Binghamton-Johnson City
Joint Sewage Treatment Plant
Comprehensive Flood Risk Reduction Project

Appendix C

Project Plans and Alternatives Analysis













































Table 1

Flood Gates
Mitigation Option

Cost Detall

Flocd Gates
Material Fuller Hollow Creek $ 47,000.00
Cfilter Complex Louver | $ 23,000.00
Labor Fuller Hollow Creek $ 16,000.00
C-filter Complex Louver | $  8,000.00
Subtotal $ _94,000.00
Contingency (20%) $ 19,000.00
Subtotal $ 113,000.00
ELA (15%)' $ 17,000.00
Total $ 130,000.00

! ELA - Engineering, legal, and administrative fees (15%)



Table 2

Terminal Pumping Station Pump Replacement
Mitigation Option
Cost Detail

Terminal Pumping Station Pump Replacement

Material Pumps and Motors $ 148,000.00

Valves and Piping $ 28,000.00

Electrical $ 8,000.00
Labor $ 99,000.00
Subtotal $ 283,000.00
Contingency (20%) $ 57,000.00
Subtotal $ 340,000.00
ELA (15%)’ $ 51,000.00
Total $ 391,000.00

' ELA - Engineering, legal, and administrative fees (15%)


http:391,000.00
http:51,000.00
http:340,000.00
http:57,000.00
http:283,000.00
http:99,000.00
http:8,000.00
http:28,000.00
http:148,000.00

Table 3

Head House Pump Replacement

Mitigation Option
Cost Detail

Head House Pump Replacement

Material Pumps and Motors $ 269,000.00

Piping $ 15,000.00

Electrical $ 8,000.00
Labor $ 180,000.00
Subtotal $ 472,000.00
Contingency (20%) $ 94,000.00
Subtotal $ 566,000.00
ELA (15%)' $ 85,000.00
Total $ 651,000.00

' ELA - Engineering, legal, and administrative fees (15%)



Table 4

Plug Abandonded Conduits

Mitigation Option
Cost Detail

—____Plug Abandonded Conduits
Material Existing Primary Sludge Pumping Station $  8,000.00

New Primary Sludge Pumping Station $ 8,000.00

Existing Blower House $  6,000.00
Labor $  9,000.00
Subtotal $ 31,000.00
Contingency (20%) $ 6,000.00
Subtotal $ 37,000.00
ELA (15%)’' $  6,000.00
Total $ 43,000.00

! ELA - Engineering, legal, and administrative fees (15%)



Table 5

Watertight Structures
Mitigation Option
Cost Detall
Watertight Structures
Material 39 fiood proofing units, Including:
Removable Flcod Barriers
Watertight Doors and Hatches
SubTotall| $ 676,000.00
Structural Waterproofing $ 250,000.00
Totall $  926,000.00
Labor $ 370,000.00
Subtotal $ 1,296,000.00
Contingency (20%) $ 259,000.00
Subtotal $ 1,555,000.00
ELA (15%)’ $  233,000.00
Total $ 1,788,000.00

' ELA- Engineering, legal, and administrative fees (15%)



Table 6
Barrier Construction

Mitigation Option
Cost Detail

Terminal Pumping Station

100-year Flood Barrier Construction

Material $ 111,000.00
Labor $ 207,000.00
Subtotal $ 318,000.00
Contingency (30%) $ 95,000.00
Subtotal $ 413,000.00
ELA (15%)’ $  62,000.00
Total $ 475,000.00

Binghamton-Johnson City Joint Sewage Treatment Plant

100-year Flood Barrier Construction

Material $ 820,000.00
Labor $ 1,522,000.00
Subtotal $ 2,342,000.00
Contingency (30%) $ 703,000.00
Subtotal $ 3,045,000.00
ELA (15%)’ $ 457,000.00
Total $ 3,502,000.00

' ELA - Engineering, legal, and administrative fees (15%)

500-year Flocd Barrier Construction

Material $ 358,000.00
Labor $ 664,000.00
Subtotal $ 1,022,000.00
Contingency (30%) $ 307,000.00
Subtotal $ 1,329,000.00
ELA (15%)’' $ 199,000.00
Total $ 1,528,000.00

500-year Flood Barrler Construction

Material $ 1,421,000.00
Labor $ 2,639,000.00
Subtotal $ 4,060,000.00
Contingency (30%) $ 1,218,000.00
Subtotal $ 5,278,000.00
ELA (15%)' $_792,000.00
Total $ 6,070,000.00




Table 7

Sediment Removal at Fuller Hollow Creek

Mitigation Option
Cost Detail
Sediment Removal at Fuller Hollow Creek
Labor Mobilization and Demobilization $ 67,000.00
Clear, Grub, and Build Haul Road | $ 28,000.00
Dredging (160,000 yd®) $ 1,425,000.00
Hauling $  666,000.00
Disposal’ $ 11,000.00
Subtotal $ 2,197,000.00
Contingency (20%) $  439,000.00
Subtotal $ 2,636,000.00
ELA (15%)° (includes permitting) $  395,000.00
[Total $  3,031,000.00

! Assumes exempt construction and demolition debris fill classification
2 ELA - Engineering, legal, and administrative fees (15%)



Table 8

Summary of Mitigation Options
Cost Detail

Summary

Flood Gates

Terminal Pumping Station Pump Replacement

Head House Pump Replacement

Plug Abandonded Conduit

Watertight Structures

Barrier Construction Terminal Pumping Station 100-year
Terminal Pumping Station 500-year
Binghamton Johnson City JSTP 100-year
Binghamton Johnson City JSTP 500-year

Sediment Removal at Fuller Hollow Creek

130,000.00
391,000.00
651,000.00
43,000.00
1,788,000.00
475,000.00
1,528,000.00
3,502,000.00
6,070,000.00
3,031,000.00
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Executive Summary

The Binghamton — Johnson City Joint Sewage Treatment Plant (BJCISTP) is located in the
Town of Vestal, Broome County, New York and provides service to the City of Binghamton and
the Village of Johnson City and a number of other municipalities and industrial users. The
BJCISTP is jointly owned by the City of Binghamton and the Village of Johnson City and
operations at the BICISTP are managed by the Binghamton — Johnson City Joint Sewage Board.

The BJCISTP is located on the bank of the Susquehanna River. The Susquehanna River has a
history of flooding at Binghamton, including a substantial number of “major” flood events. In
June 2006, heavy rainfall resulted in then-record flooding throughout the Binghamton area and
caused significant flooding at the BJCJSTP. The flooding damaged the majority of the existing
facilities as well as the biological aerated filtration (BAF) facilities that were under construction
at the time. Flooding also damaged the offsite Terminal Pumping Station (TPS) which conveys
wastewater collected from the Johnson City service area to the BJCISTP for treatment. In
September 2011, an even larger flood event again damaged nearly all of the plant’s facilities and
inundated the plant’s treatment processes. Flooding also damaged the offsite Terminal Pumping
Station. Major damage was sustained to process mechanical, electrical, instrumentation and
HVAC components throughout the BJCJSTP during these floods. Both floods resulted in
significant disruptions to the plant’s treatment capacity and the reduction in the quality of the
effluent discharged to the Susquehanna River.

