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INTRODUCTION

As a result of transportation planning studies for the Hartford West Corridor, A Bus Rapid Transit
(BRT) system has been proposed and is currently in the design phase. This Busway will run along active and
inactive railroad rights-of-way from New Britain, through Newington and West Hartford with its terminus in
Hartford. In order to support the Busway adjacent to the active track segments, it was necessary to
relocate 4.5 miles of the access road servicing these tracks. This drainage report is a portion of the design
services required for the relocation of the access road running from Amtrak Baseline station 1623+00 to
1858+50.

As the project design progressed, Amtrak had further requested that a separate system be
constructed to service the area between the tracks and the Busway barrier wall to the west. This system
services areas between Amtrak Baseline 1623+00 to near 1901+50. The term “track drainage” has been
used herein to distinguish between the access road drainage and the track drainage systems.

This design report is prepared to accompany the project plan sets submitted by others. Specific
system elevations and applicable pipe sizes used in the attached design computations were taken directly
from the project plans. ‘

DRAINAGE DESIGN OVERVIEW

Access Road Drainage

The access road is generally aligned with the raitway bed and is essentially the same grade as the
tracks (flat with grades mostly less than 1%). Where cuts were required to construct the base of the
roadway, a swale was engineered into the cross section in order to address runoff both from the roadway
and the tracks. This swale is designed to be below the track ballast in order to receive the rainfall that
infiltrates through the highly porous ballast rock down to the sub-ballast. In areas where there was limited
required grading or fill of the construction of the roadway, the runoff is designed to sheet flow down the
roadway embankment slope following its existing patterns.

The objective of this drainage design was to utilize independent outlet points (as practical),
eliminating the need to discharge flow into private and municipal drainage systems.

Track Drainage
The area between the tracks and the Busway is generally aligned horizontally with the rail bed and
essentially follows the same vertical profile of the tracks. Outlet points were selected using the same
objectives and the Access Road drainage design. This was to maintain system independence as much as
practical. Busway drainage flow lines were utilized as outlet points where required and will be pointed out
as appropriate.

Computational Approach
Drainage areas contributing flows to the engineered track drainage swale and the system servicing
the Amtrak Access Road were developed using the roadway cross sections and field verified due to an
absence of any proposed contours developed for the plans. Developing areas from cross sections was
completed by determining the distance between successive high points for each cross section (average
spacing between sections 50’) and employing the average end area method to determine the contributing
area between successive sections.



The calculations were completed using the following approved design models:

The FEMA produced Quick-2 version 2.0 was utilized for all channel design computations for the

Aceess Road drainage swale. This is a single sections open channel hydraulic model based on Manning’s
equation for flow velocity.

The FHWA produced Hydraulic Toolbox version 1.0 (developed by Aquaveo), was utilized for al
channel design computations for the track drainage swale. This is a single sections open channel hydraulic
model based on Manning’s equation for flow velocity™.

HY8, also produced by the FHWA version 7.2 (developed by Aquaveo), was utilized for all culvert
design.

Hydrafliow Storm Sewers (2008) was used for all subsurface drainage which incorporated either a
junction or infet to a subsurface run.

Global Design Parameters (used unless otherwise noted)

Due to the highly pervious and uniform character of the project site with the majority of the
drainage areas consisting of stane ballast material, global parameters for hydrology were implemented that
would increase conservatism in the runoff rate computations. Specifically, a time of concentration of 10
minutes was used without taking into account the travel time for runoff from the hydraulically most remote
point of each drainage area. This would allow for the greatest rainfall rate to be used in the raticnal
method of runoff computation. Additionally, a runoff coefficient of 0.3 was selected globally following the
recommendation for railroad yard areas (Drainage Manual — Table 6-4).

It has been proposed that the engineered drainage swales be lined with modified riprap, and as
such, a roughness coefficient of 0.06 was used for all swale computations. This roughness coefficient takes
into account a future condition with vegetation established within the swale. Where computed flow

velocities approach 8 feet-per-second, stability computations were performed to verify the adequacy of the
proposed rock size.

Amtrak design requirements are more stringent than roadway design applications due to the
economic burden of closing a line due to flooding; detour routes are usually not available. As such, the
drainage system has been designed for a 100-year event. The rainfall intensity for a 100-year event at a 10-
minute time of concentration is 6.5 i"/hr. The overall approach to the design of this access road drainage
was systematic in that for each portion ar individual drainage system was wholly designed from hydrology
to hydraulics and outlet/channel protection. This report is set up in a simifar fashion, documenting design
of each system in increasing station order. The design computations for each system are provided in the
following numbered sections.

! The reason for using two separate single section channel models is due to the availability of each of the models at the
time of design. The Access Road drainage swale was designed prior to the track drainage swale. When the Track
Drainage swale was engineered, the Hydraulic Toolbox was available (build date January, 2010). Each of these swales
are separate, and there is no switch of model usage for an individual swale.
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TRACK DRAINAGE QUTLET 1 - SWALE CONVEYING FLOWS BETWEEN STATIONS
701+50 AND 765+50

A swale has been designed to run the length of this area. The low point of the swale is at station
711450 (near the Busway Site 4 culvert crossing). In order to avoid the costly construction of jacking a pipe
under the tracks to outlet downstream of the Site 4 Crossing, it is proposed to install a drop manhole above
the existing “site 4” culvert crossing and outlet directly to this existing structure. Upstream from the
junction, the existing box culvert will be filled and flows originally maintained by the masonry box culvert
will have been diverted to adjacent proposed twin 6.5 diameter pipe culverts as designed and documented
in the associated Site 4 Hydraulic Report.

Another design aspect of this system is near station 755+50. Due to the proximity of the proposed
Busway barrier to the tracks, it was necessary to elevate the swale for a portion of the flow line. For
drainage purposes, a 6” diameter PVC pipe is proposed to maintain the flow line upstream of this elevated
swale to downstream of the elevated swale. Itis not intended that this pipe carry the entire design runoff
rate, rather to prevent ponding at a point along the normal swale. The designations for the separate swale
segments are as follows: the elevated swale segment will be referred to as “elevated swale” and the
remainder of the swale will be referred to as normal swale.

At 712400, computations were performed on the swale to verify that the swale has capacity for the
'ength of the system

Station 755+50
Steps in computing the hydraulics for the proposed 6” pipe and elevated swale:

1. Determine contributing area to the inlet of the pipe, and area comprising the elevated swale.

a. Sum of these areas equal the total drainage area for the receiving reach of the normal
swale.

2. Develop a tailwater rating curve for the receiving reach of the normal swale to be used as a starting
water surface elevation of the HY-8 analysis, and as an intermediate check of the capacity of the
normal swale.

3. Compute culvert hydraulics on the proposed 6” pipe to determine the pipe capacity and the
overtopping flows to be conveyed by the elevated swale.

4. Separate the product of the area (A} and curve number (C) from the weir flow discharge and add
this CxA parameter to the CxA of the contributing area of the elevated swale.

5. Compute channel hydraulics of the most downstream portion of the elevated swale using the total
CxA as computed in 4. Check freeboard of the computed design water surface elevation to the
track elevation — attempt tc maintain 1’ of freeboard.

For this analysis, 1.0 cfs of runoff for the 100-year event was computed at the inlet of the proposed pipe
from the 0.54 acres contributing. Using the tailwater rating curve computed for station 743+00, the
capacity of the pipe at the design flow rate 0.35-cfs with 0.64-cfs overtapping and continuing down the
elevated swale. At the end of the elevated swale, the total runoff computed — with the overtopping of the
5” pipe —is 1L.61-cfs. From this analysis, freeboard 1o the tracks was computed. At station 743+50 {end of
elevated swale), the computed water surface elevation (CWSEL) is 73.53’, the track elevation is 74.14’,



resulting in a freeboard of 0.6 feet. At station 743+00 (receiving section of normal swale), the CWSEL is
71.43’, the track elevation is 74.02’, resulting in a freeboard of 2.6 feet.

Station 712+00
Swale capacity near the end of the swale —immediately before the outlet point.

CWSEL is 65.8’, the track elevation is 66.9" resulting in 1.1 feet of freeboard. The hydraulic characteristics
here were computed from 5.65 cfs-as generated from 2.9 acres contributing.

Outlet at 711+50
A CL type catch basin is proposed to intercept runoff from the swale at the low point of the profite and
discharge to a drop manhole above the existing “site 4” culvert crossing, outletting directly to this existing
structure. Upstream from the junction, the existing box culvert will be filled and flows originally maintained
by the masonry box culvert will have been diverted to adjacent proposed twin 6.5” diameter pipe culverts as
designed and documented in the associated site 4 Hydraulic report. The calculated depth of flow over the
catch basin at the design discharge rate is approximately 0.5 feet, providing plenty of freeboard to the
tracks (as determined from the swale check at station 712+00). From this information it can be surmised
that the controlling feature of the maximum water surface elevation is the swale flow, not the depth over
the catch basin.

All computations and program output are attached with this section.
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Hydraulic Analysis Report

Project Data
Project Title: AAR Track Drainage
Designer: Eric Buckley
Project Date: Tuesday, February 02, 2010
Project Units:  U.S. Customary Units
Notes:

Channel Analysis: swale at 743+00

Notes: Development of tailwater rating curve for HY-8 analysis of PVC pipe at station

755450

Parameters
Channel Type: Custom Cross Section
Flow: 2.1000 (cfs)
Depth: 0.9351 (ft)
Mannings 0.0600
Longitudinal Slope: 0.0024 (ft/fi)
Area of Flow; 2.6837 (ft*2)
Wetted Perimeter: 5.1817 (ft)
Average Velocity: 0.7825 (ft/s)
Top Width: 4.7402 (ft)
Froude Number: 0.1833
Critical Depth: 0.3950 (ft)
Critical Velacity: 2.9705 (f/s)
Critical Slope: 0.0887 (f/ft)
Critical Top Width: 2.5798 (ft)
Calculated Max Shear Stress: 0.1400 (Ib/ft"2)
Calculated Avg Shear Stress: 0.0776 (Ih/itA2)




Cross Section Data

Station (ft) Elevation (ft) Mannings
0.00 74.10 0.0600
0.70 72.00 0.0600
3.70 70.50 0.0600
470 70.50 0.0600
8.70 71.50 0.0600
8.70 71.70 0.0600
11.80 73.30 —
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Flow vs. Depth
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HY-8 Culvert Analysis Report
Proposed Pipe at 755+50

Headwaiiafr;)Elevatlon Total Discharge (cfs) Culvert gcftil)scharge Roadwa(y;flz;scharge lterations
73.21 0.00 0.00 0.00 1
73.59 0.21 0.21 0.00 1
74.23 0.42 0.35 0.06 59
74.25 0.63 0.35 0.27 5
74.26 0.84 0.35 0.48 4
74.27 1.00 0.35 0.64 3
74.29 1.26 0.35 0.90 3
74.30 1.47 0.35 1.1 3
74.31 1.68 0.35 1.32 3
74.32 1.89 0.35 1.52 2
74.32 2.10 0.35 1.73 2
74.22 0.35 0.35 | 0.00 Overtopping

Table 1 - Summary of Culvert Flows at Crossing: Pipe at 755+50

Rating Curve Plot for Crossing: Pipe at 755+50

Total Rating Curve

Crossmg: Pipe at 753450
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert Headwater Cutiet . . r Quilet Tailwater
: : . Inlet Control Flow Narmal Critical Outlet Tailwaler " )
Discharge | Discharge Elevaticn Control Velocity Velocity
(cfs) (cis) ) Depth (ft) Depth (i) Type Depth () Depth (ft} Cepth (ft} Depth {ft) (f's) (fs)
0.00 0.00 73.21 0.000 0.0" 0-NF 0.000 0.000 0.000 £.000 0.000 0.000
G.21 0.21 73.58 0.337 0.379 3-M2t 0.303 0.22¢ 0.276 0.306 1.888 0.000
042 0.35 74.23 0.468 0.968 7-h2t 0.500 0.302 0.406 0.436 2.072 0.000
063 0.35 74.25 0.466 1.442 4-FFf 0.500 0.302 0.500 0.532 1.801 0.000
0.84 0.35 74.26 0.466 1.524% 4-FFf 0.500 0.302 0500 0.611 1.801 0.000
1.00 0.35 74.27 0.466 1.589 4-FFf 0.500 0.302 0.500 0.679 1.801 0.000
1.26 0.35 74.29 0.466 1.650 4-FFf 0.500 0.302 0.500 0.740 1.801 0.000
147 0.35 74.30 0.466 1.708 4-FFf 0.500 0.302 0.500 0,795 1.801 0.009
1.68 0.35 74.31 0.466 1.755 4-FFf 0.500 0.302 0.500 0.845 1.801 0.000
1.82 0.35 74.32 {.466 1.801 4-FFf 0.500 0.302 0.500 0.891 1801 0.000
210 0.35 74.32 0.465 1.820 4-FFf 0.500 0.301 0.500 0.935 1.795 0.000
* theoretical depth is impractical. Depth reported is corrected.
Inlet Elevation {invert). 73.21f,  Oullet Elevation (invert): 70.53 ft
Culvert Length; 1250.00 ft,  Culvert Slope: 0.0021
Culvert Performance Curve Plot: Cutvert 1
b 4 - - ) — P
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Water Surface Profile Plot for Culvert: Culvert 1
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data

Inlet Station:

0.00 ft

Inlet Elevation: 73.21 ft

Outlet Station:

1250.00 ft

QOutlet Elevation: 70.53 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape:

Circular

Barrel Diameter: 0.50 ft
Barrel Material: PVC

Embedment:

0.0C in

Barrel Manning's n:  0.0110

Inlet Type:

Conventional

Inlet Edge Conditicn:  Mitered to Conform to Slope

inlet Depression: None
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Table 3 - Downstream Channel Rating Curve {Crossing: Pipe at 755+50)

Flow {cfs) Water Surface Elev (i) Depth (ft)
0.00 70.50 0.00
0.21 70.81 0.31
0.42 70.94 0.44
0.63 71.03 0.53
0.84 71.11 0.61
1.00 71.18 0.68
1.26 71.24 0.74
1.47 71.30 0.80
1.68 71.34 0.84
1.89 71.39 0.89
2.10 71.44 0.94

Tailwater Channel Data - Pipe at 755+50

Tailwater Channel Option:

Enter Rating Curve

Roadway Data for Crossing: Pipe at 755+50

Roadway Profile Shape; Constant Roadway Elevation

Crest Length: 20.00 ft

Crest Elevation: 74.22 1t

Roadway Surface: Gravel

Roadway Top Width:

1150.00 ft




Project Data
Project Title:

Designer:;

Hydraulic Analysis Report

AAR Track Drainage
Eric Buckley

Project Date: Tuesday, February 02, 2010

Project Units:

Notes:

U.S. Custemary Units

Channel Analysis: Swale at 743+50

Notes: Elevated swale capacity check to track elevation

Parameters

Channel Type: Custom Cross Section
Flow; 1.6100 {cfs)

Depth: 0.7332 (ft)

Mannings 0.0600

Longitudinal Slope: 0.0024 (ft/ft)

Areg of Flow: 2.2221 (ft"2)

Wetted Perimeter: 4.8154 (ft)

Average Velocity: 0.7245 {fi/s)

Top Width: 4.4616 (ft)

Froude Number: 0.1809

Critical Depth: 0.2799 (ft)

Critical Velocity: 2.6803 (fi/s)

Critical Slope: 0.0924 (ft/ft)

Critical Top Width: 2.6924 (ft)

Calculated Max Shear Stress: 0.1098 (Ib/ft*2)
Calculated Avg Shear Stress: 0.0691 (Ib/ft"2)
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Cross Section Data

Station (fi) Elevation (ft) Mannings
27.00 74.70 0.0600
32.70 71.80 (.0600
34.30 71.80 0.0600
37.40 7340 e




Cross Section

4.5

74.0-

L T T 1]

73.5-

R P e e e e e P —— —

73.0—
725+ * -
72.0-+

RN IR




Flow vs. Depth
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Hydraulic Analysis Report

Project Data
Project Title:  AAR Track Draiange
Designer: Eric Buckley
Project Date: Tuesday, February 02, 2010
Project Units:  U.S. Customary Units
Notes:

Channel Analysis: Swale at 712+00
Notes: Checle Suiale éur Copocity

Parameters
Channel Type: Custom Cross Section
Flow: 5.6500 (cfs)
Depth: 2.2919 (ft)
Mannings 0.0600
Longitudinal Slope: 0.0002 (ft/ft)
Area of Flow: 14.2394 (ft"2)
Wetted Perimeter: 11.8095 (ft)
Average Velocity: 0.3968 (ft/s)
Top Width: 10.1005 (ft)
Froude Number: 0.0589
Critical Depth: 0.6542 (ft)
Critical Velocity: 3.6552 (ft/s)
Critical Slope: 0.0780 (ft/ft)
Critical Top Width: 3.7258 (ft)
Calculated Max Shear Stress: 0.0286 (Ib/ft"2)
Calculated Avg Shear Stress: 0.0150 (Ib/ft*2)
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Cross Section Data

Station (ft} Elevation {ft) Mannings
26.20 68.70 0.0600
26.90 64.70 0.0600
29.50 63.50 0.0600
30.50 63.50 0.0600
32.50 64.50 0.0600
34.50 64.60 0.0600
37.60 66.20 ———
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Flow vs. Depth
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AMTRAK ACCESS ROAD SYSTEM 1 —~ MANAGING AREAS BETWEEN 737+50 AND
765+00

Station 758+50
To maintain a vehicle turnoff for the access road, a 12” cross culvert approximately 100-feet in length was
designed to maintain the flow line. The contributing area to this culvert is 0.83 acres as determined from
the design cross sections (field verified). The resulting flow rate using parameters as discussed in the global
design parameters section of this report is calculated to be 1.62-cfs for the 100-yr event. Using normal
depth of the swale at the outlet of the culvert, the headwater depth above the culvert inlet is 0.85 feet,
maintaining that the 12” culvert proposed at this location is adequate for the 100-year design event. All
computations are included within this report section.

Station 756+00
A 12" culvert is proposed to carry the flow line under an active railroad siding. This culvert is approximately
100-feet in length. The contributing area to this culvert includes both the area contributing to station
758+50 as well as the open channel area from the previous outlet to the inlet of this pipe for a total of 1.08
acres as determined from the design cross sections (field verified). The resulting flow rate is calculated to
be 2.1-cfs for the 100-year event. Using normal depth of the swale at the outlet of the culvert, the
headwater depth above the culvert was 1.3 feet or elevation 72.2 — giving aver two feet of freeboard to the
roadway surface.

Station 743+50
Near station 743450, there is a vehicular access drive to the roadway, creating a need to bury the flow line
ina culvert crossing. This conduit length is approximately 225 feet long and was designed to convey
drainage from 3.04 acres. This drainage basin includes area from station 758+50 and 756+00 as well as the
open channel area from the previous outlet to the inlet of this pipe. The drainage area size produces a 100-
year flow of 5.9-cfs. With a design flow line slope of 0.24%, an 18” crossing was required to convey the
100-year event. The resulting headwater was 70.73 feet in elevation, giving 0.26 feet of freeboard from the
roadway elevation.

Station 739+00
Immediately following station 739+00, there is a major change to the flow line. This section was selected to
determine if the swale has the capacity for the design flow rate at this point. At station 739+00, the
contributing drainage area is 3.92 acres, which, using the global design parameters, produces a 100-year
flow discharge of 7.6-cfs. The stream slope of 0.24%, along with the engineered swale geometry provides a
flow depth of 1.57 feet with a water surface elevation of 69.51 feet. This leaves 0.5 feet of freeboard from
the roadway surface.

Station 737+50
This section represents the system 1 outlet to a unnamed tributary to Piper Brook. The overall stream slope
for this reach of swale is 6.7%. At this outlet, the total drainage area for system 11is 4.27 acres, with a
computed design flow rate of 8.3-cfs. Using the channel geometry and global design parameters as
previously stated, the resulting depth of flow in the channel is 0.8 feet with a flow velocity of 3.9 feet per
second.

All computations have been included with this section of the report.
7
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HY-8 Culvert Analysis Report Station 758+50

Headwai(ef;)Elevaﬂon Total Discharge (cfs) Culvert (1chs|)scharge Roadwa({:flz:)scharge lterations
72.87 1.00 1.00 0.00 1
72.90 1.10 1.10 0.00 1
72.94 1.20 1.20 0.00 1
72.97 1.30 1.30 0.00 1
73.01 1.40 1.40 0.00 1
73.04 1.50 1.50 0.00 1
73.07 1.60 1.60 0.00 1
73.11 1.70 1.70 0.00 1
73.14 1.80 1.80 0.00 1
73.17 1.90 1.90 0.00 1
73.21 2.00 2.00 0.00 1
73.89 3.10 3.10 0.00 QOvertopping

Table 1 - Summary of Culvert Flows at Crossing: 758+50

Rating Curve Plot for Crossing: 758+50

Total Rating Curve
Crossing: 758+50
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Table 2 - Culvert Summary Table: Culvert 1

Di;%t::g e Dgg:::rg e I-‘Eelzsa\:(ﬁa;? Inéel Control goﬁfél Flow Normal Critical Qutlet Tallwater VoellJouce'r;y ?;gigr
(cfs) {cfs) ) epth () | o epth (f) Type Depth (f) | Depih(ft) | Depth(ft) | Depth {fty (fls) (f's)
1.00 1.00 72.87 0.600 0.647 3-Mit 0476 0.418 0.535 0625 2.341 0.694
1.10 1.10 72.90 0.636 0.683 3-M1t 0.504 0.435 0.560 0.650 2.430 0.713
1.20 1.20 72.94 0.671 0.718 3-M11 0531 0.460 0.585 0675 2,515 0.731
1.30 1.30 7297 0.705 0.753 3-Mt 0.558 0.480 0.609 0.693 2.597 0.747
1.40 1.40 73.01 0.738 0.786 - | 3-Mtt 0.585 0.501 0.631 0.721 2,877 0.763
1.50 1.50 73.04 0.769 0.818 3-M1t 0612 0.518 0.653 0.743 2.766 0.778
1.60 1.60 73.07 0.800 0.851 3-M1t 0.640 0.535 0.674 0.764 2.846 0.792
1.70 1.70 7311 0.831 0.886 3-M1t 0.668 0.552 0.694 0.784 2.923 0.805
1.80 1.80 73.14 0.861 0.918 3-M1t 0.696 0.56% 0.714 0.804 2.999 0.818
1.90 1.90 73.17 0.891 T 0.951 3-M1t 0.728 0.587 0.733 .0.823 3.073 0.830
2.00 2.00 73.21 0.922 0.989 3-M2t 0.761 0.603 0.751 0.841 3.168 0.842

Inlet Elevation (invert): 72.22ft,  Outlet Elevation (invert): 71.89 ft

Culvert Length: 105.00 ft, Culvert Slope: 0.0031

Performance Curve

C
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Cufvert 1

Crossing - 758+50, Design Discharge - 1.4 cfs

Culvert - Culvert 1, Culvert Discharge - 1.4 cfs
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b
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!

