NYC WASTEWATER RESILIENCY PLAN
CLIMATE RISK ASSESSMENT AND ADAPTATION STUDY
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Commissioner

Dear Friends:

The New York City Department of Environmental Protection (DEP) is proactively planning for climate change,
from reducing greenhouse gas emissions to preparing for the impacts of extreme weather to drinking water
and wastewater infrastructure. When Hurricane Sandy hit in October 2012, DEP was already in the process
of studying the potential impacts of storm surge and sea level rise, to consider measures to protect the
low-lying wastewater treatment plants and pumping stations that help drain our streets and keep our water-
ways and beaches clean for the enjoyment of millions of New Yorkers. After Sandy’s surge caused damage
to wastewater facilities, resulting in millions of gallons of untreated and partially treated wastewater spilling
into the harbor, DEP quickly reacted to repair damage and to develop resiliency measures—such as elevat-
ing and flood-proofing equipment—to ensure the highest levels of protection from future storms.

The NYC Wastewater Resiliency Plan presents a comprehensive assessment of facilities at-risk from future
storms, potential costs, and suggested measures to protect critical equipment and reduce the risk of dam-
age and loss of services. The report follows the recent release of Mayor Bloomberg’s A Stronger, More Re-
silient New York, which committed the City to harden its wastewater treatment plants and pumping stations.
With 14 wastewater treatment plants and 96 pumping stations, prioritizing the most at-risk facilities included
an extensive and in-depth assessment of the height of critical assets in relation to projected flood heights.

In determining the benefits of resiliency measures and the level of acceptable costs, DEP considered not
only the value of wastewater assets, but also the population and critical facilities in the service areas and
potential impacts on beaches. Resiliency measures were then selected based upon costs and level of risk
reduction. The result is a portfolio of strategies that will be “shovel ready” for funding opportunities and
implementation as part of planned capital projects.

Investing in our wastewater infrastructure today will ensure the continuity of critical services well into the
future. By implementing these strategies along with initiatives to improve energy reliability, build green infra-
structure, improve and expand drainage infrastructure, and promote redundancy and flexibility of our water
supply, DEP will continue to be a leader in proactive planning for climate change, to ensure the resiliency of
New York City’s water resources.

Sincerely,

Gt ) Slccklnd | o

Carter H. Strickland, Jr.
Commissioner

Cover photograph: Newtown Creek Wastewater Treatment Plant, Brooklyn, New York
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The New York City Department of Environmental Protec-
tion (DEP) owns and operates one of the largest waste-
water collection and treatment systems in the world,
with 14 wastewater treatment plants and 96 pumping
stations that convey stormwater and wastewater. The
City’s wastewater treatment plants (WWTP) utilize
advanced biological and chemical processes to treat
on average 1.3 billion gallons of wastewater per day,
using state-of-the-art technology that removes between
85 and 95 percent of pollutants before discharging the
treated water into the city’s waterways. During wet
weather, these treatment plants can disinfect two times
their dry weather capacity. This immense system pro-
tects the environment and the health of more than eight
million New Yorkers, and DEP is committed to ensuring
its continued performance and reliability.

Many of the City’s wastewater treatment plants and
pumping stations are low-lying and necessarily locat-
ed close to the waterfront in order to discharge treat-

ed wastewater and for efficient sludge handling. This
waterfront dependency creates challenges that were
plainly evident when a number of facilities experienced
extensive damage during Hurricane Sandy. Flooding risk
is likely to increase over time, as climate change brings
more extreme storm surge events and continued sea
level rise in the next several decades.

EXECUTIVE SUMMARY

All 14 wastewater
treatment plants and 60
percent of pumping stations
are at risk of flood damage.

As such, DEP has taken a proactive stance in assessing
its infrastructure risks and setting forth a framework to
implement protective measures. Since 2008, DEP has
been investigating the impacts of climate change on its
infrastructure, not only for wastewater facilities, but also
for drinking water supply and stormwater management.

Building upon previous studies, this climate risk as-
sessment and adaptation study sets forth cost-effective
strategies for reducing flooding damage to wastewa-
ter infrastructure and safeguarding public health and
the environment. This comprehensive study examined
buildings and infrastructure at DEP’s 96 pumping
stations and 14 wastewater treatment plants, identify-
ing and prioritizing infrastructure that is most at risk of
flood damage. Through the study, DEP developed a set
of recommended design standards and cost-effective
protective measures tailored to each facility to improve
resiliency in the face of future flood events.

A GREENER,
GREATER

Assessment and Action Plan

=
=]
=
@
o £
©
2
=
=
3
=

Vulnerability Analysis for Hunts Point
Wastewater Treatment Plant

Halcrow | HIZIN sDSWIER

A STRONGER,
NEW YORK

April 2007

Mayor Bloomberg released PlaNYC, the
City’s long-term sustainability plan to ac-
commodate a growing population, enhance
the quality of life for all New Yorkers, and
address climate change. The 2007 report
entitled A Greener, Greater New York laid
out PlaNYC’s 127 goals, including reducing
the city’s greenhouse gas emissions by more
than 30 percent by 2030.

May 2008

DEP began implementing climate change
resiliency measures after developing and issuing
its Climate Change Assessment and Action
Plan. This plan established the framework for
subsequent studies to understand the linkages
between climate change and specific service
areas such as drinking water supply and deliv-
ery, stormwater management, and wastewater
collection and treatment.

February 2011

DEP began a detailed Climate Risk Assess-
ment and Adaptation Study for representa-
tive wastewater treatment plants, pumping
stations, and drainage areas to evaluate the
impacts of projected changes in temperature,
precipitation, storm surge, and sea level.

October 2012

The potential impact of storm surge and sea
level rise were demonstrated when Hurricane
Sandy swept over New York City on October
29th, 2012. The surge caused extensive flood-
ing and resulted in over $95 million in damage
at 10 wastewater treatment plants and 42
pumping stations.

June 2013

Mayor Bloomberg released A Stronger, More
Resilient New York, outlining more than 250
recommendations to protect neighborhoods
and infrastructure from future climate events.
The results of DEP’s Climate Risk Assessment
and Adaptation Study were incorporated into
the report’s Water and Wastewater chapter.

The study produced a number of key results: All
14 wastewater treatment plants and 60 percent

of pumping stations (58 out of 96) are at risk of
flood damage. The study estimates that equip-
ment valued at more than $1 billion is at risk and
requires additional protection. It is unlikely that
this high damage cost would be incurred during

a single storm surge event, as flood heights tend
to vary across New York City depending on storm
characteristics; however, some at-risk equipment
may incur repetitive damage from multiple storm
surge events over time. Considering the entire
range of surge heights up to and including the
100-year flood with 30 inches of sea level rise, the
cumulative damages over the next 50 years may
exceed $2 billion if no protective measures are put
in place.

The recommended protective measures, totaling
$315 million in improvements, are costly but criti-
cal. Increased resiliency not only reduces damage
to DEP’s assets, but also enables rapid recovery
of full service to the community following a flood
event, reduces risk of sewer backup into homes,
and reduces the likelihood of the release of un-
treated sewage into the environment. DEP will pri-
oritize these measures as part of planned capital
projects and with an eye toward other proposals
for engineered barriers or wetlands as part of the
broader coastal protection initiatives described in
A Stronger, More Resilient New York.

Wastewater infrastructure
valued at over $1 billion
is at risk if no protective

measures are implemented.

Over 50 years, cumulative
damages could exceed

$2 billion.

NYC WASTEWATER RESILIENCY PLAN



KEY FINDINGS

What is at risk?

Wastewater Facilities At-Risk of Storm Surge Inundation

A Wastewater Treatment Plants
e Pumping Stations
" | 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

- 2New York Times
® Linden PI
Flushing Br

Id Douglaston

Source: FEMA; CUNY Institute for Sustainable Cities

3 EXECUTIVE SUMMARY

How should it be mitigated?

Adaptation Strategies

Pumping Stations Wastewater Treatment Plants

Note: All facilities are already equipped
with backup generator power

- Elevate Equipment

- Construct Barrier

. Flood-Proof Equipment Sandbag Temporarily

. Seal Building . Install Backup Power

What is the cost?

Summary of Estimated Costs for Wastewater Infrastructure

Infrastructure Type Value of Assets at Risk ($M) Cost to Protect ($M)
Pumping Stations $218 $128
Wastewater Treatment Plants $901 $187
Total $1,119 $315

NYC WASTEWATER RESILIENCY PLAN
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Storm surge tops the Manhattan Pumping Station loses power
seawall at the Battery in 10PM Oct 29-11PM Oct 30
Lower Manhattan setting a
North River Wastewater 99 percent of all NYC 100 percent of all dry
Treatment Plant loses power wastewater receiving weather flow receiving

new record of 14.06 feet
11PM Oct 29-6AM Oct 30 secondary treatment secondary treatment

Sandy makes
landfall in NYC

Oct 26 Oct 27-28 Oct 29 Oct 31-Nov 1 Nov 2 Nov 2-10 Nov 11

DEP begins
implementing Storm
Preparedness Plan

Hurricane Sandy
continues to move

Coney Island Wastewater Treat-
ment Plant loses power
northeast

9PM-11PM Oct 29

Rockaway Wastewater
Treatment Plant out of service
8PM Oct 29-Nov 2

Con-Edison proacvtively shuts\
off Lower Manhattan network

due to imminent flooding;
Power out in Lower Manhattan
from Oct 29-Nov 9

= Out of the umping stations, were affected b H H
Lessons Learned from Hurricane Sandy Hurricane Sandy provided an

Hurricane Sandy was a devastating coastal flood event
that left many New Yorkers without homes, electricity,
and their livelihoods. The damage to DEP’s wastewater
treatment plants and pumping stations alone has been
estimated to exceed $95 million. The inundation experi-
enced at these facilities during the storm was unprece-
dented, forcing many of DEP’s staff to work around the
clock in difficult conditions through the surge and in the
days that followed to maintain or restore service.

The surge also provided DEP with a unique and unprec-
edented example of risks at its wastewater facilities.

To improve protection and response in the future, staff
rigorously documented flood depths, providing valuable
information regarding the impacts of flooding on site.

Of particular note, most of the damage experienced
during Sandy was to electrical equipment that supplies
power throughout the plants. Failure of this electrical
equipment endangered many treatment processes.
Fortunately, DEP implemented its Storm Preparedness
Plan in advance so most facilities were able to retain
some degree of power and operation using emergency
generators. Only three facilities were non-operation-

al as a result of the storm: Coney Island (two hours),
North River (seven hours), and Rockaway (three days,
although basic disinfection processes continued during
this time). Many of the other plants experienced varying
levels of flood damage to equipment and were forced

EXECUTIVE SUMMARY

from floodwaters, the other half due to loss of power unprecedented exam pIe of flood
supply. Electrical equipment and power supply were riSkS at WaStewater faCilitieS.

found to be the systems at risk. Many of the pumping
stations had to employ backup emergency generators
during the surge. In addition, in some cases the main

to operate on their emergency generators for up to two
weeks due to utility power outages.
resiliency measures are being incorporated to address

Damage caused to wastewater infrastructure led to sewage pump motors were flooded which prevented the the risks identified during the storm. DEP is committing
environmental impacts on surrounding waters. Partly transfer of wastewater and stormwater. the time and money to include resiliency upgrades into
due to power outages and plant inundation, and part- DEP immediately put into action many of the lessons these planned improvement projects, since combining
ly due to a large influx of floodwater into the sewer learned from Hurricane Sandy. At two facilities already in upgrades is often less costly than performing them
system, DEP reported that approximately 562 million the midst of upgrades — the Manhattan Pumping Sta- separately.

gallons of untreated and diluted sewage that was mixed
with stormwater and seawater was released into local
waterways. The majority of this combined sewage
overflow originated from the areas served by the Tallman
Island, North River, Newtown Creek, Coney Island, and
Rockaway plants. Advanced (secondary) treatment was
also reduced at the Port Richmond, Oakwood Beach,
Rockaway, Coney Island, and 26th Ward Wastewater
Treatment Plants; however these plants were able to
continue basic (primary) treatment to meet their permit
requirements for pollutant removal.

tion and the Gowanus Pumping Station — a number of

Area Near the Rockaway Wastewater Treatment Plant

z2.

Overall, given the severity of the storm, recovery was
fairly quick. Just four days after the storm, DEP was

treating 99 percent of all New York City wastewater;

within two weeks, DEP had restored full treatment at

all plants. DEP also enacted a number of emergency Pre-Hurricane Sandy (May 2008) Post-Hurricane Sandy (November 2011)

preparedness and response plans prior to the storm to

protect its facilities, without which damage costs would The Rockaways experienced significant damage due to wave action during Hurricane Sandy. Waves swept away significant
have been much higher. portions of beaches and inundated and battered homes and the nearby Rockaway Wastewater Treatment Plant. This facility

and the surrounding community were amongst the hardest hit during Sandy’s surge.

NYC WASTEWATER RESILIENCY PLAN
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Climate Framework

The NYC Wastewater Resiliency Plan used a unique framework to assess flood risk and identify appropriate protec-
tive measures. This framework can be applied as a prototype to protect a wide range of vital City infrastructure beyond
wastewater facilities. As shown in the adjacent flowchart, the framework is comprised of three major modules:

CLIMATE ANALYSIS: What is NYC’s climate likely to be in the future, especially in terms of storm
surge and sea level rise? What conditions should NYC prepare for?

While climate science cannot predict when a surge will occur, current climate studies project that large
surge events are likely to become more frequent in the future and will be exacerbated by sea level rise.
The FEMA 100-year flood event was selected as the maximum surge assessed in this study. An addition-
al 30 inches of flooding were also added to account for future sea level rise by the 2050s, the high end of
the projections from the New York City Panel on Climate Change.

RISK ANALYSIS: Which infrastructure will be affected in flood events?

Potential risks at each facility were identified through site visits, analysis of facility blueprints, and inter-
views with facility personnel. Information about conditions during Hurricane Sandy also helped pinpoint
specific risks and operational challenges. The elevations of flood pathways and infrastructure were then
compared to the flood elevation defined in the Climate Analysis to determine which infrastructure is
potentially at risk. Cost estimates for the replacement of at-risk equipment under emergency conditions,
cleaning of facilities, and temporary power and pumping were developed, and then used as a metric to
inform the prioritization of risks.

ADAPTATION ANALYSIS: What can be done to protect at-risk infrastructure from surges and how
much will this cost?

DEP performed an extensive literature review of strategies being considered around the globe to pro-
tect against climate change and narrowed the list down to six measures that would work best for NYC’s
wastewater infrastructure. These protective measures were then evaluated for use at each wastewater
facility. Strategy recommendations were made based on feasibility, effectiveness, and cost.

7 EXECUTIVE SUMMARY

Climate Risk Assessment and Adaptation Framework

Critical Flood

Elevation

Facility

facilities

elevation

elevation

Facilities and
Infrastructure
Needing Protection

Risk Analysis
¢ |dentify flood pathways and elevations of

¢ |dentify facilities where flood pathway
elevations are below the critical flood

Determine if at-risk facilities contain
critical, non-submersible infrastructure
that resides below the critical flood

e Estimate cost of damage to at-risk
locations and infrastructure

Climate Analysis

e Gather local climate data and
existing conditions and base flood
elevations
® Establish a critical flood elevation
(ex. 100-year floodplain with 30
inches of sea level rise)

Infrastructure

Risk Analysis

¢ Create infrastructure data-
base noting location and
equipment type

¢ |dentify critical infrastructure

that is not already

submersible

Critical, Unprotected
Infrastructure

Adaptation Analysis Recommended

Adaptation Strategies

¢ Review literature of adaptation strate-
gies considered worldwide

¢ |dentify strategies applicable to NYC

¢ Evaluate feasibility of using strategies
at a facility and estimate cost of
implementation

¢ Provided strategy recommendations

per facility based on feasibility, strate-

gy cost, and resiliency level

Next Steps

Implement more robust

design standards

¢ Harden pumping stations
through capital projects

¢ Harden wastewater treatment

plants through capital

projects

NYC WASTEWATER RESILIENCY PLAN
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26THWARD WASTEWATER TREATME

Ad.opt .Resilient Design Standards

To increase the resiliency of wastewater treatment facili-
ties against elevated flood levels, DEP is rapidly enact-
ing a range of initiatives to implement the recommen-
dations developed in the Climate Risk Assessment and
Adaptation Study. One of these initiatives is to adopt
new wastewater facility design standards that incorpo-
rate more robust measures than were formerly required.

Previous wastewater facility designs typically provid-
ed protection against the highest historically-recorded
water height of nearby water bodies. However, with the
new surge records set by Sandy and projected future
sea level rise, the new design standards will account for
the critical flood elevation used in the study: the FEMA
100-year flood elevation plus 30 inches of sea level rise.

To address the need for more robust protection, the
design standard will incorporate appropriate protective
strategies that were identified in the study as being
highly effective for the site conditions of New York City’s
wastewater infrastructure. The portfolio of possible
adaptation strategies includes six primary options, as
follows: elevating equipment above the critical flood
elevation, making pumps submersible and encasing
electrical equipment in watertight casings, constructing
a static barrier around a location, sealing structures with
watertight windows and doors, sandbagging tempo-
rarily, and where feasible, providing backup power

The new design standard will
account for the critical flood
elevation of the FEMA 100-year
flood elevation plus 30 inches
of sea level rise.

already so equipped). Although these strategies may not
necessarily keep the facility fully operational during a
large storm event, the primary goal is to protect equip-
ment from flood damage and reduce the time needed to
return to normal operations following a flood event.

Each strategy has associated advantages and disad-
vantages relating to strategy effectiveness, cost, and
complexity. For example, the higher the resiliency of
the measure, the more thoroughly the strategy protects
the facility during a flood event and the more risk the
strategy can help avoid. However, strategies with higher
resiliency are often more costly to implement. While the
six strategies were all analyzed in the study and recom-
mendations made for each wastewater facility, through
the design standard, planners and designers will have
the option to choose which strategy is implemented at
a facility based on funding availability and more detailed
site-specific analyses.

Adaptation Strategy

Resiliency/Effectiveness

Elevate Equipment
on pads or platforms, to a higher

floor, to the roof, or to a new elevat-
ed building.

Flood-Proof Equipment

by replacing pumps with submers-

ible pumps and installing watertight
boxes around electrical equipment

Install Static Barrier
across critical flood pathways or
around critical areas.

Seal Building

with water-tight doors and windows,
elevating vents and secondary
entrances for access during a flood
event.

Sandbag Temporarily
around doorways, vents, and win-
dows before a surge event. - Wedium

Install Backup Power Does not protect

via generators nearby or a plug for a equipment, but

portable generator. ensures rapid service
recovery

The adaptation strategies identified in this study were narrowed down from a comprehensive literature review of climate resil-

iency measures being implemented or considered in various locations around the world. These strategies will be incorporated

generation to pumping stations (treatment plants are into wastewater facility design moving forward to ensure more resilient plants and pumping stations.

9 EXECUTIVE SUMMARY NYC WASTEWATER RESILIENCY PLAN 10



Harden Pumping Stations

As part of capital projects and subject to available fund-
ing, DEP will design and implement resiliency projects
at the 58 pumping stations that are vulnerable to storm
surge damage from a 100-year flood with 30 inches of
sea level rise.

These pumping stations are situated across the five bor-
oughs and vary greatly in their configurations. Some are
located entirely underground, some have above ground
structures, some are under streets and sidewalks, and
others are in parks. Despite their diverse characteristics,
the 58 pumping stations tend to have similar risks. The
most common flood pathways were doorways, hatch-
es, and pipe penetrations leading to areas containing
electrical equipment and pump motors, which Hurricane
Sandy showed were especially vulnerable. It is critical
that these facilities be protected since at-risk pumping
station infrastructure is valued at approximately $220
million.

Recommendations for resiliency improvements were
made in close consultation with DEP’s operating
bureaus and predominately involve making pumps
submersible and elevating electrical equipment on
platforms or to higher floors, new buildings, and nearby
roofs. Depending on space constraints, backup power

EXECUTIVE SUMMARY

Implementing $128 million
in capital improvements at
pumping stations would
reduce equipment failures and
potential damage by more
than $700 million over
the next 50 years.

generators or plugs to connect to portable generators
were also frequently recommended to ensure rap-

id recovery in restoring service. The recommended
strategies, which would cost a total of $128 million to
implement, were specifically selected to protect equip-
ment from flood damage and increase the likelihood of
continued pumping during or immediately following a
flood event.

While the implementation cost is steep, investing in
resiliency measures at particularly low-lying pumping
stations will protect them not just in a large flood, but
also from less severe storms when flooding may occur.

CANNON STREET PUMPING STATION

Avenue M: Under the sidewalk

& ;

2 Lo oo M
e EXITONLY &

Pumping Station Configurations

37th Avenue: Under a park

New York’s pumping stations vary greatly in size, configuration, and site characteristics. While their risks tend
to be consistent, implementation of adaptive measures may vary depending on site specific constraints.

NYC WASTEWATER RESILIENCY PLAN 12



Pumping Stations At-Risk of Storm Surge Inundation

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Stations

122nd Street

Pumping Station Estimated Cost

Cost of Protective
Measures ($M)"

$0.28

Damage Cost for Critical Flood
without Protection ($M)"?

$1.85

Cumulative Risk Avoided

Over 50 Years ($M)"*
$0.62

- - 15th Avenue $2.66 $3.51 $1.00
® Pumping Stations 19th Street $0.30 $3.66 $1.43
|| 2013 Advisory 100-Year Floodplain 24th Avenue 148 o0 S8 75
n venue . E .
Projected 2020s 100-Year Floodplain 37th Avenue $0.06 $3.51 $3.85
) . 40th Road $0.51 $1.77 $8.32
Projected 2050s 100-Year Floodplain 49th Street $2.87 $2.12 $10.91
6th Road $2.87 $1.37 $6.77
Avenue M $1.07 $3.84 $19.75
W i ey Avenue U $2.60 $3.70 $19.04
Id Douglaston Bayswater Avenue $0.17 $1.14 $5.29
Borden Avenue $1.94 $3.24 $15.22
Broad Channel $2.40 $2.34 $12.03
Bush Terminal $0.59 $3.47 $17.84
Canal Street $2.42 $2.71 $13.33
Cannon Avenue $1.43 $4.39 $20.46
Clearview $4.71 $7.82 $16.80
Commerce Avenue $0.63 $1.04 $5.34
) Conner Street $5.46 $6.57 $32.13
SSanghe St Co-op City North $0.35 $3.70 $3.26
§"Bush Terminal b Douglaston Bay $7.39 $1.80 $9.26
S > Eltingville $0.59 $9.51 $5.44
Hannah' St Paerdegst, . Ely Avenue $0.47 $2.02 $3.58
\ ( Flushing Bridge $1.26 $1.74 $8.51
Na%ict Gildersleeve Avenue $0.89 $1.14 $3.97
) Hannah Street $1.37 $12.80 $63.24
Hollers Avenue $2.48 $2.82 $14.53
Howard Beach $8.16 $17.44 $20.65
Hunts Point Market $0.73 $1.86 $5.65
[avicherdl Kane Street $4.80 $6.23 $11.93
Linden Place $1.15 $4.03 $4.41
Marble Hill $0.62 $3.38 $15.67
. Mason Avenue $0.55 $3.37 $15.60
0 Miles Mayflower Avenue $0.04 $6.50 $28.43
15 3 6 9 Melvin Avenue $2.54 $1.78 $9.14
Nautilus Court $2.42 $3.28 $16.85
Nevins Street $1.09 $1.31 $6.75
The total value of risk avoided over 50 years if protective DEP will up grad e pumpin g gEWD\;?JrkI;E‘;S gg-?g gl-g? 2;8-32
measures are implemented for all 58 pumping stations Orcharngeach $0'66 $1'15 3 05
is $709 million, multiple times the total value of infra- stations based on level of risk Bl $16.96 $15.41 $19.21
structure that is at risk ($220 million). Although it is not s . Richmond Hill Road $0.01 $5.49 $1.20
likely that all at-risk equipment and facilities would be at the facil Ity’ level of service Eg(c?er\::?Tsc:a':zrtl\;ain ggg; gggg ig'gg
affected at once in a single storm event, the value of to the community, and whether Roosevelt Island North 52.54 $1.66 $8.56
at-risk equipment is twice the total cost of implement- ey Roosevelt Island South $0.66 $1.66 $0.51
ing the recommended strategies ($128 million), lending the faClIlty has other planned goseﬁ?'eSt t gg-gg 223(2) gfg-gj
. . . . . . apphire Stree . . .
strong economic support for implementation. Consid- Capltal |mprovements_ Seagirt Avenue $2.30 $4.23 $21.75
ering pumping stations also provide a critical service South Beach $0.29 $2.36 $10.93
of transporting sewage and stormwater from homes, tal, social and financial metrics. These metrics included Throgs Neck $5.92 $10.67 $53.00
businesses, hospitals, and other facilities, implementing historical flooding frequency at each pumping station, xi?o?;r“é';jg\?:: ’ gg';g g?'gg ig'gg
the recommended strategies makes sense both from an proximity to beaches and sensitive water bodies, pop- Warnerville $0.88 $1.14 $5.87
operational basis and from an economic basis. ulation served, number of critical facilities served (e.g. Zerega Avenue $0.66 $1.28 $6.60
hospitals, nursing homes, fire and police stations, etc.), Total $128 M $218 M $709 M

Prioritizing pumping stations for capital improvements
is an important aspect of planning since the required

and whether the particular pumping station is scheduled

for improvements in DEP’s 10-year capital plan. Based
on the multiple criteria, the top 5 priority pumping sta-
tions are currently the Van Brunt, Howard Beach, Throgs
Neck, Nautilus Creek, and 40th Road pumping stations.

Notes: Avenue V and Gowanus Pumping Stations are considered at-risk, but are already undergoing extensive protective upgrades
and are not considered in this cost estimate.

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e., cur-
rent 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and in-
cluding the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence.

NYC WASTEWATER RESILIENCY PLAN 14

economic funding needs are greater than the available
resources. In order to aid prioritization, a number of
criteria were applied including operational, environmen-
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The city’s wastewater treatment plants are large facil-
ities spanning multiple elevations and flood zones, as
seen at the Bowery Bay Wastewater Treatment Plant to
the right. The plants also contain thousands of pieces of
equipment, including pumps, motors, electrical power
equipment, mechanical equipment, instrumentation,
and controls. The facilities are also highly complex, with
multiple buildings, tanks, and outdoor areas intercon-
nected by tunnels, pipe work, and electrical conduits.

A site-specific analysis of each plant was required

to ensure the nuances and layouts were adequately
assessed. Each plant was visited to determine flood
pathways and at-risk equipment. Common pathways
documented were doorways, windows, vents, basement
access ways, tunnels, and buried electrical conduits.
These electrical conduits crisscross the plants and
represent a significant risk as waterproofing sealant on
conduits is difficult to maintain and monitor over time.

In total, infrastructure valued at $901 million is at risk
at the City’s wastewater treatment plants. While all 14
wastewater treatment plants are at risk from the 100-
year flood with 30 inches of sea level rise, not all will be
affected to the same degree. For example, the Jamaica

15 EXECUTIVE SUMMARY

HUNTS POINT WASTEWATER TREATMENT PLANT

Infrastructure valued over
$900 million is at risk in a large
flood event, making these
facilities prime targets for
resiliency upgrades.

Wastewater Treatment Plant is located on relatively
higher ground. Only one large piece of electrical equip-
ment is at risk. This risk was already known to staff, who
regularly sandbag around the infrastructure.

In contrast, the Rockaway Wastewater Treatment Plant
was devastated during Hurricane Sandy and would be
under more than 6 feet of water in a 100-year flood with
30 inches of sea level rise. This plant is also very close
to the ocean, and could experience severe structural
damage due to pounding waves. Low-lying plants such
as the Rockaway Wastewater Treatment Plant can ex-
pect resiliency measures to provide protection in small
and large flood events, making the case for adaptation
strong even at higher costs.

Flood Zones at Bowery Bay Wastewater Treatment Plant

FEMA
v v

Bowery Bay
Critical Flood BI

0

280 560 A ’ ‘

An aerial image of Bowery Bay Wastewater Treatment Plant is shown with the 2013 Advisory FEMA flood map and sea level
rise projections overlaid. During the study, these maps provided flood elevation information which was then compared to the
elevations of doorways, windows, and other flood pathways at the plant to see what areas and equipment would be vulnerable
to flood damage.

Potential Flood Pathways

Tunnels

NYC WASTEWATER RESILIENCY PLAN



Wastewater Treatment Plant Estimated Cost
Damage Cost for Critical

Wastewater Treatment Plants At-Risk of Storm Surge Inundation

Cumulative Risk Avoided
Over 50 Years ($M)"?

Cost of Protective

Source: FEMA; CUNY Institute for Sustainable Cities |
Measures ($M)’

Flood without Protection

17

/ Wastewater Treatment Plant
/

($M)1’2

Wastewater Treatment Plants with Greatest Potential for Affecting Beaches

A Wastewater Treatment Plants ; 26th Ward $8.18 $82.42 $79.45
[ 2013 Advisory 100-Year Floodplain % % Coney Island $15.48 $84.95 $349.81
Projected 2020s 100-Year Floodplain ' Hunts Point $24.28 $201.36 $246.44

Jamaica $0.21 $1.70 $0.46

Projected 2050s 100-Year Floodplain Oakwood Beach $5.33 $20.97 $44.28
Rockaway $15.12 $49.28 $198.10
Subtotal $68.61 $440.67 $918.55

All Other Wastewater Treatment Plants

Bowery Bay $40.26 $112.60 $69.03

Newtown Creek $8.85 $28.79 $9.13
WNewtown Creek North River $17.15 $94.10 $445.79
Owls Head $11.01 $48.41 $158.81

Port Richmond $10.39 $54.85 $60.36

Red Hook $18.56 $67.38 $24.95

Tallman Island $11.02 $45.18 $32.80

Wards Island $1.48 $8.73 $40.46
Subtotal $118.74 $460.04 $841.32

Wastewater Treatment
$187 M $901 M $1,760 M

As with pumping stations, the total potential damage to
the wastewater treatment plants is extremely high and
warrants protection. The study associated and tailored
strategies to each facility based on preliminary site
feasibility assessments and a comprehensive cost-risk
analysis. This quantitative assessment accounts for

the cost to implement each strategy and the amount of
risk each strategy could mitigate. For equipment that is
critical to meeting a minimum required level of service
by state law, strategies with high resiliency were select-
ed to promote continuous service. For other equipment,
recommended strategies provide a balance of resiliency
and a good return on investment.

The study also identified a number of additional resilien-
cy measures that are under consideration for implemen-
tation at wastewater treatment plants. These include:

EXECUTIVE SUMMARY
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e Upgrading and retrofitting the plant generation
systems to incorporate new technologies that allow
for digester gas reuse and use as a backup power
source during a flood event.

e Establishing safe houses for staff during the storm
with backup power and supplies.

e Having electrical and mechanical contractors ready
for immediate repairs following a flood event.

Quick references such as storm surge impact charts
were also developed from this study, and will be dis-
tributed to plant operators to better inform emergency
efforts before a surge event.

Plants Citywide

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e., cur-
rent 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence.

DEP plans to start protecting wastewater treatment
facilities by implementing the six adaptation measures
(presented in the Adopt New Design Standards section)
as part of repairs and other planned capital improve-
ments. As facilities are upgraded, the recommendations

made through this study will be reassessed with detailed
site analyses, and may be modified within the context of

other capital improvements being made.

Timing with other capital improvements is especially
important for resiliency upgrades, as the cost of imple-
menting protective measures with other upgrades and
at the end of equipment life spans often significantly
reduces capital cost and may provide additional op-
portunities for improvement. Since water quality in New
York City’s waterways is vital to environmental and pub-
lic health, DEP has also selected wastewater treatment
plants that can affect bathing beaches as high priority
for implementing protective measures. These plants
include 26th Ward, Coney Island, Hunts Point, Jamaica,
Oakwood Beach, and Rockaway.

In all, investing $187 million in a strategic mix of pro-
tective measures could improve resiliency at New York
City’s wastewater treatment plants and reduce risk by
almost 85 percent. The damage costs avoided over 50
years from flood events, up to and including projected
100-year storms with 30 inches of sea level rise, is an
estimated $1.76 billion. These estimates provide strong
support for implementing protective measures as they
will likely save the City more money as compared to the
cost of repairs and disaster relief over time.

NYC WASTEWATER RESILIENCY PLAN
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Storm Surge Guidance:
26th Ward WWTP

If a storm surge advisory is announced as
| part of a weather report, locate the forecasted
surge level below. Protective measures should be taken
for all locations at or below that level. If a small craft advisory is
also issued, waves may splash shoreline assets more than 3 ft above
the surge level. Adjust protection accordingly.
Elevations and areas to be protected

Storm Surge Floodplain

Advisory* and elevations Brooklyn Sewer Datum
, Return Sludge Gallery, Fuel Oil Tanks near North Building (West Side), Aera-
14.0 tion Tanks, Emergency Generator Building
PRy 13.5’ Fuel Oil Tanks near Emergency Generator Building
13.0°
12.5 Primary Sludge Gallery, Chlorine Contact Tanks, Final Settling Tanks
12.0' MCC23, Secondary Bypass Controls, Sludge Transfer Building
115 Air Process Gallery
11.0 MCC22, Dewatering Building, North Building
, BNR Outdoor Electrical Blower Equipment (North side), Digester Gallery
104 10.5 4‘ **, BNR Building
, Substation Building, BNR Outdoor Electrical Equipment (South Side Gen-
100 erator and Transformer), BNR Outdoor Fuel Station (South Side)
9.5 Old Chlorination Building **
9.0 Chemical Handling Building
8.5’ —— Waste Gas Burners
Thickener Gallery ™ .
8.0 ' Tunnel System Connected to: !
Thickener Gallery, Old Chlorination Building, Digester Gallery
7.5 Instrument Maintenance Facility, Bulkhead Elevation
7.0’
6.0’
<
1 5.0
4 40
3.0

*Storm surge added to Mean Higher High Water at Sandy Hook as of 2012, which is 1.77 ft Brooklyn Sewer Datum. Sea level is expected to rise up to 30 inches by 2050. This storm surge advisory is for current conditions.
**One of the multiple flood pathways into the tunnel system. To protect tunnels, ensure all pathways are protected.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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Precipitation, Watershed, and Tide Gate Analysis

DEP manages drainage system infrastructure with many
elements that will last longer than 100 years, and must
make sensible long-term plans that account for antici-
pated changes beyond its control. Among these import-
ant changes are rising sea level, increased population,
elevated surface temperatures, and the possibility of
more intense precipitation patterns. These factors could
have an impact on wastewater treatment processes, the
frequency of combined sewer overflow (CSO) events,
and flooding on local streets. This study focused on

the anticipated changes in rainfall and sea level from
projected climate change, and assessed the alternatives
available to mitigate these impacts.

This study included three phases:

e Phase 1: Precipitation Analysis
Rainfall statistics are critical for design standards
for city drainage systems; the goal of Phase 1 was
to assess whether there have been changes to the
rainfall intensity, duration, and frequency statistics,
or IDF curves, that are used for sewer design. The
study examined a longer, more complete rainfall
dataset than has been used in the past to produce
the revised IDF curves and to revisit the ‘typical rain-
fall year’ that is modeled for DEP’s CSO Long-Term
Control Plan (LTCP).

e Phase 2: Watershed Analysis
In this phase of the analysis, a representative drain-
age area was assessed using hydraulic and hydro-
logic simulation models developed for the LTCP.
These models were used to assess the potential im-
pact of changes in sea level and precipitation on the
performance of the drainage system, with particular
attention on changes to CSO frequency and street
flooding. Finally, the models were used to estimate
the possible benefits of implementing combinations
of green and grey infrastructure alternatives.

e Phase 3: Tide Gate Analysis
The final phase of the study assessed the effective-
ness, costs, and benefits of installing tide gates at
stormwater outfalls to prevent storm surge inunda-
tion in adjacent communities.

Precipitation Analysis

Most of the city is served by a combined sewer sys-
tem, and drainage pipes are large enough to carry both
stormwater and sanitary flow for the majority of pre-
cipitation events. During dry weather, the pipes have
ample capacity. This study sought to understand if there
have been statistically relevant changes to wet weather
patterns in New York City, and included an update of
regional precipitation statistics to include an additional
50 years of data beyond the previous record.

NYC WASTEWATER RESILIENCY PLAN
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The study determined that, although there have been
some notable extreme events in recent years, the
complete record shows no statistically significant trend
towards more intense rainfall events over the longer his-
torical record. IDF curves, one of the most common and
useful tools for sewer design, were reassessed using
historical rainfall data which revealed that the intensities
for a storm with a 5-year return period are not signifi-
cantly different between the current and updated IDF
curves for durations (or travel time) up to 100 minutes. In
other words, for durations relevant to sewer design, the
expanded, more recent data record revealed no discern-
ible trend toward more intense rainfall.

The relevance of this finding for DEP’s current sewer
design standards is that current drainage planning tools
(IDF curves) remain suitable for design. However, to rec-
ognize any emerging trends in precipitation intensity due
to future climate change, DEP will work with the Mayor’s
Office of Long-Term Planning and Sustainability and

the New York City Panel on Climate Change to create a
process to reassess precipitation data periodically and
incorporate any advances in climate modeling. Based
on any material emerging trends, DEP will assess impli-
cations for the sizing of stormwater detention systems,
sewer site connections, and green infrastructure, as
appropriate.

Historical rainfall data analysis did, however, result in a
change in the ‘typical year’ to represent average annual
conditions for LTCP modeling. Data from JFK Airport in
2008 is now used to represent the ‘typical’ rainfall year
and will be used for modeling the efficacy of projects to
reduce CSOs. Furthermore, to account for more extreme
years that may become the norm in the future with
climate change, the historical time series used for LTCP
modeling has been expanded to ten years--including
2005 and 2006, which most closely fit the projections
for future precipitation. The incorporation of additional
years will be used to test the robustness of various CSO
mitigation approaches under a range of average and
extreme conditions.

Watershed Analysis

Watershed analysis is an integral component of DEP’s
planning for water quality projects to reduce the effects
of CSOs, and is based on a simulation of the actual
urban environment that considers how the system re-
sponds to precipitation events and fluctuations in tides.
The Flushing Bay watershed was chosen as a sample
case study because it is representative of the city as a
whole in a number of critical ways, and therefore feasi-
ble adaptation strategies developed for this watershed
may be applicable citywide.

The analysis showed that CSO discharges and local

EXECUTIVE SUMMARY

flooding would likely increase under future climate con-
ditions in response to potential increases in precipitation
volume and intensity. Overall annual rainfall volume is
the most important driver of increased CSO volume and
potential effects on water quality. A detailed analysis of
various solutions to address increased local flooding
and CSO events showed that a combination of green
infrastructure and grey infrastructure has the greatest
benefit, but that adaptation strategies must be evalu-
ated and implemented on a site-by-site basis in order
to confirm feasibility, and compared on a cost-benefit
basis with other proposed projects.

Already, DEP is implementing an ambitious Green
Infrastructure Plan to build green infrastructure citywide
to reduce CSO events. Continuing to implement the
PlaNYC goal for green infrastructure is an important el-
ement of a strategy to adapt to climate change. Used in
combination with cost-effective grey infrastructure prac-
tices, such as high-level storm sewers, these strategies
will help to ensure that the city’s wastewater system
continues to provide a high level of service to the public
and the environment, now and in the future.

Tide Gate Analysis

Tide gates prevent salt water from entering the com-
bined sewer system and disrupting operations at
wastewater treatment plants. Discharge points for
stormwater pipes, however, are only occasionally fitted
with tide gates. This portion of the study sought to
determine where additional tide gates might improve the
functioning of the system during a storm surge event. A
preliminary, static analysis was performed to determine
the viability and impacts of tide gate installations at 211
DEP-owned stormwater outfalls in New York City.

The screening analysis looked at the local topography of
the community upstream of each associated outfall and
compared it to the elevations of typical tidal events to
see whether the installation of a tide gate would pro-
vide flood protection. The results varied and are highly
dependent on the engineering of the sewers in each
area. It demonstrated that tide gates must be analyzed
on a case-by-case basis at each outfall to examine

the hydraulics of the local drainage system, the sur-
rounding topography of the community, and the typical
tidal elevation along the associated shoreline. In some
cases, tide gates would yield benefits, but it would not
be cost-effective or provide effective flood mitigation to
install tide gates at every outfall in the city, adding costs
for maintenance and replacements, and in some cases,
potentially exacerbating flooding conditions.

Moving Forward

The NYC Wastewater Resiliency Plan was a tremendous
effort, with vital data sharing and intensive discussion
between operators, risk analysts, climate specialists,
and policy makers. The study greatly improved under-
standing of wastewater infrastructure risks and resulted
in identification of a portfolio of robust adaptation strat-
egies that will be incorporated in DEP design standards
and capital planning. DEP has also established resourc-
es and institutional programs to help staff members
understand the risks of climate change and continue to
improve resiliency.