As a result, the City of Binghamton retained Savin Engineers, P.C. to perform an evaluation of
potential flood mitigation measures that could be implemented at the BJCJSTP and the TPS to
protect the facilities from future flooding. The scope of the evaluation was to review and update
a previous flood mitigation study that was prepared in 2007 by Calcerinos and Spina Engineers
(C&S). The 2007 C&S Report is included as Appendix A.

Based on the observed high water marks following the 2011 flood, it appears that the floodwaters
within the BJCJSTP reached an elevation of approximately 842 ft above mean sea level (AMSL)
and floodwaters at the TPS reached an elevation of approximately 840 ft AMSL, which
approached the 500-year flood elevations as published by the Federal Emergency Management
Agency (FEMA). Wastewater treatment plants and pumping stations are required to be protected
from flooding associated with a 100-year recurrence interval flood, according to the New York
State Building Code and the 10 States Standards for Wastewater Facilities. The facilities at the
BICJSTP and the TPS comply with this requirement. However, due to the repeated flooding over
a relatively short period, the City of Binghamton requested that the 500-year flood elevations be

. N . .. . . - [
used in evaluating the potential flood mitigation improvements. riicH WATER MAaRk + |
PE2 FEMA MITLGATION

The following flood control measures were evaluated:

» Flood barrier walls
» Waterproof existing structures



o Relocation of electrical panels -

e Upgrade of equipment to include submersible motors-

e Upgrade and install sump pumps -

¢ Installation of emergency generators-

o Sediment removal from Fuller Hollow Creek outlet - ¢ui6ia e 1 1650 Floed P 383

Each flood mitigation measure was conceptually developed to determine the preliminary design
requirements and a probable construction cost for implementing the improvements. The flood
controls were evaluated based on level of flood protection provided, their compatibility with the
existing facilities and their reliability.

Based on this evaluation, the recommended flood mitigation improvements for the BICISTP
include the construction of a barrier wall around the perimeter of the site. Flood gates would be
provided at the driveway entrances to permit vehicular access. Approximately 2500 linear feet of
barrier wall would be required. The total probable construction cost is approximately $9.8
million in May 2012 dollars. Including engineering, permitting, construction administration,
project administration, legal fees and other project-related costs based on a factor of 25%, the
calculated project costs are approximately $12.3 million.

The recommended flood mitigation improvements for the Terminal Pumping Station include the
relocation of the electrical panels to a new elevated structure and building improvements to make
the structure watertight, including the installation of flood gates and sealing of penetrations. The
installation of an emergency generator is also recommended. The total probable construction cost
is approximately $2.5 million in May 2012 dollars. Including engineering, permitting,
construction administration, project administration, legal fees and other project-related costs
based on a factor of 25%, the calculated project costs are approximately $3.2 million.



1.0 Introduction

1.1  Background Information

The Binghamton — Johnson City Joint Sewage Treatment Plant (BJCISTP) is located in the
Town of Vestal, Broome County, New York and provides service to the City of Binghamton and
the Village of Johnson City and a number of other municipalities and industrial users. The
BJCJSTP is jointly owned by the City of Binghamton and the Village of Johnson City and
operations at the BJCJSTP are managed by the Binghamton — Johnson City Joint Sewage Board.

The BJCJSTP is located on the bank of the Susquehanna River. The Susquehanna River is one
the largest rivers on the East Coast and drains a significant portion of the land area of New York
and Pennsylvania before discharging into the northern end of Chesapeake Bay. The drainage
basin upstream of the BJCISTP comprises a significant portion of central New York State and
includes the drainage basins of major tributaries such as the Chenango and Tioughnioga Rivers.
The Susquehanna River has a history of flooding at Binghamton, including a substantial number

of “major” flood events. \](3‘(0

In June 2006, heavy rainfall resulted in then-record flooding throughout the Binghamton area- _ Q*\C?
X

and caused significant flooding at the BJCJSTP. The flooding damaged the majority of the
existing facilities as well as the biological aerated filtration (BAF) facilities that were under |
construction at the time. Damaged equipment included process mechanical, electrical, :
instrumentation and HVAC system components throughout the BJCJSTP. Flooding also
damaged the offsite Terminal Pumping Station which conveys wastewater collected from the

Johnson City service area to the BJCJSTP for treatment.
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In September 2011, heavy rainfall again resulted in record flooding throughout the Binghamton
area and caused significant flooding at the BJCISTP. Floodwaters at the BJCJSTP during the
2011 flood were higher than during the 2006 flood. The flooding damaged nearly all of the
plant’s facilities and inundated the plant’s treatment processes resulting in significant disruptions
to the plant’s treatment capacity. Major damage was sustained to process mechanical, electrical,
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instrumentation and HVAC components throughout the BJCISTP. Flooding also damaged the___/

offsite Terminal Pumping Station.
1.2 Scope of Report

Following the 2006 flooding, a draft mitigation plan dated February 2007 was prepared by
Calcerinos and Spina Engineers (C&S) evaluating the implementation of a variety of measures to
control flooding at the BJCJSTP. As a result of the 2011 flooding, the City of Binghamton and
the Village of Johnson City requested that Savin Engineers review and update this report based
on the more recent flood damage. A copy of the 2007 C&S Report can be found in Appendix A.
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This current report by Savin presents an evaluation of potential measures to mitigate the negative
impacts of future flooding at the BJCISTP. Savin reviewed the alternatives presented in the C&S
report and updated the evaluations based on the 2011 flood elevations and resulting damage and
updated the cost opinions presented in the C&S report. Savin identified and incorporated the
evaluation of additional mitigation measures to provide for the protection of plant facilities as
appropriate and allow the plant to restore full treatment capacity as soon as possible following a
flood. Savin also coordinated the evaluation of the flood mitigation measures with the proposed
rehabilitation measures for the restoration of the BAF Complex.

This report presents a technical evaluation of the implementation of the flood mitigation
measures with regards to their basic technical requirements, constructability and operability for
plant personnel. Detailed design of these measures is not included in this report. A detailed
hydraulic evaluation to determine the affect of flood waters on the plant process streams is not
included in this report.

