) ftfs \,“;.J\A.b"' cj,.c‘;‘- *b \ S-B
wage Siope 2t (f Elevations are used, this will be ignored) S :
e 12, QS&Q1O are based on C10, Q25, QSO&Q‘IOD are based on C100
Total Area Total Area  Surface Type 1 Surface Type 2 Surface Type 3 Average Average Initial Length Tgue Initial Channel flow True Channel High Point Low Point Average Initial Channe Total 2 Qz2 i5 Qs 10 Q10 25 Q25 50 Q50 100 Q100
C10 C100 Area C10 C100 Area C10 c100 fi ngth ft Lengthﬁ Length ft Elavatlon Elevation Slope Tc Tc Te inhr cfs infir  cfs infhr cfs infor  cfs infhr  cfs infhr  cfs
R eE Ry s ; H 0.25 -~ (.35¢ 206 Z ( 0.036 1792 1094 28.86Y 1.83 13.70 252 18.85 294 2199 378 ‘3959 428 4486 448 46.98
0.90 0.95 0.027 171 375 545 1/(-).71 332 510 456 596 532 766 7.23 868 819 909 857
T . 0.57v" 065 0.029 700 433 1132Y 287 633 395 871, 461 1016 593 1478 672 1675 7.04 17.54
0.29 0.39 0.033 1022 416 1439260 6.64 357 9.4 447 1067 536 1821 607 20.64 636 21.61
0.30 7 0.40 0.031 4777 1277 30.54- 176 23.13 242 31.84 283 3714 363 6291 412 7130 431 74.66
0.30 0.39 0026 935 418 1352 268 507 369 €98 430 814 553 1385 6.27 1570 657 1644
0.30 .~ 0.40 0.031 17.76 16.27 34.03 2461 225 33.87 263 3952 338 6698 383 7591 4.01 7948
0025 681 283 9447310 474 427 -652 498 7T.61 640 1093 7.25 1239 759 1297
0.26 /0 36 0.081 13.52 168 1520 252 6.37 346 739 404 BE3 519 1529 589 1732 6.6 18144
0.031 1758 1627 33.87« 167 31.15 229 4287 267 5002 344 B416 390 9538 408 99.86
0.054 1520 7.72 2292 209 4922 287 2645 335 30.86 430 5359 488 6073 511 6350
0062 1430 479 19.08 225 1241 309 17.07 3.61 1992 464 3423 526 3880 551 4062
0.054 4514 7.72 2286r 209 3074 - 287 4230 335 4035 4.30 8535 4.88 9673 5.1 101.20
0070 497 252 7497 337 294 464 405 541 472 69 7.25 789 822 B2 8860
0.057 1473 884 2357 204 31.80 280 4276 3.27 51.06 4.21 87.76 4.77 9946 499 104.14
0.045 478 1221 16.99 244 16.72 336 23.01 3.92 2684 504 4151 571 4704 598 4926
0.28— 0.374000E 3131.00 %‘méﬁﬁ 0.043 1649 1044 2693 191 1898 262 2611 3.06 3047 3.94 5314 446 60.22 467

SH83 rational cales for CS.xls

63.06

2/10/2003
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Appendix C: Hydraulics - Ditch Capacity / Lining for Elkhorn Basin
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CALCULATION COVER SHEET
Client: coe- 'I’Lgc,, ord 2 Project Name: & 7omc {2 Sec.02
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Total number of pages (including cover sheet):

Total number of computer runs:

§

Prepared by: S TDapn~ L pee - " Date: 7—-8-02
Checked by: _Dyayyasa, Sudistt Date: 7/ 9/n
Description and Purpose: . ‘ 7
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S De.kfr‘f*f"L OB MALU

Remarks/conclusions:

e Comments pN Cale e

Calculation Approved by:

Project Manager/Date
Revision No.. Description of Revision: Approved by:

Project Manager/Date
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Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Typical Ditch Fic
Flow Element Trapezoidal Cha
Method Manning's Form:
Solve For Discharge

Input Bata

Mannings Coeffic 0.035

Slope 005000 fi/it

Depth 1.00 ft

Left Side Slope 3.00 H:V
Right Side Slope 3.00 H: V

Bottom Width 4.00 ft
Results

Discharge 16.22 cfs
Flow Area 7.0 ft2
Wetted Perinu 1032 #t

Top Width 10.00 ft

Critical Depth 0.67 &

Critical Slope 0.023267 ft/it
Velocity 232 fifs
Velocity Head 0.08 ft

Specific Energ 1.08 #

Froude Numb: 0.49

Flow Type Suberitical

'ﬁ’?tap..g_ ba?‘al—(

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140]
Page 1 of 1

..\designhydricalcs\ditchilow_powers_sh83.fm2 URS
07/08/02 09:05:24 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666



Worksheet

Worksheet for Trapezoidal Channel

Project Description

Worksheet Typical Ditch Flo
Flow Element Trapezoidal Cha
Method Manning's Formi
Solve For Discharge

Input Data

Mannings Coeffic 0.035

Slope 008500 fuit

Depth 100 ft

Left Side Slope 3.00 H:V

Right Side Slope  3.00 H:V
Botiom Width 400 ft

Results o

Discharge 1.15 c\

Flow Area 7.0 fi2

Wetted Perimt 10.32 ft

‘Top Width 10.00 ft

Critical Depth 0.78 ft

Critical Slope 0.022378 f/ft

Velocity 3,02 fi/s

Velocity Head 0.14 #t

Specific Energ 1.14 ft

Froude Numbs 0.64

Flow Type Suberitical

...\designi\hydicalcs\ditchflow_powers_sh83.fm2

07/08/02 10:10:55 AM

© Haestad Methods, Inc.

URS
a7 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666

Project Engineer: Ellis Daniel Elsner

FlowMaster v6.1 [6140}]
Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Typical Ditch Fic
Flow Element Trapezoidal Cha
Method Manning's Forme
Solve For Discharge

Input Data

Mannings Coeffic  0.035

Slope 0055G0 fi/ft

Depth - 1.00 ft

Left Side Slope 3.00 H:V
Rigint Side Slope  3.00 H:V

Bottom Width 4,00 ft
Results

Discharge 17.01 cfs
Flow Area 7.0 fi2
Wetted Perim 10.32 ft
Top Width 10.00 #
Critical Depth 0.69 ft
Critical Slope 0.023104 /it
Velocity 2.43 fifs
Velocity Head 0.09 ft
Specific Ener¢ 1.09 #
Froude Numbs 0.51

Flow Type Subcritical

Project Engineer: Ellis Daniel Elsner
.Adesignhydricales\ditchilow_powers_shB83.fm2 URS FlowMaster v6.1 [6140]
M7/OB/Y 11342 ARA ™S erEaentard Mathoasde Ik

A7 Brannkhelicrda Beaad VAWetrarkbywy T AS7AS 1ISA MO0 TEE A0 Bmmes o oo o4



. | Worksheet
Worksheet for Triangular Channel

Project Description

Worksheet - Median Flow
Flow Element Triangular. Char
Methed Manning's Fonr
Solve For Discharge
Input Data

Mannings Coeffic 0.035

Slope 009200 fi/it

Depth 0.87 it

Left Side Slope 600 H:V
Right Side Slope’ 6.00 H:V

Resulis

Discharge 10.52 cfs
Fiow Area . 4.5 ft2
Wetted Perimu 10.58 it
Top Width 10.44 i
Critica! Depth 072 1t
Critical Slope  0.025576 fi/t
Velocity 2.32 Htfs
Velocity Head 0.08 ft
Specific Energ 0,85 ft
Froude Numb: 0.62

Flow Type  3ubgritical

Project Engineer: Ellis Daniel Elsner
.-designihydicales\ditchfiow_powers_sh83.1m2

. URS FlowMaster v&.1 [6140]
07/08/02 11:;09:05 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  {203) 755-1666 Page 1 of 1



Worksheet

Worksheet for Trapezoidal Channel

Project Description

Worksheet Ramp E Sta, 114 RT 1
Flow Element Trapezoidal Channel
Method Manning's Fermula
Solve For Channet Depth

Input Data

Mannings Coeffic 0.030

Slope 010500 fu/ft a— Ave,
Left Side Slope 3.00 H:V

Right Side Slope 3.00 H:V

Bottom Width 4.00 ft

Discharge 11.70 cfs R Y, (O
Results

Depth 0.64 ft  —— PP
Flow Area 3.8 fiz

Woedtted Perim B.06 ft

Top Width 7.85 ft

Critical Depth 0.56 ft

Critical Slope  0.017957 {v/ft

Velocity 3.08 ft's

Velocity Head 0.15 ft

Specific Energ 0.79 ft

Froude Numbx 0.78

Flow Type  Subcritical

t:\...\sh83 interchange\elkhom channel cales.tm2

10/16/02 04:37:55 PM

®© Haestad Methods, Inc.

< Lo
Bas,n

pLT-~Agti—K

TP AT TAL

URS
37 Brookside Road Waterbury, CT 06708 USA

o‘c.:/

2 F1

Project Engineer: Ellis Daniel Elsner
ElowMaster v&.1 [614¢]

(203) 755-1666 Page 1 of 1



Worksheet

Worksheet for Trapezoidal Channel

Project Description

Worksheet Ramp E Sta. 114 RT -
Flow Element Trapezoidal Channe!
Method Marnning's Formula
Solve For Channel Depth
Input Data
Mannings Coeffic 0.030
Slope 010500 ftft +— MaX BSLofi
Left Side Slope 3.00 H:V
Right Side Slope  3.00 H:V
Botiom Width 4.00 ft
Discharge EEOCls  w Qo BASN GLT-AD A
Results
Depth 0.43 ft =
Zz
L]
Flow Area 2.2 fi2 TZ — -
Wetted Perim: €68 ft (o . o <
Top Width 6.55 it
Critical Depth 0.35 it

Criticai Slope’ 0.020248 fiit

Velocity 045 fis #— vele it N
Velocity Head 0.09 ft

Specific Energ 052 ft

Froude Numix 0.74

Flow Type  Subcritical

t\...\sh83 interchange\elkhorn channel calcs.im2

10/16/02 04:38:32 PM

© Haestad Methods, Inc,

T - Y RS

- (Cod tofpn Vo236 Y o105 0y

=z L,Z1
Class (O
URS

37 Brookside Road Waterbury, CT 06708 USA  (203) 766-1666

b [ £+%

/-C}D 0’*1::#){'

ok!

Project Engineer: Ellis Daniel Elsner
FlowMaster v&.1 [6140]
Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet SH 83 Sta. 221 RT 10
Flow Element Trapezoidal Channel
Method Manning's Farmula
Solve For Channel Depth

Input Data

Mannings Coeffic 0.030

S &

Slope 028200 fft a— AVE.

Left Side Slope 3.00 H:V

Right Side Slope  3.00 H:V

Bottom Width 4.00 ft -
Discharge 2140 cfs - GQron " Basuw ULT-ACDDS
Results

Depth 068 ft 7 Bagi.

Flow Area 4.1 2

Wetted Perimu 8.30 ft .

Top Width 8.08 ft “Tete! Df’_fﬁ_ = 2+ c)lﬁ—s/
Critical Depth 0.78 ft

Critical Slope  0.016413 ft/ft

Velocity 5.21 fi/s

Velocity Head 0.42 ft

Specific Energ 1.10 ft

Froude Numb» 1.28

Flow Type Supercritical

t\...\sh83 interchange\elkhom channel calcs.fm2

10/16/02 04:39:34 PM

URS

© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA

(203) 755-1666

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140}
Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

“ Project Descriptlon

Worksheet SH 83 Sta. 221 RT 11
Fiow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth

Input Data

Mannings Coeffic 0.030
Slope 113000 fuft €~ gam¥ SLpfE
Left Side Slope 3.00 H:V
Right Side Slope  3.00 H:V
Bottom Width 4,00 ft
Discharge 1160 cfs - & ,n BAS A u(.,?"‘ﬂrc’@s
Resuits
Depth 0.33 ft
Flow Area 1.7 fi2 )
Wetted Perimi 6.10 ft o j,Z - 028 £
Top Width 5.99 ft (. (™
Critical Depth 0.55 ft
Critical Siope  0.017981 ftft
Velocity 6.99 fi/s a—-u:.lauv‘:,
Velocity Head 0.76 ft
Specific Energ 1.09 #t
Froude Numb: 234 O—’___ '\( .2_ 5
Flow Type  3upercritical .
o 2pen ) (13 FH N
(2 1s ) [o.26 £
At
= /.97 IbJ 2
A ov mel éLU/’we_y jﬁ’/&nbéf" = 7—'; z.co /b /‘f:f.z-

t\...\sh83 interchange\elkhom channel caics.fm2
10/16/02 04;39:20 PM

i

.

g7
e LOBE. ‘3’@,&

Project Engineer:; Ellis Daniel Elsner
‘FlowMaster vB.1 [6140])
Page 1 of 1

URS

©® Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 08708 USA  (203) 755-1666



Worksheet

Worksheet for Trapezoidal Channel

Project Description

Worksheet SH 83 Sta. 221 LT 1O
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth

fnput Data

Mannings Coeffic

0,030

F‘
Slope 018900 fit +— OUE S—ofc
Left Side Slope 3.00 H:V
Right Side Slope  3.00 H:V
Bottom Width 4,00 ft

. Py S

Discharge 9.50 cfs Qo0 CAs N A4@3
Results
Depth 0.49 ft —DePth
Flow Area 27 ie Tt ] Do bty = £,L
Wetted Perimi 708 #t /0"/-5 o Zi
Top Width 6.93 fi
Critical Depth 0.49
Critical Slope  0.018545 f{i/#t
Velocity 3.55 fi/s
Veloclty Head 0.20 ft
Specific Energ 0.69 f
Froude Numb: 1.01
Flow Type supercritical

t:\..AshB83 Interchange\elkhom channet calcs.fm2

10/16/02 04:40:42 PM

© Hasstad Methods, Inc.

URS
37 Brookside Road Waterbury, CT 06708 USA

ox v

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140]

(203) 755-1666 Page 1 of 1



Project Description

Worksheet

Worksheet for Trapezoidal Channel

Worksheet SH 83 Sta. 221 LT 1(

Flow Eiement Trapezoidal Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coeffic 0.030

Slope 020700 it »—— MAY SLOFE

Left Side Slope 3.00 H:V

Right Side Slope  3.00 H:V

Bottom Width 4,00 ft ]

Discharge 530 cfs <= &, BAsia) OeT ~423
Results

Depth 0.34 ft

Flow Area 1.7 f©2

Wetted Perimt 6.18 ft R = ,j,'-’;’ e p.2@ FF
Top Width 6.07 ft ¢.!8

Gritical Depth 0.35 ft

Critical Slope-  0.020374 ft/ft

Velogity - 3.06 ft's & V&/Gé!i"/\j

Velocity Head 0.15 ft

Specitic Energ 0.49 ft

Froude Numb: 1.01 (7/ = \( fz _S
Flow Type  3upercritical

- lbzy 2, \/o- wﬁ/mz,o’?%_\

2z &,

FARRVE o o4 8

(b [ £+

o I/é.ﬁ d,JLcwfd—e ~

e k!

T"—-/.DO b LK

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140)
Page 1 of 1

t\..\sh83 interchange\elkhom channel cales. 2
10/16/02 04:40:08 PM ®© Haestad Methods, Ingc.

URS

37 Brookslde Road Waterbury, CT 06708 USA  (202) 755-1666



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Ramp F Sta. 410 AT 1
Flow Element Trapezoidal Channel
Method Manning's Formula
Salve For Channel Depth

Input Data

Mannings Coeffic 0.030

Slope 063600 ftft «— AvE Scoff-
Left Side Slape 3.00 H:V

Right Side Slope  3.00 H:V

Bottom Width 4.00 ft _

Discharge 720 cfs > 0 o, v BAL) VT~ AJ @A

Resuits

Depth Q.30 ft o W . i

Flow Area 1.5 fiz s De'g}—%g =z o(L/

Wetted Perimu 5.89 fi

Top Width 579 ft

Critical Depth 0.42 ft

Critical Slope  0.019378 ftfit

Velocity 4,93 fifs

Velocity Head 038 #

Specific Energ 0.68 ft

Froude Numb»: 1.73

Flow Type  3upercritical

Project Engineer: Ellis Danlel Elsner

t:\..\sh83 interchange\slkhom channel cales.fm2 URS

FlowMaster v8.1 (6140]
10/16/02 04:42:06 PM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  {203) 755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Ramp i Sta. 410 RT 1
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
Input Data
Mannings Coeffic 0.030
Slope 142000 ftft S—TNAY DL HEE
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V
Bottom Width 4,00 #
Discharge 340 ofs w— Qo =~ LA W7 Ao
Results
Depth 0.15 ft
Flow Area 0.7 ftz E = 0.7
 Wetted Perlm 4,97 ft = (D, /‘7/ £+
Top Width 492 ft H. g7
Critical Depth 0.26 ft
Critical Slope  0.021972 ft/it
Velocity 4.98 fls »— V& tpr_,T’(‘v)
Velocity Head 039 ft

Specilic Energ

2o | TR S
Supercritical ) .
5 'é?--ﬁ//‘b\ 0. 14 e\ [ 1425 F
‘ g ( ( t‘éj

< /,‘2..5—- //3/:;;_’-’—

Froude Numb:
Flow Type

foe o dermo %, vehro’n

CALASs &

f
Ve, =+
g For Shed
Froject Engineer: Ellis Daniel Elsner
tA..Ash83 interchange\etikhom channel calcs.fm2 URS

FlowMaster v6.1 [6140]

10/16/02 04:42:48 PM Page 1 of 1

© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 08708 USA  (203) 755-1666
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URS DﬁﬁFf

Appendix D: Hydraulics - Culvert Design for Elkhorn Basin

Q\Admin\Reports\Drainage\FDR (91003.doc



EXHIBIT 5.3-1

URS Greiner
CALCULATION COVER SHEET
Client: CDo T Project Name: Posges  + sye

Project/Calculation Number: YNl SE0 ..o

Title: ZL K Hoe ) BAS, N  QOLVER]S PR Powies L 2AVP Z + ameE
Total number of pages (including cover sheet): o '

Total number of computer runs;

Prepared by: JAason M E-HeiHer Date: 7; 2-07
Checked by: —bp‘ww SLESER Date: 7~ 7 ~62
Description and Purpose:

— INygeas fFor TFuoiolkd. GV CulyeeFS OURER 'A_:gfu,
Bame 2, + £Aame € o Errdownd LASAIS,

Design bases/references/assumptions:
- ALL&MMW}, P RoALES B Porde”Zs, Rwame Z +RANMPE
. Luvelt sz2ES Al LAeu g Charea
T TBEYE) o Frow S AL EACLER CASS

Remarks/conclusions:

Calculation Approved by: ' Qﬂ p 7 £ (3-52
/ Project Manager/Date

Revision No.: Description of Revision: Approved by:

Praject Manager/Date



UR'S | ; © Page of

Job FrverS  Bows g wders ProjectNo. 4 7- Ho 425 G2 Shest [ of
Description F2. i s2een’ ot vt VERT Computed by _ S 5 /] Date Z2/F /052
LAl s Checkedby = O & Date <7 ~O72_

Reference

755+ 55785 (//V?“ FouE Hiigrs Ec:u(/z/é/y)

1S§+00 EL = E$4S, 5SS

G EL@ TsS+S5S g5 = (845,55~ 0.00a8x (158300 — TS5+ 55185
(845 S5 S — 2.24&
€893 30
FLow = G - B — g7 (Sﬁé. FA&ﬁ;)
Hepian) 65493, 13

G = 1ys'- 2.0 (see Page 2)
653, 87

EDLE OF SHotiLDER

o

Box ( YLVERT BASED on’ EDGE oF Sktoveppearl
95 ' or CL

INVERT @ EDGE 0F SHOVPER Fore, LoX = .,
(539, 7 — 2' (cover) — 67 Box Tickress) =4 (Box
HEIGHT)

(833,20
See fapE L For BRAvivG
@ 10092 & Box sTORS v/ wv = €§35:253

(DHSO3R  wiNG wALLS STOFRS /I 2 48 33,50



URS

Page
Job fmers  Bouvevaep Project No. _M_Z_uﬂa.S_‘QQQASheet_Z of
Descriplion _E.4 HIZA_ B L /8T Computedby _osat pate _ 7/ /02
Cﬁf,{;ﬁ ' Checked by 2 40 % __ Date _¢TG -0
o Reference
Mgy A A2, - .
_,.-' ""?Z_ .35
_ P 2'. . - [ ] -
{ %1 -:{72 _-'—jf
- = - . & . ’
.-‘:E's." . ” "l\ ;‘ 'l'
{ 2z Sz, . Vo112
- Y2 -
el i _
\:. t.?_-_-. CL—- .30,"I.%—i.
Lo - :
2.
‘!"72 ,
RN )
B
- -v' §
( Se' 2 ,M 83387 3
\ (24 ) { l:;i'\d&» 2
o — " &
o ~ X
~ ,
o ™~
©.5% e — N
Tepv B 20
\ -3~ \
‘ x o\
Y. 83320+ ' + (1 4 .bog';(c- L2877 w= 'x/ﬁ o
. f?Z" o
, 28 A= 2 TIARL S

Xz Scﬂ“l_'i'; oo /6092 Rox sTOIS,
e s CEDL, 28
) .



URS e

Job PrivEels  Boy e/agD Project No. g 7-0coy 2 S0, 0 Sheet .3 _ of
Description £L« HaRA _ Bax  [/LvERT Computed by _ 5% /+1 Dae 7/ 5_,/[ o2—
laLr!s Checkedby &P 2- Dae 7 ~1-QL_
Reference

F’O{L [P § H&’Uln_(,s

S L6833, 20 * ‘%(wS) e 683V 49 -r/;xlw

{ F i
334 Y = (.7 jad 3
- y = 2oz 1563 From <L
5 3 @_p é‘us‘ﬁﬁuﬂuly

vy = B30
1';;,@@

-



URS

Page of

Job /01/525 Lovesiwreo : ProjectNo. _#& ¢ = Q0O YA SO0 Sheet _ 4 of
Description & £/< HORA/ Box CAERT  Computed by 15_:5'/‘1 Dale _7./ i’zﬂ;!}
Larc!s Checked by __ 4 7 & pate _2—F-0%

Referenca

vy v & winGg LALLS = 65323.30

WV @ INT 0F BOX p- RAMP F ALIGNMENTS =
(ramp F STA. Wy +66.08) 653,80 —, 005 (4s9.28)= €531, 00

HCL

/
Ty
v (ESSIT = 881 — 3 — 5 = £€3L,00 - (3%0) FXN.008) + 447
G328 X = (L TE7
X = 5’/,/(7 __
v WV oF Box STOP = £830,40 ¥

(82066 — 005y = L$30gD + 46T ~Y5
=3?g‘f = L/ré7’
;-’3 1”‘/:9"/'

Lo IVV @ vl = 6$3053 7
- (43.35'L)



URS

Page - of

Job_(onwERS B/ Evanp Project No. £ 7- 000 ¢ 2 S 720, () - Shest S o
Description & L KHIRN Box CAVERLT Computedby S S/~ Date 7/ 9/p2
] CALCS Checked by ZO‘S‘* Date 7~ 5“’@ <
' Reference
Rarip F
HeL

(g5%.07 +1.5Y - ’% 6531+, 005 (38+2) t4.67
L A= 20,90/
Z= 1. 51~
Jo WV OF Box sToP = 6831,76

(TS + oosy = 48T 46T ~ VA
z":?-ﬂ ];_/

oo NV @ainGuALL = 6573189
(17¢ .66 &)



URS

- Page _of
Job_ Powtes Rooufd BED

ProjectNo. L7004 2 $o0. O%  Sheet_j  of
Description __iSe% QUi v et O, Computed by £ Date _*~8B-0¢
Epme £ Checked by 3377 Dale
Reference

N . e Y
gy et FROM Tl—:s,&/;)!uw = L et R AN I~

To Renr.p £ san. 144138, 22

Fiivpiiow € Rox/wue = (32340 40

L £ BEbeme F S7p, (HHYES. 282 =B T7E5.4]

r

Soept & 2 +ap ¢ 94

i

s Oph & L - L B
’ BISNN CRENTA LY S . t“}@
Swegy & N S4+77% = 1.78%

ters 4 { 53»/.7{- ) (?),fi/.*ﬁ_\;.za =)

(1:180 2715 7% ti B,
- TRUN CHANMNLL Elosa 307 pe Bor auouWNERT T

sy,7 o Lt Pl € e, L T 5,3%
’ P \-__.:,c;a L
) St B 1 4R S - :
, é :/_/“F‘h- . — f. ?z«
,zj'}hi-“g\ —_ i el 2’
;} "
- ra 3 L
S - b3
| P
% - A ’
- el H
o 5% R .
— ] %
caze e
1
/}’ jﬁ—,%—*‘;’ 4 e &
HE
- - . -~
o v . ' t e
(52374 + onx = WEVS - 72 2"~ (38 - % - D) o
/ép 5 - Sl ~t
we 122 L2

)

, EMT ef BT Rl

CB. T ..
we €ito?’