This study, therefore, does not mark the end of climate
resiliency efforts at DEP. As New York City’s climate con-
tinues to change, DEP is ready and committed to con-
tinue risk evaluations and pursue resiliency upgrades,
not only in wastewater, but also for stormwater man-
agement, ecosystems management, and drinking water
supply, as described in the report from Mayor’s Special
Initiative for Rebuilding and Resiliency. With a combi-
nation of hardened infrastructure and better emergency
response, DEP is well positioned to better protect the
City’s water infrastructure and waterways on multiple
fronts, and is committed to continue serving the public
to create a stronger and more resilient New York City.

Additional Information

In addition to this document, DEP has developed a
number of detailed public reports regarding the citywide
risk framework and climate analyses used in this study,
as well as facility-specific documents which serve as a
valuable resource regarding lessons learned from Sandy
and site-specific recommended adaptation strategies.
Please see subsequent chapters for further details.
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WARDS ISLAND WASTEWATER TREATMENT PLANT, MANHATTAN, NY

Citywide Framework

The Climate Risk Assessment and Adaptation Study
was developed as a planning level framework to assess
the flood risk posed to wastewater infrastructure and

to provide adaptation recommendations based on site
feasibility and cost-benefit evaluation. This approach
evaluates the cost of adaptation strategies against the
value of risk avoided after strategy implementation.

The study yielded insight into the risk of DEP’s
wastewater infrastructure to flood damage, documented
lessons learned from Hurricane Sandy, and provides a
valuable framework that may be used as a prototype to
protect a wide range of vital city infrastructure in New
York and around the world.
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The Citywide Resiliency Framework is summarized

as a flowchart in Figure 1, and comprises three main
analyses: 1) Climate Analysis, 2) Risk Analysis, and 3)
Adaptation Analysis. These analyses build upon each
other and are described in further detail in subsequent
sections.

Figure 1: Climate Risk Assessment and Adaptation Framework

Climate Analysis

e Gather local climate data and
existing conditions and base flood
elevations

® Establish a critical flood elevation
(ex. 100-year floodplain with 30

inches of sea level rise)

Critical Flood
Elevation

Infrastructure

Risk Analysis

¢ Create infrastructure data-
base noting location and
equipment type

¢ |dentify critical infrastructure

that is not already

submersible

Facility

Risk Analysis

¢ |dentify flood pathways and elevations of
facilities

¢ |dentify facilities where flood pathway

elevations are below the critical flood

elevation

e Determine if at-risk facilities contain
critical, non-submersible infrastructure
that resides below the critical flood
elevation

Critical, Unprotected

e Estimate cost of damage to at-risk Infrastructure
locations and infrastructure
Facilities and Adaptation Analysis Recommended

Infrastructure
Needing Protection

* Review literature of adaptation strate- Adaptation Strategies

gies considered worldwide
¢ |dentify strategies applicable to NYC
e Evaluate feasibility of using strategies
at a facility and estimate cost of
implementation
¢ Provided strategy recommendations
per facility based on feasibility, strate-
gy cost, and resiliency level

Next Steps

¢ Implement more robust
design standards

e Harden pumping stations
through capital projects

* Harden wastewater treatment

plants through capital

projects
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While climate science cannot predict when a storm surge will
occur, current climate studies project that future storm surge
events are likely to be exacerbated by sea level rise. The
climate analysis in this study established the future storm
surge conditions for which DEP should plan and prepare.

The March 2013 FEMA 100-year advisory base flood
elevation (ABFE) plus an additional 30 inches for sea level
rise was selected as the “critical flood elevation” against
which DEP infrastructure would be assessed. This flood
elevation was obtained for each wastewater facility location
from online FEMA ABFE maps which provide flood levels
accounting for specific local conditions, such as topography.

The 2013 ABFE maps were developed by FEMA to guide
rebuilding efforts after Hurricane Sandy and were the most
current flood elevations available at the time of the analysis.
The ABFEs were replaced by the FEMA Preliminary Work

Maps (PWM) in June 2013. The critical flood elevations in the
updated maps are in most cases very similar to the ABFE
maps, and are more conservative than the PWM elevations,
and therefore more protective. Using the updated maps
would not significantly affect the results of this analysis.

The additional 30 inches added to the ABFEs approximates
future sea level rise in the 2050s, as projected by the New
York City Panel on Climate Change. As shown in Table 1,
30 inches represents a high estimate of sea level rise?. The
year 2050 was chosen to evaluate future conditions in the
study in order to be consistent with DEP capital planning
programs. Using a higher estimate for the analysis provides
for more conservative design standards that will better
protect wastewater infrastructure from future storm surge
conditions.

Table 1: NPCC 2013 Climate Projections

. Baseline
Chronic Hazards (1971-2000)
Middle Range High End Middle Range High End
(25th - 75th percentile) (90th percentile) (25th - 75th percentile) (90th percentile)
Average Temperature 54 °F +2.0t0 2.8 °F +3.2 °F +4.1t0 5.7 °F 6.6 °F
Precipitation 50.1 in. +1 10 8% +10% +4 t0 11% +13
Sea Level Rise' 0 +4 to 8 in. +11in. +11to 24 in. +31in.

Source: NPCC; for more details, see Climate Risk Information 2013.

'Baseline period for sea level rise projections is 2000-2004.

2The New York City Panel on Climate Change issued its final report in 2013, with slight changes to the high end estimate for sea level
rise. The change of 1 inch to the projections would not alter the recommendations of this study.
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The Risk Analysis sought to determine which facilities and
infrastructure would be at risk from the critical flood elevation
(100-year ABFE plus 30 inches of sea level rise), and how
much damage DEP could expect to incur.

A detailed analysis of potential flood-related risks at each
facility was conducted by walking through the facilities,
documenting flood pathways for different buildings and plant
areas, and interviewing operational staff to determine which
infrastructure had been frequently subject to flooding during
the facilities’ active history. Of particular value was evaluating
what flooded during Hurricane Sandy, which helped paint a
picture of how floodwater moves throughout the facilities and
the operational challenges that flooding creates. The most
common flood pathways identified on site included doorways,
outfall pipes, bulkheads, windows, vents, conduits, and tunnel
systems. The site visit was accompanied by an analysis of fa-
cility blueprints to determine the height of a surge that would
inundate the various flood pathways identified once a thresh-
old elevation was overtopped (the sill of a door for example,
or, in the case of pumping stations, the ground elevation). If
the threshold elevation fell below the critical flood elevation,
the location was determined to be at risk of flood damage.

An extensive assessment was performed on critical infra-
structure within at-risk locations to determine the value of
damage DEP could expect to incur in a large surge event.
Pumps, motors, electrical equipment and controls, and other
equipment necessary to meet basic (primary) treatment lev-
els were of particular interest due to the receiving waterbody
impacts.

DEP has an infrastructure database that catalogs the thou-
sands of pieces of wastewater equipment at each treatment
plant and pumping station. This database was reviewed and
supplemented with information from inspections and draw-
ing review pertaining to location, equipment resiliency, and
equipment elevation with respect to the critical flood eleva-
tion. Replacement and repair costs were also developed for
at-risk infrastructure. Total damage cost estimates for each
plant location and pumping station considered the cost of
replacement for infrastructure, and the cost to clean up the
site and provide temporary power and pumping services, if
necessary.

ASSESSING WASTEWATER INFRASTRUCTURE USING
TRIPLE BOTTOM LINE ANALYSIS

Flood damage not only comes in the form of needing to re-

place equipment and clean a site, but also includes damages
from extended loss of service. New York City’s pumping sta-
tions convey millions of gallons of sewage from homes, busi-
nesses, hospitals, and other important buildings to treatment
facilities, ensuring sewage does not back up into basements,

Climate Analysis Risk Analysis

which could pose a health risk. Similarly, wastewater treat-
ment plants provide an invaluable service by treating sewage
to protect water quality in New York’s waterways. Without the
treatment plants running, sewage would degrade the environ-
ment and contaminate beaches.

Thus, flood damage not only presents an economic burden,
but also has significant social and environmental costs.
Considered together, all three of these costs provide a more
holistic assessment of damage from flood surge and can
guide adaptation decision-making more appropriately for a
service-driven agency such as DEP. Because it considers
financial, social, and environmental consequences, this rela-
tively new method of assessment is called Triple Bottom Line
Analysis.

Quantifying the value of social and environmental damages
is much more challenging than developing the cost estimates
for replacing damaged equipment. For example, how does
one determine the cost of damage to water ecosystems from
sewage, the loss of wildlife and plant matter, and the loss of
recreational uses of these ecosystems? How can we quantify
the cost of health impairments in New Yorkers exposed to
sewage: the medication, the sick leave from work, and the
stress that results?

Answering these questions with monetary value is complex.
As such, during the Risk Analysis, the environmental and
social costs of flood damage at each wastewater facility were
analyzed from a qualitative perspective using various metrics.
DEP anticipates using these metrics within the broader set of
criteria to inform implementation schedules and prioritization
of capital upgrades for wastewater infrastructure.

More specifically, since water quality in New York City’s water-
ways is highly important to the environment and public health,
during the study DEP looked at each wastewater treatment
plant and determined what level of impact it might have on
nearby bathing beaches. Those treatment plants that can
heavily affect bathing beaches were deemed higher priority
for adaptation measures.

Pumping stations were prioritized based on operational,
environmental, social, and financial metrics. These metrics in-
cluded historical flooding frequency, proximity to beaches and
sensitive waterbodies, tributary area population, facility size,
number of critical facilities (hospitals, schools, etc.) poten-
tially affected by failure of the wastewater infrastructure, and
whether the facility is scheduled for improvements in DEP’s
10-year capital plan.
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Adaptation Analysis

For the Adaptation Analysis, a number of adaptation strate-
gies were selected through a broad literature review of strat-
egies in use or being considered in municipalities around the
world to harden infrastructure. The strategies that were de-
termined to be most applicable to New York City wastewater
facilities included sealing a building with watertight windows
and doors, elevating equipment, making pumps submersible,
encasing electrical equipment in watertight casings, con-
structing a static barrier across doors and other access ways,
temporary sandbagging, and providing backup power genera-
tion to pumping stations where feasible (wastewater treatment
plants are already equipped with backup power). The purpose
of these strategies is to prevent damage during a flood event
and to minimize the recovery time needed to reestablish nor-
mal operations. It was assumed that any strategy would need
to be operated and maintained for 50 years.

Each strategy has advantages and disadvantages associat-
ed with cost, logistics of implementation, effectiveness, and
failure potential. The failure potential is the probability that
the strategy will fail during a flood event, as estimated from
manufacturer details, site observations, and engineering
judgment. The resiliency level and failure potential are directly
related — the higher the resiliency level, the better the strat-
egy for protecting infrastructure during a flood event and the
lower the failure potential. Table 2 summarizes the resiliency
level, failure potential, and explanation of the residual risk for
the adaptation strategies considered in this study.

The failure potential was a key quantitative metric used to
select a recommended strategy for each at-risk plant location
and pumping station. The strategy recommendations were
also based on feasibility, the importance of the infrastructure
in a location, and a cost-risk analysis. Feasibility was estab-
lished during the site visits, when it was easy to see whether
certain strategies could be implemented given site specific
configurations and conditions.

For locations containing important infrastructure needed for
the plant to meet basic (primary) treatment requirements, the
feasible strategy with the lowest failure potential was recom-
mended. As a result, flood-proofing and elevating equipment
were often recommended for these locations. For instances
where all critical infrastructure could not be elevated or flood-
proofed due to site or infrastructure constraints, a second
strategy was recommended to block flood pathways into the
at-risk location. As a result, in many cases the cost of protect-
ing these primary locations was high since multiple strategies
were recommended to increase redundancy; however, since
the infrastructure being protected serves such a pivotal role in
protecting the environment and public health, the non-mone-
tary benefits (social and environmental) outweigh the mone-
tary costs.

Strategy selection for locations which contained pumps, mo-
tors, and electrical equipment that are not essential to meet-
ing basic permit requirements were required to be cost-ef-
fective. Strategy selection for these locations was therefore
based on feasibility and return on investment. To determine

Table 2: Adaptation Strategies

Resiliency

Strategy Level

No Action

Emergency Response
(Sandbagging)

Seal Building or Control Room

Construct Barrier

Floodproof Equipment

Elevate Equipment

Provide Temporary Power
Generation for Pumping Station

Failure Potential

Explanation of Residual Risk

No protection

Human element, may overtop

May leak in from conduits; difficult to detect all
leaks

Alternative flood pathways other than over the wall

May exceed rated pressure

If elevated above critical flood height, only risk from
larger storms and greater climate change

This measure does not protect the Pumping
Station, but helps it to regain service following a
surge
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which strategy was most cost-effective, the cost of imple-
menting and maintaining any strategy was compared to the
anticipated benefit of implementing that strategy in terms
of the resulting damage that would be avoided. The antici-
pated value of damage avoided accounts for the resiliency
level of the strategy and includes the value of at-risk infra-
structure in the location as estimated in the Risk Analysis.
Future storms and surges are associated with a probability
of occurrence based on historical storms and the likelihood
that any storm will occur during any given year. Naturally,
the bigger the surge, the less likely it is to occur in any
given year; thus, the 100-year flood has a 1 percent chance
of occurring in any given year and a 2-year flood event has
a 50 percent chance of occurring in any given year.

The anticipated value of damage avoided also depends on
the elevation of the location and how frequently surges are
likely to reach that elevation. Certain low-lying locations are
more likely to be frequently flooded over 50 years, so an-
ticipated damage may be multiple times the value of at-risk
infrastructure (as it may need to be replaced several times).
Likewise implementing an adaptation strategy at these lo-
cations can protect the equipment through multiple floods,
so the anticipated damage avoided may be very high over
50 years. Given that the benefits are higher than the cost of
implementation, the strategy would be recommended due
to its good return on investment.

In contrast, locations at high elevations may only be affect-
ed by very large storms such as the 100-year flood, which
tend to occur infrequently. If strategies are implemented

at these locations, they may protect against a surge that
may or may not occur in the next 50 years. Therefore, the
expected risk avoided at such locations will be much lower.
If the risk avoided is lower than the cost to implement the
strategy, the adaptation measure will not have a good
expected return on investment, and would not be recom-
mended.

An understanding of expected damage avoided provides
insight into why some locations do not warrant protection
at this time. These locations were often at higher elevations
that would not be flooded frequently, and often contained
fewer pieces of equipment, that were typically not critical
to meeting primary treatment requirements. Therefore, the
cost to protect a building by sealing doors or construct-
ing a barrier could not be justified economically for these
locations.

Programmatic Solutions

To ensure continued progress towards more resilient
wastewater infrastructure, and to ensure that the resiliency
concepts developed during this study are translated into
feasible projects to harden facilities, DEP has established a
number of programmatic steps which will be executed in the
next few years.

e Maintain a portfolio of “shovel ready” projects that
can be further developed when funding opportunities
arise or when potentially at-risk assets are due for
maintenance or replacement;

¢ Incorporate climate change and extreme weather
considerations in risk assessment exercises designed to
allocate funding and prioritize capital projects;

¢ Revise engineering design standards to accommodate
anticipated increases in sea level and storm intensity;

¢ Include critical flood elevations in asset management
databases; place storm surge guidance in visible
locations within the wastewater treatment plants; and
refine emergency response plans to improve disaster
preparedness and recovery based on risk assessment and
feedback from operating staff.

With the proper institutional mechanisms in place, DEP will

be at the forefront of climate-resilient infrastructure planning,
and will be able to make informed decisions about wastewater
infrastructure upgrades and emergency response.
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CHAPTER 2:
WASTEWATER TREATMENT
PLANTS
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The New York City Department of Environmental Pro-
tection (DEP) own and operates 14 wastewater treat-
ment plants. These facilities are highly complex, with a
number of different treatment processes that collectively
remove between 85 and 95 percent of pollutants in the
1.3 billion gallons of wastewater generated in New York
City each day. Treatment plants keep waterways and
bathing beaches clean and are fundamental to protect-
ing the environment and public health. As such, DEP is
committed to ensuring their continued performance and
reliability.

One of DEP’s priorities in the coming years will be hard-
ening its wastewater infrastructure to increase resiliency
against flood damage. Many of the City’s wastewater
treatment plants are located within close proximity to
the waterfront and are at risk from flooding, as was evi-
dent during Hurricane Sandy. Given that this risk is likely
to increase over time with sea level rise, DEP performed
the 2013 Climate Risk Assessment and Adaptation
Study to identify treatment plant risks and protective
measures which will reduce flood damage and the time
needed to restore normal operating conditions following
a flood event.

WASTEWATER TREATMENT PLANTS

The study revealed that all 14 wastewater treatment
plants are at risk of flood damage during the critical
flood event (the 100-year flood plus 30 inches of sea
level rise), totaling over $900 million of at-risk infrastruc-
ture. The recommended protective measures, totaling
$187 million in improvements, are also costly but will
significantly reduce risk to the equipment, environment,
and public health.

DEP plans to implement the protective measures
systematically through capital projects in the coming
years, with added consideration given to those plants
whose failures will most likely affect bathing beaches.
This chapter provides additional information regarding
individual wastewater treatment plants, their risks, and
which measures DEP may implement in the future to
protect them.

Wastewater Treatment Plants

Source: FEMA; CUNY Institute for Sustainable Cities /
7/

A Wastewater Treatment Plants
- 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain
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iNewtown Creek

Red Hook
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Port Richmond

Owls Head

akwood Beach
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Wastewater Treatment Plant Estimated Costs

Damage Cost for Critical
Flood without Protection

Cost of Protective

Wastewater Treatment Plant 1
Measures ($M)

($M)1‘2

Wastewater Treatment Plants with Greatest Potential for Affecting Beaches
26th Ward $8.18 $82.42
Coney Island $15.48 $84.95
Hunts Point $24.28 $201.36
Jamaica $0.21 $1.70
Oakwood Beach $5.33 $20.97
Rockaway $15.12 $49.28
Subtotal $68.61 $440.67

All Other Wastewater Treatment Plants
Bowery Bay $40.26 $112.60
Newtown Creek $8.85 $28.79
North River $17.15 $94.10
Owls Head $11.01 $48.41
Port Richmond $10.39 $54.85
Red Hook $18.56 $67.38
Tallman Island $11.02 $45.18
Wards Island $1.48 $8.73
Subtotal $118.74 $460.04

Wastewater Treatment

Plants Citywide $187 M

$901 M

Over 50 Years ($M)"*

$79.45
$349.81
$246.44
$0.46
$44.28
$198.10
$918.55

$69.03
$9.13
$445.79
$158.81
$60.36
$24.95
$32.80
$40.46
$841.32

$1,760 M

NYC WASTEWATER RESILIENCY PLAN
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26th Ward Wastewater Treatment Plant

PLANT DESCRIPTION

The 26th Ward Wastewater Treatment Plant is located
on a 57.3 acre site at the intersection of Flatlands and
Van Siclen Avenues in southeastern Brooklyn, Com-
munity District 5. The plant abuts Flatlands Avenue on
the north, Van Siclen Avenue to the west and Shore
Parkway to the south; Hendrix Creek separates the site
from the land to the east. General plant characteristics
for 26th Ward can be found in Table A. The critical flood
elevation used in the analysis is the FEMA March 2013
advisory base flood elevation (ABFE) with 30 inches of
projected sea level rise. The ABFE maps were devel-

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated Sludge
Dewatering Facilities Yes

Design Dry Weather Flow (MGD) 85

Maximum Wet Weather Flow (MGD) 170

Number of Residents Served 283,428

Discharge Waterbody

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Hurricane Sandy Flood Elevation

Hurricane Sandy Flood Damage

High Likelihood to Impact Beaches

26TH WARD WASTEWATER TREATMENT PLANT

oped to guide rebuilding efforts after Hurricane Sandy,
and were replaced by the FEMA Preliminary Work Maps
(PWM) in June 2013. Although it was not feasible to
reassess all wastewater facilities using the PWMs, the
critical flood elevations are in most cases very similar
to the ABFE maps, and using the updated maps would
not affect the results of this analysis. In the critical flood
scenario, based on the 100-year flood event (from the
ABFE) with 30 inches of sea level rise, floodwater at the
plant may reach +13.5 feet NAVD88. In contrast, the
typical high tide elevation nearby is +2.4 feet NAVD88.

Jamaica Bay

+13.5 ft NAVD88 (+12.9 ft Brooklyn Sewer Datum)
+12.6 ft NAVD88 (+12.0 ft Brooklyn Sewer Datum)
Major

Yes

FEMA Flood Zones near 26th Ward Wastewater Treatment Plant
» e

26th Ward \ :

B Critical.FloodiElevations
\, = 135t NAVDBB

[ Miles

0 15 3 6 9

- 2013 Advisory 100-Year Floodplain Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Flood Pathways

5 oy S e

A basement access way leading to the Primary Sludge
Gallery would be a flood pathway during the critical
flood event.

Electrical conduits in the basement of the Main Build-
ing provided a pathway for floodwaters during Hurri-
cane Sandy.
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at 26th Ward. First, as

part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation. Basement access ways with windows,
low-lying doorways, and electrical conduits represent
the most common flood pathways found on site. In ad-
dition, since the plant has a relatively flat terrain, several
areas may be flooded by up to 5 feet of water during the
critical flood event.

An infrastructure-level assessment identified whether
certain pieces of equipment that are needed to meet
basic levels of service are located in plant areas that are
at risk. There is a total of 1,239 target pieces of equip-
ment located in these at-risk facilities that are below the
critical flood elevation and are at risk of flooding. This
equipment includes pumps, motors, electrical equip-
ment, and other infrastructure associated with primary
treatment.

In particular, the Digester and Thickener Galleries
contain numerous large sludge pumps below ground
that would be at risk via a number of doorways and

the tunnel system which connects the galleries to the
at-risk Chlorination Building. During Hurricane Sandy,
these galleries experienced several feet of flooding, and
warrant additional protection.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power, would be approximately $82.4 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was pro-
posed for each at-risk location at 26th Ward. Strategy
selection was based on a feasibility analysis accounting
for current site configurations and DEP’s existing data-
base (as of 2/7/2013) of active infrastructure, as well as
a cost-risk analysis which compares the cost of imple-
menting the strategy to the potential damage avoided.
Strategy selection also accounted for the importance of
infrastructure within a location for meeting basic treat-
ment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements, and may

26TH WARD WASTEWATER TREATMENT PLANT

be modified to account for new and changing site condi-
tions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk
avoided over the 50-year time span, and level of resilien-
cy the adaptation measure may provide to the selected
location.

For many of the locations at 26th Ward containing at-
risk, large pumping operations below ground, protecting
flood pathways into the basements and tunnel system
with barriers, sandbags, or watertight doors was recom-
mended.

Furthermore, in locations such as the Primary and
Return Sludge Galleries which contain critical pumps
needed for basic treatment, additional protection is
recommended. Since these pumps are large and the
necessary overhead space is limited at these locations,
elevating these pumps would not be realistic. Instead, it
is recommended that the pumps be replaced with sub-
mersible pumps, preferably at the end of their life cycle
to reduce costs.

In total, the cost to implement all recommended strate-
gies at 26th Ward is $8.2 million. While this cost is high,
the potential damage cost that a large surge may im-

pose totals $82.4 million. Furthermore, since 26th Ward

Total Pieces of
Equipment:
5,685

Total Target
Pieces of Equipment*:
3,359

Total Target
Pieces of
Equipment
At Risk:
1,239

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

is at a relatively low elevation, smaller flood events could
affect this site. As the recommended strategies would
also protect infrastructure during these smaller events,
the total value of risk avoided over a 50-year time span
is estimated at $79.5 million, which is almost ten times
the cost of implementation.

This favorable cost comparison provides strong eco-
nomic support for implementing robust adaptation

strategies, especially considering that they would also

minimize service disruptions in Brooklyn during flood
events, reduce sewage bypasses, and protect public

health.

Table B: 26th Ward Adaptation Strategy Recommendations

Recommended Protective

Location
Measure

Air Process Gallery Sandbag

BNR Building No Action Required

Chemical Handling No Action Required

Flood-proof Equipment

Chlorination Building (Old) and Construct Barrier

Chlorine Contact Tanks Elevate Equipment

Dewatering Building Sandbag

Digester Gallery Sandbag

Final Settling Tanks No Action Required

Fire Pump Station No Action Required

Instrument Maintenance No Action Required

Flood-proof Equipment

Main Building and Seal Building

Flood-proof Equipment

PITET) Sl Eelen and Construct Barrier

Flood-proof Equipment

Return Sludge Gallery and Seal Building

Sludge Transfer Sandbag

Substation Building No Action Required

Thickener Gallery Construct Barrier

Waste Gas Burners No Action Required

Total for All 17 At-Risk Locations

1) All cost estimates are presented in 2013 US Dollars

Cost of

Protective
Measures ($M)"

$132,000

$0

$0

$1,201,000

$14,000

$697,000

$105,000

$0

$0

$0

$1,879,000

$3,500,000

$287,000

$158,000

$0

$212,000

$0

$8.2M

Damage Cost
for Critical
Flood without
Protection

($my'2
$724,000

$139,000
$49,000
$1,093,000
$270,000
$43,567,000
$753,000
$2,294,000
$335,000
$604,000
$11,815,000
$5,083,000
$3,426,000
$6,092,000
$46,000
$6,044,000

$86,000

$824M

Cumulative
Risk Avoided
Over 50 Years

($M)1,3

$369,000
$0

$0
$3,132,000
$90,000
$31,399,000
$654,000
$0

$0

$0
$9,268,000
$1,660,000
$1,064,000
$2,274,000
$0
$29,544,000

$0

$79.5M

Resiliency Level

Moderate-Low

No Protection

No Protection

High

Very High

Moderate-Low

Moderate-Low

No Protection

No Protection

No Protection

Moderate

High

Moderate

Moderate-Low

No Protection

High

No Protection

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e., cur-
rent 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence

3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and

including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence

NYC WASTEWATER RESILIENCY PLAN
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HURRICANE SANDY IMPACTS

26th Ward experienced major flooding as a result of
Hurricane Sandy. During the peak of the storm, floodwa-
ters from Hendrix Creek overtopped the plant walls and
backed up into the plant through the outfall discharge
pipe. The backflow of water through the plant’s outfall
caused water to build up in the adjacent Chlorine Con-
tact Tanks, eventually causing them to overflow.

Storm surge also overtopped the plant sea wall and
traveled via the West and East Road, flooding a number
of plant locations and limiting plant access during the
storm. Flooding occurred in the Digester and Thickener
Galleries, Old Chlorination Building, Return Activated
Sludge Gallery, Chemical Handling Building, electrical
stations along West Road, and in the parking lot just
north of the Dewatering Building. In addition, the motor
control center in the Instrumentation and Maintenance
Facility was flooded. The plant dock was also damaged.

Pzl 3

, N. Building: Flooding through
R | basement electrical conduit

Fortunately, overland floodwater did not reach any of the
exterior doors of the Main Building, where raw sewage
is initially pumped into the plant for treatment. However,
the basement experienced flooding through an electrical
channel. In all, none of the main sewage pumps were
damaged, and the plant was able to continue pumping
and performing basic wastewater treatment during the
storm.

Plant staff worked actively before, during, and after the
storm to protect the plant and bring it back to normal
operation. Electrical power was proactively shut off
throughout the plant during the storm surge, except

in the North Building, to prevent short circuiting as the
water level continued to rise. After the storm, all flooded
areas were dewatered and flooded motors and electrical
equipment were cleaned, dried, and repaired or replaced
depending on their condition.

Regulator: Flooded |
with creek water

-1 2 Motor Control Cen nd
4 1 Substation: Possibly flooded
through conduits

Digester, Thickener,
Old Chlorination
| Building Galleries:
'Y Flooded through doors 8

T

Instrumentation and
Maintenance Facility:
Flooded with 5’ of water

Chlorine Contact Tank:
Hydraulic Flooding

Chemical Handling Building: £
Flooded through doors

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.

26TH WARD WASTEWATER TREATMENT PLANT

REGAS

N Y &

Environmental

Storm Surge Guidance:
26th Ward WWTP

If a storm surge advisory is annogpced as
! part of a weather report, locate the forecasted
surge level below. Protective measures should be taken
for all locations at or below that level. If a small craft advisory is
also issued, waves may splash shoreline assets more than 3 ft above
the surge level. Adjust protection accordingly.

Storm Surge Floodplain Elevations and areas to be protected
Advisory* and elevations Brooklyn Sewer Datum

Return Sludge Gallery, Fuel Oil Tanks near North Building (West Side), Aera-

14.00 tion Tanks, Emergency Generator Building
EyT— 13.5' Fuel Oil Tanks near Emergency Generator Building
13.0°
12.5 Primary Sludge Gallery, Chlorine Contact Tanks, Final Settling Tanks
12.0' MCC23, Secondary Bypass Controls, Sludge Transfer Building
11.5 Air Process Gallery
11.0 MCC22, Dewatering Building, North Building
, BNR Outdoor Electrical Blower Equipment (North side), Digester Gallery
1047w 10.5 4‘ ** BNR Building
, Substation Building, BNR Outdoor Electrical Equipment (South Side Gen-
10.0 erator and Transformer), BNR Outdoor Fuel Station (South Side)
95’ Old Chlorination Building **
9.0 Chemical Handling Building
8.5’ —— Waste Gas Burners
Thickener Gallery>>
8.0 ' Tunnel System Connected to: !
Thickener Gallery, Old Chlorination Building, Digester Gallery !
7.5 Instrument Maintenance Facility, Bulkhead Elevation
7.0’
6.0'
5.0’
4.0
3.0

*Storm surge added to Mean Higher High Water at Sandy Hook as of 2012, which is 1.77 ft Brooklyn Sewer Datum. Sea level is expected to rise up to 30 inches by 2050. This storm surge advisory is for current conditions.
**One of the multiple flood pathways into the tunnel system. To protect tunnels, ensure all pathways are protected.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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Bowery Bay Wastewater Treatment Plant

PLANT DESCRIPTION

The Bowery Bay Wastewater Treatment Plant is located
on a 34.6 acre site along Berrian Boulevard in the north-
western section of Queens, Community District 1. The
plant abuts the Rikers Island Channel to the north and
east, Berrian Boulevard to the south and Steinway Street
to the west. General plant characteristics for Bowery
Bay can be found in Table A. The critical flood elevation
used in the analysis is the FEMA March 2013 advisory
base flood elevation (ABFE) with 30 inches of project-
ed sea level rise. The ABFE maps were developed to
guide rebuilding efforts after Hurricane Sandy, and were

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated sludge
Dewatering Facilities Yes

Design Dry Weather Flow (MGD) 150

Maximum Wet Weather Flow (MGD) 300

Number of Residents Served 848,328

Discharge Waterbody

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Hurricane Sandy Flood Elevation

Hurricane Sandy Flood Damage

High Likelihood to Impact Beaches

BOWERY BAY WASTEWATER TREATMENT PLANT

replaced by the FEMA Preliminary Work Maps (PWM) in
June 2013. Although it was not feasible to reassess all
wastewater facilities using the PWMs, the critical flood
elevations are in most cases very similar to the ABFE
maps, and using the updated maps would not affect
the results of this analysis. In the critical flood scenario,
based on the 100-year flood event (from the ABFE) with
30 inches of sea level rise, floodwater at the plant may
reach +15.5 feet NAVD@88. In contrast, the typical high
tide elevation nearby is +8.5 feet NAVD88.

Upper East River

+15.5 ft NAVD88 (+13.9 ft Queens Datum)
+11.6 ft NAVD88 (+10.0 ft Queens Datum)
Minor

No

FEMA Flood Zones near Bowery Bay Wastewater Treatment Plant

Bowery Bay

Critical Flood Elevation
= 15.5 ft NAVD88

[ Miles
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Flood Pathways

11
o

WoRr

-~

- i
o £
e T o

3 . »
\ 4 o
o

Llan

Stairway at grade leading to the Main Building

Typical hatch at grade level leading to tunnel system
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at Bowery Bay. First, as
part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation.

Since the plant has a relatively flat terrain, several areas
may be flooded by up to 5 feet of water during the
critical flood event. In addition, there is an extensive
underground tunnel system that connects several loca-
tions and can convey water throughout the plant if not
properly protected.

An infrastructure-level assessment identified whether
certain pieces of equipment needed to meet basic levels
of service are located in plant areas that are at risk.
There is a total of 1,215 target pieces of equipment lo-
cated in these at-risk facilities that are below the critical
flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power would be approximately $112.6 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was pro-
posed for each at-risk location at Bowery Bay. Strategy
selection was based on a feasibility analysis accounting
for current site configurations and DEP’s existing data-
base (as of 2/7/2013) of active infrastructure, as well as
a cost-risk analysis which compares the cost of imple-
menting the strategy to the potential damage avoided.
Strategy selection also accounted for the importance of
infrastructure within a location for meeting basic treat-
ment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk

BOWERY BAY WASTEWATER TREATMENT PLANT

avoided over a 50-year time span, and level of resiliency
the adaptation measure may provide to the selected
location.

Since many of the areas at Bowery Bay contain critical
infrastructure, often elevating and flood-proofing were
chosen as strategies since they provide a high degree of
protection. In locations where not all infrastructure could
be elevated or flood-proofed, additional strategies were
chosen that protect openings into the plant areas. In ad-
dition, since Bowery Bay is susceptible to flood damage
from an interconnected tunnel system, sealing doors
and hatches leading to the tunnel is recommended.
Providing more robust coverings and seals would greatly
reduce this risk and prevent floodwaters from entering
the tunnel system, traveling throughout the plant, and
damaging target pieces of equipment in basements.

In total, the cost to implement all recommended strat-
egies at Bowery Bay is $40.3 million. While this cost is
high, the potential damage cost that a large surge may
impose totals $112.6 million. Furthermore, since Bowery
Bay is at a relatively low elevation, smaller flood events
could affect this site. As the recommended strategies
would also protect infrastructure during these smaller
events, the total value of risk avoided over a 50-year
time span is estimated at $69 million, which is nearly
twice the cost of implementation. This favorable cost
comparison provides strong economic support for
implementing robust adaptation strategies, especially
considering that they would also minimize service dis-
ruptions in Queens during flood events, reduce sewage
bypasses, and protect public health.

Total Pieces of
Equipment:
3,358

Total Target
Pieces of Equipment*:
2,187

Total Target
Pieces of
Equipment
At Risk:
1,215

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

Table B: Bowery Bay Adaptation Strategy Recommendations

Location

Chlorine Tanks

Emergency Generation
Facilities

Grit Building

Main Building

MCC Room 1541

MCC Room 1548

Plant Substation

Primary Screening Area -
Lower Level

Service Building

Sludge Dewatering Building

Sludge Storage Building No.

15

South Final Tanks

Substation "A" 1531

Substation "B" 1532

Substation "C" 1533

Substation "E" 1535

Tunnels And Corridors

Digester Gallery

Fire Pump House

Recommended Protective

Measure

Elevate Equipment

Elevate Equipment and
Construct Barrier

Seal Building
Construct Barrier
Sandbag

Sandbag

Elevate Equipment and
Construct Barrier

Flood-proof Equipment
and Sandbag

Elevate Equipment and
Sandbag

Flood-proof and Elevate
and Construct Barrier

No Action Required

No Action Required

Elevate Equipment and
Seal Building

Elevate Equipment and
Seal Building

Elevate Equipment and
Seal Building

Elevate Equipment and
Seal Building

Flood-proof and Elevate
and Seal Building

No Action Required

No Action Required

Total for All 19 At-Risk Locations

1) All cost estimates are presented in 2013 US Dollars
2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,
current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence
3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence

Cost of
Protective

Measures ($M)"

$236,000

$964,000

$557,000

$1,427,000

$132,000

$132,000

$1,150,000

$314,000

$791,000

$3,419,000

$0

$0

$563,000

$563,000

$563,000

$535,000

$28,918,000

$0

$0

$40.3 M

Damage Cost
for Critical
Flood without
Protection

($my'2
$446,000

$5,940,000
$3,318,000
$37,313,000
$902,000
$902,000
$7,494,000
$405,000
$742,000
$15,315,000
$861,000
$3,966,000
$3,131,000
$3,131,000
$3,131,000
$3,131,000
$21,263,000
$768,000

$446,000

$112.6 M

Cumulative
Risk Avoided
Over 50 Years

($M)1,3

$124,000
$5,644,000
$6,683,000
$12,761,000
$575,000
$216,000
$7,149,000
$121,000
$372,000
$12,641,000
$0

$0

$947,000
$1,221,000
$2,122,000
$1,219,000
$17,230,000
$0

$0

$69.0M

Resiliency Level

Very High

Very High

Moderate

High

Moderate-Low

Moderate-Low

Very High

Moderate

Moderate

High

No Protection

No Protection

High

High

High

High

High

No Protection

No Protection
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HURRICANE SANDY IMPACTS

Bowery Bay experienced minor flooding as a result

of Hurricane Sandy, as depicted in the figure below.
During the peak of the storm, water overtopped the
plant bulkhead and northern access road which par-
allels the Rikers Island Channel. However, the water
from the storm surge stopped just short of entering into
any of the plant’s process or electrical buildings. The

Building
9 Motor
Control

storm surge caused minor damage to several temporary
contractor office trailers, several storage sheds, and the
barge dock. Plant staff took precautions ahead of the
storm, which included sandbagging buildings and other
routine emergency preparation procedures outlined

in the plant’s Wet Weather Operations Plan. The plant
maintained electrical power and continued normal wet
weather operation throughout the storm.

V7N

v

Environmental

Protectior

If a storm surge advisory is announced as part of

| a weather report, locate the forecas'afsgge level = S
below. Protective measures should be taken for all Iocation¥‘
at or below that level. If a small craft advisory is also issued, waves
may splash shoreline assets more than 3 ft above the surge level.
Adjust protection accordingly.

Storm Surge Guidance:
Bowery Bay WWTP

Center P48l ,, Final N = : Storm Surge Floodplain Elevations and areas to be protected
&7\ Settling > Advisory* and elevations Queens Datum
¥, Building . v 4% /¢ AN N
7&8 4 V000" el System :
Motor U DI S
& \ & P 3l Water ponded on
Control \2 ; 5 X % ; X
et : SN . 4 254 low lying portions 180
Room A 3 3 of access road :
- ; o 17.5 North Primary Tanks, South Primary Tanks
o) N A
SodiumHydroxide 17.0'
Storage and Feed 165 MCC Room 1560
Facilities :
A 16.0' North Aeration Tanks, Secondary Bypass, MCC Room 1558, MCC Room 1559, Sodium
) : Hydroxide Building
S 15.5 South Aeration Tanks
Water ponded on £
low lying pOI’tiOI’IS » 15.0' MCC 1574 - Main Control Room, Boiler House
of ‘
14.0’ Chlorine Building, North Final Tanks, Primary Screening Area - High Level
A7 , 13.5’ Temp. Personnel Building, Chlorine Tanks, MCC Room 1548, South Final Tanks
s Residuals = %47 500 yr. 134 - :
Handling ﬁ‘»i" z 13.0' Substation "A" 1531, Primary Screening Area - Low Level
o : Facility ; K
d s 4 i, - S | Sem_ce Sludge ; 3 Grit 12.5' High Level Pump Area, Froth Control Building, Substation "E" 1535, Main Building,
@ / Low Level WNI& Building Thickeners Bl Substation "B" 1532, Low Level Pump Area
» 4741 Screen Chamber, - ; gy : uilding 120
‘ P W) W i\
f Primary 100 yr. 114 115 Sludge Storage Building No. 16, Service Building
Digester , MCC Room 1541, Substation "C" 1533, Vent From Corridor (Leads to Tunnel Network,
A 11.0 Between Building No. 4 and the South Primary Settling Tanks)
. A\ 4 ' Plant Substation, Access Hatches Leading to Tunnels** (multiple hatches),
> 10.5
| Water ponded on Emergency Generation Facilities, Sludge Dewatering Building
{ low lying portions 10.0’
of access road
X ’ 9.5’ Sludge Storage Building No. 15
s Dewatering o
Building 9.0 MCCRoom 1557, GritBuilding
: . ! Tunnel System** (Extensive System, Over 1 Mile of Tunnels, Connect !
(o | Essentially All Buildings) Connects: Grit Building, Aeration Galleries, Final Settling |
| Galleries, Primary Settling Galleries, Chlorination Building, Main Building, |
| Galleries, Pri Settling Galleries, Chlorination Building, Main Buildi |
’ I I
8.0 1 Digester Gallery, Thickener Gallery, Dewatering Building. |

*Storm surge added to Mean Higher High Water at Kings Point as of 2012, which is 6.94 ft Queens Datum. Sea level is expected to rise up to 30 inches by 2050. This storm surge advisory is for current conditions.
**One of the multiple flood pathways into the tunnel system. To protect tunnels, ensure all pathways are addressed

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red. |

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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Coney Island Wastewater Treatment Plant

PLANT DESCRIPTION

The Coney Island Wastewater Treatment Plant is located
on a 30 acre site along Knapp Street in south central
Brooklyn, Community District 15. The plant abuts Av-
enue Y to the north, Coyle Street to the west, Voorhies
Avenue to the south and Rockaway Inlet/Shell Bank
Creek to the east. General plant characteristics for
Coney Island can be found in Table A. The critical flood
elevation used in the analysis is the FEMA March 2013
advisory base flood elevation (ABFE) with 30 inches of
projected sea level rise. The ABFE maps were devel-

Table A: Wastewater Treatment Plant Characteristics

Characteristic Value

Plant Type

Dewatering Facilities

Design Dry Weather Flow (MGD)

Maximum Wet Weather Flow (MGD)

Number of Residents Served

Discharge Waterbody

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Hurricane Sandy Flood Elevation

Hurricane Sandy Flood Damage

High Likelihood to Impact Beaches

CONEY ISLAND WASTEWATER TREATMENT PLANT

oped to guide rebuilding efforts after Hurricane Sandy,
and were replaced by the FEMA Preliminary Work Maps
(PWM) in June 2013. Although it was not feasible to
reassess all wastewater facilities using the PWMs, the
critical flood elevations are in most cases very similar
to the ABFE maps, and using the updated maps would
not affect the results of this analysis. In the critical flood
scenario, based on the 100-year flood event (from the
ABFE) with 30 inches of sea level rise, floodwater at the
plant may reach +15.5 feet NAVD@88. In contrast, the
typical high tide elevation nearby is +2.4 feet NAVD88.