1.3  Applicable Standards and References

This evaluation is prepared in accordance with the applicable codes, design standards and other
industry-accepted references, including:

o Federal Emergency Management Agency (FEMA) — Broome County Flood Insurance
Study, February 2010.
e Federal Emergency Management Agency (FEMA) — Flood Insurance Rate Maps

e National Oceanic and Atmospheric Administration (NOAA) — National Weather Service,
Mid Atlantic River Forecast Center
e US Army Corps of Engineers (USACE) - Flood Proofing Regulations, EP-1165-2-314

(1995)

e New York State Building Code, Section 1612 — Flood Loads

e Great Lakes and Upper Mississippi River Board (GLUMRB, “10 States”) —
Recommended Standards for Wastewater Facilities

e American Society of Civil Engineers (ASCE) — ASCE 24, Flood Resistant Design and
Construction

* American Society of Civil Engineers (ASCE) - ASCE 7, Minimum Design Loads for
Buildings and Other Structures



2.0  Flooding at BJCJSTP
2,1  Site Description
2.1.1 BJCJSTP

The BJCISTP is located on the southern bank of the Susquehanna River approximately 2-1/2
miles downstream (west) of the confluence with the Chenango River in central Binghamton. The
plant location is shown in Figure 2-1. The BJICJSTP site slopes towards the River from the south
to north and from east to west. The BJCISTP is bounded by the Susquehanna River to the north;
Fuller Hollow Creek to the west, Old Vestal Road to the south and an electrical substation on
property to the east. The site plan for the BJCISTP is shown in Figure 2-2.

The wet-stream process at the BJCISTP consists of an influent pumping station, grit removal,
primary settling, a three-stage biological aerated filters (BAF) secondary process (C, N and DN
filters), and chlorine disinfection. The solids stream process consists of sludge pumping, gravity
thickening, anaerobic digestion and centrifugal dewatering. Dewatered solids are trucked offsite
for landfill disposal. A number of the process tanks at BJCISTP are located below grade,
including the primary settling tanks and the chlorine contact tanks. The majority of the buildings
at the BJCIJSTP include lower levels below grade in order to provide access to piping, valves,
pumping equipment and other process system components. The BAF-C, BAF-N, Secondary
Influent Pumping Station and former Blower House structures are interconnected below grade.

The BICJSTP collection area is served by a system of sanitary and combined sewers.
Wastewater is conveyed to the BJCISTP through a series of gravity sewers and pumping
stations. A majority of the influent wastewater is conveyed to the plant through a large trunk
sewer along the south side of the Susquehanna River. The other significant contributor to the
plant influent is the Terminal Pumping Station located in the Town of Vestal. Other portions of
the Town of Vestal drain directly to the BICISTP through gravity sewers.

2.1.2 Terminal Pumping Station

The Terminal Pumping Station (TPS) is located approximately 1 mile to the northwest of the
BJCJSTP on the southern bank of the Susquehanna River also in the Town of Vestal, New York.
The TPS sits on a fairly level plot of land that slopes toward the river. The site plan for the TPS
is shown in Figure 2-3.

Wastewater is conveyed to the TPS through a series of gravity sewers and pumping stations. The
TPS includes channel grinders on the station influent and four dry-pit submersible sewage
pumps. The TPS includes a pump house at grade with a finished floor elevation of the ground
floor of 836 ft AMSL. There are two levels below grade to provide access to the channel
grinders, the main sewage pumps, valves, piping and other system components.



/a 2.2 Flood-Related Damage in 2006 & 2011

.

In both the 2006 and the 2011 floods, the majority of the damage occurred when equipment
including process equipment, electrical equipment, instrumentation and controls, which were not
designed for immersion in water were submerged when the plant facilities were inundated by the
floodwaters. The degree of effort required to rehabilitate the flood-related damage varied
depending on the nature of the affected equipment and the degree to which it was exposed to
floodwaters. Some equipment could be simply repaired in place while other equipment had to be
‘shlpped out for repairs. Some equipment could not be salvaged and had to be replaced. Based on
,the observed high water marks following the 2011 flood, it appears that the floodwaters within
the BJCISTP reached an elevation of approximately 842 ft AMSL. Floodwaters at the TPS
reached an elevation of approximately 840 ft AMSL.
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2.3  Flooding of the Susquehanna River

The Susquehanna River at Binghamton has a history of flooding, including a number of
substantial floods. The National Weather Service’s Middle Atlantic River Forecast Center
database for the Susquehanna River gauging station at Binghamton includes historical flood data
for the occurrence of 35 crests above flood stage since 1846, including 15 “major” floods. The
crest corresponding to the 2006 flood event was 11.0 feet above flood stage. This was a record
level at the time. The crest corresponding to the 2011 flood event was 11.7 feet above flood
stage, making the 2011 flood the current flood of record. Both the 2006 and 2011 floods
approached the 0.2% annual chance flood elevations (500-year flood) at the gauging station.
Unfortunately, hydraulic discontinuities in the river channel, including minor dam structures and
changes in the shape and elevation of the river bottom, its banks and its flood plain, make it
difficult to draw correlations between the historical data at the gauging station and the river level
observed at the BJCJSTP.

The Broome County Flood Insurance Study (FIS) prepared by FEMA dated February 2010
provides stream profiles along the Susquehanna River including the immediate vicinity of the
BICJSTP and the TPS. This study estimates a base flood elevation of approximately 839.8 ft
AMSL for the 1% annual chance flood (100-year flood) and a base flood elevation of
approximately 842.8 ft AMSL for the 0.2% annual chance flood (500-year flood).

The 2010 FIS estimates a base flood elevation at the site of the TPS of approximately 837.5 ft
AMSL for the 1% annual chance flood (100-year flood) and a base flood elevation of
approximately 840.5 ft AMSL for the 0.2% annual chance flood (500-year flood).



24  Design Flood Elevation

The New York State Building Code, Section 1612 — Flood Loads, defines the Design Flood
Elevation as the floodwater elevation associated with the 1% annual chance flood. Likewise, the
10 States Standards for Wastewater Facilities, Section 51.2, requires wastewater treatment plant
structures and equipment to be protected from physical damage due to the 1% annual chance
flood (100-year flood). However, the BJCISTP has experienced two separate floods approaching
the 0.2% annual chance flood in the past five years which resulted in major damage to the
equipment and operability of the BICISTP. Accordingly, the minimum Design Flood Elevations
used in this evaluation are calculated on the basis of the elevations associated with the 0.2%
annual chance flood.

ASCE-24 — Flood Resistant Design and Construction requires that a minimum 1.0 feet of
freeboard be added to the base flood elevation for the protection of Category 111 structures, which
includes wastewater treatment facilities. In addition, the DFE shall account for increases in the
water surface elevation due to obstructions and other flow restrictions in the floodway.
Accordingly, the base flood elevations were rounded up to the next foot prior to adding the
required freeboard.

In accordance with the above requirements, the Design Flood Elevations used in this evaluation
were 844.0 ft AMSL for the BJCJSTP site and 842.0 ft AMSL for the TPS. A comparison of the
Design Flood Elevation to the existing building elevations is shown in Table 2-1. A comparison
of the Design Flood Elevation to the existing process tank elevations is shown in Table 2-2.