72,04

‘ | .
20 0 20 40 80 80 100 120
Station (fi)

Site Data - Culvert 1
Site Data Option:  Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 72.22
Qutlet Station: 105.00 ft
Qutlet Elevation; 71.89 ft
Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter; 1.00 ft
Barrel Material: Concrete
Embedment; 0.001n
Barrel Manning’'s n:  0.0120
Infet Type: Conventional
Inlet Edge Condition: Square Edge with Headwall
Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: 758+50)

Flow (cfs) Wag;\f"(‘%&“’e Depth (fty | Velocity (fs) | Shear (psf) |Froude Number
1.00 72.42 0.62 0.69 012 0.20
1.10 72.45 0.65 0.71 013 0.20
120 72.48 0.68 0.73 013 0.20
1.30 72.50 0.70 0.75 0.14 0.20
1.40 72.52 0.72 0.76 0.14 0.21
1.50 72.54 0.74 0.78 0.5 0.21
160 72.56 0.76 0.79 015 0.21
170 72.58 0.78 0.81 0.16 0.21
1.80 72.60 0.80 0.82 0.16 0.21
190 72.62 0.82 0.83 0.16 0.21
2.00 72.64 0.84 0.84 047 0.21

Tailwater Channel Data - 758+50

Tailwater Channel Option:

Channel Slope:

0.0032

Irregular Channel

User Defined Channel Cross-Section:
Coord No.

(o2 N4 B N

Station (ff)
-9.20
-5.00

5.00

8.40
10.40
20.50

Roadway Data for Crossing: 758+50

Elevation {ft) Manning's n

76.00
74.00
73.80
72.10
71.80
76.90

0.0600
0.0600
0.0600
0.0600
0.0600
0.0000

Roadway Profile Shape: Constant Roadway Elevation

Crest Length:

Crest Elevation:

100.00 ft
73.89 ft

Roadway Surface: Gravel
Roadway Top Width:

105.00 ft




GM?2 Associates

Engineers « Inspectors » Surveyors

Job /mea.’c :4&“56 Zdﬁﬁ/ Computed By Date
Description Checked By Date
5L{4-rfm / p{ﬁi?n Coont. Sheet _ "2 of I‘{

6+¢'~+{am 7 56 v o0 Cu/yarf [/é{ir'nj

O Jren Lonvriborg — U7006.287 FrC 2 [ 05ac (B Vovding Oata

Lo = ( rowacl 03)((,.{"%,) = 2.1 cF$ Crest ST - 7456
b = (LoxacX 03X 455p) = 15 ers fengbh o0
Topwidd
@ ireeg ar Tz lweter (155 +o0) ﬁ bore oin
slove  o-ls%  Lovlness .06 /o le¥ St &
=r ' <l 2149
5. 26.6 Lotlor b, (00
(3.2 71.é </ 3]
5.2 2.3

21.5 15, ¢



HY-8 Culvert Analysis Report Station 756+00

Headwatt(af;)Elevahon Total Discharge (cfs) Culvert gchsr)scharge Roadwaég;scharge lerations
72.42 1.50 1.50 0.00 1
72.49 1.65 1.65 0.00 1
72.55 1.80 1.80 0.00 1
72.67 1.95 1.95 0.00 1
72,77 2.10 2.10 0.00 1
72.87 2.25 2.25 0.00 1
72.97 ' 2.40 2.40 0.00 1
73.08 2.55 2.55 0.00 1
73.19 2.70 2.70 0.00 1
73.30 285 2.85 0.00 1
73.42 3.00 3.00 . 0.00 1
74,86 4,50 4.50 0.00 Overtopping

Table 1 - Summary of Culvert Flows at Crossing: 756+00

Rating Curve Plot for Crossing: 756+00

Total Rating Curve
Crossing: 756+00
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Table 2 - Culvert Summary Table: Culvert 1

e | oSS, | O meconra| S | i | Noma | Otion | owey | Tomosr | (S| Tk
(cfs) (cfs) () pth (ft) Depth (f) Type Depth {ft) Depth {ft) Depth {fi) Depth {f) (545) (fs)
150 1.50 72.42 0.770 0.928 3-M1t 0.755 0.518 0.860 0.870 2.095 0.643
1.65 1.65 72.48 0.816 0.998 3-Mit 0.832 0.544 0.897 0.907 2.222 0.660
1.80 1.80 7255 0.862 1.062 3-M2t 1.000 0.569 0.932 0.942 2.345 0.678
1.95 1.95 7287 0.907 1.185 7-M2t 1.000 0.595 0.968 0.976 2528 0.691
210 210 72797 0.953 1.279 T-M2t 1,000 0.618 0.888 1.008 2676 0.704
2.25 2.25 72.87 0.999 1.378 4-FFf 1.000 0.639 1.000 1.039 2.865 0.718
2.40 2.40 72.87 1.046 1.481 4-FFf 1.000 0.661 1.000 1.069 3.056 0.730
2.55 2.55 73.08 1.085 1.587 4-FFf 1.000 0.683 1.000 1.098 3.247 0.742
2.70 2.70 73.19 1.145 1.697 4-FFf 1.000 0.704 1.00G 1.126 3.438 0.753
285 2.85 73.30 1.188 1.811 4-FFf 1.000 0.722 1.000 1.153 3.628 0.764
3.00 3.00 73.42 1.263 1.929 4-FFf 1.000 0.740 1.000 1.179 3.820 0.775

Inlet Elevation (invert): 71.49 ft,

Outlet Elevation (invert): 71.31 ft

Culvert Length: 100.00ft,  Culvert Slope: 0.0018

Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert; Culvert 1
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Cutlet Control Eley
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 756+00, Design Discharge - 2.1 cfs
Culvert - Culvert 1, Culvert Discharge - 2.1 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
nlet Station:  0.00 ft
Inlet Elevation: 71.49 ft
Outlet Station:  100.00 ft
Outlet Elevation: 71.31 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter:  1.00 ft
Barrel Material: Concrete
Embedment: 0.00in
Barrel Manning's n:  0.0120
Inlet Type: Conventicnal
Inlet Edge Condition: Square Edge with Headwall

Inlet Depression: None




Table 3 - Downstream Channel Rating Curve (Crossing: 756+00)

Flow (cfs) Wag’efk’%ace Depth (ft) | Velocity (f/s) | Shear (psf) | Froude Number
150 7217 0.87 0.64 0.10 0.16
165 7221 0.91 0.66 0.10 0.16
1.80 72.24 0.04 0.68 0.11 0.16
195 7228 0.8 0.69 011 0.16
210 72.31 1.01 0.70 041 0.16
225 72.34 1.04 072 0.2 0.16
240 72.37 107 0.73 0.12 0.16
255 72.40 1.10 0.74 0.12 0.16
2.70 72.43 113 0.75 0.13 0.16
285 72.45 115 0.76 013 0.16
3.00 72.48 118 0.7 0.13 0.16

Tailwater Channel Data - 756+00

Tailwater Channel Option:

Channel Slope:

0.0018

Irregular Channel

User Defined Channel Cross-Section:
Coord No.

1

2
3
4

Station (ft)
5.10
13.20
156.20
21.90

Roadway Data for Crossing: 756+00

Elevation (ft) Manning's n

75.60
71.60
71.30
75.80

0.0600
0.0600
0.0600
0.0000

Roadway Profile Shape: Constant Roadway Elevation

Crest Length:

Crest Elevation:

100.00 ft
74.86 ft

Roadway Surface: Gravel
Roadway Top Width:

100.00 ft
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HY-8 Culvert Analysis Report Station 743+50

Headwat?fx;)Elevatlon Total Discharge (cfs) Culvert (‘Ich;s)scharge Roadwa()‘l:f I:s);scharge lterations
70.39 4.40 4.40 0.00 1
70.42 4.56 4.56 0.00 1
70.46 472 4.72 0.00 1
70.49 4.88 4.88 0.00 1
70.53 5.04 5.04 0.00 1
70.56 5.20 520 0.00 L
70.59 5.36 5.36 0.00 1
70.64 5.52 5.52 0.00 1
70.867 5.68 5.68 0.00 1
70.71 5.84 5.84 0.00 1
70.73 5.90 5.90 0.00 1
71.63 7.59 7.59 0.00 Overtopping

Table 1 - Summary of Culvert Flows at Crossing: 743+50

Rating Curve Plot for Crossing: 743+50

Total Rating Curve

Crossing: 743+50

Headwater Elevation (f)
3
&
'ﬁl_rl T

cmmmrmdeeener

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

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

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

50
Total Discharge {cfs)




Table 2 - Culvert Summary Table: Culvert 1

' Total Culvert Headwater Outlet " . Outlet Tailwater
h L e Inlet Controt Flow Nommat Critical Outlet Tailwater : .
Discharge | Discharge | Elevation p Control Velocity Velocity
(cfs) (cfs) S Depth (ft) Depth (f) Type Depth {ft) Depth (ft) Depth (ft) Depth {f1) () (505)
4.40 4.40 7039 | 1.200 1.307 3-M1t 1,005 0.802 1218 1.258 2.859 0.934
4.56 4.56 70.42 1226 .| 1339 3-Mi1t 1.031 0.817 1238 1.278 2.915 0.943
472 4.72 70.46 1.253 1.377 3Mt 1.058 0.832 1.257 1.287 2.995 0.952
4.88 "4.88 70.48 1279 1.410 3M1L | 1.089 0.845 " 1.275 1315 3.058 0.960
5.04 5.04 70.53 1.306 1.449 3-M1t 1.120 0.861 1284 1.334 3120 0.958
|~ 520 5.20 70.56 1.332 1478 3-Mit 1.150 0.876 1312 1.352 3.181 0.978
5.36 5.36 70.59 " 1.358 1515 7-MIt | 1481 0.891 1.330 1370 3.242 0984 |
552 5.52 70.64 1.384 1.556 7M1t [ 1218 0.905 1.347 1.387 3.302 0.994
5.68 5.68 70.67 1.411 1594 7-M1t 1.267 0918 1.364 1404 | 3361 0.999
| 584 | 584 70.71 1.437 1832 | 7-Mit 1315 0.931 1.381 1.421 3.419 1.006
| 590 5.90 7073 1447 | a6 | MU 1334 0835 1387 1427 | 3441 1.009
Inlet Elevation {invert) 69.08f,  Qutlet Elevation {invert): 68.54 fi
Culven Length: 225.00 ft, Culvert Slope: 0.0024
Culvert Performance Curve Plot: Culvert 1
Performance Curve
Culvert: Culvert 1
Intet Control Elev Outlet Control Elev
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 743+50, Design Discharge - 5.9 cfs
Culvert - Culvert 1, Culvert Discharge - 5.9 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station:  0.00 ft
Infet Elevation: 69.08 ft
Outlet Station:  225.00 ft
Qutlet Elevation: 68.54 ft

Number of Barreis: 1

Cutvert Data Summary - Culvert 1
Barre!l Shape: Circular
Barrel Diameter:  1.50 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
inlet Type: Conventional
Inlet Edge Condition: Square Edge with Headwall
Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: 743+50)

Flow (cfs) Wa‘;;f;’%ace Depth (ft) | Velocity (ftls) | Shear (psf) | Froude Number
4.40 69.76 1.26 0.93 0.19 0.19
4.56 69.78 1.28 0.24 0.19 0.19
4,72 69.80 1.30 0.95 0.19 0.19
4.88 69.82 1.32 0.96 0.20 0.19
5.04 69.83 1.33 0.97 0.20 0.19
5.20 69.85 1.35 0.88 0.20 0.19
5.36 69.87 1.37 0.98 0.21 0.19
5.52 69.89 1.39 0.99 0.21 0.19
568 69,90 1.40 1.00 0.21 0.20
5.84 69.92 1.42 1.01 0.21 0.20
5.90 69.93 1.43 1.01 0.21 0.20

Tailwater Channel Data - 743+50
Tailwater Channel Option: Irregutar Channel

Channel Slope:

0.0024

User Defined Channel Cross-Section:

Coord No. Station (ft)
1 5.00

2 9.20

3 11.20

4 20.35

Roadway Data for Crossing: 743+50

Elevation (ft) Manning's n

70.90
68.80
68.50
73.10

0.0600
0.0600
0.0600
0.0000

Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 71.53 ft

Roadway Surface: Gravel
Roadway Top Width: 225.00 ft
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AMTRAK ACCESS ROAD SYSTEM 2 / TRACK DRAINAGE OUTLET 2
MANAGING AREAS BETWEEN 765+00 10 787450

Station 765+00 is the high point in the swale system between system 1 and system 2. AAR System 2 and
Track Drainage 2 begin at this high point and flow north to New Britain Avenue.

Track Drainage
A swale has been designed to run the length of this area between the tracks and the Busway barrier. The
low point of the swale is at station 787+50, which also is the last ground station before the bridge over New
Britain Avenue. Itis understood that the adjacent Busway Line Contract is in the process of designing a pipe
to be installed using trenchless technologies and ultimately connecting to the Amtrak Access Road drainage
system. From information available at the time of this design, it appears that the pipe to run from the
Busway to the Access Road system will be at station 786+00. it is proposed to discharge collected runoff
from the track swale to this jacked pipe with a “CL” type CB inlet. For hydraulic design of the track crossing,
the area, runoff coefficient and assumed time of concentration developed for this swale will be made
available. In this report, a swale capacity check and depth of flow over a “CL” type CB is presented.

Station 787+00
Swale capacity at the low point of the swale is based on 1.19 acres contributing (total drainage area). The
flow rate is 2.32-cfs for the 100-year event. With this and the engineered geometry of the swale, the

computed water surface elevation is 67.7’. The track elevation is 70.4 feet resulting in 2.7 feet of
freeboard.

Station 787450
if the proposed inlet servicing the track drainage swale is placed at the low point of the system
(recommended to avoid ponding within the swale), the maximum flow depth over the grate was computed
to be 0.26 feet. From this information it can be surmised that the controlling feature of the maximum
water surface elevation is the swale flow, not the depth over the catch basin.

Access Road Drainage
Station 770450
At station 770+50, the grade of the swale increases from 0.12% to 0.50%. This section represents the
lowest section of the swale following a 0.12% grade, and as such was selected to represent the swale
capacity for this grading. At station 770+50, the area contributing is 0.63 acres. For the 100-year event, this
area produces 1.2-cfs of runoff. With the 0.12% swale slope and proposed channel geometry, the
computed water surface elevation is 73.79 feet, providing 1.24 feet of freeboard to the roadway elevation.

Station 772450
Atstation 772450, there is a culvert conveying flows under a required turnoff for the access road. This
culvert follows a 0.5% slope and conveys flows from a 0.85 acre drainage area contributing 1.7-cfs. For this
slope and tailwater equal to normal depth in the receiving reach of the swale, a 12” conduit would be
sufficient to manage the design flows. Resulting headwater elevation for the culvert would be 72.79 feet
providing a freeboard of 1.26 feet to the roadway surface. -



Station 782+50
At station 782+50 the flow line enters a sub-surface drainage system to tie in to the drainage system on
New Britain Avenue. Drainage computations were facilitated by the Hydraflow StormSewer program. This
system conveys flows from a contributing area of 2.14 acres which, using the global parameters for
hydrology associated with this project results in a 100-year discharge of 4.17-cfs. At the outlet of this
proposed system (tie-in to New Britain Ave. System) the starting water surface elevation was set to reflect
the existing system at capacity. The pipe flowing out of the tie-in catch basin is a 12”"x18” CMP with an
invert elevation of 45.94. it is not known from the survey if the pipe has a horizontal or vertical primary
axis, so for conservatism, the starting water surface elevation was taken as 1.5 feet above the invert or
47.44 feet. As a result, for the 100-year event, this proposed system will convey the design flows near
capacity with a headwater elevation of 67.69 feet, providing a freeboard from the roadway surface of 1.18
feet.
This system was designed prior to the design of the track drainage swale and the proposal for a connection
from the Busway to this system. It is understood that the line designers are to determine capacity of the
receiving leg of this sub-surface system connecting to New Britain Avenue. For this reason, the pipe sizes
from station 786+00 may increase depending on the findings of the tie in from the Busway.

All computations and program output are attached with this section

For the further design of the Busway to Access Road connection, the contribution in CxA from the track
swale is 0.357, and the contribution from the Access Road is 0.642. The analysis presented herein used a
time of concentration of 10 minutes.
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Hydraulic Analysis Report

Project Data
Project Title:  AAR Track Drainage
Designer; Eric Buckley
Project Date: Tuesday, February 02, 2010

Project Units: U.S. Customary Units
Notes:

Channel Analysis: Swale at 787+00

Notes: Swale capacity check near outlet

Parameters
Channel Type: Custom Cross Section
Flow: 2.3000 (cfs)
Depth: 0.8035 (ft)
Mannings 0.0600
Longitudinal Slope; 0.0056 (ft/ft)
Area of Flow: 2.0946 (ft"2)
Wetted Perimeter: 4.5933 (ft)
Average Velocity: 1.0980 (ft/s}
Top Width: 4,2139 (ft)
Froude Number: 0.2745
Critical Depth: 0.4147 (ft)
Critical Velocity: 3.0315 (ft/s)
Critical Slope: 0.0877 (ft/ft)
Critical Top Width: 2.6589 (ft)
Calculated Max Shear Stress: 0.2808 (Ib/ftA2)
Calculated Avg Shear Stress: 0.1594 (Ib/ft?2)




Cross Section Data

Station (ft) Elevation (ft) Mannings
23.80 76.80 0.0600
25.50 67.90 0.0600
27.50 66.90 0.0600
28.50 66.90 0.0600
30.50 67.90 0.0600
3250 68.10 0.0600
35.70 6970 |




Flow VS. Degth
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HY-8 Culvert Analysis Report Station 772+50

Headwat?fg )E!evahon Total Discharge (cfs) Culvert (1021)scharge Roadwa(y; fI;J;sc:harge lterations
71.91 0.00 0.00 0.00 1
72.16 0.20 0.20 0.00 1
72.27 0.40 0.40 0.00 1
72.35 0.60 0.60 0.00 1
72.43 0.80 0.80 0.00 1
72.57 1.00 1.00 0.00 1
72.64 1.20 1.20 0.00 1
72.70 1.40 1.40 0.00 1
72.76 1.60 1.60 0.00 1
72.79 , 1.70 1.70 0.00 1
72.88 2.00 2.00 0.00 1
73.50 3.34 3.34 0.00 Overtopping

Table 1 - Summary of Culvert Flows at Crossing: 772+50

Rating Curve Plot for Crossing: 772+50

Total Rating Curve
Crossing: 772450
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Table 2 - Culvert Summary Table: Culvert 1

Di;i‘::ge Diz'r‘]’:r’;e HEEIZSE? ln[I)et Contral &‘;‘:‘il Flow | Nomal Critical Outet | Taitwater V?a}:)tf(tly Tvaé'lffg'
cfs) {cfs) ) epth {ft) Depth () Type Depth (f) Depth (ft) Depth (ft) Depth (f) (fis) (f's)
0.00 0.00 91 0.000 0000 | ONF | 0000 0.000 0.000 0.000 0.000 0.000
0.20 0.20 7246 0247 0000 | 1820 | 0178 0179 0379 0.265 2.065 0.430
0.40 0.40 72.27 0.356 0356 | 1520 | 025 0.257 0.256 0352 2498 0.614
0.60 0.60 72.35 0.445 04456 | 1820 | 0317 0320 0319 0.419 2796 0696
0.80 0.80 72.43 0620 0820 | 1-s2n | 0370 0371 0370 0.476 3017 0.759
1.00 1.00 72.57 0.599 0659 | aMit | 0419 0418 0.435 0525 3.057 0.841
1.20 120 72.64 0670 0721 | amit | 0464 0.460 0.480 0.570 3215 0.855
1.40 1.40 72.70 0737 0782 | aMIL | 0508 0.501 0522 0612 3.380 0894
1.60 160 72.76 0.800 0854 | 3MIL| 0551 0536 0560 0.650 3539 0.928
10 1.70 72.79 0830 0B84 | M1t | 0573 0552 0578 0668 3617 0.044
2.00 2.00 72.88 0021 0970 | ama | 0638 0603 0629 0.718 3.840 0.988

Inlet Elevation (invert): 71.91 %,  Outiet Elevation {invert): 71.39 #t
Culvert Length: 105.00ft,  Culvert Slope: 0.0050

Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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VWater Surface Profile Plot for Culvert: Culvert 1

Crossing - 772450, Design Discharge - 1.7 cfs
Culvert - Culvert 1, Culvert Discharge - 1.7 cfs
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73.04
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72.04

71.54

Station (ft)

Site Data - Culvert 1
Site Data Option:  Culvert Invert Data
Iniet Station:  0.00 ft
Inlet Elevation: 71.91 ft
Outlet Station: 105.00 ft
Outlet Elevation. 71.39 ft
Number of Barrels: 1

Cutvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter: 1.00 it
Barrel Material: Concrete
Embedment: 0.00in
Barrel Manning's n:  0.0120
[nlet Type: Conventional
Inlet Edge Condition: Square Edge with Headwall

inlet Depression: None




Table 3 - Downstream Channel Rating Curve (Crossing: 772+50)

Flow (cfs) Wag;\?f%“e Depth (fty | Velocity (ft's) | Shear (psf) | Froude Number
0.00 7130 0.00 0.00 0.00 0.00
0.20 7157 0.27 0.49 0.08 0.22
0.40 71.65 0.35 061 0.11 0.23
0.60 71.72 0.42 0.70 0.13 0.24
0.80 7178 0.48 0.76 015 0.24
1.00 7183 0.53 0.81 0.16 0.25
120 7187 0.57 0.86 0.18 0.25
1.40 71.81 0.61 0.89 0.19 0.25
160 71.95 0.65 0.93 0.20 0.26
170 7197 0.67 0.94 0.21 0.26
2.00 72.02 0.72 0.99 0.22 0.26

Tailwater Channel Data - 772+50

Tailwater Channe! Option:

Channel Slope:

0.0050

Irregular Channel

User Defined Channel Cross-Section:
Coord No.