-



Page of

Job g 65 fhoo /78— Project No, & 706007 $95. 0% Shest 2. of
Description B> £ 4240 e * Ialg .
Ctmer, @<,

Computedty ____ 222 Date _7— Q-0
Checked by S5 r7 Date

Reference

r—"‘\:ﬂggf ;'// - /b(!’;‘&:‘f“) - Z, - g/g = 554"854/.72. -.+(E‘2,2.c-'? 12y Z-SS'*K:“ZJX‘)(-C
ﬁ

.% Pelts 7siin ST T)D,\—A.)fﬁ“.;"fl'{viﬁ\'!’-‘-’lé Prou g i T e HP—"-.'ﬁ- AT sl
. . ) ./
e 2 eu il o~ Ptz I S N 2?:-!(-53&;!:}) ~ I'Z.zf.x “-"2!""7']"'_/65 -5;
= Q&e&ﬂ'ﬁ @ EHQ\_,!'.‘,OE_Q

s
l’ I //’ “ ! o
A e
i L. . P BY, "_.‘
Rl o e zo {3 Lot
{7 ST
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* = Yo NV = L8 Emay
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x -5 v ra Fuy, 2 g, .
. 7 (.;2 Fasad Fosf foen L

478 K

TSk

'3



URS

_ Page of
Job__ ©e bl  Roufs AED Project No. (=70coy2 oo, a2 Sheet_3S  of
Description RorcinvEe ohie Computed by £0g Date _7-7-0z
Cpege £ T Checked by Ix 7 Date
| Reference
4
soes et 437
R N LT P - TR S B i/ A i la e CSeSet + (ﬁ#&#/zqg«c/éﬂzﬁ-;x\)(,m—z‘)
% = Rttt T3 .

. e e R & e Ptk ERIm
!
68 Li, % s/
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25 Computed by e Date 7 -10-Q2Z
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oy & Dagmw [8len Checked by
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AT g
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N
P
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[

|
[ar
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. r
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1138 vl £
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je928e = BHTE L 2 G
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= H e Q P STV R =g - -
| {8 o
ST ZES SV
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Job GBS Eo.;-._g JiE3D Project No. é’}@mﬂi‘;‘-‘@ e Sheet 1§ of /
Description T Sele 2 Computed by SoE Datg 7—10 - &
A T Mg el falR Checked by Date
Reference
By Farn i€ Cayrs 4o+ 67 2y s o p! R
gL s e8%.857%
VN Sioed  Oith =

e O

Hindsy Iy A"‘"he‘g A
oD
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Worksheet
Worksheet for Trapezoidal Channel

Project Description
Worksheet Upstream Channel for 4
Flow Eiement Trapezoidal Channel
Method Manning's Formula
Solve For Channel Bepth
input Data
Mannings Coeffic 0.035
Slope 017500 ft/ft
Left Side Siope ~ 3.00 H:V
Right Side Slope  3.00 H:V
Bottom Width 400 #
Discharge 11.00 ofs ~-
" Results
Depth 0.59 ft
Flow Area 3.4 fiz
Wetted Perirm 772 #t
Top Width 753 R
Critical Depth 0.54 ft
Critical Slope 0.024674 ft/ft
Velocity 3.24 fi's 7
Velocity Head 0.18 ft
Specific Energ 0,75 #t
Froude Numbr 0.85 v
Flow Type  3Subecritical

.. Acad\desigrinydnculverisielkhomeulverts.tm2

0702 10:27:01 AM

& Haestad Methods, inc.

uRs
37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Eliis Daniel Elsner

(203) 755-1666

FlowMaster v6.1 [6140]
Page 1 of 1



. Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Ditch from SH83 to Ramy
Flow Element Trapezoldal Channel
Method Manning's Formula
Solve For Channel Depth

Input Data

Mannings Coeffic 0.035

Slope 090000 /R ¢
Left Side Slope 3.00 H:V
Right Side Slope  3.00 H:V

Bottormn Width 4.00 ft
Discharge 21.00 cfs’
Results

Depth 0.54 it
Flow Area 3.0 ft?
Wetted Perirm 7.30 R
Top Width 7.21 #t
Critical Depth 0.78 ft
Critical Slope  0.022400 ft/tt
Velocity 6.99 fi/s ¥
Velogity Head 0.76 t
Specific Energ S 1.380 ft
Froude Numb: 191 w

Flow Type  3upercritical

Project Engineer; Ellis Daniel Elsner
FiowMaster v6.1 [6140]
Page 1 of 1

.cacdhdesignihydriculverts\elkhomeulveris.fm2

URS
O7/10/02 02:51:39 PM

© Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 08708 USA  [203) 755-1666



Worksheet for Trapezoidal Channel

Project Description

Worksheet Temp Ditch on B
Flow Element Trapezoidal Char
Method Manning's Formu
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035

Slope 075000 f/ft

Left Side Slope 3.00 H:V

Right Side Slope  3.00 H:V
Bottomn Width 4,00

Discharge 7.00 cfs

Resuits

Depth 031 it

Flow Area 1.5 {2

Wetted Perim: 593 #f

Top Width 5.83 1t

Critical Depth 0.41 ft

Critical Slope  0.0264986 ft/lt
Velacity 4,86 fi/s
Velocity Head 0.34

Specific Energ 0.64 ft

Froude Numb: 1.62

Flow Type  3upercritical

Acaddesignihydricuivertsielikkhomeulvers. fm2

Q7/10/02 05:13:34 PM

© Haestad Methods, Inc,

Worksheet

URS

37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Ellis Danlel Elsner
FiowMaster v6.1 [6140]

(203) 755-1666 Page1oft
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Page of
Job Yisosce 5 Eou T amg ProjectNo, &7 omouz 200,02 Shest i of
Description _ @= S TATE i cpunn i D3 Computedby &% Date 7-12-o0z
Rant 1 CALES Checked by Date '
Reference
Flun Grel gy CALCS
JiE 220 = 877 2% . aen &
/v rse s oBmg 2
Hefs mews Cofwe b undhed SHBZ
Lo run o 7V 0el 4 pass Swere
SET pPsceses el B 230w
ASS o LEPe el grualie preawe coui i
S A = B TR 0C  ppiw £
@ 6B 7. 0Y / d,rs,s,:~q?-§"’?~'~?13_, wd7 . F Ak b
1]
yve’
Vours Raml & 115 E> g’ Ry = 57547
uf  BHER 221702 v B& LT = G742 0
pEEr v Saf Bl o & CE2p, 7o
dtom v we s (2 fame H O 2oowgo.rs oo Ry
.ﬂ,d'ﬁ-.}- & 7 P .
< H S
2 L/700 | po = CA7, 20 Ea i
? SR - &7, I8 7
Dot S { Boligas 7 0o



URS

Page of
Job Po ik S5 faw-CIeRC Project No. C70001/2.50D 0 T gheet 2 of
Descripion __ &= S7ate et 38 RS Computedby _ £©% Date _Z=/& "Q%
Recm kil € ALCS Checked by Date
Referance
o o y%s 9y
3o /-0 = LB 7L, 5D w1
.
LR ST x % T7.L
0 a0 = G P2 R 0D
207 452 = L575%,7E
Do el . L8779 £7
Lo b = =SB0 .5
By of 45l - @ 8l. o
EER AR = Gent. 1%
36 T aod T Gt £2 { e 61;\
20§ -5 = 6283.2¢ |VSe <r)
20 L o0 . %ey. o0 [ Vs Sy
B lo# 5D : BeBY.TS PRV~
3 7 +ed “ G &S I



Solve For: Headwater Elevation

- Culvert Calculator Report
24" RCP for SH83 near Ramp E

Culvert Summary

Aliowable HW Elevation 5.00 ft Headwater Depth/Height 0.96
Computed Headwaler Elevi 2.92 & Discharge 11.00 cfs
Inlet Controf HW Elev. 280 #t Tailwater Elevation 0.54 f
Outlet Controi HW Elev. 292 #t Control Type Outlet Gontrol
Grades

Upstream Invert 1.00 & Downstream Invert 0.00
Length 200.00 it Constructed Slope 0.005000 fi/it
Hydraulic Protile

Prefile M2 Depth, Downstream 119 #t
Slope Type Mid Normal Depth 1.22 ft
Flow Regime Subcritical Critical Depth 1.19 -
Velocity Downstream 565 fi/s Critical Slope 0.005386 ftft
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
‘Number Sections 1

Outlet Contral Properties )

Outlet Control HW Elev. 202 ft Upstream Velocity Head 0.47 #
Ke Q.50 Entrance Loss 0.23 ft
Inlet Control Properties

inlet Control HW Elev. 280 # Flow Control Unsubmerged
Inlet Type Square edge w/headwall Area Full 3.1 {2
K 0.00980 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 1

o] 0,03980 Equation Form 1

Y 0.87000

Title; Elkhom Culvert for Powers and SHa3
Jcadidesignhydiculvertsielkhomculvert.cvm

07/11/02 09:38:61 AM

URS

© Haestad Methods, Inc. 37 Brookside Foad  Walerbury, CT 06708 USA  +1-203-755-1666

Project Enineer: E. Danny Elsner

CulvertMaster v2.0 {2.005]
Page 1of1



Project Description

Worksheet SHB3 (It) near Rar
Flow Elernent Trapezoidal Chan
Method Manning's Formul
Solve For Channet Depth
Input Data

Mannings Coeffic 0.035

Slope Q70000 fuft

Left Side Slope 3.00 H:V

Right Side Slope 3.00 H:V
Bottom Width 4.00 ft

Discharge 8.00 cfs

Resuits

Depth 0.36 ft

Flow Area 1.B fiz

Wetled Perirme 6.27 ft

Top Width 6.16 f

Critical Depth 0.48 ft

Critical Slope  0.025457 #/it
Velocity 4.93 fifs

Velocity Head 0.38 ft

Specific Energ 0.74 ft

Froude Numb: 1.60

Flow Type Supercritical

Worksheet

Worksheet for Trapezoidal Channel

Project Engineer. Ellis Danial Elsner
FlowMaster v8.1 [6140]
Page 1 of 1

Acaddesignhydnculversielkhomculverts . fm2 URS
07/11/02 10:49:52 AM © Haestad Methods, Inc. 37 Brockside Road Waterbury, CT 068708 USA  (203) 755-1666



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Ramp H Ditch {(topof s
Flow Eiement Trapezoidal Channel
Method Manning's Formula
Solve For Channei Depth

Input Data

Mannings Coeffic 0.035
Slope 015000 ftft
Left Side Slope 3.00 H:V
Right Side Slope 3.00 H:V

Bottom Width 4.00 f#t
Discharge 4.00 cfs
Results

Depth 0.35 ft
Flow Area 1.8 fi2
Wetted Perim 6.22 ft
Top Width 6.11 it
Ciritical Depth 0.29 ft
Critical Slope 0.020079 it
Velocity 2.25 ftfs
Velocity Head 0.08 ft
Specific Energ 0.43 ft

Froude Numb: 0.74
Flow Type Subcritical

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140]
‘Page 1of 1

Acaddesignihydrculverisielkhomoulverts.frm2 URS
07H11/02 11:00:22 AM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1656



EXHIBIT 5.3-1

URS Greiner :
CALCULATION COVER SHEET
Client: < oot REoipw 2 Project Name: Fowges R, + SW g3 e 7.
Project/Calculation Number: 6 oo L 5T0 . o
Title: Boe cuiLvger  For 2 sy e 2asip LNOER R AMP §

Total number of pages (including cover sheet):

Total number of computer runs:

Prepared by: S Daprd £ Lsuen Date: e Y
Checked by: D naua. NUD IS Date: 1Rz,

[
Description and Purpose:

- SiIZZ gsy cinasll—T FPor Lrt.:nma—-lé caw P T VS
Lo e Toswms bl & '

Design bases/references/assumptions:

— R t=tian e CRLSS
— St FLooMmASTE L + CuLJEEw ppETEL

- e pet - £ AR E AN AN AL
— s £ (e dJOEpP MOT RO 0 O Tpdm

Remarks/conclusions:

Ske. Comments on Cale Sheds

Calculation Approved by:

Project Manager/Date
Revision No.: Description of Revision: Approved by:

Project Manager/Date

QaM 5.4 - 1010197



URS

Page of
Job Fowsrs gorgurlD +S5HR3 ;M7 Project No. Ercood 2 Sanen Sheet _ 1  of
Description Computed by £pE Date ~7-72-0%2
Boy Col& €t UrpéR Lame Z Checked by Date
Reference _
AsSumeiov! _ BEASIORNC Flowa  UP S TILERG . KWP\/
- JegdT  S\TUAT R 'S UieamAaT € c_cﬁ.:om.»w,\,u:“_ '
Tl B AT A Eov /2.‘1: Tl AL ch\g IR | c_'ES.
Z Wit PROGAAY S et LCaldL oS (M To ErlhLBuct
o JNLET Wil BRE CLosE Zo Larlantk C. Tezac
Frow Sroue?P 8¢ uskd), '
— NEEQ 7o im0 Box Cunv R Lulegn. Ma¥  Veiou Ty
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Culvert Calculator Report
48" RCP for Ramp E

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 6,876.00 ftv~ Headwater Depth/Height 1.7t ¥
Computed Headwater Elev:  6,875.84 ft Discharge 129.00 cfs v
Inlet Control HW Elev. 6,875.84 ft Tailwater Elevation €,867.06 ft
OCutlet Control HW Elev. 6,875.3¢ f Control Type Iniet Control

Grades

Upstream invert 6,869.00 ft Downstream Invert 6,864.75 ft
Length 250.00 §t Constructed Slope 0.017000 8

Hydraulic Profile

Profile 52 Depth, Downstream 249 ft
Slope Type Steep Nomal Depth 2.44 ft
Fiow Regime Supercritical Critical Depth 3.40 ft
Velocity Downstream 15.68 {t/s Critical Slope 0.007593 itft
Section

Section Shape Circular Mannings Cosflicient 0.013
Section Material Concrete Span 4.00 #
Section Size 48 inch Rise 4,00 ft
Number Sections ]

Qutlet Control Properties

Qutlet Control HW Elev. 6,875.39 ft Upstream Velocity Head 1.09 #
Ke 0.50 Entrance Loss 1.00 #

Inlet Control Properties

Inlet Control HW Elev. 6,875.84 # Flow Control Subrnerged
Inlet Type Square edge wheadwall Area Full 12.6 fi2
K 0.00880 HDS § Chart 1

M 2.00000 HDS 5 Scale 1

C 0.03980 Equation Form 1

Y 0.67000

}5\'-’\'”14..\/ < 5QL.,\(LJ

Titie: Elkhom Culvert ior Powers and SHS83
...\cadvdesignihydriculverts\elkhomeulvert.cvm URS

Q7/07/02 10:57:23 AM © Haestad Msthods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-208-755-1666

Project Engineer: E. Danny Elsner
CulvertMaster v2.0 [2.005]
Page 1 of 1



‘Solve For: Headwater Elevation

Culvert Cailculator Report
4'x3' Box for Ramp E -

Culvert Summary

Allowable HW Elevation 6,876.00 it v"  Headwater Depth/Height 2.02 o
Computed Headwater Elev:  6,875.08 ft Discharge 129.00 ofs v/
Inlet Control HW Elev, 6,875.06 ft Taliwater Elevation- 6,866.31 #t
Outlet Control HW Elev. 6,874.16 ft Control Type Inlet Control
Grades

Upstream Invert 6,860.00 ft Downstream Invert 6,864.00 1t
Length 250,00 # _Constructed Slope 0.020000 fiAdt
Hydraulic Profile

Profile 82 Depth, Downstream 203 &
Slope Type Steep Normal Depth 2.00 #t
Flow Regime Supercritical Critical Depth 3.00 it
Velocity Downstream 15,89 fi's Critical Slope 0.010864 fi/it
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 400 ft
Section Size 4x3ft Rise 3.00 #
Nurnber Sections 1

Qutlet Control Properties

Outlet Control HW Elev. 6,874.16 1t Upstream Velocity Head 1.80 ft
Ke 0.20 Entrance Loss 0.36 ft
Inlet Control Properties

Inlet Control HW Elev. 6,875.06 #t Fiow Control Submerged
Inlet Type  80° headwall w 45° bevels Area Full 12.0 it?
K 0.49500 HDS & Chart 10

M 0.66700 HDS 5 Scale 2

C 0.03140 Equation Form 2

Y 0.82000

Title: Elkhom Culvert for Powers and SHB3
..\cadhdesigmhydnoutverisielkhomculvert.cvm

07/07/02 11:04:41 AM

© Haestad Methods, Inc. © 27 Brookside Road Waterbury, CT 08708 USA  +1-203-756-1666

URS

27y

Project Enginesr: £. Danny Elsner
" Culverttaster v2.0 [2.005])
Page 1 of1



Culvert Calculator Report
6'x4' Box for Ramp E

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 6,876.00 fird Headwater Depth/Height 0.97 v

Computed Headwater Elev: 6,872.,89 ft Discharge 129.00 cofs

Inlet Control HW Elev. 6,872.83 #t Tailwater Elevation 6,865.81 ft

Qutlet Control HW Elev. 6,872.89 ft Controf Type Entrance Control

Grades

Upstream Invert 6,869.00 #. Downstream Invert 6,863.50 ft

Length 250.00 ft .~ Constructed Slope 0.022000 fyit

Hydraulic Profite ..

Profile 82 Depth, Downstream 1.35 ft

Slope Type Steep Normal Depth 1.34 ft

Flow Regime Supercritical Critical Depth 243 i#t

Velocity Downstream 15.89 ft/s Critical Slope 0.004041 Ut

Section

Section Shape Box Mannings Coefficient 0.013

Section Material Concrete Span 6.00 #

Section Size Bx4it Rise 4,00 ft

Number Sections 1

Cutlet Contral Properties

Cutlet Control HW Elev. 6,872.89 fi Upstreamn Velocity Head 1.22 ft

Ke 0.20 Entrance Loss 0.24 ft

Iniet Control Properties

Iniet Control HW Elev. 6,872.83 ft Flow Controi Unsubrnerged

inlet Type  90° headwall w 45° bevels Area Full 240 H2

K 0.49500 HDS 5 Chart 10

M 0.66700 HDS 5 Scale 2

94 0.03140 Equation Form 2

Y 0.82000
Title: Eikhorn Culvert for Powers and SHE3 Project Engineer: E, Danny Elsner
Scadvdesignihydiculvertsielkhornculvert.ovm URS CulvertMaster v2.0 [2.005]
Q7/07/02 11:08:24 AM © Haestad Meathods, Ing, 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Culvert Calculator Report
54" RCP for Ramp E

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 6,876.00 ft ./ Headwater DepttyHeight 1.28
Computed Headwater Elev:  6,873.76 fl Discharge 128.00 cfs
Iniet Control HW Elev. 6,873.61 ft Tailwater Elevation 6,865.81 ft
Cutlet Control HW Elev. 6,873.76 fi Contro! Type Entrance Control
Grades et _

Upstream Invert \_E}_,_@ Downstream Invert 6,863.50 ft
Length 250.00 ft Constructed Slope 0.018000 ft/fit

Hydraulic Profile

Profile 82 Depth, Downstream 2.28 #
Slope Type Steep Normal Depth 222 ft
Fiow Regime Supercritical Critical Depth . 3.34 ft
Velocity Downstream 15.86 fi/s Critical Slope : 0.005292 fift
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 450
Section Size 54 inch " Rise 450 [t
Number Sections 1

Qutlet Control Properties

Cutlet Control HW Elev. 6,873.76 fi Upsiream Velocity Head 1.61 ft
Ke 0.50 Entrance Loss 081 fi
Iniet Control F_‘roperlies

Inlet Control HW Elev, 6,873.61 ft ~ Flow Control Transition
Inlet Type Sguare edge w/headwall Area Full 15.9 i
K 0.00980 HDS 5 Chart 1

M 2.00000 HDS § Scale 1

C 0.03980 Equation Form 1

Y 0.67000

™ ey

Title: Elkhorn Culvert for Powers and SHB3 ) ) Project Enginesr: E. Danny Elsner
.cadvdesignihydriculverts\etkhomgeulvert.cvm : ' URS ’ T

_ CulvertMastar v2.0 [2.005]
07/07/02 11:14:20 AM © Haestad Methods, Inc, 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 ' " Pape 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description .

Worksheet Ramp E to Powers Channel for
Fiow Element Trapezoidal Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035
Slope Q05000 fi/ft
Left Slde Slope 400 H:V
Right Side Slope 4.00 H:V

Bottorn Width 6.00 ft
Discharge .00
Results

Depth 231 ft
Flow Area 35,1 fi2
Wetted Perimu 25.01 fi
Top Width 24,44 ft
Critical Depth 1.71 it
Critical Slope 0.017695 t/it
Velocity 3.76 fi's
Velocity Head 0.22 ft
Specific Energ 2.53 ft
Froude Numb: 0.55

Flow Type  Subcritical

T e k1L CorD 704

Project Engineer: Ellis Daniel Elsner
.Acaddesignihydnculvertsielkhomeulverts.fm2 URS - FlowMaster vB.1 [6140]

07/07/02 10:57:29 AM ®© Haestad Methods, Inc. 37 Brookside Road. Waterbury, CT 068708 USA  (203) 755-1666 Page 1 of 1



EXHIBIT 5.3-1

URS Greiner
CALCULATION COVER SHEET
Clent: cpot ~REGC o) z Project Name: PosCees 8. + SH B2 (07
Project/Calculation Number: Liavony 2<as.0 2 '

T§w1 number of pages (including cover sheet).

