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FUSS & O’NEILL

1 INTRODUCTION

This Amendment to the Hartford Landfill Stormwater Pollution Control Plan (SWPCP) is
being submitted by the Connecticut Resources Recovery Authotity (CRRA) in support of
the amendment to the Hartford Landfill Closute Plan submitted to the Connecticut
Department of Energy and Environmental Protection (CT DEEP), Waste Engineering and
Enforcement Division (WEED) in July 2011. The proposed Closure Plan amendment
includes two alternate final cover system designs intended to facilitate the installation of a
grid-connected solar photovoltaic (PV) renewable enetgy system. Pending approval of the
alternate cover systems by the CT DEEP, CRRA will close the Phase II (eastern) area with
either the previously approved traditional capping system ot one of the two alternate
capping systems described below.

o Closure Turf™ Alternate — a proprietary synthetic turf system manufactured by Agru-
America, Inc. The turf is placed above a liner and sand ballast is installed to hold the
turf in place. This system would allow for the use of rigid PV panels affixed to a
ground mounted racking system. Manufacturer’s product information is provided as

Appendix A.

o Exposed TPO Alternate — an exposed geomembrane cap using Thermoplastic
Polyolefin (TPO). This system would include flexible, thin-film PV panels adhered
to the membrane. Manufacturet’s product information is provided as Appendix B.

This plan is intended to supplement the previously approved SWPCP dated July 2006,
revised January 2007. As such, only the relevant, modified sections are included in this
submission. Taken in its entirety (i.e., the approved SWPCP plus this amendment), the
SWPCP is intended to address the erosion and sedimentation control requirements both
during and after construction. Erosion and sedimentation control requitements ate also
shown on the Drawings for this project (separately bound). In addition, drainage
calculations for both alternates are included in this report.

2 SITE DESCRIPTION

2.1 Project Description

The MSW Area of the Hartford Landfill occupies apptroximately 80 acres of an
approximately 124 acre parcel in the north meadows section of Hartford, Connecticut
(Figure 1). Sixteen acres of the parcel, located immediately north of the 80-acre MSW Area,
was developed as a lined ash landfill in 1998 (Phase I Ash Disposal Area). The remaining
area 1s occupied by site facilities (e.g., Scale House, Maintenance Garage, etc.) on the
southetly portion of the parcel and undisturbed land to the north of the Phase I Ash
Disposal Area.

Access to the landfill is off of Jennings Road (Exit 33 off of Interstate 91) with a turn onto

Leibert Road, heading north, into the south end of the landfill. The landfill parcel is
bounded on the south by the City of Hartford Depatrtment of Public Works facility; on the
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west by Interstate 91; on the north by Weston Street and the Army Corps of Engineets
(USACE) Flood Control Dike (herein referred to as the “USACE Dike™); and on the east by
the USACE Dike.

CRRA closed approximately 46 acres of the MSW disposal area using a traditional
geomembrane cap system. This system consists of a six inch bedding layer of sand ovetlain
by a polyethylene membrane, overlain with a nine inch drainage layer and a 9 inch topsoil
layer.

The proposed amendment to the Landfill Closure plan would allow CRRA to close the
remaining 34 actes of the MSW disposal area using an alternative capping system as part of
a “Phase II” construction project. The remainder of this SWPCP Amendment will focus on
the Phase II work. The proposed alternative systems are more particularly described below.

2.2 Existing Conditions

Cutrently precipitation falling on the Eastern half of the landfill flows east over un-capped
portions of the landfill until it is intercepted by one of several existing riprap and concrete
drainage channels. These various channels convey the stormwater toward the southeast
corner of the property where it discharges to a vegetated drainage ditch that ultimately enters
North Meadows Pond. The total upland area discharging to the vegetated ditch is
approximately 44.4 acres. Approximately 6.3 actes of this drainage area was capped under
the Phase I construction project, and will not be disturbed during the Phase I construction.

2.3 Proposed Conditions

The proposed final landform will not substantially alter the drainage patterns described
above. Only slight adjustments to the relative drainage areas will result from closure.
However, due to the improved drainage charactetistics of both alternates, total runoff
volume and peak flow rates are expected to increase (tefer to Table 1 in Section 2.4). . Several
existing drainage features will be replaced or upgraded during closure in order to
accommodate these increased flows and new permanent drainage features will be added.