2.5 Requirements for Maintenance of Operations during Flooding

The 10 States Standards for Wastewater Facilities, Section 51.2, requires that wastewater
treatment facilities continue to operate and be accessible during the 25-year flood (4% annual
chance flood). A review of the potential flood elevations given in the Broome County Flood
Insurance Study indicate that the elevation of the Susquehanna River at the BICJSTP due to the
25-year flood would be approximately 836.5 ft AMSL. There is no code requirement that
wastewater pumping and treatment operations be maintained during the 100-year or 500-year
flood events.

Based on a review of the existing structure elevations, it appears that most structures and process
tanks are located at elevations above the 25-year flood elevation. However, the elevations of the
effluent weirs in the Chlorine Contact Tanks as well as the effluent weirs in Primary Settling
Tanks 7 thru 10 are below elevation 836.5 ft AMSL. Although flooding due to a 25-year flood
event may result in the submergence of the weirs in the chlorine contact tanks and PSTs 7 thru
10, the process would continue to operate in this condition. A detailed hydraulic evaluation is
required during the design phase to confirm that the existing tank structures would contain the
processes without overflowing.



Continued operation of the treatment plant during extreme flooding events is not required and
this Report does not assume that pumping station and/or plant operations are to be maintained
during the 500-year flood event.



3.0  Evaluation Methodology
3.1  Review of Hazard Mitigation Plan prepared by C&S Engineers, 2007

A draft Hazard Mitigation Plan was prepared by C&S Engineers in February 2007. The 2007
C&S report identified several flood mitigation measures that could be implemented to protect the
BIJCJSTP from future flooding. For this 2012 report, the flood controls presented in the 2007
C&S report were reviewed and updated based on the 2011 flooding. This 2012 report also
incorporates the evaluation of additional flood control measures for the protection and restoration
of plant facilities as appropriate. This 2012 report also coordinates the flood mitigation
evaluation with the proposed rehabilitation measures for the restoration of the BAF Complex.

The following flood control measures were evaluated:

¢ Flood barrier walls

e Waterproof existing structures

e Relocation of electrical panels

e Upgrade of equipment to include submersible motors
e Upgrade and install sump pumps

e Installation of emergency generators

e Sediment removal from Fuller Hollow Creek outlet

3.2  Conceptual Design of Flood Control Measures

ﬁ:he implementation of individual control measures may not be successful in controlling flooding

| because there are multiple pathways through which floodwaters could enter the plant structures.

.« | Several flood control measures may be required to create an effective flood barrier. In addition,

o the implementation of multiple flood control measures could improve the redundancy of the

\ﬂood controls and increase the level of protection provided. The individual flood control

t:‘leasures were therefore combined to create a number of potential flood control projects with
arying levels of protection and cost.

In order to evaluate each flood control project, each flood control measure was conceptually
designed to outline a draft layout, preliminary equipment requirements and basic construction
methodology to implement the alternative at the BJCJSTP and the TPS. The conceptual designs
allowed for an approximation of the equipment and construction materials necessary as well as
electrical needs and other auxiliary requirements. The specifications, details and installation
requirements will be determined as part of the detailed design of the flood control measures and
were not determined for this evaluation.



33 Evaluation Criteria

After developing the conceptual designs, each flood control project was then evaluated based on
the following criteria: protection of plant facilities; compatibility with existing facilities
including the restoration of the BAF Facility; reliability to prevent flood damage; and costs. The
evaluation of the flood control measures is included in Sections 4 and 5 for the BJCJSTP and
TPS, respectively.

3.4  Probable Construction and Project Costs

The opinions of probable construction costs for the individual flood control measures were
combined to develop an opinion of probable construction cost for each potential flood control
project. Project costs including project management, design and construction administration,
legal and other administrative costs were incorporated to develop a total cost on which to
compare the various flood projects. Land acquisition costs were not included in the project costs.
The project costs are presented based on current (mid-2012 dollars) construction cost indices.
‘ 5 (:l"he design, permitting and construction is unknown at this time and therefore a projection to the
(

/\
Q . . .
midpoint of construction cannot be made.
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4.0  Evaluation of Flood Control Projects
4.1  Flood Barrier Wall
4.1.1 Description - BJICJSTP

This alternative includes the construction of a flood barrier around the perimeter of the BICISTP
site. This control measure was discussed in the 2007 C&S report in Section 8.

For levees/floodwalls constructed along rivers, FEMA and USACE guidelines typically require a
minimum of 3 feet of freeboard above the predicted flood elevation to prevent overtopping and
provide a factor of safety. Because the barrier elevation will be based on the 500-year flood
elevation, a freeboard of 3 feet is assumed to be sufficient and the top of the floodwall would be
elevation 847 ft AMSL for the 500-year flood. This elevation results in a barrier wall that would
extend around approximately three-fourths of the site perimeter. Existing grades are higher at the
southeast corner of the site and a barrier wall may not be needed in these areas. The approximate
limits of the flood barrier wall are shown on Figure 4-1.

Common flood barrier construction materials include earthen embankments (levees), steel sheet
pile walls, and reinforced concrete walls. Earthen barriers generally have lower capital
construction costs compared to sheet pile or concrete walls but occupy a larger footprint for
placement of the sloped soil embankments. There is limited available area around the perimeter
of the site which would not support the construction of an earthen embankment. Sheet pile and
concrete walls generally have smaller final footprints than earthen walls but require space and
access during construction to drive the sheet piles or to form and place the concrete walls and
footings. Sheet pile walls tend to be less expensive to construct than concrete walls and are
assumed for the purposes of this evaluation.

The sheeting has not been designed for the site-specific soil conditions but it is assumed for cost
calculation purposes that the ratio of buried sheeting to exposed sheeting would be 2:1. Along
the north side of the site, the assumed elevation of bedrock would not permit the installation of
the sheeting at the above ratio. Tiebacks, anchorages or some other type of bracing (e.g., king-
pile system) are assumed to be required to maintain structurual stability in the wall. Architectural
and/or landscaping treatments may be needed to reduce the visual impacts of the sheet pile walls,
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The anticipated amount of leakage through a sheet pile wall is less than an earthen embankment
but more than a concrete wall. In addition, a review of the existing soils data (located in
Appendix B) indicates that the underlying soils at the site consist of pervious sands and silts with
a high groundwater table. These soils will tend to allow groundwater to be transported under the
barrier wall due to the head differential, also known as “piping”, resulting in a significant amount
of water within the barrier wall that will have to be removed or otherwise mitigated.



Construction of a barrier wall is assumed to require additional measures within the barrier wall to
capture and remove the “piped” water, such as site drains and a pumping system.

Watertight flood gates would be provided at the points of entry through the barrier into the
BJCJSTP site. However, Old Vestal Road and the access drives at the eastern end of the
BICISTP site are at higher elevations and may not be affected by flooding. These drives could
potentially remain open during flooding to permit access to the plant facilities.

Construction of a barrier wall would require permit approval from the USACE to construct the
barrier within the Susquehanna floodway. If the barrier wall is found to increase flood elevations
elsewhere, mitigation measures may be required to obtain permit approval.