Total number of computer runs:

Prepared bY: Z-. Darny e Date: 7 -7‘7 -7
Checkedby: W A =sPhkeyy. Date: . 4 DNop..O2 —-
Description and Purpose: _
— Sz Bonw Cuositt =1 DT aet & comDiTadDS
rupL . rPouwet + Ram e | cominsEn T owErnER)

Design bases/references/assumptions:
~ JrLamies pel. CALCS
— TS e B2 Fro v ASE L, £ ennd T bt EE
_— OO D@ ewdresl MANURC

- -_-,,{;,g_ t A..Jc-t: e é;p A Sh 4 Z-DOUC-'T,!O.AJ

—

Remarks/conclusions:
G Covrn mzt:'w?}

Calculation Approved by:

Project Manager/Date
Revision No.: Description of Revision: Approved by:

Project Manager/Date

QAM 5.3 - 10/01/97
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Solve For: Headwater Elevation

Culvert Calculator Report
7'x4' Box Cuilvert

Culvert Summary

Allowable HW Elevation 6,842.00 ft Headwater Dapth/Height 0.89
Computed Headwalter Elev:  6,834.56 {t Discharge 132.00 cis
inlet Control HW Elev. 6,834,51 ft Tallwater Elevation 6,830.03
Qutlet Control HW Elev. 6,834.56 ft Control Type Entrance Control
Grades
Upstream Invert 8,831.00 f Downstream invert 6,827.50 ft
Length 700.00 & Constructed Slope 9.758571 i/t
Hydraulic Profile
Protile Composite5182 Depth, Downstream 2.53 ft
Slope Type Steep Normal Depth 017 #t
Flow Regime N/A Critical Depth 223 #t
Velocity Downstream 7.45 ft/s Critical Slope 0.003636 iUt
Section
Section Shape Box Mannings Coeflicient 0.013
Section Material Concrete Span 7.00 ft
Section Size Tx4ft Rise 4,00 ft
Mumber Sections 1
Qutlet Controf Properties
Qutlet Conirol HW Elev. 6,834.56 ft Upstream Velocity Head 111 ft
Ke 0.20 Entrance Loss 0.22 ft
Inlet Controi Properties
Iniet Control HW Elev. 6,8 ft Flow Control Unsubmerged

==
Inlet Type ¢ 90° headwall w 45° bevels Area Full 28.0 ft2
K 0.48500 HDS 5 Chart 10
M 0.66700 HDE & Bcale 2
C 0.03140 Equation Form 2
Y 0.82000

v

4 ! 'k\l\us T '-C""""‘""* C“OLU&-»O\
>

Tt

Title: Elkhom Culvert for Powers and SH83

\o chion 7

. JAcadvdesignihydriculvertsielkhornculvert.cvm

07/Q7/02 09:32:21 AM

® Haestad Methods, Inc. ‘37 Brookside Road Waterbury, CT 08708 USA  +1-203-755-1666

>

URS

LSk T

Project Englneer: E. Danny Elsner
CulvertMaster v2.0 {2.005)
Page 10f 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Downstream Channel for 7
Flow Element Trapezoidal Channel
Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coeffic 0.035

Slope 005000 ftfit
Left Side Slope 400 H:V
Right Side Slope 4.00 H:V

Bottom Width 7.00 ft
Discharge 175.00 cfs
Results

Depth 2,53 ft
Flow Area 43.4 fi2
Wetted Perimi.~ 27.89 #t
Top Width 27.27 #
Critical Depth 190 #t
Crtical Slope 0.017052 fuft
Velocity 4,03 fifs

Velocity Head 025 ft
Specific Energ 279 fi
Froude Numb: 0.56
Flow Type  Subcritical

Project Engineer: Ellis Daniel Elsner
JAcadvdesigmihydrcuiverts\elkhomeulveris.im2 URS ' FlowMaster v6.1 {6140}
07/07/02 09:32:35 AM

© Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA (203} 765-1666 Page 1o0f1



Culvert Calculator Report
36" RCP Pipes

Solve For: Headwater Elevation

Culvert Summary

Aliowable HW Elevation 6,842.00 ft Headwater Depth/Height 1.12
Computed Headwater Eleve  6,838.87 #t Discharge 132.00 cfs
Iniet Control HW Elev, 6,838.81 ft Taitwater Elevation 8,834.10 ft
Outlet Control HW Elev. 6,838.87 ft Control Type Qutlet Control
Grades

Upstream Invert §,835.50 it Downstream Invert 6,832.00 ft
Length 700.00 f Constructed Siope 0.005000 f/ft

Hydraulic Protile

Profile M2 Depth, Downstream 2.16 ft
Slope Type Mild MNormal Depth 2.30 ft
Flow Regime Subcritical Critlcat Depth 2.16 ft
Velocity Downstream 8,07 fi/s Critical Slope 0.005769 ft/ft
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Congcrete Span 3.00 f#t
Section Size 36 inch Rise 3.00 it
Number Sections 3

Qutlet Control Properties

Cutlet Control HW Elev. 6,838.87 #t Upstream Velocity Head 0.89 ft
Ke 0.20 Entrance Loss 0.18 #

Iniet Control Properties

Inlet Control HW Elev. 6,838.81 # Flow Contral Transition
Inlet Type  Beveled ring, 33.7° bevels Area Full 21.2 fiz
K 0.00180 HDS 5 Chart 3

M 2.50000 HDS 5 Scale B

c 0.02430 Equation Form 1

Y 0.83000

>0 rey

Project Engineer: E, Danny Elsner

GuivertMaster v2.0 [2.005]
37 Brookside Road - Waterbury, CT 06708 USA  +1-203-755-1866 Page 1 of 1

Title: Elkhom Culvert for Powers and SHB3
Acaddesignihydriculvertsielkhomculvert.cvm URS
07/Q7/02 09:44:32 AM © Haestad Methads, inc,



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Downstream Channel for
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035

Slope Q05000 i

Left Side Slope 4,00 H:V

Right Side Slope  4.00 H:V

Bottom Width 13.00 ft

Discharge 175.00 cfs

Results

Depth 2.10 ft

Flow Area 4.9 f2

Wetted Pearimu 30.30 ft

Top Width 29.78 ft

Critical Depth 151 it

Critical Slope  0.017388 f/ft

Velocity 3.90 ft's

Velocity Head 0.24

Specific Energ 233

Froude Numix Q.56

Flow Type  Subcritical

.- Acad\designihydrcuiverisielkhomeulveris.tm2
07/07/02 09:44:41 AM

URS
© Haseslad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA - (203) 7565-1668 -

Froject Engineer: Ellis Daniel Eisner

FlowMaster v6.1 {6140]
fPage 1 of1



Culvert Calculator Report
48" RCP Pipes

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 5,842.00 ft Headwater Depth/Height 0.92
Computed Headwater Elev:  6,838.20 ft Discharge 132.00 cfs
Inlet Control HW Elav, 6,838.06 ft Tailwater Elevation 6,833.30
Outlet Control HW Elev. 6,838.20 fi Control Type Entrance Control
Grades

Upstream Invert 6,834.50 it Downstrearn Invert 6,831.00 ft
Length 700.00 ft Constructed Slope 0.005000 it

Hydraulic Profile

Profile s2 Depth, Downstream 2.35 ft
Slope Type Steep Normal Depth 2.36 ft
Flow Regime Supercritical Critical Depth 2.45 ft
Velocity Downstream B.60 ft/s Critical Slope 0.004377 it
Section

Section Shape Circular Mannings Ceefficient 0.013
Section Material Concrete Span 4.00 ft
Section Size 48 inch Rise 4,00 #
Number Sections 2

Qutlet Contrcl Properties

Cutlet Control HW Elev. 6,838.20 ft Upstream Velocity Head 1.04 ft
Ke 0.20 ) Entrance Loss 021 ®

Inlet Control Properties

Inlet Contral HW Elev, 5,838.06 ft Fiow Contral Unsubmerged
fnlet Type  Beveled ring, 33.7° bevels Area Full 25.1 f#
K 0.00180 HDS & Chart 3

M 2.50000 HDS § Scale B

C 0.02430 Eguation Form 1

Y 0.83000

3 ey

Project Engineer: E. Danny Elsner
CuivertMaster v2.0 [2.008]
Page 1 of 1

Title: Eikhem Culvert for Powers and SH83
WAcadvdesignhydriculvers\elkhomoulvert.cvm URS
Q7/07/02 09:50:05 AM © Haestad Methods, Inc, 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666



Worksheet ‘
Worksheet for Trapezoidal Channel

Project Description

Waorksheet Downstream Channe! for
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Mannings Coeffic 0.035

Slope 005000 Uit

Left Side Slope 4,00 H:V

Right Side Slope 4.00 H:V

Bottom Width 10.00 #t

Discharge 175.00 cfs

Results

Depth 230 ft

Flow Area 44.0 112

Wetted Perinmu 2893 ft

Top Width 28.37 ft

Critical Depth 1.68 ft

Critical Slope 0.017184 Vi

Velocity 3.97 ft's

Velocity Head 0.25 #t

Specific Ener¢ 2.54 ft

Froude Numb: 0.56

Flow Type  Subcritical

Jeadwdesignihydiculveris\elkhomeulvans.tm2
07/07/02 09:50:15 AM

URS -
@ Haestad Methods, Inc, 37 Brockside Road Waterbury, CT 06708 USA  (203) 755-1666

Project Engineer; Ellis Daniel Elsner

FlowMaster v6.1 [6140] -
Page 1 of 1



Culvert Calculator Report
6'x4' Box Culvert

Solve For: Headwater Elevation

Culvert Summary

Allowabie HW Elevation 6,842.00 #t Headwater Depth/Height .99
Computed Headwater Elev:  6,837.95 ft Discharge 132.00 cfs v~
Inlet Control HW Elev. 5,837.89 # Tailwater Elevation 6,833.12 #
Outlet Control HW Elev. 6,837.95 f# Control Type Entrance Control
Grades
Upstream Invert 8,834.00 ft Downstreamn invert §,830.50 # V‘yfi
Length 700,00 Construcied Slope 0.005000 fft b‘\\,\_ < L
e o
&L)s P ﬁ“" ?.
N J
Hydraulic Profile ‘\J-QL
Profile CompositeS1S8 Downstream 2.62 fl
Slope Type Normal Depth 2.29 ft
Flow Regime Criticat Depth 247 #
Velocity Downstreamn 8.40 fifs Critical Slope 0.004057 ft/ft
Section
Saction Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 6.00 f
Section Size G6x4tt Rise 4,00 1t
Number Sections 1
Outlet Control Properties
Qutlet Control HW Elev. 6,837.85 ft Upstream Velocity Head . 123 f
Ke 0.20 Entrance Loss 0.25 ft
Inlet Gonirol Properties
Iniet Control Hid-Etew 8,837.89 Flow Control Unsubmerged
Inlet Type{ 90° headwall w 45° bavels Area Full 24,0 f1z
K ~ ; HDS 5 Chart 10
M 0.66700 HDS 5 Scale 2
C 0.03140 Equation Form 2
Y 0.82000

L:pﬂﬂt\/ rS:L_‘U

Title: Elkhorm Culvert for Powers and SHB3
Jcadidesignthydnculverts\elkhomeuiver.ovm
07/Q7/02 09:57:36 AM © Haestad Methods, Inc.

Project Engineer: E. Danny Elsner
CulvertMaster v2.0 {2.005]
Page 1 of 1

URS
37 Brookside Road  Waterbury, CT 0B70B USA  +1-203-755-1666



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Downstream Channel for &
Flow Element Trapezoidal Channe!
Method Manning's Formula
Solve For Channel Depth
input Data
Mannings Coeffic 0.035
Slope 005000 ft/ft
Left Side Slope 400 H:V
Right Side Slope 4.00 H:V
Bottom Width 6.00 ft
Discharge 175.00 cfs .~
Results
Depth 2.62 ft
Flow Area 43.2 fi2
Wetted Perimi 27.62 ft
Top Width 26,98 #
Critical Depth 1.88 it Y
. Critical Slope  0.017020 _it/it \ g At Py AT L &3 THAY
Velocity 4.05 fUs s, o g ‘\‘c:w e
Velocity Head 0.25 # NN S Teoama CAD 6 4 b
Specific Energ 288 L N Tlemn  VIRE ¥
Froude Numb  0.56 oAty A Bwo.
Flow Typs  Subcritical e 99-7, L lo.0® ‘Ff-" . e
_’ L = e M Poy 4
J e 2. '
(v 4 S-S
oo EY O&

<Seaddesignihydnculveris\elkhormoulverts.fm2
07/07/02 0Q9:57:.46 AM
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Scenario: Base

DOT Report

Label| -Node- [JpstreamiJpstrearidpsiream Calculat ' -Ground- -HGL- -Slope- SectionE|-Section-|Length AverageFescript[dn
Upstream | Inlet Inlet Systern CA Upstream | Upstrearn | Energy Discharge] Shape | (ft) |Velocity

Downstrean] Area CA {acres) DownstrearPownstreanioonstrucled Capacity| Size (ft/s)
{acres) | (acres) {ft) {ft) (i) (cis)

P-1 |1 0.00 0.00 0.00] 6,834.00| 6,836.47) 0.004242] 132.00}Box 50.00 8.48
-2 6,842.000 5,836.49| 0.005000| 218.05|6x4ft

P2 |12 0.00 0.00 0.00] 6,842.00f 6,836.45| 0.004874] 151.001Box 100.00 9.07
-3 6,841.00] 6,836.11{ 0.005000| 219.0516x4ft

P-3 {138 0.00 0.00 0.00] €,841.00| 6,836.07| 0.004878} 161.00|Box 100.00 9.27
-4 6,841.001 6,835.72} 0.005000| 219.05|6x 41t

P4 |14 0.00 0.00 0.00} 6,841.00] 6,835.68| 0.004978] 171.00|Box 170.00 .57
-5 6,855.00| 6,834.92| 0.005000] 219.05|6x4ft

P5 |15 0.00 0.00 0.00| 6,855.00| 6,834.88| 0.004947| 175.00|Box 1280.00 ( 10.03) ]
O-1 6,830.50] 6,833.31] 0.005000f 219.05i16x4#

Titie: Elkhorn Culvert Calculation
caddesigninydiculveris\elkhormculvert.stm

07/07/02 10:26:57 AM

URS Corporation
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CDOT Drainage Manual, 1995 Chapter 9 - Culverts

* Use headwalls parallel to roadway if result is less than 50.

Headwalls with Bevels

e Increase the efficiency of metal pipe.

e - Provide embankment stability.

e Provide embankment erosion protection.
¢ Provide protection from buoyancy.

e Shorten the required structure length.

e Reduce maintenance damage.

mproved 1

e Shall be considered for culverts which will operate in inlet control.

e Can increase the hydraulic performance of the culvert, but may also add to
the total culvert cost.

nd Sectio

All cross culverts and side drains shall be installed with end sections unless
other types of end treatments are proven more appropriate.

Are available for cdrrugated metal, concrete, and plastic pipes.
°

They retard embankment erosion and incur less damage from maintenance
activities.

e May improve projecting metal pipe entrances by increasing hydraulic
efficiency, reducing the accident hazard, and improving their appearance.
They are hydraulically equal to a headwall, but can be equal to a bevelled or

side-tapered entrance if a flared, enclosed transition takes place before the

°
barrel.

Wingwalls

Are used to retain the roadway embankment to avoid a projecting culyert

barrel.

Are used where the side slopes of the channel are unstable.
Are used where the culvert is skewed to the normal channel flow.



v

CDOT Drainage Manual, 1995 Chapter 9 - Culverts

should nearly match the final ground elevation. For irrigation structures,
the X height sbould be above the design discharge water surface elevation.

A wingwall flare angle of from 20 to 40 degrees normally provides a
hydraulically effi¢ient inlet condition for the culvert. Use of the
recommended values for 0, or 6, given in Table 9-4 and k will generally.

effect a smooth flow transition from channel to culvert, and keep the spﬂl
cone out of the projected jet of flow.

m { H,Ba, or Rise
{5 S MU
1 ! ELEVATION
Figure 9-9 Layout of Wingwalis
9-33



CDOT Drainage Manual, 1995

Chapter 9 - Culverts

e A plan showing site contours or spot elevations is often helpful when
laying out the final wingwall geometry, especially when the wingwalls must
conform to a distinct channe]. )

e Allow a spill-cone slope of 1.5:1 or flatter at the wingwall ends to assure
that the main flow jet, roughly defined by the culvert width, does not
impinge on the spill cone.

e Culvert headwalls shall be perpendicular to the culvert centerline uniess
excessive cost or aesthetics favors a skewed headwall. A wide culvert with
a small skew angle usually justifies the skewed headwall as discussed in
the section for headwalls.

Aprons

e Shall be used to reduce scour from high headwater depths or from approach
velocity in the channel.

e Shall extend at least one pipe diameter upstream.

e Shall not protrude above the normal streambed elevation.

e Concrete aprons shall be used at the outlet of culvert with wingwalls and at
both inlet and outlet if culvert also serves as a stockpass.

® Concrete aprons should be considered at the outlet for scour protection.

°

If scour damage is anticipated, a concrete apron should be placed between
the wingwalls. Toe walls are required on all wingwalls except when a

concrete apron is used. Toe walls are placed on the end of the apron as
shown in the CDOT M & S Standards.

9.2.3.4 Safety Considerations

Traffic Safety

Traffic shall be protected from culvert ends as follows:

Small culverts (30" in diameter or less) shall use an end section or a sloped
headwall.

Culverts greater than 30" in diameter shall receive one of the following
treatrnents:
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Culvert Calculator Report
24" RCP FES for SH83 near Ramp F - FINAL

. I A0 At Lo 4 B =2-0
Soive For: Headwater Sievation p v /” .
‘Culvert Summary - d /
Allowable HW Elevation @Jﬂ.ﬂ) Headwater Depth/Height (51~
Computed Headwater Eieve  6,864.35 ft Discharge 23.00 cfs a— MAEY D‘QQ‘:‘{{:‘I aet)
Intet Contral HW Elev. 6,861.13 ft Taliwater Elevation 6,851.13 ft CRASN t
Outlet Control HW Eilev. 6,864,35 ft Contro! Type Entrance Contro! \
’ o i STt CAD
Grades
Upsirearn invert 6,861.13 ft Downstream Invert 3,850.30 ft
Length 138,95 ft Constructed Slope 21.668442 vt

Hydraulic Profile

Proille CompositePressureProfileS152 Depth, Downstream 3,000.83 ft
Slope Type N/A Normal Depth 0.20 #
Flow Regime N/A Critical Depth 171 ft
Velocity Downstream 7.32 ftfs Critical Slope 0.009682 fifit
Section o ) o
Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span ) ’ 200 f
Section Size 24 inch Rise 2,00 ft
Number Sections 1

Outiet Control Properties

OQutlet Control HW Elev. 6,864.35 ft Upstream Velocity Head 101 #

Ke Entrance Loss 050 ft

Lrts {‘-Ji:a(.s—f canl CopiVat.io mcw‘__pﬁde-w C_uL_UF.Z-ths‘IE(-\

Inlet Control Properties

Inlet Control HW Elev. 6,861.13 # Flow Control ' Submerged
inlet Type Square edge w/headwall - Area Fuli 3.1 f2
K 0.00980 HDS 6 Chart - 1

M 2.00000 HDS 5 Scale 1

c 0.03e80 Equation Form 1

Y 0.67000

Title: Elkhom Culvert for Powers and SH83
Acadhdesignihydiculvers\elkhomculvert.cvm URS .
02/24/02 12:16:38 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT-068708 USA  41-203-755-1666

Project Enginesr: €. Danny Elsner
CulvertMaster v2.0 {2.005)
Page 1 of 1



Culvert Calculator Report

24" RCP for SH83 near Ramp E ~ FINAL

-~2°
.2 J*&J
Solve For: Headwater Elevation ©w \o* Pc'-"",
Culvert Summary i -
Aliowable HW Elevation 8B0.97 Headwater Depth/Height %
Computed Headwater Elev:  6,878.90 ft Discharge 11.00 cfs 4 MR~ P VSO HA B
inlet Control HW Elev. 6,878.77 R Tailwater Elevation { BAs 1A VLT - A ch\-\
Outlet Control HW Elev. 8,878,890 ft Conirol Type Entrance Control
1 DE LT
Grades
Upstream Invert 6,876.97 it Downsiream Invert B,875.30 ft
Length 17211 #& Constructed Siope 0.009703 fUft
Hydrauiic Profile
Profile 82 Depth, Downstream 0.99 ft
Siope Type Steep Normal Depth 0.99 ft
Flow Regime Supercritical Critical Depth 1.19 ft
Velocity Downstreamn 7.07 ft/s Critical Slope 0.005386 fi/ft
Section
Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 2,00 #f
Section Size 24 inch Rise 2.00 f
Number Sections 1
Qutlet Control Properties
Qutlet Control HW Elev, 6,878.90 ft Upstream Velocity Head 0.50 ft
Ke Entrance Loss 0.25 ft
N 3
inlet Control Properties FES (roest cas® SCHM ALIO  decoeDw & T2 sttt (s 7 L
Inlet Gontrol HW Elev. 6,878.77 ft Flow Control Unsubmerged
Inlet Type Square edge w/headwall Area Full 31 f#
K 0.00980 HDS & Chart 1
M 2.00000 HDS 5 Scale 1
c 0.03980 Equation Form 1
Y 0.87000

Title: Elkhorn Culvert for Powers and SH83
.JAcachdesignihydriculvertsielkhomeulvert.cvm URs
09/24/02 10:27:13 AM © Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: E. Danny Elsner
CulvertMaster v2.0 [2.005]
FPage 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Workshest Discharge Channel from SH:

Flow Element Trapezoidal Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Coeific 0.030 £ — weerl canle $25CF
Slope 005000 ft/ft

Left Bide Slope 400 H:V
Right Side Slope  4.00 H:V

Bottom Width 4,00 ft
Discharge 21.00 cls ——" BB  Discud ket
{ GRsr VLT~ &C ¢5j
Resuits
Depth 1.00
Flow Area 8.0 2
© Wetted Perimu 12.23 ft
Top Width 11.98 ft
Critical Depth 0.74 #t
Critical Slope  0.016724 ft/ft
Velocity 2.63 fifs

Velocity Head 011 #t
Specilic Energ 141 ft
Froude Numtx 0.57
Flow Type  Subcritical

tA...\sh83 interchange\elkhorn channel cales.fm2 URS
09/24/02 10:24:39 AM

© Haestad Methods, Inc, 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1666

Project-Engineer: Ellis Daniel Elsner
FlowMaster v8.1 {6140]
Page 1 of 1



48" RCP for Ramp E - FINAL

Culvert Calculator Report

Soive For: Headwater Elevation YR ~L Y N / ALla-RALE =(.7]
Cuivert Summary 4 /
Allowable HW Elevation @3._‘_333 Headwater Depth/Height @ AL
Computed Headwater Eleve 687343 ft Discharge 129.00 cfs 4— M AN DEcH

(Basir=

Inlet Controi HW Elev. 6,873.43 ft Tailwater Elevation 7.866.43 ft

Outiet Control HW Elev. 6,872.98 it Cantrol Type Inlet Control

Grades

Upstream Invert 6,866.59 ft Downstream Invert 6,864,59 ft

Length 117.80 f#t Constructed Slope 0.016978 fift

Hydraulic Profile

Profile sz Depth, Downstream 262 ft

Slope Type Steep Normal Depth 2.44 ft

Flow Regime Supercritical Critical Depth 3.40 it

Velocity Downstream s Critical Slope 0.007593 ftt
wESE Tuand e "Ep;

Section

Section Shape Circular Mannings Coefficient . 0.013

Section Material Concrete Span 4.00 ft

Section Size 48 inch Rise 4.00 ft

Number Sections 1

Qutlet Control Properties

Outlet Control HW Elev. 6,872.98 ft Upstream Velocity Head 1.99 #

Ke Entrance Loss 1.00 ft

LLT-ACHYL D)

e = OEFPTE

S FPES (Aol ST CaSE ScRA Klio Ao Loy Ml 1o e B4 MQ‘S'CEQ‘B

Iniet Control Propertles

Inlet Control HW Elev. 6,873.43 ft Fiow Conirol Submerged
Inlet Type Square edge w/headwall Area Full 12.6 ft2
K 0.00980 HDS § Chart 1

M 2.00000 HDS § Scale 1

C 0,03980 Enuation Form 1

Y 0.867000

Title: Elkhorn Cuivert for Powers and SH83
.Acaddesignihydrculvertsielikhormculvert.cvim

09/23/02 04:25:49 PM

© Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 068708 USA  +1-203-755-1666

URS

Project Engineer: E. Danny Elsner
CulvertMaster v2.0 [2.005)
Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Workshest Discharge Channel from
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Charmel Depth

Input Data

Mannings Coeffic 0.030
Slope 008000 ft/ft
Letft Side Slope 4,00 H:V
Right Side Slope 400 H:V

Botiom Width 7.00 ft

Discharge 182.00 cfs w4—— MRS DISCH i
(RAasiAd OWT~Ee D

Resuits

Depth 1.84 it

Flow Area 265 fi2

Wetted Perimu 22.20 fi

Top Width 21.74 #t

Critical Depth 1.64 ft

Critical Slope '0.013033 ft/fit

Velocity 4.98 s

Velocity Head .39
Specific Energ 223
Froude Mumb» 0.80
Flow Type  3Subcritical

-

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140]
Page 1t of 1

t\...\sh&3 interchange\etkhom channel calcs.fm2 URS
09/23/02 02:53:23 PM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 765-1666



Culvert Calculator Report
6'x4' Box Culvert - INTERIM

o \- 3’
Bolve For: Headwater Elevation 5 Aad e € 5
Culvert Summary /
Allowable HW Elevation ﬁm—@ Headwater Depth/Height G & @amd &
Computed Headwater Efevi  6,836.14 ft Discharge 135.00 cfs a— M & (N FLs b
inlet Control HW Elev. 6,835.79 ft Tallwater Elevation 6,832.96 I {gas v 1T~ AcsS
Qutlet Control HW Elev. 6,836.14 ft Control Type Entrance Control \
ouTLe< ~ PEFTH
Grades - T INTES S RV

Upstream Invert C8831.75 .0  Downstream invert 6,830.60 #t
Length Constructed Slope 0.005016 Uit

ST E Ly an ) EMGTH

Hydraulic Profile

Profile 52 Depth, Downstream 2.32 ft
Slope Type Steep Nornal Depth 232 f
Flow Regime Supercritical Critical Depth 251 ft
Velogity Downstream 2.69 fi/s Critical Slope 0.004074 ftfft
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 6.00 ft
Section Size 6x4ft Rise 4.00 f
Number Sections 1

Outlet Contral Properties

Outiet Contral HW Elev. 6,836.14 1t Upstream Velogity Head 1.25 ft
Ke 0.50 Entrance Loss 0.63 ft

Iniet Controf Properties

inlet Control HW Elev. 6,835.79 ft Flow Control Unsubmerged
Inlet Type 30 to 75° wingwall flares Area Full 24.0 i
K 0.02600 HDS 5 Chart 8

M 1.00000 HDS 5 Scale 1

c 0.03470 Equation Form 1

Y 0.86C00

Title: Elkhom Culvert for Powers and SH83 Project Enginser: E. Danny Elsner
Acadvdesigmhydiculvertsielkhomeulvert.cvm URS CulvartMaster v2,0 [2.005]

09/23/02 03:44:22 PM @ Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Solve For: Headwater Elevation