Activated Sludge

No

110

220

596,326

Jamaica Bay

+15.5 ft NAVD88 (+14.02 ft Brooklyn Highway Datum)
+10.1 ft NAVD88 (+8.62 ft Brooklyn Highway Datum)
Major

Yes

FEMA Flood Zones near Coney Island Wastewater Treatment Plant

-

wiConey Island *
\M"Critical Flood Elevation
15.5 ft NAVD88

Miles
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Access stairway to the basement and gas booster
room of the Pump and Power Building

Sinkholes developed near the Sludge Storage Area af-
ter Hurricane Sandy. Groundwater may present a flood
risk during the next critical flood event
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at Coney Island. First, as
part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation. Since the plant has a relatively flat ter-
rain, most plant buildings would be flooded by three or
more feet of water during the critical flood event.

An infrastructure-level assessment identified whether
certain pieces of equipment needed to meet basic levels
of service are located in plant areas that are at risk.
There is a total of 1,204 target pieces of equipment lo-
cated in these at-risk facilities that are below the critical
flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.

Of particular note, the Main Electrical Substation, which
provides power to a significant portion of the plant; the
main sewage pumps in the Pump and Blower Build-
ing which bring sewage into the plant; and the tunnel
system which connects numerous buildings on site,

are all at risk. Fortunately, most of the tanks would be
protected from direct inundation, but may spill over as
water backs up into the plant from the outfall during a
large flood.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power would be approximately $84.9 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was pro-
posed for each at-risk location at Coney Island. Strategy
selection was based on a feasibility analysis accounting
for current site configurations and DEP’s existing data-
base (as of 2/7/2013) of active infrastructure, as well as
a cost-risk analysis which compares the cost of imple-
menting the strategy to the potential damage avoided.
Strategy selection also accounted for the importance of
infrastructure within a location for meeting basic treat-
ment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

CONEY ISLAND WASTEWATER TREATMENT PLANT

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk
avoided over a 50-year time span, and level of resiliency
the adaptation measure may provide to the selected
location.

Given that Coney Island is susceptible to flood damage
from an interconnected tunnel system (Tunnel A), con-
structing static barriers around grates and providing stop
logs on doorways leading to the tunnel is recommended
to minimize spreading of floodwater.

Locations containing equipment critical for primary treat-
ment operations, particularly the main pumps, screens,
and disinfection equipment, also warrant protective
measures. Since most of the equipment is relatively
large and below ground, elevating equipment from this
underground area is challenging. Flood-proofing the
equipment is recommended instead, and in locations
where not all infrastructure can be flood-proofed, addi-
tional strategies which block flood pathways can provide
added levels of protection.

Finally, key outdoor electrical components that are below
the critical flood elevation should either be elevated or
have a barrier constructed around them. If flood wa-

ters penetrate these areas, power should be turned off.

Total Pieces of
Equipment:
4,512

Total Target
Pieces of Equipment*:

2,860

Total Target
Pieces of
Equipment
At Risk:
1,204

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

Primary treatment process equipment can be operated
with emergency generators as was done during Hurri-
cane Sandy.

In total, the cost to implement all recommended strat-
egies at Coney Island is $15.5 million. While this cost

is high, the potential damage cost that a large surge
may impose totals $84.9 million. Furthermore, since
Coney Island is at a relatively low elevation, smaller
flood events could affect this site. As the recommended
strategies would also protect infrastructure during these

smaller events, the total value of risk avoided over a

50-year time span is estimated at $349.8 million, which

is 23 times the cost of implementation. This favorable

cost comparison provides strong economic support for

implementing robust adaptation strategies, especially

considering that they would also minimize service dis-
ruptions in Brooklyn during flood events, reduce sewage

bypasses, and protect public health.

Table B: Coney Island Adaptation Strategy Recommendations

Recommended Protective

Location
Measure

Administration Building No Action Required

Digesters Seal Building

Distributed Equpment No Action Required

Flood-proof Equipment

Grit Building and Construct Barrier

Flood-proof Equipment

Hypo Building and Seal Building

IRE Building/Storage

Garage No Action Required

Main Electrical Substation Construct Barrier

Odor Control Building Seal Building

Old Power House No Action Required

Pla'nt. Maintenance No Action Required
Building
Primary Screening

Building

Flood-proof Equipment
and Construct Barrier

Flood-proof Equipment

TP el POriE Ut g and Construct Barrier

Sludge Storage Building Construct Barrier

Thickener Building Construct Barrier

Flood-proof Equipment

Tunnel A and Construct Barrier

Distributed Power Elevate Equipment
Total for All 16 At-Risk Locations

1) All cost estimates are presented in 2013 US Dollars

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,

Cost of

Protective
Measures ($M)"

$0

$622,000

$0

$2,685,000

$1,027,000

$0

$617,000

$594,000

$0

$0

$3,702,000

$4,675,000

$212,000

$482,000

$409,000

$460,000

$155M

Damage Cost
for Critical
Flood without
Protection

(S
$1,109,000

$8,138,000
$265,000
$5,133,000
$1,524,000
$81,000
$10,771,000
$2,892,000
$306,000
$318,000
$4,579,000
$18,853,000
$1,112,000
$22,783,000
$251,000
$6,833,000

$849M

Cumulative
Risk Avoided
Over 50 Years

($M)1,3
$0

$37,692,000
$0
$25,341,000
$6,766,000
$0
$52,648,000
$12,519,000
$0

$0
$9,319,000
$86,788,000
$5,434,000
$111,378,000
$1,221,000
$706,100

$349.8 M

current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence

3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and

including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence

Resiliency Level

No Protection

Moderate

No Protection

High

Moderate

No Protection

High

Moderate

No Protection

No Protection

High

High

High

High

High

Low
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HURRICANE SANDY IMPACTS

Coney Island experienced major flooding as a result of
Hurricane Sandy. During the peak of the storm, water
from the adjacent Rockaway Inlet/Shell Bank Creek
overtopped the banks behind the Sludge and Digester
building complex, flooded Knapp Street and flowed
through the main wastewater treatment plant parking lot
and into low-lying buildings. There was extensive dam-
age to the Storage Garage, located at grade level, which
contained spare parts and other equipment. Over 1 foot
of water filled the lower levels of the Sludge Storage/
Digester Gallery, the Pump and Power House Building,
and the Primary Screening Building, compromising
mechanical and electrical equipment. Water spilled out
of the Chlorine Contact Tanks and a tunnel which spans
Knapp Street, connecting the Sludge Storage/Digester
Gallery on the east side with the Thickener Building on
the west side, also filled with water.

Three of the five main electrical feeds from Con Edison
were lost during the storm event and the remaining two

Il Primary Screens
o flooded by high
water levels
in influent channel

i Flood water entered
the Admin Building
& | through doorways
| at grade Ieve|

ﬁ Chlorine Contact

i Tanks and Plant
§ Effluent Structure
overtopped due to
submergence of the

& plant outfall

lines were shut down the next day for four hours. In ad-
dition, since the elevation of the plant discharge outfall
was overwhelmed by the storm surge, treated wastewa-
ter backed up within the plant.

The storm event resulted in several sinkholes causing
the ground around the buildings to settle. A ground pen-
etrating radar survey performed after Hurricane Sandy
revealed numerous areas in the parking lot adjacent to

the Storage Garage that require geotechnical restoration.

The plant staff took precautions ahead of the storm,
which included sandbagging low-lying buildings, relo-
cating some of the portable equipment, filling chemi-
cal tanks, ensuring emergency power equipment was
operational, closing certain inflow pipes to reduce inflow
of combined sewage to the plant, and other procedures
outlined in their Wet Weather Operations Plan. Despite
the damage, the plant maintained normal wet weather
operation through the storm event.

¥l Boats and marina

B equipment/debris were w{”
=| distributed throughout 0%
e the WWTP (on both

3
j.

Garage flooded
through doorways

Sludge Storage
and Digestion
Complex flooded
through doorways

Flood water
traveled across it
Knapp St via

the tunnel

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.

CONEY ISLAND WASTEWATER TREATMENT PLANT
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Environmental

Storm Surge Guidance:
Coney Island WWTP

If a storm surge advisory is announced as part of
| a weather report, locate the forecastedsurge Ievel
below. Protective measures should be taken for all locations
at or below that level. If a small craft advisory is also issued, waves
may splash shoreline assets more than 3 ft above the surge level.
Adjust protection accordingly.

Storm Surge Floodplain Elevations and areas to be protected
Advisory* and elevations Brooklyn Highway Datum
500yr. 175
13.0°
12.0'
100 yr. 115"
1.0
10.5' — Primary Screening Building
High Voltage Station, Hypochlorite Building, Pump and Power House** (Main Sewage
10.0° Pumps, Electrical Feeders), Administration Building™*, Odor Control Building
' Tunnel B System Connected to: !
9.5 —! Administration Building, Pump and Power House |

, 4{ Grit Building, Thickener Building**, Main Electrical Substation, Plant
9.0 Maintenance Building

85 — Sludge Storage Area**, Transformers/Substation 4A, Digester Gallery**, IRE
Building/Storage Garage,Old Powerhouse

A 1 Tunnel A System Connected to: I
8.0’ Tunnel AS C d
| |
| Digester Gallery, Sludge Storage Tank, Thickener Building, RAS |
: Pump Station :

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

7.0

6.0’

5.0’

4.0’

3.0

2.0

*Storm surge added to Mean Higher High Water at Sandy Hook as of 2012, which is 0.94 ft Brooklyn Highway Datum. Sea level is expected to rise up to 30 inches by 2050. This storm surge advisory is for current conditions.
**One of the multiple flood pathways into the tunnel system. To protect tunnels, ensure all pathways are addressed.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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Hunts Point Wastewater Treatment Plant

PLANT DESCRIPTION

The Hunts Point Wastewater Treatment Plant is located
in the Hunts Point section of the Bronx, on the shore of
the upper East River. The plant abuts Ryawa Avenue on
the north, Halleck Street to the east, and the East River
separates the site from the land to the west and south.
General plant characteristics for Hunts Point can be
found in Table A.The critical flood elevation used in the
analysis is the FEMA March 2013 advisory base flood
elevation (ABFE) with 30 inches of projected sea level
rise. The ABFE maps were developed to guide rebuild-

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated Sludge
Dewatering Facilities Yes

Design Dry Weather Flow (MGD) 200

Maximum Wet Weather Flow (MGD) 400

Number of Residents Served 684,569
Discharge Waterbody Upper East River

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Hurricane Sandy Flood Elevation
Hurricane Sandy Flood Damage

High Likelihood to Impact Beaches

HUNTS POINT WASTEWATER TREATMENT PLANT

ing efforts after Hurricane Sandy, and were replaced by
the FEMA Preliminary Work Maps (PWM) in June 2013.
Although it was not feasible to reassess all wastewater
facilities using the PWMs, the critical flood elevations
are in most cases very similar to the ABFE maps, and
using the updated maps would not affect the results of
this analysis. In the critical flood scenario, based on the
100-year flood event (from the ABFE) with 30 inches of
sea level rise, floodwater at the plant may reach +17.5
feet NAVD8S8. In contrast, the typical high tide elevation
nearby is +8.2 feet NAVD88.

+17.5 ft NAVD88 (+16.0 ft Bronx Sewer Datum)
+10.2 ft NAVD88 (+8.7 ft Bronx Sewer Datum)
Minor

Yes

FEMA Flood Zones near Hunts Point Wastewater Treatment Plant

3 Critical Flood Elevation
= 17.5 ft NAVD88

|- Miles

- 2013 Advisory 100-Year Floodplain Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Access doors to the Sludge Storage Tanks next to the
East River

The overhead grate above the Aeration Gallery is a
potential flood pathway to the sludge pumps.
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at Hunts Point. First, as
part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation. Since parts of the plant are situated at
a relatively low elevation, a number of areas would be
flooded by up to 7 feet of water during the critical flood
event.

An infrastructure-level assessment identified whether
certain pieces of equipment needed to meet basic levels
of service are located in plant areas that are at risk.
There is a total of 3,782 target pieces of equipment lo-
cated in these at-risk facilities that are below the critical
flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.

The Aeration Galleries and the Electrical Substations
contain some of the most expensive pieces of equip-
ment that are at risk at the plant. The Aeration Gallery
houses a series of large sludge pumps below ground,
and the Electrical Sustations contain equipment used
to transmit power throughout the plant. This equipment,
therefore, is not only expensive to replace, but is funda-
mental to the plant’s funcitonality.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power would be approximately $201.4 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was pro-
posed for each at-risk location at Hunts Point. Strategy
selection was based on a feasibility analysis account-
ing for current site configurations and DEP’s existing
database (as of 2/7/2013) of active infrastructure, as
well as a cost-risk analysis which compares the cost

of implementing the strategy to the potential damage
avoided. Strategy selection also accounted for the
importance of infrastructure within a location for meeting
basic treatment requirements. When resiliency upgrades
are planned, the proposed recommendations should be

HUNTS POINT WASTEWATER TREATMENT PLANT

evaluated with consideration to other ongoing capital
improvements and may be modified to account for new
site conditions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk
avoided over a 50-year time span, and level of resiliency
the adaptation measure may provide.

In total, the cost to implement all recommended strate-
gies is $24.3 million. While this cost is high, the poten-
tial damage cost that a large surge may impose totals
$201.4 million. Furthermore, since Hunts Point is at a
relatively low elevation, smaller flood events could affect
this site. As the recommended strategies would also
protect infrastructure during these smaller events, the
total value of risk avoided over a 50-year time span is
estimated at $246.4 million, which is ten times the cost
of implementation. This favorable cost comparison pro-
vides strong economic support for implementing robust
adaptation strategies, especially considering that they
would also minimize service disruptions during flood
events, reduce sewage bypasses, and protect public
health.

Total Pieces of
Equipment:
6,845

Total Target
Pieces of Equipment*:
5,347

Total Target
Pieces of
Equipment
At Risk:
3,782

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

Table B: Hunts Point Adaptation Strategy Recommendations

Location

Aeration Building — North

Aeration Building — South
Aeration Gallery

Aeration Tank - East

Aeration Tank - West

Alkalinity Building

Centrate Building

Chlorination Building

Chlorine Contact Tank
Dewatering Building

Digestion Building

Effluent Water Pump Station Building - Center
Effluent Water Pump Station Building - East
Effluent Water PS Building — West
Final Scum Pump Station - East
Final Scum Pump Station - North
Final Scum Pump Station - South
Final Settling Tank - East

Final Settling Tank - North

Final Settling Tank - South

Final Settling Tank - West

Fire Pump Building

Froth Collection Boxes 3210 and 3211
Gas Holding Tank

Main Electrical Substation
Primary Scum PS - East

Primary Scum PS - West

Primary Settling Tank - East
Primary Settling Tank - West
Primary Sludge PS — Center
Primary Sludge PS — East
Primary Sludge PS — West

Return Sludge Building
Separation Building

Sludge Storage Tanks #9, 10
USS-1535 Substation

USS-1540 Substation

Total for All 37 Locations At-Risk

Recommended Protective Measure

Seal Building

Seal Building

Flood-proof Equipment and Construct Barrier

Elevate Equipment
Elevate Equipment
Seal Control Room
Sandbag

Elevate Equipment
Elevate Equipment
Seal Building

Sandbag

Elevate Equipment and Seal Building

Elevate Equipment and Construct Barrier
Elevate Equipment and Construct Barrier
Elevate Equipment and Construct Barrier

Elevate Equipment and Seal Building

Seal Control Room
No Action Required
No Action Required
No Action Required
No Action Required
No Action Required
No Action Required

No Action Required

Flood-proof Equipment and Construct Barrier

Elevate Equipment
Elevate Equipment
Elevate Equipment
Elevate Equipment
Sandbag

No Action Required
No Action Required
No Action Required
No Action Required
No Action Required
Seal Building

Seal Building

1) All cost estimates are presented in 2013 US Dollars
2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,
current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence
3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence

Cost of

Protective
Measures ($M)’

$318,000
$318,000
$745,000
$2,036,000
$4,363,000
$299,000
$103,000
$1,636,000
$142,000
$597,000
$103,000
$594,000
$1,258,000
$1,229,000
$248,000
$400,000
$269,000
$0

$0

$0

$0

$0

$0

$0
$1,252,000
$1,234,000
$1,145,000
$1,452,000
$2,835,000
$102,000
$0

$0

$0

$0

$0
$799,000
$799,000

$243 M

Damage Cost
for Critical
Flood without
Protection

($M)'2
$1,477,000

$1,273,000
$9,168,000
$8,627,000
$18,251,000
$5,398,000
$1,820,000
$2,359,000
$525,000
$42,718,000
$6,674,000
$1,413,000
$1,152,000
$1,093,000
$1,613,000
$1,376,000
$1,548,000
$1,718,000
$2,178,000
$2,264,000
$13,629,000
$53,000
$789,000
$135,000
$54,982,000
$1,342,000
$1,338,000
$2,481,000
$4,287,000
$368,000
$58,000
$58,000
$1,395,000
$290,000
$2,103,000
$2,692,000
$2,714,000

$201.4M

Cumulative
Risk Avoided
Over 50 Years

(sm)*?
$2,186,000
$1,887,000

$44,980,000
$13,212,000
$28,295,000
$7,323,000
$1,255,000
$4,045,000
$2,700,000
$75,305,000
$2,434,000
$4,508,000
$3,953,000
$1,010,000
$7,906,000
$6,414,000
$7,164,000
$0

$0

$0

$0

$0

$0

$0
$14,633,000
$2,883,000
$2,874,000
$1,171,000
$2,169,000
$135,000
$0

$0

$0

$0

$0
$3,986,000
$4,015,000

$246.4 M

Resiliency Level

Moderate
Moderate
High
Moderate-Low
Moderate
Moderate
Moderate-Low
Very High
Very High
Moderate
Moderate-Low
Moderate
High
High
High
Moderate
Moderate
No Protection
No Protection
No Protection
No Protection
No Protection
No Protection
No Protection
High
Very High
Very High
Moderate
High
Moderate-Low
No Protection
No Protection
No Protection
No Protection
No Protection
Moderate

Moderate
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HURRICANE SANDY IMPACTS

Hunts Point experienced minor flooding as a result of
Hurricane Sandy. During the peak of the storm, floodwa-
ters entered the plant from the East River. Storm surge
overtopped the plant wall located along the southern
shoreline and flooded the roadways. The West Effluent

Sludge Thickeners
v B T

R L
o

5

ﬂ Sludge and Digester
t¥ec  Gas Storage Facility

(s
' “w‘? .
Main Electrical [E8a- \’
Substation & \ NG

Emergency
Generators

Water Building flooded and many electrical components,
including motors, were damaged. Equipment in the stor-
age buildings behind the South Final Settling Tanks was

also damaged. The plant maintained normal wet weather
treatment operation during and after the storm.

Alkalinity
Building

Dewatering Building

East Final
Settling Tanks

West Effluent
Water Building
flooded

Stored equipment

flooded along the

bulkhead near the
Final Settling Tanks

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.

HUNTS POINT WASTEWATER TREATMENT PLANT
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oA ™
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Storm Surge Guidance:
Hunts Point WWTP

a weather report, locate the forec
below. Protective measures shoul —
at or below that level. If a small craft advisory is also issued, waves
may splash shoreline assets more than 3 ft above the surge level.
Adjust protection accordingly.

Storm Surge Floodplain Elevations and areas to be protected
Advisory* and elevations Bronx Datum

18.0' Main Building, Odor Control System at the Main Building, Water
: Service Meter and Backflow Preventer Chamber

10 [0/ AR [ —
16.0'° —— Digesters, Sludge Storage Tank #s 5, 6, 8, Waste Sludge Building
, Main Electrical Substation, Main Buiding Service Tunnel Ex-
15.0 haust Fan, Emergency Generator Building
145’ Digestion Building, Odor Control System at the Primary Tanks, Center, East and
. West Primiary Sludge Pump Stations, Separation Building
14.0' — Primary Settling Tanks, East and West
100 yr. 1350
125 —— Effluent Water Pump Station Building West, Fire Pump Building, Cen-

trate Building

Security Booth, Alkalinity Building, Scum Force Main Air Release Valve Build-
, ing, Aeration Building, North and South, USS-1535 and 1540 Substation, East
115 and West Aeration Tanks, Chlorination Building, North, South and West Final
Settling Tanks and Return Sludge Building

Dewatering Building,East and West Primary Scum Pump Stations, Effluent Water

1000 ——
Pump Station Building, Center and East, Final Settling Tanks
9.5 —— Froth Collection Boxes 2310 and 3211
8.5’ — East, North and South Final Scum Pump Station, Chlorine Contact Tanks
Chemical Fill Station Spill Containment Apron, Gas Holding Tank, Sludge Storage
7.0’ Tanks 9,10, Secondary Bypass Sluice Gate Area, Aeration Gallery

*Storm surge added to Mean Higher High Water at Kings Point as of 2012, which is 6.627 ft Bronx Datum.
Sea level is expected to rise up to 30 inches by 2050. This storm surge advisory is for current conditions.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.

NYC WASTEWATER RESILIENCY PLAN

58



@\

Jamaica Wastewater Treatment Plant
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PLANT DESCRIPTION

The Jamaica Wastewater Treatment Plant is located on
a 26 acre site adjacent to the western end of John F.
Kennedy Airport in southwestern Queens, Community
District 10. The plant is situated between the Nassau
Expressway to the north, 130th Street to the west,
155th Avenue to the south and 134th Street to the
east. General plant characteristics for Jamaica can be
found in Table A. The critical flood elevation used in the
analysis is the FEMA March 2013 advisory base flood
elevation (ABFE) with 30 inches of projected sea level

Table A: Wastewater Treatment Plant Characteristics

Characteristic Value
Plant Type Activated Sludge

Dewatering Facilities

Design Dry Weather Flow (MGD)

Maximum Wet Weather Flow (MGD)

Number of Residents Served

Discharge Waterbody

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Hurricane Sandy Flood Elevation

Hurricane Sandy Flood Damage

High Likelihood to Impact Beaches

JAMAICA WASTEWATER TREATMENT PLANT

rise. The ABFE maps were developed to guide rebuild-
ing efforts after Hurricane Sandy, and were replaced by
the FEMA Preliminary Work Maps (PWM) in June 2013.
Although it was not feasible to reassess all wastewater
facilities using the PWMs, the critical flood elevations
are in most cases very similar to the ABFE maps, and
using the updated maps would not affect the results of
this analysis. In the critical flood scenario, based on the
100-year flood event (from the ABFE) with 30 inches of
sea level rise, floodwater at the plant may reach +13.5
feet NAVD8S8. In contrast, the typical high tide elevation
nearby is +2.4 feet NAVD88.

Yes (Not currently in use)

100

200

728,123

Jamaica Bay

+13.5 ft NAVD88 (+11.9 ft Queens Highway Datum)
Not Flooded

Minor

Yes

FEMA Flood Zones near Jamaica Wastewater Treatment Plant

p..Jamaica
* Critical{Rlood Elevation
=13/5 ft NAVD88

Miles
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Flood Pathways

aw /

The Unit Substation adjacent to the Return Sludge Pump Station #3 would be flooded at grade level during the
critical flood event.
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at Jamaica. First, as part of
the building-level assessment, potential flood pathways
were identified at each location of the plant and deter-
mined to be at risk if located below the critical flood
elevation.

Since the plant is located on relatively high terrain, there
is only one area that would be at risk during the critical
flood event - the outdoor Unit Substation (USS 1533).
Water in the 100-year flood event with 30 inches of sea
level rise would be able to travel along one of the plant
roads to this substation and enter through the fence.

An assessment of the infrastructure in this area revealed
the substation contains large electrical equipment which
supplies energy to a number of important sludge pumps.
All other equipment throughout the plant, even those
located in basements or the tunnel system, are not at
risk because the flood pathways leading to these areas
are not within reach of the critical flood.

Table B lists the Unit Substation as the only area of the
plant containing critical equipment at risk in the 100-
year flood with 30 inches of sea level rise. Immediately
following a large flood event, the cost to replace the Unit
Substation, plus clean the plant and provide temporary
power would be approximately $1.7 million.

ADAPTATION STRATEGIES

The critical flood event would only result in half a foot of
flooding near the Unit Substation; therefore, sandbag-
ging around the Substation is recommended. This strat-
egy is regularly employed at the Substation, already as
staff know this area has the greatest potential for flood-
ing. This option can be implemented as needed prior to
large flood events. It is also affordable and provides an
adequate level of protection for the Substation.

Table B presents a cost comparison for the Unit Sub-
station at Jamaica. In this table, the cost of supplying
sandbags over the course of 50 years is compared to
the total damage which would be incurred in a single
large flood event, and the total damage which could be
avoided over the course of 50 years given the frequency
of flood events which could effect the Substation.

While sandbagging does not provide the highest pos-
sible level of resiliency, given the low risk, and the low
cost associated with sandbagging, this option is suitable
for the Substation.

61 JAMAICA WASTEWATER TREATMENT PLANT

Sandbagging will certainly reduce the plant’s risk by pre-
venting floodwaters from entering and damaging the tar-
get equipment. However, as time progresses, plant staff
should continue to monitor this area and may consider
building a more permanent barrier around the Substation
if the need arises.

In total, the cost to implement the recommended strat-
egy at Jamaica is $0.2 million. While the cost to protect
the one location is high, the potential damage cost that
a large surge may impose totals $1.7 million. Because
the frequency of large flood events which could affect
the Substation is relatively low, the risk avoided over the
next 50 years is only $0.5 million, less than the poten-
tial damage cost incurred in a single large flood event.
However, it is important to note that the risk avoided is
still twice the cost of implementation.

This favorable cost comparison provides strong eco-
nomic support for using sandbags along the substation
to minimize service disruptions in Queens during flood
events, reduce sewage bypasses, and protect public
health.

Total Pieces of
Equipment:
2,373

Total Target
Pieces of Equipment*:
1,648

Total Target
Pieces of
Equipment
At Risk:
1

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

Table B: Jamaica Adaptation Strategy Recommendations

Damage Cost

Cost of for Critical
Recommended Protective i

Location Protective Flood without

Measure . .
Measures ($M) Protection

($SM)'2
Unit Substation (USS 1533) -

Adjacent to Return Sludge Sandbagging $213,000 $1,700,000

Pump Station #3

Total for 1 At-Risk Location $02M $1.7M

1) All cost estimates are presented in 2013 US Dollars

Cumulative
Risk Avoided
Over 50 Years

($M)1,3

Resiliency Level

$460,000 Moderate-Low

$05M

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,
current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence
3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence

A -..-..........:{”

The Unit Substation (USS 1533) is currently protected with sandbags.
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HURRICANE SANDY IMPACTS

Jamaica experienced no flood damage as a result of
Hurricane Sandy, as floodwaters did not reach the plant.
Plant staff took precautions ahead of the storm by sand-
bagging critical areas of the plant and implementing oth-
er procedures outlined in their Wet Weather Operations
Plan. The plant received little precipitation and electrical

Chlorine
Contact
Tanks

Sludge Thick

power was continuous during and after the storm event.
All primary treatment equipment operated throughout
the storm and the plant maintained normal wet weather
treatment operations. The only minor damage sustained
was from wind, which tore off the siding of a temporary
office building on site.

en

& Digesters

Gk

The Jamaica Wastewater Treatment Plant did not sustain any damage due to flooding during Hurricane Sandy.

JAMAICA WASTEWATER TREATMENT PLANT

g < A

——r—
ahdAd™

Storm Surge Guidance:
Jamaica WWTP

If a storm surge advisory is announced as part o
aweather report, locate the forecas&é'su;ge level

below. Protective measures should be taken for all locations

at or below that level. If a small craft advisory is also issued, waves
may splash shoreline assets more than 3 ft above the surge level.
Adjust protection accordingly.

Storm Surge Floodplain Elevations and areas to be protected
Advisory* and elevations Queens Datum

1344

13.0' Thickener Building Electrical Room - MCC 1548 A&B

12,5

Sodium Hypochlorite Building
12.0°

15 Return Sludge Pump Stations 1,2,3 and 4, Transformer Yard, Effluent

Pumping Building

11.0°

Grit and Storage Building

10.0’

9.0’

8.0’

7.0

6.0’

5.0’

4.0’

3.0

2.0

*Storm surge added to Mean Higher High Water at Sandy Hook as of 2012, which is 0.77 ft Queens Datum. Sea level is expected to rise up to 30 inches by 2050. This storm surge advisory is for current conditions.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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Newtown Creek Wastewater Treatment Plant

PLANT DESCRIPTION ed sea level rise. The ABFE maps were developed to

guide rebuilding efforts after Hurricane Sandy, and were
replaced by the FEMA Preliminary Work Maps (PWM) in
June 2013. Although it was not feasible to reassess all
wastewater facilities using the PWMs, the critical flood
elevations are in most cases very similar to the ABFE
maps, and using the updated maps would not affect
the results of this analysis. In the critical flood scenario,
based on the 100-year flood event (from the ABFE) with
30 inches of sea level rise, floodwater at the plant may
reach +13.5 feet NAVD@88. In contrast, the typical high
tide elevation nearby is +2.3 feet NAVD88.

The Newtown Creek Wastewater Treatment Plant is
located on a 53 acre site at 301 Greenpoint Avenue

in northern Brooklyn, Community District 1. The plant
abuts Provost Street on the west, Paidge Avenue on
the northwest, Kingsland Avenue on the northeast and
north, and Greenpoint Avenue on the south. Newtown
Creek and Whale Creek Canal are to the north of the
facility. General plant characteristics for Newtown Creek
can be found in Table A. The critical flood elevation
used in the analysis is the FEMA March 2013 advisory
base flood elevation (ABFE) with 30 inches of project-

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated Sludge
Dewatering Facilities No

Design Dry Weather Flow (MGD) 310

Maximum Wet Weather Flow (MGD) 700

Number of Residents Served 1,068,012
Discharge Waterbody East River

+13.5 ft NAVD88 (+12.0 ft Brooklyn Highway Datum)
+10.0 ft NAVD88 (+8.5 ft Brooklyn Highway Datum)

Hurricane Sandy Flood Damage Minor

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise

Hurricane Sandy Flood Elevation

High Likelihood to Impact Beaches No

NEWTOWN CREEK WASTEWATER TREATMENT PLANT

FEMA Flood Zones near Newtown Creek Wastewater Treatment Plant

-+

Newtown Creek ¥
¢ Critical Flood Elevation

£
Lok

Miles
0 15 3 6 9

- 2013 Advisory 100-Year Floodplain Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

?‘_

Basement access and floor grates on the perimeter of
the Main Building

Low-lying louvers along-side the Main Building
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at Newtown Creek. First,
as part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation. Since the plant has a relatively flat
terrain, some areas may be flooded by nearly 4 feet of
water during the critical flood event.

An infrastructure-level assessment identified whether
certain pieces of equipment needed to meet basic levels
of service are located in plant areas that are at risk.
There is a total of 381 target pieces of equipment locat-
ed in these at-risk facilities that are below the critical
flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power would be approximately $28.8 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was
proposed for each at-risk location at Newtown Creek.
Strategy selection was based on a feasibility analysis
accounting for current site configurations and DEP’s ex-
isting database (as of 2/7/2013) of active infrastructure,
as well as a cost-risk analysis which compares the cost
of implementing the strategy to the potential damage
avoided. Strategy selection also accounted for the
importance of infrastructure within a location for meeting
basic treatment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk
avoided over a 50-year time span, and level of resiliency
that the adaptation measure may provide to the selected
location.

Since many areas at Newtown Creek contain critical
infrastructure, often elevating and flood-proofing were
chosen as strategies since they provide a high degree of
protection. In locations where not all infrastructure could
be elevated or flood-proofed, additional strategies were
chosen that protect openings into the plant areas. Given
that Newtown Creek is susceptible to flood damage
from an interconnected tunnel system, sealing doors
and access ways leading to the tunnel is recommended.
Providing more robust coverings and seals would greatly
reduce this risk and prevent floodwaters from entering
the tunnel system, traveling throughout the plant, and
damaging target pieces of equipment.

The Main Building contains several rooms that are
susceptible to flooding under the critical flood event,
such as the Main Pump Room, Old Facility Room, and
Electrical Substation area. It is recommended to seal the
building with water-tight doors and windows and flood-
proof target pieces of equipment to provide adequate
protection during the critical flood event and smaller
storms.

Total Pieces of
Equipment:
4,550

Total Target
Pieces of Equipment*:
2,929

Total Target
Pieces of
Equipment
At Risk:
381

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

NEWTOWN CREEK WASTEWATER TREATMENT PLANT

In total, the cost to implement all recommended strat-
egies at Newtown Creek is $8.9 million. While this cost
is high, the potential damage cost that a large surge
may impose totals $28.8 million. As the recommend-

ed strategies would also protect infrastructure during
smaller storm events, the total value of risk avoided over
a 50-year time span is estimated at the cost of $9.1
million. This favorable cost comparison provides strong

economic support for implementing robust adaptation
strategies, especially considering that they would also
minimize service disruptions in Brooklyn during flood
events, reduce sewage bypasses, and protect public
health.

Table B: Newtown Creek Adaptation Strategy Recommendations

Recommended Protective

Location
Measure

Central Residuals Building No Action Required

Centrifuge Building Sandbag
Digestion Building Sandbag

Disinfection Building Flood-proof Equipment

Elevate Equipment and

Grit Handling Building Construct Barrier

Main Building — Electrical

Substation Seal Building
Main Building — Old Flood-proof Equipment
Facilities and Seal Building

. - Flood-proof Equipment
Main Building — Pump Room and Seal Building
Solids Handling Facilities
Service Building

Distributed Power and Elevate Equipment and

Controls Construct Barrier
Total for All 10 At-Risk Locations

Elevate Equipment

1) All cost estimates are presented in 2013 US Dollars

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,

Protective
Measures ($M)’ Protection

Damage Cost
Cost of for Critical
Flood without

Cumulative
Risk Avoided
Over 50 Years

($M)1,3

Resiliency Level

($M*2

$0 $85,000 $0 No Protection
$428,000 $6,916,000 $1,574,000 Moderate-Low
$885,000 $6,453,000 $1,467,000 Moderate-Low
$573,000 $565,000 $138,000 High
$2,136,000 $2,048,000 $547,000 Very High
$785,000 $4,897,000 $3,524,000 Moderate
$758,000 $607,000 $154,000 High
$1,174,000 $6,317,000 $1,492,000 Moderate
$27,000 $102,000 $27,000 Very High
$2,090,000 $803,000 $205,000 High
$89M $28.8M $9.1M

current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence

3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and

including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence
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HURRICANE SANDY IMPACTS

A significant area of Newtown Creek experienced flood-
ing as a result of Hurricane Sandy, however damage
was minor. During the peak of the storm, floodwaters
entered the site from Whale Creek Canal and Newtown
Creek over the bulkheads. Floodwaters inundated
Paidge Avenue, Kingsland Avenue, and Greenpoint
Avenue, leading up to the plant Visitor’s Center. Water
reached the doorway of the Visitor’s Center but did not
breach the entrance. However, there was minor flooding
in the basement of the Visitor's Center, as water backed
up through the drain system and electrical conduits.
These valves were shut during the storm to minimize
additional flooding.

Water also flooded internal Road D and reached a
low-lying doorway with direct access to the plant’s inter-
connected tunnel system at the north side of the Central
Residuals Building, flooding the building with approxi-
mately 10 inches of water. The plant effluent structure
was flooded with one foot of water, causing flooding in a
number of treatment tanks.

Sigr South Control
" Building

”.":Et} '

Maln BU|Id|ng i?

The nature walk surrounding the plant also flooded,
however plant staff placed sandbags at critical flood
pathways which prevented floodwaters from entering the
nearby Support Building. Likewise, flooding of the Cen-
tral Residuals Building was prevented by sandbagging
the doorway at the north side of the building.

Due to local power outages, the plant was powered by
emergency generators for three days during and fol-
lowing the storm. When power was restored, the plant
continued operation with no evident damage to critical
equipment or facilities.

The only significant damage to Newtown Creek’s treat-
ment process occurred offsite during the storm. The
Manhattan Pump Station, where sewage from some
sections of Manhattan is screened and then pumped to
Newtown Creek, experienced significant flooding and
damage. During Hurricane Sandy, several feet of flood-
water surrounded and entered the pumping station and
sewage backed up into the dry wells, damaging pump
motors.

North side of Residuals
Building was breached,

4| flooding the building with

/| aproximately 10’ of water |

. Grit Building

$ & b

Y Centrifuge y
Pump Room ﬂ Building

L) S Al

Electrical =
1 Substation 4» 2

® Solids Handling
# Facilities Service &
Building

Minor flooding
in the Visitor’s
Center Basement

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.

NEWTOWN CREEK WASTEWATER TREATMENT PLANT
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If a storm surge adwsory is announced as part -
of a weather report, locate the forecasted surge leve =

below. Protective measures should be taken for all locations
at or below that level. If a small craft advisory is also issued, waves

Storm Surge Guidance:
Newtown Creek WWTP

may splash shoreline assets more than 3 ft above the surge level.

Adjust protection accordingly.

Storm Surge  Floodplain

Elevations and areas to be protected

Advisory* and elevations  Brooklyn Highway Datum

12.0°

11.0°

10.5°

10.0°

9.0’

8.5

8.0’

7.00

6.0’

5.0’

4.00

3.0’

2.0

Digestion Building**, Grit Handling Building**, Centrifuge Building**, Solids
Handling Facilities Service Building**, Aeration Basin Access Stairways**

Main Building - Electrical Substation**

—— Main Building - Blower Room**

—— Central Residuals Building™

—{Main Building - Visitors Center _ ______________|
I Tunnel System Connected to:

’ Main Building, Central Residuals Building, Grit Handling

\ Building, Aeration Basin Access Stairways, Digestion Build-
1 ing, Solids Handling Facilities Service Building, Centrifuge

I Building, Support Building, Disinfection Building, South and
| North Control Buildings

_________________________________

*Storm surge added to Mean Higher High Water Station at The Battery as of 2012, which is 0.80 ft Brooklyn Highway Datum. Sea level is expected to rise up to 30 in by 2050. This storm surge advisory is for cumrent conditions.
**One of the Multiple Flood Pathways into the Tunnel system. To Protect Tunnels Ensure all Pathways are Addressed.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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North River Wastewater Treatment Plant

PLANT DESCRIPTION

The North River Wastewater Treatment Plant is locat-
ed on a two-story, 28 acre site at the intersection of
Riverside Drive and West 135th Street on the west side
of Manhattan, New York. The plant abuts Riverside Drive
on the east and the Hudson River on the west, and lies
between 135th and 145th Streets. General plant char-
acteristics for North River can be found in Table A. The
critical flood elevation used in the analysis is the FEMA
March 2013 advisory base flood elevation (ABFE) with
30 inches of projected sea level rise. The ABFE maps
were developed to guide rebuilding efforts after Hurri-

Table A: Wastewater Treatment Plant Characteristics

Type Activated Sludge
Dewatering Facilities No

Dry Weather Flow (MGD) 170

Wet Weather Flow (MGD) 340

No. Residents Served 588,772

Discharge Waterbody

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Sandy Flood Elevation

Sandy Flooding

Top Priority for Beach Impacts

NORTH RIVER WASTEWATER TREATMENT PLANT

cane Sandy, and were replaced by the FEMA Preliminary
Work Maps (PWM) in June 2013. Although it was not
feasible to reassess all wastewater facilities using the
PWMs, the critical flood elevations are in most cases
very similar to the ABFE maps, and using the updated
maps would not affect the results of this analysis. In

the critical flood scenario, based on the 100-year flood
event (from the ABFE) with 30 inches of sea level rise,
floodwater at the plant may reach +12.5 feet NAVD88.
In contrast, the typical high tide elevation nearby is +2.3
feet NAVD88.