In accordance with state solid waste regulations, proposed drainage features have been
engineered to safely convey at least a 25-year storm event. However, due to the possible
adverse impact to the levee from larger storm events, key components of the drainage
system have been designed to convey a 100-year storm event.

2.3.1 Proposed Southeastern Culvert

As depicted in Sheets C-1.23 thru C-1.34 (bound sepatately), both alternates use the same
general methods of conveying stormwater. The critical design point for both alternates is a
proposed culvert at the southeast corner of the landfill. This culvert conveys stormwater
from the eastern portion of the landfill under an access drive to the vegetated drainage ditch.
Water flows from the culvert to the swale via an existing concrete-lined downchute. The
southeast culvert was designed based on peak flows for the 100-year storm. The design
contemplates the development of headwater condition upstream of the culvert during the
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design storm; thus the eastern swale provides a modest amount of detention. Three 36”
pipes were selected to convey flows. Based on the results of peak flows flowing through the
culvert, elevations were determined for headwalls to prevent water from over-topping the
emergency overflow. Design calculations demonstrate that the system shall function as
intended even if one of the three culvert barrels is completely obstructed. Should more than
one barrel be completely blocked during a major storm event, the access drive has been
designed to function as an emergency overflow weir.

The proposed design incorporates improvements to this swale, which includes rehabilitation
of existing concrete as well as new concrete armorting to achieve increased capacity and a
consistent cross section. Once water passes through the southeast culvert, it is conveyed via
the vegetated drainage ditch to the North Meadows Storage Pond. The major difference in
stormwater management between the two alternates is how runoff is conveyed from the
landfill to the eastern swale.

2.3.2 Closure Turf™ Alternate

The Closure Turf™ alternate incorporates side slope diversion swales to mtercept runoff
running down the sides of the landfill. Based on manufacturer’s recommendations, these
swales were placed at a2 maximum 40 vertical feet spacing (120 feet horizontal) on the 3H:1V
slopes. This allows stormwater to collect before flow depths become excessive. Two such
diversion swales will be constructed on the eastern side of the landfill. The diversion swales
convey water to reinforced downchutes which in turn convey water to the eastern swale.
Energy dissipaters are located at the base of each downchute. Grading and drainage features
specific to this alternate are shown on Sheets C-1.23 thru C-7.24. Construction details are
provided on Sheet C-5.02.

2.3.3 Exposed TPO Alternate

Since the TPO liner is exposed with no erosive ovetlying components, stormwater runoff
will be conveyed directly to the eastern swale via sheet flow over the surface of the TPO.
Therefore, the exposed TPO alternate does not have any side slope diversion swales or
downchutes. Runoff will sheet flow down the landfill and pass through an energy
dissipation system that runs the entire length of the eastern toe of slope. Grading and
drainage features specific to this alternate are shown on Sheets C-7.33 thru C-1.34.
Construction details are provided on Sheer C-5.03.

2.4 Stormwater Discharge Information

Several calculations were performed for each alternate. For both alternates, a detailed
watershed analysis was completed to determine peak flows for the 25-year design storm.

The calculated total runoff and peak discharge for each alternate was compared to both the
existing conditions and previously approved capping system. The following table provides a
summary of the discharge characteristics for each scenario. As expected, the proposed
alternates will result in modest increases in both peak and total discharges when compated to
the previously approved cover system.
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Table 1 — Comparison of Dischar
ot

Existing Conditions* 10.3
Traditional Soil Cap* 16.1
Closure Turf™ Alternate 154
Exposed TPO Alternate 16.4

*Caleulations for Original Conditions and Traditional Soil Cap were performed using Bentley’s Pond Pack

Calculations were also prepared to determine the flow depths in the eastern swale and the
vegetated drainage ditch. An analysis of the southeast culvert was performed to determine
the maximum water surface elevation. Additional calculations were completed for the
Closure Turf™ alternate to determine the flow depths in the side slope diversion swales and
the downchutes. These calculations demonstrate that the proposed design 1s within the
manufacturer’s recommended limitations for shear stress.