Approximately 2500 linear feet of barrier wall would be required. The total probable
construction cost is approximately $9.8 million in May 2012 dollars. Including engineering,
permitting, construction administration, project administration, legal fees and other project-
related costs based on a factor of 25%, the calculated project costs are approximately $12.3
million. These costs are shown in Table 4-1A.

4.1.2 Description — Terminal Pumping Station

The design elevation of the top of the flood barrier wall at the TPS including the 3 feet of
freeboard is assumed to be EL 845 ft AMSL. This would result in approximately a 10’ high solid
wall around the perimeter of the site. A steel sheet pile wall would not be an aesthetic solution
and would require significant bracing to be structurally adequate. An earthen barrier would
require the permanent acquisition of additional land due to the required height and side slopes.
The barrier wall at the Terminal Pumping Station is therefore assumed to be of reinforced
concrete construction for the purposes of this report.

Interior site drains and a pumping system are assumed to also be required at the TPS site.
Watertight flood gates would be provided at the ends of the driveway to provide access.
However, due to the height of the wall, these gates would be substantial in size and weight and
electrical or hydraulic actuation would be required.

Approximately 525 linear feet of barrier wall would be required. The total probable construction

cost is approximately $3.3 million in May 2012 dollars. Including engineering, permitting,

construction administration, project administration, legal fees and other project-related costs

based on a factor of 25%, the calculated project costs are approximatel@ These
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4.2  Waterproof Existing Structures
4.2.1 Description - BJCJSTP

This alternative includes flood proofing the individual structures at the BJCJSTP to make them
watertight. ASCE 7, Section 5.3.4.3 requires that the walls and other openings of structures
located below the flood elevation shall be substantially impermeable to the passage of water in
order to be considered watertight. Flood proofing would be accomplished through such measures
as the installation of watertight doors, waterproofing concrete and masonry, and sealing and/or
relocating penetrations for piping, conduit and ductwork. The extent of work at each structure
depends on the level of exposure for each building and the extent of openings in the existing
building envelope. A preliminary listing of the required heights and types of flood protection
required at each individual building is shown in Table 4-1. This information is also shown
overlaid on the site plan on Figure 4-2. This alternative was discussed in the 2007 C&S report
under Section 7.

There are a number of watertight doors configurations that could be employed. The existing
doors could be replaced with gasketed, watertight doors. Installation of these doors could be
difficult in the existing door openings. One alternative would be the installation of bulkhead
doors, which would be attached to the building over the existing doorway. These doors would
remain open during non-flood conditions and could be closed when needed. Another alternative
is to install slide gate frames at the existing door openings. The slide gates could be stored inside
the building and could be inserted when needed.

Based on the existing building and potential flooding elevations, the required gate height varies
from approximately 1 foot to approximately 6.5 feet. Large, watertight doors tend to be heavy
and could be difficult to operate. Aluminum slide gates could be lighter, but larger gate heights
would require hoists or actuators to operate.

Depending on the watertight door or gate configuration used, their installation could present
egress issues due to the inability to open the door if sealed from the outside. Special egress doors
or secondary escape routes may be required to provide safe egress from the buildings. These
details would be resolved during design.

Penetrations in below grades for conduits, piping and other openings would be sealed.
Abandoned conduits and penetrations would be plugged to prevent the intrusion of water.
Cracks, failed expansion joints, and other sources of leaks in the existing foundation walls and
slabs would also be sealed. The location and quantity of such repairs would be determined during
design.
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Flood proofing existing structures could result in increased lateral loads on the above-grade
structures due to the hydrostatic pressure of the floodwaters on the building envelope. The
additional lateral loads may require reinforcement of the existing structure. The details of any
required reinforcement would be determined during design.

The total probable construction cost is approximately $3.4 million in May 2012 dollars.
Including engineering, permitting, construction administration, project administration, legal fees
and other project-related costs based on a factor of 25%, the calculated project costs are
approximately $4.2 million. These costs are shown in Table 4-2A.

4.2.2 Description — Terminal Pumping Station

The implementation of this alternative at the Terminal Pumping Station would be similar to its
implementation at the BJCJSTP.

The total probable construction cost is approximately $370,000 in May 2012 dollars. Including
engineering, permitting, construction administration, project administration, legal fees and other
project-related costs based on a factor of 25%, the calculated project costs are approximately
$460,000. These costs are shown in Table 4-2B.

4.3 Relocation of Electrical Panels
4.3.1 Description - BJCISTP

This flood control measures involves the relocation of electrical distribution equipment, motor
control centers, variable frequency drives, control panels and other sensitive electrical
components to locate them above the potential flooding elevations. In many instances, this would
require construction of elevated platforms on which to locate and access the electrical equipment.
The extent of work at each facility depends on the location of the existing electrical equipment
relative to the design flood elevation, the quantity and nature of the electrical equipment and the
degree to which the particular electrical components need to be protected. This alternative was
discussed in the 2007 C&S report under Section 3.

Much of the damage sustained during the 2006 and 2011 was to electrical equipment which was
not designed to be submerged but came into contact with floodwaters when they entered the
various facilities. The 2007 C&S report concluded that the relocation of the electrical panels was
not practical in most cases due to accessibility and worker safety concerns. The 2007 C&S report
also concluded that many of the panels, even if they were relocated, would be susceptible to
flood damage based on the configuration/elevation of the structure where they are located.

Relocating the panels to higher ground would not be a simple task in most instances. Electrical
panels must be located within a reasonable proximity to the equipment being supplied and the
majority of buildings do not have upper floors on which to install the equipment. Accordingly,
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raised platforms would be required to support the electrical equipment at the higher elevation and
to provide sufficient access for operations personnel and maintenance. Electrical codes prescribe
certain minimum clearances around electrical equipment based on the rating and other features
of the equipment. These minimum clearances could result in significant plan areas for the raised
platforms which could restrict personnel accessibility and maintenance activities within the
various facilities. In addition, plant operations would have to be maintained during construction
and significant temporary facilities could be required to facilitate electrical panel relocation.

The total probable construction cost is approximately $3.9 million in May 2012 dollars.
Including engineering, permitting, construction administration, project administration, legal fees
and other project-related costs based on a factor of 25%, the calculated project costs are
approximately $4.9 million. These costs are shown in Table 4-3A.

4.3.2 Description — Terminal Pumping Station

The motor control center and pump variable frequency drives are located at grade. The TPS
structure consists of a single-story above grade and a higher elevation does not currently exist at
which to relocate the motor control center and drives. The configuration of the building prevents
the construction of a raised platform within the existing structure without significant
modification, including raising the roof elevation and relocating the existing bridge crane to
provide adequate clearance. Construction of a platform would also limit maneuverability within
the pumping station and could impact pump removal and maintenance operations.