1

2
3
4

Station (it)
5.00

8.40
10.40
26.20

Roadway Data for Crossing: 772+50

Elevation (ft) Manning's n

73.20
71.50
71.30
79.20

0.0600
0.0600
0.0600
0.0000

Roadway Profile Shape: Constant Roadway Elevation

Crest Length:
Crest Elevation:

100.00 it
73.50 ft

Roadway Surface: Gravel
Reoadway Top Width:

100.00 ft




Storm Sewer Profile Proj. file: Station, 782+50.stm
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. Page 1
Storm Sewer Tabulation
Station Len | Drng Area Rnoff Areax C Tc Rain | Total | Cap | Vel Pipe Invert Elev HGL. Elev "'Grnd / Rim Elev Line iD
coeff {) | flow | full )
Line | To Tncr | Total Incr Total | Inlet | Syst Size | Slope Dn Up Dn Up Dn Up
Line
() (ac) | (ac) | (C) {min) [ (min) |(in/r) | (cfs) | (cfs) | (fs) | (in) | (%) () {ft) (ft) {ft) (1) {ft)

1 End | 265 |0.00 (0.00 [ 0.00 (0.00 [0.00 0.0 11.4 0.0 417 9.03 | 5.55 12 5.48 |45.25 59.76 47.44 60.62 48.54 64.08

2 1 248 (0.00 (0.00 | 000 [0.00 |0.00 10.0 | 10.0 0.0 4.17 6.50 | 5.60 12 2.84 |59.76 66.83 60.71 67.69 64.08 66.83

Project File: Station_782+50.stm Number of lines: 2 Run Date: 09-01-2009

NOTES: Intensity = 106.59 / (Inlet time + 17.00) * 0.85; Return period = 100 Yrs. ; ¢=cir e =ellip b =Dbox

Hydraflow Storm Sewers 2008 v12.01
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Hydraulic Grade Line Computations
Line| Size Q Downstream Len Upstream Check JL [ Minor
coeff | loss
Invert HGL Depth| Area | Vel Vel EGL Sf invert HGL | Depth| Area Vel Vel EGL Sf Ave | Enrgy
elev elev head | elev elev elev head elev 5f | loss
(in) | (cfs) (f) (ft) (ft) | (saft) | (ft)s) | (f1) {ft) {%) () {ft} L] (f} | {saft) | (fUs) | () (6) (%) (%) | () (K (f)
|
1 12 417 | 45,25 47.44 1.00 [0.72 [5.31 |0.44 |47.88 1.169 | 265 | 59.76 60.62j | 0.86**|0.72 (578 |052 |61.14 1.076 | 1.122 | n/a 0.15 | nfa
2 12 417 59.76 60.71 0.95 [0.72 5.43 |0.46 |61.18 1.010 | 249 56.83 67.69j [0.86™[0.72 | 578 |0.52 68.21 1.076 | 1.043 [ nfa 1.00 0.52

|

Number of lines: 2

Run Date: 09-01-2009

Project File: Station_782+50.stm

_

Hydraflow Storm Sewers 2008 vi12.01

Notes: ; ** Critical depth.; j-Line contains hyd. jump. ; ¢ =cir e=ellip b =box




AMTRAK ACCESS ROAD SYSTEM 3 AREAS BETWEEN 796+50T1T0 823+00
TRACK DRAINAGE QUTLET 3 AREAS BETWEEN 788+50 AND 816+50

Track Drainage
For this portion of the track drainage swale, the low point of the swale is at station 798+50 and extends
both north and south to high points at stations 816+50 and 788+50, respectively. [t is understood that the
adjacent Busway Line Contract is in the process of designing a pipe installation (under the tracks) with
trenchless technology to the Access Road at station 797+23. It is proposed to tie into this drainage lateral
to outlet the runoff contained by this track drainage swale. For hydraulic design of the track crossing, the
area, runoff coefficient and assumed time of concentration developed for this swale is made available to

the Busway designer. In this report, a swale capacity check (for each segment) and depth of flow over a
“CL” type CB is presented.

A primary assumption used in this analysis: the bridge over Trout Brook is ballasted and the swale will
continue across the bridge. This assumption is used as directed by the Access Road Design Engineer, Baker
Engineering.

Station 798+00
Atthis section, the swale capacity is determined for the segment contributing flows from the south to the
design point at 798+50. The area contributing flows to this capacity check stationis 0.61 acres. The

computed water surface elevation is 62.92 feet. At this point, the track elevation is 65.29 feet, resulting in
2.4 feet of freeboard.

Station 799+00
Atthis section, the swale capacity is determined for the segment contributing flows from the north to the
design point at 798+50. The area contributing flows to this capacity check station is 1.08 acres. The

computed water surface elevation is 63.0 feet. At this point, the track elevation is 65.27 feet resulting in 2.3
feet of freeboard.

Station 798+50
This station is at the low point of the swale. Here depth of flow over a “CL” type CB is computed for the
entire area contributing. Using the weir and orifice equations for catch basins in a sag location, the
maximum flow depth over the grate is computed (with the weir producing the higher of the two computed
depths). This depth over grate is 0.32-feet. From this information it can be surmised that the controlling
feature of the maximum water surface elevation is the swale flow, not the depth over the catch basin.

Access Road Drainage

This access road drainage system maintains a positive flow from station 823+00 to an outlet into Trout
Brook at station 796+50.

Station 818+50

- PPV
1

i 817+00, the Amirak access road has an at grade crossing of Oakwood Avenue, it was necessary

Atstatio
inthis case to contain the accumulated flows from up-station of this crossing (beginning with an RCCE at
station 818+50) in a sub-surface system consisting of manholes at station 817+00 and 816+50 with an
outlet RCCE at 814400 to continue the flow line within the Amtrak right-of-way. This was to avoid a

municipal tie in of the drainage system. This system will convey flows from a contributing area of 0.52 acres

10



which generate a 100-year design event of 1.0-cfs. At the outlet of this pipe run {station 814+00), additiona!
drainage area between Oakwood Ave. and the outlet contributes to the receiving swale. For this reason,
the starting water surface elevation for this sub-surface system was determined by a normal depth
computation of the receiving swale.

At station 814+00, the contributing area is 0.70 acres generating 1.4-cfs of flow for the 100-year event.
Using Quick-2 with a stream slope of 0.5% and the irregular channel geometry provided with the sections,
the resulting water surface elevation is 66.71 feet, providing a freeboard of 1.4 feet to the roadway surface.

Using the computed normal depth as the starting water surface elevation of the sub-surface system
originating at station 818+50, it is found that the 12" pipes proposed for construction will be sufficient for
conveyance of the 100-year event. The headwater elevation of the pipe system is computed to be 68.52
feet, 1.61 feet below the roadway elevation. Further, throughout the system, the computed hydraulic
grade line results in greater than one foot of freeboard to the top of frame elevations for the entire length
of system.

Station 809+50
At station 809+50, there is a grade change of the swale flow line from 0.48% to 0.54%. While not that
significant, it was determined that this would be a convenient location to verify the capacity of the swale for
the design event. The contributing area of 1.1 acres generates 2.1-cfs of runoff to this point. Using Quick-2,

the computed water surface elevation is 64.74 feet, providing a freeboard of 1.31 feet to the roadway
surface (which is below the track elevation).

Station 802+50
Again at station 802450, there is a grade change in the swale flow line from 0.54% to 0.1% providing for a
convenient design point for capacity analysis. At station 802450, the area contributing is approximately
1.74 acres as determined from the design cross sections. This area generates 3.4-cfs for the 100-year event.
The computed water surface elevation from this single section analysis indicates a design water surface

elevation of 60.19 feet providing a freeboard of 2.9 feet from the roadway surface (which is below the track
elevation).

Station 801+50
This station represents an inlet to a culvert crossing of the engineered swale by an active track spur line.
The area contributing to this culvert is 1.83 acres generating a design flow rate of 3.6-cfs for the 100-year
rainfall rate. The starting water surface elevation was taken as normal depth in the receiving reach of the
swale for the design flows. The resulting headwater elevation for the 12” cross culvert is 61.54 feet which is
0.04 feet greater than the ground elevation above the crossing but does not overtop the track. The portion
of flow that overtops is approximately 0.57-cfs, however, the adjacent land to the tracks grades away from
the crossing, and it is not expected that any flows will accumulate for this crossing. Further, as this event is
only predicted to occur with a 1% probability in any given year, it was not recommended to increase the

harrels through the crossing. Increasing the barrel size was not investigated due to the limited cover from
the tracks.

Station 798+20
Near station 798+20 is a required access road turn-around, which will necessitate continuing the
approaching swale flow line through a culvert 144 feet in length. The area contributing to this culvert is 2.8
acres which generates 5.5-cfs of flow for the design event. At this point, the Access Road drainage is
11



preposed to be tied into the Busway drainage and it is understood that the Busway Line Designers are to be
continuing the drainage design from this connection point to the outlet at Trout Brook. At this time, the
continued design of this drainage system is not available and as such, for design purposes, the tailwater for
the culvert design at station 798+20 was taken as a just-full pipe flow condition; tailwater was set equal to

the crown of the subject pipe. The resulting headwater elevation is 61.78 feet providing approximately 1.8
feet of freeboard to the roadway.

All computations and program output are attached with this section

For the further design of the Busway to Access Road connection, the contribution in CxA from the track
swale is 0.507, and the contribution from the Access Road is 0.84. The analysis presented herein used a
time of concentration of 10 minutes.

12
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Hydraulic Analysis Report

Project Data
Project Title:  AAR Track Drainage
Designer: Eric Buckley
Project Date: Tuesday, February 02, 2010

Project Units:  U.S. Customary Units
Notes:

Channel Analysis: Swale at 798+00

Notes: Swale capacity check near the outlet

Parameters
Channel Type: Custom Cross Section
Flow: 1.2000 {cfs)
Depth: 1.1167 (ft)
Mannings 0.0600
Longitudinal Slepe: 0.0004 (fi/ft)
Area of Flow: 3.6544 (ft"2)
Wetted Perimeter: 6.7702 (ft)
Average Velocity: 0.3284 (ft/s)
Top Width: 6.2119 (ft)
Froude Number: 0.0754
Criticai Depth: 0.2903 (ft)
Critical Velocity: 2.6150 (ft/s)
Critical Slope: 0.0955 (ft/ft)
Critical Top Width: 2.1613 (ft)
Calculated Max Shear Stress: 0.0279 (Ib/#ft"2)
Calculated Avg Shear Stress: 0.0135 (Ib/ft*2)




Cross Section Data

Station (ft} Elevation (fi) Mannings
19.30 67.50 0.0600
21.10 62.80 0.0600
2310 61.80 0.0600
24,10 61.80 0.0600
26.10 62.80 0.0600
28.10 63.00 0.0600
31.30 64.50 -




Cross Section
Station 798-+00

65—

641




Flow vs. Depth

Station 798+00
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Hydraulic Analysis Report

Project Data
Project Title:  AAR Track Drainage
Designer: Eric Buckley
Project Date: Tuesday, February 02, 2010
Project Units: U.S. Customary Units
Notes:

Channel Analysis: Swale at 799+00

Notes: Swale capacity check near outlet

Parameters
Channel Type: Custom Cross Section
Flow: 2.1000 (cfs)
Depth: 1.2155 (ft)
Mannings 0.0600
Longitudinal Slope: 0.0008 (ft/ft)
Area of Flow: 4,.4332 (f{"2)
Wetted Perimeter. 7.9722 (fi)
Average Velocity: 0.4737 (ft/s)
Top Width: 7.3348 (ft)
Froude Number: 0.1074
Critical Depth: 0.3950 (ft)
Critical Velocity: 2.9706 (ft/s)
Critical Slope: 0.0887 (ft/ft)
Critical Top Width: 2.5798 (ft)
Calculated Max Shear Stress: 0.0607 (Ib/ft"2)
Calculated Avg Shear Stress: 0.0278 (Ib/ftA2)



Cross Section Data

Station (ft) Elevation {ft) Mannings
22.67 66.60 0.0600
24.50 62.80 0.0600
26.50 61.80 0.0600
27.50 61.80 0.0600
29.50 62.80 0.0600
31.50 §2.90 0.0600
3470 64.50 ——




Cross Section
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Flow (cfs)

Flow vs. Depth

Station 799+00
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Storm Sewer Profile Proj. file: New.stm
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. Page 1
Storm Sewer Tabulation
Station Len | Drng Area Rnoff Area x C To Rain ! Total | Cap | Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line D
coeff N flow | full
Line | To Ince | Total Incr | Total | Iniet | Syst Size | Slope| Dn Up Dn Up Dn Up
Line
(f) | (ac) | (ac) | (C) (min) | (min) | (in/nr} | (cfs) | (cfs) |(fts) | (in} | (%) | (ft) (ft (ft) ) | () (ft)
4 3 132 {0.00 |0.00 | 0.00 |0.00 |0.00 | 0.0 0.0 0.0 1.00 | 254 | 246 12 | 043 | 67.52 |[68.09 |68.19 |68.52 71.00 68.09
3 2 71 |0.00 [0.00 |0.00 000G (000 |00 |17 0.0 1.00 247 | 2.69 12 | 041 |67.23 |67.52 |67.78 67.95 |71.51 71.00
2 1 241 |0.00 [0.00 | 0.00 |0.00 {000 |00 |27 0.0 |1.00 2.55 | 2.51 12 (044 |66.18 |[67.23 |66.83 |67.65 |68.18 |71.51
1 End 14 |0.00 (0.00 | 000 |000 |000 | 0O |5.8 0.0 1.00 | 2.31 | 2.20 12 | 0.36 |66.13 |66.18 |[66.71 66.72 |[66.13 68.18
818+50 Number of lines: 4 Run Date: 08-19-2009
- NOTES: Intensity = 108.59 / (Inlet lime + 17.00) # 0.85; Return pericd = 100 Yrs, ; c=cir e =ellip b =box

Hydraflow Storm Sewers 2008 v12.01




Hydraulic Grade Line Computations e
Line| Size Q Downstream " Len Upstream Check JL [ Minor
coeff | loss
Invert | HGL Depth| Area | Vel Vei EGL Sf Invert HGL | Depth| Area | Vel Vel EGL Sf Ave | Enrgy
elev elev head | elev elev eley head elev Sf | loss
(in} | (cfs) {ft) {m) {f) | (saft) | (ft/s) | (7t} () {%) (tt) {ft) (f) (ft) [ (saft) | (ft’s} | () (ft) (%) (%) | (1) (K) {ft)
4 12 1.00 | 67.52 68.19 0.67 |0.56 |1.79 |0.05 |68.24 0.107 | 132 | 68.09 68.52 |0.43**10.32 |[3.13 |0.15 |68.67 0.469 | 0.288 1 0.380 ] 1.00 | 0.15
3 12 1.00 |67.23 67.78 0.55 |0.45 |224 |0.08 |67.86 0.192 |71 67.52 67.95 |0.43**|0.32 |3.13 |0.15 |68.10 0.469 | 0.330 | 0.234 | 0.77 0.12
2 12 1.00 | 66.18 66.83 0.65 (054 |1.86 |0.05 |©65.88 0.119 | 241 67.23 67.65j | 0.42**|0.32 |3.15 [0.15 | 67.81 0.478 | 0.299 | n/a 0.60 | 0.08
1 12 1.00 |66.13 66.71 0,58 (0.47 |2.12 |[0.07 |66.78 0.165 | 14 66.18 66.72 0.54 |0.44 (229 |0.08 |6681 0.203 | 0.184 | 0.026 | 0.57 0.05
818+50 Number of lines: 4 Run Date: 08-19-2009
Notes: ; ** Critical depth.; j-Line contains hyd. jump. ; c=cir e =ellip b = box
Hydraflow Storm Sewers 2008 v12.01
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Elev(ft) Cross Section: 80950  Slope: .0048 ft/ft
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HY-8 Culvert Analysis Report Station 801+50

Headwate(afrt)E[evatlon Total Discharge (cfs) Culvert (1cf2|)scharge Roadwaég;scharge lterations
59.53 0.00 0.00 0.00 1
60.05 0.40 0.40 0.00 1
60.27 0.80 0.80 0.00 1
60.46 1.20 1.20 0.00 1
60.65 1.60 1.80 0.00 1
60.85 2.00 2.00 0.00 1
61.07 2.40 2.40 0.00 1
61.30 2.80 2.80 0.00 1
61.52 3.20 3.14 0.03 37
61.54 3.60 3.01 0.57 5
61.55 4.00 2.87 1.12 4
61.52 3.15 3.15 0.00 Overtopping

Table 1 - Summary of Culvert Flows at Crossing: 801+50

Rating Curve Plot for Crossing: 801+50

Total Rating Curve

Crossmg: 801+50
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Table 2 - Culvert Summary Table: Culvert 1

Total Culerl | Headwater |\ o o oneor | Outiet g | Nommal Critical Oullet | Taiwater | Ovullet | Tailwater

Dts((:c?:)rge Drs((?:)rge Elez';)tloﬂ Depth () Diz?:‘(’f't) Type | Depth(fy | Depth(#) | ODepth (R) | Depth (f) V‘(af'l‘}gfy V‘(*]lt‘;sc)’w
0.00 0.00 59.53 0.000 00" ONF | 0.000 0.000 0.000 0.000 0.000 0.000
0.40 0.40 5005 0357 0523 | a-Mit | 0393 0.257 0531 0511 0944 0.357
0.60 0.80 6027 0.522 0742 | 3Mit | 0590 03 0722 0.702 1319 0.436
120 120 50.46 0672 0926 | a-Mit | 0804 0.460 0.865 0.845 1.661 0.488
160 160 60.65 0.802 118 | TMzt | 1.000 0.535 0.985 0.965 2.044 0.527
2,00 2.00 6085 0923 1823 | 4FFf | 1.000 0.603 1,000 1.068 2546 0.560
2.40 2.40 6407 1.046 1640 | 4FFf | 1.000 0.661 1,000 1181 3.056 0.587
280 280 5130 1180 1772 | AFFF |  1.000 0716 1,000 1245 3565 0611
3.20 314 6152 1.306 1992 . | 4FFf | 1.000 0.756 1.000 1322 3905 0.633
3.60 3.01 6154 1255 2008 | 4FFf | 1.000 0.740 1000 1393 3828 0653
4.00 287 61.65 1.205 2016 4-FFf 1.000 0.724 1.000 1,481 3.654 0.671

* theoretical depth is impractical.

Depth reporied is corrected.