The watershed analysis for the Closure Tutf™ alternate can be found in Appendix C. The
swale and culvert calculations for the Closure Turf™ alternate can be found in Appendix D.
The watershed analysis for the exposed TPO alternate can be found in Appendix E. The
swale and culvert calculations for the exposed TPO altetnate can be found in Appendix F.

3 CONSTRUCTION SEQUENCE

The Phase II area is expected to be ready for closure by September 2012 and should be
completed during the 2013 construction season.

This construction schedule is tentative. There are many factors, such as weather conditions,
shaping of landfill subgrades, etc. which may affect the proposed schedule. CT DEEP will be
kept apprised of changes in schedule as new information becomes available.

4 CONTROLS

4.1 Temporary Controls

Temporary Erosion control measures were designed in accordance with the 2002 edition of
the “Connecticut Guidelines for Soil Erosion and Sediment Control” (CT DEP bulletin 34)
as published by The Connecticut Council on Soil and Water Conservation in cooperation
with the Connecticut Department of Environmental Protection. Temporary measures for
this project include:

Construction Entrance
Silt Fence
Temporary Pipe Slope Drain

Temporary Sediment Trap

Temporary Diversions
Catch Basm Inserts
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We have provided installation details and detailed erosion and sediment control notes in the
plans (refer to Sheets C-1.53, C-1.54 and C-5.07). These notes are in accordance with DEP
Bulletin 34.

4.2 Permanent Controls

4.2.1 Closure Turf™ Alternate

Permanent erosion control measures incorporated into the design of the Closure Turf™
alternate include:

e Side slope diversion swales
e Reinforced downchutes
e [Energy dissipaters

These features are shown on Sheets C-1.23 thru C-1.24. Construction details are provided on
Sheet C-3.01 and C-5.02.

4.2.2 Exposed TPO Alternate

The only permanent erosion control measure incorporated into the TPO Alternate design is
the proposed energy dissipation system that runs the entire length of the eastern toe of
slope.

4.2.3 Permanent Off-Cap Control

Off-cap drainage features, such as the concrete lined swale, riprap stilling basin, etc. will be as
described in the original project SWPCP.

5 [INSPECTION

Inspection shall occur in the same manner as described in the original SWPCP.

G:\P2010\0123\H20\SWPCP Ammendment\SWPCP_Amendment_2011-11-18.doc



FUSS & O’NEILL

Figures

Site Location Map



















































































































































































































































| FUSS& O'NEILL

Appendix D

Closure Turf™ Swale and Culvert Calculations






Worksheet for Alternative A - Upper Side Slope Diversion Swale

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

0.030
0.05000
2.00
2.00
4.00
28.69

et

fe/ft (H:V)
/it (H:V)
ft

ft/s

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

0.72
3.90
7.21
0.54
6.87
0.98
0.01564
7.35
0.84
1.56
1.72

Supercritical

ft2
ft

ft
ft/it

ft

Downstream Depth
Length
Number Of Steps

0.00
0.00

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

0.00

0.00
Infinity
Infinity

0.72

0.98

0.05000

ft

ft/'s
ft/'s
ft
ft
ft/ft

11/16/2011 9:20:03 AM

Bentley Systems, Inc. Haestad Methods SoRaidteg EfderMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Page 1 of 2



Worksheet for Alternative A - Upper Side Slope Diversion Swale

Critical Slope 0.01564  ft/ft

Notes

Roughness coefficient of 0.030 provided by manufacturer.
Discharge taken from HydraCAD output.

Bentley Systems, Inc. Haestad Methods SoRdivteg &derMaster V8i (SELECTseries 1) [08.11.01.03]
11/16/2011 9:20:03 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Cross Section for Alternative A - Upper Side Slope Diversion Swale

Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.030

Channel Slope 0.05000 fy/ft
Normal Depth 0.72 1t

Left Side Slope 2,00 fyit(H:V)
Right Side Slope 2.00 fyft (H:v)
Bottom Width 4.00 ft
Discharge 28.69 ft/s

=
I__ﬁ
~h

¥l B

Bentley Systems, Inc. Haestad Methods SoRdidleg EiderMaster V8i (SELECTseries 1) {08.11.01.03]
11/16/2011 9:20:19 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1