Hudson River

+12.5 ft NAVD88 (+10.8 ft Manhattan Datum)
+9.7 ft NAVD88 (+8.0 ft Manhattan Datum)
Maijor

No

North River

Critical Flood Elevation
=12.5 ft NAVD88

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

FEMA Flood Zones near North River Wastewater Treatment Plant

North River [ :

[ Miles
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

Flood Pathway:

TR

Arched windows around the perimeter of the ground

level (EL 5) are considered pathways for flooding.

Expansion joints are flood pathways as experienced
during Hurricane Sandy.
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at North River. First, as
part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation. Since the plant is located on the first
and second floors of a building adjacent to the Hudson
River, all critical equipment located on the first floor is
low-lying and may be flooded by nearly 6 feet of water
during the critical flood event.

An infrastructure-level assessment identified whether
certain pieces of equipment needed to meet basic levels
of service are located in plant areas that are at risk.
There is a total of 2,251 target pieces of equipment lo-
cated in these at-risk facilities that are below the critical
flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power would be approximately $94.1 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was pro-
posed for each at-risk location at North River. Strategy
selection was based on a feasibility analysis accounting
for current site configurations and DEP’s existing data-
base (as of 2/7/2013) of active infrastructure, as well as
a cost-risk analysis which compares the cost of imple-
menting the strategy to the potential damage avoided.
Strategy selection also accounted for the importance of
infrastructure within a location for meeting basic treat-
ment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk
avoided over a 50-year time span, and level of resiliency
the adaptation measure may provide to the selected
location.

73 NORTH RIVER WASTEWATER TREATMENT PLANT

Since the first floor elevation (EL 5) at North River
contains critical infrastructure, flood-proofing is recom-
mended since it provides a high degree of protection. In
areas of the first floor where not all infrastructure could
be flood-proofed, sealing the openings to the building
is recommended. Fortifying the manhole covers, drive-
way entrance, and arch openings along the perimeter
of the building will greatly reduce the plant’s risk and
prevent floodwaters from entering the first floor, travel-
ing throughout the plant, and damaging target pieces of
equipment.

In total, the cost to implement all recommended strat-
egies at North River is $17.2 million. While this cost is
high, the potential damage cost that a large surge may
impose totals $94.1 million. Furthermore, since North
River is at a relatively low elevation, smaller flood events
could affect this site. As the recommended strategies
would also protect infrastructure during these smaller
events, the total value of risk avoided over a 50-year
time span is estimated at $445.8 million, which is 26
times the cost of implementation. This favorable cost
comparison provides strong economic support for
implementing robust adaptation strategies, especially
considering they would also minimize service disrup-
tions in Manhattan during flood events, reduce sewage
bypasses, and protect public health.

Total Pieces of
Equipment:
6,553

Total Target
Pieces of Equipment*:
5,169

Total Target
Pieces of
Equipment
At Risk:
2,251

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

Table B: North River Adaptation Strategy Recommendations

Damage Cost

R ded Protecti Cost of for Critical
Location ecommended Frotective Protective Flood without
Measure 1 .
Measures ($M) Protection
($m)"2
Flood-proof Equipment
EL5 and Seal Building $17,155,000 $94,100,000
Total for 1 At-Risk Location $17.2M $94.1 M

1) All cost estimates are presented in 2013 US Dollars
2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,
current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence
3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence

North River Wastewater Treatment Plant

Cumulative
Risk Avoided
Over 50 Years

($M)1,3
$445,787, 000

$445.8 M

Resiliency Level

Moderate
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HURRICANE SANDY IMPACTS

North River experienced major flooding as a result

of Hurricane Sandy. During the peak of the storm, as
depicted in the figure below, floodwater forced its way
through a manhole that ruptured on the first floor and
through expansion joints near the Thickeners, which
flooded the first floor of the plant with one foot of water.
Fortunately, the engines that supply power to the main
wastewater pumps are located on the second floor,

and were not damaged. The Electrical Substation has
raised doors, yet it flooded with less than 1 inch of water
through cracks and other small pathways in the walls.
Plant staff monitored the water level in the Electrical
Substation throughout the storm and contacted Con
Edison as a precautionary measure in case power to the
plant had to be shut down.

Entire first floor flooded with
approximately 1 foot of water

Leaking Expansion Joint

SR L s,

NORTH RIVER WASTEWATER TREATMENT PLANT

2 =v , 4

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.

The plant did not lose power; however, certain critical
components were proactively shut down for up to 7
hours to prevent short circuiting in case the water level
continued to rise. Water flooded the low-lying areas of
the building first, including the Raw Influent Pump Dry
Well through the first floor stairwells. It was at this point
that plant staff turned off the electricity in critical plant
areas. Once it was safe to restore power to the facility, a
single pump was used to empty the dry well, and main-
tenance was performed on the remaining pumps when
the dry well was emptied. After the storm, floodwater on
the first floor flowed out of the plant through the rup-
tured manhole and through the various drains and sump
pumps.

s
iy
Ay,

Protective measures shoul

that level. If a small craft advisory is also issued, w
line assets more than 3 ft above the surge level.
Adjust protection accordingly.

Storm Surge
Advisory*

Floodplain
and elevations

Elevations and areas to be protected
Manhattan Datum

Storm Surge Guidance:
North River WWTP

OVERTOPPING
THRESHOLD

1200

500yr. 113" .

1o

N

100
N
90
H

80 —
N
70
RISK OF LEAK- .

AGE FROM

SEALED MAN- ’
HOLES AND 6.0 .

Tt
MINIMAL >0 [
RISK .
40
|
300

*Storm surge added to Mean Higher High Water at the Battery as of 2012, which is 0.61

12.5 r Parapet Sill Wall (Base of Lower Archways)

IMPORTANT NOTE:

-Above 12.5 ft, all assets on the +5ft el-
evation (First Floor) and the Influent
Pump Station Dry Well (El. +5 ft to -55 ft)
will be flooded.

-Below 12.5 ft, flood risks are limited to
leakage from sealed manholes and struc-
tural joints.

Electrical Substation Room
+ Monitor for leakage if surge reaches this elevation.

+5 ft Elevation, (First Floor)

+ Bar Screen Room, Blower and Pump Room, Mechanical Equipment Room

+ Scum Tanks, Sludge Pump Room

+ Bottom area (Pumps, Valves, and Piping for): Digesters, Thickeners, Primary
Settling Tanks, Final Settling Tanks, Aeration Tanks, Chlorine Contact Tanks

'Influent Pump Station Dry Well (EL. 5 ft to -55 ft) !
!* Main Sewage Pump Room (pump motors on +28 ft elevation, shaft to pit) !
1+ Screen Room |
I+ Wet Well 3

. 3 + Forebay

ft Manhattan Datum. Sea level is expected to rise up to 30 inches by 2050. This storm surge advisory is for current conditions.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are

identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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Oakwood Beach Wastewater Treatment Plant

PLANT DESCRIPTION

The Oakwood Beach Wastewater Treatment Plant is
located on an approximately 27 acre site at 751 Mill
Road in southern Staten Island, Community District 3.
The plant abuts the Gateway National Recreational Area
to the west, a residential area to the east, and the Lower
New York Bay to the south. General plant characteris-
tics for Oakwood Beach can be found in Table A. The
critical flood elevation used in the analysis is the FEMA
March 2013 advisory base flood elevation (ABFE) with
30 inches of projected sea level rise. The ABFE maps
were developed to guide rebuilding efforts after Hurri-

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated Sludge
Dewatering Facilities Yes

Design Dry Weather Flow (MGD) 40

Maximum Wet Weather Flow (MGD) 120

Number of Residents Served 244,918

Discharge Waterbody

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Hurricane Sandy Flood Elevation

Hurricane Sandy Flood Damage

High Likelihood to Impact Beaches

cane Sandy, and were replaced by the FEMA Preliminary
Work Maps (PWM) in June 2013. Although it was not
feasible to reassess all wastewater facilities using the
PWMs, the critical flood elevations are in most cases
very similar to the ABFE maps, and using the updated
maps would not affect the results of this analysis. In

the critical flood scenario, based on the 100-year flood
event (from the ABFE) with 30 inches of sea level rise,
floodwater at the plant may reach +16.5 feet NAVD88.
In contrast, the typical high tide elevation nearby is +1.8
feet NAVD88.

Lower New York Bay

+16.5 ft NAVD88 (+14.4 ft Staten Island Highway Datum)
+13.1 ft NAVD88 (+11.0 ft Staten Island Highway Datum)
Major

No

OAKWOOD BEACH WASTEWATER TREATMENT PLANT

FEMA Flood Zones near Oakwood Beach Wastewater Treatment Plant

‘Oakwood Beach

Critical Flood Elevation
= 16.5 ft NAVD88

- 2013 Advisory 100-Year Floodplain Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

A window at the Sludge Storage Building was one
of the main areaways for floodwater to enter during
Hurricane Sandy.

Floor grate outside of the Maintenance Building
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at Oakwood Beach. First,
as part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation. Since the plant has a relatively flat ter-
rain, a few areas may be flooded by up to 5 feet of water
during the critical flood event.

An infrastructure-level assessment identified whether
certain pieces of equipment that are needed to meet
basic levels of service are located in plant areas that are
at risk. There is a total of 353 target pieces of equipment
located in these at-risk facilities that are below the criti-
cal flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power would be approximately $21 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was
proposed for each at-risk location at Oakwood Beach.
Strategy selection was based on a feasibility analysis
accounting for current site configurations and DEP’s ex-
isting database (as of 2/7/2013) of active infrastructure,
as well as a cost-risk analysis which compares the cost
of implementing the strategy to the potential damage
avoided. Strategy selection also accounted for the
importance of infrastructure within a location for meeting
basic treatment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk
avoided over a 50-year time span, and level of resiliency
the adaptation measure may provide to the selected
location.

Since many of the at-risk areas at Oakwood Beach con-
tain critical infrastructure, often elevating equipment was
chosen as the recommended strategy since it provides
a high degree of protection. In locations where not all in-
frastructure could be elevated, additional strategies were
chosen such as constructing static barriers to protect
openings into the plant areas.

In addition, Oakwood Beach is susceptible to flood dam-
age from an interconnected tunnel system that has key
at-risk flood pathways at the Sludge Storage Building.
While flood-proofing and elevating equipment within

the Sludge Storage Building would offer a high level of
protection, constructing a static barrier around the area-
ways and sealing the doorways and windows to prevent
damage at the Main Building and Treatment Building is
also recommended.

In total, the cost to implement all recommended strat-
egies at Oakwood Beach is $5.3 million. This cost is
relatively low considering that the potential damage cost
that a large surge may impose totals $21 million. As the
recommended strategies would also protect infrastruc-
ture during smaller storm events, the total value of risk
avoided over a 50-year time span is estimated at $44.3
million, which is eight times the cost of implementation.
This favorable cost comparison provides strong eco-
nomic support for implementing robust adaptation strat-
egies, especially considering they would also minimize
service disruptions in Staten Island during flood events,
reduce sewage bypasses, and protect public health.

Total Pieces of
Equipment:
2,379

Total Target
Pieces of Equipment*:
1,960

Total Target
Pieces of
Equipment
At Risk:
353

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

OAKWOOD BEACH WASTEWATER TREATMENT PLANT

Table B: Oakwood Beach Adaptation Strategy Recommendations

Location

Chlorine Building
Dewatering Building
Diesel Generator
Existing Substation
Maintenance Building
Meter Building
Microstrainer Building

Sludge Pump Building

Sludge Storage Building

Transformer Enclosure

Recommended Protective

Measure

Elevate Equipment and
Seal Building

Sandbag

Elevate Equipment

Construct Barrier

No Action Required

Elevate Equipment and
Construct Barrier

Elevate Equipment and
Construct Barrier

No Action Required

Flood-proof and Elevate

Construct Barrier

Total for All 10 At-Risk Locations

1) All cost estimates are presented in 2013 US Dollars
2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,
current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence
3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence

Cost of

Protective
Measures ($M)’

$1,265,000

$966,000

$454,000

$212,000

$0

$328,000

$1,101,000

$0

$522,000

$482,000

$53M

Damage Cost
for Critical
Flood without
Protection

($M*2
$1,189,000

$8,926,000
$1,193,000
$3,525,000
$824,000
$395,000
$1,250,000
$51,000
$3,024,000

$594,000

$21.0M

Cumulative
Risk Avoided
Over 50 Years

($M)1,3

$3,701,000
$2,831,000
$4,982,000
$13,984,000
$0
$443,000
$6,202,000
$0
$11,082,000

$1,058,000

$44.3 M

Resiliency Level

High

Moderate-Low

Very High

High

No Protection

High

High

No Protection

Low

High
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HURRICANE SANDY IMPACTS

Oakwood Beach experienced major flooding as a result
of Hurricane Sandy. During the peak of the storm,
floodwaters entered the site from the Lower New York
Bay through the surrounding drainage canal and natural
areas. Rising floodwaters surrounded the site on all
sides, flooding the north lot storage yard with over 6 feet
of water and the guard house at the north entrance with
3 feet of water. Vehicular access was obstructed for up
to 5 hours.

The main disruption to the plant occurred when water
entered the areaways and doorways of the Sludge Stor-
age Building and spilled into the connected basements
of the Main Building and Treatment Building through a
tunnel. Roughly 8 inches of water accumulated in base-
ments of the Sludge Storage Building, Main Building,
Treatment Building, and connecting tunnel; however,
equipment in these areas continued to function since
they are elevated on concrete pads above the finished
floor level. Sump pumps in the basements helped to
contain rising floodwater. Other areas affected by the

Entire area flooded by
approximately 2 feet
of water

Main

Building

<4 Dewatering N\
Building

- Storage Chlorine
Tank @4 N Contact
Y Tank

" Building

Treatment &
Building /

flood included the Sludge Pump Building, Chlorine
Building, existing Electrical Switchgear Building, Emer-
gency Generator, and the Microstrainer Building. Flood-
ing of these areas resulted in damage to the electrical
equipment, pumps, and motors. Processed water in

the Chlorine Contact Tank and Effluent Channel over-
flowed even though they are above the Hurricane Sandy
flood elevation. The overflow from the Effluent Channel
flooded the Meter Building basement, resulting in partial
damage to electrical equipment and the Chlorine Trans-
fer Pumps.

Plant staff worked actively before, during, and after the
storm to protect the plant and bring it back to normal
operation. Power from one of the plant’s two electrical
service feeders was lost during the storm, forcing oper-
ators to partially operate on emergency generators and
suspend power to the aeration blowers for a period of
time. Sandbags were placed ahead of the storm to pro-
tect the low-lying temporary substation and temporary
electrical generator. When power was restored, the plant
resumed normal wet weather treatment with no apparent
damage to critical equipment.

Guard Houser

vd

e &

Treatment and Main Building |
flooded via tunnel connection
at Sludge Storage Building

e,

_ Approximate limits of g
TR N \ overland floo :

AN\
ding

m’ N '. ~
2N

7

% Chiorine &'

uilding ~
Maintenance . Electrical Switchgear
Building M8¥ Building & Existing
\ 1 Electrical Substation
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Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.
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Environmental
Protection

Storm Surge Guidance:
Qakwood Beach WWTP

If a storm surge advisory is annou a
of a weather report, locate the forecasted surge le
below. Protective measures should be taken for all locations
at or below that level. If a small craft advisory is also issued, waves
may splash shoreline assets more than 3 ft above the surge level.
Adjust protection accordingly.

Storm Surge  Floodplain Elevations and areas to be protected
Advisory* and elevations  Staten Island Datum
A
500 yr. 16.9'-
12.0°
100 yr. 11.9' -

11.5° ——— Waste Gas Burner Building

11.0° Transformer Enclosure, Electrical Switchgear Building

10.5’ Maintenance Building

10.0° Chlorine Building, Sludge Pump Building

) Sludge Storage Building™, Existing Substation, Diesel Generator
9.5 " Tunnel System Connected to: |
- | Sludge Storage Building, Main Building, Treatment Building |

9.0’ — Supplemental Cake StorageﬁFaciIity
8.5’ Microstrainer Building
8.0’
7.0
6.0’
5.0’
4.00
3.0’
2.0

*Storm surge added to Mean Higher High Water Station at Sandy Hook as of 2012, which is 0.30 ft Staten Island Datum. Sea level is expected to rise up to 30 in by 2050. This storm surge advisory is for curent conditions.
**One of the Multiple Flood Pathways into the Tunnel system. To Protect Tunnels Ensure all Pathways are Addressed.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are

identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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FEMA Flood Zones near Owls Head Wastewater Treatment Plant

Critical -E'Igédml‘—;le_vatlo
= 14,5 ft NAVD33 &
- - = 4)"

[ Miles
0 15 3 6 9

Owls Head Wastewater Treatment Plant

Source: FEMA; CUNY Institute for Sustainable Cities

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain

PLANT DESCRIPTION Preliminary Work Maps (PWM) in June 2013. Although Projected 2050s 100-Year Floodplain
it was not feasible to reassess all wastewater facilities
using the PWMs, the critical flood elevations are in
most cases very similar to the ABFE maps, and using Flood Pathways
the updated maps would not affect the results of this
analysis. In the critical flood scenario, based on the
the Upper Bay .on.the north, west and south. Gen(.eral 100-year flood event (from the ABFE) with 30 inches of
plant characteristics for Owls Head can be found in sea level rise, floodwater at the plant may reach +14.5

Table A. The critical flood eleyation used in the analysis feet NAVDSS. In contrast, the typical high tide elevation
is the FEMA March 2013 advisory base flood elevation nearby is +2.3 feet NAVDSS.

(ABFE) with 30 inches of projected sea level rise. The
ABFE maps were developed to guide rebuilding efforts
after Hurricane Sandy, and were replaced by the FEMA

The Owls Head Wastewater Treatment Plant is locat-
ed at the intersection of Bay Ridge Avenue and Shore
Road in west Brooklyn, Community District 10. The
plant abuts Shore Parkway to the east and is bound by

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated Sludge

Dewatering Facilities No

Design Dry Weather Flow (MGD) 120

Maximum Wet Weather Flow (MGD) 240

Number of Residents Served 758,007

Discharge Waterbody Upper New York Bay

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise +14.5 ft NAVD88 (+13.0 ft Brooklyn Highway Datum)

FUITEE 2 SERCY 7296 (2SN IS GRNAVDIES (12D L B (Y DET) A pathway for flooding is around the perimeter of the Floor grates near the Generator Room may allow
Hurricane Sandy Flood Damage Major Administration Building. floodwater to enter.

High Likelihood to Impact Beaches No
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at Owls Head. First, as

part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation. Since the plant has a relatively flat ter-
rain, some areas may be flooded by up to 4 feet of water
during the critical flood event.

An infrastructure-level assessment identified whether
certain pieces of equipment needed to meet basic levels
of service are located in plant areas that are at risk.
There is a total of 762 target pieces of equipment locat-
ed in these at-risk facilities that are below the critical
flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power would be approximately $48.4 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was pro-
posed for each at-risk location at Owls Head. Strategy
selection was based on a feasibility analysis accounting
for current site configurations and DEP’s existing data-
base (as of 2/7/2013) of active infrastructure, as well as
a cost-risk analysis which compares the cost of imple-
menting the strategy to the potential damage avoided.
Strategy selection also accounted for the importance of
infrastructure within a location for meeting basic treat-
ment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

The Main Electrical Substations and Substations #2 and
#4 in particular require robust protection as the extent
of flooding ranges from 4 inches at the substations to

2 feet at the Main Electrical Substation. It is recom-
mended that equipment be elevated and a static barrier
be installed around the exterior of the Substations to

OWLS HEAD WASTEWATER TREATMENT PLANT

protect the power feeds. Likewise, the Chlorine Contact
Tanks may potentially flood during the critical flood event
and elevating equipment may provide adequate pro-
tection. In addition, equipment located on the first floor
and basement of the Chlorination Building is at-risk, with
floodwater depth expected to reach approximately 4.5
feet under the critical flood scenario. It is recommended
that electrical equipment be relocated to the second
floor of the building, chemical tanks on the first floor to
be filled prior to the event to prevent buoyancy issues,
and for floor drains to be equipped with check valves to
prevent water intrusion.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies

and the associated cost of implementation, cost of
damage potentially incurred during an individual storm,
risk avoided over a 50-year time span, and level of
resiliency the adaptation measure may provide to the
selected location. Since many of the at-risk areas at
Owls Head contain critical infrastructure, often elevating
and flood-proofing were chosen as strategies since they
provide a high degree of protection. In locations where
not all infrastructure could be elevated or flood-proofed,
additional strategies were chosen that protect openings
into the plant areas. In addition, since Owls Head is sus-
ceptible to flood damage from an interconnected tunnel
system, it is recommended to flood-proof and elevate
equipment within the tunnel system to provide adequate
protection

Total Pieces of
Equipment:
2,591

Total Target
Pieces of Equipment*:
1,956

Total Target
Pieces of
Equipment
At Risk:
762

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

In total, the cost to implement all recommended strate-
gies at Owls Head is $11 million. While this cost is high,
the potential damage cost that a large surge may im-
pose totals $48.4 million. Furthermore, since Owls Head
is at a relatively low elevation, smaller flood events could
affect this site. As the recommended strategies would
also protect infrastructure during these smaller events,
the total value of risk avoided over a 50-year time span
is estimated at $158.8 million, which is 14 times the cost

of implementation. This favorable cost comparison pro-
vides strong economic support for implementing robust
adaptation strategies, especially considering they would
also minimize service disruptions in Brooklyn during
flood events, reduce sewage bypasses, and protect
public health.

Table B: Owls Head Adaptation Strategy Recommendations

Location

Administration Building

Chlorine Contact Tanks

Chilorination Building

Electrical Substation #2

Electrical Substation #4

Grit and Scum Building

Grit and Scum Tunnel

Main Electrical Substation

Primary Tank Tunnel

Pump and Blower Building —

Blower Room

Solids Handling Complex

Recommended Protective

Measure

No Action Required

Elevate Equipment

Elevate Equipment and
Seal Building

Elevate Equipment

Elevate Equipment and
Construct Barrier

Flood-proof Equipment

Flood-proof Equipment

Elevate Equipment and
Construct Barrier

Flood-proof and Elevate

Flood-proof Equipment
and Seal Building

Seal Control Room

Total for All 11 At-Risk Locations

1) All cost estimates are presented in 2013 US Dollars
2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,
current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence
3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence

Cost of

Protective
Measures ($M)’

Damage Cost
for Critical
Flood without
Protection

(SM*2

Cumulative
Risk Avoided
Over 50 Years

($M)1,3

Resiliency Level

$0 $314,000 $0 No Protection
$45,000 $121,000 $69,000 Very High
$1,284,000 $2,426,000 $12,031,000 High
$394,000 $3,745,000 $1,210,000 Very High
$1,146,000 $3,518,000 $1,379,000 Very High
$34,000 $12,000 $12,000 High
$320,000 $733,000 $3,591,000 High
$1,146,000 $4,271,000 $3,054,000 Very High
$3,218,000 $3,746,000 $18,382,000 High
$2,963,000 $15,926,000 $71,289,000 Moderate
$460,000 $13,603,000 $47,795,000 Moderate
$11.0M $484 M $158.8 M
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HURRICANE SANDY IMPACTS

Owls Head experienced major flooding as a result of
Hurricane Sandy. During the peak of the storm, flood-
waters rapidly entered the site over the bulkhead at the
north and west sides of the plant. Additional flooding
occurred overland as flow breached the railroad yard

to the north, covering roadways around the Solids
Handling Facility and Administration Building. Overland
floodwater did not reach any of the exterior doors of the
Administration Building, but the building’s basement
was flooded through a floor drain that backed up from
the bay. Floodwater entered the plant’s tunnel system
which connects several buildings including the Chlorina-
tion Building and the Administration Building; however,
flooding was confined to the Chlorination Building and
did not reach the plant’s main pumping equipment.
Chemical-feed equipment for wastewater disinfection
that is located in the basement of the Chlorination Build-

Return Sludge Pump Station:
Basement flooded through
floor drains connected to
bay. First floor flooded from
hydraulic restriction in
final clarifiers.

A 4 V& Lif Scum
5% » S AL Building
7)) A8 A 9 AT )5\

Chlorine
Contact
Tanks

Primary
Settling

- 7 4 7
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Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.

ing was flooded when sump pumps were unable to keep
up with the rising water levels. Due to the high storm
surge levels, both entrances to the plant were blocked
which prevented staff from entering or exiting the site for
two days after the storm.

Plant staff took precautions ahead of the storm which
included sandbagging low-lying areas such as the Chlo-
rination Building, Machine Shop, and Storage Room in
the Administration Building. The plant lost power during
the storm, but maintained normal wet weather opera-
tions using back-up generators. Plant staff successfully
protected the Motor Control Centers located on the first
floor of the disinfection facilities by opening the interior
doorways to allow water to drain into the basement.
The plant’s ability to pump wastewater was uninterrupt-
ed during the storm event since the Pump and Blower
Building and the plant’s main pumping equipment were
protected ahead of the storm.

e PN e
~~ Sludge Complex #

Vv Administration " N\ge
& Building

n P
Pump & !
Power House [

N, ;
“Main Electrical

Administration Basement:
Flooded from flood drains
connected to bay.

| v |
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ah A
Environmental
Protection

%

If a storm surge advisor; is annotj
of a weather report, locate the fore: gele
below. Protective measures should be taken for all locati

at or below that level. If a small craft advisory is also issued, waves

Storm Surge Guidance:
Owls Head WWTP

may splash shoreline assets more than 3 ft above the surge level.

Adjust protection accordingly.

Storm Surge  Floodplain

Elevations and areas to be protected

Advisory* and elevations  Brooklyn Highway Datum

500 yr. 5.5
12.5’

12.0°
11.5°
11.0°

10.0°
9.5’
9.0’
8.5’
8.0’

7.00

6.0’

5.0’

4.5

4.0’

3.0’

2.0
1.5

Electrical Substation #2, Pump and Blower Building - Screens, Pump
and Blower Building - Dumpster Room

Electrical Substation #4

Primary Tank Tunnel, Chlorine Contact Tanks, Pump and Blower - Engine Room**

Main Electrical Substation

Blower Room**, Pump and Blower Building - Boiler Room**, Administration
Building**
—— Plant Tunnel System

Personnel Facilities**, Grit and Scum Building**, Pump and Blower Building -

Chlorination Building*, Solids Handling Complex

—————————————————————————————————

I Tunnel System Connected to:

: Chlorine Building, Aeration Gallery, Grit and Scum Building,
I Administration Building, Pump and Power House, Personnel
: Facilities, Solids Handling Complex

—— Administration Building Basement Floor Drain (connects to Bay)

RAS Pump Building Basement Floor Drain

*Storm surge added to Mean Higher High Water Station at The Battery as of 2012, which is 0.80ft Brookiyn Highway Datum. Sea level is expected to rise up to 30 in by 2050. This storm surge advisory is for current conditions.
**One of the Multiple Flood Pathways into the Tunnel system. To Protect Tunnels Ensure all Pathways are Addressed.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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Port Richmond Wastewater Treatment Plant

PLANT DESCRIPTION

The Port Richmond Wastewater Treatment Plant is
located at the intersection of Richmond Terrace and
Bodine Street on the north side of Staten Island, NY.
The plant abuts Richmond Terrace to the south, a creek
to the west, and the Kill Van Kull waterway to the north.
General plant characteristics for Port Richmond can be
found in Table A. The critical flood elevation used in the
analysis is the FEMA March 2013 advisory base flood
elevation (ABFE) with 30 inches of projected sea level
rise. The ABFE maps were developed to guide rebuild-
ing efforts after Hurricane Sandy, and were replaced by

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated Sludge
Dewatering Facilities No

Design Dry Weather Flow (MGD) 60

Maximum Wet Weather Flow (MGD) 120

Number of Residents Served 198,128
Discharge Waterbody Kill Van Kull

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Hurricane Sandy Flood Elevation

Hurricane Sandy Flood Damage

High Likelihood to Impact Beaches

PORT RICHMOND WASTEWATER TREATMENT PLANT

the FEMA Preliminary Work Maps (PWM) in June 2013.
Although it was not feasible to reassess all wastewater
facilities using the PWMs, the critical flood elevations
are in most cases very similar to the ABFE maps, and
using the updated maps would not affect the results of
this analysis. In the critical flood scenario, based on the
100-year flood event (from the ABFE) with 30 inches of
sea level rise, floodwater at the plant may reach +14.5
feet NAVD8S8. In contrast, the typical high tide elevation
nearby is +1.9 feet NAVD88.

+14.5 ft NAVD88 (+12.4 ft Staten Island Datum)
+12.1 ft NAVD88 (+10.0 ft Staten Island Datum)
Major

No

FEMA Flood Zones near Port Richmond Wastewater Treatment Plant

Port.Richmond

Critical Flood Elevation
=14.5 ft NAVD88

/ 2y
~

Sy gt (=

Miles
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

2 '::‘ 3 ,'-
Entrance to Main Building

Chlorine Contact Tanks are potentially at risk of flood-
ing during a large storm event.
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at Port Richmond. First,
as part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation. Since the plant has a relatively flat
terrain, a few areas may be flooded with nearly 4 feet of
water during the critical flood event.

An infrastructure-level assessment identified whether
certain pieces of equipment needed to meet basic levels
of service are located in plant areas that are at risk.
There is a total of 536 target pieces of equipment locat-
ed in these at-risk facilities that are below the critical
flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power would be approximately $54.8 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event were
proposed for each at-risk location at Port Richmond.
Strategy selection was based on a feasibility analysis
accounting for current site configurations and DEP’s ex-
isting database (as of 2/7/2013) of active infrastructure,
as well as a cost-risk analysis which compares the cost
of implementing the strategy to the potential damage
avoided. Strategy selection also accounted for the
importance of infrastructure within a location for meeting
basic treatment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk
avoided over a 50-year time span, and level of resiliency
the adaptation measure may provide to the selected
location.

PORT RICHMOND WASTEWATER TREATMENT PLANT

Since many of the at-risk areas at Port Richmond
contain critical infrastructure, often elevating and
flood-proofing were chosen as strategies since they
provide a high degree of protection. In locations where
not all infrastructure could be elevated or flood-proofed,
additional strategies were chosen to protect openings
into the plant areas. The Chlorine Contact Tanks, as the
closest structure to the Kill Van Kull waterway, is the
most at-risk from storm surge. In order to provide unin-
terrupted primary treatment operations, it is recommend-
ed to elevate the equipment around the Chlorine Contact
Tanks to protect against floodwaters. It is also recom-
mended to seal the building that houses the raw sewage
pumps, and flood-proof equipment associated with raw
sewage pumping and primary settling, to reduce the risk
of flooding.

In total, the cost to implement all recommended strat-
egies at Port Richmond is $10.4 million. This cost is
relatively low considering that the potential damage cost
that a large surge may impose totals $54.8 million. As
the recommended strategies would also protect infra-
structure during smaller events, the total value of risk
avoided over a 50 year time span is estimated at $60.4
million, which is almost 6 times the cost of implemen-
tation. This favorable cost comparison provides strong
economic support for implementing robust adaptation
strategies, especially considering they would also min-
imize service disruptions in Staten Island during flood
events, reduce sewage bypasses, and protect public
health.

Total Pieces of
Equipment:
1,191

Total Target
Pieces of Equipment*:

811

Total Target
Pieces of
Equipment
At Risk:
536

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

Table B: Port Richmond Adaptation Strategy Recommendations

Location

Aeration Blowers
Chlorine Contact Tanks
Distributed Equipment
Electrical Substation
New Sludge Storage Tank
Office / Admin Building
Primary Settling Tank
Raw Sewage Pumps
Screens and Grit
Service Tunnel 1 and 2
Sludge Process Building

Sludge Pumping Station

Recommended Protective

Measure

Sandbag
Elevate Equipment

No Action Required

Elevate Equipment and
Construct Barrier

Construct Barrier
Construct Barrier

Flood-proof Equipment

Flood-proof Equipment
and Seal Building

Flood-proof Equipment
and Construct Barrier

No Action Required
Seal Building

Seal Building

Total for All 12 At-Risk Locations

1) All cost estimates are presented in 2013 US Dollars

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,

Cost of

Protective
Measures ($M)"

$213,000

$63,000

$0

$1,834,000

$347,000

$482,000

$2,214,000

$2,127,000

$1,898,000

$0

$659,000

$557,000

$104 M

Damage Cost
for Critical
Flood without
Protection

($my'2
$1,371,000

$73,000
$410,000
$6,129,000
$4,278,000
$2,623,000
$3,983,000
$9,145,000
$9,761,000
$83,000
$14,851,000
$2,143, 000

$54.8 M

Cumulative
Risk Avoided
Over 50 Years

($M)1,3

$363,000
$380,000

$0
$4,129,000
$20,920,000
$776,000
$974,000
$2,204,000
$3,723,000
$0
$23,503,000
$3,389,000

$60.4M

current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence

3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and

including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence

Resiliency Level

Moderate-Low

Very High

No Protection

Very High

High

High

High

Moderate

High

No Protection

Moderate

Moderate
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not reach levels that would immediately damage Motor
Control Centers and other electrical equipment.

HURRICANE SANDY IMPACTS

Port Richmond experienced major flooding as a re-
sult of Hurricane Sandy. During the peak of the storm,
floodwaters entered the site from the Kill Van Kull over
the sea wall along the waterway. As water levels in
the Kill Van Kull began to rise, initial flooding occurred
due to backflow through storm sewers to the roadway
adjacent to the new Sludge Storage Tank and Thick-
eners. Floodwaters also approached the Final Settling
Tanks Building from the creek bank to the west of the

The plant staff worked actively before, during, and after
the storm to protect the plant and quickly resume normal
operation. Just prior to the hurricane, plant staff placed
sandbags at multiple locations on the site. Sandbag
placement at the New Sludge Storage Facility provided
adequate protection and only allowed a minimal amount
of water to enter the building, protecting pumps and
most electrical equipment. Large intake louvers to the

plant, although water did not compromise the structure. heaters located on the west side of the Sludge Process
Vehicular access was obstructed on the west side of the Building were also protected with sandbags, which

plant due to floodwaters. Floodwaters also entered the prevented water from entering the tunnel system. Power
underground tunnel system through various pull-boxes was out for three days, and the on-site generator was
and manholes, but significant flooding within the tunnel used to power the primary treatment facilities during that
system was avoided. One power feed was lost, causing time.

one of the boilers to shut down, but the flood levels did

J4 New Sludge Storage
Tank flooded with
approximately
6 inches of water

: N2
£ il _§7 Storage Tank

drains alng th

Chrlorine Contact
Tanks

Chlorine Contact
Tanks flooded with
approximately 2
feet of water

Floodwaters entered the
louvers leading to the tunnel
but the tunnel system and
electrical system was not

damaged

Sludge Process
Building

M
N= = &

- Parshall Flume with 7%
' Open Grated Cover *

T 1

1 Aeration
Blowers g =

e \ N
AEET S A Raw Sewage
Final Settling *g,‘ Aeration o | - : Pumps
Tanks ' Tanks : : SN
= L S Screens &

Primary
~ Settling Tanks

]

Floodwaters
approached but did |/
not compromise the |
Final Settling Tank

Building

Electrical
Substation

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.
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V7S

W

Environmental

Protectior

Storm Surge Guidance:
Port Richmond WWTP

s

If a storm surge advisory is announced as part -
of a weather report, locate the forecasted surge lev
below. Protective measures should be taken for all locations
at or below that level. If a small craft advisory is also issued, waves
may splash shoreline assets more than 3 ft above the surge level.
Adjust protection accordingly.

Storm Surge  Floodplain Elevations and areas to be protected
Advisory* and elevations ~ Staten Island Datum
500 yr. 139"~
12.0° Screen and Grit**, Office/Administration Building, Aeration Blowers
11.0° — Electrical Substation
10.0° Sludge Process Building**, Old Sludge Storage Tank, Parshall Flume
100 yr. 99"~ ) | Tunnel System Connected to: k
: : Sludge Process Building, Screens and Grit, Sludge Pump :
| Station, Aeration Gallery, Primary Settling Gallery, Sludge 1
| . . I
9.0° , Thickeners and Digesters i
8.5’ Chlorine Contact Tanks, New Sludge Storage Tank
8.0’
7.0°
6.0’
5.0
4.0’
3.0
2.00
1.0°

*Storm surge added to Mean Higher High Water Station at The Battery as of 2012, which is 0.17 ft Staten Island Datum. Sea level is expected to rise up to 30 in by 2050. This storm surge advisory is for current conditions.
**One of the Multiple Flood Pathways into the Tunnel system. To Protect Tunnels Ensure all Pathways are Addressed.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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Red Hook Wastewater Treatment Plant

PLANT DESCRIPTION

The Red Hook Wastewater Treatment Plant is located at
the former Brooklyn Navy Yard in northwestern Brook-
lyn, Community District 6. The plant abuts the Lower
East River on the north, West Street to the west, Ship
Ways to the south, and the East Way and the Lower
East River to the east. General plant characteristics for
Red Hook can be found in Table A. The critical flood
elevation used in the analysis is the FEMA March 2013
advisory base flood elevation (ABFE) with 30 inches of
projected sea level rise. The ABFE maps were devel-
oped to guide rebuilding efforts after Hurricane Sandy,

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated Sludge
Dewatering Facilities Yes

Design Dry Weather Flow (MGD) 60

Maximum Wet Weather Flow (MGD) 120

Number of Residents Served 192,050

Discharge Waterbody

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Hurricane Sandy Flood Elevation

Hurricane Sandy Flood Damage

High Likelihood to Impact Beaches

RED HOOK WASTEWATER TREATMENT PLANT

and were replaced by the FEMA Preliminary Work Maps
(PWM) in June 2013. Although it was not feasible to
reassess all wastewater facilities using the PWMs, the
critical flood elevations are in most cases very similar
to the ABFE maps, and using the updated maps would
not affect the results of this analysis. In the critical flood
scenario, based on the 100-year flood event (from the
ABFE) with 30 inches of sea level rise, floodwater at the
plant may reach +14.5 feet NAVD@88. In contrast, the
typical high tide elevation nearby is +2.3 feet NAVD88.

Lower East River

+14.5 ft NAVD88 (+13.0 ft Brooklyn Highway Datum)
+11.7 ft NAVD88 (+10.2 ft Brooklyn Highway Datum)
Minor

No

FEMA Flood Zones near Red Hook Wastewater Treatment Plant

Red Hook

Critical Flood Elevation
=14.5 ft NAVD838

0 [—— Miles
0o 15 3 6 9

- 2013 Advisory 100-Year Floodplain Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain

Projected 2050s 100-Year Floodplain

Flood Pathways
t\

=

Rollup doors at the Main Building Fencing surrounding the outdoor Electrical Substation
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RISK ASSESSMENT

A risk assessment was performed in two steps to
determine the potential level of damage DEP might
expect under the critical flood event at Red Hook. First,
as part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation.

While much of the plant was unaffected during Hur-
ricane Sandy, because the critical flood elevation is
approximately 3 feet higher than the recorded Sandy
elevation, most of the plant is projected to be flooded
in the critical flood event. Most locations will be flooded
with a foot of water or less; however, the Truck Loading
Area and Ferric Chloride Storage Area may be flooded
with up to 6 feet of water.

An infrastructure-level assessment identified whether
certain pieces of equipment needed to meet basic levels
of service are located in plant areas that are at risk.
There is a total of 1,281 target pieces of equipment lo-
cated in these at-risk facilities that are below the critical
flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.
Of particular concern are many of the pumps which
convey sewage and sludge through the plant. This
equipment is located below ground in the tunnel system,
which is at-risk through a number of pathways, includ-
ing vaults, conduits, and the Solids Handling Facility
near the northern seawall that flooded during Hurricane
Sandy.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power, would be approximately $67.4 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was
proposed for each at-risk location at Red Hook. Strategy
selection was based on a feasibility analysis accounting
for current site configurations and DEP’s existing data-
base (as of 2/7/2013) of active infrastructure, as well as
a cost-risk analysis which compares the cost of imple-
menting the strategy to the potential damage avoided.
Strategy selection also accounted for the importance of
infrastructure within a location for meeting basic treat-
ment requirements.

RED HOOK WASTEWATER TREATMENT PLANT

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk
avoided over a 50-year time span, and level of resiliency
the adaptation measure may provide to the selected
location.

Since many of the at-risk areas at Red Hook contain
critical infrastructure, often elevating and flood-proofing
were chosen as strategies since they provide a high
degree of protection. In locations where not all infra-
structure could be elevated or flood-proofed, additional
strategies were chosen that protect openings into the
plant areas. Given the space constraints within base-
ments and the tunnel system, it is recommended that
the transfer pumps be replaced with submersible pumps
at the end of their life cycle. In the interim, as applicable
depending on location, the infrastructure can be effec-
tively protected by sandbagging, providing watertight
doors, or constructing barriers across flood pathways.
In particular, the Thickener and Centrifuge Buildings can
be protected to reduce the likelihood of flooding in the
tunnels.