Culvert Calculator Report
6'x4’ Box Culvert - FINAL

/*“"L-@w"‘"‘-" “(-5

Culvert Summary

~

Allowable HW Elevation

il L @ FPowoetd
(BasIN ULT-AL @K

HUTLE < ot

6,840.2 Headwater Depth/Height 1.0
Computed Headwater Eleve  6,837.45 it Discharge 132.00 cfs
Inlet Control HW Elev. 6,837.11 fi Tailwater Elevation m
Quitlet Control HW Elev. 6,837.45 ft Control Type Entrance Control
Grades - Fotu L 19‘-’-
Upstreamn invert 6 2334 Downstream Invert 6,830.60 ft
Length (06 1901 Constructed Slope 0.004898 fUit

F-UTLCE O K

Hydraulic Profile
Profile - 82 Depth, Downstream 2.29 ft
Slope Type Steep Normal Depth 2.29 ft
Flow Regime Supercriticat Critical Depth 2.47 ft
Velocity Downstream 9.62 iifs Critical Slope 0,004057 ft/ft
Section
Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 6.00 ft
Section Size 6x4 1t Rise 400 ft
Number Sections 1
Outlet Control Properties
OQutlet Control HW Elev. 6,837.45 ft Upstream Velocity Head 1.23 ft
Ke 0.50 Entrance Loss 0.62 ft
Iniet Control Properties
Inlet Control HW Elev. 6,837.11 ft Flow Control Unsubmerged
Inlet Type 30 to 75° wingwall flares Area Full 24.0 2
K 0.02600 HDS 5 Chart 8
M 1.00000 HDS 5 Scale 1
(] 0.03470 - Equation Form 1
Y 0.86000

Title: Elkhorn Culvert for Powers and SH83
Jcaddesignihydicuiverts\elkhomeoulvert.cvm

09/23/02 03:37:01 PM

©® Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

URS

Project Enginesr: €. Danny Elsner
CuivertMaster v2.0 [2.005]
Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Discharge Channel from
Flow Element Trapezoldal Channe!
Method Manning's Formula
Soive For Channef Depth

Input Data

Mannings Coeffic 0.030

Slope 005000 fi/ft
Left Side Slope 400 H:V
Right Side Slope  4.00 H:V

Bottorn Width 7.00 ft

Discharge 175.00 cfs > AR ggg}tkﬂ-ﬁﬂi
(Bas,»> wLT -AC\S)

Results

Depth 2.36 ft

Flow Area 38.7 fiz

Wetted Perimt 26.44 ft

Top Width 25.86 ft

Critical Depth 1.80 ft

Criticai Slope 0.012528 ft/ft

Velocity 4.52 ft/s

Velocity Head 0.32 ft
Speclfic Energ 2.67 ft
Froude Numb: Q.65
Flow Type Subcritical

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [8140]
Page1of1

t:\...\sh83 interchange\eikhom channel cales.fm2 URS
09/23/02 03:17:51 PM @ Haestad Methods, Inc. 37 Brookside Aoad Waterbury, CT 06708 USA  (203) 755-1666
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Appendix E: Hydraulics - Multiple Drop Structure Design For Eikhorn Basin
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Worksheet .
Worksheet for Trapezoidal Channel

Project Description

Worksheet Discharge Channel for Weir/Drop
Flow Element Trapezoidal Channel
Method Marning's Formula
Solve For . Channel Depth
Input Data
Mannings Coeflic 0.030
Slope 008000 {tft
Left Side Slope 400 H:V
Right Side Slope  4.00 H:V .
Bottom Widith 7.00 f
Discharge 129.00 ofs \/1/ (B AR W ~ho c“'()
Resulis
Depth 182 v
Flow Area 26.0 2
Wetted Perim 22,03 #
Top Width 21.58 ft
Critical Depth i.62 ft ]
Critical Stope 0.013076 #/ft
Velochy 495 s ¥ o LGS TREN T Les
Velocity Head 0.38 ft
Specific Energ 2.20 {t
Froude Nurnt» 0.79
Flow Type  Subcriticai v~
tA..\shB3 Interchange\elkhom channel caics.fm2 URS

09/25/02 12:01:58 PM

@ Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140]

(203) 755-1666 Page 1 of 1



Akl

Plunge Pool Design ! -
Weit, Brép:Plunge Pool Ao
’IFIWQ (cfs) Box Culvert

i

2J Diameter (in)

) y Height (in)
4, Tailwater (in) "I Width (in)
j R Circular
Do orse @S t .. 7.42.00:Normal Depth (in}) — pFul - Frod
verTy 484 Q/DA2.5) Rounded 5.00
0.52 TW/D Rounded 0.50
0.87 Yo/D 1.00
36.54 Brink Depth (in)
0.60 TW/yo LOW TAILWATER DEPTH
1280 Brink Area (sq in}
12.49 Brink Velocity (fps)
25.29 Equivalent Brink Depth (in)
1.52 Froude
Rip Rap Sizing
Type . d50(n) dmax (in) d50/Ye Hs/Ye Hs (in) Hs/d30 2<Hs/d50<4
VL 6 12 024 1.24 31.46 5.24 BAD
L 9 5 0.36 0.92 23.16 2.57 OK
M 12 21 0.47 0.63 15.85 1.32 BAD
H 18 30 0.71 N/A #VALUE! #VALUE! #VALUE!
VH 24 42 0.95 N/A #VALUE! #VALUE! #VALUE!
Rip Rap
Type d50 (in} dmax (in) Hs (in) i
L 9 15 2316 — rovndt b 2
Dissapator Length Apron Length ‘Thickness of Approach
19,30 10%hs ()  Max (it) 9.65 5*hs {ft) Max (ft) 2.25 3*d50 (ft) Max (ft)
10.50 3*Wo (ft) 19.30 3.50 Wo (ft) 9.65 2.50 2*dmax (ft) 2.50
rou\mﬁ
e,
;.1

Plunge Pool Calculations

Thickness of Basin

1.50°2*d50 (ft)
1.88 1.5*dmax (ft)

"Max (ft)
1.88



Riprap Quantities

Hs (ft)
W (i)

thickness approach (ft)
thickness basin (ft)
dissapator length (ft)
apron length (ft)
charmel bottom (ft)

tailwater (ft)

Areas (ft"3)

T O m

Total {cy)

46.19
189.22
126.65
634.56
412.50
676.78

7

3.86
15.44
9.65
9.50
11.58
13.51

length (ft) width (ft)

4.79
6.54
7.00
13.36
9.50
13.36

depth (ft)

2.50
1.88
1.88
2.50
1.88
1.88

Channel Bottom must be larger than W

Plunge Pool Calculations

T
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Section A-A

Figure 5.25. Transformation of Kinetic to Potential Energy by
Hydraulic Jump and Flow Distribution.

INTERNAL ENERGY DISSIPATORS

Research conducted in the 1960’s at Virginia Polytechnic Institute and
State University, VPI, on the use of roughness elements in open channels
established that excess energy in storm water flowing down steep drain-
age channels could be dissipated by constructing roughness elements
within the channel. Since culverts operating under inlet control simulate
open channel flow, application of this type of internal energy dissipation
to culverts would result in more efficient utilization of the culvert barrel
and reduced outlet velocities.

In 1969, the American Concrete Pipe Association contracted with VPI
to investigate and determine the feasibility and applicable design proce-
dures for using roughness elements as energy dissipators of free surface
ﬂ;w in circular concrete pipe culverts, and the results were published in
1971. ‘

Research was based on free surface flow, therefore, full capacity of
the pipe was not realized. This necessitated an increase in pipe size within
the length of the culvert in which the roughness clements were placed.
Based on the laboratory and field observations during this initial research,
subsequent tests were conducted for full low conditions occurring near
the outlet end at maximum design discharge. By eliminating the criteria of
free surface flow and allowing the culvert to approach full flow, it was
found velocity reduction could be effected without an increase in pipe

size, The results of this later research and design procedures were pub-
lished in 1972,

SILUE ™ " 5 U T AT T EWadneT et ets weaugnc see D I L TR Y

high vetocities associatea with cuverts on what are consiuered siwcep
slopes, the culverts were operating under inlet control. Accordingly, the
flow characteristics were observed to be one of critical flow at the en-
trance of the pipe with the flow accelerating down the length of the pipe
until the first ring, or roughness element, was reached. At that point a
hydraulic jump was formed, with extreme turbulence. The flow then en-
countered another roughness element while still in an agitated condition
from the first and this pattern of action was repeated until a cyclic condi-
tion was reached, where the flow conditions over the roughness elements
were uniform. Generally, this cyclic action was attained after the second
or third element. An early conclusion was that a maximum of five rings

" were necessary to achieve consistent results. The agitated flow is called

tumbling flow and is characterized by a greater depth over the element
than before it, a fall into a valley between the elements, and a form resem-
bling a hydraulic jump shortly before the next element. When one cycle is
completed, the flow tumbles into the next cycle until the outlet is reached.
Tumbling flow can only be established and maintained under less than full

flow conditions, Figure 5.26.

= |' L, . .
K ot NI

Figure 5.27. Internal Energy Dissipators with Full Flow.
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large dissipator element was placed upstream a large hydraulic jump was
created and maintained by smaller downstream elements. ACPA research
validated this observation for pipe flow at maximum design discharges
and concluded that three small rings preceded by one large ring at twice
the small ring spacing would maintain full flow at slopes greater than 4
percent, Figure 5.27.

DESIGN PROCEDURES AND CRITERIA

Based on the test results, the following design procedures and criteria for
full flow and free surface flow are presented. '

Full Flow

1. Select required pipe size in accordance with the appropriate design
procedures presented in Chapter 3.

2. Determine outlet velocity per Chapter 3.

3. Select a ring height for the three downstream elements within a

range determined by:
0.06 <24 < 0.09 .21)

Where: K, = ring height of the downstream elements, inches
" D = pipe diameter, inches
4. Select a ring height for the single upstream element within the range

determined by:

0.12 < % < 0.18 (5.22)

Where: K, = ring height of the single upstream
element, inches
5. Select a spacing for the three downstream elements as determined
by:

3D
Ly~ ]152 (5.23)

Where: Lg = Spacing of the downstream elements, feet
6. Select a spacing for the single upstream element as determined by:

3.0D
Ly,= 1 (5.24)

Where: L, = spacing of the single upstream element, feet

7. Determine the hydraulic cross-sectional area in square feet at the

last downstream element.
8. Determine the outlet velocity by dividing the design discharge by the
crosswgectional area of flow determined previously.

Figure 5.28, Internal Energy Dissipators with Free Surface Flow.

Free Surface Flow

If full flow design reduces outlet velocity to an acceptable level, free sur-
face flow design, Figure 5.28, is not required. However, if the outlet
velocity is not acceptable, continue with free surface flow design as

follows:
1. Select an outlet pipe diameter within. the range determined by:

o1 <[_@]"5 5.25
[3_22"} =D =| T2 C-2)

Where: D, = outlet pipe diameter, feet
Q = design flow, cubic feet per second
2. Select aring height for the elements within the range determined by:
K

1.2 S‘E.s 1.8 (5.26)

Where: K = ring height of the elements, inches
3. Select a ring spacing for the five elements within the range deter-
mined by: ~ : .
5=t <25 62D
Dy
Where: L = spacing of the elements, feet

4, Determine the approximate length of the outlet pipe by:
Ly=~5L | (5.28)

Where: L, = length of the outlei pipe, feet

5. Determine hydraulic cross-sectional area at last dissipator ring aaased'

upon critical depth as presented in Chapter 3.
6. Determine the outlet velocity by dividing the design discharge by the
cross-sectional area of flow determined in the previous step.

L]



Equations taken from the ACPA Concrete Pipe Handbook Chapter 5, 1998,

Note: There is two types of Tumbling Flow (Full Flow and Free Surface Flow)
Full Flow should be checked first, then Free Surface Flow

"'—J’—l‘—- Ka

T -
Q (cfs) Designflow ¢~ DB#asiw VET Ay
D (in) Diameter of outlet pipe =
Full Flow
Min Kd (in) 2.52 Minimum ring height of the downstream elements 0.06*D v
Max Kd (in) 3.78 Maximum ring height of the downstream elements 0.09%D
Kd (in) Chosen Kd between min and max 0.06<Kd<0.09
_ OK D
Min Ku (in) 5.04 Minimum ring height of the single upstream element 0.12*D
MaxKu(in) lﬂSﬁgMaximum ring height of the single upsiream element. 0.18*D
Kau (in) dEEE Chosen Ku between min and max 0.12<Ku/D<0.18"
OK
Ld (ft) 5 Spacing of the downstream elements - 1.5*¥D/12 (rounded) v
Lu (ft) 11 Spacing of the single upstream element - 3.0*D/12 (rounded) -
|Area (ft"2) 7.07 Hydraulic cross-sectional area at last ring pi*((D.b*Kci)l 12)°2)i4
V (fps) 15.7 Outlet velocity Q/A ' :
(4
255 dtan | fes
Free Surface Flow (fU ©7 VsEP)
Min Do (ft) 5.21 Minimum outlet pipe diameter ((QM2)/3.22)~(1/5)
Max Do (ft) Maximum outlet pipe diameter {Q2)/1.42)7(115) :
Do (ft) ~ 222551 Chosen Do between min and max ({QA2)3.22)M(1/5)<Do<((Q"2)/1.42)A(1/5)
0K ' ' '
{M:in K (in) 6.6 Minimum ring height of elements 1.2*Do
Max K (in) 9.9 Maximum ring height of elements 1.8*Do
K (in) :Chosen K between min and max 1.2<K/Do<1.8
OK
Min L (ft) 8.25 Minimurmn spacing of the elements 1.5*Do
Max L (ft) Maximum spacing of the elements 2.5*Do
L (ft) s Chosen L between min and max 1.5<L/Do<2.5
K
Lo (ft) 50 Length of the outlet pipe S*L
Using Flowmaster find critical depth, area at critical depth, and velocity at critical depth
Diameter (in) 50.00
Q (cfs) 111 _
de (ft) ‘Critical Depth from Flowmaster
Area (ft"2) ! Area at Critical Depth from Flowmaster
VY (fps) __£5Velocity at Critical Depth from Flowmaster

‘Weir - Drop Internal Energy Dissipators.xis

9/25/02



Worksheet -
Worksheet for Circular Channel @

Project Description ' .
Woikshest 2" RCP for Weir

Flow Element Circular Channel

Method Mannilng's Formulk

Solve For Channei Depth

input Data

Mannings Coeffic 0.013

Siope 032500 fvft 7

Diameter 42 in

Discharge 11100 ofs o— OASIO QT —A |
Results
- Depth 1.98 ft

Fiow Area 5.6 fiz

Wetted Perime 596 ft

Top Width 3.47 ft

Critical Depth 3.18 ft

Percent Fuil 56.5 %

Critical Slope  0.010644 ft/ft

Velocity 1979 Wer*—— 2o tp s eyt
Velocity Head 6.09 ft

Specific Energ: 8.07 ft

Froude Numbe 2.75

Maxtimum Disc 195.10 cfs

Discharge Full 181.37 ¢ls

Slope Full 0.012173 #/f

Flow Type supercritical

Project Engineer: Elis Daniel Elsner
t\...\sh83 interchange\elkhom channel calcs.fm2 URS FlowMaster v6.1 [6140]

09/25/02 02:34:48 PM © Haestad Methods, Inc. 37 Biookside Road  Waterbury, CT 08708 USA  (203) 755-1666 Fage 1 of 1



Worksheet

Worksheet for Circular Channel @
Project Description
Workshest 42" ACP for Weir Drop
Flow Element Circular Channel
Method | Manning's Formula
Solve For Channel Depth
input Data
Mannings Coeific 0.013
Siope 080000 it~
Diameter 42 in .
Discharge 111.00 ©fs  p—Rasino Lt — Of|
Results
- Depth 1.65 fi
Fiow Area 4.4 ft2
Wetted Perime 529 ft
Top Width 3.49 #
Critical Depth 3.18 ft
Percent Full 471 %
Critical Slope  0.010644 fu/it
Velocity 24.94 WsYe— L s ey
Velocity Head 9.67 t
Specific Energ: 11.32 ft
Froude Numbe 3.90
Maximum Disc 265.09 cfs
Discharge Full 246.43 cis
Slope Full 0.012173 it
Flow Type Supercritical
Project Engineer: Ellis Daniel Elsner
tA..\sh83 interchange\elkhom channe! cales.im2 URS

FlowMaster v6.1 {6140)

09/25/02 02:35:35 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 08708 USA  (203) 765-1666 Page 1 of 1



Worksheeat

Worksheet for Circular Channel @
Project Description .
Worksheet 42" RCP for Weir Drop
Flow Element Circular Channel
Method Manning's Formula
Soive For Channel Depth
Input Data
Mannings Ceeffic 0.013
Slope 097500 it <
Diameter 42 in
Discharge 11100 ofs “$—— 25 . O LT —-Ap\
Hesults
Depth 1.44 §t
Flow Area 3.7 fi2
Wetied Perime 4,87 ft
Top Width 3.44 ft
Critical Depth 3.18
Percent Full 411 %
Critical Slope 0.010844 /it
Velocity 20.63 fls < m— 3o Fn mew
Velocity Head 13.83 #t
Specific Energ' 15.27 ft
Froude Numbe 5.06
Maximum Disc 337.92 cfs
Discharge Full 314.14 cfs
Slope Full 0.012173 ft/ft
Filow Type Supercritical
Project Engineer: Ellis Daniel Elsner
t\,.\sh83 interchange\etkhom channel cales.fm2 URS

FlowMaster v6.1 [6140]

08/25/02 02:51:24 PM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



Worksheet

Worksheet for Sharp Crested Rectangular Weir

Project Description
Worksheet Weir Drop w/ 1.5' agpm
Type Sharp Crested Rectangul
Solve For Crest Length
Input Data
”
Discharge 111.00 cfs = Ragip  LVLT ~Ad|
Headwater Elevatic ,884.00 R
CrestElevation  ,BB2B0 ft » &« .S ' e e

Tallwater Elevation ,874.97 ft

Discharge Coeflicic 3.33 US
Number of Contrac 0
Resuits

Crest Length 18.14 #

Headwater Height Abov 1.50 ft
Tailiwater Height Above -7.53 ft

Flow Area
Velocity

Wetted Perimeter
Top Width :

27.2 f2
- 4.08 ft/s
2114 #t

18.14 ft

t:\.‘..\shaa interchange\elkhom channel-calcs.fm2

08/25/02 03:55:49 PM

© Haestad Methods, Inc.

— @ e LG TH ~nNLER ED v

Project Engineer: Ellis Danisl Elsner

. URS
37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1666

FlowMaster v6.1 [6140]
Page 1 of 1



Project bescription

Worksheet Weir Drop w/ 1.5' Dapth
Type Sharp Crested Rectangul

Worksheet ,
Worksheet for Sharp Crested Rectangular Weir

Solve For Headwater Elevation
Input Data
-~
Discharge 111.00 cfs #— Bas i\ VL
Crest Elevation 88250 ft -

Tailwater Elevation ,874.97

Discharge Coeffick  3.33 US 1 -
Crest Length. 18,33 # a— yell
Number of Contrac Q

Results .
Hoadwater Elevation  .aga.68 1 = .49 ©ReTH -
Headwater Height Abov  1.48 #t

Tailwater Height Above  -7.53 #t

Flow Area 273 12

Velocity 4,08 {i/s

Wetted Perimeter 21.31 #

Top Width 18.33 ft

t\...\sh83 interchange\alkhom channel calcs.fm2

09/25/02 03:56:58 PM

@ Haestad Methods, Inc.

URS
37 Brookside Road  Waterbury, CT 06708 USA

Project Engineer: Ellis Daniei Elsner
FlowMaster v6.1 [6140]

(203) 755-1666 Page 1 of 1



Worksheet
Worksheet for Trapezoidal Channel

Project Description

Worksheet Channsl into We

Flow Element Trapezoidal Cha

Method : Manning's Fermi

Solve For Channel Depth

input Data : -
Mannings Coeflic 0.040 Al

Slope 100000 fift — il Desr

Left Side Slope 3.00 H:V

Right Side §lope  3.00 H:V wei ot i1« U wbiie oo T Es SiPE

Bottom Width 13.00 ft )

Discharge 11100 cfls ™ BAS'U. VLT A DN

Results

Depth 0.80 ft

Flow Area 122 ¢

Wetted Perimi 18.03 ft

Top Width 17.77 #t

Critical Depth 1.19 ft

Critical Slope  0.024070 f/ft

Velocity 0.07 s ¥

Velocity Head 1.28 ft

Specific Energ 2.07 #t

Froude Numb: 1.93

Flow Type supercritical

Project Engineer: Ellis Danie) Elsner -

t:\_\shB3 interchange\elkhorn channel calcs.fm2 URS

FiowMasler v&.1 {6140]
Page 1 of 1

09/25/02 04:16:10 PM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1686



Worksheet

Worksheet for Trapezoidal Channel

Project Description

e

Denl -

3 oAl e TITHEL 5,04

ueT - el

e

] ‘\pr aH0 l(.-‘(zr:-"

Woiksheet Channel into Weir (iri-io

Flow Element Trapezoidal Channel

Method Manning's Formula

Solve For Channel Depth

Input Data

Mannings Cosffic 0.030 & g~ -2 <%
Slope 100000 fifft a=— |11}

Left Side Slope 3.00 H:V

Right Side Slope  3.00 H:V N
Bottomn Width 13.00 ft = ——to%a & M}
Discharge 111.00 cfs B.ors 11
Resuits

Depth Q.67 ft

Fiow Area 10.1 f2

Wetted Perimi 17.26 ft

Top Width 17.04 it

Criticai Depth 1.19 ft

Critical Slope  0.013540 ftfft g EM
Velocity 1097 s = ol e
Velogity Head 1.87 #

Specitic Energ 2.54 ft

Froude Numb: 2.51

Fiow Type  3upercritical

t:\...\sh83 interchange\etkhom channel cales.frm2

09/26/02 03:33:54 PM

© Haestad Methods, Inc.

URS
37 Brookside Road Waterbury, CT 06708 UISA

-

( Y TrarLoc e

ST

Project Engineer: Eilis Daniel Elsner
FliowMaster v6,1 [6140}

{203) 755-1666 Page 1 of 1



HYDRAULIC STABILITY OF
TRIFLOCK 4010 REVETMENT
~IN HIGH VELOCITY FLOW

- P?epared For:. .

. S American Excelsior Company. . £&%% X
C 850 Avenue H Egast | e
Arlington, TX 76011

Prepared By:

Resource Consultants & Engineers, Inc.
3665 JFK Parkway :

Bidg. 2, Suite 300 .

Fort Collins, CO 80525

" Project Number 92-857
February 1993

n C RESCURCE CONSULTANTS & ENGINEERS, INC
.- A KLH Engineering Group Company
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-4, SELECTION OF TRI-LOCK BLOCK

The seiectib_n of the proper Tri-Lock System, 4", 6", or 8" is affected by site or project -

conditions such as soil permeability, flow or wave intensity, soil compaction and slope
or grade conditions. ‘

Generally acceptable guidelines are:

4010 (Nominal 4" Tri-Lofy/
Fiow - 10-16 fps -
Wave - 4' Height

4015 (Nominal 6" Tri-Lock)
Flow - . 16-20 fps
Wave - 7' Height

4020 (Nominal 8" Tri-Lock)
Contact American Excelsior Specialist

14
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Worksheet for Circular Channei

Project Description

Worksheet 42" RCP for Weir Drop
Flow Element Circular Channei
Method Manning's Formula
Solve For Channel Depth

Input Data

Mannings Coeffic 0.013

Slope ; OEW "
Diameter U742 in
Discharge 111.00 cfs
Results

~ Depth 1.82 ft
Flow Area 5.1 ft2
Wetted Perime 564 ft
Top Width 3.50 ft
Critical Depth 3.18 ft
Percent Full 521 %
Critical Slope ~ 0.010644_f/ft
Velocity L 2192 fvs ¥
Velocity Head 747 ft
Specitic Energ' 9.29 ft
Froude Numbe a.21
Maximum Disc 223.10 cfs
Discharge Full 207.40 cfs
Slope Full 0.012173 /it
Flow Type  3upercritical

t\.. \sh83 interchange\elkhom channel cales.frm2

10/01/02 02:54:28 PM

© Haestad Methods, Inc.

Worksheet

URS

37 Brookside Road Waterbury, CT 08708 USA

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140]

(203) 755-1666 Page 1 of 1



Worksheet

Worksheet for Ditch inlet In Sag . ®
Project Description s
Worksheet “Type D Inléfs at W
Type iterriniet In Sag
Solve For "+ Spread
Input Data ' 7

LS .