Alternatively, a new structure could be built adjacent to the existing pumping station building to
house the motor control center and drives at the required elevation. Building a new structure
offers several advantages:

1) Significant structural modifications to the existing structure may require costly structural
upgrades to meet new seismic design requirements. The new structure could be
seismically isolated from the existing and the structural modifications would not be
necessary for the existing structure.

2) The electrical room should be climate controlled to protect the electrical equipment from
humidity and temperature damage. It would be more cost-effective to construct and
operate this system for a new electrical room than for the existing pumping station
building.

3) There is limited space in the existing structure for the relocation of the electrical
equipment and the new electrical equipment would likely have to be installed in the same
location, requiring the installation and operation of temporary electrical equipment (e.g.,
temporary generators, breakers and drives) in order to demolish the existing and construct
the new. The new structure and electrical system could be built offline from the existing
operation and temporary service would only be required for a limited period of time in
order to switchover the electrical service.
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For the above reasons, the relocation of the electrical equipment in the TPS is assumed to require
the construction of a raised, climate-controlled structure adjacent to the existing building. The
total probable construction cost is approximately $1.3 million in May 2012 dollars. Including
engineering, permitting, construction administration, project administration, legal fees and other
project-related costs based on a factor of 25%, the calculated project costs are approximately
$1.6 million. These costs are shown in Table 4-3B.

44  Upgrade Equipment to Include Submersible Motors
4.4.1 Description - BJCIJSTP

This flood control measure involves the replacement of motors on existing critical equipment
with submersible motors to improve the resistance of the plant systems to flooding and decrease
the amount of time required to restore treatment operations following a significant flood event.

The most critical pieces of equipment to maintaining operations are the main sewage pumps at
the Head House and at the Terminal Pumping Station. The pumps and drives at both locations
were replaced with submersible equipment following the 2006 flood.

This alternative would not prevent flood waters from entering the facilities and there would still
be a significant cleanup effort once the flood waters recede. The wastewater treatment
equipment, such as pumps and valves, would require thorough cleaning and lubrication to
remove sediments from wearing parts before being returned to service.

The total probable construction cost is approximately $3.8 million in May 2012 dollars.
Including engineering, permitting, construction administration, project administration, legal fees
and other project-related costs based on a factor of 25%, the calculated project costs are
approximately $4.8 million. These costs are shown in Table 4-4A.

4.4.2 Description — Terminal Pumping Station

As noted above, the main sewage pumps at the Terminal Pumping Station were replaced with
submersible equipment following the 2006 flood. However, water did enter and damage the
motors of the main sewage pumps at the Terminal Pumping Station during the 2011 flood. The
exact reason for this is unclear but could be due to damaged mechanical seals on the pumps,
loose caps on the terminal housings, open conduit ends on the pump power feeds, or similar.
Regardless of the above failure, submersible motors can be an effective method of preventing
damage to equipment in the event of flooding. The pump motors are being replaced as part of the
flood damage rehabilitations.

The hydraulic power packs which operate the channel grinders on the pumping station influent
were also submerged and damaged as a result of the flood. These power packs have been
replaced and relocated to a higher elevation.
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There is no additional action required at the TPS under this alternative.

4.5  Upgrade/ Install Sump Pumps
4.5.1 Description - BJCISTP

This flood control measure involves the installation or improvement of sump pumps in all
buildings to discharge water that enters the building through the foundation or through openings
in the above grade structure. The previous floods have resulted in substantial inundation of most
of the plant’s facilities. The installation of higher-capacity sump pumps would not be sufficient
to maintain the structures without additional improvements at grade to prevent flood waters from
entering the facilities. This alternative would be used in conjunction with other alternatives to
provide additional protection for the plant’s facilities.

At least one existing sump was located in each of the facilities with accessible below-grade
structures. However, sump pumps are typically lower-gpm pumps (less than 100 gpm) to remove
leakage from the interior of the structure. A flooding event, however, would generate far more
water than a typical sump pump could discharge. This alternative would modify those existing
sumps to increase the pumping capacity (assumed capacity of 700 gpm) and/or install new sumps
to improve the discharge of water from within the structure. Upgrading existing sumps could
include the installation of additional pumps and the addition of flood alarms. Installation of new
sumps could require construction of drainage improvements within the structure. This alternative
assumes the installation of emergency generators (life safety power only) to maintain the
operation of the sump pumps in the event that the electrical utility service is lost.

The total probable construction cost is approximately $5.5 million in May 2012 dollars.
Including engineering, permitting, construction administration, project administration, legal fees
and other project-related costs based on a factor of 25%, the calculated project costs are
approximately $6.9 million. These costs are shown in Table 4-5A.

4.5.2 Description — Terminal Pumping Station

The implementation of this alternative at the Terminal Pumping Station would be similar to its
implementation at the BJCJSTP. The installation of emergency generators to maintain the
operation of the sump pumps is also assumed for the Terminal Pumping Station under this
alternative.

The total probable construction cost is approximately $1.0 million in May 2012 dollars.
Including engineering, permitting, construction administration, project administration, legal fees
and other project-related costs based on a factor of 25%, the calculated project costs are
approximately $1.3 million. These costs are shown in Table 4-5B.



4.6  Installation of Emergency Generators
4.6.1 Description - BJCJSTP

This alternative involves the installation of backup generators to supply the plant with electrical
power in the event of a power outage. The installation of emergency generators is not a flood
control measure in itself; this alternative would be used in conjunction with other alternatives to
provide additional reliability to permit the plant to operate certain or all of its equipment if power
from the utility could not be provided. The emergency generators would include sufficient
generation capacity, at a minimum, to operate essential facilities, including pumping stations,
blower facilities, and the solids handling facilities. The connection of key equipment to the
emergency generators would permit the plant to maintain operations in the event of power
failures in the utility distribution system. There is limited emergency generation capacity onsite
with a small generator located at the Sludge Control Building. The emergency generators would
be diesel fueled with onsite storage assumed for 24 hours operation at full load.

Several emergency power generation scenarios were investigated:

1) Full plant backup, 4800V Generation: This scenario assumes the installation of medium-
voltage generators and a medium-voltage generator paralleling switchgear. Power would
be generated at 4800V and delivered to existing switchgear. The total probable
construction cost for this scenario is approximately $6.1 million in May 2012 dollars.
Including engineering, permitting, construction administration, project administration,
legal fees and other project-related costs based on a factor of 25%, the calculated project
costs are approximately $7.6 million. These costs are shown in Table 4-6A.

2) Full plant backup, 480V Generation: This scenario assumes the installation of low
voltage generators, low-voltage generator paralleling gear, step-up transformers, and
secondary medium-voltage breakers. In this scenario, power is generated at 480V and
delivered to existing switchgear via step-up transformers. The total probable construction
cost for this scenario is approximately $6.9 million in May 2012 dollars. Including
engineering, permitting, construction administration, project administration, legal fees
and other project-related costs based on a factor of 25%, the calculated project costs are
approximately $8.6 million. These costs are shown in Table 4-6B.