Total Pieces of
Equipment:
4,552

Total Target
Pieces of Equipment*:
1,919

Total Target
Pieces of
Equipment
At Risk:
1,281

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

In total, the cost to implement all recommended strat-
egies at Red Hook is $18.6 million. While this cost

is high, the potential damage cost that a large surge
may impose totals $67.4 million. As the recommend-

ed strategies would also protect infrastructure during
smaller storm events, the total value of risk avoided over
a 50-year time span is estimated at $25 million, which is
33 percent more than the cost of implementation. This

favorable cost comparison provides strong economic
support for implementing robust adaptation strategies,
especially considering they would also minimize service
disruptions in Brooklyn during flood events, reduce sew-
age bypasses, and protect public health.

Table B: Red Hook Adaptation Strategy Recommendations

Recommended Protective

Location
Measure

Aeration Tanks No Action Required

Chlorine Contact Tanks Elevate Equipment

Centrifuge Building Sandbag

Chlorination Building Elevate Equipment

Digester Building Seal Building

Elevate Equipment and

Electrical Substation Construct Barrier

Elevate Equipment and

Main Building Seal Building

Flood-proof Equipment

Py Sl Tl and Construct Barrier

Flood-proof Equipment

Thickener Building and Seal Building

Truck Loading Building No Action Required

$8,896,000

$5,891,000

$1,352,000

Damage Cost

Cost of for Critical (.:umulat.lve
Protective Flood without LS Resili L |
1 i Over 50 Years estliency Leve
Measures ($M) Protection 13
(SN2 ($M)
$0 $301,000 $0 No Protection
$44,000 $24,000 $11,000 Very High
$320,000 $5,061,000 $1,571,000 Moderate-Low
$511,000 $651,000 $220,000 Very High
$557,000 $7,068,000 $2,324,000 Moderate
$993,000 $8,220,000 $3,842,000 Very High
$33,561,000 $11,998,000 High
$4,635,000 $2,448,000 Very High
$7,299,000 $2,536,000 High
$0 $556,000 $0 No Protection
$18.6 M $67.4M $25.0 M

Total for All 10 At-Risk Locations

1) All cost estimates are presented in 2013 US Dollars

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,
current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence
3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence
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HURRICANE SANDY IMPACTS Floodwater that entered through the plant outfall caused

) ) ) build up in the Chlorine Contact Tanks, but did not over- N V7 S
Bed Hook exper@nced minor flooding as a result of Hur- top the tank walls. The plant staff worked actively be- \\ 1 c-
ricane Sandy. During the peak of the storm, floodwaters fore, during, and after the storm to protect the plant by i

Protectuior

entered the plant from the northern seawall, flooding sandbagging doors in locations at the north end of the

the barge docks and the Ferric Chloride Storage Area : . - =
, i plant, including the Sludge Storage Tanks, Dewatered S't rT] S g G d

with over 3.5 feet of flood water. Overland flooding Sludge Truck Loading Building, Centrifuge Building and O r u r e u I a n Ce =

occurred along West Street near the Sludge Storage Digester Building. Critical equipment needed to perform Red H 00 k WWTP

Tanks, Gas Holder Tank, and Sludge Digester Building basic (primary) treatment at the plant was not damaged.
near the Digester and Thickener Tanks. Floodwaters did

not reach the Main Building or Solids Handling Facility,
both of which contain numerous pumps and electrical
equipment.

If a storm surge advisory is announced as part of
a weather report, locate the foraca@&ge level
below. Protective measures should be taken for all locations

ator below that level. If a small craft advisory is also issued, waves
may splash shoreline assets more than 3 ft above the surge level.

Adjust protection accordingly.

.y 5 / Storm Surge Floodplain Elevations and areas to be protected
S . Docks Flooded Advisory* and elevations  Brooklyn Highway Datum
1 i X R . 1554
® N e i : 13.0
| .{'ﬂ : s . £ - , Main Building**, Final Settling Tanks**, Centrifuge Building**, Chlorination Build-
- Truck Loading Centrif / Flooding of outdoor 125 ing**, Digester Building**, Thickener Building**, Aeration Tanks**
) entriruge Ferric Chlorid
Building I erric Lhioride ' Primar i o i i
A 1 y Settling Tanks**, Electrical Substation
“—mr Building Storage Area 12,07 [ PrimarySetting Tanks™ Blectrical Substation __ ____.
: x ; I Tunnel System Connected to: I
: Primary Settling Gallery, Aeration Gallery, Final Settling Gal- :
) \ : 11.0' : lery, Main Building, Chlorination Building, Digester Building,:
Digester g Chrlorine Contact Tanks | Thickener Building , Centrifuge Building
Building ; . flooded but walls did 105 o T T T T s s s s s s s s s s e
L~ HS, WHEER not overtop
10.0’
- Thickener /; [/ ’
Building | .
Hene. 9.0
L 8.0
) Electrical |
&5 Substation
5 7.0
6.5’ Ferric Chloride Storage & Pumps, Truck Loading Building
6.0'
5.0’
4.0’
3.0
2.0’

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.

*Storm surge added to Mean Higher High Water at The Battery as of 2012, which is 0.80 ft Brooklyn Highway Datum. Sea level is expected to rise up to 30 inches by 2050. This storm surge advisory is for current conditions.
**One of the multiple flood pathways into the tunnel system. To protect tunnels, ensure all pathways are addressed.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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Rockaway Wastewater Treatment Plant

PLANT DESCRIPTION

The Rockaway Wastewater Treatment Plant is located
on Beach Channel Drive on the south side of Rockaway,
NY. The plant abuts Rockaway Freeway to the south,
Beach Channel Drive to the north, and lies between
Beach 108th Street and Beach 104th Street. The plant
is located between two waterbodies, Jamaica Bay to
the north and the Atlantic Ocean to the south. Gener-
al plant characteristics for Rockaway can be found in
Table A. The critical flood elevation used in the analysis
is the FEMA March 2013 advisory base flood elevation
(ABFE) with 30 inches of projected sea level rise. The

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated Sludge
Dewatering Facilities No

Design Dry Weather Flow (MGD) 45

Maximum Wet Weather Flow (MGD) 90

Number of Residents Served 90,474
Discharge Waterbody Jamaica Bay

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Hurricane Sandy Flood Elevation

Hurricane Sandy Flood Damage

High Likelihood to Impact Beaches

ROCKAWAY WASTEWATER TREATMENT PLANT

ABFE maps were developed to guide rebuilding efforts
after Hurricane Sandy, and were replaced by the FEMA
Preliminary Work Maps (PWM) in June 2013. Although
it was not feasible to reassess all wastewater facilities
using the PWMs, the critical flood elevations are in
most cases very similar to the ABFE maps, and using
the updated maps would not affect the results of this
analysis. In the critical flood scenario, based on the
100-year flood event (from the ABFE) with 30 inches of
sea level rise, floodwater at the plant may reach +14.5
feet NAVD8S8. In contrast, the typical high tide elevation
nearby is +2.4 feet NAVDS88.

+14.5 ft NAVD88 (+12.9 ft Queens Datum)
+11.4 ft NAVD88 (+9.8 ft Queens Datum)
Major

Yes

FEMA Flood Zones near Rockaway Wastewater Treatment Plant

Rockaway

Critical Flood Elevation
=145 ft NAVD88

ckaway

Miles
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Flood Pathways

Rollup doors on the Sludge Storage Building adjacent Rollup doors at the Electrical Substation Building
to Jamaica Bay are potential pathways for flooding as

experienced during Hurricane Sandy. The Sludge Stor-

age Building is also an access point into the plant’s

interconnected tunnel system.
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RISK ASSESSMENT

A risk assessment was performed in two steps to
determine the potential level of damage DEP might
expect under the critical flood event at Rockaway. First,
as part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation.

Since the plant has a relatively flat terrain and it is lo-
cated between two waterbodies, several areas may be
flooded by up to 7 feet of water during the critical flood
event. There is also an extensive underground tunnel
system that connects all locations (except the Electrical
Substation and the Heating Plant) that can convey water
throughout the plant if not properly protected. The main
at-risk pathways to the tunnel are doorways in the new
and old Sludge Storage Buildings, which will require
robust protection. Lastly, a number of open tanks would
be flooded during the critical flood, and could contribute
to cleanup costs on site.

An infrastructure-level assessment identified whether
certain pieces of equipment needed to meet basic levels
of service are located in plant areas that are at risk.
There is a total of 689 target pieces of equipment locat-
ed in these at-risk facilities that are below the critical
flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power, would be approximately $49.3 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was pro-
posed for each at-risk location at Rockaway. Strategy
selection was based on a feasibility analysis accounting
for current site configurations and DEP’s existing data-
base (as of 2/7/2013) of active infrastructure, as well as
a cost-risk analysis which compares the cost of imple-
menting the strategy to the potential damage avoided.
Strategy selection also accounted for the importance of
infrastructure within a location for meeting basic treat-
ment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk
avoided over a 50-year time span, and level of resiliency
the adaptation measure may provide to the selected
location.

Since many of the at-risk areas at Rockaway contain
critical infrastructure, often elevating equipment was the
chosen strategy since it provides a high degree of pro-
tection. In locations where not all infrastructure could be
elevated, additional strategies were chosen that protect
openings into the plant areas. For example, since Rock-
away is susceptible to flood damage from an intercon-
nected, underground tunnel system, constructing barri-
ers around grates and hatches leading into the tunnel is
recommended. These barriers, combined with watertight
doors and windows in buildings with basements leading
to the tunnels, will greatly reduce the plant’s risk and
prevent floodwaters from traveling throughout the plant,
and damaging target pieces of equipment. In addition,
when replacing old pumps, plant staff may consider in-
stalling submersible pumps to provide further resiliency.

Total Pieces of
Equipment:
1,791

Total Target
Pieces of Equipment*:
1,247

Total Target
Pieces of
Equipment
At Risk:
689

DEP is also investigating the feasibility and logistics of
converting Rockaway into a pumping station, amongst
other alternatives, which may reduce the need to fund
substantial capital projects to heavily protect and
reinforce many of the buildings and equipment on site.
Regardless of the alternative selected, some resiliency
upgrades will likely be needed at Rockaway.

way is at a relatively low elevation, smaller flood events
could affect this site. As the recommended strategies
would also protect infrastructure during these smaller
events, the total value of risk avoided over a 50-year
time span is estimated at $198.1million, which is more
than 13 times the cost of implementation. This favorable
cost comparison provides strong economic support for
implementing robust adaptation strategies, especially
considering they would also minimize service disrup-
tions in Queens during flood events, reduce sewage
bypasses, and protect public health.

If all ecommended resiliency upgrades are implemented
at the Rockaway Wastewater Treatment Plant, the total
cost of implementation is $15.1 million. While this cost is
high, the potential damage cost that a large surge may
impose totals $49.3 million. Furthermore, since Rocka-

Table B: Rockaway Adaptation Strategy Recommendations

Damage Cost

L Cumulative
R mmended Protecti Cost of for Critical Risk Avoided
Location eco ende otective Protective Flood without Resiliency Level
Measure 1 . Over 50 Years
Measures ($M) Protection 13
(SN2 ($M)
Chlorination Building Elevate Equipment $2,048,000 $1,729,000 $8,900,000 Very High
Chiorine Contact Tanks (N. g, 4t Equipment $58,000 $127,000 $660,000  Very High

of Beach Channel Dr.)
Elevate Equipment and

Electrical Substation Construct Barrier $1,604,000 $4,558,000 $23,453,000 Very High
Final Setting Tanks No Action Required $0 $1,382,000 $0 No Protection
Heating Plant Elevate Equipment $37,000 $1,169,000 $815,000 Low
Main Sewage Pump Station ~ Seal Building $751,000 $5,135,000 $23,778,000 Moderate
New Digester Building No Action Required $0 $1,139,000 $0 No Protection

New Sludge Storage

Ffiing Seal Building $493,000 $404,000 $1,872,000 Moderate
Old Digester Building Sandbag $158,000 $1,569,000 $662,000 Moderate-Low
Primary Scum Building Flood-proof and Elevate $2,142,000 $2,872,000 $14,270,000 High
Pump and Compressor Elevate Equipment and .
Building Seal Building $2,594,000 $9,694,000 $48,094,000 High
Return and Waste Sludge Elevate Equipment and .

Fum Euficing Seal Building $3,147,000 $8,248,000 $40,822,000 High
Sludge Thickener Building Seal Building $1,332,000 $7,300,000 $33,804,000 Moderate
Tunnels Construct Barrier $752,000 $3,957,000 $967,000 High
Total for All 14 At-Risk Locations $151 M $49.3 M $198.1 M

1) All cost estimates are presented in 2013 US Dollars

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,
current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence

3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

1083 ROCKAWAY WASTEWATER TREATMENT PLANT NYC WASTEWATER RESILIENCY PLAN 104



HURRICANE SANDY IMPACTS

Rockaway experienced major flooding as a result of
Hurricane Sandy. During the peak of the storm, storm
surge water from Jamaica Bay entered the plant by
overtopping the dock on the north side of the plant.
Initially, water flooded the underground tunnel system
via doorways and conduits in the Solids Storage Facility,
and as the storm progressed, floodwater traveled over
Beach Channel Drive and into the plant, flooding the
entire site with approximately 30 inches of water. Due to
the plant’s interconnected underground tunnel system,
all equipment located in the basement levels of plant
buildings endured significant damage. The main sew-
age pumps and their control systems were damaged,
aeration piping in basements was detached from its
supports, numerous motors and sludge transfer pumps
were submerged, and electrical equipment and conduits
in the tunnels were exposed to floodwaters (which willl
likely advance their corrosion over time). Plant staff took

‘ Sludge Storge
Building

Chrlorine Contact A
Tanks )

Floodwaters
overtop Chlorine
Contact Tanks

. Chrlorine Contact
Tanks

precautions ahead of the storm by placing sandbags
at all doorways and rollup doors, but due to numerous
access ways into the tunnel system, and the significant
amount of floodwater that entered the plant, the sand-
bags were not adequate to protect the buildings.

Following the flood event, major dewatering and tem-
porary pumping operations were required. In addition,
major equipment replacement and repair commenced.

Based on the flood damages incurred during this storm
surge, it is evident that a comprehensive adaptation plan
will be required to protect the plant under the critical
flood elevation, which is approximately 3 feet higher than
the elevation experienced during Hurricane Sandy.

DEP is also investigating the feasibility and logistics of
converting Rockaway into a pumping station, amongst
other alternatives, which would reduce the need to fund
substantial capital projects to heavily protect and rein-
force many of the buildings on site.

Entrance to Tunnel
System via Sludge
Storage Building

Primary \
Settling Tanks |

Sludge Thickeners %
and Digesters

Secondary
Settling Tanks

.'/iA a
The entire site was flooded with
approximately 30 inches of water.
Initial flood pathway was overtopping
of the docks, and flooding of the
underground tunnel system
via the Sludge Storage Building

3

&NA__/W

Environmental
Protection

Storm Surge Guidance:
Rockaway WWTP

If a storm surge

of a weather report, the.

below. Protective measures should b

at or below that level. If a small craft advisory is also |ssued
may splash shoreline assets more than 3 ft above the surge level.
Adjust protection accordingly.

Storm Surge  Floodplain Elevations and areas to be protected
Advisory* and elevations  Queens Datum
500 yr. 154
13.0°
12.00
11.5° — Old Digester Building**
11.0°

100 yr. 104 - 10.5° Air Distribution Building**

10.0°
9.0’ Stair Building 1**
8.0’
7.5’ — Heating Plant, Electrical Substation
Main Sewage Pump Station**, Electrical Enclosure**, Sludge Thickener
7.0° Building**, Stair Building 4**, Storage Building**, Return and Waste
Sludge Pump Building*™
6.5’ Primary Scum Building**
6.0’ New Sludge Storage Building*, Old Sludge Storage Building**, Chlorination
d Building™*, New Digester Building™
,Pump and Compressor Building™ _____ __________________
5.0’ |Tunnel System (Extensive System, Connects all Buildings Except the Heating 1
) :Plant and Electrical Substation) :
4.5’ 1Connects: Pump and Compressor Building, New and Old Sludge Storage Build- 1
:ings, Chlorination Building, Primary and Final Settling Galleries, Storage Building, :
4.0° |D|gester and Thickener Galleries, Return and Waste Sludge Building, Stair Build- 1
.ings 1,2,3,4, Aeration Gallery, Air Distribution Building, Primary Scum Building_ _ _ |
3.5’ Chlorine Contact Tanks (North of Beach Channel Drive)
3.0’
2.0

*Storm surge added to Mean Higher High Water Station at Sandy Hook as of 2012, which is 0.77 ft Queens Datum. Sea level is expected to rise up to 30 in by 2050. This storm surge advisory is for current conditions.
**One of the Multiple Flood Pathways into the Tunnel system. To Protect Tunnels Ensure all Pathways are Addressed.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.
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Tallman Island Wastewater Treatment Plant

PLANT DESCRIPTION

The Tallman Island Wastewater Treatment Plant is locat-
ed on a 31-acre site at 127-01 Powell’s Cove Boulevard,
College Point, in north central Queens, Community
District 7. The plant abuts Powell’s Cove Boulevard and
residential areas to the south, a marina and boatyard to
the west, Powell’s Cove to the east, and the East River
to the north. General plant characteristics for Tallman Is-
land can be found in Table A. The critical flood elevation
used in the analysis is the FEMA March 2013 advisory
base flood elevation (ABFE) with 30 inches of project-
ed sea level rise. The ABFE maps were developed to

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated Sludge
Dewatering Facilities Yes

Design Dry Weather Flow (MGD) 80

Maximum Wet Weather Flow (MGD) 120

Number of Residents Served 410,812
Discharge Waterbody East River

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise
Hurricane Sandy Flood Elevation

Hurricane Sandy Flood Damage

High Likelihood to Impact Beaches

guide rebuilding efforts after Hurricane Sandy, and were
replaced by the FEMA Preliminary Work Maps (PWM) in
June 2013. Although it was not feasible to reassess all
wastewater facilities using the PWMs, the critical flood
elevations are in most cases very similar to the ABFE
maps, and using the updated maps would not affect
the results of this analysis. In the critical flood scenario,
based on the 100-year flood event (from the ABFE) with
30 inches of sea level rise, floodwater at the plant may
reach +15.5 feet NAVD@88. In contrast, the typical high
tide elevation nearby is +8.5 feet NAVD88.

+15.5 ft NAVD88 (+13.9 ft Queens Highway Datum)
+10.1 ft NAVD88 (+8.5 ft Queens Highway Datum)
Minor

No

TALLMAN ISLAND WASTEWATER TREATMENT PLANT

FEMA Flood Zones near Tallman Island Wastewater Treatment Plant

-
-
-

Tallman Island

7\ Critical Flood Elevation

8\ = 15.5 ft NAVD88
A\

0 [—— Miles
0o 15 3 6 9

- 2013 Advisory 100-Year Floodplain Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain

Projected 2050s 100-Year Floodplain

Flood Pathways

Grate and windows leading to the basement of the
Sludge Thickener Building and tunnel system

Basement access ways into the Chlorine Building
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RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood event at Tallman Island. First, as
part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation. Since the plant has a relatively flat ter-
rain on the north, some areas may be flooded by up to 7
feet of water during the critical flood event.

An infrastructure-level assessment identified whether
certain pieces of equipment needed to meet basic levels
of service are located in plant areas that are at risk.
There is a total of 773 target pieces of equipment locat-
ed in these at-risk facilities that are below the critical
flood elevation and are at risk of flooding. This equip-
ment includes pumps, motors, electrical equipment, and
other infrastructure associated with primary treatment.
Of particular note, various critical pumps are located in
the basements of a number of buildings, including the
Preliminary Sludge Pump Station, Digesters, North and
South Thickener Buildings, and Grit Building, all of which
are connected by a tunnel system. In addition, both the
Final Settling and Chlorination Tanks would be flooded.

Table B provides a complete list of plant areas contain-
ing critical equipment at risk in the 100-year flood with
30 inches of sea level rise. Immediately following a large
flood event, the cost to replace this infrastructure, plus
clean the plant and provide temporary pumping and
power, would be approximately $45.2 million.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was
proposed for each at-risk location at Tallman Island.
Strategy selection was based on a feasibility analysis
accounting for current site configurations and DEP’s ex-
isting database (as of 2/7/2013) of active infrastructure,
as well as a cost-risk analysis which compares the cost
of implementing the strategy to the potential damage
avoided. Strategy selection also accounted for the
importance of infrastructure within a location for meeting
basic treatment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-
age potentially incurred during an individual storm, risk
avoided over a 50-year time span, and level of resiliency
the adaptation measure may provide to the selected
location.

Since many of the at-risk areas at Tallman Island contain
critical infrastructure, often elevating and flood-proofing
were chosen as strategies since they provide a high
degree of protection. In locations where not all infra-
structure could be elevated or flood-proofed, additional
strategies were chosen that protect openings into the
plant areas.

The Chlorine Building, in particular, requires robust
protection as it would experience several feet of flooding
under the critical flood event and contains numerous
pieces of equipment needed to disinfect wastewater. As
such, waterproofing chemical feed pumps and seal-

ing the building with water-tight windows and doors is
recommended. Likewise, the Grit Building and Thickener
Building are also key locations that require several pro-
tection measures, since they have thresholds below the
critical flood which lead to the tunnel system.

Total Pieces of
Equipment:
2,245

Total Target
Pieces of Equipment*:

1,713

Total Target
Pieces of
Equipment
At Risk:
773

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

TALLMAN ISLAND WASTEWATER TREATMENT PLANT

In total, the cost to implement all recommended strat-
egies at Tallman Island is $11 million. While this cost is
high, the potential damage cost that a large surge may
impose totals $45.2 million. As the recommended strat-
egies would also protect infrastructure during smaller
storm events, the total value of risk avoided over a 50-
year time span is estimated at $32.8 million, which is ap-
proximately three times the cost of implementation. This

favorable cost comparison provides strong economic
support for implementing robust adaptation strategies,
especially considering they would also minimize service
disruptions in Queens during flood events, reduce sew-

age bypasses, and protect public health.

Table B: Tallman Island Adaptation Strategy Recommendations

Recommended Protective

Location
Measure

Flood-proof Equipment

Chlorine Building and Seal Building

Chlorine Contact Tanks Elevate Equipment

Dewatering Building Seal Control Room

Final Settling Tank No Action Required

Grit Building Sandbag

Flood-proof and Elevate

Mixed Flow Pump Station and Construct Barrier

Sludge Storage Tanks Construct Barrier

South and North Thickener

Buildings Seal Building

Flood-proof and Elevate

Storage Building and Seal Building

Total for All 9 At-Risk Locations

1) All cost estimates are presented in 2013 US Dollars

Cost of

Damage Cost

for Critical

Cumulative

Protective Flood without Risk Avoided Resiliency Level
1 i Over 50 Years
Measures ($M) Protection ($M)1'3
($M)"?
$1,792,000 $1,298,000 $6,372,000 High
$37,000 $84,000 $28,000 Very High
$460,000 $11,023,000 $3,799,000 Moderate
$0 $2,162,000 $0 No Protection
$320,000 $542,000 $190,000 Low
$846,000 $1,550,000 $5,045,000 High
$347,000 $2,833,000 $7,037,000 High
$804,000 $12,163,000 $4,531,000 Moderate
$6,417,000 $13,521,000 $5,800,000 Very High
$11.0M $452 M $328 M

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,
current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence
3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence
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HURRICANE SANDY IMPACTS

Tallman Island experienced minor flooding as a result of
Hurricane Sandy. During the peak of the storm, floodwa-
ter submerged the sludge loading dock and inundated
the roadway along the north end of the plant along the
waterfront. Rising waters also encroached upon the
central plant roadway, and approached the doorway

ways. However, flooding was reduced by plant staff who
took precautions ahead of the storm by placing tempo-
rary slide gates and sandbags coupled with concrete
traffic barriers across flood pathways. In addition, the
sump pumps within the Chlorine Building maintained
operation during the flood and no equipment in the
building was significantly affected. While the plant did
not endure significant flood damage, the wooden board-

MN.L/'

Environmental
Protection

Storm Surge Guidance:
Tallman Island WWTP

of the Sludge Storage Building and some transformers walk surrounding the plant was severely damaged in the

mounted on r?ads next to the b“"d'”gf however, no areas where the storm surge overtopped the perimeter
damage was incurred. Floodwaters did enter the Chlo- bulkhead

rine Building through a few doors and basement access

—

If a storm surge adwsory is annou@s parto
a weather report, locate the forec: e le
below. Protective measures should mﬁ forall Ioc =
at or below that level. If a small craft advisory is also issued, waves
may splash shoreline assets more than 3 ft above the surge level.

Sludge Loading === / Area flooded with

Adjust protection accordingly.
g . Storm Surge Floodplain Elevations and areas to be protected
=
Dock N apprOXImately 2 Advisory* and elevations Queens Datum
feet of floodwater
Chlorine Building
17.0° Main Building**
Slud St West Gallery Distribution Center, West Gallery Electrical Room, West
u ge orage 16.5' — Pipe Gallery, 27 kV Building, East Battery Electrical Building, East Gallery
Pumping Station Distribution Center
. L £ - A 16.0' —— East Pipe Gallery, Preliminary Sludge Pump Station**
Dewatering - pebalen yzudgerme
Bu||d|ng : ~— - 15.5' ——— Digesters**, RAS and Blower Building, Sludge Area Electrical Building**
\
A N
15.0'°  —— Louver and Skylight Tunnel Access**
3 % Approxmate limits |5
ChIorlne ‘ of overland floodlng
Contact ‘ ) ' — Sludge Storage Tank
14.0
i [ —
, Final Settling Tanks, South and North Thickener Buildings**, Chlo-
13.0 rine Contact Basins, Grit Building**
North SlUdge 12.5' ——— Dewatering Building
Thickeners 120 __|StorageBuiding™
\ ‘ Tunnel System Connected to: :
bt wia A \ ‘ = ) P ildi 114 oo ‘ Storage Building, Preliminary Sludge Pump Station, Digester, |
AR ; \ PR\ 3 s Grit BUIldlng : South and North Thickener Buildings, Sludge Area Electrical Build- :
. \’\' \ e R} A ¥ b1 11.0° | ing, Grit Building, Main Building |
AAGER W\ : ‘ N South Sludge
. ’\‘\ \- = g & R Thickeners 10.0' Sludge Storage Tanks, Mixed Flow Pump Station
ttllng Tanks - ‘ ~
; Preliminary Sludge
‘ Pump Station 90’
8.0 Chlorine Building
7.0’
6.5’ Sludge Loading Dock

*Storm surge added to Mean Higher High Water at Kings Point as of 2012, which is 5.86 ft Queens Datum. Sea level is expected to rise up to 30 inches by 2050. This storm surge advisory is for current conditions.
**One of the multiple flood pathways into the tunnel system. To protect tunnels, ensure all pathways are addressed.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.
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Wards Island Wastewater Treatment Plant

PLANT DESCRIPTION Before entering the plant, sewage is pumped and
screened at the Manhattan and Bronx Grit Chambers.
The Manhattan Grit Chamber is at the eastern end of
110th Street in Manhattan, next to the FDR Drive. The
Bronx Grit Chamber is located in the Bronx at 158
Bruckner Blvd, adjacent to 133rd Street. General plant

characteristics for Wards Island can be found in Table A.

The Wards Island Wastewater Treatment Plant is located
on the southwest side of Randall’s and Wards Island
between the Harlem and East Rivers. The plant occupies
approximately a quarter of the island’s total land area
and is part of the borough of Manhattan, Community
District 11. The plant abuts the New York City Fire De-
partment Training Academy on the north and Hell Gate
Circle to the south and west. The East River separates
the site from Queens to the east.

Table A: Wastewater Treatment Plant Characteristics

Plant Type Activated Sludge
Dewatering Facilities Yes

Design Dry Weather Flow (MGD) 275

Maximum Wet Weather Flow (MGD) 550

Number of Residents Served 1,061,558
Discharge Waterbody Upper East River

Wards Island and Manhattan Grit Chamber: +17.5 ft NAVD88
(+15.8 ft Manhattan Highway Datum) Bronx Grit Chamber:
+14.5 ft NAVD88 (+13.0 ft Bronx Datum)

Critical 100-year Flood Elevation + 30 inches of Sea Level Rise

Hurricane Sandy Flood Elevation +10.7 ft NAVD88
Hurricane Sandy Flood Damage Minor
High Likelihood to Impact Beaches No

113 WARDS ISLAND WASTEWATER TREATMENT PLANT

FEMA Flood Zones near Wards Island Wastewater Treatment Plant

J
S

Wards Isl

Wards Island

Critical Flood Elevation s
=17.5 ft NAVD88 '

[ Miles
0 15 3 6 9

- 2013 Advisory 100-Year Floodplain Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Access door leading to the equipment rooms in the This rollup door at the Manhattan Grit Chamber was a

Sludge Storage Tank Building pathway for flooding during Hurricane Sandy and may

be flooded during the critical flood event.
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The critical flood elevation used in the analysis is the
FEMA March 2013 advisory base flood elevation (ABFE)
with 30 inches of projected sea level rise. The ABFE
maps were developed to guide rebuilding efforts after
Hurricane Sandy, and were replaced by the FEMA
Preliminary Work Maps (PWM) in June 2013. Although
it was not feasible to reassess all wastewater facilities
using the PWMs, the critical flood elevations are in most
cases very similar to the ABFE maps, and using the up-
dated maps would not affect the results of this analysis.
In the critical flood scenario, based on the 100-year
flood event (from the ABFE) with 30 inches of sea level
rise, floodwater my reach +17.5 feet NAVD88 at Wards
Island and the Manhattan Grit Chamber and +14.5 feet
NAVDB88 near the Bronx Grit Chamber. In contrast, the
typical high tide elevation nearby is +2.26 feet NAVD88.

RISK ASSESSMENT

A risk assessment was performed in two steps to de-
termine the potential level of damage DEP might expect
under the critical flood scenario at Wards Island. First,
as part of the building-level assessment, potential flood
pathways were identified at each location of the plant
and determined to be at risk if located below the critical
flood elevation.

Since the plant is at a relatively high elevation, only one
area, the Sludge Storage Tanks, may be flooded by up
to 6 feet of water during the design flood event. How-
ever, since the Manhattan Grit Chamber is at a relatively
low elevation it may be flooded by up to 8 feet during
the critical flood event. These areas are listed in Table B
and were found to be at risk in a 100-year flood with 30
inches of sea level rise.

An infrastructure-level assessment identified what
pieces of equipment needed to meet basic levels of
wastewater pollutant removal are located in the Sludge
Storage Tanks and Manhattan Grit Chamber. There is a
total of 46 target pieces of equipment located in these
at-risk facilities that are below the design flood eleva-
tion and are at risk of flooding. This equipment includes
pumps, motors, electrical equipment, and other infra-
structure associated with primary treatment. Immediate-
ly following a large flood event, the cost to replace this
infrastructure, plus clean the plant and provide tempo-
rary pumping and power, would be approximately $8.7
million.
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It was also found that the Bronx Grit Chamber may be
flooded by approximately 6 inches of water under the
critical flood event; however, since the infrastructure
within the facility is high enough to be above the critical
flood event, it is not considered at risk.

ADAPTATION STRATEGIES

A combination of recommended strategies to reduce
damage and recovery time after a surge event was pro-
posed for each at-risk location at Wards Island. Strategy
selection was based on a feasibility analysis accounting
for current site configurations and DEP’s existing data-
base (as of 2/7/2013) of active infrastructure, as well as
a cost-risk analysis which compares the cost of imple-
menting the strategy to the potential damage avoided.
Strategy selection also accounted for the importance of
infrastructure within a location for meeting basic treat-
ment requirements.

When resiliency upgrades are planned, the proposed
recommendations should be evaluated with consider-
ation to other ongoing capital improvements and may be
modified to account for new and changing site condi-
tions and infrastructure.

Table B lists all plant locations containing target at-risk
equipment, recommended planning-level strategies and
the associated cost of implementation, cost of dam-

Total Pieces of
Equipment:
3,640

Total Target
Pieces of Equipment*:
2,199

Total Target
Pieces of
Equipment
At Risk:
46

*All components needed to meet basic (primary) level of
treatment and all electrical equipment, motors, and pumps

age potentially incurred during an individual storm, risk
avoided over a 50-year time span, and level of resiliency
the adaptation measure may provide to the selected
location.

The two main rooms that need protection at the Manhat-
tan Grit Chamber are the electrical room and generator
room, both of which can be sealed with watertight doors
and windows. Since some equipment does not reside

in these rooms, this equipment should be flood-proofed
individually. Likewise, the Wards Island Sludge Storage
Tank contains a control room which can be sealed to
protect valuable electrical equipment. Plant staff might
also consider flood-proofing assets outside the electrical
room to provide even higher resiliency.

In total, the cost to implement all recommended strat-
egies at Wards Island and the Manhattan Grit Chamber
is $1.5 million. While this cost is high, the potential
damage cost that a large surge may impose totals $8.7
million. As the recommended strategies would also
protect infrastructure during smaller storm events, the
total value of risk avoided over a 50-year time span is
estimated at $40.5 million, which is 27 times the cost of
implementation. This favorable cost comparison pro-
vides strong economic support for implementing robust
adaptation strategies, especially considering they would
also minimize service disruptions in Manhattan during
flood events, reduce sewage bypasses, and protect
public health.

Table B: Wards Island Adaptation Strategy Recommendations

Recommended Protective

Location
Measure

Flood-proof Equipment

Manhattan Grit Chamber and Seal Building

Wards Island Sludge

Storage Tank Seal Control Room

Damage Cost

Cost of for Critical (..':umulatllve
Protective Flood without ML LI Resili Level
q A Over 50 Years | ~oorency Leve
Measures ($M) Protection 13
($M)1’2 ($M)
$1,017,000 $4,489,000 $20,839,000 Moderate
$460,000 $4,238,000 $19,620,000 Moderate
$15M $87M $40.5M

Total for 2 At-Risk Locations

1) All cost estimates are presented in 2013 US Dollars

2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs (i.e.,
current 100-year flood plus 30 inches). This estimate does not consider the probability of storm occurrence
3) Repair/replacement costs that would be avoided over 50 years if protective measures are in place for storm surges up to and
including the 100-year flood plus 30 inches. This estimate incorporates the probability of storm occurrence
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HURRICANE SANDY IMPACTS

Wards Island experienced minor flooding as a result of
Hurricane Sandy. During the peak of the storm, water
overtopped the eastern seawall near the Sludge Storage
Tanks, which resulted in a small amount of flooding on
the roadway. The water from the storm surge reached
up to approximately 3 steps (21 inches) alongside the
Chlorination Basin, but did not compromise the system.
Plant staff took precautions ahead of the storm, that
included sandbagging low-lying areas such as the door-
way to the Sludge Storage Tanks, which successfully
prevented floodwater from entering the structures.

Greater impact was experienced across the river at the
Manhattan Grit Chamber facility, which screens half
the wastewater inflow before it enters the Wards Island
Wastewater Treatment Plant. Water from the storm

N .
Manhattan
7 Grit Chamber |

surge reached approximately 2 feet along the eastern
exterior wall. While a concrete barrier provided pro-
tection along certain flood pathways, floodwaters still
managed to penetrate the building via a rollup door and
access door at grade. Fortunately, plant staff were able
to protect the electrical room and emergency generator
rooms at grade by opening floor hatches, which redirect-
ed flow to the basement.

However, had the storm surge reached the lower window
sills and filled the basement, valuable electrical equip-
ment including motor control centers for grit screening
and associated backup power, may have been compro-
mised.

The Bronx Grit Chamber experienced no flood damage
as a result of Hurricane Sandy.

Flood pathways and areas flooded during Hurricane Sandy are highlighted in red.

WARDS ISLAND WASTEWATER TREATMENT PLANT

NYC

menta

Storm Surge Guidance:
Wards Island WWTP

If a storm surge advisory is announced as part
a weather report, locate the forecasted surge level —
below. Protective measures should be taken for all locations
at or below that level. If a small craft advisory is also issued, waves
may splash shoreline assets more than 3 ft above the surge level.
Adjust protection accordingly.

Storm Surge Floodplain Elevations and areas to be protected

Advisory* and elevations Manhattan Datum

500 yr. 163

100yr. 133 12,5
12.0°

Bronx Grit Chamber

11.0°

10.0'

95" Sludge Storage Tank

9.0’

Manhattan Grit Chamber

8.0’

7.0

6.0’

5.0’

4.0’

3.0

2.0

*Storm surge added to Mean Higher High Water at The Battery as of 2012, which is 0.61 ft Manhattan Datum. Sea level is expected to rise up to 30 inches by 2050. This storm surge advisory is for current conditions.

This storm surge placard provides a quick reference for operators to prepare their plant in advance of a surge event. The
guidance enables an operator to rapidly locate at-risk locations based on storm surge warnings. Once at-risk areas are
identified, plant staff may proactively protect locations at or below the forecasted surge levels.
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CANNON AVENUE PUMPING STATION, STATEN ISLAND, NY

CHAPTER 3:
PUMPING STATIONS
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The New York City Department of Environmental Protec-

tion (DEP) own and operates 96 pumping stations. These

facilities are critical in transporting wastewater and
stormwater from low-lying areas of the city and main-

taining drainage and sanitation. As such, New York City’s

intricate system of pumping stations is fundamental to
protecting the environment and public heath, and DEP
is committed to ensuring its continued performance and
reliability.

One of DEP’s priorities in the coming years will be hard-
ening its wastewater infrastructure to increase resilien-
cy against flood damage. Many of the City’s pumping
stations are located within close proximity to the water-
front and are at-risk from flooding and power outages,
as was evident during Hurricane Sandy. Flooding and
power outages at pumping stations can have negative
impacts for residents and businesses, including sewage
overflows and backups and impacts on bathing beach-
es. It should be noted that while backups may result
from pumping station failure, loss of power to an electric
sump pump at a home or business can also cause or
prolong backups.
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Given that the risk of flooding is likely to increase over
time with sea level rise, DEP performed the 2013 Cli-
mate Risk Assessment and Adaptation Study to identify
pumping station risks and protective measures that will
reduce flood damage and the time needed to restore
normal operating conditions following a flood event.

The critical flood elevation examined in this study is
based on the Federal Emergency Management Agency
(FEMA) Advisory Base Flood Elevation (ABFE) for the
100-year flood due to storm surge plus an additional 30
inches to account for potential sea level rise. At the time
the analysis was completed, the March 2013 ABFE was
the best available data. This data only represents flood-
ing due to storm surge, therefore some stations which
have been historically been inundated due to localized
or riverine flooding may not have been captured in this
study.