Worksheet for Alternative A - Lower Side Slope Diversion Swale

Friction Method
Solve For

Manning Formula

Normal Depth

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

0.030
0.05000
2.00
2.00
4.00
10.32

ft/ft

fH/ft (H:V)
fi/ft (H:V)
ft

ft¥/s

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

0.40
1.94
5.80
0.33
5.61
0.54

0.01814
5.33
0.44
0.84
1.60

Supercritical

ft2
ft
ft

ft

ft/ft

ft/s

ft

Downstream Depth
Length
Number Of Steps

0.00
0.00

ft
ft

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

0.00

0.00
Infinity
Infinity

0.40

0.54

0.05000

ft

ft
ft/s
ft/'s
ft
ft
ft/t

11/16/2011 9:21:13 AM

Bentley Systems, inc. Haestad Methods SoRdidie¢ &hderMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Page 1 of 2



Worksheet for Alternative A - Lower Side Slope Diversion Swale

Critical Slope 0.01814 ft/ft

Notes

Roughness coefficient of 0.030 provided by manufacturer.
Discharge taken from HydraCAD output.

Bentley Syst , Inc. Haestad Methods SoRaidteg &derMaster V8i (SELECTseries 1) [08.11.01.03]
11/16/2011 9:21:13 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2




Cross Section for Alternative A - Lower Side Slope Diversion Swale

Friction Method Manning Formula

Solve For : Normal Depth

Roughness Coefficient 0.030

Channel Slope 0.05000 fu/ft
Normal Depth 0.46 ft

Left Side Slope 2.00 fyft (H:v)
Right Side Slope 2.00 ft/ft (H:V)
Bottom Width 4.00 ft
Discharge 13.08 ft¥/s

Bentley Systems, Inc. Haestad Methods SoRditleg &hderMaster V8i (SELECTseries 1) [08.11.01.03]
71312011 11:50:28 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1






Worksheet for Alternative A - Side Slope Diversion Underdrain (Full

Friction Method Manning Formula
Solve For Full Flow Capacity

Roughness Coefficient 0.010
Channel Slope 0.05000  ft/ft
Normal Depth 0.33 ft
Diameter 0.33 ft
Discharge 0.54 ft¥/s

Discharge 0.54 f{t¥s
Normal Depth 0.33 ft
Flow Area 0.09 ft?
Wetted Perimeter 1.04 ft
Hydraulic Radius 0.08 ft
Top Width | 0.00 ft
Critical Depth 0.33 ft
Percent Full 1000 %
Critical Slope 0.04587  ft/fit
Velocity 6.30 ft/s
Velocity Head 0.62 ft
Specific Energy 0.95 ft
Froude Number 0.00
Maximum Discharge 0.58 ft¥s
Discharge Full 0.54 fts
Slope Full 0.05000 ft/fft
Flow Type SubCritical

Downstream Depth 0.00 ft
Length 0.00 ft
Number Of Steps . 0

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Average End Depth Over Rise 0.00 %

Bentley Systems, Inc. Haestad Methods SoRdittte &hderMaster V8i (SELECTseries 1) [08.11.01.03]
7/13/2011 9:05:08 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Alternative A - Side Slope Diversion Underdrain (Full

Normal Depth Over Rise 100.00
Downstream Velocity Infinity
Upstream Velocity Infinity
Normal Depth 0.33
Critical Depth 0.33
Channel Slope 0.05000
Critical Slope 0.04587

f/ft
ft/ft

Notes

Full flow for side slope diversion underdrain

Bentley Systems, Inc. Haestad Methods SoRditle¢&bderMaster V8i (SELECTseries 1) [08.11.01.03]

711312011 9:05:08 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666
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Worksheet for Alternative A - Downchute

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient

Channel Siope
Left Side Slope
Right Side Slope
Bottom Width
Discharge

0.030
0.33000
2.00

2.00
10.00
64.38

ft/ft

ft/ft (H:V)
fi/ft (H:V)
ft

ft/s

Normal Depth

Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

0.41
4.38
11.81
0.37
11.62
1.01
0.01438
14.70
3.36
3.76
4.22

Supercritical

ft?
ft
ft
ft

ft/it

ft
ft

Downstream Depth
Length
Number Of Steps

0.00
0.00

ft
ft

Upstream Depth

Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

0.00

0.00
Infinity
Infinity

0.41

1.01

0.33000

ft

ft
ft/'s
ft/'s
ft
ft
ft/ft

11/16/2011 9:23:02 AM

Bentley Systems, Inc. Haestad Methods SoRsitieg&meraster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666
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Worksheet for Alternative A - Downchute

Ciritical Slope

0.01438  ft/ft

Notes

Roughness coefficient of 0.030 provided by manufacturer.
Discharge taken from HydraCAD output.