Inlet Elevation (invert): 59.53 ft,

Culvert Length: 50.00 fi,

Culvert Slope: 0.0010

Outlet Elevation {invert): 59.48 ft

Culvert Performance Curve Plot: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 801450, Design Discharge - 3.6 cfs
Culvert - Culvert 1, Culvert Discharge - 3.0 efs
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Site Data - Culvert 1
Site Data Option; Culvert Invert Data
nlet Station:  0.00 fi
Inlet Elevation: 59.53 ft
Outlet Station:  50.00 ft
Outlet Elevation: 59.48 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter: 1.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n: 0.0120
inlet Type: Conventional
Inlet Edge Condition: Square Edge with Headwall

Inlet Depression: None




Table 3 - Downstream Channel Rating Curve (Crossing: 801+50)

Flow (cfs) Wa;gf‘(‘%ace Depth (ft) | Velocity (f's) | Shear (psf) |Froude Number
0.00 59.50 0.00 0.00 0.00 0.00
0.40 60.01 0.51 0.36 0.03 011
0.80 60.20 0.70 0.44 0.04 0.11
1.20 60.35 0.85 0.49 0.05 0.12
160 60.46 0.96 053 0.06 0.12
2.00 60.57 1.07 0.56 0.07 0.12
2.40 60.66 116 0.59 0.07 0.12
2.80 60.74 1.2 0.61 0.08 0.12
3.20 60.82 132 0.63 0.08 012
3.60 60.89 1.39 0.65 0.09 0.13
4.00 60.96 1.46 0.67 0.09 0.13

Tailwater Channel Data - 801+50
Tailwater Channel Option: Irregular Channel
Channel Slope: 0.0010
User Defined Channel Cross-Section:
Coord No. Station {ft) Elevation (ft) Manning's n

1 2262 61.60 0.0600
2 2640 - 59.70 0.0600
3 28.40 59.50 0.0600
4 31.20 §1.30 0.0000

Roadway Data for Crossing: 801+50
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 61.52 ft
Roadway Surface: Gravel
Roadway Top Width: 50.00 ft



HY-8 Culvert Analysis Report

Table 1 - Summary of Culvert Flows at Crossing: 798+50

Headwat?é)Elevatlon Total Discharge (cfs) Culvert chlzl)scharge Roadwa()é 1!ZS);sc:harge fterations
60.49 1.00 1.00 0.00 1
60.56 1.60 1.60 0.00 1
60.66 2.20 2.20 0.00 1
60.79 2.80 2.80 0.00 1
60.96 3.40 3.40 0.00 1
61.15 4.00 4.00 0.00 1
61.38 4.60 4.60 0.00 1
61.64 5.20 5.20 0.00 1
61.78 5.50 5.50 0.00 1
62.25 6.40 6.40 0.00 1
62.60 7.00 7.00 0.00 1
63.65 8.64 8.54 0.00 Overtopping

Rating Curve Plot for Crossing: 788+50

Total Rating Cuive

Crossing: 798+50
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Table 2 - Culvert Summary Table: Culvert 1

Digc‘;'::g . Dg‘;'r:’:rg o | Eaowater |, et Conirol Sutet | Fiow | Nommal Critical Outtet | Tailwater V?!:::Jceﬂty .';f;,‘;'igr
(cfs) {cfs) (®) pth (fY) Depth (f) Type Depth (ft) Depth (ft) Depth {ft) Depth (ft) (#/s) (#s)
1.00 1.00 60,49 0.544 1204 | 4FFf | 1250 0391 1.250 1,250 0.815 0.000
160 1.60 60.56 0711 1362 | 4FF1 | 1250 0501 1250 1.250 1304 0.000
2.20 2.20 60.66 0.866 1462 | 4FFf | 1250 0,590 1250 1.250 1.793 0.000
2.80 2.80 60.79 1.004 1594 | 4FF | 1250 0.669 1.250 1.250 2282 0.000
3.40 3.40 60.96 1134 1757 | 4FFT | 1.250 0743 1250 1.250 2771 0.000
.00 4.00 61.15 1.265 1952 | 4FFF | 1.250 0.806 1.250 1.250 3.259 0.000
4.60 .60 ©1.38 1.404 2170 | aFFf | 1250 0.869 1250 1250 3748 0.000
5.20 5.20 61.64 1.556 2437 | 4FFl | 1250 0.921 1.250 1.250 4.237 0.000
5.50 5.50 61.78 1638 2578 | 4FFr | 1250 0.947 1250 1.250 2.482 0.000
6.40 6.40 62.25 1812 3048 | 4-FFf | 1250 1.016 1250 1.250 5215 0.000
7.00 7.00 62.60 2120 3401 | 4FFf | 1250 1052 1250 7.250 5704 0.000

Iniet Elevation (invert): 59.20 ff,  Outlet Elevation (invert): 59.20 ft

Culvert Length: 140.00 ft, Culvert Slope: 0.0000

Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - 798+50. Design Discharge - 5.5 cfs
Culvert - Culvert 1, Culvert Discharge - 5.5 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
inlet Station: 0.00 ft
Inlet Elevation; 59.20 ft
QOutlet Station: 140.00 ft
Outlet Elevation: 59.20 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter: 1.25ft
Barrel Material: Concrete
Embedment: 0.00in
Barrel Manning's n:  0.0120
nlet Type: Conventional
Iniet Edge Condition: Square Edge with Headwall

Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: 798+50)

Flow (cfs) Water Suiface Elev (ft) Depth (ft)
1.00 60.45 1.25
1.60 60.45 1.25
2.20 60.45 1.25
2.80 60.45 1.25
3.40 60.45 1.25
4.00 60.45 1.25
4.60 60.45 1.25
5.20 60.45 1.25
550 60.45 1.25
6.40 60.45 1.25
7.00 60.45 1.25

Tailwater Channel Data - 798+50

Tailwater Channel Option: Enter Constant Tailwater Elevation
Constant Tailwater Elevation: 60.45ft

Roadway Data for Crossing: 798+50
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 63.65 ft
Roadway Surface: Gravel
Roadway Top Width: 140.00 ft



AMTRAK ACCESS ROAD SYSTEM 4 AREAS BETWEEN 823+00 10 904+00
TRACK DRAINAGE OUTLET 4 AREAS BETWEEN 823+50 AND 892+00

Track Drainage
A swale system has bheen designed to run the length of area between stations 823+50 and 892+00. The low
point of the swale is at station 892+00, immediately before the at grade track crossing of Hamilton Street.
Following an exhaustive search of viable outlet points, it was finally determined that the most efficient
discharge point would be to discharge to a drainage system servicing the adjacent Amtrak Access Road
which terminates at Kane Brock. The location of the outlet of this swale was determined by preserving a
5’minimum cover to the bottom of the railroad ties, (as required for trenchless installation) while not
increasing the depth of the receiving system and maintaining a negative slope of the pipe. It is not known
what method of trenchless pipe installation will be used, however this design calls for a 18” diameter pipe
asrequired/requested by Amtrak. The focation of the inlet to this tie in is at station 887+00.

An additional design point is documented here to compute the hydraulics at an elevated swale
configuration near station 865+50, similar to that documented for area 1. Further a swale capacity analysis

was performed at the end of the swale to decument the freeboard from the tracks under design hydrologic
conditions.

Station 865450

Steps taken to compute the hydraulics for the proposed 6” pipe and elevated swale are identical to those
taken for a similar computation within area 1.

For this analysis 4.7-cfs of runoff for the 100-year event was computed at the inlet of the proposed pipe
{generated from a 2.41 acre contributing area). Using the tailwater rating curve computed for station
876+50 (receiving reach of the normal swale), the capacity of the pipe at design flow is 0.27-cfs with 4.42-
cfs contributing to the elevated swale flow. At the end of the elevated swale, the total runoff computed -
with the overtopping of the culvert crossing —is 5.4-cfs. From this analysis, freeboard to the tracks was
computed. At station 876+00, the CWSEL is 65.8 feet, the track elevation is 66.7 feet providing 0.9 feet of
freeboard. At station 876+50 (receiving section of normal swate), the CWSEL is 64.6 feet, the track
elevation is 66.6 feet providing 2.0 feet of freeboard.

Station 892+00
This section represents the limits of the swale immediately adjacent to the at grade track crossing of
Hamilton Street. This section was chosen to represent the swale capacity due to the area contributing to

this point (3.76 acres). CWSEL is 63.2’ (2.0 feet deep), the track elevation is 64.7" resuiting in 1.5 feet of
freeboard.

Outlet at 886+50
A “CL” type catch basin is proposed to intercept runoff from the swale and convey the flows laterally to the
Kane Brook System. The latera! pipe has the following design parameters to maintain 5’ of clearance from
the bottom of the railroad tie: pipe length is 42 feet, upstream invert is 57.20 feet, downstream invert is
57.16 giving the pipe a slope of 0.1% slope. The contribution of this pipe to the AAR drainage system is
accounted for in the AAR system 4 design computations. The depth of flow over the inlet was computed to
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be 0.5 feet. From this information it can be surmised that the controlling feature of the maximum water
surface elevation is the swale flow, not the depth over the catch basin. It should be noted that the
proposed inlet in the swale is on grade, not at the sag location of the swale. This was necessary due to the
cover requirement from the railroad ties to the top of pipe. The elevation of the inlet, however, is only 0.57
feet above the sag point in the swale, so at most, there will be 0.6 feet of standing water in the fowest

portion of the swale (any volume greater will back up and enter the inlet, which is almost 3 feet from the
track elevation.

Access Road Drainage
Station 824450 to 833+00

Due to site restrictions, the roadway between stations 824+50 and 833+00 is designed with a cross slope
draining towards the track. This area is proposed to be maintained by an 820 foot underdrain following
along the roadway, between the road and adjacent tracks. At station 832400, the roadway cross slope once
again becomes typical, sloping away from the tracks. At station 832+00 the roadway cross slope once again
becomes typical, sloping away from the tracks, Between stations 832+50 and 833+00, this underdrain
crosses the baseline of the access road and daylights to an engineered swale at station 833+00. To verify
capacity of this underdrain, the FHWA utility, Visual Urban (HY-22) was used to size the underdrain based on
the total flow generated by the area contributing to the outlet point. At station 833400 the contributing
area was calculated to be 1.1 acres based on the associated design cross sections. This resulted in a total
discharge for the 100-year event of 2.15-cfs. With an average pipe slope of 0.34%, the size required to
convey these flows would be an 8” perforated plastic pipe. To verify that the track would not be
overtopped due to a surcharge in the underdrain, this pipe was analyzed with HY-8. The crest elevation of
the weir was taken as the lowest adjacent track for the length of the pipe run. The result of the HY-8
analysis has indicated that while, during the design storm event {Qaq), the pipe will be at pressure flow, the
surcharge elevation will only reach elevation 71.47, which is 3-hundredths greater than the lowest adjacent

track. These results justify the use of an 8” underdrain due to the conservatism of the assumptions made in
this analysis.

Station 834+15
This sub-surface system was to be modeled as a 520 foot long culvert because there are no appreciable
losses throughout the system outside of the pipe losses accounted for by HY-8. The area contributing flows
tothe inlet of this culvert is 1.42 acres, which in turn generates a design flow {Qjq,) of 2.8-cfs. At the outlet
of the culvert, the contributing area to the drainage swale is greater, from the grading over the cuivert. For
this reason, the tailwater elevation for this culvert analysis was taken as normal depth of flow in the
receiving swale. .
Station 839+50 — Contributing area to this section is approximately 1.9 acres generating 3.7-cfs of flow.
Using Quick-2 with a stream slope of 0.1% and the irregular channe! geometry provided with the sections,
the resulting water surface elevation is 67.36 feet. This design water surface elevation, for the purposes of
the HY-8 analysis defined a constant tailwater elevation.
With the computed tailwater elevation, it was found that a 15” RCP would be sufficient to convey the 100-

year event with a headwater of 68.29 feet providing approximately 0.2 feet of freeboard to the roadway
elevation.
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Station 844+00
Due to grading requirements and limitations of area to engineer an open swale, a 260 foot long culvert is
proposed to continue the flow line from station 844+00 to 846+50. The area contributing flows to the inlet
of the crossing is 2.34 acres generating a design runoff amount of 4.6-cfs. Similar to the approach for the
system at station 834+15, the tailwater elevation was calculated separately to account for the additional
contributing area to the outlet. Section 847+00 was selected for the normal depth computation.
Station 847+00 — Contributing area to this section is approximately 2.59 acres, generating a design flow of
5.0-cfs. A single section hydraulic analysis based on a stream slope of 0.16% and the given irregular channel
geometry from the design cross sections revealed a water surface elevation of 66.24 feet.
Using this constant tailwater elevation for the design event, it was found that a twin 12” RCP would reduce
the overtopping of the roadway to less than one cfs (0.6-cfs} with a headwater elevation of 67.22 feet. This
headwater will overtop the roadway by 0.02 feet at the bottom edge of the cross slope, but still provides
2.95 feet of freeboard to the track elevation. 1t should be noted that a twin culvert crossing was designed
as opposed to increasing the size of a single pipe crossing due to cover restraints in relation to the
prescribed flowline.

Station 850+70
Between station 851+00 and 851+50, a turnoff for the access road was required. For this reason, a 110 foot
long culvert has been designed to convey the flow line beneath the roadway. The area contributing to the
inlet of the culvert is 2.88 acres, generating a design runoff rate of 5.6-cfs. The tailwater for the crossing
was determined using the typical swale design throughout this project with a slope of 0.12% as determined
from the design plans. Using HY-8, it was determined that a twin 12” culvert crossing would be required to
convey the flow line under the roadway. The resulting headwater for this crossing was computed at 65.86
feet, providing 0.5 feet of freeboard to the roadway surface. A single pipe with a larger diameter was
investigated for this site, however, clearance to the top of road was a restricting factor to the design
discounting that consideration

Subsurface System — Outlet at Kane Brook
Leg 1 from 866+50 to outlet — At station 866+50, due to grading conflictions to the flow line, a subsurface
drainage system has been designed to convey the flows contributing from this inlet point to the proposed
outlet at Kane Brook. At 866450, approximately 4.5 acres contribute to design flows totaling 8.9-cfs based
on the previously documented global design parameters. Continuing down system to the manhole
upstream from the outlet pipe, there are two additional inlets. Each inlet was given a time of concentration
of 10 minutes to determine the contribution of flows from each incremental area. At station 867+00, a
drainage intet adds 0.1 acre to the system, and at station 869+00, another 0.18 acres are added. At the
inlet of the last manhole of the system, this leg of the drainage contributes 4.81 acres to the outlet.
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Leg 2 from 893+50 to outlet — At station 893450, a second leg to the subject system carries the flow line
beneath Hamilton Street and continues to the manhole at station 870+25. Design parameters for this leg of
the system are the same as the previously documented leg. The following table documents each inlet and
contributing incremental area to the junction with the first leg.

Station Inlet area (incremental) Inlet area (total)
893+50 Q.55 ac 0.55 ac
891+50 0.45 ac 1.00 ac
888+00 0.20 ac 1.20 ac
886+50 0.47 ac + 3.76 ac from tracks 5.43 ac
881+70 0.11 ac 5.54 ac
878+70 1.07 ac 6.61ac
876+75 0.54 ac 7.15 ac
874+20 ' 0.22 ac 7.37 ac
872+10 0.32 ac 7.69 ac

These drainage systems come together at 3 manhole at station 870+25. With the total area contributing for
a 100-year design event, the outlet discharge from this total system is calculated at 24.6-cfs {Qyq0) from a
total area of 12.51 acres. The outlet pipe has been designed with a 0.5% slope in order to slow the outlet
velocity as much as possible. The outlet pupe was sized with this prescribed slope and it has been
determined that a 30 inch pipe would be required to handle the design flow rate.

Outlet Protection — in order to carry the flow line down the toe of the 2:1 slope adjacent to Kane Brook, it
was necessary to utilize a drop manhoie in conjunction with a u-type endwall. At the outlet of the pipe
system, a 15’ long preformed scour hole has been hydraulically designed lined with modified riprap. The
flow line exiting the riprap will have approximately 25-30 feet of overland flow down a 5:1 gently sloping -
undisturbed forest land. Attached with the computations in this section is a plan and detail sheet depicting
this outlet condition.
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Hydraulic Analysis Report

Project Data
Project Title: AAR Track Draiange
Designer: Eric Buckley
Project Date: Tuesday, February 02, 2010
Project Units:  U.S. Customary Units
Notes:

Channel Analysis: Swale at 876+50

Notes: Development of tailwater rating curve for HY-8 analysis of PVC pipe at station
865450

Parameters
Channel Type: Custom Cross Section
Flow: 5.7000 (cfs)
Depth: 1.5153 (ft)
Mannings 0.0600
Longitudinal Slope: 0.0018 (ft/ft)
Area of Flow: 6.5706 (ft*2)
Wetted Perimeter: 8.7591 (ft)
Average Velocity: 0.8675 (ft/s)
Top Width: 7.8788 (ft)
Froude Number: 0.1674
Critical Depth: 0.6638 (ft)
Critical Velocity: 3.6894 (fi/s)
Critical Slope: 0.0781 (ft/ft)
Critical Top Width: 3.6551 (ft)
Calculated Max Shear Stress: 0.1702 (Ib/fi*2)
Calculated Avg Shear Stress: 0.0843 (Ib/ft"2)



Cross Section Data

Station {f1) Elevation (ft) Mannings
25.80 66.80 0.0600
27.10 64.10 0.0600
29.10 63.10 0.0600
30.10 63.10 (4.0600
32.10 64.10 0.0600
34.10 64.30 0.0600
37.30 65.90 ———
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Féow VS. Deggg

ECTION &6

5.5

5.0

4.5

4.0

3.5

3.0

Flow (cfs)

FTTTTT T T T T e T T e T e[ T T [ TT T[T T T[T T T[T T TITTd
o

2.5

2.0

1.5

1.0

0.5

0.0-




HY-8 Culvert Analysis Report
Proposed Pipe at 865+50

Table 1 - Summary of Culvert Flows at Crossing: Pipe at 865+50

Headwat?frt)Elevanon Total Discharge (cfs) Culvert chl)scharge Roadwa()(f:flz;scharge lterations
64.49 0.00 0.00 0.00 1
65.78 0.57 0.28 0.28 1
€5.93 1.14 0.28 0.86 6
66.05 1.71 0.28 1.43 5
66.15 2.28 0.27 2.00 4
66.24 2.85 0.27 2.58 4
66.32 3.42 0.27 3.15 4
66.40 3.99 0.27 3.71 3
66.47 4.56 0.27 4.29 3
66.49 4.70 0.27 4.42 2
66.61 5.70 0.27 5.43 3
65.63 0.29 0.28 0.00 Overtopping

Rating Curve Plot for Crossing: Pipe at 865+50

Total Ratmg Curve
Crossing: Pipe at 8634350

66.5+

o)

&

o
!

65.5 1

Heacwater Elevation (f)
&
?

6451 4

0 1 2 3 A 5

o

Total Discharge {cfs)
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert Headwater Qutlet " . Outlet Tailwater
) ° Inlet Control Flow Nomal Critical Qutlet Tailwater : "
Discharge | Discharge Elevation Control Velocity Velocity
(o) (cfs) () Depth (f) Depth (#) Type Depth (ft) Depth (ft) Depth (ft) Denpth (ft) (#s) (fos)
0.00 0.00 64 .49 0.000 0.0* 0-NF 0.000 0.000 0.000 0.000 0.000 0.000
0.57 028 65.78 0399 1.251 4-FFf 0.500 0.266 0.500 0.544 1430 0.000
1.14 0.28 65.93 0.396 1.411 4-FFf 0.500 0.265 0.500 0.755 1412 0.000
1.71 0.28 66.05 0.3%94 1.536 4-FFf 0.500 0.264 0.500 0.909 1.402 0.000
228 0.27 66.15 0.392 1.647 4-FFf 0.500 0.263 0.500 1.051 1.391 0.000
2.85 0.27 66.24 0.391 1.752 4-FFf 0.500 0.262 0.500 1.180 1.383 0.000
3.42 0.27 66.32 0.391 1.833 4-FFf 0.500 0.262 0.500 1.260 1.383 0.000
3.99 0.27 66.40 0.391 1.908 4-FF¢ 0.500 0.262 0.500 1.330 1385 0.000
4.56 0.27 66.47 0.391 1.978 4-FFf 0.500 0.262 0.500 1.395 1.387 0.600
4.70 0.27 66.49 0.392 1.991 4-FFf 0.500 0.263 0.500 1.400 1.389 G.000
570 0.27 66.61 0.392 2107 4-FFf Q.500 0.263 Q.500 1.510 1.392 G.000
* theoretical depth is impractical. Depth reported is corrected.
Inlet Elevation (invert) 64,49 f{,  Outlet Elevation (invert): 63.10 ft
Culvert Length: 1150.00ft,  Culvert Slope: 0.0012
Culvert Performance Curve Plot: Culvert 1
Pertormance Chirv
1TT011ance Larve
Culvert: Culvert 1
Inlet Control Elev Cutlet Control Elay
L , . . . . 'y
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Water Surface Profile Plot for Culvert: Culvert 1

Crossing - Pipe at 865430, Design Discharges - 4 7 ofs
Culvert - Culvert 1. Culvert Dizcharge - 0 3 ofe

(=3 L] )] (8]

g L] N pap]

o ] o)
| !

Elevation {ft}

[
-
)

Station ()

Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation: 64.49 ft
Outlet Station: 1150.00 ft
Outlet Elevation: 63.10 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter:  0.50 ft
Barrel Material: PVC
Embedment: 0.00 in
Barret Manning's n:  0.0110
Inlet Type: Conventional
Inlet Edge Condition: Square Edge with Headwal!

Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: Pipe at 865+50)

Flow (cfs) Water Surface Elev (ft) Depth (ft)
0.00 63.10 0.00
0.57 63.64 0.54
1.14 63.85 0.75
1.71 64.01 0.91
2.28 64.15 1.05
2.85 64.28 1.18
3.42 64.36 1.26
3.99 64.43 1.33
4.56 64.50 1.40
4.70 64.50 1.40
5.70 64.61 1.51

Tailwater Channel Data - Pipe at 865+50

Tailwater Channel Option:

Enter Rating Curve

Roadway Data for Crossing: Pipe at 865+50

Roadway Profile Shape:

Crest Length: 2.00 ft

Crest Elevation: 65.63 ft

Roadway Surface: Gravel

Roadway Top Width:

1050.00 ft

Constant Roadway Elevation




Hydraulic Analysis Report

Project Data

Project Title:  AAR Track Draiange
Designer: Eric Buckley

Project Date: Tuesday, February 02, 2010
Project Units:  UJ.S. Customary Units
Notes:

Channel Analysis: Swale at 876+00

Notes: Elevated Swale capacity check

Parameters

Channel Type: Custom Cross Section

Flow: 5.4000 (cfs)

Depth: 1.5375 (ft)

Mannings 0.0600

Longitudinal Slope: 0.0012 (fvft)

Area of Flow: 6.8460 (ft"2)

Wetted Perimeter: 7.7657 (ft)

Average Velocity: 0.7888 (ft/s)

Top Width: 6.6262 (ft)

Froude Number: 0.1368

Critical Depth: 0.56086 (ft}

Critical Velocity: 3.5731 (ft/s)

Critical Slope: 0.0782 (ft/ft)

Critical Top Width: 3.8119 (ft)

Calculated Max Shear Stress: 0.1151 (Ib/ft"2)
Calculated Avg Shear Stress: 0.0660 (Ib/ft?2)



Cross Section Data

Station (ft) Elevation (ft) Mannings
30.59 65.30 0.0600
32.59 64.30 0.0600
3417 64.30 0.0600
37.34 65.90 -—




Cross Section
Station 876+00
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Flow vs. Depth
Station 876+00
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Project Data
Project Title:

Designer:

Hydraulic Analysis Report

AAR Track Drainage
Eric Buckiey

Project Date: Tuesday, February 02, 2010

Project Units:

Notes:

U.8. Customary Units

Channel Analysis: Swale at 892+00

Notes: Section analysis to check swale capacity

Parameters

Channel Type: Custom Cross Section
Flow: 7.3300 (cfs)

Depth: 2.0239 (ft)

Mannings 0.0600

Longitudinal Siope: 0.0006 (ft/ft)

Area of Flow: 11,7171 (ft"2)

Wetted Perimeter: 11.1894 (ft)

Average Velocity: 0.6256 (ft/s)

Top Width: 9.9333 (ft)

Froude Number: 0.1015

Critical Depth: 0.7523 (ft)

Critical Velocity: 3.8902 {ft/s)

Critical Slope: 0.0756 (ft/ft)

Critical Top Width: 4.0092 (ft)

Calculated Max Shear Stress: 0.0758 (Ib/ft*2)
Calculated Avg Shear Stress: 0.0392 (Ib/ft*2)



Cross Section Data

Station (ft) Elevation (ft) Mannings
17.50 67.60 0.0600
18.30 62.70 0.0600
21.30 61.20 0.0600
22.30 61.20 0.0600
24.30 62.20 0.0600
26.30 62.30 0.0600
29.50 63.90 m——




Cross Section
Section 892-+00
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Flow vs. Depth

Section §92+00
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HY-8 Culvert Analysis Report
Underdrain to station 833+00

Headwatc(af;)Elevatlon Total Discharge (cfs) Culvert zcgl)scharge Roadwa()éf [g;scharge lterations
70.02 0.50 0.50 0.00 1
70.19 0.756 0.75 0.00 1
70.38 1.00 1.00 0.00 1
71.44 1.25 1.18 0.06 39
71.45 1.50 1.17 0.32 5
71.46 1.75 1.16 0.58 4
71.46 2.00 ' 1.15 0.83 3
71.47 2.15 1.15 0.89 3
71.47 2.50 1.14 1.36 3
71.47 275 1.13 1.62 3
71.48 3.00 1.12 . 1.88 3
71.44 1.18 1.18 0.60 OQvertopping

Table 1 - Summary of Culvert Flows at Crossing: drain to 833+00

Rating Curve Plot for Crossing: drain to 833+00
Total Rating Curve

Crossing: dram to 833+00

714

Headwater Elevation (ft)

~ ~J ~ ~— ~ ~J
o e 2 o = =
(O~ S o N o B
| ! ! i | l

70.04;

Total Discharge (cfs)



Table 2 - Culvert Summary Table: Culvert 1

Dist:oht::ge Diﬁ:ﬁge HEeISS:t?c:(:r |n$eé (ir(:nirol Coo l‘:{‘:él Flow Normal Critical Outlet Taliwater v?;c::;eil(y .I;faelll\g?i:‘;r
(cfs) (cfs) ) pth (ft) Depth (#) Type Depth (ft) Depth (ft) Depth (ft) Depth (ft) (fis) (ft's)
0.50 0.50 70.02 0.486 0.0" 152n 0.326 0.330 0.326 0.574 2.935 0.375
0.75 0.75 70.19 0.626 0.661 3-M1f 0.420 0.408 0.670 0.686 2127 0.421
1.00 1.00 70.38 0.772 0.845 3-M1f 0.526 0.473 0870 0.779 2.836 0.456
1.25 1.18 71.44 0.892 .1.910 4-FFf 0.670 0.512 0.670 0.859 3.342 0.484
1.50 1.17 71.45 0.885 1.917 4-FFf 0.670 0.510 0670 0.931 3.315 0.509
1.75 1.18 71.46 0.878 1.923 4-FFf 0.670 0.508 0.670 0.997 3.250 0.530
2.00 1.15 71.46 0.873 1.927 4-FFf 0.670 0.508 0.570 1.058 3.266 0.549
2.15 1.15 71.47 0.869 1.930 4-FFf 0670 0.505 0670 1.092 3.252 0.560
2.50 1.14 71.47 0.862 1935 4-FFf 0.670 0.503 0670 1,167 3.222 0.583
2.75 1.13 71.47 0.857 1.938 4-FFf 0.670 0.501 0670 1.217 3.202 0.598
3.00 112 71.48 0.852 1.942 4-FFf 0.653 0.500 0.670 1.264 3.183 0.611

* theoretical depth is impractical. Depth reported is corrected.

- s ors

Inlet Elevation (invert), 69.53 ft,

Outlet Elevation (invert): 66.57 ft

Culvert Length: 850.01 fi,

Culverl Slope: 0.0035

Culvert Performance Curve Plot: Culvert 1

Performance Curve
Cubvrert: Culvert 1

Inlet Control Eley

Outlet Control Elev
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Water Surface Profile Plot for Culvert: Culvert 1
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Site Data - Culvert 1

Site Data Option:  Culvert Invert Data
Inlet Station: 0.00 ft

Inlet Elevation: 69.53 ft

Outlet Station:  850.00 ft

Outlet Elevation: 66.57 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1

Barrel Shape: Circular

Barrel Diameter: 0.67 ft

Barrel Material: Concrete

Embedment: 0.00in

Barrel Manning's n:  0.0020

Inlet Type: Conventicnal

Inlet Edge Condition: Square Edge with Headwall

Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: drain to 833+00)

Flow (cfs) Waggf‘;%ace Depth (f) | Velocity (fs) | Shear (ps) | Froude Number
0.50 67.14 0.57 0.37 0.04 0.11
0.75 67.26 0.69 0.42 0.04 011
1.00 67.35 0.78 0.46 0.05 0.12
125 67.43 0.86 0.43 0.05 0.12
1.50 67.50 0.03 0.51 0.06 0.12
175 67.57 1.00 0.53 0.06 0.12
2.00 67.63 1.06 0.55 0.07 0.12
2.15 67.66 1.09 0.56 0.07 0.12
2.50 67.74 147 0.58 0.07 0.12
2.75 67.70 1.22 0.60 0.08 0.12
3.00 67.83 126 0.61 0.08 0.12

Tailwater Channel Data - drain to 833+00

Tailwater Channel Cption:

Channel Slope:

Irregular Channel

0.0010

User Defined Channel Cross-Section:

Roadway Data for Crossing: drain to 833+00

Coord No. Station (ft)
1 5.00

2 8.39

3 10.39

4 16.82

Elevation () Manning's n

£68.51
66.82
66.57
69.78

0.0600
0.0600
0.0600
0.0000

Roadway Profile Shape: Constant Roadway Elevation
Crest Length:  100.00 ft
Crest Elevation: 71.44 ft
Roadway Surface: Gravel
Roadway Top Width: 850.00 ft




Elev(ft)
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Cross Section: 83950

Slope

. .001 fi/ft
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HY-8 Culvert Analysis Report Station 834+15

Headwat(efrt)Elevanon Total Discharge (cfs) Culvert chIZ;:)scharge Roadwa()é fI:S);scharge lterations
67.84 2.00 2.00 0.00 1
67.88 2.10 2.10 0.00 1
67.94 2.20 2.20 0.00 1
67.99 2.30 2.30 0.00 1
68.05 2.40 2.40 0.00 1
68.10 2.50 2.50 0.00 1
68.16 2.60 2.60 0.00 1
68.23 2,70 2.70 0.00 1
£8.29 2.80 2.80 0.00 1
68.30 2.90 2.82 0.07 9
68.31 3.00 2.82 0.16 4
68.30 2.81 2.81 0.00 Overtopping

Table 1 - Summary of Culvert Flows at Crossing: 834+15

Rating Curve Plot for Cressing: 834+15

Total Rating Curve
Crossing: 834+15
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Table 2 - Culvert Summary Table: Culvert 1

Digcit:;ge Dgg'r‘]’:rge Headvater et Contrl Sutet | Flow | Nomal Critical Oulet | Tailwater V‘Z‘Ig'gy Tj‘é‘“’gﬁg‘
(©5s) (cfs) () pth (ft) Depth (f) Type Depth (ft} Depth (ft) Depth (ft) Depth {ft) (fifs) (fis)
2.00 2.00 57.84 0.816 133 | aFFf | 0933 0.560 1.250 1.360 1630 0.000
210 210 67.88 0.841 1385 | 4FFT | 0973 0.575 1.250 1.360 T 0.000
220 220 67.94 0.866 1436 | 4FFf | 102 0.580 1.250 1,360 1793 0.000
2.30 230 67.99 0.689 1480 | 4-FFf | 1085 0.604 1.250 1.360 1.874 ©.000
2.40 740 ©8.05 0.913 1546 | 4FFf | 1250 0.619 1250 1360 7956 0.000
2.50 250 58.10 0936 1604 | 4FFf | 1.260 0632 1.250 1.360 2037 0.000
260 260 68.16 0958 1665 | 4FFT | 1250 0.645 1250 1.360 2119 0.000
270 2.70 68.23 0.981 1708 | AFFf | 1280 0.657 1.250 1.360 2.200 0.000
2,80 2,60 66.29 1.003 1703 | 4FFf | 1250 0.669 1250 1.360 7282 0.000
290 XY 5830 1007 T804 | 4FFf | 1250 0671 1.250 1.360 2,205 0.000
3.00 282 58.31 1.008, 1807 | 4FFf | 1250 0672 1.250 7,360 2.299 3.000

Inlet Elevation (invert); 66.50 f,

Culvert Length: 510.00 f1,

Culvert Slope: 0.0010

Outlet Elevation (invert): 65.99 ft

Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert; Culvert 1
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Water Surface Profile Plot for Culvert; Culvert 1

Crossing - 834+15, Design Discharge - 2.8 cfs
Culvert - Culvert 1, Culvert Discharge - 2.8 cfs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station:  0.00 ft
Inlet Elevation: 66.50 ft
Outlet Station: 510.00 ft
Outlet Elevation: 65.99 fi

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter: 1.25ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Inlet Type: Conventional
Inlet Edge Condition: Square Edge with Headwall
Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve (Crossing: 834+15)

Flow (cfs) Water Surface Elev (ft) Depth (ft)
2.00 67.36 1.36
210 67.36 1.36
2.20 67.36 1.36
2.30 67.36 1.36
2.40 87.36 1.36
2.50 67.36 1.36
260 67.36 1.36
270 67.36 1.36
2.80 67.36 1.36
2.80 67.36 1.36
3.00 67.36 1.36

Tailwater Channel Data - 834+15
Tailwater Channel Option: Enter Constant Tailwater Elevation
Constant Tailwater Elevation: 67.36 ft

Roadway Data for Crossing: 834+15
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation; 68.30 ft
Roadway Surface: Gravel
Roadway Top Width: 450.00 it




GM?2 Associates

Engineers * Inspectors * Surveyors

Jaob thf‘mé Aecest '70¢J Computed By Date
Description Checked By Date
‘§yéﬂzm Y Oesicn Cont... Sheet 2 oi 3
éufﬁf'-&wr q.a
gm‘h"’” g4 +oo Colvert C;/O“"‘"‘f H Tatlwerer besedd o
L Aren [0»‘1 fm‘é(//—/kf 021124 o= 2.%4ac s et ﬁaff/l of rece Cring
Lwe ( 2.342c )( &ZZé.S”"‘/u) = 4l cFS Spale
& (23445[02Z‘A/g "LA() - gc( CFs

—POVME &«rro( I’ZZ

/ BM overtopeing 0 <V CFS
2 Constat 0L Goe R, = b2

(& Zw?ml Dire. @ Sz Vaia  inlerome €
prest e T mlet g0 65,26
[ength 10D | porler . 260
130 widid 250 soTler g 6490

—_——

é-hz.wh‘an A7 vvo éyzx,/e; Lode  For Taddsoter  pF GHf oD Lo fvert
> Slype  o.l6%

Z«?xﬁ[wﬂSS o 06 7 Zpﬂ;’/;:él/f’fhﬁ oo, (126557 [
fre?yfw Choonel 12 L for goick-7 .59 o<
& 6.7 (2o ® B.0CFS
3% 5.1
w3y G B Lot 2 Zesolrs
iz Gl WsEL 66T
Deprle 1,44
ﬁ/wﬂ;‘r{x 7
vel o8



HY-8 Culvert Analysis Report Station 844+00

Headwater Elevation . Culvert 1 Discharge | Roadway Discharge .
() Total Discharge (cfs) (cfs) (cfs) lterations
66.70 3.00 3.00 0.00 1
66.76 3.20 3.20 0.00 1
66.83 340 3.40 0.00 1
66.90 3.60 3.60 0.00 1
66.98 3.80 3.80 0.00 1
67.06 4.00 4.00 0.00 1
67.14 420 4.20 0.00 1
67.20 4.40 4.34 0.03 29
67.21 4,60 4.35 0.22 5
67.21 4.80 4.36 0.42 4
67.22 5.00 4.37 0.59 3
67.20 4.33 4,33 0.00 Overlopping
Table 1 - Summary of Culvert Flows at Crossing: 844+00
Rating Curve Plot for Crossing: 844+00
Total Rating Curve
Crossing: 844+00
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert Headwater Outlet . " Outlet Tailwater
. ; . Inlet Control Flow Nomal Critical Quilet Taitwater : )
Discharge | Discharge | Elevation Controt Velocity Velocity
(cfe) (cfs) () Depth {ft) Depth (it) Type Depth (ft) Depth (ff) | Depth (ft} Depth (ft) (f/s) (fUs)
3.00 3.00 66.70 0.770 1,440 4-FFf 0.850 0.518 1.000 1.440 1.810 0.000
3.20 3.20 66.76 0.801 1.504 4-FFf 1.000 0.535 1.000 1.440 2.037 0.000
3.40 3.40 66.83 0.832 1.571 4-FFf 1.000 0.552 1.000 1.440 2,165 0.000
3.60 3.60 66.90 0.862 1.643 4-FFf 1.000 0.569 1.000 1.440 2.292 0.000
3.80 3.80 66.98 0.892 1.719 4-FFf 1.000 0.587 1.000 1.440 2.419 0.000
4,00 4.00 6705 0.922 1.79% 4-FFf 1.000 0.603 1.000 1.440 2.546 0.000
420 4.20 67.14 0.953 1.882 " 4-FFf 1.000 0.618 1.000 1.440 2.674 0.000
4.40 4.34 67.20 0.974 1.942 4-FFf 1.000 0.628 1.000 1.440 2.761 0.000
4.60 4.35 67.21 0.976 1.949 4-FFf 1.000 0.629 1.000 1.440 2771 0.000
4.80 436 67.21 0.978 1,954 4-FFf 1.000 0.628 1.000 1.440 2777 0.600
5.00 437 67.22 0.879 1.957 4-FFf 1.000 0.630 1.000 1.440 2.783 0.000
Inlet Elevation (invert): 8526 ft,  Outlet Elevation (invert): 64.90 ft
Culvert Length: 250.00 fi, Culvert Slope: 0.0014
Culvert Performance Curve Plot: Culvert 1
Performance Curve
Culvert; Culvert 1
[nlet Control Eley Qutlet Control Elev
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Water Surface Profile Plot for Culvert; Culvert 1

Crossing - 844+00, Design Discharge - 4.6 cfs
Culvert - Culvert 1, Culvert Discharge - 4.4 ¢fs
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Site Data - Culvert 1
Site Data Option: Culvert Inveri Data
Inlet Station: 0.00 ft
Inlet Elevation: 65.26 ft
Outlet Station: 250.00 ft
Outlet Elevation: 64,90 ft

Number of Barrels: 2

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter: 1.00 ft
Barrel Material: Congcrete
Embedment; 0.00in
Barrel Manning's n:  0.0120
Inlet Type: Conventional
Inlet Edge Condition: Square Edge with Headwall

[nlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: 844+00)

Flow (cfs) Water Surface Elev (ft) Depth (ft)
3.00 66.24 1.44
3.20 66.24 1.44
3.40 66.24 1.44
3.60 66.24 1.44
3.80 66.24 1.44
4.00 66.24 1.44
4.20 66.24 1.44
4.40 66.24 1.44
4.60 66.24 1.44
4.80 66.24 1.44
5.00 66.24 1.44

Tailwater Channel Data - 844+00

Tailwater Channel Option: Enter Constant Tailwater Elevation
Constant Tailwater Elevation: 66.24 ft

Roadway Data for Crossing: 844+00
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 100.00 ft
Crest Elevation: 67.20 ft
Roadway Surface: Gravel
Roadway Top Width: 250.00 ft
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HY-8 Culvert Analysis Report Station 850+70

Headwat?frt)E!evatnon Tolal Discharge (cfs) Culvert ch;scharge Roadwa(g(v:f Es);scharge lterations
65.83 4.00 3.47 0.51 14
65.83 4.20 3.34 0.83 4
65.84 4.40 322 . 1147 4
65.84 4.60 3.08 1.51 4
65.85 4.80 294 1.82 3
65.85 5.00 279 2.16 3
65.86 5.20 2.65 2,52 3
65.86 5.40 2.50 2.88 3
65.86 5.60 2.34 3.24 3
65.87 5.80 2.17 3.61 3
65.87 6.00 1.99 3.99 3
65.81 3.38 3.38 0.00 Overtopping

Table 1 - Summary of Culvert Flows at Crossing: 850+70

Rating Curve Plot for Crossing: 850+70

Total Rating Curve
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65.86 -

65.854

Headwater Elevation (ff)
&
®
|

65.83 -

Crossing: 850+70

45 50
Total Discharge (cfs)




Table 2 - Culvert Summary Table: Culvert 1

Di;rc?\t::ge D%:::rge H;:S;?;ﬁr Inéeé (%r?ntrol é)o unti?ct)i Flow Normal Critical Oullet Tailwater V(é\ljottzef':y -:?:Ig:gr
(cfs) (cls) ") pth (ft) Depth (R) Type Depth (ft) Depth (ft) Depth (f) Depth (ft) (tvs) ()
4.00 3.47 65.63 0.843 1.518 4-FFf 1.000 0.558 1.00D 1,400 2.211 0.705
4.20 3.34 65.83 0.823 1.521% 4-FFf 1.000 0.547 1.000 1.430 2128 0714
4.40 3.22 65.84 0.804 1.528 4-FFf 1.000 0.536 1.000 1.459 2.047 Q.723
4.80 3.08 65.84 0.783 1.533 4-FFf 1.000 0.625 1.000 1.487 1.961 0.731
480 2.94 65.85 0.761 1.537 4-FFf 1.000 0.512 1.000 1.514 1.871 0.739
5.00 279 65.85 0.738 1.541 4-FFf 0.855 0.500 1.000 1.541 1.778 0.747
520 2.65 65.86 0.714 1.546 4-FFf 0.787 0.485 t.000 1.567 1.687 0.754
540 2.50 65.86 0.689 1.550 4-FFf 0.757 0.470 1.000 1592 1.590 0.762
5.60 2.34 65.86 0681 1.654 4-FFf 0.715 0.453 1.000 1.617 1.487 0.769
5.80 217 65.87 0.632 1.558 4-FFf 0.676 0.436 1.000 1.641 1.383 0.778
6.00 1.99 65.87 0.599 1.562 4-FFf 0.637 0.418 1.000 1.665 1.270 0.783

tnlet Elevation (invert): 64.31 ft,

Culvert Length: 105.00 ft,

Outlet Elevation {invert): 64.18 ft

Culvert Slope: 0.0012

Culvert Performance Curve Plot: Culvert 1
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Water Surface Profile Plot for Culvert: Culvert 1

Crossmg - 850+70, Design Discharge - 5.6 cfs
Culvert - Culvert 1, Culvert Discharge - 2.3 ¢fs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
[nlet Elevation: 64.31 ft
Qutlet Station: 105.00 ft
Outlet Elevation: 64.18 ft

Number of Barrels: 2

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Batrel Diameter: 1.00 ft
Barrel Material: Concrete
Embedment: 0.00 in
Barrel Manning's n:  0.0120
Inlet Type: Conventional
Inlet Edge Condition: Square Edge with Headwall
Inlet Depression: None



Table 3 - Downstream Channel Rating Curve (Crossing: 850+70)

Flow (cfs) Wag;\?zxfrtf)ace Depth (ft) Velocity (ft/s) Shear (psf) | Froude Number
4.00 65.50 1.40 0.71 0.10 0.14
4.20 65.53 1.43 0.71 0.11 0.14
4.40 65.56 1.46 0.72 0.11 0.14
4.60 65.59 1.49 0.73 0.1 0.14
4.80 65.61 1.51 0.74 0.11 0.14
5.00 65.64 1.54 0.75 0.12 0.14
5.20 65.67 1.57 0.75 0.12 0.14
5.40 65.69 1.59 0.76 0.12 0.14
5.60 65.72 1.62 0.77 0.12 0.14
5.80 65.74 1.64 0.78 0.12 0.14
6.00 65.77 1.67 0.78 0.12 0.14

Tailwater Channel Data - 850470
Tailwater Channel Option: Irregular Channel
Channel Slope: 0.0012
User Defined Channel Cross-Section:
Coord No.  Station (ft)  Elevation (ft) Manning's n

1 5.00 66.10 0.0600
2 8.40 64.40 0.0600
3 10.40 64.10 0.0600
4 14.20 66.00 0.0000