Discharge 37.00 cfs s 1\ C.'% { B an leds L&ﬁs'm UL~ Apl
Left Side Slope 3.00 H:V ) '
Right Side Slope 1,000.00 H:V o Z22Tmal1l For Tl Q7o oW cws S0 0 \/’,
Bottom Width 4.00 ft
Grate Width 3.42 ft -
Grate Length - B.B7 1t : _ _’“‘:\:’,‘f\‘:—/’d a
Local Depression 0.0 in : —
Local Depression \ 0.00 ft Looe!
Grate Type J mm (P-1-7/8")
Clogging 30.0 %
Results
Spread ¥275 &
Depth : {"'0.84 fi PormOim e ORFTH
Wetied Perimeter ft .
Top Width 142.75 ft

Open Grate Area 12.2 ft2
Active Grate Weir Le 16.13 ft

Project Engineer: Ellis Daniel Elsner
FlowMaster v5.1 [6140)
’ Page 1 of 1

t:\...\sh83 interchange\elkhom channel cales.im2 URS
1/01/62 04:18:16 PM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, GT 068708 UBA  {203) 755-1666



Worksheet
Worksheet for Trapezoidal Channel

Project Diescription

10/01/02 04:54:54 PM

Worksheet Channel into Weir {tri-lo
Flow Element Trapezoidal Channel - - -
Method Manning's Formula
Solve For Channe! Depth
Input Data
M Coeff v

annings Coeffic  0.030

o
Slope 100000 it = ! A
Left Side Slope 3.00 H:V
Right Side Slope  3.00 H:V . -
BottomWidth 1000 & 'C' S0, |
Discharge 11100 ofs o= Bas.w LT D
Resulis
Depth Q.77 it
Flow Area 9.5 fi2
Wetted Perim 1490 #t
Top Width 14.64 f
Critical Depth 1.36 ft ]
Critical Sicpe  0.013314 fi/ft o) o ¢ >
£—— LEB5S T
Velocity 11.64 fUs e
Velocity Head 2.10 #
Specitic Energ 2.88 ft
Froude. Numb: 2.54
Flow Type  3upercritical
t\_..AshB83 interchange\gikhorn channel calcs.fm2 URS

© Haestad Methods, Inc. 37 Brocokside Road  Waterbury, CT 08708 USA

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140]

(209) 755-1666 Page 1 ot 1



Worksheet

Worksheet for Circular Channel :

Project Description

Worksheet Side Pipes for Type D Inlets &+

Flow Element Cirgular Channel

Method ' Manning's Formula

Solve Far Channel Depth

Input Data

Mannings Coefiic 0.013 - e

Slope 100000 ftft *— O Fo

Diameter 18in = min) B2 &

Discharge 3700 cfs — 1y ofs [ 7

Resuits

Depth 1.34 #

Flow Area 1.7 fi2

Wetted Perime 3.70 ft

Top Widih 1.02 #

Critical Depth 153 #

Percent Full 87.2 %

Critical Slope . 0.105437 f{t/ft v
" Velocity 2162 fifs +— WE55 Trase T2 Qe

Velocity Head 7.26 ft

Specific Energ: 8.60 it

Froude Numbe 2.95

Maximum Disc 37.85 ofs

Discharge Full 35.28 cfs

Slope Full 0.110000 fift

Flow Type jupercritical

. ) . ’ Project Engineer: Ellis Daniel Elsner

ti\...\sh83 interchange\elkhomn channel calcs.fm2 URS FlowMaster vB.1 {6140]
10/01/02 04:55:19 PM © Haestad Metheds, Inc. i

a7 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1666 Page1of 1



Salve For: Headwater Elavation

Culvert Calculator Report
18" RCP between Type D inlets at weir

@ A

—_— pd
Culvert Summary /
Allowable HW Elevation 83.00 ft Headwater DepthvHeight 12.25
Computed Headwater Elev: Discharge 37.00 cfs
Inlet Control HW Elev, 89.38 ft Taitwater Elevation 7500 ft m— RS
Outlet Control HW Eiev. ' 8584 ft Control Typ inlet Conitrol
BuiS OL (HET!
cowukEr Pobn, B &
Grades ] /
Upstream Invert 71.00 ft s Downstream Invert 70.50 ft
Length 5.00 #t Consiructed Slope 0.100000 #/fit
Hydraulic Profile
Profile PressureProfiie Depth, Downstream 4.50 #
Slope Type N/A Nomal Depth - N/ACf
Flow Regime N/A, Critical Depth 1.50 ft
Velocity Downstream 20.94 ft/s Critical Slope 0.119703 fuit
Section
Section Shape Cilreular Mannings Coefficiant 0.013
Section Material Concrete Span 1.50 ft
Section Size 18 Inch Rise 1.50 ft
Number Sections 1
Outiet Gontrol Properties
Qutlet Control HW Elev. 85.84 ft Upstream Velocity Head 6.81 #t
Ke 0.50 Entrance Loss 341 f
Inlet Contrel Properties
Iniet Control HW Elev. 89.38 ft Flow Control Submerged
Inlet Type Square edge wheadwall Area Fuil 1.8 #2
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
c 0.03980 Equation Form 1
Y 0.67000

Title: Elkhom Culvert for Powers and SHB3
JAcaddesignihydrhculverts\elkhornculvert.cvem

10/01/02 04:51:37 PM

© Haestad Methods,

URS
, Inc.

37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666

m 5&9/3

Project Engineer: £, Danny Elsner
CulvertMaster v2.0 [2.005]
Page 1 of 1
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Seive For: Headwater Eievation

Culvert Calculator Report
42" RCP for weir

L

Culvert Summary

> M@

Allowable HW Elevation

eadwater Depth/Helght 2.16
Computed Headwater Elev: Discharge 111,00 ofs #— BAS,
Inlet Control HW Elev. Tailwater Elevation 6,868.79 ft
Outlet Control HW Elev., 6,876.75 &t Control Type Inlet Control

C AL “H Rpep vt deTF & .

Grades ' - At OAL- . Pt v\- -
Upstream Invert 6,870.16 #Y¥  Downstream Invert 6,866.97 ft 7
Length 75,00 #t Constructed Slope 0.042533 fi/it
Hydraulic Profile
Profile s2 Depth, Downstream 214 ft
Slope Type Steep Normal Depth 1.82 ft
Flow Regime Supercritical Critical Depth 318 #®
Velocity Downstream 18.05 /s Critical Slope 0.010844 fi/t
Section ] : .
Section Shape Circular Mannings Cosfficient 0.013
Section Material Concrete Span 3.50 &
Section Size 42 Inch Rise 350 fi
Number Seclions 1
Qutlet Control Properties
Qutlet Control HW Elev. 6,B76.75 it Upstreamn Velocity Head 227 #
Ke 0.50 Entrance Loss 1.14 4t
Inlet Control Properties
intet Control HW Elev. 6,877.73 ft Flow Control Submerged
Iniet Type Square edge w/headwall Area Full 9.6 fie
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
[ 0.03980 Equation Form 1
Y 0.67000

&

S

UL~ |

Title: Etkhom Culvert for Powers and SH83
«.\caddesignhydniculvartsielkhomculvert.ovm
10/01/62 -04:62:27 PM © Haestad Methods, Inc.

URS

87 Brookside Road Waterbury, CT 06708-USA  +1-203-755-1666

* Project Engineer: E. Danny Elsner

CulvertMaster v2.0 [2.005]
Page 1of1 -



Culvert Calculator Report
24" RCP between Type D inlets at weir - trial

&

Solve Far. Headwater Elovation @ zL% v T
/ -
Culivert Summary //
Allowable HW Elevation 6,883.00 ft .~ Headwater Depth/Height 3.38 S leAs ~
Computed Headwater Elevi  §,882.76 ft Discharge 37.00 cfs
Inlet Control HW Elev, 5,882.76 #t Tailwater Elevation §877.73 ft =« __
i @ . ~
Outlet Control HW Etev. 6,881.23 ft Control Type inlet Control Mus of ms oo
t a7
BdLow Ram & LEV-
Grades P
Upstream invert 6,876.00 ft‘/ Downstream Invert 6,875.50 ft v
Length 500 ft Canstructed Slope 0.100000 fr/it
Hydraulic Profile
Profile ComposiiePressureProfile5152 Depth, Downstream 1.61 ft
Slope Type N/A Nomal Depth 1.02 f
Flow Regime N/A Critlcai Depth 1.94 #
Velocity Downstream 13.66 f's Critical Siope 0.023483 fi/ft
Section
Section Shape Circular Mannings Coefficient 0.013
Section Material Concrste Span 2.00 ft
Section Size 24 inch Rise 2.00 it
Number Secticns 1
Outlet Control Properties
Qutlet Control HW Elev. 6,881.23 #t LUpstream Velocity Head 2.20 ft
Ke 0.50 Entrance Loss 1.10 it
Inlet Control Praperties
Iniet Control HW Elev. 6,882.76 ft Flow Control Submerged
Intet Type Square edge w/headwall Area Full 3.1 fi?
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS § Scale 1
c 0.03980 Equation Form 1
Y 0.67000

Title; Elkhom Culvert for Powers and SH83

.Acaddesignhydrculverts\elkhomculvert.cvm

10/01/02 06:01:41 PM

@ Haestad Methods, Inc.

URS

37 Brookside Road Waterbury, CT 08708 USA  +1-203-755-1666

Project Engineer: E. Danny Eisner
CulvertMaster v2.0 [2.005]
-Page 1 of 1



J A, [

Soive For; Headwaier £

3
I

.....

Culvert Calculator Report
24" RCP between Type D inlets at weir - FINAL

Culvert Summary

Allowable HW Elevation 6,883.00 ft Headwater Dapth/Helght 3.38
Computed Headwater Elev: 6,882.26 # Discharge 37.00 cfs
Inlet Contro! HW Elev. 6,882.26 # Tailwater Elevation B8,877.73 1t
Qutlet Control HW Elev. 6,881.10 fi Coniro! Type Inlet Control
Grades _

Upstream Invert 6,875.50 ft Downstream Invert 8,875.00 ft
Length 5.00 ft Constructed Slope 0.100000 /it
Hydraulic Profile

Profile PressureProfile Depth, Downstream 1.61 #
Slope Type N/A Normal Depth 1.02 ft
Fiow Regime N/A Critical Depth 1.94 ft
Velocity Downstream 13.66 fi's Critical Slope 0.023483 ftit
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Congcrete -Span 2.00 ft
Section Size 24 inch - Rise 2.00 ft
Number Sections 1

Outlet Control Properties

QOutlet Control HW Elev. 6,881.10 # Upstream Velocity Head 220 ft
Ke 0.50 Entrance Loss 1.08 #
Intet Cantrol Properties

Inlet Control HW Elev. 6,882.26 ft Flow Control Submerged
Inlet Type Sguare edge wiheadwall Area Full 3.1 2
K 0.00980 HDE & Chart 1

M 2.00000 HDS & Scale 1

C 0.03980 Equation Form 1

Y 0.67000

Title: €lkhom Culvert for Powers and SH83
...\caddesignthydr\culveris\elkhomculvert.cvm

10/03/02 08:63:48 AM

URS
© Haestad Metheds, inc. 37 Brookside Road Waterbury, CT 08708 USA  +1-203-755-1666

Project Engineer: E. Danny Elener

CulvertMaster v2,0 [2.005]
Page 1 of 1



Project Description

Workshest Channe! into Welr (tri-lo
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
Input Data

Marmnings Coeffic 0.030

Slope 166667 ft/ft

Left Side Slope 3.00 H:V

Right Side Slope  3.00 H:V

Bottom Width 10.00 #t

Discharge 111.00 cfs

Resulis

Depth 0.67 it

Flow Area B.0 fi2

Wetted Perimu 14.23 ft

Top Width 14.02 ft

Critical Depth 1.368

Critical Slope  0.013314 /it

Velocity 13.81 fi/'s

Velocity Head 297 #t

Specific Energ 3.63 {t

Froude Numb: 3.22

Flow Type  3upercritical

t:\.. \shB3 interchange\elkhom channet calés.fm2

10/03/02 10:07:10 AM

© Haestad Methods, inc.

Worksheet

Worksheet for Trapezoidal Channel

URS

37 Brookside Road Waterbury, CT 08708 USA  (203) 755-1666

Lox

S

Project Engineer: Ellis Danie!l Elsner

FlowMaster v6.1 [6140]
Page 1 of 1
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Plunge Pool Design
RampE48" RCP exit

—
Q (cfs) Circular -
A% 4R Diameter (in)
8 Tailwater (in)
Circular
'ENormal Depth (in)
- 4.03 Q/DA2.5) Rounded 4.00
0.46 TW/D Rounded 0.50
0.71 Yo/D 0.50
34.08 Brink Depth (in)
0.65 TW/yo LOW TAILWATER DEPTH
1374 Brink Area (sq in)
13.52 Brink Velocity (fps)
26.21 Equivalent Brink Depth (in)
1.61 Froude '
Rip Rap Sizing
Type d50(in) dmax (in) d50/Ye Hs/Ye Hs (in) Hs/d50 2<Hs/d50<4
VL 12 023 1.42 37.28 6.21 BAD -
L 15 034 1.06 2173 3.08 OK
M 12 21 0.46 0.76 19.79 1.65 BAD
H 18 30 0.69 0.36 9.39 0.52 BAD
VH 24 42 092 N/A #VALUE! #VALUE! #VALUE!
Rip Rap
Type ds0 (in) dmax(in) Hs (in)
L 9 15 27.73
Dissapator Length Apron Length Thickness of Approach
23.11 10*hs (ft)  Max (ft) 11.55 5*hs (ft) Max (ft) 2.25 3%150 (f) ~ Max (fi)
12.00 3*Wo (ft) 2311 4,00 Wo (ft) 1155 2.50 2*dmax (ft) 2.50
- * —
v

_PIunge Pool Caléulations

Thickness of Basin
1.50 2%d50 (ft)
1.88 1.5*dmax (ft)

Max {ft)
138
/



Riprap Quantities

Hs (ft)

W (ft)

thickness approach (ft)
thickness basin (ft)
dissapator length (ft)
apron length (ft)
channel bottom (ft)
taitwater (ft)

Areas (fi*3)
63.54
242.60
151.63
768.56
535.51
905.03

TEmg QW

Total {cy) 99

4,62
18.48
11.55
10.30
13.86
16.17

length (ft) width (ft)

5.5¢
7.00
7.00
14.92
10.30
14.92

depth (ft)

2.50
1.88
1.88
2.50
1.88
1.88

Channel Bottom must be larger than W

Plunge Pool Calculations



Worksheet
Worksheet for Trapezoidal Channel

K

Project Description

Worksheet - Trapezoldal Channt
Flow Element Trapezoidal Chann¢
Method Manning's Formula
Soive For Channel Depth
Input Data

o,

Mannings Coelfic 0.030
Slope 008000 ftfit

Left Side Slope 400 H:V
Right Side Slops ~ 4.00 H:V /’

-

Bottom Width 7.00 it
Discharge 182,00 cfs = 7
Results

Depth 184t v
Flow Area 26.5 =
Wetted Perirm 2220 #

Top Width 21.74 #
Critical Depth - 1.64 #t
Critical Slope 0.013033 Uit 7 ’
Velocity 4.98 /s

Velocity Head 039 #

Specitic Energ 223 ft /
Froude Numb: 0.80

Flow Type  Subcritical

. Project Engineer: Ellis Daniel Elsner
untitted.tm2

URS FlowMaster v&.1-{6140]
09/16/02 01:33:40 PM © Haestad Methods, Inc. 87 Brookside Road Waterbury, CT 08708 USA  (203) 755-1666 Page 1 of 1



. Check to see if Drop Size within parameters
i Min Drop (Hd/Yc) 149 OK

Q (cfs)
Normal depth (ft) “ Yo Max Drop 15*(Hd/Yc) or 15 1500 OK
Normal Velocity (fps) Vo
Drop height (ft) - Hd
Slope of Channel (ft/ft) 7~ Ss
1.68 ft*1/2/sec
Specific Head (ft) 223
. Critical depth (ft) 1.49 Ye
- Min height taitwater {ft} 3.19 Y3
Vert. Dist (Crest-Tailwater) (ft) -6.16 H2
Vert. Dist (Crest-Floor) (it) -9.35 Ho
7.63 Lf
6.25 Lt
: 7.78 Ls
Horz. Dist {Wall-striking pt.) (ft) 7.1 L1
Horz. Dist (striking pt.-block) (ft) 1.19 12
Horz. Dist (block-end of basin) (ft) 31 L3
Total length of basin (ft) - 12,00 Lb
Floor Blocks height (ft) 1.19
Width Blocks (ft) 0.59
Spacing between Blocks (ft) 0.59
End Sill Height (ft) 0.59
Sidewall Height (ft) 4.46
NOTE
Line upstream channel with riprap 5.00 feet with VL  Type Riprap from headwall.

Bottom width of basin should be equal to the spillway notch .
Crest of spillway should be at same elevation as approach channel.

elsner 8' Drop Structure with Floor Blocks.xls ) ' 9/20/02



Q (cfs)
Normal depth (ft)
Normal Velocity (fps)
Drop height (ft)

Slope of Channel (fi/ft)

Specific Head (ft)

Critical depth (ft)

Min height tailwater (ft)

Vert. Dist (Crest-Tailwater) (ft)
Vert. Dist (Crest-Floor) (ft)

Horz. Dist {Wall-striking pt.) (ft)
Horz. Dist (striking pt.-block) ()
Horz. Dist (block-end of basin) (ft)
Total length of basin (ft)

Floor Blocks height (ft)
Width Blocks (ft)

Spacing between Blocks (ft)
End Sill Height (ft)
Sidewall Height (ft)

NOTE
Line upstrearh channel with riprap

Crest of spillway should be at same elevation as approach channel.

elsner

1.68

2.23
1.49
3.19
-3.16
-6.35
6.35
4.65
6.64
6.49
1.19
3.32
11.00

1.19
0.59
0.59
0.59
4.46

Yo
Vo
Hd

Ss

ftr1/2/sec

Yc
Y3

Ho
Lf
Lt
Ls
L1

L3
Lb

Check to see if Drop Size within parameters

MinDrop (Hd/Yc)
Max Drop 15*%Hd/Yc) or 15'

5.00 feet with VL Typc Riprap from headwall.
Bottom width of basin should be equal to the spillway notch .

5' Drop Structure with Floor Blocks.xls

149 OK
1500 OK



Check to see if Drop Size within parameters

Q (cfs) Min Drop (Hd/Yc) 149 OK
Normal depth (ft) Yo Max Drop 15*(Hd/Y¢) or 15 1500 OK
Normal Velocity (fps) Vo
Drop height (ft) Hd
Slope of Channel (ft/ft) Ss
1.68 ftr1/2/sec
Specific Head (ft) 223
Critical depth (ft) 149 Ye
Min height tailwater (ft) 3.19 Y3
Vert. Dist (Crest-Tailwater) (ft) -5.16 2 V)
Vert. Dist (Crest-Floor) (ft) -8.35 Ho
7.22 L
5.76 Lt
741 Ls
Horz. Dist (Wall-striking pt.) (ft) 7.32 L1
Horz. Dist (striking pt.-block) (ft) 1.19 12
Horz. Dist (block-end of basin) (ft) 3.50 L3
Total length of basin (ft) 12.00 Lb
Floor Blocks height (ft) 1.19
Width Blocks (ft) 0.59
Spacing between Blocks (ft) 0.59
End Silt Height (ft) ' 0.59
Sidewall Height (ft) 446
NOTE
Line upstream channel with riprap 5.00 feet with VL  Type Riprap from headwall.
Bottom width of basin should be equal to the spillway notch .
Crest of spillway should be at same elevation as approach channel.
elsner 7' Drop Structure with Floor Blocks.xls 9/20/02



- ESTIMATED INPUT
Q (cfs) Q Estimated d1 (ft) d1 (est)
Normal depth (ft) @ crest Yo % Diff, For Spec. Head 1.0% Estimate OK
Normal Velocity (fps) @ crest Vo Note: Vary d1 (depth at toe) to within 1% of the
Drop height (ft) Hd ecific head calced at toe.
Slope of Charmel (ft/ft) Sc
Channel Width (ft) Bl
Crest Width (ft) B2 MAJOR STORM
Drop Slope (H:V) YA
Downstream Velocity (fps) @ tw V2
Tailwater Depth (ft} tw
Side slopes in basin (F:V) Ss
Specific Head (ft) @ crest _ 2.23 He Yo + (Vo2)/2g
Specific Head (ft) @ toe 12.23 Ht He + Hd (assumes no head loss through sloped drop}
Estimated Area (ft"2) @ toe 4.83 Alest) di(est)*(b2+Ss*dl(est))  (assumes sideslopes in basin and crest width)
Estimated Velocity (fps) @ toe 27.31 V(est) Q/A(est)
Estimated Specific Head (ft) @ toe 12.11 H (est) dl(est) + (V(est)*2)/2g
Depth (ft) @ toe 0.53 dl
Area (ft*2) @ toe 4,83 Al di*(b2+8s*dl)
Velocity (fps) @ toe 27.31 V1 QAL
Frounde number @ toe 6.61 Frl V1/((g*d1)™(1/2))
Depth (ft) @ hydraulic jump 4.70 - d2 dI*((1+8*Frir2)~(1/2)- -1)2
Length (ft) of hydraulic jump 28.89 Lb Lookup Lb/d2 * d2 (vlcokup for Frl for Lb/d2)
Basin (ft) depression below channel 2.86 B d2-tw
Length (ft} of drop slope 51.43 La (Hd+B)*Z
Length (ft) of upstream protection 4.46 Lu 2*He
Total Length (f0) 84.77  L(total) /- LbsLa+Ln § :
RipRap Type (ft) ( z4 5 00. dso TYPE VH (1.5 for Hd<3, 2.0 for Hd>3)
Grout Thickness (ft) 1.50 Dg (1.0 for Hd<3, 1.5 for Hd>3)

NOTE: Install 10 feet of buried riprap {minitum) downstreafn.

9/16/02 10’ Grouted-riprap Drops.xls _ Grouted RipRap Drop
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Appendix F: Hydraulics - Inlet / Storm System Design for Elkhorn Basin
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EXHIBIT 8.3-1

URS Greiner
CALCULATION COVER SHEET
Client: CDes7  Reionl Project Name: Powosfgse RBoolfuArD

Project/Calculation Number: Z\VT L0830 .canal

Title: SHeY Repesitr 1 PLET Coh LU A | A S

Total number of pages (including cover sheet):

Total number of computer runs:

Preparedby: 2. Davwy GELsvEl Date; (2-S&fT o2
Checked by: U}, H\_gpﬁ—d\éé Date: |6 ep 92

Description and Purpose:  — CaLcurwre GO TTER QAPAciTY FDL mro) and
ALor & SHB3 REDES M. S
- Puace (ol TS A=l PRAOFEL L—ocnctiony Foe, SrefAD

‘— Ckee . M@ A ionds o e 1 Al

Design bases/references/assamptions:
- Petu. wale Ratiovaac cacLcs

- D6 DRAMACE AMAOVAC

T F’L—M AMAas7ER

Remarks/conclusions: <€ o, cele 8 hants all deuns necolud ] wau] Elar

V\A‘ A wo‘i

Calculation Approved by:

Project Manager/Date
Revision No.: Description of Revision: Approved by:

Project Manager/Date
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Worksheet
Worksheet for Gutter Section

- —--Project-Description-—
Worksheet Maximum Gutter Spread (SHE
Type Gutter Section ‘
Solve For Discharge
Input Data
Slope 017500 ffit v~
Gutter Width 1.00 #t

Gutter Cross Sloj 0B3300 f/ft
RAoad Cross Slop 043000 ftfit
Spread 5.00 ft
Mannings Coeffic 0.013

Results

Discharge 237 cfs /
Flow Area 0.6 i

Depth 0.26 ft
Gutter Depress 0.5 in
Velocity 4.25 {i/s

t\... \hydnshaa interchangeishB3 inlet cales.fm2
09/04/02 01:32:20 PM

URS

@ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA .4203) 755-1666

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140)
Page 1 of 1



Worksheet
Worksheet for Curb Inlet On Grade

--—ProjectDescription

Worksheet First inlet along SHB3 at Interc!

Type Curb inlet On Grade
Solve For Efficiency

Input Data

Discharge 237 cfs ¥
Slope 017500 ftlft}’
Gutter Width 1.00 ft

Gutter Cross Slope 082333 fvit =
Road Cross Slope 043000 ft/ft
Mannings Coefficie 0.013 ~
Curb Opening Lem 15.00 & <
L.ocal Depression 1.0 in
Local Depressiont 15.00 ft

Results

Efficiency é‘gg v
Intercepted Flow 08 cfs

Bypass Flow 0.29 cfs™”
Spread 5.00 ft
Depth Q26 it
Flow Area 0.6 fi2
Gutter Depression 05 in
Total Depression 15 in
Velocity 4,25 fifs
Equivalent Cross Slo) 047046 ffit
Length Factor 0.69

Total interception Ler 21.71 ft

t\..Ahydrsha3 interchangs\shB3 inlet cales.im2
© Haestad Metheds, Inc.