The study revealed that 58 of 96 pumping stations are

at risk of flood damage during the critical flood event,
totaling $218 million in at-risk infrastructure. The recom-
mended protective measures, totaling $128 million in im-
provements, are also costly but will significantly reduce

risk to the equipment, environment, and public health,
and will maximize the likelihood of continued service
through and immediately following a flood event.

e Historic power outage problems (i.e., loss of power
without flooding, lack of backup power)

e |ocations that serve critical facilities (e.g., hospitals,
DEP plans to implement the protective measures sys- fire stations, schools)
tematically through capital projects in the coming years,
with added consideration given to those pumping sta-

tions that meet some or all of the following criteria:

This chapter provides additional information regarding
individual pumping stations, their risks, and which mea-
sures DEP may implement in the future to protect them.
e Bathing beaches affected by loss of function at

pumping station

e Historic flooding issues, beyond flooding caused by
Hurricane Sandy

Pumping Stations At-Risk of Storm Surge Inundation

7z
" @Marble Hill

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

ket
‘ o
’ "-‘g * th Ave
i g s ew York Time
Roosevelt Is No = ®linden PI Douglaston Bay
< ®Flushing Br ¥0ld Douglaston

37th Ave @ - ®40th Rd

Is South
Borden Ave

49th St

Gowanus

Nevins St
_./®2nd Ave
19th St
Bush Terminal

@Sapphire St
oward Beach

Rosedale

Paerdegat A  _®Warnerville

Bayswater Ave

Victory Blvd Seagirt Ave

Mayflower Ave

Miles

0

1.5 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities
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Pumping Station Estimated Cost Pumping Station Estimated Cost

. Damage Cost for Cumulative Risk . Damage Cost for Cumulative Risk
Pumping Stations Cost of Protective | ¢ jiical Flood without | Avoided Over Pumping Stations Costof Pr°te‘|:wt"1'e Critical Flood without |  Avoided Over
LEEBIES (L) Protection ($M)"2 50 Years ($M)"° Measures ($M) Protection ($M)"2 50 Years ($M)"*
122nd Street $0.28 $1.85 $0.62 Old Douglaston $0.74 $4.07 $20.95
15th Avenue $2.66 $3.51 $1.00 Orchard Beach $0.66 $1.15 $3.05
19th Street $0.30 $3.66 $1.43 Paerdegat $16.96 $15.41 $19.21
24th Avenue $1.48 $5.03 $15.75 Richmond Hill Road $0.01 $5.49 $1.20
2nd Avenue $1.91 $1.32 $6.78 Rikers Island North $2.87 $3.14 $6.35
37th Avenue $0.06 $3.51 $3.85 Roosevelt Island Main $0.27 $3.02 $0.70
40th Road $0.51 $1.77 $8.32 Roosevelt Island North $2.54 $1.66 $8.56
49th Street $2.87 $2.12 $10.91 Roosevelt Island South $0.66 $1.66 $0.51
6th Road $2.87 $1.37 $6.77 Rosedale $9.94 $5.22 $26.84
Avenue M $1.07 $3.84 $19.75 Sapphire Street $0.80 $3.70 $19.04
Avenue U $2.60 $3.70 $19.04 Seagirt Avenue $2.30 $4.23 $21.75
Bayswater Avenue $0.17 $1.14 $5.29 South Beach $0.29 $2.36 $10.93
Borden Avenue $1.94 $3.24 $15.22 Throgs Neck $5.92 $10.67 $53.00
Broad Channel $2.40 $2.34 $12.03 Van Brunt Street $2.74 $0.93 $4.79
Bush Terminal $0.59 $3.47 $17.84 Victory Boulevard $0.88 $1.85 $9.52
Canal Street $2.42 $2.71 $13.33 Warnerville $0.88 $1.14 $5.87
Cannon Avenue $1.43 $4.39 $20.46 Zerega Avenue $0.66 $1.28 $6.60
Clearview $4.71 $7.82 $16.80
Commerce Avenue $0.63 $1.04 $5.34 Total $128 M $218 M $709 M
Conner Street $5.46 $6.57 $32.13
Co-op City North $0.35 $3.70 $3.26 . . _ _ . . .
Douglaston Bay $7.39 $1 80 $9.26 Notes: Avenue V and Gowgnus quplpg Sta’uoqs are considered at-risk, but are already undergoing extensive protective
5 . upgrades and are not considered in this cost estimate.
EItlngwIIe $0.59 $9.51 $5.44 1) All cost estimates are presented in 2013 US Dollars.
Ely Avenue $0.47 $2.02 $3.58 2) One-time replacement cost of at-risk equipment if no protective measures are in place and critical flood scenario occurs
Flushing Bridge $1.26 $1.74 $8.51 g.eF.{, cur.r(/ent 1|OO—yearthooci ptllrJ]stBO inclzdh(;s). Thi%eztimateSSOes no.tfcontsidf.r the probability qf st?rm ?ccutrrenoe. t
. er ears | rotective measures are In place 1or storm surges u (0]
Sgiﬁfr:egngvenue g?gg $$112 1840 $$633.9274 aiwd ?ﬁszéﬁ\%iﬁ?%-fgz ?Ioo?j ;\IIS;J 30 i?]:f\llgsl. e%hics)vestimaﬁe incorgorates the probability of stri)rm occurrence. ’ °
Hollers Avenue $2.48 $2.82 $14.53
Howard Beach $8.16 $17.44 $20.65
Hunts Point Market $0.73 $1.86 $5.65
Kane Street $4.80 $6.23 $11.93
Linden Place $1.15 $4.03 $4.41
Marble Hill $0.62 $3.38 $15.67
Mason Avenue $0.55 $3.37 $15.60
Mayflower Avenue $0.04 $6.50 $28.43
Melvin Avenue $2.54 $1.78 $9.14
Nautilus Court $2.42 $3.28 $16.85
Nevins Street $1.09 $1.31 $6.75
New York Times $5.56 $1.99 $10.23
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Recommended
Adaptation Strategy:
Elevate Electrical in

New Building

Adaptation Cost:
$1,910,000

RN AKX f\'\/
2nd Avenue Pumplng Station

STATION CHARACTERISTICS

The 2nd Avenue combined pumping station is located
near the intersection of 2nd Avenue and 5th Street in
Brooklyn. It is a below grade station that was running on
a bypass pump at the time of the site visit.

The Pumping Station Summary table lists the gener-

al characteristics of the 2nd Avenue pumping station,
the potential effect of its failure, and the recommended
adaptation strategy. Failure of the station would affect
an area of approximately 376 acres. There are 20 critical
facilities within that area that could be affected if the
station failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

At the time of the station visit in March 2013, the station
was running on a bypass pump due to damage caused
by flooding during Hurricane Sandy. Streets nearby the
station flood during smaller storm events, but the station
itself does not have a history of flooding.

RISK ASSESSMENT

The risk of the 2nd Avenue pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood El-
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evation (ABFE) 100-year flood plus 30 inches of sea level
rise (critical flood elevation). The critical flood elevation
would completely inundate the below grade station; the
surrounding flood would be more than 6 feet above local
grade. This would flood and damage the electrical con-
trols. The submersible pumps should withstand flooding.
A visit to the pumping station to view its exterior con-
firmed that it appears consistent with the plan drawings.

ADAPTATION STRATEGIES

The 2nd Avenue pumping station requires adaptive mea-
sures to withstand the critical flood elevation. Potential
strategies were evaluated against such factors as flood
depth, equipment location, and space. Viable strategies
were reviewed to identify the most cost-effective, resil-
ient option. Due to the critical flood depth of more than

6 feet, the recommended strategy at 2nd Avenue is to
elevate controls in a new building. Residual risk is related
to the potential for larger storms or more extreme climate
change.

2nd Avenue

Critical Flood Elevation
12.5 ft NAVD38

I 2013 Advisory 100-Year Floodplain

Elevations (NAVD 88)

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

20

15

10

-10

-15

Critical Flood Elevation (12.5)

Hurricane Sandy (10.0)

Local Grade (6.0)

[] Electrical Controls (-2.4)

_m Pump Motor Base (-8.6)

FEMA Flood Zones

[ - Miles

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

y=1 | Station Type Combined
§ Pump Type Submersible
i‘: Operating Capacity (MGD) 1.0
+il - Affected Area (Acres) 376
Population in Affected Area 34,003
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 20
Affected Area
il Historic Flooding N
o Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations N
Beach Affected N
Recommended Protective Measure B in_ N.e W
Building
5 Cost of Protective Measures' $1,910,000
= Damage Cost for Critical Flood
g— withoug: Protection” 2 $1,818,000
< Cumuia;we Risk Avoided Over 50 $6.783,000
Years”
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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: | i — Below grade pumping station with entrances in sidewalk
Recommended || ! e ;
Adaptation Strategy:
Elevate Electrical in

New Building

FEMA Flood Zones

Adaptation Cost:
$2,866,000

I 2013 Advisory 100Year Flodplain Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

STATION CHARACTERISTICS ing station to view its exterior confirmed that it appears Critical Elevations Pumping Station Summary

consistent with the plan drawings. Submersible pumps

The 6th Road sanitary pumping station is located near . - p 1=l Station Type Sanitary
the intersection of 6th Road and 151st Street in Queens. Wer? confirmed but t.he con.dmon O. the pumps and the 20 g Pump Type Submersible
It is entirely below grade and is accessible through resiliency of supporting equipment is not known. d Elevation (15.5 <1 | Operating Capacity (MGD) 0.7
. . . . . Critical Flood Elevation (15. s
hatches in the sidewalk along 6th Road. The critical flood elevation would completely inundate 15 ( ) s2l | Affected Area (Acres) 8
. . . the below grade station, and the surrounding flood Population in Affected Area 163
The Pum;.)m.g Station Summary table .lIStS thef general would be nearly 5 feet above local grade. Water would Local Grade (10.6) Number of Critical Facilities (..,
characteristics of the 6th Road pumping station, the po- ’ . 10 . . Hospitals, Public Safety, Schools) in 0
tential effect of its failure, and the recommended adapta- flood and damage the pump controls. The submersible Affected Area
tion strategy. The station is located in a mixed residential pumps should withstand flooding. g’;’ Historic Flooding N
and industrial area. Failure of the station would affect an ADAPTATION STRATEGIES 5 Alfected by Humicane Sandy i
; o h Historic Loss of Power Y
area of approximately 8 acres. There are no critical facili- . . . .
ties in the area that could be affected if the station fails fhe ot Rc')ad prmPIng ST[?tlon reares ao!aptwe meé_ N E- Electrical Controls (1.6) Connected to Other Stations N
’ sures to withstand the critical flood elevation. Potential s!| o : Beach Affected N
HURRICANE SANDY IMPACTS AND OTHER strategies were evaluated against such factors as flood o . Elevate Electrical in New
. . . . g Recommended Protective Measure -
FLOODING HISTORY depth, equipment location, and space. Viable strategies = Building
. . . . . = . 1
: : were reviewed to identify the most cost-effective, resil- S| -5 ‘=88 Cost of Protective Measures $2,866,000
The 6th Road pumping f.statlon.was not af'fec.ted by Hur- ient option. The significant flood depth of about five feet § % PEIERD Cesiitel il H5e $1,370,000
ricane Sandy and there is no history of flooding at this o o . i = =3 ithout Protection 2 370,
. and the station’s location in an industrial area led to the S ] . .
location. ) . ; & | -10 =&N Cumulative Risk Avoided Over 50
selection of the most resilient option; the recommended o Years"? $6,773,000
RISK ASSESSMENT i i ion’
stra:egly gt 6th Rosd-;j- to ell:?vgge tk:e.plt(.lrnplr;gts;atlon S - Resiliency Level High
i i i i controls in a new building. Residual risk is related to a -
Therisk of the 6th Road Pumplng statlc.)n v,vas first ter debth of floodi gf | t 1) All cost estimates are presented in 2013 US Dollars.
assessed based on a review of the station’s plan draw- greater ep offlcoding from larger storms or more 2) One-time replacement cost of at-risk equipment if no protective
ings, comparing the elevation of the critical components extreme climate change. 20 measures are in place and critical flood scenario occurs (i.e., current
to that of the FEMA March 2013 AdVISOI’y Base Flood H Pump Motor Base (-20_3) 100-year flood plUS 30 |nCheS). This estimate does not consider the
. . probability of storm occurrence.
Elevation (ABFE) 100-year flood plus 30 inches of sea 3) Repair/replacement costs that would be avoided over 50 years if pro-
level rise (critical flood elevation). A visit to the pump- -25 tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
-30
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Recommended 3 5 Hatch entryways in sidewalk adjacent to small, vacant lot FEMA Flood Zones

. \a

Adaptation Strategy:
Elevate Electrical in
New Building &
Submersible Pump
Motors

Adaptation Cost:
$2,664,000

3 : @ | i 0 0 a5 3
: h ¢ 9 g
. 20' 1'3 Advisory 100-Year Floodplain Source: FEMA; CUNY Institute for Sustainable Cities
Projected 2020s 100-Year Floodplain

Projected 2050s 100-Year Floodplain

15th Avenue Pumping Station
STATION CHARACTERISTICS station to view its exterior confirmed that it appears con- Pumping Station Summary

sistent with the plan drawings.

The 15th Avenue sanitary pumping station is located 1=/ Station Type Sanitary
near the southeast corner of 15th Avenue and 131st The critical flood elevation would flood the local grade to 20 g Pump Type Non-submersible
Street in Queens. The station is completely below grade a depth of about 4 inches. Because the station is entirely § Operating Capacity (MGD) 2.9
with grates and hatch entryways located in the sidewalk below grade, and access hatches and grating are very Critical Flood Elevation (15.5 s2l | Affected Area (Acres) 46
along 15th Avenue. There is a small grassy area between near to grade level, even this minor flood could signifi- 15 Population in Affected Area 793
the pumping station and a concrete wall. cantly affect the station. Electrical controls and non-sub- tocal Grade (15.2) Number of Critical Facilities (e.g., -

. . Hospitals, Public Safety, Schools) in 1
The Pumping Station Summary table lists the general mersible pumps (.:ould be damaged if flood waters enter Affected Area
characteristics of the 15th Avenue pumping station, the the pumping station. 10 g Historic Flooding N
potential effect of its failure, and the recommended ad- ADAPTATION STRATEGIES Affe"t?d by Hurricane Sandy N
aptation strategy. The station is located in a mixed-use The 15th Avenue pumping station requires adaptive glosr:irelf:tzzstsocg;:\:l;ations :
residential, mdust!'lal, and commercial area and §erV|ces measures to withstand the critical flood elevation. Po- ) 5 Beach Affected N
an area of approxmatgly 46 ac.r.es and .a. pqpulatlon of tential strategies were evaluated against such factors 2 Elevate Electrical in New
more than 700. There '.S one Cr't'.cal fa'C'“ty in the area as flood depth, equipment location, and space. Viable g Recommended Protective Measure Building & Submersible
that could be affected if the station failed. strategies were reviewed to identify the most cost-effec- @ 0 . . 1 Pump Motors
HURRICANE SANDY IMPACTS AND OTHER tive, resilient option. The station entrances are currently % :% ggi:;;gﬁﬁgfgrﬁi:rlrfizod $2,664,000
FLOODING HISTORY located in a sidewalk, there is a plot of vacant land bor- g //— Electrical Controls (-5.9) § without Protection™2 $3,510,000
The 15th Avenue Pumping Station was not affected by dering th.e sidewalk, and a concrete wall appr.oximately -5 L‘gaump_Motor Base (-5.9) = Cumu:agive Risk Avoided Over 50 $995.000
Hurricane Sandy and there is no history of flooding at 15 feet high runs along the back of the lot. With space Yea?' .
this location. available and no apparent limitations on structure height, Resiliency Level High

the recommended strategy at 15th Avenue is to ele- -10 1) All cost estimates are presented in 2013 US Dollars.
RISK ASSESSMENT vate the electrical controls in a new building and install 2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current

The risk of the 15th Avenue pumping station was first submersible pumps. Residual risk is related to a greater 100-year flood plus 30 inches). This estimate does not consider the
assessed based on a review of the station’s plan draw- depth of flooding from larger storms or more extreme -15 g)roRbeapbailiirt/);e(glzzzl’r;neﬁlecj)rsrfsnfheét would be avoided over 50 years if pro-
ings, comparing the elevation of the critical components climate change. tective measures are in place for storm surges up to and inc?/uding the
to that of the FEMA March 2013 Advisory Base Flood 100-year flood plus 30 inches. This estimate incorporates the probability
Elevation (ABFE) 100-year flood plus 30 inches of sea 20 of storm occurrence.
level rise (critical flood elevation). A visit to the pumping
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Recommended
Adaptation Strategy:
Seal Building

Adaptation Cost:
$300,000

Brick structure with elevated entrances

19th Street Pumping Station

STATION CHARACTERISTICS

level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-

[ 2013 Advisory 100-Year Floodplain

Critical Elevations

ar

FEMA Flood Zones

]

S

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

n

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

The 19th Street sanitary pumping station is located near ) ] ) 1=/ | Station Type Sanitary
the northwest corner of 19th Street and 3rd Avenue in sistent with the plan drawings. 20 g Pump Type Non-submersible
Brooklyn. The pumping station has a brick structure that The critical flood elevation would flood the local grade to § Operating Capacity (MGD) 5.0
houses the motor control center; pumps are located a depth of about 6 inches above local grade. This would i2l Affected Area (Acres) 25
B . . | ——— i = . .
three floors below grade in the dry well. The doorway to not reach the electrical controls, which are located nearly 15 L (‘ri’rEirléacl Ftil:-:::clj gl(::-'\]/:::c(i)li gg 2 Population in Affected Area 0
the structure and hatches to the wet well are elevated on 3 feet above grade. If water enters the building, it could - e : zgg‘ti’;::fggl'i‘:’:a's';?;'"t'giéz-cﬁ-s') i 0
a concrete slab 1-2 feet above grade. damage the non-submersible pumps located well below Local Grade (13.0) Affested Area b
The Pumping Station Summary table lists the general grade. 10 g Historic Flooding N
characteristics of the 19th Street pumping station, the ADAPTATION STRATEGIES Affected by Hurricane Sandy N
. . . Historic Loss of Power N
potentlél effect of its failure, and the recom.mende.d . The 19th Street pumping station requires adaptive mea- . Connected to Other Stations N
adaptatlpn str.ategy. The 19t S.treet pumping -statlon 'S sures to withstand the critical flood elevation. Potential & 5 Beach Affected N
located in an industrial grea. Failure of the station would strategies were evaluated against such factors as flood =] Recomanded Brotedive Misasure E—Y
affect an area of approximately 25 acres. There are no . . . . I
- T ) depth, equipment location, and space. Viable strategies = Cost of Protective M 1 $300,000
critical facilities in the area that could be affected if the . . . . . @ 0 S oSt of Frolective vieasures ’
were reviewed to identify the most cost-effective, resil- = =" Damage Cost for Critical Flood
station failed 2 5 2 $3,660,000
: ient option. Because there is a substantial existing struc- = (- without Protection” 2 T
HURRICANE SANDY IMPACTS AND OTHER ture with entrances above the critical flood elevation, 2 ) Cumu!a;ive Risk Avoided Over 50 $1.432,000
FLOODING HISTORY the recommended strategy at 19th Street is to seal the -5 Years
A i AL Resiliency Level Moderate
The 19th Street Pumping Station was not affected by puﬂdmg. Because water tight cases, dogrs, and bu”.d
Hurricane Sandy and there is no history of flooding at Ing Sealantslare only rated up to a certain pressure, if 1) All cost estimates are presented in 2013 US Dollars. .
his | . flood depth is greater than expected the water pressure -10 2) One-time replacement cost of at-risk equipment if no protective
this location. . . . measures are in place and critical flood scenario occurs (i.e., current
could exceed the rating and the building sealing could 100-year flood plus 30 inches). This estimate does not consider the
RISK ASSESSMENT fail. Therefore, residual risk is related to a greater depth probability of storm occurrence.
The risk of the 19th Street pumplng station was first of f|ooding from |arger storms or more extreme climate 15 | Punlp Mgtor Base ('14.2) 3) R.epair/replacemen.t costs that would be avoided over ?)0 yealrs if pro-
) ) . tective measures are in place for storm surges up to and including the
assessed based on a review of the station’s plan draw- Chang? and the pOte.ntIal for water pressure to exceed 100-year flood plus 30 inches. This estimate incorporates the probability
ings’ Comparing the elevation of the critical components the rating of the Seallng measures. of storm occurrence.
to that of the FEMA March 2013 Advisory Base Flood 20
Elevation (ABFE) 100-year flood plus 30 inches of sea
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Motor control center above grade in stainless-steel enclosure;
hatch entryways to wells

Recommended FEMA Flood Zones

Adaptation Strategy:
Elevated Electrical on a
Platform/Pad & Elevate

Motor and Controls

Adaptation Cost:
$1,482,000 24th Avenue

LR Critical Flood Elevation
% 165ftNAVDSS

-'20 13 Advisory 100_Year Floodplain ‘ Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

24th Avenue Pumping Station

STATION CHARACTERISTICS

the MCC and other components, which were shown below
grade in all drawings, had been moved to a slab at grade

Critical Elevations

Pumping Station Summary

The 24th Avenue sanitary pumping station is located near 1=l | Station Type Sanitary
the intersection of 24th Avenue and 217th Street in Queens, level. 20 = Pump Type Non-submersible
near the dead end of 24th Avenue; 217th Street is labeled The critical flood elevation would flood the local grade to m— , - Operating Capacity (MGD) 4.3
Waters Edge Drive on street signs. The motor control center a depth of nearly 4 feet. This would completely inundate Critical Flaod Flevation (16.5) | Affected Area (Acres) 75
(MCQC) sits above grade in a fenced-in stainless-steel enclo- the wells, damaging the non-submersible pumps. It would 15 Electrical Controls (12.6) Population in .A.ffected .A.r.ea 1,500
sure. There are hatch entryways to the wells in the roadway also submerge and damage the MCC and other grade-level 7 Hg;‘i’;ﬁ;’f&rg:;a'sZ?ectg,'t'giéij-s’) - ]
of Waters Edge Drive as well as in the adjacent sidewalk. electrical components. Local Grade (12.6) Affected Area '
The Pumping Station Summary table lists the general char- ADAPTATION STRATEGIES 10 g’;’ Historic Flooding N
acteristic.s of t.he 24th Avenue pumping station, th.e potential The 24th Avenue pumping station requires adaptive mea- ﬁtg:idiysgg;rx;:fandy $
effect of its fz?ulur.e, and the.recomr.nend.ed adaptatlon.strat- sures to withstand the critical flood elevation. Potential strat- Connected to Other Stations N
egy. The station is located in a.re3|dent|al area and fallt.Jre egies were evaluated against such factors as flood depth, @ 5 Beach Affected v
W?‘_J'd af'felc.t an .ar(?a of approximately 75 acres. Ther.e Isone equipment location, and space. Viable strategies were = Elevate Electrical on a
critical facility within that area that could be affected if the reviewed to identify the most cost-effective, resilient option. = Recommended Protective Measure Platform/Pad & Elevate
station failed. The pumping station’s electrical components are visible in g 0 - ) 1 Motors a;‘: 4C§2t(r)%|§
HURRICANE SANDY IMPACTS AND OTHER FLOODING their current location above grade, and the station borders g B o Cost o Crical Fiood —
HISTORY an empty lot. Because the appearance of elevated compo- = _§ without Protection™ 2 $5,029,000
The 24th Avenue pumping station was not affected by nents should nqt be a concern, the recommended strategy -5 - Cumu:a;ive Risk Avoided Over 50 $15,751,000
Hurricane Sandy and there is no history of flooding at this at 24th Avenue is to elevate both the electrical c.ontrols .a.nd Yea.rf ’ .
location. the pump motors on a platform. Th|§ would ?chleve resilien- “mald Pump Motor Base (-8.7) Resiliency Level Very High
cy without the expense of constructing a building or replac- -10 1) All cost estimates are presented in 2013 US Dolars.
RISK ASSESSMENT ing pumps. Elevating pump motors and replacing existing 2) One-time replacement cost of at-risk equipment if no protective
The risk of the 24th Avenue pumping station was first motors with submersibles are both acceptable solutions, measures are in place and critical flood scenario occurs (i.e., current
assessed based on a review of the station’s plan drawings, however elevating pump motors may be a more cost-ef- 15 :)?gggiﬁ[&'%?igfﬁf fc)c'zfgensc);h's estimate does not consider the
comparing the elevation of the critical components to that fective adaptation for this pumping station. Residual risk is 3) Repair/replacement costs that would be avoided over 50 years if pro-
of the FEMA March 2013 Advisory Base Flood Elevation related to the potential for greater storms or climate change tective measures are inlplace for ;torm. surges up to and including thgl
(ABFE) 100-year flood plus 30 inches of sea level rise (criti- impacts. 20 l?g{gre;r;f:ﬂrzwcsjo inches. This estimate incorporates the probability
cal flood elevation). A visit to the pumping station revealed
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Below grade pumping station located on park land

FEMA Flood Zones

Recommended
Adaptation Strategy:
Sandbagging

S

PR %

Adaptation Cost:
$59,000

By,

£ 37th Avenue

Critical Flood Elevation
14.5 it NAVDS88

\ . 4 0 15 3 6 9

‘- e o ‘, 1

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Source: FEMA; CUNY Institute for Sustainable Cities

37th Avenue Pumping Station

STATION CHARACTERISTICS

station to view its exterior confirmed that it appears con-
sistent with the plan drawings.

Critical Elevations

Pumping Station Summary

The 37th Avenue combined sanitary and storm pumping 1=l | Station Type Combined
station is located on park land near the intersection of The critical flood elevation would result in a flood depth 20 g Pump Type Submersible
37th Avenue and 114th Street in Queens. The station is of 1.6 feet above grade, and it would inundate the below é Operating Capacity (MGD) 5.0
entirely below grade with access hatches at grade level. grade station. This would damage electrical controls but 22l Affected Area (Acres) 78
) ) ) would not affect the submersible pumps. 15 Critical Flood Elevation (14.5) Population in Affected Area 6,183
The Pumpln.g Station Summary table Ilste the general N & Gl FRaies (@
characteristics of the 37th Avenue pumping station, ADAPTATION STRATEGIES - T Grade (12.9) Hospitals, Public Safety, Schools) in 1
' ‘ ‘ Local Grade (1z. Affected Area
the potent|al effect of |te failure, and the recommended The 37th Avenue pumping station requires adaptive 10 el Historic Flooding N
adaptation stretegy. Failure of the statlen W°“"?' effect an measures to withstand the critical flood elevation. Po- [12 Affected by Hurricane Sandy N
a:e[a of;\pp;zx;mately;hmt acre;z. t')l'her: 'Stoge.figt'cil f;l' tential strategies were evaluated against such factors as Historic Loss of Power N
cility within that area that could be affected if the station . . )
failed flood depth, equipment location, and space. Viable strat- . 5 Connected to Other Stations N
' egies were reviewed to identify the most cost-effective, § Beach Affected N
HURRICANE SANDY IMPACTS AND OTHER resilient option. Due to the shallow flood depth and the = Recommended Protective Measure Sandbagging
- L ) =
FLOODING HISTORY station’s Iocetlon, |hn park land out of the way .of vehllcles S 0 - -+ Electrical Controls (0.7) B Cost of Protective Measures' $59,000
The 37th Avenue pumping station was not affected by and pedestrians, the recerrmended Strategy 'S t? place _§ % Damage Cost for ?rzitical Flood $3.510.000
Hurricane Sandy and there is no history of flooding at sandieags around po.tentla.walter—entry points prior to S g vitietiEre et ong
this location flooding events. Residual risk is related to sandbags be- = 58 Cumulative Risk Avoided Over 50 $3,850,000
ing stacked improperly or being disturbed by residents. -5 Years"® T
RISK ASSESSMENT Resiliency Level Moderate-Low
The risk of the 37th Avenue pumping station was first 1) All cost estimates are presented in 2013 US Dollars.
assessed based on a review of the station’s plan draw- -10 2) One-time replacement cos.t .Of at-risk equment if no protectlve
. . . N measures are in place and critical flood scenario occurs (i.e., current
ings, comparing the elevation of the critical components 100-year flood plus 30 inches). This estimate does not consider the
to that of the FEMA March 2013 Advisory Base Flood probability of storm occurrence. . .
Elevation (ABFE) 100-year flood plus 30 inches of sea 15 3) Repalr/replacemen.t costs that would be avoided over ?)0 years if pro-
) . ] o ) tective measures are in place for storm surges up to and including the
level rise (critical flood elevation). A visit to the pumping = p Motor Base (-17.3) 100-year flood plus 30 inches. This estimate incorporates the probability
" of storm occurrence.
-20
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Recommended
Adaptation Strategy:
Seal Building

Adaptation Cost:
$509,000

s )

iy

b

=F Sl
.

| 40th Road Pu

STATION CHARACTERISTICS

The 40th Road sanitary pumping station is near the corner of
40th Road and College Point Boulevard, between 40th Road
and a shopping plaza, in Queens. Controls are located in a
small metal structure next to the sidewalk. The dry and wet
wells are accessible through hatches in the sidewalk. The
Pumping Station Summary table lists the general character-
istics of the 40th Road pumping station, the potential effect
of its failure, and the recommended adaptation strategy. The
station is located in a commercial area. Failure of the station
would affect an area of approximately 66 acres. There are
four critical facilities within that area that could be affected if
the station failed.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

This pumping station flooded during Hurricane Sandy. The
control room flooded to a depth of approximately 3 inches,
and the surrounding area was flooded to a depth of 2 to 3
feet. The station suffered damage to lighting and ventilation
equipment, but the submersible pumps remained operating
throughout the storm and were not damaged. There is no
history of flooding aside from Hurricane Sandy.

RISK ASSESSMENT

The risk of the 40th Road pumping station was first as-
sessed based on a review of the pumping station’s plan
drawings, comparing the elevation of critical components to
that of the FEMA March 2013 Advisory Base Flood Eleva-
tion (ABFE) 100-year flood plus 30 inches of sea level rise
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F .

mping Station

(critical flood elevation). These elevations and other notable
characteristics were confirmed during a thorough station
visit that included entering the control room and wells.

The critical flood elevation would completely inundate the
station, and the surrounding flood would be more than 6 feet
above local grade. This would flood and damage the pump
controls, a compressor, and the lighting panel. The submers-
ible pumps should withstand flooding.

ADAPTATION STRATEGIES

The 40th Road pumping station requires adaptive measures
to withstand the critical flood elevation. Potential strategies
were evaluated against such factors as flood depth, equip-
ment location, and space. Pumps are submersible and do
not require any modifications, but electrical controls, located
in the existing above grade structure, are vulnerable to

flood water. Property size and location limits the potential
for a new, larger structure. Viable strategies include moving
controls to the walls or roof of the existing structure as well
as sealing the building; these strategies were reviewed to
identify the most cost-effective, resilient option. The recom-
mended strategy at 40th Road is to seal the existing building
and add sluice gates to restrict inflows. Because water tight
cases, doors, and building sealants are only rated up to

a certain pressure, if flood depth is greater than expected
the water pressure could exceed the rating and the build-
ing sealing could fail. Therefore, residual risk is related to a
greater depth of flooding from larger storms or more ex-
treme climate change and the potential for water pressure to
exceed the rating of the sealing measures.

[ 2013 Advisory 100-Year Floodplain

Elevations (NAVD 88)

40th Road

Critical Flood Elevation

14.5-ft NAVD88

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations Pumping Station Summary

20

15

10

-10

=1k

Critical Flood Elevation (14.5)

//— Electrical Controls (10.0)
i Hurricane Qandy (91)

Local Grade (8.1)

—“m+—  Pump Motor Base (-22.2)

40th Road Pt

| - Miles

0 15 3 ] 9

Source: FEMA; CUNY Institute for Sustainable Cities

j= | Station Type Sanitary
§ Pump Type Submersible
% Operating Capacity (MGD) 2.0
+il - Affected Area (Acres) 66
Population in Affected Area 13,895
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 4
Affected Area
il Historic Flooding N
4
Affected by Hurricane Sandy Y
Historic Loss of Power Y
Connected to Other Stations N
Beach Affected N
Recommended Protective Measure Seal Building
B Cost of Protective Measures' $509,000
= o) Cost for Critical Flood
5 .amage 0S| .or 1 I;I ical Floos $1.766,000
a without Protection™
2 Cumuia;ive Risk Avoided Over 50 $8.316,000
Years”
Resiliency Level Moderate

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Pumping station under construction due to Hurricane Sandy damage

«

' Ei Recommended
Adaptation Strategy:
Elevate Electrical in

New Building

Adaptation Cost:
$2,866,000

49th Street Pumpin St{
&

Critical Flood Elevation
12.5 ft NAVDS8

-

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

Source: FEMA; CUNY Institute for Sustainable Cities

49th Street Pumping Station

STATION CHARACTERISTICS

Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). A visit to the pump-

Pumping Station Summary

The 49th Street sanitary pumping station is near the ) ) o ) ) - 1=l Station Type Sanitary
southeast corner of 57th Avenue and 49th Street in N9 s?atlon tq view its exterlor.conflrrrjed thgt it appears 20 = Pump Type Submersible
Queens. It is entirely below grade and is accessible con§|stent with the plan draW'”g_S- D'SCUSS'On.W't,h an % Operating Capacity (MGD) 7.9
through hatches in the sidewalk along 49th Street. At the engineer from D&B present on site for the _statlon S =5 | Affected Area (Acres) 91
time of the visit the station was under construction and it repairs provided further details on the station’s flooding 15 Population in Affected Area 360
was running on a bypass pump. history and vulnerability. Critical Flood Elevation (12.5) Murrlbies o Cldee] Tare s ey,
" . Hospitals, Public Safety, Schools) in 0
The Pumping Station Summary table lists the general The critical flood elevation would flood the local grade to Affected Area
. . . a depth of nearly 7 feet and would completely inundate Hurricane Sandy (9.6) x [ ;
characteristics of the 49th Street pumping station, the P Y pietely 10 fzjl Historic Flooding Y
potential effect of its failure, and the recommended the below grade station. This would flood and damage @l Affected by Hurricane Sandy Y
adaptation strategy. The station is located in an indus- the pump controls. The submersible pumps should with- Local Grade (5.6) Historic Loss of Power N
trial area. Failure of the station would affect an area of stand flooding. 8 5 : ooz 26l (2 Qi Sl i
approximately 91 acres. There are no known critical ADAPTATION STRATEGIES = Beach Affected i N
. s . = q evate electrical In New
faC|I'|t|es \{Vlthlh that area that could be affected if the The 49th Street pumping station requires adaptive mea- = Recommended Protective Measure Building
station failed. sures to withstand the critical flood elevation. Potential g 0 S Cost of Protective Measures' $2,866,000
. . = —W fJ&=—— Electric -1. = iti
HURRICANE SANDY IMPACTS AND OTHER strategies were evaluated against such factors as flood § al Controls (-1.4) 2 D?mage et f_or (13r2|t|cal Flood $2,120,000
FLOODING HISTORY depth, equipment location, and space. Viable strategies ﬁ § gﬁ?;;?;:t;?;f:mided Over 50
This station experienced significant flooding during Hur- were reviewed to identify the most cost-effective, resil- -5 Years"3 $10,911,000
ficane Sandy and was undergoing a complete rehabil- ient option. Viable options included elevating electrical Resiliency Level Varyigh
- . . o controls on a platform, on the adjacent wall, or in a new
itation at the time of the visit. DEP staff indicated there o B } : T 1) All cost estimates are presented in 2013 US Dollars.
was a history of flooding at this location due to smaller building. The SFét'on s roodlng.h|story and the S|gr.1|f|cant -10 2) One-time replacement cost of at-risk equipment if no protective
storms depth of the critical flood contributed to the selection of measures are in place and critical flood scenario occurs (i.e., current
. the most resilient option; the recommended strategy at 100t;yke)§1lrtfloc;dtplus 30 inches). This estimate does not consider the
RISK ASSESSMENT : : - . probability of storm occurrence.
49th Street is to elevate the pumping station’s controls in -15 B P tor B 15.6 3) Repair/replacement costs that would be avoided over 50 years if pro-
The risk of the 49th Street pumping station was first a new building. Residual risk is related to a greater depth ump Motor Base (-15.6) tective measures are in place for storm surges up to and including the
assessed based on a review of the station’s plan draw- of flooding from larger storms or more extreme climate 1?(s)%le:]rglé>:d plnqu 30 inches. This estimate incorporates the probability
(e) r urrence.
ings, comparing the elevation of the critical components change. 20
to that of the FEMA March 2013 Advisory Base Flood
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Recommended
Adaptation Strategy:
Flood-Proof Controls

Adaptation Cost:
$276,000

122nd Street " PUmping Statl bn :

STATION CHARACTERISTICS

station to view its exterior confirmed that it appears con-
sistent with the plan drawings.

Critical Elevations

[ 2013 Advisory 100-Year Floodplain

— e

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

FEMA Flood Zones

0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

The 122nd Street sanitary pumping station is near the 1= Station Type Sanitary
intersection of 122nd Street and 28th Avenue in Queens. The critical flood elevation would flood the surrounding 20 § Pump Type Submersible
The hatch entryways to the below grade station are area to a depth of just over 7 inches above grade. This % Operating Capacity (MGD) 1.5
located in the sidewalk between the roadway and a would affect the station’s electrical components; near- Critical Flood Elevation (15.5) “| Affected Area (Acres) 13
concrete plant. A chain-link fence runs along the back of grade-level access hatches could serve as entryways for 15 Population in Affected Area 0
the sidewalk. water to reach the below grade controls. The submers- Local Grade (14.9) Number of Critical Facilities (e.g., -
. . . Hospitals, Public Safety, Schools) in 0
The Pumping Station Summary table lists the general ible pumps should withstand flooding. B g Flactrical Controls (11.1) Affected Area
characteristics of the 122nd Street pumping station, ADAPTATION STRATEGIES 10 g Historic Flooding N
the potgntial effect of its failu.re, gnd the reclzomm.ended. The 122nd Street pumping station requires adaptive ﬁ:?ri:dtz;:z;ﬁ::v::rsandy ':
adaptation §trategy. The station s located in ar.1 industrial measures to withstand the critical flood elevation. Po- Connected to Other Stations N
?r3ea and f_la_ur:ure would iﬁeCt an Tealoff alylalsroxn:f:el?[/h ; tential strategies were evaluated against such factors § 5 Beach Affected N
are:(f[:’least. Coj;e s;earf:‘(;ctr;z\,\i/fntsg ;(;:tioanCIf;illzz.Wl e as fIOO(FI depth, equ.ipment |903ti9na and space. Viable S Recommended Protective Measure Flood-Proof Controls
strategies were reviewed to identify the most cost-effec- & Cost of Protective Measures' $276,000
HURRICANE SANDY IMPACTS AND OTHER tive, resilient option. Because the below grade pumping £ 0 S [Pruiree G ot fon @ o A e
FLOODING HISTORY station’s entrances are located within a sidewalk, any "§ % without Protection’ 2 AR
The 122nd Street pumping station was not affected by strategy ’Fhat requires an above gr.ade struc.ture., such 2 2 $umu:é§|ve Risk Avoided Over 50 $616.000
Hurricane Sandy and there is no history of flooding at as elevating controls or constructing a barrier, is not -5 Rea.rf. .
this location. feasible. The recommended strategy at 122nd Street is esiliency Level High
to flood-proof electrical controls. Because water tight 1) Al cost estimates are presented in 2013 US Dollars.
RISK ASSESSMENT cases, doors, and building sealants are only rated up to -10 2) One-time replacement cost of at-risk equipment if no protective
The sk of the 122nd Street pumping saton was st @ certain pressus I food depih s reatr han expect- B Pump Motor Base (11.6)  [os e e i e e oo
assessed based on a review of the station’s plan draw- ed the water pressure could exceed the rating and the probability of storm occurrence.
ings, comparing the elevation of the critical components seals could fail. Therefore, residual risk is related to the 15 3) R_epair/replacemen_t costs that would be avoided over t_'>0 years if pro-
to that of the FEMA March 2013 Advisory Base Flood potential for water pressure o exceed he raing of the 100-year lood plus 30 irohee. This estmata noorporates the prapabilty
Elevation (ABFE) 100-year flood plus 30 inches of sea flood-proofing enclosures. of storm occurrence.
level rise (critical flood elevation). A visit to the pumping 20
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Recommended
Adaptation Strategy:
Elevate Electrical on a
Platform/Pad &
Submersible Pump
Motors

Adaptation Cost:
$1,066,000

Below grade pumping station in residential neighborhood

Avenue M Pumping Station

STATION CHARACTERISTICS

The Avenue M sanitary pumping station is near the inter-
section of Avenue M and East 99th Street in Brooklyn. It
is an entirely below grade station with hatch entryways
located in the sidewalk.

The Pumping Station Summary table lists the general
characteristics of the Avenue M pumping station, the
potential effect of its failure, and the recommended
adaptation strategy. The station is located in a residential
area. Failure of the station would affect an area of ap-

proximately 375 acres with a population of nearly 19,000.

There are six critical facilities within that area that could
be affected if the station fails.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Avenue M pumping station was not affected by
Hurricane Sandy and there is no history of flooding at
this location.

RISK ASSESSMENT

The risk of the Avenue M pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). A visit to the pumping
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station to view its exterior confirmed that it appears con-
sistent with the plan drawings.

The critical flood elevation would completely inundate
the station, and the surrounding flood would be nearly

4 feet above grade. Water would flood and damage the
pump controls and the non-submersible pumps. The
Avenue M pumping station is connected to another
station; however it discharges to this station, rather than
receiving flow from it. Therefore, loss of function at Ave-
nue M does not increase the vulnerability of an additional
pumping station.

ADAPTATION STRATEGIES

The Avenue M pumping station requires adaptive mea-
sures to withstand the critical flood elevation. Potential
strategies were evaluated against such factors as flood
depth, equipment location, and space. Viable strate-
gies were reviewed to identify the most cost-effective,
resilient option. Due to the critical flood depth of nearly
4 feet, the controls must be elevated to withstand the
flood. Because the station is located beneath a sidewalk
in a residential neighborhood, the recommended strategy
at Avenue M is to elevate the pumping station’s controls
on a platform and install submersible pumps. Residual
risk is related to a greater depth of flooding from larger
storms or more extreme climate change.