Roadway Data for Crossing: 850+70
Roadway Profile Shape: Constant Roadway Elevation
Crest Length:  100.00 ft
Crest Elevation; 65.81 ft
Roadway Surface: Gravel
Roadway Top Width: 105.00 ft
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Project File: Kane Brook System with swale.stm Number of lines: 15 Date: 07-28-2010
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Storm Sewer Tabulation e
Station Len | Drng Area | Rnoff Areax C Tc Rain | Total | Cap | Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
coeff (I | flow | full
Line L'ir:e Incr | Total Incr | Total | Inlet | Syst Size | Slope| Dn Up Dn Up Dn Up
") | (ac} | (@) | (©) min) | (min) [Gnvho) | (ets) | (cfs) | (fus) | (i) | m) | ) | ) | (0 | @ ) @
1 End 8 |ooo |1251| 000 |000 |375 |00 |226 |47 |2460|1508| 578 | 30 | 0.50 [40.00 |40.04 |41.96 (4213 |40.04 |5825 |Inserted Line
2 1 114 |0.00 [12.51) 000 |0.006 |3.75 | 0.0 223 | 48 24.60 | 3142 7.09 30 0.50 | 47.63 48.20 49.30 49.86 58.25 63.77
3 2 126 10.18 |4.81 0.30 [0.05 |1.44 10.0 | 108 | 6.4 9.46 |[11.38| 6.79 18 1.00 | 57.55 58.81 58.60 59.98 63.77 64.35
4 3 150 (010 |463 | 030 |0.03 |139 | 100 |103 |65 |910 [11.38| 579 | 18 | 1.00 |58.81 [60.31 [60.20 6146 |6435 |64.87
5 4 99 |as53 453 | 030 [1.36 |136 | 100 [100 |66 (891 |[1143| 573 | 18 | 1.01 |60.31 (61.31 |61.67 |6245 |[6487 | 61.06
6 2 179 |0.32 |7.70 | 0.30 {010 |2.31 | 100 (218 |48 [1514|16.58 | 5.31 24 | 046 (4920 |5002 |[51.07 |51.61 |63.77 |[63.65
7 6 205 {022 |7.38 | 030 |0.07 |221 |100 [209 |49 |1451 1677 491 24 | C.47 |50.02 |50.98 |52.02 |[52.64 |63.65 |63.47
3 7 250 |0.54 |7.46 | 0.30 [0.16 |2.15 | 10.0 [20.0 | 50 |14.08|16.83| 5.01 24 | 0.47 |50.08 |52.16 |52.96 |5367 |[63.47 |62.98
9 8 190 (1.07 |662 | 030 |0.32 {198 | 100 [192 |51 |13.02)16.77| 468 | 24 | 047 |5216 |53.05 |54.12 |54.54 |62.98 62.99
10 9 205 |0.11 [555 | 0.30 |0.03 |1.67 10.0 |17.8 | 53 10.91 | 18.27 | 4.61 24 0.56 |53.05 54.69 54.98 55.86 62.99 63.42
11 10 425 (047 |544 | 030 |0.14 [1.63 10.0 {15.7 | 56 10.70 | 16.81 | 4.95 24 0.47 | 54.69 56.69 56.19 57.85 63.42 61.91
12 11 194 | 0.20 |1.21 0.30 (0.06 |0.36 10.0 | 14.7 | 57 2.38 264 | 3.03 12 0.47 | 56.94 57.85 58.21 58.94 61.91 61.60
13 |12 344 (046 |1.01 | 030 |0.14 |0.30 | 10.0 | 124 | 6.1 109 | 265 | 303 | 12 | 047 |57.85 |59.47 |59.06 |60.14 [61.60 |61.27
14 13 197 |0.55 |0.55 | 0.30 [0.17 |0.17 10.0 }10.0 | 6.6 1.08 1.72 | 1.63 12 0.20 | 59.47 59.86 60.40 60.56 61.27 59.86
15 | 11 50 1376 (376 030 [1.13 (143 [ 10.0 {100 |66 (7.39 (1138 507 | 18 | 100 5675 |57.25 |58.08 |58.29 |61.91 61.61
Project File: Kane Brook System with swale.stm Number of lines: 15 Run Date: 07-28-2010
NOTES: Intensity = 106.59 / (Inlet time + 17.00} # 0.85; Return period = 100 Yrs. ; Total flows limited to inlet captured flows. ; ¢ =cir e = ellip b =box

Hydraflow Storm Sewers 2008 v12.01




- n = Page 1
Hydraulic Grade Line Computations
Line Size Q Downstream Len Upstream Check JL | Minor
coeff | loss
Invert HGL | Depth| Area | Vel Vel EGL Sf Invert HGL | Depth| Area | Vel Vel EGL Sf Ave | Enrgy
elev elev head | elev elav elav head | elev Sf | loss

(in} | (cts) | ({ft} {ft) {ft) | (saft) | (fUs) | (ft) (M | (%) | (R (f6) {ft) (f) | (saft) | (ftis) | () ® | ) | (%) | ) | (K | ()

1 30 24.60 | 40.00 41.96 1.96 (4.13 |596 |0.55 |4251 1.450 | 8 40.04 42,13 | 2.09 [4.39 |560 |049 (42862 1.281 | 1.366 | 0.109 | 0.15 | 0.07
2 30 2460 (4763 49.30 1.67* [3.47 |7.08 |0.78 |50.08 0.500 | 114 | 48.20 49.86 |1.66*" | 3.47 |7.09 |0.78 |[50.65 0.501 | 0.501 [0.571 |1.00 | 0.78
3 18 9.46 | 57.55 58.60 1.04* | 1.31 [(7.20 |[0.81 |59.40 0.999 | 126 | 58.81 59.98 |1.17**|1.48 |6.37 |0.63 [60.62 0.756 | 0.878 | n/a 0.50 | 0.32
4 18 9.10 | 5881 60.20 139 |1.71 [532 |0.44 |[60.64 0.554 | 150 | 60.31 61.46) [1.15"|1.46 |6.25 |0.61 |62.07 0.730 [ 0.642 | nfa 050 | nfa

5 18 8.91 |60.31 61.67 136 [1.69 |5.28 (043 [62.1 0.535 | 99 61.31 62.45j [1.14*|1.44 |B8.19 |0.59 |63.04 0.716 | 0.626 | n/a 1.00 | 0.582
6 24 15.14 [ 49.20 51.07 1.87 |3.05 |496 |0.38 |51.45 0.330 | 179 | 50.02 51.61 1.59 | 2.67 |5.66 |0.,50 |52.11 0.406 | 0.368 [ 0.659 | 0.50 | 0.25
7 24 14.51 | 50.02 52.02 200|314 |462 033 |52.35 0.351 [ 205 50.98 52.64 | 166 |2.79 |519 |0.42 |53.06 0.342 | 0.346 |0.710 | 0.50 | 0.21
8 24 14.08 | 50.98 52.96 1.98 |3.14 |4.49 |0.31 |53.27 0.305 | 250 |52.16 53.67 | 1.51 [2.54 |553 |048 |54.15 0.391 (0.348 | 0.869 | 0.50 | 0.24
9 24 13.02 | 52.16 54.12 1.96 (312 [4.17 [0.27 |54.39 0.252 | 190 | 53.05 54.54 | 1.49 |250 |520 |0.42 |54.96 |0.347 [0.300 |0.569 |0.50 | 0.21
10 24 10.91 | 53.05 54.98 1.93 |3.11 |3.81 {019 | 5517 0.173 | 295 54.69 55.86j | 1.17** (191 |572 |0.51 |56.37 0.475 | 0.324 |n/a 050 | nfa

1 24 10.70 | 54.69 56.19 150 |2.52 |424 |0.28 |56.47 |0.230 |425 56.69 57.85 |1.16**|1.88 |567 |0.50 |58.35 0.471 | 0.351 |nfa 1.50 | 0.75
12 12 2.38 | 56.94 58.21 1.00 |0.79 |3.03 |0.14 |58.35 0.380 | 194 | 57.85 58.94 | 1.00 {079 |3.03 |0.14 |58.09 0.380 | 0.380 | 0.738 | 0.50 | Q.07
13 12 1.99 |[57.85 59.06 100 |0.79 |253 |0.10 |59.16 0.265 | 344 | 59.47 60.14 | 067 |056 (3.54 |0.19 |60.34 0.421 | 0.343 | 1.181 | 0.50 | 0.10
14 12 [1.08 |59.47 60.40 093 |0.76 |142 [0.03 |860.44 0.068 | 197 |59.86 60.56 | 0.70 [0.5¢ |[1.84 | 005 |60.61 0.112 | 0.090 | 0.177 | 1.00 | 0.05

15 18 7.39 | 56.75 58.08 1.33 [1.65 |4.47 |031 |58.38 |G.378 |50 57.25 58.29j |1.04* 130 |5.67 |050 |58.79 0.621 | 0.500 | nfa 1.00 | 0.50

Project File: Kane Brook System with swale.stm Number of lines: 15 Run Date: 07-28-2010

Notes: * Normal depth assumed.; ** Critical depth.; j-Line contains hyd. jump. ; ¢=cir e =ellip b =box

Hydraflow Stormn Sewers 2008 vi2.01



Storm Sewer PrOfI Ie Proj. file: Kane Brook System with swale.stm
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Proj. file: Kane Brook System with swale.stm
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Storm Sewer Profile Proj. file: Kane Brook System with swale.stm
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Storm Sewer Profil e Praj. file: Kane Brook System with swale.stm
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11.13-19

25p B

15
Leas. c —l
Endwa!l"\h 3Sp
Cuivert End 1.5
o
f 4 f?gﬁ e
é / GOV
] 7
Pk
\ 8%) &3
Enchwal 311 SIDE SLOPE
Culvert End

03 m (1 ft.) for reinforced

concrets cx)vu‘lend
\ar fili for
fi

150 mm {6 in)
modifiedint prap arcd
300 mm {12 n.) for standard riprap

Figure 11-15 Preformed Scour Hole Type 1 and Type 2

May 2002

1
L---)— >

2.5

Geolendile (separation) should field
condition warrant

SECTION A-A _
MM'LEGEND
sp‘imd- Soe amets (chouta soctongy
An = rise (non—circular gections)
P er (circular sections)
in.) Modified Riprap
d = 4 450 mm (18 in) Intermediate Riprap
800 mm (38 In) Standard Riprep
Typet F= 05
Type2 F= R
C =
B= 28

ConnDOT Drainage Manual



GM?2 Associates

Engineers » Inspectors = Surveyors

Job Computed By Date
Dastription Checked By Date
Sheet_ ____of
2 2.5 1,333
o= loors B /rwX Qle. ) Coz 2.8
1,233 T2 = [.9¢

= (p.0125.5.5 /1.9 )le ffg 42.;?';)
e.oHO - | 2

.09 Fr —_ Nadr’ﬁ.’u) Ciprap

B

Fe= 125
Cz BSvbF 150‘ 2% = '7(
B: 26‘5-_{6‘: IZ.( AT 5

&= 18ers Fol O~

(ener)

Desr b



Storm Sewer Tabulation e
Station Laen | Drng Area | Rnoff Areax C Te Rain | Total | Cap | Vel Pipa Invert Elev HGL Elev Gend / Rim Elev Line ID
coeff {) | flow | full
Line J:B Incr | Total tncr | Total | Inlet | Syst Size | Slope| Dn Up Dn Up Dn Up
(f) | fac} | {ac) | (C) (min) | {min) Hinlhr) (cfs) |(cfs) | {fis) | (in) | (%) () () () i) 1] L]
1 End 8 |0.00 [1251 |0.00 [0.00 {375 |00 [273 | 3.0 18.03 | 15.08 | 4.34 30 | 0,50 |40.00 |40.04 |[41.96 |42.03 |40.04 |5825 |insertedLine
2 1 114 |0.00 |12.5% | 0.00 |000 [375 | 0.0 26.7 | 3.0 18.03 | 31.42 | 6.43 30 | 0.50 | 47.63 48.20 48.89 49,63 58.256 63.77
3 2 126 [0.18 | 4.81 030 (005 [1.44 | 100 (113 46 |693 |11.38( 613 18 1.00 | 57.55 58,81 58.40 50.82 63.77 64.35
4 3 150 | 0.10 | 4,83 | 0.30 |0.03 |[1.39 10.0 | 104 | 4.7 6.67 | 11,36 | 4.82 18 1.00 | 88.81 60.31 60.07 61.30 64.35 64.87
5 4 99 |4.53 453 | 030 |1.36 [1.36 | 100 |10.0 | 4.8 6.53 [ 11.43| 478 18 1.01 | 60.31 61.31 61.54 62.29 | 64,87 61.06
6 2 179 (032 |7.70 | 0.30 |0.10 |2.31 100 (252 | 3.0 |11.10|1658| 517 | 24 | 0.46 |49.20 50.02 50,64 |51.20 |63.77 |63.65
7 8 205 (022 {738 |030 |007 {221 [10.0 |24 |31 |1084]1677| 491 | 24 | 047 5002 |50.88 [51.54 5214 |63.85 |6347
8 7 250 (054 |7.16 | 0.30 |06 [2.45 | 10.0 |236 |32 |10.32 (4683 486 | 24 (0.47 |5098 |[52.16 |5247 |53.30 |6347 |62.88
g 8 180 |1.07 |6.62 | 030 {032 |1.99 ) 10.0 [226 |33 |054 |1677)| 463 | 24 | 047 |5216 [53.05 |53.64 |54.14 |62.98 |62.99
10 | 8 205 |0.11 |555 | 030 |003 |1.67 | 100 |208 |35 |[800 |1827| 448 | 24 | 056 (5305 |54.69 |5450 |55680 |62.99 |6€3.42 i
1 10 425 |0.47 |5.44 | 030 |0.14 |1.683 | 100 |17.8 |37 |[7.84 |16.81| 4.33 24 | 0,47 | 54.68 56.69 56.00 5768 |63.42 61.91
12 i 194 |0.20 [1.21 |0.30 |0.06 (036 | 40.0 |163 (39 |1.74 | 264 | 2.78 12 | 047 |56.04 |57.85 |58.00 |58.48 |61.99 61.60
13 12 344 |0.46 |1.01 | 030 |04 |030 | 0.0 (133 |43 [1.46 | 266 | 2.84 12 | 0.47 |57.85 |[59.47 (5869 |59.88 |61.60 |61.27
14 13 197 |0.55 [0.55 |0.30 |0.17 [0.17 | 10.0 |400 |48 (079 | 1.72 | 1.68 42 | 020 |50.47 |58.86 |[60.17 |[60.38 [61.27 |50.86
15 11 50 376 |3.76 (030 [1.43 [1.13 [ 100 (100 | 48 |542 |11.38| 4.30 18 | 1.00 |56.75 |57.25 |57.93 |[58.14 |61.81 61.61
Project File; Kane Brook Systam with swale.stm Number of lines: 15 Run Date: 07-16-2010
NOTES: Intensity = 54.74 / (Infet time + 10.80) # 0.80; Return period = 10 Yrs. ; Total flows limited to intet captured flows. ; c=cir e =eflip b=box

Hydraflow Storm Sewers 2008 v12.01



Hydraulic Grade Line Computations Pago 1

Lineg) Size Q Downstream Len Upstream Check JL | Minor
cosff | loss

invert HGL |Depth| Area | Vel Vel EGL Sf Invert HGL | Depth| Area | Vel Vel EGL Sf Ave | Enrgy

elav elaev head elev olav alev head elev Sf loss

(in) | (efs) | () () {ft) | (saft) | (fis) | () (f) | ) | {f) #) {0 (7) | (saft) | (ft/s) | {ft) (f) (%) (%) | () | (K (ft)

30 18.03 | 40.00 |41.96 1.96 |4.13 |[4.37 [0.30 |42.26 |0.780 |8 40.04 42,03 | 1.99 |418 |4.31 |0.29 |4232 |0.758 |0.769 [0.062 |0.15 | 0.04

-l

2 30 18.03 | 47.63 | 48.89 1.36* (2,72 |6.62 |(0.68 |49.67 |0.500 |114 |48.20 49,63 |1.43~(2.89 [6.24 |060 |50.23 |(0.428 |0.464 (0.529 (1.00 | C.60
3 18 693 |57.55 |58.40 0.85* [1.03 |6.75 |0.71 [59.11 |0.889 | 126 |58.81 50.62 |1.01™[1.26 |551 |0.47 |€0.29 |0.596 (0.788 |n/a 0.50 | n/a
4 18 6.67 |58.81 60.07 1.26 (158 [4.23 (028 |60.34 |0.332 150 |60.31 61.30) |[0.85" 1123 |542 |046 ;6175 |0.583 |0.457 |nfa 0.50 | n/a
& 18 6.53 |60.31 61.54 123 |155 |4.21 (028 |61.82 |0.320 |99 61.31 62.29] 1098|122 |5.37 |045 |62.73 [0.575 | 0.452 n/a 100 | nfa
6 24 11.10 | 49.20 |50.64 144 (242 (458 |0.33 |50.87 |0.272|179 |50.02 §1.20] | 1.18% | 1.83 ‘|s75 051 |51.71 |0.479 |0.375 | nfa 0.50 | nfa
7 24 10.64 | §0.02 |51.54 152 |2.56 |4.16 [(027 |51.81 |0.221 |205 |50.88 52,14 |1.16™|1.88 |566 [0.50 |52.83 |0.470 |0.346 rfa 050 | nfa
8 24 10.32 | 50.98 | 52.47 1.49 |250 (413 [0.26 |5273 |[0.218 (250 |52.16 §3.30 [1.14*)1.85 (558 (049 |53.78 |0.464 |0.341 |n/a 0.50 | n/a
9 24 8.54 |52.16 |53.84 148 | 249 383 (023 |5387 |0.188 (180 |53.05 5414 |1.09%|1.76 |543 |0.46 |54.60 |0.450 0.318 |nfa 0.50 | nfa
10 24 8.00 |53.06 |54.50 145 |2.44 |3.28 |0.17 |54.67 |0.130 |285 |54.68 55.69f | 1.00°* (1,57 |5.08 |0.40 |56.09 [0.424 (0.281 |nfa 0.50 | 0,20

11 24 7.84 |54.69 56.00 131 |2.47 |361 |0.20 |56.20 |0.177 |425 |56.69 5768 |0.89** | 1.55 |5.04 [0.40 |58.08 |[0.421|0.299 |n/a 150 | nfa
12 12 174 |56.94 |53.00 1.00 |0.79 |2.22 [0.08 |58.08 |0.204 (194 |57.85 58.48 | 063 |052 |3.34 |047 |58.65 |[0.389 |0.297 [0.576 (0.50 | 0.09
13 12 1.46 [57.85 58.69 0.84 |0.70 |2.07 |0.07 |58.75 |[0.137 |344 | 5947 5998 |0.51* (040 |3.60 10.20 |60.18 [0.527 | 0.332 |nfa 050 | n/a
14 12 0.7¢ | 58.47 |60.17 0.70 |0.58 |1.36 [0.03 [60.20 |0.061|197 |59.86 60.36 | 0.50 (039 |2.02 |006 |60.42 |0.170 |0.116|0.228 |1.00 | 0.06
15 18 5.42 | 56.75 57.93 1.18 |1.49 |3.63 |0.20 |58.14 |0.245 |50 §7.25 58.14] [ 0.89**(1.00 |4.97 |0.38 |58.52 |[0.523 |0.384 |nfa 1.00 | n/a

Project File: Kane Brook System with swale.stm Number of lines: 15 Run Date: 07-16-2010

Notes: * Nommal depth assumed.; ** Critical depth.; ]-Line contains hyd. jump. ; ¢ =cir e =ellip b =box

Hydraflow Slorm Sewers 2008 v12.01
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AMTRAK ACCESS ROAD SYSTEM 5 AREAS BETWEEN 927+00 AND937+37

Station 930+90
Due to the presence of the Laurel Street Bridge Abutment, it is not possible to continue the open swale
beneath the bridge. For this reason, the flow line is to be conveyed through the bridge crossing with a suh-
surface drainage system. This system employs two mid-line inlets; however these inlets don’t appear to
have much area contributing to them. Therefore, the contributing area to the system was taken as the total
area contributing to a point immediately downstream of the last inlet. These flows were then computed for
the system as a whole.
The area contributing to this system is 0.88 acres which generates a total of 1.72-cfs. The starting water
surface elevation for the system design was taken as normal depth in the receiving swale for Qygo-
Station 933+50 - Contributing area to this section is approximately 1.9 acres generating 3.7-cfs of flow. For
a slope of 0.14% and the typical project swale geometry, a single section hydraulic analysis returned a water
surface elevation of 50.32 feet, which is to be used for the evaluation of the upstream drainage system.