09/04/02 03:06:29 PM

URS

Project £Engineer: Ellis Daniet Elsner
FlowMaster v5.1 [B140]

37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1



Worksheet _ . @
Worksheet for Gutter Section . ,

—_Project Description.-
- Workshest Maximum 2' Gutter Spread (SH2
Type Gutter Section
Solve For 'Discharge
input Data ]
Siope 017500 fifit
Gutter Width 2.00 ft v~

Gutter Cross Sloj 083300 ftrit
Road Cross Slop 043000 ftft
Spread 6.00 ft
Mannings Coeffic 0.013

Results

Discharge 4.38 cfs

Flow Area 0.9 fiz

Depth 034 it

Gutter Depress 1.0 in

Velocity 5.12 fi/s

Project Engirieer: Ellis Daniel Elsner

B\ MhydrishB83 interchange\shB3 Inlet calcs.fm2 URS FlowMaster vB,1 [6140]
09/04/02 03:18:23 PM © Haestad Methods, Inc.

87 Brookside Road Waterbury, CT 06708 UBA {20B) 755-1668 Page 1 0of 1



Worksheet
Worksheet for Curb Inlet On Grade @

Project Description- . .—— .- —

Workshest Inlst (w/ 2' gutter) along SH83 at Inten
Type Curb Inlet On Grade

Solve For Efficiency

Input Data

Discharge 4.38 cis v

Siope 017500 f¥it

Gutter Width 2.00 ft

Gutter Cross Slope 083333 fi/fft
Road Cross Slope 043000 ft/ft
Mannings Coefficie 0.013

Curb Opening Lent  15.00 ft 7
Local Depression 1.0 in
Local Depression\  2.00 ft

Results

Efficiency 0.97 ¥
Intercepted Flow 4.24 cfs
Bypass Flow 0.14 cis~"
Spread 6.00 i
Depth 034 ft
Flow Area 0.9 f?
Guiter Depression 1.0 in
Total Depression 2.0 in
Velocity 5.13 fi/s
Equivalent Cross Sloj 102392 ft/ft
Length Factor 0.85

Total Interception Ler 17.62 ft

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [6140]
Page 1 of 1

t\.. \hydnsh83 interchange\sh83 Inlet calcs.fm2 URS
09/04/02 03:46:30 PM © Haestad Methods, Inc. 37 Brookside Foad Waiterbury, CT 08708 USA  (203) 755-1666



Worksheet
Worksheet for Gutter Section

--- -Project-Description
Workshest Maximum 2' Gutter Height (SH&!
Type Gutter Section
Solve For Discharge
Input Data
Slope 017500 it «- " 4, 8o L
Guiter Width 2.00 ft /[ “1.

Gutter Cross Sloj 083300 1/t
Road Cross Slop 043000 ft/it

L
Spread 9.80 ft v € [/

Mannings Coeffic 0.013

08/04/02 03:58:58 PM

Results
Discharge 1433 cfs ¥
Flow Area 2.1 12
Depth 0.50 ft
Gutter Deprest 1.0 in
Velocity - 6.68 fi/s
tA.. \hydrehB3 interchange\shBs infet calcs.fm2 URS

© Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1666

Project Engineer: Ellis Daniel Elsner
FlowMaster vG.1 [6140]
i Page 1 of 1



Worksheet @
Worksheet for Gutter Section

—Project-Description
Worksheet Gutter Depth @ sta 221490 (SHE
Type Gutter Section :
Solve For Spread
Input Data
Slope 024500 fuft ¥
Discharge 779 cis Frean  Cacnuasl Culc.
Gutter Width 2.00 ft

Gutter Cross Slot 083300 it
Road Cross Slop 043000 ft/it
.Mannings Coeffic 0.013

Results

Spread 7.14 ft

Flow Area i.2 2

Depth 0.39 ft.~

Gutter Depress 1.0 in

Velocity 6.62 fi's

Project Engineer: Ellls Daniel Elsner

t\..\hydnsh83 interchange\sha3 inlet cales.fm2 - URS FlowMaster v6.1 [6140]
09/04/02 04:03:45 PM © Haestad Methods, inc. 37 Brookside Aoad Waterbury, CT C&6708 USA  {203) 765-1666 Page 1 of 1



_ Worksheet
Wc_irksheet for Curb Inlet On Grade

------- -Project-Description -
Worksheet inlet SHB3 sta. 221
Type Curb Inlet On Grac
Solve For Efficiency
Input Data .
Discharge 7.79 ofs ¥ .
Slope - 024500 fi/it
Gutter Width 2.00 ft

Gutter Cross Slope 083333 it
Road Cross Slope 043000 ft/ft
Mannings Coefficie 0.013
Curb Opening Lem 15.00 #

- Local Depression 30 in
Local Depressiony  2.00

Results .

Etficiency 092 ¥

Intercepted Flow 7.18 ofs ddchas on Seih poviiun of  soval
Bypass Flow 061 ofs —— 1= ! >
Spread 744 #t

Depth 039 #ft -

Flow Area 1.2 fi2

Gutter Depression 10 in

Total Depression 4.0 in

Velocity 6.62 fi/s

Equivalent Cross Sloj 149158 {t/ft

Length Factor 0.76

Total Interception Ler 19.81 ft

Project Engineer: Ellis Daniel Elsner .
FiowMaster v6.1 [6140)
Page 1 of 1

t\...\hydnshB3 interchange\shB3 inlet cales.fm2 URS
09/10/02 11:43:40 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury,-CT 08708 USA . (203) 765-1666



Worksheet

Worksheet for Gutter Section @
—-Project-Description--- - ——
Worksheet Gutter Depih @ sta 217+45 (SH83 @ A
Type Gutter Section
Solve For Spread
Input Data
Slope 025000 fi/ft
Discharge 3.81 cis
Gutter Width 2.00 #
Gutter Cross Sloj 083300 fuit
Road Cross Slop 043000 f/it
Mannings Coeffic 0.013
Resuits
Spread 521 #
Flow Araa 0.7 ft2
Depth 0.30 ft
Gutter Depress 1.0 in
Velocity 5.74 fi/s
Project Engineer: Ellis Daniel Eilsner
. \hydrishB3 interchange'\sh83 inlet cales.fm2 URS FlowMaster v6.1 [6140]
09/10/02 10:26:48 AM © Haestad Metheds, inc.

37 Brookside Aoad Waterbury, CT 06708 USA  (203) 755-1666 Page 1of 1



Worksheet
Worksheet for Curb Inlet On Grade

- —Project-Description-— -
Worksheet Inlet SHB3A sta. 217
Type Curb Inlet On Grac
Solve For Efficiency
Input Data
Discharge 3.81 cfs ¥
Slope 025000 ftft ~
Gutter Width 2.00 ft

Giutter Cross Slope 083333 ft/it
Road Cross Slope 043000 ft/ft &
Mannings Coefficie 0.013

Curb Opening Lemy  5.00 ft
Local Depression 3.0 in
Local Depression\  2.00 ft

Results
Efficiency 0.57
intercepted Flow 216 cfs/
Bypass Flow 165 cis ~
" Spread 521 #t
Depth 0.30 ft
Flow Area 0.7 2
Gutter Depression 10 In
Total Depression 4.0 in
Velocity 5.74 ftis
Equivalent Cross Sloj 173503 i/t
Length Factor 0.37

Total Interception Ler 13.48 ft

Project Engineer: Ellis Daniel Elsner
FlowMaster v6.1 [614q)
Page 1 of 1

t\..\hydnshB3 interchange\sh83 inlet calcs.fm2 URS
09/10/02 11:51:48 AM @ Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  {(203) 755-1656



Worksheet :
Worksheet for Gutter Section @

- -Project-Dascription— - - -

Worksheet Gutter Depth @ sta 215+45 (SHB3 @

Type Gutter Section

Soive For Spread

Input Data

Slope 025000 ffit

Discharge 3.79 cfs

Gutter Width 200 f

Gutter Cross Sloj 083300 ft/it

Road Cross Slop 043000 ft/ft

Mannings Coeffic 0.013

Resuits

Spread 520 ft

Flow Area 0.7 #2

Depth 030 ft

Gutter Depress 1.0 in

Velocity 5.73 fi/s

Project Engineer: Ellis Daniet Elsner

t\..\hydrsh83 interchange\shB3 inlet cales.tm2 URS FlowMaster v6.1 [6140]
09/10/02 11:52:32 AM © Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1668 Page 1 of



Worksheet
Worksheet for Curb Inlet On Grade

T Projest Description T
Worksheet - Inlet SH83 sta, 21&
Type Curb Inlet On Grac
Solve For Efficiency
Input Data
Diecharge 3,79 cfs ~
Slope 025000 Uit
Gutter Width 200 ft

Gutter Cross Slope 083332 /it
Road Cross Slope 043000 /it
Mannings Coefficie 0.013
Curh Opening Lent  15.00 ft
Local Depression 3.0 In
Local Depression\  2.00 ft

Results
Efficiency 1.00
Intercepted Flow 3.79 cfs”
— Bypass Flow . 0.00 cis >
Spread 5.20 ft
Depth 0.30 ft
Fiow Area 0.7 2
Gutter Depression 1.0 in
Total Depression - 4.0 in
Velocity 5.73 fi/s
Equivalent Cross Sloj 173680 ft/t
Length Factor 1.12

‘Total Interception Ler 313.44 ft

Project Engineer: Ellis Daniel Elsner
FlowMaster vB.1 [6140]
Page 1 of1

t\.. \hydnsh83 interchange\sh83 Inlet cales.fm2 URS
09/10/02 12:00:53 PM @ Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  {203) 755-1666



Worksheet

Worksheet for Gutter Section @

“‘Project-Description- T h

Workshéet Gutter Depth @ sta 213+95 (SHB3 @

Type ~ Gutter Section

Soive For Spread

input Data

Slope 025000 1/t

Discharge 1.61 ¢fs

Gutter Width 2.00 f

Gutter Cross Sloj 083300 fi/it

Road Cross Slop 015600 fuft

Mannings Coeffic 0.013

Results

Spread 5.51 ft

Flow Area 0.4 ft2

Depth 022 f#t

Gutter Depress 1.6 in

Velocity 4.33 fifs

Froject Engineer: Ellis Daniel Elsner

t:\...\hydr\sh83 interchange\sh83 iniet calcs.fm2 . URS FlowMaster v6.1 [6140]
09/10/02 12:01:52 FM © Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1865 Page 1 of 1