FEMA Flood Zones

Avenue M

Critical Flood Elevation
13.5 ft NAVD88

0 15 3 6 9

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations Pumping Station Summary

Source: FEMA; CUNY Institute for Sustainable Cities

j= Station Type Sanitary
20 § Pump Type Non-submersible
-1 Operating Capacity (MGD) 7.4
@ Affected Area (Acres) 375
15 Population in Affected Area 18,753
— tion (13.5) Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 6
Affected Area
10 Local Grade (9.6) k2l Historic Flooding N
x
Affected by Hurricane Sandy N
Historic Loss of Power N
—_ 5 Connected to Other Stations Y
§ Beach Affected N
=
& 0
S = . 1
.g s Cost of Protective Measures $1,066,000
S 5|
g Lo s
r 2
-5 C lative Risk Avoided Over 50
umu1a3|ve isk Avoided Over $19,745.000
B j=—— Electrical Controls (-6.6) Years "
-10 1) All cost estimates are presented in 2013 US Dollars.
~W j&—— Pump Motor Base (-11.4) 2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
-15 probability of storm occurrence.
3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
-20 of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Equipment in
Building & Submersible
Pump Motors

Adaptation Cost:
$2,600,000

Avenue U Pumping Station

STATION CHARACTERISTICS

The Avenue U sanitary pumping station is located near
the intersection of Ocean Parkway and Avenue U in
Brooklyn. The station is below grade in a sidewalk that
runs between Ocean Parkway and its parallel service
road. A vent in a decorative housing sits above grade.

The Pumping Station Summary table lists the general
characteristics of the Avenue U pumping station, the
potential effect of its failure, and the recommended
adaptation strategy. The station is located in a residential
area and services an area of approximately 719 acres
with a population of over 50,000. There are 37 critical
facilities within that area that could be affected if the
station failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Avenue U pumping station was not affected by Hur-
ricane Sandy and there is no history of flooding at this
location.

RISK ASSESSMENT

The risk of the Avenue U pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100-year flood plus 30 inches of sea
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level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-
sistent with the plan drawings.

The critical flood elevation would completely inundate
the station, and the surrounding flood would be more
than 3 feet above grade. This would flood and damage
the pump controls and the non-submersible pumps.

ADAPTATION STRATEGIES

The Avenue U pumping station requires adaptive mea-
sures to withstand the critical flood elevation. Potential
strategies were evaluated against such factors as flood
depth, equipment location, and space. Viable strate-
gies were reviewed to identify the most cost-effective,
resilient option. Because the station is located in a
sidewalk and is below grade, to withstand the flood,
electrical components must be elevated, and to do this,
the station must be moved to another location. The
options for above grade components will likely be limited
by aesthetic requirements of the surrounding residential
neighborhood. Therefore, the recommended strategy at
Avenue U is to elevate the pumping station’s controls in
a new building and install submersible pumps. Residual
risk is related to a greater depth of flooding from larger
storms or more extreme climate change.

FEMA Flood Zones

]
-

[ -
0 15 3 8 9

Source: FEMA; CUNY Institute for Sustainable Cities

] EE s
[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations Pumping Station Summary

j= | Station Type Sanitary
20 = Pump Type Non-submersible
f: Operating Capacity (MGD) 11.5
+i1 - Affected Area (Acres) 719
15 = . Population in Affected Area 50,793
Critical Flood Elevation (13.5) Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 37
Local Grade (10.5) Affected Area
10 Bl Historic Flooding N
4
Affected by Hurricane Sandy N
Historic Loss of Power N
s 5 Connected to Other Stations N
g Beach Affected N
=) L -
§ Recommended Protective Measure s Elgctrlcal in Building
T; 0 & Submersible Pump Motors
=
.g _5 Cost of Protective Measures' $2,600,000
S '8 Damage Cost for Critical Flood
3 ) ~amad or o $3,700,000
b _m Electrical Controls (-4.0) 2 without Protection
-5 Cumulative Risk Avoided Over 50
1,3 $19,040,000
Years”
Resiliency Level Very High
[] Pump Motor Base (-8.5) . A
-10 1) All cost estimates are presented in 2013 US Dollars.
2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
-15 probability of storm occurrence.
3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
-20 of storm occurrence.
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Recommended
Adaptation Strategy:

Adaptation Cost:
$171,000

Bayswater Avenue
Critical Flood Elevation

15.5 ft NAVD88

- oS A ey . 4 9 e, 5, “% i o ame =
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Bayswater venueJPutmping Station

STATION CHARACTERISTICS

I 2013 Advisory 100-Year Floodplain Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

Flood Elevation (ABFE) 100-year flood plus 30 inches
of sea level rise (critical flood elevation). A visit to the

Pumping Station Summary

The Bayswater Avenue sanitary pumping station is near ) ) T . . ) 4= Station Type Sanitary
the intersection of Bayswater Avenue and Norton Drive in pumping station to view its exterior confirmed that it 20 % Pump Type Submersible
Queens. It is adjacent to an inlet off of Jamaica Bay, and appears consistent with the plan drawings. %’ Operating Capacity (MGD) 22
@©
its controls are mounted above grade on a pier that juts The critical flood elevation would be nearly 9 feet above Critical Flood Elevation (15.5) =i Affected Area (Acres) 168
into the water. grade. The electrical controls, mounted about 6 feet 15 Population in Affected Area 2,383
. . . above grade, would be flooded and would sustain dam- Number of Critical Facilities (e.g.,
The Pumping Station Summary table lists the gener- age Thge submersible pumps should withstand flooding L Electrical Controls (12.6) Hospitals, Public Safety, Schools) in !
al characteristics of the Bayswater Avenue pumping ’ ’ Affected Area
station, the potential effect of its failure, and the recom- ADAPTATION STRATEGIES 10 g Historic Flooding Y
i ion i i R Affected by Hurricane Sand Y

mengled a.daptatlon §trategy. The st?tlon 's located in The Bayswater Avenue pumping station requires adap- Hurricane Sandy (6.8) Historic Loyss of Power L N
a residential ar.ea. Failure of the station YVOUld aff.e.ct an tive measures to withstand the critical flood elevation. . Local Grade 6.6) Connected to Other Stations N
a:ia 9f ?:proxm::tetly 16; Zcre?-f. TTe(rje.;sﬂ:)netc;ltlce:cl f.Ia' Potential strategies were evaluated against such factors 8 5 Beach Affected Y
cility in the area that could be affected if the station fails. . . . =)

as flooq depth, qulpment Ic.)0at|o.n, and space. Viable = Recommended Protective Measure Flood-Proof Controls
HURRICANE SANDY IMPACTS AND OTHER strategies were reviewed to identify the most cost-ef- & . 1 $171,000

. . . » 0 8 Cost of Protective Measures )

FLOODING HISTORY fective, resilient option. Because controls are currently g | Damage Cost for Critical Flood
Flood waters from Hurricane Sandy were about 2 inches exposed but would be submerged by the critical flood, :§ % without Protection’ * $114.000
above grade in the area surrounding the Bayswater Av- the recommended strategy at Bayswater Avenue is to = 2 Cumuiagive Risk Avoided Over 50 $5,292.000
enue pumping station and the facility experienced minor waterproof controls. Further review and design may in- 2 vears

dicate that this option is not sufficiently resilient in which Resiliency Level Moderate

impacts. DEP indicated there was a history of flooding at

case electrical controls will be elevated on a platform.
Residual risk is related to a greater depth of flooding -10
from larger storms or more extreme climate change.

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.

this location due to smaller storms.

RISK ASSESSMENT

The risk of the Bayswater Avenue pumping station was
first assessed based on a review of the station’s plan -15
drawings, comparing the elevation of the critical com-

ponents to that of the FEMA March 2013 Advisory Base

-20 tor Base (-19.8)
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Recommended
Adaptation Strategy:
Seal Building &
Submersible Pump
Motors

Adaptation Cost:
$1,943,000

/ /

Borden Avenue Pumping Station

STATION CHARACTERISTICS

level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-

[ 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Borden Avenue
Critical Flood Elevation

13.5ft NAVD88

Critical Elevations

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

The Borden Avenue combined pumping station is lo- ) ] ) i=/ | Station Type Combined
cated near the northeast corner of Borden Avenue and sistent with the plan drawings. 20 5 Pump Type Non-submersible
Review Street in Queens. Its one-story structure sits di- The critical flood elevation would be 4 feet above grade. % Operating Capacity (MGD) 3.9
rectly underneath an elevated section of the Long Island It would also flood and damage the control panels, which 22l | Affected Area (Acres) 63
Expressway. are located on the main floor of the §tructure less than 2 15 s Zoputl)atior; |Cr:1 ?ﬁeﬁ:ed -?tr-ea 590
The Pumping Station Summary table lists the general feet above grade. The non-submersible pumps located — : ngsnpi;rls?, Purélli?:aSa?;;/l, Igirfiéﬁ;) in 1
characteristics of the Borden Avenue pumping station, below grade would also be damaged. = Electrical Controls (11.0) Affected Area
the potential effect of its failure, and the recommended ADAPTATION STRATEGIES 10 g Historic Flooding N
aglaptation strategy. The station is Ioogted in a commer- The Borden Avenue pumping station requires adaptive Local Grade (9.5) g:fs‘v:z:?cdL‘;ﬁ:z:r;;:rsa”dy :
clal area. It se!’wces an area of approx!mately 63 acres measures to withstand the critical flood elevation. Po- Connected to Other Stations N
a.n.d a populatlon of nearly 600. There is one. critical fg— tential strategies were evaluated against such factors as g 9 Beach Affected N
C|!|ty within that area that could be affected if the station flood depth, equipment location, and space. Viable strat- 2 Y Ty —
failed. egies were reviewed to identify the most cost-effective, = Recommended Protective Measre REpRdSion
HURRICANE SANDY IMPACTS AND OTHER resilient option. Because there is a substantial existing g 0 = Cost of Protective Measures' $1,943,000
FLOODING HISTORY building but non-submersible pumps are below grade, "'.E g DiITGS:TDC:StthF ?gtical Flood $3.241,000
The Borden Avenue pumping station was not affected . rec.or.nmende.d strategy at Bprden Avenue is to seal u% § VgL:jati\:: eR(i:ngvoided Over 50
by Hurricane Sandy and there is no history of flooding at the building and install submersible pumps. -5 Vears"3 $15,218,000
this location. Resiliency Level Moderate
RISK ASSESSMENT 10 1) All cost estimates are presented in 2013 US Dollars. _
2) One-time replacement cost of at-risk equipment if no protective

The risk of the Borden Avenue pumping station was first measures are in place and critical flood scenario occurs (i.e., current
assessed based on a review of the station’s plan draw- 100—ye§1_r flood plus 30 inches). This estimate does not consider the
ings, comparing the elevation of the critical components -15 g;c;%beapb;:%eﬁlii?eﬁf?éggnfheét would be avoided over 50 years if pro-
to that of the FEMA March 2013 Advisory Base Flood —B je——-=——Pump Motor Base (-15.7) tective measures are in place for storm surges up to and including the
Elevation (ABFE) 100-year flood plus 30 inches of sea l?g{gf:]rgf:ﬂrzl:seso inches. This estimate incorporates the probability

-20
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Adaptation Cost:
$2,400,000
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Broad Channel Pﬂmping Station

STATION CHARACTERISTICS

evation (ABFE) 100-year flood plus 30 inches of sea level
rise (critical flood elevation). These elevations and other

Broad Channel

Critical Flood Elevation
15.5 ft NAVD88

[ 2013 Advisory 100-Year Floodplain

cal Elevatio

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

FEMA Flood Zones

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

The Broad Channel sanitary pumping station is near the o ) ) o 1=l Station Type Sanitary
intersection of West 22nd Street and Shad Creek Road notable characterl'lstlcs were confirmed during a visit to 20 % Pump Type Submersible
in Queens. It is adjacent to both Cross Bay Boulevard the pumping station. T . (1| Operating Capacity (MGD) 4.1
and a parking lot for the Broad Channel American Park, The critical flood elevation would be nearly 9 feet above 15 ritical Flood Elevation (15.5) =5 | Affected Area (Acres) 145
and is less than 500 feet from the open water of Jamaica grade, inundating all components both above and below Population in Affected Area 1,730
; A i ; ; - Number of Critical Facilities (e.g.,
Bey. The pumping station is predominantly below grade, grade. Thls would damage the pump contrels, but the Hurricane Sandy (10.0) Hospitals, Public Safety, Sehools) in ]
with control panels mounted above grade. submersible pumps should withstand flooding. 10 Affected Area
) ) ) i E- Electrical Controls (8.4) O < oric Floodi v
The Pumping Station Summary table lists the general ADAPTATION STRATEGIES = istoric Flooding
. . . ‘ . ) I e Affected by Hurricane Sandy Y
characterletlcs of the Broae Channel pumping station, The Broad Channel pumping station requires adap- 5 ocal Grade (6.5) cterie Loss of Pomer .
the potentlal effect of its fallu.re, end the reeommended tive measures to withstand the critical flood elevation. Connected to Other Stations N
adaptation str_ategy. The station is Iecated In an open Potential strategies were evaluated against such factors = 0 Beach Affected N
area and services an area of approximately 145 acres. as flood depth, equipment location, and space. Viable =4 _—
There is one critical facility within that area that could be . . . . = Recommended Protective Measure Elevate Elecirical in New
) ] ) strategies were reviewed to identify the most cost-ef- = Building
affected if the station failed. fective, resilient option. Because space is available and Ew' -5 = Cost of Protective Measures' $2,400,000
HURRICANE SANDY IMPACTS AND OTHER flood depth is extreme at 9 feet, the most resilient option S g Damage Cost for ?l;itical Flood $2.337.000
FLOODING HISTORY was selected; the recommended strategy at Broad s 5 |ailioul e
Channel is to elevate the pumping station’s controls in a o 1'% i Cumulative Risk Avoided Over 50 $12,028,000
The area surrounding the pumping station is flat and at o pumping L Years"® B
risk of experiencing overland flooding. Hurricane Sandy new building. 15 Resiliency Level Very High
caused flooding more than 3.5 feet above grade. 1) All cost estimates are presented in 2013 US Dollars.
RISK ASSESSMENT 2) One-time replacement cos.t .Of at-risk equipment if no protective
-20 measures are in place and critical flood scenario occurs (i.e., current
The risk of the Broad Channel pumping station was first 100t;ygel_rtflocf>dtplus 30 inches). This estimate does not consider the
. . , probapllity of storm occurrence.
assessed based on a review of the station’s plan draw- 3) Repair/replacement costs that would be avoided over 50 years if pro-
ings, comparing the elevation of the critical components -25 —g=——=—=Pump Motor Base (-25.1) tective measures are in place for storm surges up to and including the
to that of the FEMA March 2013 Advisory Base Flood EI- l?(s)%/le:]rglsguirzfseso inches. This estimate incorporates the probability
-30
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Recommended
Adaptation Strategy:
Elevated Electrical in
Building

Adaptation Cost:
$587,000

Bush Terminal Pumping Station

RISK ASSESSMENT

STATION CHARACTERISTICS

Bush Terminal

Critical Flood Elevation
14.5 ft NAVD838

I 2013 Advisory 100-Year Floodplain

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

FEMA Flood Zones

0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

Critical Elevations Pumping Station Summary

The Bush Terminal combined sanitary and stormwater The risk of the Bush Terminal pumping station was first 1=/ Station Type Combined
pumping station is located on 2nd Avenue, north of 29th assessed based on a review of the station’s plan draw- 20 g Pump Type Submersible
Street, in Brooklyn. The pumping station is located in a ings, comparing the elevation of the critical components § Operating Capacity (MGD) 7.2
wharf building that juts into Gowanus Bay. The age of the to that of the FEMA March 2013 Advisory Base Flood El- o2 Affected Area (Acres) 57
plans (dated 1985) and the cost involved with rehabil- evation (ABFE) 100-year flood plus 30 inches of sea level 15 — 1 Critical Flood Elevation (14.5) Population in Affected Area 118
itating a 7.2-million-gallon-per day facility prompted a rise (critical flood elevation). These elevations and other Number of Critical Facilities (e.g., -

. . o . . Hospitals, Public Safety, Schools) in 1
thorough inspection. notable characteristics were confirmed during a thorough Affected Area
The Pumping Station Summary table lists the general sr’:atl(;m VISIItI t:_it Inqlgdtalcilen:jer|lrlg the contrcl)cljroom and 10— Gane Sandy (8.2) é Historic Flooding Y
characteristics of the Bush Terminal pumping station, ’; e dry well. The c;mca ood e evatlonlwou ce;use a = 4Humga¥ﬁectrlcal C?lontrols (_7.8) Affected by Hurricane Sandy Y
the potential effect of its failure, and the recommended lood more than 8 feet above grade. This would |°°_d Y — Histeric Loss of Power N
adaptation strategy. The station is located in an industrial and damf:geI all o.fhthe pur;lwp cgntrols. The submersible 2§ 5 Local Grade (6.2) Connected to Other Stations N
area. Failure of the station would affect an area of ap- pumps should withstand flooding. =] Beach Affected : - N
proximately 57 acres. There is one known critical facility ADAPTATION STRATEGIES = Recommended Protective Measure ' vate Electrical on Bu";g‘(g,
within the area. The Bush Terminal pumping station requires adaptive g 0 =M Cost of Protective Measures' $587,000
HURRICANE SANDY IMPACTS AND OTHER measures to withstand the critical flood elevation. Po- '§ jg Damage Cost for ?';itical Flood $3.467.000
FLOODING HISTORY tential strategies were evaluated against such factors as 2 § ‘(";"thwlt fmteR‘_’t'l‘:;’ o Over 50

. . . umulative RiIs volde ver
This station was inundated during Hurricane Sandy: ﬂO.Od depth, egU|pment.Iocat.|fon, and space. Vla]:fble §trat— -5 Vears™? $17,839,000
flood depth was 2 feet above grade. Electrical equipment eg'fT.S v:eretr.eweévedttol |dent|tyt;che lmostt Zc;St'e_t:‘C:'\/eé Resiliency Level Very High
was damaged, and repairs were in progress at the time resi |e!'1. option. L-ontro s m_us e.e.evg ed towithstan 1) All cost estimat ted in 2013 US Doll
. . : the critical flood. The existing building is large and may -10 ) All cost estimates are presented in -> orars. .
of the inspection. While the motors were not damaged 2) One-time replacement cost of at-risk equipment if no protective
during the storm, they were not in operation at the time be able to accommodate the controls to the second floor measures are in place gnd critical _flood_scenario occurs (i.e._, current
of the inspection due to electrical problems. A portable or roof. Therefore, the recommended strategy at Bush 100-year flood plus 30 inches). This estimate does not consider the
: . . - Terminal is to elevate the electrical controls to one of ) probability of storm occurrence. . .
diesel pump was running the station. DEP indicated } ) o o ) T 15 —mje=———————=—====Pump Motor Base (-15.2)  3) Repair/replacement costs that would be avoided over 50 years if pro-
there is also a history of flooding at this location due to these locations in the existing bUII.dlng. Residual risk is - tective measures are in place for storm surges up to and including the
smaller storms related to a greater depth of flooding from larger storms 100-year flood plus 30 inches. This estimate incorporates the probability
° : f storm occurrence.
or more extreme climate change. ©
-20
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Recommended
Adaptation Strategy:
Elevate Electrical on a
Platform/Pad &
Submersible Pump
Motors

Adaptation Cost:
$2,419,000

=% Pumping station beneath sidewalk, adjacent to small park

Canal Street Pumping Station

STATION CHARACTERISTICS

The Canal Street sanitary pumping station is located on
the northeast side of Canal Street between Varick Street
and 6th Avenue in Manhattan. It is an entirely below
grade station with access hatches in the sidewalk.

The Pumping Station Summary table lists the general
characteristics of the Canal Street pumping station,
the potential effect of its failure, and the recommended
adaptation strategy. The station is located in a dense,
mixed-use area adjacent to a small park. Failure of the
station would affect an area of approximately 37 acres
and a population of nearly 3,200. There are two critical
facilities within the area.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Canal Street pumping station experienced minor
impacts due to Hurricane Sandy but there is no history of
flooding at this location.

RISK ASSESSMENT

The risk of the Canal Street pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-
sistent with the plan drawings.

165 PUMPING STATIONS

The critical flood elevation would be approximately 4
feet above local grade, completely inundating the entire
station. The electrical controls and non-submersible
pumps are all located below grade and would be flooded
and damaged.

ADAPTATION STRATEGIES

The Canal Street pumping station requires adaptive mea-
sures to withstand the critical flood elevation. Potential
strategies were evaluated against such factors as flood
depth, equipment location, and space. Viable strategies
were reviewed to identify the most cost-effective, resil-
ient option. Due to the depth of the critical flood, controls
must be elevated and pumps must be submersible to
withstand the flood. The pumping station’s entrances are
located in a sidewalk, but there is a small park directly
behind the sidewalk; the recommended strategy at Canal
Street is to elevate electrical controls on a platform and
install submersible pumps. Residual risk is related to

a greater depth of flooding from larger storms or more
extreme climate change.

Canal Streef

Critical Flood Elevation
»12.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

FEMA Flood Zones

[ - Miles
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

Critical Elevations Pumping Station Summary

Elevations (NAVD 88)

20

15

10

-10

-15

Critical Flood Elevation (12.5)

Local Grade (8.4)

Electrical Controls (-2.5)

P ump Motor Base (-10.9)

j= | Station Type Sanitary
§ Pump Type Non-submersible
%’ Operating Capacity (MGD) 22
=il Affected Area (Acres) 37
Population in Affected Area 3,193
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 2
Affected Area
il Historic Flooding N
o Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations N
Beach Affected N
Elevate Electrical on a
Recommended Protective Measure  Platform/ Pad & Submersible
Pump Motors
§ Cost of Protective Measures' $2,419,000
188 Damage Cost for Critical Flood
g withougz Protection" 2 $2,710,000
Cumu:aglve Risk Avoided Over 50 $13,332,000
Years”
Resiliency Level High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Seal Building &
Submersible Pump
Motors

Adaptation Cost:
$1,428,000

(=3

The Cannon Avenue sanitary pumping station is located on
Cannon Avenue near Glen Street, close to the western shore of
Staten Island. A brick building houses the motor control center,
and wet and dry wells are located below grade.

The Pumping Station Summary table lists the general charac-
teristics of the Cannon Avenue pumping station, the potential
effect of its failure, and the recommended adaptation strategy.
The station is located in a residential area. Failure of the station
would affect an area of approximately 76 acres. There are no
critical facilities within that area that could be affected if the
station failed.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

During Hurricane Sandy, flood depth in the area surrounding
the Cannon Avenue pumping station was 2.5 feet above grade.
Flood waters from the storm surge did not enter the station,

but loss of power caused the wet well to flood into the dry well
during the event. At the time of the inspection, pumps and
some electrical components were under repair, and an emer-
gency pump-around was in place. DEP indicated there is also a
history of flooding at this location due to smaller storms.

RISK ASSESSMENT

The risk of the Cannon Avenue pumping station was first
assessed based on a review of the station’s plan drawings,
comparing the elevation of the critical components to that of
the FEMA March 2013 Advisory Base Flood Elevation (ABFE)

167 PUMPING STATIONS

Canntbn AvenuePumpin‘g Station

STATION CHARACTERISTICS

100-year flood plus 30 inches of sea level rise (critical flood ele-
vation). These elevations and other notable characteristics were
confirmed during a thorough station visit that included entering
the control room.

The critical flood elevation would be nearly 7 feet above local
grade. Water would likely enter the building, flooding and dam-
aging the electrical controls and the non-submersible pumps,
all of which are below the critical flood elevation. The Cannon
Avenue pumping station is connected to other stations; how-
ever it discharges to these stations, rather than receiving flow
from them. Therefore, loss of function at Cannon Avenue does
not increase the vulnerability of an additional pumping station.

ADAPTATION STRATEGIES

The Cannon Avenue pumping station requires adaptive mea-
sures to withstand the critical flood elevation. Potential strate-
gies were evaluated against such factors as flood depth, equip-
ment location, and space. Viable strategies were reviewed to
identify the most cost-effective, resilient option. Because there
is a substantial existing structure, but non-submersible pumps
are well below grade, the recommended strategy at Cannon
Avenue is to seal the building and install submersible pumps.
Because water tight cases, doors, and building sealants are
only rated up to a certain pressure, if flood depth is greater than
expected the water pressure could exceed the rating and the
building sealing could fail. Therefore, residual risk is related to
a greater depth of flooding from larger storms or more extreme
climate change and the potential for water pressure to exceed
the rating of the sealing measures.

']

Cannon Avenue
Critical Flood Elevation

13.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain

Critical Elevations

Elevations (NAVD 88)

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

20
13 Critical Flood Elevation (13.5)
10 Hurricane-Sandy (9.1)
Local Grade (6.6)

5

0
-u Electrical Controls (-3.7)

-5
o Pump Motor Base (-6.1)

-10

-15

-20

FEMA Flood Zones

[
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

j= | Station Type Sanitary
3 Pump Type Non-submersible
% Operating Capacity (MGD) 1.1
=it Affected Area (Acres) 76
Population in Affected Area 1,388
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
é Historic Flooding Y
v4
Affected by Hurricane Sandy Y
Historic Loss of Power Y
Connected to Other Stations Y
Beach Affected N
Recommended Protective Measure e el & Sl
Pump Motors
= Cost of Protective Measures' $1,428,000
=1 Damage Cost for Critical Flood
= 4,388,000
_§ without Protection 2 $
S @8 Cumulative Risk Avoided Over 50
N u1 3IV I vo! v $20,460,000
Years”
Resiliency Level Moderate

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Motor control center above grade in stainless-steel enclosure;
hatch entryways to wells

Recommended &
Adaptation Strategy:
Elevate Electrical in New
Building

Adaptation Cost:
$4,710,000
Clearview

Critical Flood Elevation
16.5 ft NA}@SS

Clearview P'l'jmping Station

STATION CHARACTERISTICS

The Clearview pumping station is located in Queens
along the Clearview Expressway service road, in a
triangle of land that runs between the service road, the
expressway, and an exit ramp from the expressway. The
motor control center and other electrical components sit
on a grade level concrete slab in stainless steel enclo-
sures, and the wells are accessible through hatches.

The Pumping Station Summary table lists the general
characteristics of the Clearview pumping station, the
potential effect of its failure, and the recommended ad-
aptation strategy. The station is located between major
roadways. Failure of the station would affect an area of
approximately 523 acres and a population of more than
22,450. There are two critical facilities within that area
that could be affected if the station failed, and a nearby
bathing beach would also be affected.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

Clearview has experienced infrequent flooding in the
past, but the station was not affected by Hurricane
Sandy. Sandbags were onsite at the time of the visit in
March 2013, indicating a possible recent flooding event

RISK ASSESSMENT

The risk of the Clearview pumping station was first as-
sessed based on a review of the station’s plan drawings,
comparing the elevation of the critical components to
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that of the March 2013 FEMA Advisory Base Flood Ele-
vation (ABFE) 100-year flood plus 30 inches of sea level
rise (critical flood elevation). A visit to the pumping sta-
tion to view its exterior revealed that the Motor Control
Center (MCC) and other electrical controls, which were
shown below grade in the drawings, had been moved
to a slab above grade. DEP data also indicate that the
pumps had been replaced with submersibles.

The critical flood elevation would be more than 3
feet above grade. This would flood and damage the
grade-level motor control center and pump.

ADAPTATION STRATEGIES

The Clearview pumping station requires adaptive mea-
sures to withstand the critical flood elevation. Potential
strategies were evaluated against such factors as flood
depth, equipment location, and space. Viable strategies
were reviewed to identify the most cost-effective, resil-
ient option. Due to the critical flood depth and the lack
of an existing structure, the recommended strategy at
Clearview is to elevate the pumping station’s controls in
a new building. Residual risk is related to a greater depth
of flooding from larger storms or more extreme climate
change.

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

FEMA Flood Zones

[
0 15 3

Source: FEMA; CUNY Institute for Sustainable Cities

Critical Elevations Pumping Station Summary

Elevations (NAVD 88)

20

15

10

-10

-15

Critical Flood Elevation (16.5)

—__———— Electrical Controls (13.1)
" C

Local Grade (13.1)

Pump-Motor Base (-8.2)

j= Station Type Combined
§ Pump Type Submersible
%’ Operating Capacity (MGD) 13.0
«il - Affected Area (Acres) 523
Population in Affected Area 22,450
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 2
Affected Area
il Historic Flooding Y
x
Affected by Hurricane Sandy N
Historic Loss of Power Y
Connected to Other Stations N
Beach Affected Y
Recommended Protective Measure S FesieE] |n. N.e W
Building
=i Cost of Protective Measures' $4,710,000
=1 Damage Cost for Critical Flood
] 7,818,000
§' without Protection” 2 $
< [& lative Risk Avoided Over 50
umu1a3|ve isk Avoided Over $16,802,000
Years™
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Electrical on

Platform/Pad

Adaptation Cost:
$634,000

/

¥

STATION CHARACTERISTICS

The Commerce Avenue pumping station is located in a
triangle of land between Commerce Avenue, Seabury
Avenue, and Ellis Avenue in the Bronx. It is primarily
below grade and accessible through hatches in the
concrete, but the motor control center is mounted above
grade on a small concrete slab. Power appears to lead
from overhead lines to a transformer.

The Pumping Station Summary table lists the gener-

al characteristics of the Commerce Avenue pumping
station, the potential effect of its failure, and the recom-
mended adaptation strategy. The station is located in an
industrial area. Failure of the station would affect an area
of approximately 7 acres. There are no critical facilities
within the area.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

During Hurricane Sandy, flood depth in the surround-
ing area was about 1 foot above the street level but the
pumping station operation was not affection. DEP staff
indicated that historic flooding has been an issue at this
pumping station.

RISK ASSESSMENT

The risk of the Commerce Avenue pumping station
was first assessed based on a review of the station’s
plan drawings, comparing the elevation of the critical
components to that of the FEMA March 2013 Advisory
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W M

" A B 0
Motor control center above grade in stainless-steel enclosure;.

hatch entryways to W||

‘
i
4

Base Flood Elevation (ABFE) 100- year flood plus 30
inches of sea level rise (critical flood elevation). A visit

to the pumping station to view its exterior revealed that
the electrical controls, which are shown below grade in
the drawings, have been moved to a slab above grade.
The critical flood elevation would be 5 feet above grade.
Water would flood and damage the motor control center.
The submersible pumps should withstand flooding.

ADAPTATION STRATEGIES

The Commerce Avenue pumping station requires adap-
tive measures to withstand the critical flood elevation.
Potential strategies were evaluated against such factors
as flood depth, equipment location, and space. Viable
strategies were reviewed to identify the most cost-ef-
fective, resilient option. Controls should be elevated to
withstand the critical flood, and there is ample space to
do so on the current lot. Because the station is locat-
ed in an industrial area, a building is not necessary for
aesthetic reasons. Components are currently exposed
above grade, and there have been no known incidents
of vandalism, so a building should not be necessary for
security reasons, either. Therefore, the recommended
strategy at Commerce Avenue is to elevate electrical
controls onto a platform. Residual risk is related to a
greater depth of flooding from larger storms or more
extreme climate change.

=

I 2013 Advisory 100-Year Floodplain

Critical Elevations

Elevations (NAVD 88)

FEMA Flood Zones

Commerce Avenue

Critical Flood Elevation
15.5 ft NAVD88

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain
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N———— Electrical Controls (10.5)

—fe——=Pump Motor Base (-15.1)

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

j= | Station Type Combined
§ Pump Type Submersible
% Operating Capacity (MGD) 1.4
=il Affected Area (Acres) 7
Population in Affected Area 0
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
_’ufo Historic Flooding Y
14
Affected by Hurricane Sandy N
Historic Loss of Power Y
Connected to Other Stations N
Beach Affected N
Recommended Protective Measure FABED Bl e
Platform/Pad
= Cost of Protective Measures' $634,000
=1 Damage Cost for Critical Flood
= 1,037,000
_§ without Protection' 2 $
< [& lative Risk Avoided Over 50
umu1a3|ve isk Avoided Over $5.337,000
Years"
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Construction Barrier

Adaptation Cost:
$5,456,000

STATION CHARACTERISTICS

The Conner Street combined sanitary and stormwater pumping
station is near the end of Conner Street in the Bronx; the prop-
erty is bounded by Conner Street to the west and the Hutchin-
son River to the east. Controls are located on the main floor of
the station’s concrete structure. Overhead power lines connect
to buried power lines near the western edge of the lot, and the
buried lines run under the station’s parking lot to two transform-
ers on the main floor.

The Pumping Station Summary table lists the general charac-
teristics of the Conner Street pumping station, the potential
effect of its failure, and the recommended adaptation strategy.
The station is located in an industrial area. Failure of the sta-
tion would affect an area of approximately 1,336 acres and a
population of nearly 46,000. There are 36 critical facilities in the
service area that could be affected if the station fails. Addition-
ally, failure of this pumping station could affect a nearby bathing
beach.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

This station has experienced multiple flooding events during
which water approached the station from the adjacent Hutchin-
son River. During Hurricane Sandy, the lot surrounding the
station flooded to a depth of around 1 foot. Fuses on the poles
supporting the overhead power lines blew out, cutting power
before it reached the transformers. At the time of the visit, venti-
lation in the wet well was not working due to flooding damage.
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pihg Station

RISK ASSESSMENT

The risk of the Conner Street pumping station was first as-
sessed based on a review of the station’s plan drawings,
comparing the elevation of the critical components to that of
the FEMA March 2013 Advisory Base Flood Elevation (ABFE)
100-year flood plus 30 inches of sea level rise (critical flood ele-
vation). These elevations and other notable characteristics were
confirmed during a thorough station visit that included entering
the control room and wells.

The critical flood elevation would be about 6 feet above lo-

cal grade. Water would likely enter the building, flooding and
damaging the electrical controls as well as the non-submers-
ible pumps, all of which are located below the critical flood
elevation. The Conner Street pumping station has the ability to
receive flow from another pumping station. Therefore, loss of
function at Conner Street increases the vulnerability of an addi-
tional pumping station, tributary area, and population.

ADAPTATION STRATEGIES

The Conner Street pumping station requires adaptive measures
to withstand the critical flood elevation. Potential strategies
were evaluated against such factors as flood depth, equipment
location, and space. Viable strategies were reviewed to identify
the most cost-effective, resilient option. Because there is an ex-
isting structure, but there are extensive controls which could not
easily be moved, the recommended strategy at Conner Street
is to construct a barrier. The installation of a backup generator
is also recommended, and when pumps need to be replaced
as part of regular maintenance, submersible pumps should be
installed. Residual risk is related to a greater depth of flooding
from larger storms or more extreme climate change.

Conner Street

Critical Flood Elevation
16.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations Pumping Station Summary

Elevations (NAVD 88)
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Source: FEMA; CUNY Institute for Sustainable Cities

y= | Station Type Combined

5 Pump Type Non-submersible

—(“2\: Operating Capacity (MGD) 11.5

=il Affected Area (Acres) 1,336
Population in Affected Area 45,885
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 36
Affected Area

ﬁ Historic Flooding Y

o Affected by Hurricane Sandy Y
Historic Loss of Power Y
Connected to Other Stations Y
Beach Affected Y

Recommended Protective Measure Construct Barrier

B Cost of Protective Measures' $5,456,000
o ege
== D. Cost for Critical Flood
5 .amage o5 .or 1 r2| ical Floo $6.573.000
a without Protection™
2 Cumu:a;ive Risk Avoided Over 50 $32.135,000
Years™
Resiliency Level High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Seal Building

Adaptation Cost:
$350,000

‘ Co-ob C-i_tj}_NoftI: Pumping Statidh

STATION CHARACTERISTICS

The Co-op City North sanitary pumping station is located
at the corner of Co-op City Blvd. and Bellamy Loop. The
Hutchinson River runs behind the station. The pump-

ing station has a cinder block structure as well as con-
crete-housed vents atop a concrete slab.

The Pumping Station Summary table lists the general
characteristics of the Co-op City North pumping station,
the potential effect of its failure, and the recommended ad-
aptation strategy. The station is located in a densely-popu-
lated residential area. Failure of the station would affect an
area of approximately 210 acres and a population of over
27,000. There are no critical facilities within that area that
could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

The Co-op City North pumping station was not affected by
Hurricane Sandy and there is no history of flooding at this
location.

RISK ASSESSMENT

The risk of the Co-op City North pumping station was first
assessed based on a review of the station’s plan drawings,
comparing the elevation of the critical components to that
of the FEMA March 2013 Advisory Base Flood Elevation
(ABFE) 100-year flood plus 30 inches of sea level rise (crit-
ical flood elevation). A visit to the pumping station to view
its exterior confirmed that it appears consistent with the
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All entrances to pumping station elevated at least 1.5 feet

o N i i =

plan drawings.

The critical flood elevation would be 2 feet above lo-

cal grade. Electrical controls are below grade within the
structure, and the doorway threshold into the structure is
about 1 foot above grade, which is 1 foot below the critical
flood elevation. Flood waters could enter the structure and
damage the electrical controls. The submersible pumps
should withstand flooding. The Co-op City North pumping
station has the ability to receive flow from another pump-
ing station. Therefore, loss of function at Co-op City North
increases the vulnerability of an additional pumping station,
tributary area, and population.

ADAPTATION STRATEGIES

The Co-op City North pumping station requires adaptive
measures to withstand the critical flood elevation. Potential
strategies were evaluated against such factors as flood
depth, equipment location, and space. Viable strategies
were reviewed to identify the most cost-effective, resilient
option. Because there is a significant existing structure, the
recommended strategy at Co-op City North is to seal the
building. Because water tight cases, doors, and building
sealants are only rated up to a certain pressure, if flood
depth is greater than expected the water pressure could
exceed the rating and the building sealing could fail. There-
fore, residual risk is related to a greater depth of flooding
from larger storms or more extreme climate change and
the potential for water pressure to exceed the rating of the
sealing measures.

: ;;{ -

Critical Elevations

Elevations (NAVD 88)

- Co-op City North

Critical Flood Elevation
16.5 ft NAVD88

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain
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Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

j= Station Type Sanitary
3 Pump Type Submersible
%’ Operating Capacity (MGD) 16.1
«il - Affected Area (Acres) 210
Population in Affected Area 27,285
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
ol Historic Flooding N
x
Affected by Hurricane Sandy N
Historic Loss of Power Y
Connected to Other Stations Y
Beach Affected Y
Recommended Protective Measure Seal Building
® Cost of Protective Measures' $350,000
o gs
=1 Damage Cost for Critical Flood
T or > $3,700,000
= without Protection”
) Cumu!a;ive Risk Avoided Over 50 $3,262,000
Years"
Resiliency Level Moderate

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Below grade pumping station between residential neighborhood and wetlands
Recommended o T A | S IS
Adaptation Strategy: ' o s '
Elevate Electrical
in New Building

FEMA Flood Zones

Adaptation Cost:
$7,389,000

Douglaston Bay

Critical Flood Elevation

18.5 ft NAVD88

[
0 15 3

B 2013 Advi 100-Year Floodolai Source: FEMA; CUNY Institute for Sustainable Cities
visory -Year rloodplain

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations Pumping Station Summary

Douglastdh Bay Pumping Station‘

STATION CHARACTERISTICS

Elevation (ABFE) 100- year flood plus 30 inches of sea

level rise (critical flood elevation). A visit to the pumping

The Douglaston Bay sanitary pumping station is locat- ] o ) & i 1= | Station Type Sanitary
ed near the corner of 41st Avenue and 233rd Street in s.tatlon to. view its exterlor.con irmed that it appears con- 20 Critical Flood Elevation (18.5) = Pump Type Submersible
Q . . sistent with the plan drawings. —— : o . .
ueens. It is situated in a paved area between the road- S Operating Capacity (MGD) 1.0
way and wetlands that run along the southeastern shore Collection Systems staff provided further details on the 22l Affected Area (Acres) 27
of Little Neck Bay. The Douglaston Bay pumping station station’s flooding history and vulnerability. The critical 15 Population in Affected Area 613
is entirely below grade and is accessible through hatches flood elevation would be more than 8 feet above local Eumt')terl OfSFE:PagF?i"itigsée@:-: . 1
in the pavement. grade, completely inundating the entire station. The elec- | = ) Afc;:zeadsArel; ic Safety, Schools) in
) . Local Grade (10.
The Pumping Station Summary table lists the general trical controls, which are be'F’W grade, would be ﬂooded 10 g Historic Flooding N
characteristics of the Douglaston Bay pumping station, and damaged. The submersible pumps should withstand Affected by Hurricane Sandy Y
. . . flooding. (] Electrical Controls (5.6) Historlc Loss of P v
the potential effect of its failure, and the recommended Istoric Loss ot Fower
adaptation strategy. The Douglaston Bay pumping sta- ADAPTATION STRATEGIES g 5 Connected to Other Stations N
PR ; ; ; ; ; Beach Affected Y
tion is located in a residential area. Failure of the station The Doug Bay pumping station requires adaptive mea- 2 . Eiovate Eisctical in New
would a.ffect an area of approxmate.ly 27 acr§§ and a' . sures to withstand the critical flood elevation. Potential = Recommended Protective Measure Building
!oopulanon of more than 600. Ther-e s one 9r|t|ca! facility strategies were evaluated against such factors as flood g 0 =9 Cost of Protective Measures' $7,389,000
in the area that could be affected if the station failed. depth, equipment location, and space. Viable strategies -.§ :g D?mage Cost f.or ?rzmcal Flood $1,799,000
HURRICANE SANDY IMPACTS AND OTHER were reviewed to identify the most cost-effective, resil- ﬁ § gﬁ?;;:\::t;ifg\voided Over 50
FLOODING HISTORY ient option. Due to the 8-foot depth of the critical flood -5 Years' 3 $9,256,000
The Douglaston Bay pumping station was flooded during and the lack of an ex@tmg structure, the. recommend.ed Resiliency Level Very High
Hurricane Sandy, though there is no history of flooding strategy./ a.t Doug I?;ay 'S T[O glevate electrical controls in a
. . new building. Residual risk is related to a greater depth -10 1) All cost estimates are presented in 2013 US Dollars.
outside of this event. ) ) ; . ; . .
of flooding from larger storms or more extreme climate 2) One-time re.placement cos.t .of at-risk equlpment if no protectlve
RISK ASSESSMENT h measures are in place and critical flood scenario occurs (i.e., current
change. B f—————— Pump Motor Base (-15.5)  100-year flood plus 30 inches). This estimate does not consider the
The risk of the Doug Bay pumping station was first 15 probability of storm occurrence.
db d . f the station’s plan d ~ 3) Repair/replacement costs that would be avoided over 50 years if pro-
f‘;lssesse asle ona rewew orthes a.'fm S plan draw tective measures are in place for storm surges up to and including the
ings, comparing the elevation of the critical components 100-year flood plus 30 inches. This estimate incorporates the probability
to that of the FEMA March 2013 Advisory Base Flood 20 of storm occurrence.
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Recommended
Adaptation Strategy:
Seal Building

Adaptation Cost:
$588,000

DERRBGRRRUNRN IHARS

Eltingville Pumping Station

STATION CHARACTERISTICS

Large structure within Fresh Kills Landfill

Eltingville

Critical Flood Elevation

13.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

that it appears consistent with the plan drawings.