Bentley Systems, Inc. Haestad Methods SoRdidteg EiderMaster V8i (SELECTseries 1) [08.11.01.03]
11/16/2011 9:23:02 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1.203-755-1666 Page 2 of 2



Cross Section for Alternative A - Downchute

Friction Method Manning Formula

Solve For Normal Depth

Roughness Coefficient : 0.030

Channel! Slope 0.33000 fv/ft
Normal Depth 0.41

Left Side Slope 2.00 ft/ft (H:V)
Right Side Slope : 2.00 ftft(H:V)
Bottom Width 10.00 ft
Discharge 64.38 ft/s

I 10.00 f {

v N\

Bentley Systems, inc. Haestad Methods SoBditte@ EtderMaster V8i (SELECTseries 1) [08.11.01.03]
11/16/2011 9:23:20 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1






Worksheet for Alternative A - Downchute Underdrain (Full Flow)

Friction Method Manning Formula

Solve For Full Flow Diameter

Roughness Coefficient 0.010
Channel Slope 0.33333  ft/ft
Normal Depth 0.39 ft
Diameter 0.38 ft
Discharge 216 s

Diameter 0.39 ft
Normal Depth 0.39 ft
Flow Area 0.12 ft?
Wetted Perimeter 122 ft
Hydraulic Radius 0.10 ft
Top Width 0.00 ft
Critical Depth 0.39 ft
Percent Full 1000 %
Critical Slope 0.33405 ftfft
Velocity 18.17 ft/s
Velocity Head 513 ft
Specific Energy ' 5562 ft
Froude Number 0.00
Maximum Discharge 2.32 fts
Discharge Full 216 ft¥s
Slope Full 0.33405 ft/ft
Flow Type Critical

Downstream Depth 0.00 ft
Length . 0.00 1t
Number Of Steps 0

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Average End Depth Over Rise 0.00 %

Bentley Systems, Inc. Haestad Methods SoRdidieg&derMaster V8i (SELECTseries 1) [08.11.01.03]
7/13/2011 9:06:42 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 2



Worksheet for Alternative A - Downchute Underdrain (Full Filow)

Normal Depth Over Rise 100.00 %
Downstream Velocity Infinity ft/s
Upstream Velocity Infinity ft/s
Normal Depth 0.39 it
Critical Depth 0.39 ft
Channel Slope 0.33333 ft/ft
Critical Slope 0.33405 fi/fft

Notes

Discharge taken from the sum of 4 full side slope underdrains

Bentley Systems, inc. Haestad Methods SoRditle¢ &iderMaster V8i (SELECTseries 1) [08.11.01.03]
7/13/2011 9:06:42 AM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 2 of 2



Worksheet for Alternative A - Eastern Dike Swale

Friction Method
Solve For

Manning Formula

Normal Depth

Roughness Coefficient
Channel Slope

Constructed Depth
Constructed Top Width
Discharge

0.016
0.00080
4.00
25.00
142.75

ft/ft
ft
ft
ft¥/s

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy

Froude Number

Flow Type

2.73
37.55
21.57

1.74
20.65

1.92

0.00324

3.80

0.22

2.95

0.50

Subcritical

ft
ft2
ft
ft
ft
ft
ft/t
ft/s
ft
ft

Downstream Depth
Length
Number Of Steps

0.00
0.00

ft
ft

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

0.00

0.00
Infinity
Infinity

2.73

1.92

0.00080
0.00324

ft

ft
ft/s
ft/'s
ft
ft
ft/ft
ft/ft

11/16/2011 9:24:08 AM

Bentley Systems, inc. Haestad Methods SoRditieg EdderMaster V8i (SELECTseries 1) [08.11.01.03]

27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666
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Worksheet for Alternative A - Eastern Dike Swale

Notes

Discharge taken from HydraCAD output.