Station 937+50
This station falls at the limits of construction. At this point flow has been concentrated and conveyed
through an open and closed drainage system. From the limits of construction, the only suitable outlet for
the access road system is into a catch basin servicing the Aetna parking lot. Currently there is no structure
information on this receiving system so conservative assumptions for the candition of the outlet have been
formed.
The outlet pipe from station 937+50 is proposed to have a 0.5% slope, with the understanding that the
capacity of the pipe will increase if the slope increases. We are also proposing to match the existing invert
or provide the Access Road outlet pipe with no fess than 2’ of cover.
The area contributing to the project outlet pipe is 1.62 acres, which generates a flow rate of 3.16-cfs for the
100-year event. The starting water surface elevation was set at the crown of the outlet pipe to mcdel a
submerged outlet (worst case scenario). The resulting headwater of the system was calculated at 50.06
feet, providing a freeboard of 2.11 feet to the roadway elevation.
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H Page 1
Storm Sewer Tabulation
Station Len | Drng Area | Rnoff Areax C Te Rain | Total | Cap | Vet Pipe Invert Elev HGL Elev Grnd / Rim Elev Line ID
. coeff ()] fiow | full
Line | To Incr | Total Incr | Total | infet | Syst Size | Slope Dn Flp Dn Up Dn Up
Line
() (ac) | fac) | (C) (min) | (min) [{inthr) | (cfs) | (cfs) |(ft's}) | (in) | (%) () (ft) () (f) () ()
1 End | 111 [0.00 |0.00 0.00 |0.00 |0.00 0.0 0.6 0.0 1.72 1.43 | 2.26 12 0.16 | 48.41 49.59 50.32 50.55 0.00 0.00
2 1 85 (0.00 [0.00 0.00 {0.00 |0.00 0.0 0.1 0.0 1.72 1.34 | 2.19 12 0.14 149,59 49.71 50.59 50.79 0.00 0.00
3 2 24 0.00 |0.00 0.00 [0.00 |0.00 0.0 0.0 0.0 1.72 1.26 | 2.19 12 0.13 | 48.71 49.74 50.83 50.88 0.00 Q.00
Project File: New.stm Number of lines: 3 Run Date: 08-25-2009
L_NOTES: Intensity = 106.59 / {Inlet tme + 17.00) * 0.85; Return period = 100 Yrs. ; Total fiows limited to Inlet captured flows. ; ¢=cir e =ellip b= box

Hydraflow Storm Sewers 2008 v12.01
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Hydraulic Grade Line Computations

Line Size Q Downstream Len Upstream Check JL | Minor
coeff | loss

invert HGL | Depth| Area | Vel Vel EGL Sf Invert HGL | Depth| Area | Vel Vel EGL Sf Ave | Enrgy

elev elev head elev elev elev head elev Sf loss
(in) | {cfs) (ft) (ft) (ft) | (saft) | (ft/s) | {f) (ft) (%) (ft) (ft) (ft) (fty | (sqft) | (ft/s) | (#t) (ft} (7o) (%) | (fY) (K} (ft)
1 12 1.72 | 49.41 50.32 0.81 |0.75 (229 [0.08 |50.40 0.204 | 111 49.59 50.55 | 0.96 [0.78 |2.22 |0.08 |50.63 0.203 | 0.204 [ 30.226 | 0.50 0.04
2 12 1.72 | 49.59 50.59 1.00* |0.78 | 219 |0.07 |50.66 0.233 | 85 48,71 50.79 1.00 |0.79 |2.19 |0.07 |50.86 0.233 | 0.233 | 0.198 | 0.54 0.04
3 12 1.72 | 49.71 50.83 100 |0.79 |2.19 |0.07 |50.90 0.233 | 24 49.74 50.88 1.00 10.79 |2.19 |0.07 |50.96 0.233 | 0.233 | 0.056 | 1.00 0.07

Project File: New.stm

Number of lines: 3

Run Date: 08-25-2009

Notes: * Normal depth assumed. ;

c=cir e=ellip b=box

Hydraflow Storm Sewers 2608 v12.01
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Storm Sewer Tabulation Page 1

Station Len | Drng Asea | Rnoff Areax C Te Rain | Total | Cap | Vel Pipe Invert Elev HGL Elev Grnd / Rim Elev Line 1D
coeff Iy | flow | full
Line | To Incr Totaﬂ Incr | Total | Inlet | Syst Size | Slope| Dn Up Dn N Up Dn Up
Line
(f) (ac) | (ac) | (C) (min} | (min) |(in/hr) | (cfs} | (efs) |(fUs) | (in) | (%) {ft) {ft) (ft) {ft} 03] ]

1 End | 181 |0.00 |0.00 | 0.00 [0.00 [0.00 |00 0.0 0.0 3.16 2,74 | 4.02 12 0.50 | 47.85 48.76 48.85 50.06 0.00 0.00

] B

ﬁroject File: New.stm

Number of lines: 1 Run Date: 08-26-2008

NQTES: Intensity = 106.59 / (Inlet time + 17.00) » 0.85; Retumn period = 100 Yrs. ; Total flows limited to inlet captured flows. ; ¢=cir = ellip b =box J

Hydraflow Storm Sewers 2008 v12.01
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Hydraulic Grade Line Computations ’
Line Size Q Downstream Len Upstream Check JL | Minor
I—— » - coeff | loss
Invert HGL | Depth| Area | Vel Vel EGL Sf Invert HGL | Depth| Area | Vel .| Vel EGL Sf Ave | Enrgy
) elev elev head | elev elev elev head elev Sf loss
(in} | (cfs) (ft) (ft) (ft) | (saft) | (fis) | (%) () (%) {ft) (ft) {ft) () |(saft) | (fus} | (/) () (%) (%) | (Y (K) (5t
1 12 3.16 | 47.85 48.85 1.00 | 0.79 402 [0.25 [49.10 0.671 | 181 48.76 50.06 100 {079 (402 |0.25 |50.32 0.671 | 0.671 { 1.215 | 1.00 0.25
| J J N I T R [
Number of lines: 1 Run Date: 08-26-2009
Hydraflow Storm Sewers 2008 v12.01

; c=cir e=ellip b =box

Froject File: New.stm




TRACK DRAINAGE OUTLET 5 AREAS BETWEEN STATION 907+00 (BASELINE
FOR 093-H052) AND STATION SM 52450 (BASELINE FOR 063-H157) /
483+00 (BASELINEFOR 063-H137)

The engineered track drainage swale that was requested by Amtrak as part of the Access Road Design (093-
H052) and the Track Relocation Design (063-H157) as defined in the stationing, overlaps adjacent project
limits. As such, various sources of design data were used to design the swale servicing the area between
the Amtrak Tracks to the right of the baseline {east) and the barrier curb to the left of the baseline {west).

To determine contributing areas for the swale computations at required design points, the average end
area method as has been used throughout this design report was employed. Sections used for the portion
of swale designed under the Access Road Relocation Project (093-H052) fall between 898+50 and 937450
(limit of project). Continuing, the cross sections developed for the design of the Busway (along baseline
alignment for 063-H137) continue the swale drainage between station 450+50 to 483+00. The low point of
this swale is at station 476+50, just east of Broad Street. It is proposed to tie in to the Busway drainage
system being designed under contract 063-H137. The outfall for the Busway drainage system is a 48" pipe
that conveys collected stormwater to Qutfall Gate 8 of the Park River Conduit as documented in the 90%
Drainage Report prepared for 063-H137 (Lochner, June 2009). The following subsections define the
designed drainage for the referenced area to the outlet and narrate computations used to verify the design.

Prior to documenting drainage design, it should be mentioned that there is a small stretch of area between
Hamilton Street and the Park Street Bridge (stations 893+50 and 904+50, respectively) with a high point
between the two crossings at station 898+50. The contributing flows (Qiq0) for these two adjacent areas
were computed to be 0.5-cfs at Hamilton Street and 0.7-cfs at the Park Street Bridge. For this limited
amount of design flow, it does not seem prudent to concentrate in a defined drainage swale and determine
a suitable outlet within this urban area. it is recommended to remove the swale from the design plans and
allow the flows to sheet with the natural contours of the area.

Station 922+50
At station 924400, the tracks are carried by a bridge over Capitol Avenue. Due to this crossing, an outlet for
the concentrated swale flows was required prior to approaching the bridge. At station 22+50, aninletis
proposed to capture the flows generated and convey those flows to an infield area within the 1-84 highway
lines. The contributing area to this inlet is 0.77 acres which, with the global design parameters used for this
project, would generate 1.50-cfs of flow for the 100-year event. This is an intermediate outlet for this
segment of track swale drainage design (has been referenced as discharge point 5A).

Station 929+50
At station 929+50, due to the proximity of the Busway to the active tracks, it was necessary to elevate the
swale flow line as was done in other similar locations throughout the project. As such, to ensure that there

are na areas of unnecessary ponding, a 6” pipe has been proposed to carry the flow line of the “normal”
swale beneath the “elevated” swale.

For this analysis, 0.35-cfs of runoff (Qiq0) was computed from a contributing area of 0.18 acres approaching
the inlet of the proposed 6” pipe and elevated swale. At section 933450 (receiving section of the “normal”
swale) a channel rating curve was developed to be used as the starting tailwater rating curve for the culvert

18



analysis. Downstream of this pipe exit section, there is a mild high point in the swale with an elevation 0.17’
greater than the outlet of the propesed PVC pipe. In order to reflect this in the tailwater rating curve, 0.17
feet was added to the computed elevations of the exit section’s rating curve to represent the “ponded”
portion of the channel {due to this mild high point). With this adjusted tailwater rating curve, the capacity
of the pipe at the design flow event is 0.31-cfs; the remaining 1.98-cfs contributes to the flows conveyed hy
the elevated swale, At the end of the elevated swale {section 933+00) the total runoff computed — with the
overtopping of the culvert crossing —is 2.1-cfs. Freeboard from the water surface in the elevated swale was
computed as 1.33 feet (CWSEL=52.09", Track elevation 53.42’). As a final check of the capacity of the

normal swale, the computed water surface elevation at 933+50 is 51.1’, the track elevation is 53.4' resulting
ina freeboard of 2.3 feet.

Station 937+50

Station 937450 represents the limit of project 093-H052. At this point, the contribution of runoff in form
CxA is 0.15 (0.50 acres).

The following portions of this report section are in reference to section geometry
as provided by the design engineer for Project No. 063-H157. Section geometry
used for the swale design comes from sections generated under Project No. 063-
H137 (Busway) and Project No. 063-H157 (Track Relocation).

Designations for the baselines are as follows: Busway Sections - 4xx+xx,
Track Relocation Sections =» SMxx+xx

Station 450+50
At station 450450, it was necessary to elevate the swale due to the proximity of the Busway to the active
tracks as has been done at various locations throughout the project. As such, to ensure drainage following
a flood event, a 6” diameter pipe has been designed to carry the flow line of the “normal” swale under the
“elevated” swale, For this analysis, 0.98-cfs of runoff (Q.q) was computed from a drainage area of 0.5 acres
approaching the inlet of the proposed 6” pipe and elevated swale. At section 455+50 {receiving section of
the “normal” swale) a channel rating curve was developed to be used as the starting tailwater rating curve
for the culvert analysis. At the end of the elevated swale {section 455+50) the total runoff computed — with
the overtopping of the culvert crossing ~ is 1.23-cfs as determined from a contributing area of 0.63 acres.
Using this tailwater rating curve, a culvert analysis was performed on the 6” proposed pipe. The results of
the culvert analysis indicate that at the design flow for a 100-year event, the headwater elevation would be
51.22 feet, with .63-cfs overtopping and being conveyed downstream by the “elevated” swale. The track
elevation at this section is 53.51 feet, resulting in a freeboard of 2.29 feet to the tracks.

Station 464+50
At station 464450, again due to the proximity of the Busway to the tracks, an “elevated” swale was
required. Similar to other areas along this project, a 6” pipe is provided to ensure drainage upon recession

of the design event. At the inlet of the proposed 6” culvert, a drainage area of 0.91 acres generates 1.77-cfs
of flow. At section 474+00 (receiving section of the “normal” swale) a channel rating curve was developed
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based on the swale geometry and the flows contributing to the receiving section. For the 100-year event,
2.34-cfs of flow is computed from the 1.20 acres contributing the runoff. This rating curve was then applied
as the starting tailwater rating curve of the culvert analysis at station 464+50. The design flow at the inlet is
1.77-cfs as computed from the contributing area of 0.91 acres. Results of the analysis indicate that the
culvert conveys 0.34-cfs with the remaining 1.43-cfs being conveyed by the “elevated” swale. The
maximum computed headwater elevation is 48.55 feet. At that same section, the track elevation is 50.71
feet which provides a freeboard of 2.16 feet to the tracks.

Station 476+75 - Outlet
This section is a low point in the profile of the tracks, Busway and subject drainage swale. Due to the urban
nature of this area, there are very limited locations for discharge of stormwater runoff. For this reason, the
subject drainage swale will connect to the adjacent Busway drainage system via an inlet and 12” pipe to the
catch basin at Busway station 476450. Correspondence with the Busway line designer gives, at the point of

the proposed system tie in, the CxA contributing from the Busway is 0.332 with a system time of 6.4
minutes.

In order to verify that the contribution of the track drainage swale to the Busway drainage system will not
impose an adverse burden on the Busway system, the time of concentration of flows from the limits of the
track drainage swale was calculated in an attempt to demonstrate that the Busway system would peak and
recede prior to the full contribution of the track swale drainage area. This was accomplished by
determining the flow velocity at representative sections along the swale, and with the distances associated
for the swale segments, the travel time for a unit of water could be defined. A representative section along
the swale segment from access road stations 926+00 to 937+00 had an average flow velocity of 0.41 fps.
For this 1150 foot section of swale, that equates to a travel time of 47 minutes. Then again from station
450+50 to 476+50, a representative section reveals that the design flow velocity is 1.1 fps. For that 2600
foot segment, the travel time was computed as 39 minutes. The two representative swale reaches, when
summed for the total time of concentration, indicate a system time of 86 minutes {1.4 hours)’.

From the IDF curves published in the ConnDOT Drainage Manual (§ 6.B-1), an area with a system time of 86
minutes would have an associated 100-year rainfall rate of 2.2 "/, Using this design rainfall intensity with
the 1.63 acres contributing stormwater runoff results in a design flow of 1.1-cfs of flow at station 476+75,
In comparison, the Busway system is designed for a 10-year flow of 1.93-cfs as determined from 0.332 CA
and 5.8 "/, for a time of concentration of 6.4-cfs. In summary of this paragraph, the Busway system 1s
adequate for the 100-year design flow contributed from the track swale if the flows from the Busway
contributing areas were neglected.

Continuing on, the total flow from both the track drainage system and the Busway system downstream of
the proposed tie in would be (0.332gusway) + 0-48%track swale)) X 2.2"”/r1r = 1.81-cfs; 0.12-cfs less than the 10-
year flow imposed on the design of the Busway system.

Far further verification on the capacity of the system, a hydrograph analysis was performed for each of the
systems and then added to verify the flows in relation to the timing of the flood events. This was also done

? Note is made that this travel time computation method did not employ any detention time routing that would result
from the ponding of flows upstream from the 6” pipes under the “elevated” swale segments. True travel time would
likely be slightly longer resulting in a lower design rainfall rate.
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because it was expected that the peak flow for the Busway system would likely be higher than the peak
flow when both systems were contributing. To generate the hydrographs using the rational method, the CA
from each system3 was used in conjunction with the respective times of concentration. The ascending and
receding limhs were set equal to the time of concentration as recommended by HDS 2 (§ 6.4.2). The
resulting hydrographs were then added to determine the true peak flow WRT time for the flooding period.
This was completed for the 10-year, 25-year and the 100-year flow rates to satisfy the design requirements
and check storms for each of the systems. The following image is the resultant hydrograph downstream
from the junction at the 100-year design event.

Baker tie to Lochner

Q [efs} Hyd No. 3100 s Q (cfs)
300 300
200 200

1.00

= A\N 1.00
0.00 0.00
0 20 40 B0 80 100 120 140 180 180

.
— HydNo.3 — HydNo.1 — HydNo.2 e {min]

Figure 1 — Flow hydrograph for 100-year event downstream of the tie-in with Busway system

This analysis shows that the Busway system peaks and recedes 74 minutes prior to the peak of the
track swale system. During that time a small volume of rainfall from the swale contributes to the
flow in the Busway system, increasing the 100-year peak flow from 2.49-cfs to 2.56-cfs. For
reference, the system full flow capacity that was designed for the Busway is 2.52-cfs. [t is not
expected that 0.04-cfs will cause an adverse impact to the hydraulic grade line for the 100-year
event. Further, at the time that the track swale system peaks, the flow is computed as 1.03-cfs,
well within the capacity of the receiving system.

In conclusion, due to the timings and flow rates of each of these systems, and the inherent

capacity of the Busway system, tying-in to the Busway system will not cause any adverse impacts
to either drainage systems.

Computations associated with the design of the track swale and tie in to the Busway system are
included as part of this report section.

* Note that correspondence with the Busway line designer gave the CA directly. For the Hydraflow Program, an area
and a runoff coefficient are input individually. The C for the Busway system was assumed as 0.5 to compute an area of

0.664 acres. The individual coefficient and area are not important to the results of the computation; the resulting CxA
is what must be accurate.
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Project Data
Project Title:

Designer:

Hydraulic Analysis Report
Station 933+50

Project Date: Tuesday, February 02, 2010

Project Units:

Notes:

U.S. Customary Units

Channel Analysis: Swale at 933+50

Notes:

Parameters

Channel Type:

Custom Cross Section

Flow: 0.6240 (cfs)

Depth; 0.6534 (ft)

Mannings 0.0600

Longitudinal Slope: 0.0010 (ft/ft)

Area of Flow: 1.5073 (fi*2)

Wetted Perimeter: 3.9221 (ft)

Average Velocity: 0.4140 (ft/s)

Top Width: 3.6136 (ft)

Froude Number: 0.1130

Critical Depth: 0.1995 (ft)

Critical Velocity: 2.2361 (fi/s)

Criticat Slope: 0.1046 (ft/ft)

Critical Top Width: 1.7979 (ft)

Calculated Max Shear Stress: 0.0408 (Ib/ft"2)
Calculated Avg Shear Stress: 0.0240 (Ib/ft"2)

Cross Section Data

Station (ft) Elevation (ft) Mannings
26.81 54.80 0.0600
27.56 51.00 0.0600
28.67 50.90 0.0600
30.67 49.90 0.0600
31.67 49.90 0.0600
33.67 50.90 0.0600
35.67 50.90 0.0600
38.83 52.70 —




Cross Section
Station 933+50




Flow vs. Depth

Station 933+50
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HY-8 Culvert Analysis Report
Proposed Pipe at Station 929+50

Table 1 - Summary of Culvert Flows at Crossing: Pipe at 929+00

Headwat(efrt)EIevanon Total Discharge (cfs) Culvert SCEI)SCharge Roadwa(yé f1:;;scharge Herations —,
50.72 0.00 0.00 0.00 1
51.72 0.03 0.03 0.00 9
51.76 0.07 0.03 0.04 7
51.78 0.10 0.03 0.07 5
51.80 0.14 0.03 0.1 4
51.81 0.17 0.03 0.13 3
51.83 0.21 0.03 0.17 3
51.84 0.24 0.03 0.21 3
51.85 0.28 0.03 0.24 2
51.86 0.31 0.03 0.28 3
51.87 0.35 0.03 0.31 2
51.72 0.03 0.03 0.00 Overtopping

Rating Curve Plot for Crossing: Pipe at 929+00

Total Rating Curve

Crossing: Pipe at 929+00

Headwater Elevation (ft)
(o]
o
1

1 o1 %) n

o iy N N

<0 o ) ~
| ! I I

0.1

02
Total Discharge (cfs)




Table 2 - Culvert Summary Table: Culvert 1

o2 | oo e | S o | e | onn | ou | romma | (S0 | e
(cfs) (cfs) () Oepth (f) ype epth (ft) Depth (ft) Depth (ft) Depth (ft) (f/s) (fs)
0.00 0.00 50.72 0.000 0.0* 0-NF 0.000 0.000 0.000 0.000 0.000 0.060
003 0.03 51.72 1.002 0.141 3-Mit 0.114 0.088 0.142 0.202 0.797 0.000
0.07 0.03 51.76 1.036 0.141 3-M1t 0.114 0.088 0.233 0.293 0.385 0.000
0.10 0.03 51.78 1.057 0.141 3I-M1t 0.114 0.088 0.301 0.381 0.278 0.000
0.14 0.03 51.80 1.075 0.141 3-M1t 0.114 0.088 0.358 0.418 0.229 0.000
017 0.03 51.81 1.089 0.141 3-M1t 0.115 0.088 0.407 0.467 0.201 0.000
0.21 0.03 51.83 1.105 0.142 3-M1t 0.115 0.088 0.451 0.511 0.185 0.000
0.24 0.03 51.84 1.118 0.142 3-M1t 0.115 0.088 0.491 0.551 0172 0.000
0.28 0.03 51.85 1.130 0.142 3-mf 0.115 0.088 0.500 0.588 0.176 0.000
0.31 0.03 51.86 1.143 0.142 3-M1f 0.115 0.088 0.500 0.622 0177 0.000

t: 0.35 0.03 51.87 1.155 0.142 3-mif 0.115 0.088 0.500 0.653 0.177 0.000

* theoretical depth is impractical.

Depth reported is corrected.