Worksheet
Worksheet for Curb Iniet On Grade

~~~Projest Description e o e
Worksheet Inlet SHB3 sta, 2138
Type Cuib Inlet On Grac
Solve For Efficiency
Input Data
Discharge 161 cis 7
Slope 025000 ft/#
Gutier Width 200 ft

Gutter Cross Slope 083333 ft/it
Road Cross Slope 015600 fi/ft
Mannings Coefficie 0.013
Curb Opening Lem 10.00 ft/
Local Depression 8.0 in
Local Depressiony  2.00 ft

Results

Efficiency 1.00
Intercepted Flow 161 cfs ¢
Bypass Flow 0.00 cis ~
Spread 551 #t
Depth 0.22 ft
Flow Area a4 T2
Gutter Depression 16 in
Total Depression 4.6 In
Velocity 433 fils
Equivalent Cross Sloj1859156 /it
Length Factor 1.1

Total Interception Ler  9.00 ft

Project Engineer; Ellis Dianiel Elsner
tA.. \hydrish83 interchange\sh83 inlet cales.fm2 URS - FlowMaster v6,1 [6140] -

0M0/02 12:02:26 PM © Haestad Methods, ln_c. 37 Brookslde Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1ot 1



Worksheet
Worksheet for Gutter Section

-- Project-Description- -— - ——- - -
Worksheet Gutter Depth @ sta 213+45 (SHB3 @
Type Gutter Section
Solve For Spread
Input Data
Slope 025000 it
Discharge 0.54 cfs
Gutter Width 2.00 ft

Gutter Cross Sloj 083300 /it
Road Cross Slop 002600 ft/fit
Mannings Coeffic 0.013

Results

Spread 1.83 ft

Flow Area 0.1 ft2

Depth .15 ft

Gutter Deprest 1.9 In

Veloeity 3.87 #/s

Project Engineer; Ellis Daniel Elsner

A, Mhydrsh83 interchange\sh83 inlet cales.fm2 URS FlowMaster v5.,1 [6140]
09/10/02 12:03:17 PM © Haestad Methods, Inc. 37 Brookside Foad Waterbury, CT 06708 USA  (203) 755-1666 Page1of 1



-~ Project-Descripfion

Worksheet
Worksheet for Curb Inlet On Grade

Worksheet Inlet SHB3 sta, 212
Type Curb Inlet On Grac
Solve For Efficiency

input Data

Discharge 054 cfs /
Slope 025000 fit

Gutter Width 2.00 #

Gutter Cross Slope 083333 ft/ft

Road Cross Slope 002600 ft/ft

Mannings Coefficle 0.013
Curb OpeningLemt  5.00 ft
Local Depression 3.0 in
Local Depressiony  2.00 ft

Results

Efficiency 0.99
Intercepted Flow 0.54 cfs
Bypass Flow 3.34e3 cfs -
Spread 1.83 ft
Depth .15 ft
Flow Area 0.1 f2
Gutter Depression 19 in
Total Depression 49 in
Velocity 3.97 fifs
Equivalent Cross Sig| 208333 fift
Length Factor 0.94

Total Interception Ler 5.32 #

A, \hydrish83 interchange\sh83 infet calcs.fm2

09/10/02 12:03:50 PM

URS

© Haestad Methods, Inc. 37 Brockside Road Waterbury, CT 06708 USA  (203) 755-1666

Project Engineer: Ellis Daniet Elsner
FlowMaster v6.1 {6140] -
Page 10of1
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STATE HIGHWAY 83

Title: SH83 and Powers Interchange
hydishad interchange\sh83 interchange.stm
10/07/02 09:36:04 AM

Scenario: Base

_ : URS Corporation )
© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

SB1

ed

24" OPENING

STATE HIGHWAY 83

POWVERS

S
o
v
- sC2
BB o
d
SD1
RAMP E
Project Engineer. E. Danny Elsner

StormCAlL

D v4.1.1 [4.2014]
Page 1 of 1




DOT Report

Label| -Node- UpstreamUpstrearlJpstream Calcutatéd-Ground- <nvert- -HGL- -Slope- | Section [-Section{Length|AverageDescription
Upstream Inlet Iniet System CA Upstream | Upstream | Upstream | Energy PDischargel Shape | (ft) Vealoclty
Downstream| Area CA (acres) hownstreanpownstreanpownstreanConstructed Capacity]  Size (ft/s)
{acres) | (acres) (ft) (i) {ft) iflii] (cfs)

P-2 15B1 10.80 4.43 443 6,861.13] 6,861.15] 6,862.85} 0.051158 22.78| Circular[138.48| 13.11
s5B2 6,864.80] 6,850.77| 6,851.61; 0.074857 61.93} 24 inch

P-5 |SB2 0.93 0.88 5.24| B,864.80| 6,850.47| 6,852.27| 0.115786 26.83| Circular|154.65 877
24" OPENIN 6,835.39| 6,832.45| 6,834.49] 0.116521 77.22|24 inch

P-3 |6X4IN 101.26{ 40.50 40,50| 6,831.75] 6,831.75| 6,834.54] 0.004475] 158.36|Box &0.11 .07
24" QPENIN 6,835.39| 6,831.45| 6,834.49| 0.004921| 218.85 6x4ft

P-4 |24" OPENIN N/A N/A 4574} 6,835.39| 6,831.45| 6,834.47| 0.004938| 178.47|Box 169.15| 10.15
6X4 OUT 6,830.60| 6,830.60| 6,833.45| 0.005025 219.60|6x4ft

P-6 |5A1 0.46 0.43 0.24| 6,854.43| 6,850.10| 6,850.65| 0.024754 2.15| Circular |[184.50 3.18
SAZ 6,849.43| 6,845.49| 6,846.18| 0.024986 16.60| 18 inch

P-7 |SA2 0.28 0.25 0.68| 6,849.43| 6,845.19| 6,846.12| 0.028656 5.78| Circular{139.12 7.28
SA3 6,845.24| 6,840.56| 6,841.12| 0.033281 19.16| 18 inch

P-8 | SA3 0.19 0.18 0.86| 6,845.24| 6,840.06| 6,841.10| 0.020781 7.22| Clrculary 43.63 7.50
SA4 6,843.78| 6,838.60( 6,839.27| 0.033463 19.21| 18 inch

P-9 (SA4 0.06 0.06 0.92| 6,843.78] 6,838.30| 6,839.54| 0.005612 7.67| Circular{ 71.70 5.29
SAS5 6,937.94| 6,837.94| 6,839.01| 0.005021 7.44] 18 inch

P-10 | SC1 0.00 0.00 0.00{ 6,883.00f 687550 6,877.44 0.025232 37.00] Circudar| 5.00] 1277
SC2 6,883.00| 6,875.00f 6,876.61| 0.100000 71.53] 24 inch

P-12 | SD1 0.00 0.00 0.00] 6,883.00| 687550] 6877.44| 0.025232| 37.00)Circular( 5.00 1277
SC2 6,683.00| 6,875.00| 6,876.61| 0.100000 71.53} 24 inch

P-11 [ SC2 0.00 0.00 0.00] ©,883.00 6,870.18] 6,874.25} 0.012173| 111.00|Circular| 67.00| 11.54
SCa 6,867.31| 6,867.31| 6,873.43] 0.042537| 207.49|42inch

Title; SH83 and Powers Interchange
...\hydnshB3 Interchange\sh83 interchange.stm URS Corporation

10/07/02 09:36:23 AM

© Haestad Methods, Inc.

37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666

/00" 7€

Project Engineer:
StormCA

#L

£. Danny Elsner
D v4.1.1 [4.2014]

Page 10of 1



ocenanv: Base

Inlet Report
Label Calculateq Rim Ssump | Area | Inlet Time Inlet | Local Carryovenl Curb Inlet Infet [Clogging Headloss [HydrauligHydrauligGutter| Guiter
Station |Elevation|Elevation|(acres)| € of CA {Rational| Raticnal [Opening ' Location| Factor Method Grade | Grade | Ditch | Ditch
(ft) (ft) {ft) Concentration [(acres)] Flow Flow {Length (%6) Line In |Line Out}Depth|Spread
_ {min) (cfs) | (cfs) Uy 3] ) |
6X4 IN 242915,831,75(6,831.75[101.26] 0.40 34.08| 40.50| 158.36 0.00 N/A| Generic Default 100% In Sag 0.0| HEC-22 Ener]8,831.755,831.75|| 0.00] 0.00
SAt 4+385,854.43|5,6850.10] 0.46]0.95 5.00| 0.43| 384 0.00] 5.00|Curb CDOT Type R On Grady 0.0| HEC-22 Ener}5,850.65|5,850.65( 0.31] 5.23
SA2 2454|5,849.43{6,845.19| 0.26/0.95 5.00| 0.25] 2.19 1.68| 15.00]| Curb CDOT Type R On Grad 0.0{ HEC-22 Ener]5,846.18 [6,846.12]] 0.31| 5.26
SA3 1+15|5,845.24 |6,840.08] 0.19|0.95 .00} 0.18{ 1.60 0.00]- 10.00] Gurb CDOT Type R On Grad 0.0{ HEC-22 Ener]5,841.18(5,841.10 0.22] s.4s
S5A4 0+72|5,843.78|5,838.30] 0.086)|0.95 5.00} 0.086] 0.50 0.00| 5.00|Curb CDOT Type R On Grady 0.0] HEC-22 Ener]5,839.81 [5,839.54} 0.15] 1.79
SB1 4+62|5,861.138,861.13| 10.80|0.41 21.59F 4.43] 22.78 0.00 N/A | Generlc Default 100% In Sag 0.0| HEC-22 Ener5,861.13[6,861.13)| 0.00] 0.00
sB2 3+24[5,864.80|6,850.47| 0.93]|0.85 500} 0.88 7.82 0.00| 15.00{Curb CDOT Type R On Gradyg 0.0| HEC-22 Ener|5,852.45 |5,852.27} 0.39( 7.15
SCG1 0+72|6,883.00(5,875.50| 0.00}0.00 0.00| 0.00 0.00 0.00 N/A| Grate CDOT Type D In Sag 30.0| HEC-22 Ener|5,877.44 |6,877.44} 0.00] 0.00
sG2 0+67(6,883.0016,870.16| 0.00]0.00 0.00| 0.00f 0.00 0.00 N/A| Grate CDOT Type D In Sag 30.0| HEC-22 Ener]5,874.43(6,874.25)| 0.00] 0.00
SD1 0+72(5,883.00(5,875.50| 0.00]0.00 0.00| 0.00{ 0.00 0.00 ‘N/A| Grate CDOT Type D In Sag 30.0| HEC-22 Ener|5,877.44|5,877.44} 0.00| 0.00
| 1oo— Wt
Title: SH83 arid Powers Interchange Project Engineeri E. Danny Elsner
. hydrsh83 interchangeish8a interchange.stm URS Corporation ‘ StormCA:D v4.1.1 [4.2014§
10/07/02 09:38:23 AM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1 «203-755-1666

Page 1 of 2
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SCenano: pase

Inlet Report
Capture jExternall Extermnal Description
Efficlency} CA Time of
(%) | (acres) foncentration
{min)
100.0( Q.00 0.00| RATIONAL BASIN ULT-AC15 - ACRES AT INLETS 581 AND SB2 (WORST CASE SCENARIO)OOINLET US
56.2] 0.00 0.00] 355'X56' FOR AREA
100.0 Q.00 0.00| 200'X56" AREA
100.0 0.00 0.00{ 150'X56" AREA
89.7¢ 0.00 0.00] 50'X56' AREACO10' UP FROM 0% CROSS SLOPE
100.0; Q.00 0.00| BASIN -INT-AC4 (WORST CASE SCENARIO)IOINLET BEING USED FOR FES.
§1.9 0.00 0.00| RATION BASIN INT-AQ9 {(WORST CASE SCENARIO)
100.0{ 0.00 0.00] 1/3 of Basin ULT-A01
100.0] 0.00 0.00[ 1/3 of Basin ULT-AD1
100.0] 0.00 0.00[ 1/3 of Basin ULT-A01
]
]
i
Title: SH83 and Powers Interchange Project Engineer:iE. Danny Elsner
...\hydnsh83 interchange\sh83 interchange.stm URS Corporation StormCAD v4.1.1 [4.2014)

10/07/02 09:38:23 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-765-1566 : Page 2 of 2
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Scenario: Base

DOT Report
lLabell -Node- pstreamUpstrearypstream Calculategd-Ground- | -Invert- HL -HGL- -Slope- SactionJ-SectIon-lLength Averagebescription ’
Upstream Inlet Inlet System CA Upstream | Upstream | Upstream | Energy [ischarge Shape | (ff) |Velocity
Downstream] Area CA (acres) PownstreanpPownstreanpownstreanConstructed Capacity| Size {ft/s)
(acres) | (acres) {f) {ft) (ft) (ft/ft) {cfs)

P-2 |SB1 10.80 4.43 4,43| 6,861.13| 6,861.15| €,862.55] 0.065123 15.11| Circutar[138.48| 11.35
SB2 6,864.80] 6,850.77| 6,851.44] 0.074057 61.93| 24 inch

P-5 |3B2 0.93 0.88 5.31| 6,864.80| 6,850.47| 6,852.00] 0.086710 18.01 | Circular|154.65] 13.51
24" OPENIN; 5,835.39| 6,832.45| 6,833.11] 0.116521 77.22| 24 inch )

P-3 |6X4IN 101.26 40.50 40.50| 6,831.75] 6,831.75| 6,833.87| 0.004602| 105.05|Box 60.11 7.91
24" OPENIN{ 6,835.32| 6,831.45| 6,833.76| 0.004991| 218.85{6x4ft

P-4 | 24" OPENIN: N/A N/A 45.81| 86,835.39| 6,831.45| 6,833.75| 0.004877§ 118.53|Box 169,15 8.97
6X4 OUT 6,830.60| 6,830.80| 6,832.7171 0.005025) 219.60 Gx4ft

P-6 {SA1l . 046 0.43 0.29] B6,854.43| 6,850.10} 6,6850.59] 0.024986 1.70]| Circular [184.50 3.37
SA2 6,840.43| 6,845.49( 6,845.98] 0.024986 16.60| 18 inch

P-7 |SA2 0.26 0.25 p.68| 5,849.43| 6,845.19| 6,845.94] 0.029468 3.84| Circular[139.12 6.43
SA3 6,845.24| 6,840.568| 6,841.02| 0.033281 19.16} 18 inch

P-8 [SA3 0,19 0.18 0.86| 6,845.24] 6,840.06] 6,840.91 0_.021 638 . 4.79| Circular] 43.63 6.71
SA4 6,843.78| 6,838.60| 6,839.13 0.038463| “* 19.21{ 18 inch

P |sA4 0.06f 008 . o092| 6s4378| 683230 6,839.22| 0.005075|° 5.09|Circular| 71.70| - 4.68
SAS 6,837.94| 6,837.94| 6,838.81| 0.005021 7.44118inch

P-10 | SC1 0.00 0.00 0.00| B,883.00| 6,875.50| 6,877.44| 0.025232 a7.00]| Circufar] 5.00| 1277
sC2 5,883.00| . 6,875.00| 6,876.61| 0.100000 71.53| 24 Inch

P-12 | SD1 Q.00 0.00] . 0.00| 6.883.00| 6,875.50| 6,877.44| 0.025232 37.00| Circutar| 5.00| 12.77
scz2 . 6,883.00| 6,875.00| 6,876.61| 0.100000 71.63124 inch

P-11 | 5C2 0.00 0.00 0.00| &.883.00| 6870.16] 6,874.25] 0.012173| 111.00|Circutar £7.00] 11.54
SC3 | 88731} 6,867.31| 6873.43 0.042537| 207.49{42inch

- -YEAL
Title: SH83 and Powers Interchange Project Engineer:| E. Danny Elsner
.- \hydrnsh83 interchange\sh83 interchange.stm URS Corporation , StorrnCAD v4.1.1 {4.2014]

10/07/02 09:50:59 AM © Haestad Methods, Inc. 87 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1686 : Page 1 of 1




Rainfall Table

Return Periods
Durations 2year | Syear | 10ysar | 25 year | 50 year | 100 year
5 min 4.45 5.14 5.83 6.88 8.13 8.78
€ min 4,24 4,91 5.58 6.60 7.79 8.42
7 min 4.05 4.71 5.36 6.35 7.48 8.08
8 min 3.87 452 6.15 6.11 7.18 7.77
9 min 3.7 4,35 4.96 5.89 6.83 7.48
10 min 3.56 419 4.79 5.69 6.68 7.21
11 min 3.42 4.04 4.62 £.50 6.45 6.97
12 min 3.30 3.90 4.47 5.32 6.23 6.73
13 min 3.18 3.77 4,32 5.16 6.03 6.52
14 min 3.07 3.65 4.19 5.00 5.84 6.31
15 min 2.97 353 4.06 4.85 5.67 8.12
16 min 2.87 3.42 3.94 4,71 5.50 5.94
17 min 2.78 3.32 3.83 4.58 5.34 5,77
18 min 2.70 223 3.72 4,45 519 5.61
19 min 2.62 3.14 362 434 5.05 5.46
20 min 2.54 3.05 3.53 4.23 4,02 5.32
21 min 2.47 2.97 3.44 413 4,79 5.18
22 min 2.41 2.90 3.35 4.02 4,87 5.05
23 min 234 2.83 3.27 3.93 4.56 4.93
24 min 2.28 2.76 3.19 3.84 4.45 4.81
25 min 2.23 2.69 3.12 3.75 4,35 4.70
26 min 217 2.63 3.05 3.67 4.25 4.58
27 min 2142 2.57 2.98 3.59 4.16 4,49
28 min 2.07 2.51 2.91 3.51 4.07 4.39
29 min 2.02 2.46 2.85 3.44 3.98 4.30
30 min 1.88 2.40 2.79 3.37 3.80 4.21
31 min 1.93 2.35 273 3.30 3.82 4.12
32 min 1.89 2.91 2.68 3.24 3.74 4.04
33 min 1.85 2.26 2.63 317 3.67 3.96
34 min 1.82 2.22 2.58 3.1 3.860 3.88
35 min 1.78 217 2.53 3.06 3.53 3.81
38 min 1.76 2,13 2.48 3.00 3.46 3.74
37 min 1.7 2.09 2.44 2.85 3.40 3.67
38 min 1.68 2.05 2.38 2.89 3.34 3.61
39 min 1.85 2.02 2.35 2.84 3.28 3.54
40 min 1.62 1.8 2.31 2.80 3,22 3.48
41 min 1.59 1.95 2.27 2.75 3.147 3.42
42 min 1.56 1.82 2,23 2.70 3.12 3.37
43 min 1.83 1.88 2.20 2.66 3.07 3.31
44 rin 1.51 1.85 2.16 2.62 3.02 3.26
45 min 1.48 1.82 2413 2.58 2.97 3.21
46 min 1.46 1,79 2.09 2.54 2.92 3.16
47 min 1.44 1.77 2.06 2.50 2.88 311
48 min 1.41 1.74 2.03 2.46 2.83 .08
48 min 1.39 1.71 2.00 2,43 2,79 3.
50 min 1.37 1.69 1.87 2,39 2.75 2897
51 min 1.35 1.66 1.94 2.36 2.7 2.93
52 min 1.33 1.64 1.91 2.32 2.67 2.88
53 min 1.31 1.61 1.89 2.29 263 2.85
54 min 1.28 1.59 1.86 2.26 2.60 2.81
58 min 1.27 1.57 1.84 2.23 2.58 277
56 min 1.25 1.55 1.81 2.20 2.53 273
£7 min 1.24 1.53 1.78 2.17 2.49 2.89
Title: SH83 and Powers Interchange
..\hydrish83 interchange\shB3a interchange.stm URS Corporation

09/23/02 02:09:05 PM

© Haestad Methods, Inc,

Project Enginear: E. Danny Elsner
StormCAD v4.1.1 [4.2014]

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 2



Rainfall Table

Return Periods
Durations 2year | 5year | 10 year | 25 year | 50 yéar 100 year
58 min 1.22 1.51 1.76 2,14 2.48 2.66
59 min 1.20 1.49 1.74 212 2.43 2,62
60 min 1.19 1.47 1.72 2.09 2,40 2.59

Rainfzll Intensities are in (in/hr}

Title: SH83 and Powers Interchange Project Engineer: E. Danny Elsner -
..-\hydr\sh83 interchange\sh83 interchange.stm URS Corporation
09/23/02 02:09;05 PM

: StormCAD v4.1.1 [4.2014]
@ Haestad Methods, Inc, 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page2of2



Intensity Duration Frequency Curve
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Title: SHB3 and Powers Interchange

Project Enginesr: E. Danny Elsner

Page 1 of 1

StormCAD v4.1.1 [4.2014]

URS Corporetion
© Haestad Metheds, Inc, 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666
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Scenario: Base

DOT Report

Label| -Node- [Section{Lengthj Upstream Calculated SystemJSystem Sectionel -Ground- | -Invert- ~Caver- -HGL-~ -Slope- Averagebescription
Upstream | Shape | (ft) System CA Flow TimdIntensityDischargel Upstream | Upstream | Upstream | Upstream | Energy Velocity
Downstrean] Size {acres} (min} | {in/hr) | Capacity DownstreanPownsirearPownstreanpownstreanfConstructed  (ft/s)

{cts) {ft) (f) () (ft) (/e

p-2 |SE2 Circular| 98.47 0.28 5.28 5.04 1.44| 6,888.51| 6,885.00 3.01| 6,885.45( 0.017105 4.20
SE1 18inch 14.24| 6,883.19| 6,883.19 -1.50| 6,883.51( 0.018381

P-1 | SE3 Circular| 56.00 0.21 5.00| 5.10 1.07| 6,890.06| 6,885.83 2.73| 6,886.22| 0.009080 3.36
SE2 18 inch 10.22| 6,889.51| 6,885.30 2.71] 6,885.63( 0.009464

Title: Powers/SHB83/Shoup

URS Corporation

g:\cadhdesignihydistormcadwupper elkhomn {se).stm
09/09/03 09:08:42 AM

© Haestad Methods, Inc.

37 Brookside Road Waterbury, CT 08708 USA  +1-203-755-1666

Project Engineer: E. Danny Eisner
StormCALD v4,1.1 [4.2014]
Page 1 of 1



Scenario: Base

DOT Report 2
Labell] Rim Sump | Area |Inlet| Time Local Can'yove|| Curb Inlet Inlet |Gutter] Gutter|Clogging Gutter] Gutter | Capture | Description
Elevation|Elevation|{acres)] C of Rational| Rational |[Opening _ Location | Width | Cross| Factor | Ditch | Ditch |Efficiency]
{ft) () CpncentratipnFlow Flow |Length Co g (Y |Slope| (%) [Depth|Spread] (%)
(min) | (cfs) | (cfs) {tt) | @ | ®
SE3 (6,890.06(6,885.83| 0.2210.95 5.00 1.07 0.00| 10.00| Curb CDOT Type R On Grady 2.00| 0.083 0.0] 0.20) 3.83 100.0
SE2 |5,880.51 [5,885.00 0.08|0.95 5.00 0.39 0.00| 5.00| Curb CDOT Type R On Grad{ 2.00{0.083 0.0 0.14] 1.68 100.0
Uil B
Title: Powers/SHB3/Shoup Project Engineer: E. Danny Elsner
q:-\caddesigmhydnstormeadwpper elkhorn (se).stn URS Corporation StormCAD v4.1.1 {4.2014]

09/09/03 09:08:53 AM @© Haestad Methods, Inc. 37 Brookside Road - Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Profile
Scenario: Base

6,891.00
PES—— L’.a@@@@@g
[abel: SE2 FRWQ%OG fl
Rim: 6,889.51 ft o 15 26,885.83 ft
Sump: 6,885.00 )
- 6,888.00  gavation (ft
SR — {1 6,887.00
/ a
__Labek-Pt—|1 §:886.00
—— Up-invert. 6,885.83 ft
Dh-lrvert: 6.8 38.884.00
L: 56.00 ft
6,885.00-f Size:-#-8-trch- 6,884.00
383.19 ft S: 0. 009464 ﬂ{
6,883.00

Tabel-SE1+— 17
0+08im: 6,888.190-40 S'Eﬂﬁ 00 1+20 1+40 1460
Sump: 6,883.07 ft S: 0.0 838 n (hT

Project Engineer: E, Danny Elsner
StormCAD v4.1.1 [4.2014]
Page t of 1
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URS DRAFT

Appendix G: Hydraulics - Ditch Capacity/ Lining for Black Squirrel Creek Basin

Q:\Admin\Reports\Drainage\FDR 091003.doc



URS DKAFT

Appendix J: Hydraulics - Inlet / Storm System Design for Black Squirrel Creek Basin

Q\Admin\Reports\Drainage\FDR 091003.dec



Scenario: Base

SF1

P-5

SF2  P-3 SF3 P2 = SF4 P-1 SF5

P-4

SG1

Title: SH 83 & Shoup Road . ‘Project Engineer: A. Weaver
gicad\designihydristormcadibasina.stm URS Corporation ‘ StormCAD v4.1.1 [4.2014])
08/27/03 10:27:06 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Scenario: Base

DOT Report
Labell -Node- [-Section{Length) Upstream Calculated | System |System| Section | -Ground- | -lnvert- -Gover- -HGL- -Slope- Averagebescription
Upstream | Shape | (ff) Systern CA Flow TimglntensityDischarge] Upstream | Upstream | Upstream | Upstream | Energy |Velocity
Downstrean] Size (acres) (min}) {in‘hr) | Capacity Downstreanfownstrearm| DownstrearrDownstrearrbonstructec (ft/s)
{cfs) {ft 3] ) (/) (fft)
P& |SF2 Circular| 88.80 12,5503 28.99 2.49 32.73| 6,896.80] 6,888.08 5.72| 6,889.84; 0.004953 7.15
SF1 36 inch 46.95| 6,887.64| 6,887.64 -3.00| 6,888.48| 0.004955
P-3 |SF3 Gircular|170.85 1.5758 7.08] 4.68 8.68| 8,902.63| 6,897.63 3.50| 6,898.77| 0.040178 9.02
SF2 18 inch 22.80| 6,896.80| 6,889.58 5.72| 6,890.22| 0.047117
P-2 |SF4 Cilreular[159.68 1.2067 6.73| 4.75 7.67] 6,907.46| 6,002.46 3.50| 6,903.53| 0.024823 7.66
SF3 18 inch 17.69] 6,902.63| 6,897.93 3.20| 6,898.62| 0.028369
P-1 [SF5 Circular[416.75 0.5053 500 5.10 3.82| 6,820.01) 6,915.01 3.50f 6,915.76| 0.029338 4.01
SF4 18 inch 18.01] 6,907.46] 6,902.76 3.20| 6,903.61} 0.029394
P-4 |SG1 Circular| 70.41 10.4780 28.86] 2.50 26.40| 6,895.60| 6,890.27 2.33] 6,891.93| 0.014921 9.10
‘18F2 36 inch 109.27] 6,896.80( 6,888.38 5.42] B6,889.45| 0.026843

Title: SH 83 & Shoup Road
qg:icadidesignihydrstormcadibasina.stm
08/27/03 10:42:24 AM

@ Haestad Methods, Inc.

URS Corporation

37 Breokside Road

Waterbury, CT 06708 USA

+1-203-755-1666

Project Engineer: R. Weaver
StormCAD v4.1.1 [4.2014]
Page 1 of 1



Scenario: Base

DOT Report 2
Label|] Rim Sump | Area |Inlet| Time Local Carryove:l Curb Inlet inlet |Gutter| Gutter|Clogging Gutter] Gutter | Capture | Description
ElevationjElevation] (acres)| C of |Rational| Rational [Opening Location | Width | Cross| Factor | Ditch | Ditch |Efficiency]
{ft} (ft) Cpncentratign Flow Flow | Length (ff) |Slopel (%) |Depth|Spread]| (%)
(min) | (cfs} | (cfs) () {ftfit) |
SF4 [6,807.46(5,902.46| 0.4100|0.95 5.00 3.56 0.44 5.00| Gurb CDOT Type R On Gradq 2.00| 0.083 0.0] 031 4.06 56.2
SF5 16,920.01[6,915.01| 0.2670[0.95 5.00| 232 0.00! 5.00| Curb CDOT Type R On Grad{ 2.00|0.083 0.0| G.30| 3.86 80.8
SF3 15,202.63(5,897.63| 0.1600)0.95 5.00 1.39 1.76 5.00| Curb CDOT Type' R On Grad{ 2.00] 0.083 0.0l 0.28| 3.56 59.4
SF2 |5,896.80(5,888.08| 0.2237]0.95 5.00 1.94 1.28| 10.00| Curb CDOT Type R On Grad{ 2.00(0.083| 0.0 0.30| 3.84 96.9
SG1 [5,895.60[5,890.27 [29.9400| 0.35 28.86| 47.00 0.00 N/A| Generic Default 100% In Sag 0.00} 0.020 0.0{ 0.00] 0.00| 100.0
Title;: $H 83 & Shoup Road ‘ Project Engineer: BR. Weaver
q\cadvdesignihydnstormcad\basina.stm URS Corporation: StormCAD v4.1.1 [4.2014]

08/27/03 10:43:57 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA | +1-203-755-1666 Page 1 of 1



Scenario: Base

DOT Report
Label| -MNode- [-Section{Length Upstredﬂastream In\dpstrdqtﬂtream Calc'ullatsgstemJSystem Section | -Ground- { -Invert- -Cover- -HGL- -Slope- |AverageDescription
Upstream | Shape | (f) Inlet | Rational{ Inlet | System CA Flow TimgintensityDischargel Upstream | Upstream | Upstream | Upstream Energy |Velocity
Downstrean} Size Area [oefficienf CA (acres) (min) | (in‘hr) { Capacity PownstrearrPownstreanpownstreamPownstreanConstructeg (ftfs)
(acres) {acres) (cfs) () () ) ) (f/f)
P-5 |SF2 Circular| 88.80| 0.2237 0.95| 0.2125 12.5393 29.01 4.43 57.24| 6,896.80| 6,888.08 8.72 ‘ 6,890.95| 0.006519 8.74
SF1 36 inch 46.95| 6,887.64| 6,887.64 -3.00| 6,890.02| 0.004855
P-3 |SF3 Circular[170.85| ©.1600 0.95| GC.1520 1.4955 6.88 8.40 13.89{ 6,902.63] 6,897.63 3.50] 6,899.01| 0.042972 8.01
SF2 18 inch i 22.80| 6,896.80f 6,889.58 5.72| 6,891.74| 0047117
P-2 |SF4 Circular|159.68| 0.4100 0.95] 0.3895 1.1295 6.58 8.51 11.58| 6,907.46| 6,802.46 3.50] 6,903.76| 0.024807 8.90
SF3 18 inch 17.69| 6,902.63| £,897.93 3.20] 6,898.81| 0.028369
P-1 |SF5 Circular[416.75! 0.2670 0.95| 0.2536 0.4719 .00 9.07 5.53| 6,920.01) 6,915.01 3.50] 6,915.92] 0.029203 4.40
SF4 18 inch 18.01] 6,907.46] £6,902.76 3.20) 6,903.90] 0.029394
P-4 |SG1 Circutar| 70.41] 28.9400 0.35| 10.4790 10.4790| 28.86] 445 47.00| 6,895.60| 6,890.27 2.33| 6,892.50| 0.024900 7.70
‘ ‘| SF2 36 inch 109.27| 6,896.80| 6,888.38 5.42| 6,891.05( 0.026843
Title: SH 83 & Shoup Road . ' Project Engineer: R. Weaver
g\cadvdesignihydristormeadibasina.stm URS Corporation StorrmCAD v4.1.1 [4.2014]

08/27/03 10:33:08 AM @ Haestad Methods, Inc. 37 Brookside Road - Waterbury, CT 06708 USA  +1-203-755-1666 Page 1 of 1



Scenario: Base

DOT Report 2

Labe!l Rim Sump | Area {Inlst] Time Local Farryover Curb Infet Infet {Gutter| Gutter|Clogging Gutter| Guiter| Capture | Description

Elevation|Elevation| {(acres)| C of |Rational| Rational [Opening Location | Width | Cross| Factor | Ditch | Ditch [Efficiency]

(ft) )] CpncentratipnFlow Flow |Length (it) |Slope| (%) IDepth|Spread] (%)
. {min) | (cfs) {cfs) " (i) /| @

SF4 |5,907.46(6,902.46] 0.4100]0.95 5.00 2.00 0.08 5.00| Curb CDOT Type R On Grad{ 2.00{ 0.083 0.0 0.25] 3.12 71.6
SF5 |5,920.016,915.01| 0.2670|0.95 500} 1.0 0.00| 5.00|Curb CDOT Type R On Grad{ 2.00{0.083 0.0| 0.24] 3.07 94.0
SF3 [5,202.63(5,897.63| 0.1600|0.95 5.00 0.78 0.59 5.00] Curb CDOT Type R On Grad{ 2.06010.083 0.0 0.21} 2.54 78.9
. SF2 [5,896.80[6,888.08] 0.2237|0.95 5.00f 1.09 0.29| 10.00|Curb CDOT Type R On Grad{ 2.00{0.083 00| 022 2.73| 100.0
SG1 [5,895.60(5,890.27 120.8400| 0.35 28.86) 26.40 0.00 N/A{ Generic Default 100% In Sag 0.00] 0.020 0.0/ 0.00] 0.00 100.0

Title: SH 83 & Shoup Road Project Engineer; R. Weaver

gicadidesignthydristormecadibasina.stm URS Corporation : StormGAD v4.1.1 [4.2014]
08/27/03 10:43:33 AM © Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666- Page 1 of 1



Scenario: Base

DOT Report