Bentley Systems, Inc. Haestad Methods SoRditie¢ &fderViaster V8i (SELECTseries 1) [08.11.01.03]
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Cross Section for Alternative A - Eastern Dike Swale

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient 0.016
Channel Slope 0.00080
Constructed Depth 4.00
Normal Depth 2.73
Constructed Top Width 25.00
Discharge 142.75
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Culvert Calculator Report
Alternative A - Eastern Dike Swale Culvert

Comments: Discharge taken from HydraCAD output.

Solve For: Headwater Elevation

Culvert Summary

Allowable HW Elevation 47.00 ft Headwater Depth/Height 1.19
Computed Headwater Elevz 45.86 ft Discharge 142.75 cfs
Inlet Control HW Elev. 45.81 ft Tailwater Elevation 0.00 ft
Outlet Control HW Elev. 45.86 ft Control Type Entrance Control
Grades

Upstream Invert 42.30 ft Downstream Invert 42.00 ft
Length 30.00 ft Constructed Slope 0.010000 ft/ft
Hydraulic Profile

Profile S2 Depth, Downstream 1.99 ft
Slope Type Steep Normal Depth 1.87 ft
Flow Regime Supercritical Critical Depth 2.25 ft
Velocity Downstream 9.55 ft/s Critical Slope 0.006141 ft/ft
Section

Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Sections 3

QOutlet Control Properties

Qutlet Control HW Elev. 45.86 ft Upstream Velocity Head 1.09 ft
Ke 0.20 Entrance Loss 0.22 ft
Inlet Contro! Properties

Intet Control HW Elev. 45.81 ft Flow Control Transition
Inlet Type Groove end w/headwall Area Full 212 2
K 0.00180 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 2

C 0.02920 Equation Form 1

Y 0.74000

Title: Hartford Landfill Phase If Closure

g:\...\h20\drainage\culvert master\hartford If.cvm
11/16/11 09:29:23 AM® Bentley Systems, Inc.

Fuss & O'Neill Inc.

Haestad Methods Solution Center

Watertown, CT 06795 USA

Project Engineer: kmcgarry
CulvertMaster v3.3 [03.03.00.04]
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Worksheet for Alternative A - Vegetated Drainage Ditch

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

0.045
0.06000
4.00
4.00
4.00
126.38

ft/ft

fft (H:V)
ft/ft (H:V)
ft

ft¥/s

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy

Froude Number

Flow Type

1.57
16.14
16.95

0.95
16.56

1.85

0.02033

7.83

0.95

2.52

1.40

Supercritical

ft
ft?
ft
ft
ft
ft
ft/ft
ft/'s
ft
ft

Downstream Depth

Length
Number Of Steps

0.00
0.00

ft
ft

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

0.00

0.00
Infinity
Infinity

1.57

1.85

0.06000

ft

ft
ft/s
ft/'s
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ft/ft
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Worksheet for Alternative A - Vegetated Drainage Ditch

Critical Slope 0.02933 ft/ft

Notes

Roughness coefficient of 0.030 provided by manufacturer.
Discharge taken from HydraCAD output.
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Cross Section for Alternative A - Vegetated Drainage Ditch

Friction Method Manning Formula
Solve For Normal Depth

Roughness Coefficient 0.045

Channe! Slope 0.06000 fuft
Normal Depth 1.57 ft

Left Side Slope 4.00 fyft (H:Vv)
Right Side Slope 4.00 ftft (H:v)
Bottom Width 4.00 ft
Discharge 126.38 ft¥/s
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iﬁz FUSS & O’NEILL

Appendix E

Exposed TPO Watershed Analysis























































































FUSS & O’NEILL

Appendix F

Exposed TPO Swale and Culvert Calculations



Worksheet for Alternative B - Eastern Dike Swale

Friction Method ) Manning Formula

Solve For Normal Depth

Roughness Coefficient 0.016
Channel Slope 0.00080 ft/ft
Constructed Depth 4.00 ft
Constructed Top Width 25.00 ft
Discharge 143.27 ft¥/s

Normal Depth 273 ft
Flow Area 37.65 ft?
Wetted Perimeter 2159 ft
Hydraulic Radius 174 ft
Top Width 2066 ft
Critical Depth 193 ft
Critical Slope 0.00324  ftfit
Velocity 3.81 ft/s
Velocity Head 0.23 ft
Specific Energy 296 ft
Froude Number 0.50