Inlet Elevation (invert): 50.72 ft,

Culvert Length: 400.00 ft,

Culvert Slope: 0.001%

QOutlet Elevation {invert): 49.96 ft

Culvert Performance Curve Plot: Culvert 1

Pel'fOI*HlallCe ClllVG
Cubvert: Cubvert 1

Inlet Control Eley

Outlet Control Eley
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Total Discharge (cfs)




Water Surface Profile Plot for Culvert: Culvert 1

Crossmg - Pipe at 929+00, Design Discharge - 0.2 ¢fs
Culvert - Culvert 1, Culvert Discharge - 0.0 cfs

s

Elevation (ft)
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Station (ft)

Site Data - Culvert 1
Site Data Option: Culvert Invert Data
[nlet Station: 0.00 ft
Inlet Elevation; 50.72 ft
Qutlet Station: 400.00 ft
Qutlet Elevation: 49.96 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barre! Shape: Circutar
Barrel Diameter:  0.50 ft
Barrel Material: PVC
Embedment: 0.00 in
Barrel Manning's n: 0.0110
Inlet Type: Conventional
Inlet Edge Condition: Square Edge with Headwall

Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve (Crossing: Pipe at 929+00)

Flow (cfs) Water Surface Elev (ft) Depth (ft)
0.00 49.90 0.00
0.03 50.10 0.20
0.07 50.19 0.29
0.10 50.26 0.36
0.14 50.32 0.42
0.17 50.37 0.47
0.21 50.41 0.51
0.24 50.45 0.55
0.28 50.49 0.59
0.31 50.52 0.62
0.35 50.55 0.65

Tailwater Channel Data - Pipe at 929+00

Tailwater Channel Option: Enter Rating Curve

Roadway Data for Crossing: Pipe at 929+00

Roadway Profile Shape: Constant Roadway Elevation

Crest Length: 2.00 ft

Crest Elevation: 51.721t
Roadway Surface: Gravel
Roadway Top Width: 300.00 ft




Project Data
Project Title:

Designer:

Hydraulic Analysis Report

Project Date: Tuesday, February 02, 2010

Project Units:
Notes:

U.S. Customary Units

Channel Analysis: Swale at 933+00

Notes:

Parameters
Channel Type:

Custom Cross Section

Flow: 0.5850 (cfs)

Depth: 0.5211 (ft)

Mannings 0.0600

Longitudinal Slope: 0.0012 (ft/ft)

Area of Flow: 1.3715 {ft*2)

Wetted Perimeter: 3.9124 (it)

Average Velocity: 0.4265 (ft/s)

Top Width: 3.6642 (ft)

Froude Number: 0.1229

Critical Depth: 0.1506 (ft)

Critical Velocity: 2.0469 (ft/s)

Critical Slope: 0.1081 (ft/ft)

Crifical Top Width: 2.1964 (ft)

Calculated Max Shear Stress: 0.0390 (Ib/ft"2)
Calculated Avg Shear Stress: 0.0262 (Ib/ft"2)

Cross Section Data

Station (ft) Elevation (ft) Mannings
29.40 53.70 0.0600
34.50 51.10 0.06800
36.10 51.10 0.0600
39.30 52.70 -——
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HY-8 Culvert Analysis Report
6" pipe at station 450+50

Headwat((afrt)Elevatlon Total Discharge (cfs) Culvert (‘ICfZJ)scharge Roadwa()é%scharge terations
49.73 0.00 0.00 0.00 1
49.98 0.10 0.10 0.00 1
50.11 0.20 0.20 0.00 1
50.27 0.29 0.29 0.00 1
51.16 0.39 0.37 0.02 68
51.17 0.49 0.37 0.12 5
51.18 0.59 0.36 0.22 4
51.19 0.69 0.36 0.32 3
51.20 0.78 0.36 0.42 3
51.21 0.88 0.35 0.53 3
51.22 0.98 0.35 0.63 3
51.15 0.37 0.37 0.00 Overtopping

Table 1 - Summary of Culvert Flows at Crossing: 450+50

Rating Curve Plot for Crossing: 450+50

Total Rating Curve

Crossmg: 450+50
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert Headwater Qutlet - . Outlet Tailwater
. : N Inlet Control Flow Normal Critical Outlet Tailwater : )
Discharge | Discharge Elevation Control Velocity Velocity
(cfe) (cfs) () Depth (ft) Depth (f) Type Depth (&) Depth (ft) Depth (ft) Depth (ft) (fi's) (fs)
0.00 0.00 49.73 0.000 0.0* 0-NF 0.000 0.000 0.000 0.000 0.000 0.000
0.10 0.10 49 98 0.219 0.253 3-M1t 0.213 0.154 0.255 0.255 0.973 0.000
0.20 0.20 50.11 0.324 0.381 3-M1t 0.326 0.220 0.366 0.366 1.273 0.000
0.28 0.29 50.27 0.411 0.545 3-M2t 0.500 0.273 0.449 0.449 1.582 0.000
0.39 0.37 51.16 0.485 1.427 4-FFf 0.500 0.310 0.500 0.577 1.901 0.000
0.49 0.37 5117 0.480 1.443 4-FFf 0.500 0.308 0.500 0.575 1.877 0.000
0.59 0.36 51.18 0.476 1.456 4-FFf 0.500 0.306 0.500 0.627 1.854 C.000
0.69 0.36 51.1¢9 0.472 1.467 4-FFf 0.500 0.304 0.500 0.675 1.832 0.00G
0.78 0.38 51.20 0.468 1.478 4-FFf 0.500 0.303 0.500 0.718 1.813 0.000
0.88 0.35 51.21 0.465 1.488 4-FFf 0.500 0.301 0.500 0.758 1.795 0.000
0,98 0.35 51.22 0.462 1.497 4-FFf 0.500 0.300 0.500 0.786 1.778 0.000
* theoretical depth is impractical. Depth reported is corrected.
Inlet Elevation (invert) 49.73ft,  Outlet Elevation {invert): 48.97 ft
Culvert Length: 500.00 ft,  Culvert Slope: 0.0015
Culvert Performance Curve Plot: Culvert 1
Performance Curve
Culvert: Culvert 1
Inlet Control Elev QOutlet Control Elev
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Water Surface Profile Plot for Culvert: Culvert 1

Crossig - 450450, Design Discharge - 1.0 cfs
Culvert - Culvert 1. Culvert Discharge - 0.3 efs
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Site Data - Culvert 1
Site Data Option: Culvert Invert Data
Inlet Station: 0.00 ft
Inlet Elevation: 49.73 ft
Outlet Station:  500.00 ft
Outlet Elevation: 48.97 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter: 0.50 ft
Barrel Material:  Smooth HDPE
Embedment: 0.00 in
Barrel Manning's n:  0.0110
Inlet Type: Conventional
Inlet Edge Condition: Mitered to Conform to Slope

Inlet Depressicn: None



Table 3 - Downstream Channel Rating Curve (Crossing: 450+50)

Flow (cfs) Water Surface Elev (ft) Depth (ft)
0.00 48.97 0.00
0.10 49.23 0.26
0.20 49.34 0.37
0.29 49.42 0.45
0.39 49.49 0.52
0.49 49.55 0.58
0.59 49.60 0.63
0.69 49.65 0.68
0.78 49.69 0.72
0.88 49.73 0.76
0.98 49.77 0.80

Tailwater Channel Data - 450+50

Tailwater Channel Option: Enter Rating Curve

Roadway Data for Crossing: 450+50
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 15.00 ft
Crest Elevation: 51.15 ft
Roadway Surface: Gravel
Roadway Top Width: 400.00 ft




Hydraulic Analysis Report

Project Data

Project Title:

Designer:

Project Date: Friday, May 07, 2010
Project Units:  U.S. Customary Units
Notes:

Channel Analysis: station 455+50

Notes:

Parameters

Channel Type: Custom Cross Section

Flow: 1.2300 {cfs)

Depth; 0.7959 (ft)

Mannings 0.0600

Longitudinal Slope: 0.0016 (ft/ft)

Area of Flow: 2.1074 (ft*2)

Wetted Perimeter: 4.6599 (ft)

Average Velocity: 0.5837 (ft/s)

Top Width: 4.2955 (ft)

Froude Number: 0.1469

Critical Depth: 0.2927 (ft)

Critical Velocity: 2.6161 (it/s)

Critical Slope: 0.0951 (ft/ft)

Critical Top Width: 2.2121 (ft)

Calculated Max Shear Stress: 0.0795 (Ib/ft*2)
Calculated Avg Shear Stress: 0.0452 (Ib/fth2)

Cross Section Data

Station (ft) Elevation (ft) Mannings
17.70 57.10 0.0600
17.90 50.30 0.0600
20.70 48.97 0.0600
21.70 48.97 0.0600
24.00 50.10 0.0600
26.00 50.30 0.0600
29.19 51.90 -




Cross Section
Station 455+50
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Flow vs. Depth

Station 455+50
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HY-8 Culvert Analysis Rep‘ort
6” Pipe at station 464+50

Table 1 - Summary of Culvert Flows at Crossing: 464+50

Headwato(af;)Elevatlon Total Discharge (cfs) Culvert (10f2|)scharge Roadwa(yé 1E:)scharge lterations
47.20 0.00 0.00 0.00 1
47.56 0.18 0.18 0.00 1
48.42 0.35 0.35 0.00 187
48.45 0.53 0.35 0.18 6
48.47 0.71 0.35 0.36 4
48.49 0.89 0.34 0.54 4
48.50 1.06 0.34 0.72 3
48,52 1.24 0.34 0.90 3
48.53 1.42 0.34 1.08 3
48.54 1.59 0.34 1.24 2
48.55 1.77 0.34 1.43 3
48.42 0.35 0.35 0.00 Overtopping

Rating Curve Plot for Crossing: 464+50

Total Rating Curve

Crossing: 464+50
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Table 2 - Culvert Summary Table: Culvert 1

Total Culvert | Headwater | |\ oo | OUuftet 1 g0 | Nomnai Critical Outiet | Taiwater | Oulet | Taiwater

Dus(ccr;:)rge D's(ccf;:)rge E'e‘(’;)m” Depth (R) D‘;g;‘;"("',[) Type | Depth(f) | Depth () | Depth(f) | Depth () fo',c‘;;'“’ Vf;l‘}:)“y
0.00 0.00 47.20 0.000 0.0° O-NF | 0.000 0.000 0.000 0.000 0.000 0.000
0.18 018 4756 0.306 0361 | 3M2t | 0285 0.209 0.211 0.211 2248 0.000
035 035 48.42 0.459 1236 | 7M2t | 0500 0.208 0.311 0311 2,695 0.000
0.53 035 48.45 0.460 1281 | 7-M2t | 0500 0.299 0.388 0,388 2125 0.000
0.71 0.35 3847 0.458 1204 | 7mzt | 0500 0298 0452 0.452 1.850 0.000
0.69 0.34 26.49 0.456 1368 | 4FFf | 0.500 0.207 0.500 0.508 1747 0.000
106 0.34 48.50 0.454 1388 | 4FFf | 0500 0.29% 0.500 0.558 1737 0.000
124 0.34 48.52 0.452 1405 | 4FFf | 0500 0.295 0.500 0.604 1.728 0.000
142 0.34 4853 0.451 Taza | 4FFf | 0500 0.204 0.500 0.646 1720 0.000
150 0.34 4854 0449 . | 144z | 4FFf | 0500 0.293 0.500 0.686 1712 0.000
177 0.34 4655 0.448 1461 | 4FFf | 0500 0.293 0.500 0.723 1.706 0.000

* theoretical depth is impractical.

Depth reported is corrected.

Inlet Elevation (invert): 47.20 ft,

Culvert Length: 950.00 ft,

Culvert Slope: 0.0018

Cutlet Elevation {invert): 45.45 ft

Culvert Performance Curve Plot: Culvert 1

Performance Curve
Culvert: Cubvert 1

Inlet Control Elev

Cutlet Control Elev
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Water Surface Profile Plot for Culvert: Culvert 1

Crossmg - 464450, Design Discharge - 1.8 cfs
Culvert - Culvert 1, Culvert Discharge - 0.3 efs

485

48.0

€47.5—

Elevation

N I
& !
o o
| |

-200 0 200 400 600 800 1000 1200
Station (ft)

Site Data - Culvert 1
Site Data Option; Culvert Invert Data
Inlet Station:  0.00 ft
inlet Elevation: 47.20 ft
Qutlet Station:  950.00 ft
Outlet Elevation: 45.45 ft

Number of Barrels: 1

Culvert Data Summary - Culvert 1
Barrel Shape: Circular
Barrel Diameter: 0.50 ft
Barrel Material:  Smooth HDPE
Embedment. 0.00in

Barrel Manning's n:  0.0110
Inlet Type: Conventional
Inlet Edge Condition: Mitered to Conform to Slope

Inlet Depression: None
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Table 3 - Downstream Channel Rating Curve (Crossing: 464+50)

Flow {cfs) Water Surface Elev (ft) Depth (ft)
0.00 45.45 0.00
0.18 45.66 0.21
0.35 45.76 0.31
0.53 45.84 0.39
0.71 45,90 0.45
0.89 45.96 0.51
1.06 46.01 0.56
1.24 46.05 0.80
1.42 46.10 0.65
1.59 46.14 0.69
1.77 46.17 0.72

Tailwater Channel Data - 464+50

Tailwater Channel Option: Enter Rating Curve

Roadway Data for Crossing: 464+50
Roadway Profile Shape: Constant Roadway Elevation
Crest Length: 12.00 ft
Crest Elevation: 48.42 ft
Roadway Surface: Gravel
Roadway Top Width: 850.00 ft
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Project Data
Project Title:
Designer:
Project Date:
Project Units:
Notes:

Hydraulic Analysis Report

Friday, May 07, 2010
U.S. Customary Units

Channel Analysis: station 474+00

Notes:

Parameters

Channel Type:

Custom Cross Section

Flow: 2.3400 (cfs)

Depth: 0.7227 (ft)

Mannings 0.0600

Longitudinal Slope: 0.0054 (ft/ft)

Area of Flow: 2.1743 (ft*2)

Wetted Perimeter: 4.7818 (ft)

Average Velocity: 1.0762 (ft/s)

Top Width: 4.4369 (ft)

Froude Number: 0.2709

Critical Depth: 0.3503 (ft)

Critical Velocity: 2.9402 (ft/s)

Critical Slope: 0.0875 (ft/ft)

Critical Top Width: 2.9645 (ft)

Calculated Max Shear Stress: 0.2435 (Ib/ft"2)
Calculated Avg Shear Stress: 0.1532 (Ib/tr2)

Cross Section Data

Station (ft) Elevation (ft) Mannings
15.70 50.05 0.0600
16.10 47.36 0.0600
19.83 45.45 0.0600
21.41 45.45 0.0600
24.57 47.03 e
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Flow vs. Depth

Station 474+00

Flow {cfs)
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Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Tuesday, May 11 2010, 2:6 PM

Hyd. No. 1
Baker
Hydrograph type = Rational Peak discharge = 0.68 cfs
Storm frequency = 10 yrs Time interval = 1 min
Drainage area = 1.630 ac Runoff coeff. =03
Intensity = 1.401 in/hr Te by User = 86.00 min
IDF Curve = connecticut.IDF Asc/Rec limb fact = 1/1
Hydrograph Volume = 3,535 cuft
Baker
Q (cfs) Hyd. No. 1 - 10 Yr Q (cfs)
1.00 1.00
0.90 0.90
0.80 0.80
0.70 0.70
0.60 // /\\ 0.60
0.50 e \ 0.50
0.40 // ‘\ 0.40
0.30 // 'y 0.30
0.20 va \\ 0.20
0.10 // \ 0.10
0.00 - 0.00
0 20 40 60 80 100 120 140 160 180
Time (min)
—— Hyd No. 1



I Hydrograph Plot
} I Hydraflow Hydrographs by Intelisolve Tuesday, May 11 2010, 2:6 PM
! Hyd. No. 2
I lochner
Hydrograph type = Rational Peak discharge = 1.89 cfs
I Storm frequency = 10 yrs Time interval = 1 min
Drainage area = 0.664 ac Runoff coeff. = 0.5
Intensity = 5.702 in/br Tc by User = 6.00 min
l IDF Curve = connecticut.IDF Asc/Rec limb fact = 1/1
. Hydrograph Volume = 682 cuft
I lochner
Q (cfs) Hyd. No. 2 — 10 Yr Q (cfs)
l 2.00 2.00
I 1.00 1.00
l 0.00 0.00
0 5 10 15
Time (min)
I — Hyd No. 2




Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Hyd. No. 3

Baker tie to Lochner

Tuesday, May 112010, 2:6 PM

Hydrograph type = Combine Peak discharge = 1.94 cfs
Storm frequency = 10 yrs Time interval = 1 min
Inflow hyds. =1,2
Hydrograph Volume = 4,216 cuft
Baker tie to Lochner
Q (cfs) Hyd. No.3--10Yr Q (cfs)
2.00 2.00
1.00 1.00
0.00 0.00
0 20 40 60 80 100 120 140 160 180
Time {min)
—— Hyd No. 3 —— Hyd No. 1 — Hyd No. 2



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve Tuesday, May 11 2010, 2:6 PM
Hyd. No. 1
Baker
Hydrograph type = Rational Peak discharge = 0.79 cfs
Storm frequency = 25 yrs Time interval = 1 min
Drainage area = 1.630 ac Runoff coeff. =03
Intensity = 1.612 in/hr Tc by User = 86.00 min
IDF Curve = connecticut.|IDF Asc/Rec limb fact = 1/1
Hydrograph Volume = 4,067 cuft
Baker
Q(cfs) Hyd. No. 1 -- 25 Yr Q (cfs)
1.00 1.00
0.90 0.90
0.80 0.80
0.70 ///x 0.70
0.60 \\ 0.60
0.50 / N 0.50
0.40 \\ 0.40
0.30 // \ 0.30
0.20 7 \ 0.20
0.10 / \ 0.10
0.00 0.00
0 20 40 80 80 100 120 140 160 180
Time (min)
—— Hyd No. 1



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve

Tuesday, May 11 2010, 2.6 PM

Hyd. No. 2
lochner
Hydrograph type = Rational Peak discharge = 2.13cfs
Storm frequency = 25 yrs Time interval = 1 min
Drainage area = 0.664 ac Runoff coeff. =05
Intensity = 6.423 in/hr Tc by User = 6.00 min
IDF Curve = connecticut.IDF Asc/Rec limb fact = 1/1
Hydrograph Volume = 768 cuft
lochner
Q {cfs) Hyd. No. 2 — 25 Yr Q {cfs)
3.00 3.00
2.00 /\ 2.00
1.00 \ 1.00
0.00 0.00
0 5 10 15
Time (min)

—— Hyd No. 2

e



Hydrograph Plot

Hydraflow Hydrographs by Intelisclve

Hyd. No. 3

Baker tie to Lochner

Tuesday, May 11 2010, 2:6 PM

Hydrograph type = Combine Peak discharge = 2.19 cfs
Storm frequency = 25 yrs Time interval =1 min
Inflow hyds. =1,2
Hydrograph Volume = 4,835 cuft
Baker tie to Lochner
Q (cfs) Hyd. No. 3 - 25 Yr Q(cfs)
3.00 3.00
2.00 +— 2.00
1.00 1.00
\
L \
0.00 - 0.00
0 20 40 60 80 100 120 140 160 180
Time {min)
—— Hyd No. 3 —— Hyd No. 1 —— Hyd No. 2



Hydrograph Plot

Hydraflow Hydrographs by !ntelisolve Tuesday, May 11 2010, 2:6 PM

(

Hyd. No. 1
Baker
Hydrograph type = Rational Peak discharge = 1.03 cfs
Storm frequency = 100 yrs Time interval = 1 min
Drainage area = 1.630 ac Runoff coeff. = 0.3
Intensity = 2.111in/hr Tc by User = 86.00 min
IDF Curve = connecticut.|IDF Asc/Rec limb fact = 1/1
Hydrograph Volume = 5,326 cuft
Baker
Q (cfs) Hyd. No. 1 - 100 Yr @ (cfs)
2.00 2.00
1.00 //\\ 1.00
0.00 \ 0.00
4] 20 40 60 80 100 120 140 160 180
Time (min)

—— Hyd No. 1



Hydrograph Plot
I Hydraflow Hydrographs by Intelisolve Tuesday, May 11 2010, 2:6 PM
Hyd. No. 2
| I lochner
Hydrograph type = Rational Peak discharge = 2.49 cfs
I Storm frequency = 100 yrs Time interval = 1 min
Drainage area = 0.664 ac Runoff coeff. = 0.5
Intensity = 7.506 in/hr Tc by User = 6.00 min
I IDF Curve = connecticut.IDF Asc/Rec limb fact = 1/1
l Hydrograph Volume = 897 cuft
l lochner
Q (cfs) Hyd. No. 2 - 100 Yr Q (cfs)
l 3.00 3.00
2.00 - 2.00
' 1.00 - 1.00
. 0.00 0.00
0 5 10 15
Time (min)
I —— Hyd No. 2



Hydrograph Plot

Hydraflow Hydrographs by Intelisolve Tuesday, May 11 2010, 2:6 PM
Hyd. No. 3
Baker tie to Lochner
Hydrograph type = Combine Peak discharge = 2.56 cfs
Storm frequency = 100 yrs Time interval = 1 min
Inflow hyds. =1,2
Hydrograph Volume = 6,223 cuft
Baker tie to Lochner
Q(cfs) Hyd. No. 3 -- 100 Yr Q (cfs)
3.00 3.00
2.00 2.00
1.00 / 1.00
L/ \
0.00 0.00
0 20 40 60 80 100 120 140 160 180
Time (min)
—— Hyd No. 3 ——— Hyd No. 1 ——— Hyd No. 2



TRACK DRAINAGE OUTLET 6 AREAS BETWEEN
STATION SM 53+50 AND STATION SM 59+50
(BASELINE FOR 063-H157)

At the limits of the track relocation project, there is a track drainage swale engineered along the relocated
track to collect stormwater runoff. The location of this swale does not lend itself well to feasible outlet
points and as such, an infiltration trench has been designed to treat and manage the water. Discussion with
the lead design engineer for the Track Relocation Project indicates that the trench will be 2 feet deep and 2
feet wide, constructed beneath the swale. The objective for this design was to determine the minimum
length of trench required to treat and manage the 100-year event for this swale.

The contributing area for this swale as determined from the design cross sections is 0.54 acres. The 100-
year flow rate was computed using the global parameters as documented in the report introduction (runoff
coefficient of 0.3 and time of concentration of 10 min). This design flow rate is 1.0-cfs.

The volume of runoff associated with the 100-year event was determined by generating a 100-year flood
hydrograph using the rational method. Parameters for this hydrograph are as stated before, with the time
base of the hydrograph being set equal to 2T, and the time to peak equal to T.. The time base was
established following guidelines set forth in HDS 2 (§ 6.4.2). As a resuit, the infiltration trench would need
to be able to store 637 cu ft of runoff,

Given that the gradation of stone for an infiltration trench is between 1.5 and 3 inches, porosity for that
material is generally accepted as 40% void space. Knowing the depth and width of the trench, the length
required to provide the required storage was computed:

D-W-L.0.40 = 640cuft
Depth and width were given as 2 feet {square), which resulted in a length of trench required as 400".

Associated with infiltration trench design is the detention time of the stored water. Following hest
management practices as recommended in the DEP 2004 Stormwater Quality Manual, infiltration trenches
should be designed to fully drain within 72 hours (maximum). The effective surface area of the proposed
trench is 800 sf, which with an infiltration rate of 0.3 inches per hour {minimum/assumed) would yield full
infiltration of the 100-year event at 80 hours. To achieve the 72 hour maximum detention time, the

required surface area for the trench was reassessed and computed to be 890 sf, This would equateto a
trench 2 feet wide by 445 feet long.

Alt computations associated with the design of the infiltration trench are included within this report section.

Field verification of the infiltration assumptions should be conducted prior to the construction of the swale
(percolation test). Additionally test pits or borings may be required if not yet available. The bottom of the
infiltration trench should be 5 feet above any restrictive layer including bedrock or seasonal high soil water.
Results from the field verification may require a trench design change if the percolation rate is less than .3
inches/hour or if a restrictive layer is within 5 feet of the trench.
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Hydrograph Plot

Hydraflow Hydregraphs by Intelisolve

Hyd. No. 1

Infiltration trench

Thursday, May 13 2010, 8:24 AM

Hydrograph type = Rational Peak discharge = 1.06 cfs
Storm frequency = 100 yrs Time interval = 1 min
Drainage area = 0.540 ac Runoff coeff. = 0.3
Intensity = 6.554 in/hr Tc by User =10.00 min
IDF Curve = connecticut.IDF Asc/Rec limb fact = 1/1
Hydrograph Volume = 637 cuft
Infiltration trench
Q (cfs) Hyd. No. 1 --100 Yr Q (cfs)
2.00 2.00
1.00 P 1.00
0.00 | B 0.00
0.0 0.1 0.2 0.3 0.3
Time (hrs)
——— Hyd No. 1
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