Label] -Node- |-Section{Length| Upstream Calculated SystemElSystem SectionPJ -Ground- | -Invert- Cover- | -HGL- |- -Slope- Averagebescription
: Upstream | Shape | (ft) System CA Flow TimdIntensityDischargel Upstream | Upstream | Upstream | Upstream Energy |Velocity
PDownstreant Size (acres) (min) (in/hr} | Capacity DownstreanPownstrearrDownstrearn DownstreamGConstructed  (ft/s)
- {cfs) {f) nr:) () {ft) () (ft/ft)

P-5 |SF2 Circular| 88.80 12.5393 29.01 4.43| 57.24| 6,896.80( 6,888.08 5.72| 6,890.95| 0.006519 8.74
SH 36 inch : 46.95| 6,887.64| 6,887.64 -3.00| 6,890.09| 0.004955

P23 [SF3 Circular {170.85 1.4955 6.88 840 13.80{ 6,002.63| 6,897.63 3.50| 6,899.01| 0.042972 8.01
SF2 18 inch 22.80| 6,896.80| 6,889.58 5.72| 6,891.74| 0.047117

P-2 |SF4 Circular|159.68 1.1295 6.58] 8.51 11.58| 6,907.46| 6,902.46 3.50| 6,903.76| 0.024807 8.90
SF3 18 inch 17.69| 6,902.63| 6,897.93 3.20| 6,898.81| 0.028369

P-1 |SF5 Circular|416.75 0.4719 5.00| 9.07 5.53| 6,920.01| 6,915.01 3.50| 6,815.92| 0.029203 4.40
SF4 18 inch 18.01| 6,907.46| 6,902.76 3.20] 6,903.80| 0.028394

P-4 |SG1 Circular} 70.41 10.4790 28.86| 445 47.00| 6,895.60| 6,890.27 2.33| 6,892.50| 0.024900 7.70
SF2 36 inch 109.27| 6,896.80| 6,888.38 5.421 - 65,891.05] 0.026843

Title: SH 83 & Shoup Road

ghcadidesignthydnstormecadibasina.stm

08/27/03 10:43:49 AM

URS Corporation
© Haestad Methods, Inc. . 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

- Project Engineer: R, Weaver
StormGAD v4.1.1 [4.2014]

Page 1 of 1



( Profile
' Scenario: Base
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Title: S+ 83 & Shoup Road Project Engineer: R. Weaver
g\cad\design\hydnistormcadibasina.stm URS Corporation . StormCAD v4.1.1 [4.2014]
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Scenario: Base

o _ SH2

Sl

Title: Powers/Shoup/SHB3 Project Engineer: E. Danny Elsner

g\ Astormcadiblack squirret (sh and si).stm URS Corporation ' StormCAD v4.1.1 [4.2014]
09/09/03 09:14:37 AM © Haestad Methods, Inc. 37 Brookside Road * Waterbury, GT 06708 USA  +1-203-755-1666 Page 1 of 1



Scenario: Base

DOT Report
Label| -Node- |-Section{Length] Upstream Calculated SystemJSystem Section | -Ground- | -Invert- -Cover- -HGL- -Slope- Averagebescription
Upstream | Shape | (i) System CA Flow TimdIntensityDischargel Upstream | Upstream | Upstreamn | Upstream | Energy Velocity
Downstrean| Size (acres) {min) (in/hn | Capacity Pownstrearpownstreanpownstreanpownstreanfonstructeg {fi's)
_ {cfs) ) {t ] () (frt)
P-1 SH2 Circular [138.51 13.39 26.93 4.69 83.24| 6,874.00| 6,864.00 7.00| 6,866.56| 0.050117 9.40
SH1 36 inch 196.96| 6,851.82| 6,851.92 -3.00| 6,859.88| 0.087214
P-3 [SI2 Circular [143.18 20.87| 23.00] 5.17| 108.72| 6,882.17| 6,870.49 7.68| 6,873.64| 0.065071 9.44
S 48 inch 442.68| 6,856.80| 6,856.89 -4,00] 6,864.79| 0.094985
P2 (SI3 Circular [152.37 10.83| 22.88| &.19| 103.67| 6,886.00| 6,885.24 -3.24| 6,888.32| 0.045277| 18.15
S12 48 inch 442.33| 688217 6,870.79 7.38| 6,872.19] 0.094835
Title: Powers/Shoup/SHE3 ' . )
URS Gorporation

g\ Astormcad\black squirre! (sh and si).stm

09/09/03 09:14:47 AM

© Haestad Methods, Inc. 37 Brooksidé Road: Watérbury, CT 06708 USA  +1-203-755-1666

Project Engineer: E. Danny Elsner
StormCAD v4.1.1 [4.2014]
Page 1 of 1



Scenario: Base

DOT Report 2
Label| Rim Sump | Area |Inlet] Time | Local Carryoven Curb Infet Inlet |Gutter| Gutter|Clogging Gutter] Gutter | Capture | Description
ElevationElevation(acres)] C of Rational| Rational |Opening, Location| Width | Cross| Factor | Ditch | Ditch [Efficiency]
{ft) (ft) CpncentratignFlow Flow | Length (f) |Slope| (%)} |Depth|Spread| (%)
{min) | (cfs) (cfs) ] (i) | @

S13  |5,886.00(6,885.24] 52.19|0.38 22.86| 103.67 0.00 N/A| Generic Befault 100% In Sag 2.00| 0.083 0.0} 0.00| Q.00 100.0

Siz 5,882.17[6,870.49| 1.99(0.52 7.49] B54 0.00 N/A| Grate CDOT Type D In Sag | 0.00|0.020 30.0] 0.41| 20.84| 100.0

SH2 [5,874.00(5,864.00| 36.18]0.37 26.93| 63.24 0.00 N/A[ Grate CDOT Type D In Sag | 0.00]0.020 30.0| 1.57] 78.44] 100.0
Title: Powers/Shoup/SHE3 .
URS Corporation

q:\...\stormcad\black squirre! (sh and si).stm
09/08/03 09:14:65 AM

@ Haestad Methods, Inc. . 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1668

Project Engineer: E. Danny Elsner
StormCAD v4.1.1 [4.2014]
Page 1 of 1
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Proflle
Scenarlo' Base

6,890.00
aheks 00 ft
Lu%-a%%%%s, 24 8
L abel:SI2
Rim: 6.862.17 i ’
Sump: 6 870.49 # /
e 6,880.00
et 6,885.24 ft
nvert.6,870.79 ft
15237 ft
Size: 48 in
$:0.094835 fi't
LA - 6,875.00
Elevation (ft)
) i
1
6,870.00
N 6,865 .00
3% bean R :
/ : £,860.00
[ abel:S
im; 6,856.89 §t
Sump: 6,856,13 #
- ; 6,855.00
0+00 ) 0+50 1+00 Eﬁ?on () 2400 2450 3+00
Title: Powers/Shoup/SHS3 ' . . Project Engineer: E. Danny Elsner
q\..stormeadiblack squirret (sh and si).stm URS Corporation StormCAD v4.1.1 [4.2014]

09/08/03 09:19:54 AM © Haestad Methods, Ine. 37 Brookside Road - Waterbury, CT 06708 USA  +1-203-755-1668 Page 1 of 1
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Ditch Sizing - DRH-DP1.1
Worksheet for Trapezoidal Channel

Project Description

Worksheet DRH-DP1.4
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channsl Depth
Input Data
Mannings Cosfficient 0.030
Siope : 0.005000 /i
Left Side Slope 3.00 H:V
Right Side Slope . 400 H:vV
Botltom Width 4,00 ft )
Discharge 4698 ofs —x Boam Al
Results
. Depih 150 & < 2
Flow Area . 14.0 f2
Wetted Petimeter 15.01 f
Top Width 14.57
Critical Dapth- 117
Critical Stope 0.014B05 fifil
Velocity 3.35 fifs
Velocity Head 017 ft.
Specific Energy 168 f
'Froude Numbsr .60
Flow Type Subcritical

g:\cad\designthydrifiow master\basin a.fm2

02111/03 04:06:53 PM

URS .
@ Haestad Methods, Inc. 37 Brookside Road  Walerbury, CT 06708 USA  (203) 755-1666

Project Engineer: R. Weaver
FlowMaster v6.1 [6140]
Page 1 of1



Ditch Sizing - DLH-DP1.3
Worksheet for Trapezoidal Channetl

- Project Description
Worksheet CLH-BP1.3
Flow Element ~ Trapezoidal Channel
Method Manning's Formula
Solve For - Channel Depth
Input Data
Mannings Coefficient 0.030

{firn Slope . 0.005000 fifit
Lef Side Slope 4.00 H:V
Right Side Slope .3.00 H:V
Bottom Width 4.00 fi
Discharge 1754 ois —= Basin A3
Resulis .
Depth 084 & 2!
Flow Area 6.8 R
Wetled Perimster 1082 R/
Top Width _ ] 10.56 ft
Critical Depth. 068 f
Critical Slope 00170368 fUf
Velocity 2.57 fis
Velocity Head 0.10 f
Bpecific Energy 1.04 i
Froude Number 0.56
Flow Type Suberitical

Project Enginser: R. Weaver
‘g\cad\desigmihydriflow mastaribasin a.fm2 YRS Flowhaster v6.1 [51do]

02/11/03 04:06:35 PM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, GT 06708 USA  {203) 755-1666 Page 1 of 1



Ditch Sizing - DRV-DP1.4
Worksheet for Trapezoidal Channel

Project Description
Worksheet DRV-DP1.4
Flow Element Trapezoldal Channel
.Method Manning's Formula
Solve For Channet Daplh
Input Data
Mannings Coefficient 0.030

Min. Slope . 0.005000 fUft
Left Side Slo 400 H:V
Right Skde Slope 300 H:V bp l.‘*‘ )
Bottom Width 4.00 ft ) ’

wo _ Discharge 7486 cfs —® B a3ias Al, Az, Ag, A4
Results
1
Depth 181 £ 2
Flow Area 19.8 fi?
Wetted Perimeler 17684 fi
Top Width 1711 fi
Critical Depth 148 A
Critical Slope 0.013893 fift
Velocity 3.78 {is
Velocity Head 0.22 &
Specific Energy 209 ft
Froude Number 0.62
Flow. Type Suberitical
- gq\cadesignthydrifiow mastenbasin a.fm2 URS

0217103 02:46:08 PM

© Haestad Methods, inc. 37 Brookside Read  Waterbury, CT 06708 USA  (203) 755-1666

Project Engineer: R. Weaver
FlowMaster v6.1 [6140]
Page 1 of 1



Ditch Sizing - DLH-DP1.6
Worksheet for Trapezoidal Channel

Project Descripton - o ' - T

Worksheet ' DLH-DP1.6 -

Flow Element Trapezoidal Channei

Method Manning's Formula

Solve For Channel Depih

Input Data

Mannings Coefficient 0.030

Slope 0.005000 futt

Left Side Slope 400 H:V

Righl Side Slope 3.00 H:V

Battom Width 400 # :

Discharge 1297 ofs ~—% Bas;n Al

Results

Degpth 080 R < 2!

Flow Area ’ 55 #

Wetled Pefmeter 986 f

Top Width 963 f

Critical Dapth 0.58 ft

Gritical Slope 0017819 WA

Velocity 2.37 fils

Velocly Head 008 R

Spscific Energy 0.8g #t

Froude Number D.58

Flow Type Subcritical

Project Enginear: R, Waaver

yicadidesignthydriflow mastedbasin a.fm2 URS FlowMaster v6.1 [6140]
02/11103 04:08:12 PM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA (203} 755-1666 Page 1 of 1
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Ditch Sizing - DRS-DP2.1
Worksheet for Trapezoidal Channel

Project Description - -
Worksheet DRS-DP2.1
Flow Element Trapezoidal Channei
Method Manning's Fanmula
Solve For Channel Depth
Input Data
Mannings Cosfficient 0.030
Slope 0.005000 fift
Left Side Slope 3.00 H:V
Right Side Slope 400 HiV
Bottom Width 400 #
Discharge 6358 os ~—% Bada B
Resulis )
Depth e <2
Flow Area 17.5 f*
Wetted Perimeter 16.67 ft
Top Width - 16,18 &
Critical Depth 1.36 fi
Critical Slope. 0.014201 fi'ft
Veloclty 3.62 fis
‘Veloclty Head 020 ft
Specific Energy 194 #
Froude Number 0.61
Flow Type Suboeritical
vq:\nad\design\hydﬁﬂow mastenbasin b.fm2 URS -

02/11/03 05:37:20 PM

® Haestad Methods, Inc. 37 Brockside Road  Waterbury, CT 06708 USA  (203) 755-1666

Project Engineer: R, Weaver
FlowMaster v&,1{6140]
-'Page 10of1
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Ditch Sizing - DRH-DP2.2
Worksheet for Trapezoidal Channel

02/41/03 04:11:36 PM

---Project-Description---—--
Worksheet ' DRH-DP2.2
Flow Element Trapezoidal Channel
Method Manning's Farmuia
Solve For Channel Depth
Input Data
Mannings Coefficient 0.030
Blope 0.005000 Tt
Left Side Slope 400 H:V
Right Side Slope 3.00 H:V
Bottom Widih " 400 tt :
Discharge 4082 ofs —® Baxn B2
Results
Depth 141t ¢ 20
Flow Area 12.6 it
Wetled Perimeter 14.27 ft
Top Width 13.87 &
Critical Depth 1.08 ft
Critical Slope 0.015108 fft
Veloclty 322 fifs
Velocity Head 0.16 #
‘Speclfic Energy 157 &
Froude Number 0.60
" Flow Type Subcritlcal
. gicad\designihydrifiow masteribasin b.fm2 URS

@© Haestad Methods, inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666

FlowMaster v6.1 [Gida]
Fage 1 of 1

Project Engineer: R. Weaver



Ditch Sizing - DLH-DP4
Worksheet for Trapezoidal Channel

.

Project Description

Flow Type

. Workshest DLH-DP4
* Flow Element Trapezoldel Channel
Mathod Manning's Formula
Solve For Channel Depth
Input Data
Mannings Coefficignt 0.030
Slope 0.005000 ftift
Left Side Slope © 400 H:V
Right Side Slope " 3.00 H:v
Bottom Width 400 ft
Discharge 67.37 cis —= E:Oﬁ'.vm.b|
Resulls . )
Depth 179k £ 2%
Flow Area 18.3 2
Wetled Perimster 1701 #i
Top Width - 1650 &
Critical Depth 140 &
Criticat Slope 0.014089 /it
Valoclty. © 368 fis
Velocity Head 021 ft
Specific Energy 200 &
- Froude Number 0.62
Suberitical

g\caddesignthydifiow masteribasin d.fm2

02/11/03 05:48:36 PM

© Hasstad Methods, Inc, 37 Brookside Road  Waterbury, CT 06708 USA (203} 755-1666

URS

Project Engineer; R, Weaver
- FlowMaster v6,1 [6140]
- Page 1of1



Channel Lining - DRH-DP1.1
Worksheet for Trapezoidaf Channel

Project Deseription

Worksheet 10yr DRH-DP1.1
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For - Channet Depth
Input Data : ~
Mannings Coefficient 0.030 L= 7 s )
Slope 0.030000 #/R . AYRRYI A7 B(o 03 otk
Left Side Siope 300 H:V (624 )( /5-?)4 Pt '
Right Side Slope 400 H:V k‘a
Bottom Width 4.00 = 0,99 e+
Discharge 2199 e =9 Rasn Al
(loss & Vegetatvon 15 SuBPretent
Results .
Depth 066 & .
Flow Araa 42 w2
Wetled Parimatar 8.84 1t
Top Width . : _ 865 ft
Critical Depth 078 fi
Crilical Slope 0.016483 /R
Velocity 523 s
Velocity Head 042 f
Speclfic Energy 1.09 ft
Froude Number 1.32 .
Flow Type Supercritical
\
. Project Engineer: R, Weaver
qi\cadidesignihydnflow mastedbasin a.fm2 URS

FlowMaster v6.1 [6140]

02/11/03 06:24:31 PM Page t of 1

© Haestad Methads, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1666



Channel Lining - DLH-DP1.3
Worksheet for Trapezoidal Channel

" - Prdjéct Deseripion
Workshest 10yr DLH-DP1.3
. Flow Elemant - - " Trapszoidal Channel
Method Manning's Formula
Solve For - . Ghannel Depth
Input Data )
" Mannings Coefficient 0.030 - \

AoX Slope. - 0.030000 R : T=7RS '
Left Side Slope 400 H:V = (624 lbfﬁ")(n 4?1/7 Z.I H) (6 ﬁ?b ST+/(:+)
Right Side Slope L300 H:v
Botiom Width 400 ‘ S 062 by
Dischargs 1016 ofs  ~—® Basin A% ‘ .

Class C Vegetetren 13 el erent™

Resulis

Depth 044 ft

Flow Area 24

Wetied Perimeter 721 f

Top Width ) 7.08 fit

Crifical Depth 0.50

Critical Slope 0.018495 Uit

Velogity . A4T fis

Velocity Head 0.27 fi

Specific Energy 0.7 R

Froude Number 1.25

Flow Type Bupercritical

|
Project

qricad\designihydifiow masteribasin a.fm2 URS Fs

02M11/03 06:24:50 PV © Haestad Methods, Inc. 37 Brookside Road Waterbury, £T 06708 USA  (203) 755-1666




Channel Lining - DRV-DP1.4
Worksheet for Trapezoidal Channel

" Project Description

Worksheet 10yr DRV-DP1.4
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
Input Data
Mannings Coefficient 0.030

ffiay(. Slope 0.057000 fft
Left Side Slope 400 H:V
Right Side Slope 300 H:V
Bottom Width 400 &

o Discharge 37.14 cfs
Resuits
Depth 0.74 ft
Fiow Area 49 ft*
Wetted Perimeter 9.38 ft
Top Width 947 ft
Critical Depth 103 1
Critical Slope 0.015298 R
Veloclty 7.63 fis
Veloclty Head 091 R
Specific Energy 186 #
Froude Number 1.85
Flow Type Supercritical -

g:\cadidesignihydrifiow masienbasin a.fm2
04/08/03 01:33:01 PM

PP LA
-3 Redins &1, AZ,AS, A4

T: RS

rt

URS

(exaer ) 49504 550 )(0.0577 )

L B6 e __
Chante ! L:m(‘x} ts teded

© Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA (.203) 755-1666

Project Enginesr: R. Weaver
. FlowMaster v6.1 [6140]
Page 1 of 1



——————— ~Project Description

Worksheet - 10yr DLH-DP1.6
Flow Element . Trapezokial Channel
Method Manning's Formula
Solve For | Channel Depth
Input Data
Mannings Coefficient 0.030

Yoy Slope 0.035000 fuft
Left Side Slope 400 H:V
Right Side Slope 300 H:V

. Botiom Width 400 &

}ip Discharge 761 ofs == RoSinA Ag
Results
Depth 036 &
Flow Area 19 fi
Wetted Perimeter © 662 f
Top Width 6.52 f
Critical Depth 04z £
Critical Stape 0.019350 fuit
Veloclty 4,02 fifs
Velocity Head 025 fi
Specific Energy 061 R
-‘Frouda Number 1.32

" Flow Type

Channel Lining - DLH-DP1.6
Worl_csheet for Trapezoidal Channel

02/11/03 06:25:05 PM

Suparcritical

-gicaddesignthydr\fiow master\basin a.fm2
® Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1668

(62 A% (e ¢+)(0 0'359"/%)
= 0,63 ey
Closs C Yegetation s surerent

— Se& DITCH (URL WYRKSHEET Fok. ADDTTTANAL .
CHARNEL LINING (ALCS IN BASTW AG

URS

Project Enginesr: R. Weaver

FlowMaster v6.1 [6140)
Papge 10f1



Channel Lining - DLH-DP1.6 - ditch curl
Worksheet for Trapezoidal Channel

Project Description
Worksheet 10yr DLH-DP1.6 - ditch curt
Flow Element Trapezoidal Channel
Method Manning's Formula
Solve For Channel Depth
Input Data
* Mannings Coefficient 0.030 . 7 (L= -b( ES
Mok, siope - 0.080000 R/A 4 Ba
y ™~
Left Side Slope 400 H:V - ) z)( : / 3( % )
Right Side Siopé -3.00 H:V (62 ok G080+ )(Q: 08 /%y
Botiom Widin 4.00 & =15 Ve
Discharge 7.61 cfs —% [Zagin ‘A [ )
- C honne{ Lfmnj Is rt3um:l
esulls
Oepth 0.29 ft
Flow Area 14 ft2
Wetted Perimeter 608 fi
Top Width ’ 6.00 H
Critical Depth 042 f
Critical Slope 0.019350 it
Velocity 5.33 fifs
Velocity Head 0.44 f
Specific Energy 073 #
Froude Number 1.93
Flow Type Supercritical
) N Project Engineer; R, Weavar
qicad\designihydriflow masterihasin a.fm2 URS.

) FlowMaster v6,1 [6140]
04/08/03 01:42:07 PM © Haestad Melthods, Inc. 37 Brookside Road  Waterbury, CT 08708 USA  (203) 755-1666 Page 1of 1



Channel Lining - DRS-DP2.1
Worksheet for Trapezoidal Channel

||£O~:.K

®On

" gcaddesignihydnifiow mastenbasin b.fm2

02/11/03 08:25:34 PM ® Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 05708 USA (203] 755-1666

" Project Description
Worksheet 10yr DRS-DP2.1
~ Flow Element - Trapezoldal Channet
Method Manning’s Formula
Solve For - Channet Depth
Input Data
Mannings Coefficient 0.030
Slope - 0.046500 /R
Lef Side Slope 3.00 H:v
Right Slde Slope . 400 H:Vv
Bottom Width 400 #t
Discharge 3086 ofs —~ g@m B\
Results -
Depth 071 #
Flow Area 486 ft*
Wetled Perimeter 9.16 ft
Top Widih 895 R
Critical Depth 093 &
Critical Slope 0.015702 fuft
Velocity 6.73 fils
Velocity Head ' Q70 ft
Specific Energy 141 ft
Frouds Numbser 1.66
Flow Type Supercrﬂl'cal

URE

Ry

11

[ 1]

RS

(624 M) (46779, 16 §1)(0.0465 Fer)

146 torgy

- Chaare} ,mej is !\.u,d—cd

Project Engineer: R. Weaver -
FlowMaster v6.1 [6140]
Page 1of 1



Channel Lining - DRH-DP2.2
Worksheet for Trapezoidal Channel

Project Description
Worksheet 10yr DRH-DP2.2
Flow Etement - Trapezoidal Channel
Method Manning's Formula
Solve For - Channel Depth
Input Data
Mannings Coefficient 0.030

ifige  Stope 0.035000 ffRt
Left Slde Slope 400 H:V
Right Side Slope 3.00 H:V
Bottom Width 4.00 #

11y Discharge 19.92 ofs % B@u\ %2, .
Results
Depth 061 1
Flow Area 37 f2
Wetted Perimeter 8.42 f
Top Width 8.24
Critical Depth 0.74 ft
Critical Slope 0.016721 fift
Velacity 5.37 fis
Velocity Head 045 &
Specific Energy 105 &
Froude Number 1.41
Flow Type Supercritical

" gicadwesignihydriflow masteribasin b.fm2
0211103 06:25:51 PM

=708

LS

(624X PR 4284)(0.035 T Her)
0,96 B/ fe2

Class C Vfage.‘{‘o:hm;\ 13 SofFiere it

URS

© Haestad Methods, inc. 37 Brookside Road  Waterbury, CT 06708 USA  {203) 755-1866

Project Engineer: R. Weavar
FlowhMaster vG6.1 [6140])
Page 1 of 1



Chaﬁne! Lining - DLH-DP4
Worksheet for Trapezoidal Channel

- Project Description N
Worksheet 10yr DLH-DP4
Flow Element Trapezoidal Channel
Method Manning's Formula '
Solve For - Channel Depth
Inpul Data
- Mannings Coefficlent 0.030
fflex Slope _ 0.100000 fifft
Left Side Slope 4,00 H:V P 325
Right Side Slape 300 H:V LT . . ' . :
Botiom With 4,00 & = (C24 +=)(3- ) 6.0
Q‘a Discharge 3255 ols —F Basin Dl ( F /8'34 4 ( " 9"'
. (L
Results = 2 . Ca 9 / B
Deplh 0.60 f '
Flow Area 36 C-hmm‘il.! Lintng I Midfd
Wetled Perimeter 834 ft ' J :
‘Top Width 8.17 ft
* Critical Depth 0986 ft
Critical Slope 0.015585 vt
Velocity 8.99 fus
Velocity Head 1.25 ft
Specific Energy 185 fi
‘Froude Number 2.38
Flow Type Supercritical

Project Engineer: R, Waaver
FlowMaster v6.1 [(6140)
Page 1o

q\caddesignhydrifiow masteribasin d.fm2
04/08103 01:51:22 PM @ Haeslad Methods, Inc.

_ URS :
37 Brookside Road  Waterbury, CT 06708 USA  (203) 7551666
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URS DRAFT

Appendix H: Hydraulics - Culvert Design for Black Squirrel Creek Basin

QrAdmin\Reports\Drainage\FDR 091003.doc



Culvert Calculator Report

STR. 703 (100-year)

Solve For. Headwater Elevation
Culvert Summary
Allowable HW Elevation 6,881.41 it Headwater Depth/Height 1.35
Computed Headwater Elev:  6,880.35 fi Discharge 74.66 cfs
Inlet Control HW Elev. §,880.35 it Tailwater Elevation .6,877.31 ft
Outlet Control HW Elev. 6,880.31 ft Control Type Inlet Control
Grades
Upstream Invert B,875.62 ft Downgtream Invert 6,875.22 ft
Length 79.70 ft Constructed Slope 0.005019 i/t
Hydraulic Profile
Profile M2 Depth, Downstream 271 #t

- Slope Type Mild Normal Depth 3.05 #t
Flow Regime Subcritical Critical Depth 271 #
Velocity Downstream 9.36 itfs Critical Siope 0.00618¢ ft/it
Section
Section Shape Gircular Mannings Coefficient 0.013
Section Materlal Concrete Span 350 ft
"Section Size 42 inch Rise - 3.50 ft
Number Sections 1
Cutlet Control Properties
Cutlet Contro! HW Elev. 8,880.31 ft Upstream Velocity Head i.18 ft
Ke 0.50 Entrance Loss 0.58 ft
Inlet Control Properties
Inlet Control HW Elev. B,880.35 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 9.6 fi2
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
[ 0.03880- Equation Form i
Y 0.67000

qicadhdesignihydriculvert masterbasin a.cvm

09/09/03 09:06:30 AM

© Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

URS

Project Engineer: ANTHONY JARMUSZ

CulvertMaster v2.0 [2.005]
Page 1 of 1



Soive For. Headwater Elevation

Culvert Calculator Report
STR. 708 {(100-year)

Culvert Summary

Altowable HW Elevation 8,889,29 ft Headwater Depth/Height 1.35
Computed Headwater Elev:  6,888.23 ft Discharge 74.66 cfs
Inlet Controcl HW Elev. 6,888.23 ft Tailwater Elevation 6,885.271 ft
Quitlet Control HW Elev. 6,888.19 ft Control Type Inlet Control
Grades

Upstream Invert §,883.50 ft Downstream Invert 6,883.12 ft
Length 75.88 ft Constructed Slope 0.005008 ft/ft
Hydraulic Profile

Profile M2 Depth, Downstream 271 &
Slope Type Mild Normal Depth 3.05 ft
Flow Regime Subcritical Critical Depth 271 &
Velocity Downstream 8.36 fis Critical Slope 0.006189 ft/ft -
Section

Section Shape Circular Mannings Coeflicient 0.013
Section Material Concrete Span 3.50 ft
Section Size 42 inch Rise 3.50 ft
Number Sections 1

Outlet Control Properties

Qutlet Controt HW Elev. 6,888.19 it Upstream Velocity Head 1.96 ft
Ke 0.50 Entrance Loss 0.58 ft
Inlet Controf Properties

Inlet Control HW Elev. §,888.23 # Flow Control N/A
iniet Type Square edge w/headwall Area Full 9.6 fiz
K 0.00980 HES 5 Chart 1

M 2.00000 HDS & Scale 1

C 0.03980 Equation Form 1

Y 0.67000

gicaddesignhydiculvert mastenbasin a.cvm

09/09/03 08:06:38 AM

© Haestad Methods, Inc.

URS

37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666

Project Engineer: ANTHONY JARMUSZ

CulvertMaster v2.0 [2,005]
Page 1 of t



Culvert Calculator Report

SI3 (100-year)

Solve For: Headwater Elevation
Culvert Summary
Allowable HW Elevation 6,893.69 ft- Headwater Depth/Height 1.33
Computed Headwater Elev:  6,890.56 ft Discharge. 101.29 cfs
Inlet Contral HW Elev. 6,890.47 ft Tailwater Elevation 6,883.50 ft
Outlet Control HW Elev. 6,890.56 f#t Control Type Entrance Control
Grades
Upstream Invert 6,885.25 ft Downstream Invert 6,881.50 fi
Length 160.00 ft Constructed Slope 0.023438 ft/it
Hydrauiic Profile
Profile S2 Depth, Downstream 2.02 #
Slope Type Steep Normal Depth 1.91 #
Flow Regime Supercritical Critical Depth 3.05 ft
Velocity Downstream 15.96 fi/s Critical Slope 0.005762 ftfft
Section
Section Shape Circutar Mannings Coefficient 0.013
Section Material Concrete Span 4.00 ft
Section Size 48 inch Rise 4.00 ft
Number Sections 1 i
Qutlet Controf Properties
Outlet Control HW Elev. 6,880.56 ft Upstream Velocity Head 151 ft
Ke 0.50 Entrance Loss : 0.75 it
Inlet Control Propertles
Inlet Control HW Elev. 6,800.47 ft Flow Control N/A
Inlet Type Square edge w/headwall Area Full 12.6 fi2
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
c 0.03980 Equation Form 1
Y 0.67000

qcadidesignihydnculvert masterbasin b.cvm

09/09/03 09:07:34 AM

© Haestad Methods, Inc.

URS

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-1666

Froject Engineer: R, Weaver
CulvertMaster v2.0 [2.005]
Page1of1



URS DEAFT

Appendix I: Hydraulics — Channel Improvements for Black Squirrel Creek

Q:\Admin\Reports\Drainage\FDR 091003 doc
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