3) Life Safety Power only, 480V generation: This scenario assumes sufficient emergency
power generation capacity to operate essential safety systems only (lighting, sump
pumps, ventilation, etc.). Emergency power would be generated at two locations on either
side of the plant. Each location feeds half of the plant’s life safety loads and the two
systems would not be interconnected. The total probable construction cost for this
scenario is approximately $1.5 million in May 2012 dollars. Including engineering,
permitting, construction administration, project administration, legal fees and other
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project-related costs based on a factor of 25%, the calculated project costs are
approximately $1.8 million. These costs are shown in Table 4-6C.

4.6.2 Description — Terminal Pumping Station

The implementation of this alternative at the Terminal Pumping Station would be similar to its
implementation at the BJCISTP. At the Terminal Pumping Station, however, the only scenario
investigated was to provide low-voltage generation for the full backup on the pumping station’s
electrical demand.

The total probable construction cost is approximately $0.9 million in May 2012 dollars.
Including engineering, permitting, construction administration, project administration, legal fees
and other project-related costs based on a factor of 25%, the calculated project costs are
approximately $1.1 million. These costs are shown in Table 4-6D.

4.7 Sediment Removal from Fuller Hollow Creek Qutlet
4.7.1 Description

This flood control measure includes the removal of deposition from the Susquehanna River at the
outlet of Fuller Hollow Creek. There is a considerable amount of sedimentation and other
deposits which extends into the main channel that would reduce the flow capacity of the
Susquehanna River at this location resulting in higher upstream water surface elevations along
the river. Removal of these sediments would increase flow capacities within the Susquehanna
River and increase the discharge capacity of Fuller Hollow Creek thereby reducing upstream
water surface elevations due to backwater effects. This alternative was discussed in the 2007
C&S report under Section 9.

There appears to be a significant amount of deposition at the Creek outlet. The 2007 C&S report
noted that the depth of the sediment appeared to be upwards of 20 feet in some places with up to
approximately 100,000 cubic yards of material to be removed in total.

Removal of the sediments would result in an increase in the flow capacity of the Fuller Hollow
Creek stream channel and a reduction of the elevation of the stream profile. Removal of the
sediments may also result in improvements to the flow regime in the Susquehanna River.
However, the extent of these improvements cannot be determined without performing a detailed
hydraulic analysis of the river system and the corresponding reductions in the stream profiles of
the river and of Fuller Hollow Creek cannot be readily determined. There are several structures
downstream of the BJCJSTP on the Susquehanna River — including the Route 210 Bridge and a
dam structure — that restrict flow in the river and would limit the degree to which the water level
could be reduced.
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Removal of the sediments would require permit approval from the USACE to dredge the
Susquehanna River. If the sediments are found to contain harmful or regulated materials,
additional requirements and permits may be imposed on their removal and disposal.

Assuming the removal of 100,000 cubic yards of non-hazardous sediments (i.e., general C&D
debris disposal), the total probable construction cost is approximately $7.9 -million in May 2012
dollars. Including engineering, permitting, construction administration, project administration,
legal fees and other project-related costs based on a factor of 25%, the calculated project costs
are approximately $9.8 million. These costs are shown in Table 4-7.
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5.0 Evaluation and Recommendations

5.1 Evaluation

Each flood mitigation alternatives was rated against the evaluation criteria as shown in Table 5-1
for the BJCJSTP and Table 5-2 for the TPS.

BJCJSTP

As a result of this screening process, three alternatives were identified for further consideration
at the BJCJSTP: construction of the flood barrier wall; waterproofing existing structures; and an
alternative consisting of the combination of the alternatives to relocate electrical equipment and
install submersible pump/equipment motors.

The flood barrier wall offers the highest level of protection and reliability but also comes at the
highest cost. This alternative protects all the buildings and process tanks from inundation by
flood waters. Access to plant facilities could be maintained throughout the flood event. And the
drives from Old Vestal Road on the southeast end of the plant would not need to be blocked
during flooding and access to the plant could be maintained. Also, the flood barrier wall does not
require action by the plant personnel to prepare the facility for a flood event, other than closing
the gates on the driveways entering at the northeast end of the plant.

Waterproofing the existing structures offers a higher level of protection than the remaining
alternatives but has a lower reliability due to the number of flood control gates required. These
gates would need to be stored when not in use and installed in the event a flood occurs. There is
a significant time component associated with this as each gate and stop log must be installed by
hand. In addition, a lost or damaged gate would not provide any protection at all and other
measures would be required for each such instance. Access to the individual structures would be
restricted once the gates and stop logs were installed and it is therefore necessary to install the
gates after other flood preparations are made to the plant’s facilities. Plant personnel indicate that
water levels in the river rose rapidly during the previous flooding. This alternative is less reliable
as it carries additional risk that the flood protections would not be in place when required. This
was indicated to be a significant concern by BJCJSTP personnel. The plant facilities would not
be accessible during flooding.

The combined alternative of relocating electrical equipment and installing submersible motors
results in a higher level of protection to the equipment than each alternative offers alone.
However, the combined alternative would not prevent flood waters from entering the individual
facilities and there would still be a significant cleanup effort to remove sediment from inside the
buildings and from the equipment following a flood event. This was indicated to be a significant
concern by BJCJSTP personnel. Equipment such as instrumentation, valves, actuators and other
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similar equipment and devices, including in the BAF pipe galleries, would not be made
submersible and would require maintenance and/or replacement following a flood event. The
plant facilities would not be accessible during flooding.

Terminal Pumping Station

At the TPS, the screening analysis resulted in two alternatives being retained for further
consideration: construction of a flood barrier wall; and an alternative consisting of the
combination the relocation of the electrical panels and the waterproofing of the existing structure
alternatives.

The flood barrier offers the highest level of protection and reliability but comes at the highest
cost. This alternative protects the entire TPS site from inundation by flood waters. However,
Gates Road adjacent to the TPS would be flooded and modifications to the site to raise the
elevation of the site entrance from Gates Road could be required to make the site accessible
during flooding.

Waterproofing the existing structure also offers a higher level of protection but the station would
be vulnerable if flooding occurs from within the station due to the influent. Combining this
alternative with the relocation of the electrical panels would provide additional protection and
would enable the station to operate following flooding. The pumping station would not be
accessible during flooding.

52  Recommended Improvements — BJICJSTP

Based on the above evaluation, the recommended alternative for protecting the BJCISTP from
future floods is to construct a flood barrier wall. This alternative offers the plant facilities the
most protection from floodwaters. As noted in Section 4, this alternative has a probable total
construction cost of approximately $9.8 million and a probable total project cost of
approximately $12.3 million in May 2012 dollars. The project costs are comparable to the cost to
repair the damage caused by the 2011 flood.