Flow Type Subcritical

Downstream Depth 0.00
Length 0.00 ft
Number Of Steps 0

Upstream Depth 0.00 ft
Profile Description

Profile Headloss 0.00 ft
Downstream Velocity Infinity  ft/s
Upstream Velocity Infinity  ft/s
Normal Depth 273 ft
Critical Depth 1.93 ft
Channel Slope 0.00080 fy/ft
Critical Slope 0.00324  ft/ft
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Worksheet for Alternative B - Eastern Dike Swale

Notes

Discharge taken from HydraCAD output.
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Cross Section for Alternative B - Eastern Dike Swale

Friction Method Manning Formula

Solve For Normal Depth

Roughness Coefficient 0.016
Channel Slope 0.00080 ft/ft
Constructed Depth 4.00 ft
Normal Depth 273 #t
Constructed Top Width 25.00 ft
Discharge 143.27 /s
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Culvert Calculator Report
Alternative B - Eastern Dike Swale Culvert

Comments: Discharge taken from HydraCAD output.

Solve For: Headwater Elevation

Culvert Summary
Allowable HW Elevation 47.00 ft Headwater Depth/Height 1.19
Computed Headwater Eleve 45.87 ft Discharge 143.27 cfs
Iniet Control HW Elev. 4582 ft Tailwater Elevation 0.00 ft
Outlet Control HW Elev. 4587 ft Control Type Entrance Control
Grades
Upstream Invert 42.30 ft Downstream Invert 42.00 ft
Length 30.00 ft Constructed Slope 0.010000 ft/ft
Hydraulic Profile
Profile S2 Depth, Downstream 2.00 ft
Slope Type Steep Normal Depth 1.88 ft
Flow Regime Supercritical Critical Depth 2.25 ft
Velocity Downstream 9.56 ft/s Critical Slope 0.006161 ft/ft
Section
Section Shape Circular Mannings Coefficient 0.013
Section Material Concrete Span 3.00 ft
Section Size 36 inch Rise 3.00 ft
Number Sections 3
Outlet Control Properties
Qutlet Control HW Elev. 45.87 ft Upstream Velocity Head 1.10 ft
Ke 0.20 Entrance Loss 0.22 ft
Inlet Control Properties
Inlet Control HW Elev. 45.82 ft Flow Control Transition
Inlet Type Groove end w/headwall Area Full 21.2 ft?
K 0.00180 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 2
C 0.02920 Equation Form 1
Y 0.74000
Title: Hartford Landfill Phase H Closure Project Engineer: kmcgarry
g:\..\h20\drainage\culvert master\hartford if.cvm Fuss & O'Neill Inc. CulvertMaster v3.3 [03.03.00.04]
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Worksheet for Alternative B - Vegetated Drainage Ditch

Friction Method

Solve For

Manning Formula

Normal Depth

Roughness Coefficient

Channel Slope
Left Side Slope
Right Side Slope
Bottom Width

Discharge

0.045
0.06000
4.00
4.00
4.00
127.46

ft/it

ft/ft (H:V)
ftft (H:V)
ft

ft¥/s

Normal Depth
Flow Area
Wetted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

1.58
16.24
17.00

0.96
16.61

1.86

0.02930

7.85

0.96

2.53

1.40

Supercritical

ft
ft?

ft
ft
ft
f/ft
ft/s
ft
ft

Downstream Depth
Length
Number Of Steps

0.00
0.00

ft

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope

0.00

0.00
Infinity
Infinity

1.58

1.86

0.06000

ft

ft
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Worksheet for Alternative B - Vegetated Drainage Ditch

Critical Slope 0.02930 ft/ft

Notes

Roughness coefficient of 0.030 provided by manufacturer.
Discharge taken from HydraCAD output.
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Cross Section for Alternative B - Vegetated Drainage Ditch

Friction Method Manning Formula

Solve For Normal Depth

Roughness Coefficient 0.045

Channel Slope 0.06000 /4t
Normal Depth 1.58 ft

Left Side Slope 4.00 fuft (H:V)
Right Side Slope 4.00 ft/ft (H:V)
Bottom Width 4.00 ft
Discharge 12746 {3s
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