None of the alternatives reviewed provide for the continued operation of the plant facilities
during the 500-year flood event. Under existing conditions, when flood waters reach the
elevation of the existing outfall structures, the flap gates are forced closed and plant flow is no
longer discharged. Influent flow must be isolated at this point to prevent the facilities from being
overrun. The flood barrier wall alternative does not alter this scenario.

The City of Binghamton has determined that the design and construction of the flood mitigation
improvements would be a separate project from the work to restore the BAF Facilities and the
remainder of the BJCJSTP. Although the flood barrier wall will be a distinct project, it is
recommended that the design and construction of the site drainage pumping improvements be
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incorporated into the plant restoration project. This is so that the utility requirements and
placement can be better coordinated.

5.3 Recommended Improvements — Terminal Pumping Station

Based on the above evaluation, the recommended alternative for protecting the Terminal
Pumping Station is to relocate the electrical equipment to a new structure built above the flood
elevation. It is also recommended that the project to construct the new electrical room structure
include the work under the watertight structures alternative. The installation of stop gates at the
doorways to the existing Terminal Pumping Station structure and the sealing of existing
penetrations would limit the entry of floodwaters into the building improving cleanup efforts
following a flood. It is also likely that the operation of the station could be continued during a
flood but additional improvements may be necessary due to operations-related considerations
such as the access and safety of maintenance personnel to operate the station during a flood.
These details need to be evaluated during design. The combined probable total construction cost
of these alternatives is approximately $2.5 million and the probable total project cost is
approximately $3.2 million in May 2012 dollars.
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Table 2-1: Design Flood Elevation Analysls - Buildings

100-Year Flood Basis 500-Year Flood Basls
Base Flood Elevation 840 843
Freeboard 1
Design Flood Elevation 841 844
interconnected
Below Grade to
Ground Floor Lowest Floor | Flood Protection| Height of Flood | Flood Protection| Height of Flood Adjacent Elevation of
Bullding Name Elevation Elavatl Required (Y/N) | Protection (ft) | Required (Y/N) { Protection {ft) Buildings? C d Building C ctl
{Yes / No})

C Filter Complex 840.00 825.00 Y 1.0 A 4.0 Yes Backwash Pumping Station 825.00

Backwash Pumping Station / Fine Screenings Bldg 840.00 825.00 Y 1.0 Y 4,0 ;:: :‘:::: ccz:zllzr‘ Zi:gg

. Yes Backwash Pumping Station 825.00

N Filter Complex N/A 818.15 N N/A N N/A Yes Secondary Influent PS 818.34

" N Yes Blower Building (Old) §26.60

Secondary influent Pumping Station 841.80 818.34 N N/A Y 2.2 Yee N Filter Complex 21834
DN Filter Complex 847.00 824.40 N N/A N N/A
Blower Building (New) 839.00 NfA Y 2.0 Y 5.0
Head House 845.0 805 N N/A N N/A
Grit Building 841.0 N/A N N/A Y 3.0
Grit Washing House 1 845.0 834.0 N N/A N N/A
Grit Washing House 2 845.0 834.0 N N/A N N/A

Biower Building {Old} 843.0 830.0 N N/A Y 1.0 Yes Secondary Influent PS 826.60
Primary Sludge Pumping Station 1 840.5 826.75 Y 0.5 Y 3.5
|Primary Sludge Pumping Station 2 837.5 818.75 Y 3.5 \ 6.5
Scrubber Building 837.4 N/A Y 3.6 Y 6.5
East Scrubber Building 840.2 N/A Y 0.8 Y 3.8
Chlorination Building 838.7 N/A Y 2.3 Y 5.3
Sludge Thickener Pumping Station 1 840.15 825.0 Y 0.9 \ 3.9
Sludge Thickener Pumping Station 2 841.0 822.5 N N/A Y 3.0
Sludge Control Building 1 840.0 823.5 Y 1.0 Y 4.0
Studge Control Building 2 840.0 823.5 Y 1.0 \ 4.0
Compost Facility 839.7 N/A A 1.3 Y 4.3
Scum Pumping Station 840.5 832.0 Y 0.5 Y 3.5
Terminal Pumping Station {see Note below) 836.0 799.75 Y 2.5 Y 5.5

Note: The Design Flood Elevations for the Terminal Pumping Station are EL 839 for the 100-year flood and EL 842 for the 500-year flood.
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Table 2-2: Design Flood Elevation Analysis - Process Tanks

25-Year Flood Basis 100-Year Flood Basls 500-Year Flood Basis
Design Flood Elevation 836.5 840 843
Freeboard 1 1 1
Building Opening Flood Protection Elevation| 837.5 841 844
Flood Flood Flood
Top of Protection Height of Protection Height of Protection Height of
Tank/Structure Required Flood Required Flood Required fFlood
Process Tank / Structure Name Elevation Notes {Y/N) Protection {ft} (Y/N) Protection (ft) {Y/N) Protection {ft}

. 841.0 Bypass Gate to CL2 Tank 2 at EL 8§35.50 N N/A N N/A Y 3.0
Chlorine Contact Tank 1 838.5 Overflow Weir ot EL 838,50, Discharge to Grade N N/A Y 2.5 Y 35
Chlorine Contact Tank 2 840.5 N N/A Y 0.5 Y 3.5
Chigrine Contact Tank 3 840.5 Weir EL 832.60 N N/A Y 0.5 Y 3.5
Primary Settling Tanks 1-6 840.5 Effluent Weirs EL 839.0 N N/A Y 0.5 Yy 35
PST 1-6 Effiuent Channel N/A N/A N/A N/A N/A N/A
Primary Settling Tanks 7 - 10 837.5 Effluent Weirs EL 835.83 N N/A Y 3.5 Y 6.5
PST 7-10 Effluent Channel N/A N/A N/A N/A N/A N/A
Parhsall Flume 1 845.0 N N/A N N/A N N/A
Parshall Flume 2 845.0 N N/A N N/A N N/A
Grit Chamber 1 845.0 N N/A N N/A N N/A
Grit Chamber 2 845.0 N N/A N N/A N N/A
PST Distribution Box 1 N/A N/A N/A N/A N/A N/A
PST Distribution Box 2 839.00 N N/A Y 2.0 Y 5.0
C Filter Celis 857.50 N N/A N N/A N N/A
N Fiiter Cells 843.50 Effluent Weir EL 841.60 N N/A N N/A Y 0.5
DN Filter Cells 847.00 Effluent Weir EL 844.85 N N/A N N/A N N/A
Backwash Waste Tank 843.50 Overflow at EL 840.0 to PST 7-10 Influent Channel N N/A N N/A Y 0.5
DN Clearwel! 841.75 Overflow at EL 839.0 to CL2 Contact Tank 1 Inf Channel N N/A N N/A A 2.3
Backwash Supply Box 841.75 Weir to Clearwell Influent Channel at EL 837.50 N N/A N N/A Y 2.3
Sludge Thickener 1 842.0 N N/A N N/A Y 2.0
Sludge Thickener 2 and 3 842.0 N N/A N N/A Y 2.0
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