FEMA Flood Zones

Source: FEMA; CUNY Institute for Sustainable Cities

Critical Elevations Pumping Station Summary

The Eltingville sanitary pumping station is located within the
Fresh Kills landfill on Staten Island, along a service road that
runs into the landfill. The entrance to the service road is on
Arthur Kill Road across from Brookfield Avenue. The station
is in a large stucco structure completely surrounded by a
driveway. Two entrances to the wet well are located in back
of the structure.

The Pumping Station Summary table lists the general char-
acteristics of the Eltingville pumping station, the potential ef-
fect of its failure, and the recommended adaptation strategy.
The station is located in a landfill surrounded by residential
neighborhoods. Failure of the station would affect an area of
approximately 417 acres. There are 3 critical facilities within
that area that could be affected if the station failed, and there
is a nearby bathing beach that could be affected.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

The Eltingville pumping station was not affected by Hurricane
Sandy and there is no history of flooding at this location.

RISK ASSESSMENT

The risk of the Eltingville pumping station was first assessed
based on a review of the station’s plan drawings, comparing
the elevation of the critical components to that of the FEMA
March 2013 Advisory Base Flood Elevation (ABFE) 100-year
flood plus 30 inches of sea level rise (critical flood elevation).
A visit to the pumping station to view its exterior confirmed
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The critical flood elevation would be just under 1 foot above 1=/ Station Type Sanitary
local grade. Because electrical controls and non-submersible 20 = Pump Type Non-submersible
pumps are located below grade and below the flood eleva- %’ Operating Capacity (MGD) 17.3
@©
tion, they could be damaged if water enters the structure. 21| Affected Area (Acres) 417
15 — . Population in Affected Area 9,363
ADAPTATION STRATEGIE
ONS GIES Critical Flood Elevation (13.5) Number of Critical Facilities (e.g.,
The Eltingville pumping station requires adaptive measures T Grade (126 :;SPltad'SAPUb"C Safety, Schools) in 3
to withstand the critical flood elevation. Potential strategies ocal Grade (12.6) o .ec‘.a rea.
. . 10 M Historic Flooding N
were evaluated against such factors as flood depth, equip- 4 :
. . . . Affected by Hurricane Sandy N
ment location, and space. Viable strategies were reviewed o
identify th focti i . B Historic Loss of Power Y
toi e.nt| yt. e.rpost cos.t—c'e ective, resilient option. Because = 5 Connected to Other Stations N
there is a S|glr1.|f|ca.rl1lt §X|st|ng s,ltr::ctgrgl,;he recor:nmfclandjd 2 Beach Affected N
strategy at Eltingvi e. IS. to seal the bui . N9 so_t atflood wa- <>t Recommended Protective Measure Seal Building
ters cannot enter; this is a less expensive option than those = 1
. . . . . » 0 = Cost of Protective Measures $588,000
that involve moving electrical controls or motors. While this c 5 =
) ) - ) ) = . =1 Damage Cost for Critical Flood
strategy will provide resilient protection, there is the poten- ‘é _ﬁﬂ{Controls (3.1) % without Protaction’"2 $9,508,000
tial for leaks, inflows to the wells, or unidentified flow paths. ﬁ i ump Motor Base (3.1) =8 Cumulative Risk Avoided Over 50 65,438,000
DEP will consider replacing the non-submersible pumps -5 Years"? A
with submersibles as nhormal replacement is needed as part Resiliency Level Moderate
of regular maintenance. Because water tight cases, doors, 1) All cost estimates are presented in 2013 US Dollars.
and building sealants are only rated up to a certain pressure, -10 2) One-time replacement cost of at-risk equipment if no protective
. . measures are in place and critical flood scenario occurs (i.e., current
if flood depth is greajcer than expecffe(.j the wgter pressure_ 100-year flood plus 30 inches). This estimate does not consider the
could exceed the rating and the building sealing could fail. probability of storm occurrence.
Therefore, residual risk is related to a greater depth of flood- 15 3) Repair/replacement costs that would be avoided over 50 years if pro-
. . tective measures are in place for storm surges up to and including the
ing from Igrger storms or more extreme climate Change and 100-year flood plus 30 inches. This estimate incorporates the probability
the potential for water pressure to exceed the rating of the of storm occurrence.
sealing measures.
g -20
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Recommended
Adaptation Strategy:
Seal Building

Adaptation Cost:
$470,000

STATION CHARACTERISTICS

level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-

Ely Avenue

Critical Flood Elevation

15.5 ft NAVD8S

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

FEMA Flood Zones

Ely Ave Pumpi‘r’fg";;'y;tation
7
|

o7,
L

"

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

The Ely Avenue sanitary pumping station is located istont with the olan drawi <1 Station Type Sanitary
at the corner of Ely Avenue and Waring Avenue in the sistent with the plan drawings. 20 = Pump Type Submersible
Bronx, adjacent to a Home Depot parking lot. The station The critical flood elevation would be 2 feet above local = ical Controls (15.5) %’ Operating Capacity (MGD) 1.6
. . . . . . . ©
has a brick structure with entrances and the main floor grade, which is equal to the elevation of the main floor of 7 Critical Flood Elevation (15.5) i1 Affected Area (Acres) 300
situated approximately 2 feet above grade. the structure where electrical controls are housed. This 15 Population in Affected Area 1,460
i - - Number of Critical Facilities (e.g.,
The Pumping Station Summary table lists the general could cause damage to the electrical controls; submers = Grads (13.5) e ey dow Scéocgs) o 5
- . . ible pumps should be unaffected. ocal urade To: ; v
characteristics of the Ely Avenue pumping station, the Affected Area
potential effect of its failure, and the recommended ADAPTATION STRATEGIES 10 g Historic Flooding N
i i ion i . . . . Affected by Hurricane Sand Y
adaptatpn str:.:\tegy. The ElY Avenue pumpln.g station 'S. The Ely Avenue pumping station requires adaptive mea- Historic Loyss of Power y v
located in a mllxed residential and commercial ar.ea. Fail- sures to withstand the critical flood elevation. Potential . Connected to Other Stations N
ure of the station would gffect an area of approximately strategies were evaluated against such factors as flood 3 5 Beach Affected N
3.00 ac.r.es and.a.l Populatlon of nearly 1,500. There are‘ depth, equipment location, and space. Viable strategies 2 P S PR Seal Building
five Cl’ltllca| fa'C|I|t|es in the area that could be affected if were reviewed to identify the most cost-effective, resil- = SE— 1 S
the station failed. ient option. Because there is a substantial existing struc- 2 0 o O o erive easTes :
i o - = =1 Damage Cost for Critical Flood
HURRICANE SANDY IMPACTS AND OTHER ture with entrances above the critical flood elevation, B 8 ithout Protection’2 $2,015,000
FLOODING HISTORY the recommended strategy at Ely Avenue is to seal the ﬁ § Cumulative Risk Avoided Over 50 $3.584.000
oy . . 1,3 ) )
The Ely Avenue pumping station was affected by Hur- F)uﬂdlng. Because water tight cases, d09rs, and bun'd 5 - Yea.r?
ricane Sandy but there is no history of flooding at this ing sealants are only rated up to a certain pressure, if L Pump Motor Base (-6.3) Resiliency Level Moderate
location. flood depth is greater than expected the water pressure 1) All cost estimates are presented in 2013 US Dollars.
could exceed the rating and the building sealing could -10 2) One-time replacement cost of at-risk equipment if no protective
RISK ASSESSMENT i : el measures are in place and critical flood scenario occurs (i.e., current
fail. The.refore’ residual risk is related to a greater .depth 100-year flood plus 30 inches). This estimate does not consider the
The risk of the Ely Avenue pumping station was first of flooding from larger storms or more extreme climate probability of storm occurrence.
assessed based on a review of the station’s plan draw- change and the potential for water pressure to exceed 15 3) Repair/replacement costs that would be avoided over 50 years if pro-
. . . " ; : tective measures are in place for storm surges up to and including the
ings, comparing the elevation of the critical components the rating of the sealing measures. 100-year flood plus 30 inches. This estimate incorporates the probability
to that of the FEMA March 2013 Advisory Base Flood of storm occurrence.
Elevation (ABFE) 100-year flood plus 30 inches of sea 20
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Recommended
Adaptation Strategy:
Construct Barrier

Adaptation Cost:
$1,256,000

MEE BEOvER

Flushing Bridge P

STATION CHARACTERISTICS

Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). A visit to the pumping

Flushing Bridge

Critical Flood Elevation

15.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

Flushing Bridge Pump! :

&,

[ - Miles
0 15 3 ) 9

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

The Flushing Bridge sanitary pumping station is located i o ) ) i <1 Station Type Sanitary
within the parking lot and driveway of Best Concrete Mix station to view its exterior confirmed that it appears con- 20 = Pump Type Submersible
Corp. at 3510 College Point Boulevard in Queens. The sistent with the plan drawings. %’ Operating Capacity (MGD) 1.2
@©
station’s small brick structure is located directly under- The critical flood elevation would be more than 7 feet Critical Flood Elevation (15.5) «i - Affected Area (Acres) 25
neath the roadway of the Flushing Bridge. Hatch entry- above local grade. Water would likely enter the building, 15 Population in Affected Area 3
ways to the wells are located in the concrete directly flooding and damaging the electrical controls. The sub- Eumt}tefl Of:rg:FalsF?‘Jtilitigsée-%-, . .
behind the structure. mersible pumps should withstand flooding. Af?:ﬂeiisAreL; 1 Sefety, Schools)n
. . . u Electrical Controls (10.6 . .
The Pumping Station Summary table lists the general ADAPTATION STRATEGIES 10 ( ) g Historic Flooding N
L. . . . . . . . . . Affected by Hurricane Sandy N
;::aractterlstllcsﬁof E[hef ilu?hlllng Brlddgethpumplng statldon, The Flushing Bridge pumping station requires adap- —— Historic Loss of Power N
€ poten |§ eiect ot 1ts tailure, ah e.recommer.l ) tive measures to withstand the critical flood elevation. . ocal Grade (7.8) Connected to Other Stations N
ed a-ldap.)tatlon stra.tegy..The F“_JSh'ng Bridge pu.mplng Potential strategies were evaluated against such factors 3 5 Beach Affected N
station is located in an industrial and commercial area. as flood depth, equipment location, and space. Viable 2 . :
Failure of the station would affect an area of approxi- . i i i = Recommended Protective Measure Construct Barrier
» ST strategies were reviewed to identify the most cost-effec- = Cost of Protective Measures' $1.256.000
mately 25 acres. There are no critical facilities in the area tive, resilient option. Because there is an existing struc- @ 0 5 e. ,256,
that could be affected if the station failed . 2 =gl Damage Cost for Critical Flood $1,742,000
’ ture, but there are numerous potential flood entryways, IS =8 without Protection 2 ol
HURRICANE SANDY IMPACTS AND OTHER the recommended strategy at Flushing Bridge is to seal = 388 Cumulative Risk Avoided Over 50 $8.514,000
FLOODING HISTORY the main door and construct a barrier around the vents -5 Years'? T
The Flushing Bridge pumping station was not affected on the rear pad of the station. Because water tight cas- Resiliency Level High
by Hurricane Sandy and there is no history of flooding at es, doors, and building sealants are only rated up to a —W &—— Pump Motor Base (-8.3) 1) All cost estimates are presented in 2013 US Dollars.
this | ti certain pressure, if flood depth is greater than expected -10 2) One-time replacement cost of at-risk equipment if no protective
IS location. the water pressure could exceed the rating and the seal measures are in place gnd critical .flood.scenario occurs (i.e.l, current
RISK ASSESSMENT . ) o 100-year flood plus 30 inches). This estimate does not consider the
could fail. Therefore, residual risk is related to a greater probability of storm occurrence.
The risk of the Flushing Bridge pumping station was first eepth offlooding from arger siorms or more extreme 15 tacive moasures are in place for storm Surges Up to and nchuding he.
assessed based on a review of the station’s plan draw- climate Chang? and the pOte.ntlal for water pressure to 100-year flood plus 30 inches. This estimate incorporates the probability
ings, comparing the elevation of the critical components exceed the rating of the sealing measures. of storm occurrence.
to that of the FEMA March 2013 Advisory Base Flood 20
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Pumping station in residential neighborhood between dead-end street and open water

Recommended
Adaptation Strategy:
Elevate Electrical on a
Platform/Pad

Adaptation Cost:
$895,000

Gildersleeve Avenue Pumping Station

STATION CHARACTERISTICS

The Gildersleeve Avenue sanitary pumping station is
located at the dead end of Gildersleeve Avenue near
the intersection with Betts Avenue in the Bronx. It is less
than 20 feet from an inlet that connects to Long Island
Sound. The motor control center (MCC) and electric
meters sit on the sidewalk in stainless-steel enclosures.
There are hatch entryways to the wells in the sidewalk.

The Pumping Station Summary table lists the general
characteristics of the Gildersleeve Avenue pumping
station, the potential effect of its failure, and the rec-
ommended adaptation strategy. The station is located
in a residential area. Failure of the station would affect
an area of approximately 15 acres. There are no critical
facilities within that area that could be affected if the
station failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Gildersleeve Avenue pumping station was not affect-
ed by Hurricane Sandy and there is no history of flooding
at this location.

RISK ASSESSMENT

The risk of the Gildersleeve Avenue pumping station
was first assessed based on a review of the station’s
plan drawings, comparing the elevation of the critical
components to that of the FEMA March 2013 Advisory
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Base Flood Elevation (ABFE) 100-year flood plus 30
inches of sea level rise (critical flood elevation). A visit to
the pumping station to view its exterior revealed that the
MCC and other electrical controls, which are not clear-
ly shown in drawings, are located above grade on the
sidewalk.

The critical flood elevation would be 3 feet above local
grade. Electrical controls sit only a few inches above
grade on the sidewalk, and they would be damaged. The
submersible pumps should withstand flooding.

ADAPTATION STRATEGIES

The Gildersleeve Avenue pumping station requires adap-
tive measures to withstand the critical flood elevation.
Potential strategies were evaluated against such factors
as flood depth, equipment location, and space. Viable
strategies were reviewed to identify the most cost-effec-
tive, resilient option. Due to the flood depth and the fact
that exposed above grade components are acceptable in
this location, the recommended strategy at Gildersleeve
Avenue is to elevate electrical controls on a platform. Re-
sidual risk is related to a greater depth of flooding from
larger storms or more extreme climate change.

B 4

Gildersleeve Avenue

Critical Flood Elevation
16.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

Elevations (NAVD 88)

20

15

10

-10

-15

Critical Flood Elevation (16.5)

—— Etectrical Controls (13.5)

Local Grade (13.5)

f#=—— Pump Motor Base (-17.3)

FEMA Flood Zones
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Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

y=1 | Station Type Sanitary
5 Pump Type Submersible
—g Operating Capacity (MGD) <1MGD
+il - Affected Area (Acres) 15
Population in Affected Area 363
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
ol Historic Flooding N
14
Affected by Hurricane Sandy N
Historic Loss of Power Y
Connected to Other Stations N
Beach Affected N
Recommended Protective Measure BOEDISEEEE En
Platform/Pad
s Cost of Protective Measures' $895,000
v~ Damage Cost for Critical Flood
©
= 1,142,000
=3 without Protection 2 $
ie)
< [& lative Risk Avoided Over 50
umu1a3|ve isk Avoided Over $3.971,000
Years”
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Electrical in New
Building & Submersible
Pump Motors

W e el

Adaptation Cost:
$1,372,000

Hannah Street

o
Critical Flood Elevation
14.5 ft NAVD88

.4

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Hannah Street Pumping Station
STATION CHARACTERISTICS comparing the elevation of the critical components to that

of the FEMA March 2013 Advisory Base Flood Elevation
(ABFE) 100-year flood plus 30 inches of sea level rise 20
(critical flood elevation). These elevations and other notable
characteristics were confirmed during a thorough station

The Hannah Street combined pumping station is located
near the intersection of Hannah Street and Murray Hulbert
Avenue in Staten Island. The site is approximately 300 feet
from the open water of the Narrows. The station consists

of large above- and below grade structures. The motor visit that included entering the control room and dry well. 15 Critical Flood Elevation (14.5)
control center and non-submersible pumps are housed The critical flood elevation would be approximately 4.5 Hurricane Sandy (14.0)
below grade within the structure. feet above local grade. This would likely enter the building,

flooding and damaging the electrical controls as well as the 10 Local Grade (10.0)

The Pumping Station Summary table lists the general
characteristics of the Hannah Street pumping station, the
potential effect of its failure, and the recommended adap-

non-submersible pumps, all of which are located below the
critical flood elevation. The Hannah Street pumping station
receives flow from another pumping station. Therefore, loss

tation strategy. The station is located in a residential area. i ] . ) 5

Failure of the station would affect an area of approximately of funcftllon at Hananh Stre(-.:'t |ncr.eases the vulnerability of 2

2,166 acres and a population of more than 50,000. There a.n additional pumping station, tributary area, and popula- E l-—ﬁ%ﬂ?gﬁf&g gg

are 44 critical facilities in the area that could be affected if tion. E 0

the station fails. Additionally, failure of this pumping station ADAPTATION STRATEGIES -%

could affect a nearby bathing beach. The Hannah Street pumping station requires adaptive g

HURRICANE SANDY IMPACTS AND OTHER FLOODING measures to withstand the critical flood elevation. Potential -5

HISTORY strategies were evaluated against such factors as flood

During Hurricane Sandy, the Hannah Street pumping sta- depth, eguipmentlloca‘.[ion, and space. Viable .strateg.igs

tion lost power but did not experience any flooding. Nearby Wer.e reviewed to identify the mo§t cost—-effe.ctlve, resilient -10

areas experienced flooding that was 4 feet above grade. .optlon.. The Hannah .Street pumplh.g station is currently

The Hannah Street station does have a history of flooding n des'g” to be rebuH’F. To add resmency, the new plan.s

outside of Hurricane Sandy. should include elevating electrical controls and installing 15
submersible pumps. Residual risk is related to a great-

RISK ASSESSMENT er depth of flooding from larger storms or more extreme

The risk of the Hannah Street pumping station was first climate change. 20

assessed based on a review of the station’s plan drawings,
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0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

y=1 | Station Type Combined
5 Pump Type Non-submersible
% Operating Capacity (MGD) 375
+i1 - Affected Area (Acres) 2,166
Population in Affected Area 50,193
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 44
Affected Area

ﬁ Historic Flooding Y
o Affected by Hurricane Sandy N
Historic Loss of Power N
Connected to Other Stations Y
Beach Affected Y
Elevate Electrical in New
Recommended Protective Measure Building & Submersible
Pump Motors
_§ Cost of Protective Measures' $1,372,000
188 Damage Cost for Critical Flood
§ withoui Protection’? $12,796,000
Cumuiaglve Risk Avoided Over 50 $63.238,000
Years”
Resiliency Level High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.

NYC WASTEWATER RESILIENCY PLAN 178



Recommended
Adaptation Strategy:
Elevate Electrical in

New Building

Adaptation Cost:
$2,484,000

HOIIers AvénUe Pumping Station

STATION CHARACTERISTICS

The Hollers Avenue sanitary pumping station is located
at the corner of Hollers Avenue and Eastchester Place in
the Bronx; it is situated between the roadway and East-
chester Creek. The below grade control room is accessi-
ble by a stairwell that has an enclosed doorway entrance
above grade, and wells are accessible through hatches.
There is an adjacent substation that can be used as
backup when the primary station must be taken offline.

The Pumping Station Summary table lists the general
characteristics of the Hollers Avenue pumping station,
the potential effect of its failure, and the recommended
adaptation strategy. The station is located in a residen-
tial area. Failure of the station would affect an area of
approximately 642 acres and a population of more than
800. There are no critical facilities in that area.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Hollers Avenue pumping station was not affected
by Hurricane Sandy and there is no history of flooding at
this location.

RISK ASSESSMENT

The risk of the Hollers Avenue pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
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to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-
sistent with the plan drawings.

The predicted critical flood elevation would be 7 feet
above local grade. This would damage the below grade
electrical controls. The submersible pumps should be
unaffected.

ADAPTATION STRATEGIES

The Hollers Avenue pumping station requires adaptive
measures to withstand the critical flood elevation. Po-
tential strategies were evaluated against such factors as
flood depth, equipment location, and space. Viable strat-
egies were reviewed to identify the most cost-effective,
resilient option. Due to the significant depth of the critical
flood, the lack of an existing structure, and the available
space, the recommended strategy at Hollers Avenue is
to elevate electrical controls in a new building. Residual
risk is related to a greater depth of flooding from larger
storms or more extreme climate change.

Ho!;llérs Ave
Pumping Station

)/‘/ MY
! i g4

Hollers Avenue e N {
. Critical Flood Elevation Wow v
Y'u v 1651t NAVDSS
? ] 'i"‘}

[ - Miles
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

Pumping Station Summary

y=1 | Station Type Sanitary
20 § Pump Type Submersible
Critical Fi £ . 165 %’ Operating Capacity (MGD) 1.4
ritical Flood Elevation (16.5) | Affected Area (Acres) 642
15 Population in Affected Area 808
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
10 Local Grade (39.5) il Historic Flooding N
o
Affected by Hurricane Sandy N
Historic Loss of Power Y
= 5 Connected to Other Stations N
2 Beach Affected N
<>: = Electrical Controls (2.7) Elevate Electrical in New
= Recommended Protective Measure L
= Building
0
s g 5| Cost of Protective Measures' $2,484,000
= y=1 | Damage Cost for Critical Flood
[ ©
il 2,824,000
2 §' without Protection’ 2 $
i . . .
59 Cumulative Risk Avoided Over 50
-5 Vears3 $14,531,000
| E_ Pump -6.
Motor Base (-6.8) Resiliency Level Very High
-10 1) All cost estimates are presented in 2013 US Dollars.
2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
15 probability of storm occurrence.
3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
20 of storm occurrence.
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Recommended
Adaptation Strategy:
Construct Barrier

Adaptation Cost:
$8,165,000

|
Il B
11L \

All entrances elevated above grade

/1] ///V////IILHH///

Jippnnse peeee

Howard Beach Pumping Station

STATION CHARACTERISTICS

The Howard Beach combined pumping station is located
near the corner of 155th Avenue and 100th Street in
Queens. The station is below grade, but the entrances to
it are elevated about 2 feet above grade on a concrete
slab.

The Pumping Station Summary table lists the general
characteristics of the Howard Beach pumping station,
the potential effect of its failure, and the recommended
adaptation strategy. The station is located in a residen-
tial area. Failure of the station would affect an area of
approximately 3,188 acres and a population of more
than 85,000. There are 25 critical facilities, including four
hospitals, in the area that could be affected if the station
fails.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

During Hurricane Sandy, the surrounding area did not
experience flooding but the station experienced minor
impacts due to the storm. There is not history of flooding
at this station.

RISK ASSESSMENT

The risk of the Howard Beach pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
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Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-
sistent with the plan drawings.

The critical flood elevation would be about 7 inches
above local grade. While entrances are elevated above
the flood height, the structure is not flood-proof, and the
below grade electrical controls and non-submersible
pumps could be flooded and damaged.

ADAPTATION STRATEGIES

The Howard Beach pumping station requires adaptive
measures to withstand the critical flood elevation. Po-
tential strategies were evaluated against such factors as
flood depth, equipment location, and space. Viable strat-
egies were reviewed to identify the most cost-effective,
resilient option. Because of the shallow depth of the crit-
ical flood and the location of most entrances above the
flood elevation, the recommended strategy at Howard
Beach is to add watertight doors in the existing wall at
pedestrian and vehicle entry points. Sandbagging is also
a potential option but water tight access doors provide

a permanent and more resilient solution. The installation
of emergency generators is also recommended. Residual
risk is related to a greater depth of flooding from larger
storms or more extreme climate change.

FEMA Flood Zones

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations
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Pumping Station Summary

y= | Station Type Combined
5 Pump Type Non-submersible
% Operating Capacity (MGD) 57.6
=il Affected Area (Acres) 3,188
Population in Affected Area 85,540
Number of Critical Facilities (e.qg.,
Hospitals, Public Safety, Schools) in 25

Affected Area

i Historic Flooding N
[r4
Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations N
Beach Affected Y
Recommended Protective Measure Construct Barrier
B Cost of Protective Measures' $8,165,000
(o) ann
== Damage Cost for Critical Flood
S ) . 17,438,000
= without Protection” 2 $
288 Cumulative Risk Avoided Over 50 $20,649.000

Years"?

Resiliency Level Moderate-Low
1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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%3
Electrical controls in small structure; hatches andugs

Recommended FEMA Flood Zones

Adaptation Strategy:
Elevate Electrical on a
Platform/Pad &
Sandbagging

Adaptation Cost:
$730,000

'-l'-lunts Point Market

Critical Flood Elevation
15.5 ft NAVD88

B 2013 Advi 100-Year Fioodolai Source: FEMA; CUNY Institute for Sustainable Cities
visory -Year rloodplain

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

Hunts PointMarket PUmping Station

STATION CHARACTERISTICS

of sea level rise (critical flood elevation). A visit to the
pumping station to view its exterior confirmed that it

Pumping Station Summary

The Hunts Point Market sanitary pumping station is ) ) ) 1=/ Station Type Sanitary
located on Farragut Street near its corner with Food appears consistent with the plan drawings. 20 = Pump Type Submersible
Center Drive in the Bronx. The motor control center is The critical flood elevation would be 2 feet above local % Operating Capacity (MGD) 5.8
located above grade in a small brick enclosure, and the grade. The bottom of the motor control center is only Critical Flood Elevation (15.5) <L Affected Area (Acres) 126

Population in Affected Area 0

rest of the station is below grade. 1 foot above grade, so flood waters could enter the 15

B =~ Flectrical Controls (14.5)

Number of Critical Facilities (e.g.,

surrounding structure and damage the controls. The

The Pumping Station Summary table lists the gener- Hospitals, Public Safet hools) in

al charac?eriitics of the Huntsi’oint Market pugmping submersible pumps should be unaffected. i A Ag:gteads'&rel;b "oeE oo i
station, the potential effect of its failure, and the recom- ADAPTATION STRATEGIES 10 E Historic F'°°di"9_ N
mended a.ldaptation stra.tegy. The station is Ioc?ted ina The Hunts Point Market pumping station requires adap- ﬁ::ztri:dg;:z;rsj;:rsandy s
commercial area. It serV|C§§ an are.g 9f apprgxmately tive measures to withstand the critical flood elevation. Connected to Other Stations N
126 acres. There are n? critical f?C'“t'?s within that area Potential strategies were evaluated against such factors g 5 Beach Affected N
that could be affected if the station failed. as flood depth, equipment location, and space. Viable 2 Thvete Bt on e
HURRICANE SANDY IMPACTS AND OTHER strategies were reviewed to identify the most cost-effec- = Recommended Protective Measure o ¢ m/Pad & Sandbagging
FLOODING HISTORY tive, resilient option. Due to the vulnerability of electrical g 0 =M Cost of Protective Measures' $730,000
The Hunts Point Market pumping station was not affect- controls in their current location and the presence of "§ § Damage Cost for Critical Flood $1,859.000
ed by Hurricane Sandy and there is no history of flooding vents and hatches near grade level, the recommended ﬁ § without F.>rote<.:tion1'2‘ D

at this location. strategy at Hunts Point Market is to elevate electrical -5 Cumulative Risk Avoided Over 50 $5.,654,000

1,3
controls on a platform and place sandbags around the Years

remaining potential water entry points prior to a flooding

Moderate-Low

RISK ASSESSMENT Resiliency Level

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.

The risk of the Hunts Point Market pumping station was event. -10
first assessed based on a review of the station’s plan

drawings, comparing the elevation of the critical com-
ponents to that of the FEMA March 2013 Advisory Base -15 B = Pymp Motor Base (-14.7)
Flood Elevation (ABFE) 100-year flood plus 30 inches
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Adaptation Strategy:
Elevate Electrical on a
Platform/Pad &
Submersible Pump
Motors

FEMA Flood Zones

Adaptation Cost:
$4,800,000

X
CHilical Flood EVatign
14%5,NAVDSS

: i L0
t . , /

I' = - i I 2013 Advisory 100-Year Floodplain

Kane Street Pumping Station
Projected 2050s 100-Year Floodplain

STATION CHARACTERISTICS to that of the FEMA March 2013 Advisory Base Flood Critical Elevations Pumping Station Summary

[ - Miles
0 15 3 5] 9

Source: FEMA; CUNY Institute for Sustainable Cities

Elevation (ABFE) 100- year flood plus 30 inches of sea

The Kane Street stormwater pumping station is locat- i . ) o i 1=/ Station Type Stormwater
ed on the northwest corner of the intersection of Kane Ievgl rse (C.r't'cél flood glevanor.w). Avisit tc.> the pumping 20 = Pump Type Non-submersible
Street and Hicks Street in Brooklyn. The station is locat- station to view its exterior confirmed that it appears con- 2 Operating Capacity (MGD) 7.2
. . . ]
ed completely below grade, under a sidewalk between sistent with the plan drawings. i2l | Affected Area (Acres) 51
residential buildings and the southbound lanes of Hicks The predicted critical flood elevation would be more 15 Critical Flood Elevation (14.5) Population in Affected Area 5.725
Street. than 2 feet above local grade. This would damage the zggp?;f fFELrtlntllii:alsZ?ectlyllltlgzgjs’) in 3
The Pumping Station Summary table lists the gener- electrical controls and the non-submersible pumps, all of Local Grade (12.4) Affected Area
al characteristics of the Kane Street pumping station, which are |ocated below grade. 10 g Historic F'°°d'“9 N
the potential effect of its failure, and the recommended ADAPTATION STRATEGIES Affected by Hurricane Sandy N
. . . . Historic Loss of Power N
aic:ap;ta?fnn:trlatfgy. -Ilz—hiT ?tatlfotnhls l?Ct?tidvxl/n ﬁ;'gf:'dfn;] The Kane Street pumping station requires adaptive mea- . 5 Connected to Other Stations N
sty e? entia .a e?l 2351u €o e.tsha o ?l: a :C a sures to withstand the critical flood elevation. Potential 8 Beach Affected N
area ot approximately o1 acres with a popuiation ot ap- strategies were evaluated against such factors as flood 2 —a e Flectrical Controls (2.9) Elevate Electrical on
proximately 5,700. There are thrge crltlcal_facmt.les within depth, equipment location, and space. Viable strate- = Recommended Protective Measure  Platform/Pad &Pilﬁ:&rzgﬁ
that area that could be affected if the station failed. gies were reviewed to identify the most cost-effective, g 0 = | ot of Prototve Messurcs! o 00000
HURRICANE SANDY IMPACTS AND OTHER resilient option. Due to space limitations, the lack of an 'EE § Damage Cost for Critical Flood ——
FLOODING HISTORY existing structure, and the current vulnerability of the 2 I without Protection 2 —
. . < . . .
The Kane Street pumping station has not experienced pumplhg station, the recgmmended strategy at Kane 3 sumuiiwe Risk Avoided Over 50 $11,926,000
flooding in the past, including during Hurricane Sandy Street is to elevate electrical controls on an aboveground ears
Its location adjacen,t to the Brooklyn-Queens Express; platform and install submersible pumps. Residual risk is Reslisneyiiore) aleln
way means that flooding of the pumping station would related to a greater depth of flooding from larger storms -10 ;; glrlwZ?tisrths:glztce;n?;itpcrissfr:fe:t-lrr]iszkoclgu?smzzltl?frsn.o protective
coincide with flooding of the roadway. or more extreme climate change. measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
RISK ASSESSMENT probability of storm occurrence.
-15 = Pump Motor Base (-15.3) 3) Repair/replacement costs that would be avoided over 50 years if pro-
The risk of the Kane Street pumping station was first tective measures are in place for storm surges up to and including the
assessed based on a review of the station’s plan draw- l?g;élfrirglé):uirzlr:lcseso inches. This estimate incorporates the probability
ings, comparing the elevation of the critical components -20 '

185 PUMPING STATIONS NYC WASTEWATER RESILIENCY PLAN 186



Recommended
Adaptation Strategy:
Elevate Electrical on a
Platform/Pad

Adaptation Cost:
$1,153,000

7 Hatch entryways in sidewalk in front of school

Linden Place Pumping Station

STATION CHARACTERISTICS

level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-

4 o

I 2013 Advisory 100-Year Floodplain

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations Pumping Station Summary

Linden Place '

[ - Miles
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

The Linden Place combined pumping station is located ) ] ) 1=/ Station Type Combined
near the northeast corner of Linden Place and 31st Road sistent with the plan drawings. 20 é, Pump Type Submersible
in Queens. The pumping station is below grade with The critical flood elevation would be more than 2 feet e Operating Capacity (MGD) 5.0
grating and hatch entryways in the sidewalk in front of a above local grade, completely inundating this below Critical Flood Elevation (15.5) il /ffected Area (Acres) 274
school. grade station. Water would damage the electrical con- 15 Population in Affected Area 13,665
; Number of Critical Facilities (e.g.,

The Pumping Station Summary table lists the general trols, but the submersible pumps should be unaffected. Local Grade (13.1) Hospitals, Public Safety, Schools) in 6
characteristics of the Linden Place pumping station, ADAPTATION STRATEGIES » Affected Area

[ i i . . . . ) 10 Ml Historic Flooding N
the potgnhal effect of its fallulre, .f:md the rec.:ommfanded The Linden Place pumping station requires adaptive i Affected by Huricans Sandy N
ade.lptatl.on strategy. The .stat|on s Igcated na mlxgd measures to withstand the critical flood elevation. Po- Historic Loss of Power v
residential and commercial are?. Failure of the station tential strategies were evaluated against such factors _ Connectod to Other Stations N
would affect an area of approximately 274 acres and a as flood depth, equipment location, and space. Viable 8 | Electrical Controls (4.6) Beach Affected N
population of more than 13,500. There are six critical strategies were reviewed to identify the most cost-effec- S o mended Protactive Meastre Elevate Electrical on a
facilities within that area that could be affected if the tive, resilient option. Due to the need to move electrical = = ol =0
station failed. controls out of the reach of flood waters and limited g 0 =8 Cost of Protective Measures' $1,153,000

. . = = | Damage Cost for Critical Flood
HURRICANE SANDY IMPACTS AND OTHER available space, the recommended strategy at Linden S Il out Protection’-2 $4,025,000
. . Without Fre 1 .
FLOODING HISTORY Place is to elevate electrical controls on a platform. Re- = :E-o“ Cumulative Risk Avoided Over 50
i isk i i - $4,405,000
The Linden Place pumping station was not affected by sidual risk is related to a greater f:lepth of flooding from 5 Years"?
Hurricane Sandy and there is no history of flooding at larger storms or more extreme climate change. Resiliency Level High
this location. 1) All cost estimates are presented in 2013 US Dollars.
-10 2) One-time replacement cost of at-risk equipment if no protective
RISK ASSESSMENT measures are in place and critical flood scenario occurs (i.e., current
. . . . . 100-year flood plus 30 inches). This estimate does not consider the

The risk of the Linden Place pumping station was first probability of storm occurrence.
assessed based on a review of the station’s plan draw- 15 3) Repair/replacement costs that would be avoided over 50 years if pro-
: . : " tective measures are in place for storm surges up to and including the
ings, comparing the elevation of the (.:”tlcal components ~W f————Pump Motor Base (_17 3) 100-year flood plus 30 inches. This estimate incorporates the probability
to that of the FEMA March 2013 Advisory Base Flood = - of storm occurrence.
Elevation (ABFE) 100-year flood plus 30 inches of sea 20
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Structure located along shopping plaza access road near Harlem River

Recommended
Adaptation Strategy:
Seal Building

Adaptation Cost:
$624,000

Marble Hill Pumping Station

STATION CHARACTERISTICS

The Marble Hill combined pumping station is located near
58 West 225th Street in the Bronx. It is situated along a
shopping plaza entrance road on the south side of 225th
Street between Planet Fitness and Target. The Harlem River
is about 100 feet away from the station. The station has a
brick structure surrounded by a paved lot.

The Pumping Station Summary table lists the general char-
acteristics of the Marble Hill pumping station, the potential
effect of its failure, and the recommended adaptation strat-
egy. The station is located in a commercial and residential
area. Failure of the station would affect an area of approxi-
mately 841 acres and a population of nearly 47,000. There
are 23 critical facilities within that area that could be affected
if the station failed. Additionally, failure of this pumping sta-
tion could affect a nearby bathing beach.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

During Hurricane Sandy nearby areas flooded to a depth of
about 6 inches and the station experienced minor impacts.
There is no history of flooding at this location beyond flood-
ing caused by Hurricane Sandy.

RISK ASSESSMENT

The risk of the Marble Hill pumping station was first as-
sessed based on a review of the station’s plan drawings,
comparing the elevation of the critical components to that of
the March 2013 FEMA Advisory Base Flood Elevation (ABFE)
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100-year flood plus 30 inches of sea level rise (critical flood
elevation). A visit to the pumping station to view its exterior
confirmed that it appears consistent with the plan drawings.

The critical flood elevation would be nearly 6 feet above
local grade. Water would likely enter the building, flooding
and damaging the electrical controls, which are located
below the flood elevation. The submersible pumps should
withstand flooding. The Marble Hill pumping station receives
flow from three pumping stations. Therefore, loss of function
at Marble Hill increases the vulnerability of additional pump-
ing stations, tributary areas, and populations.

ADAPTATION STRATEGIES

The Marble Hill pumping station requires adaptive measures
to withstand the critical flood elevation. Potential strategies
were evaluated against such factors as flood depth, equip-
ment location, and space. Viable strategies were reviewed
to identify the most cost-effective, resilient option. Because
there is a significant existing structure, the recommended
strategy at Marble Hill is to seal the building so that flood
waters cannot enter. This is a less expensive option than
those that involve moving electrical controls or motors.
Because water tight cases, doors, and building sealants are
only rated up to a certain pressure, if flood depth is greater
than expected the water pressure could exceed the rating
and the building sealing could fail. Therefore, residual risk
is related to a greater depth of flooding from larger storms
or more extreme climate change and the potential for water
pressure to exceed the rating of the sealing measures.

Marble Hill

Critical Flood Elevation
12.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

Elevations (NAVD 88)
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Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

j= | Station Type Combined
3 Pump Type Submersible
%’ Operating Capacity (MGD) 15.0
+il - Affected Area (Acres) 841
Population in Affected Area 46,958
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 23
Affected Area
il Historic Flooding N
14
Affected by Hurricane Sandy Y
Historic Loss of Power Y
Connected to Other Stations Y
Beach Affected N
Recommended Protective Measure Seal Building
M Cost of Protective Measures' $624,000
o o]
== Damage Cost for Critical Flood
5 or - $3,383,000
= without Protection”
=28 Cumulative Risk Avoided Over 50
=< 13 $15,670,000
Years"
Resiliency Level Moderate

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Seal Building

Adaptation Cost:
$549,000

STATION CHARACTERISTICS

The Mason Avenue sanitary pumping station is on the east side
of Mason Avenue, south of Slater Boulevard, on Staten Island.
It is in a residential neighborhood adjacent to tidal wetlands.
The station has a brick structure whose main floor is about 4
feet above grade; a fence surrounds the lot.

The Pumping Station Summary table lists the general charac-
teristics of the Mason Avenue pumping station, the potential
effect of its failure, and the recommended adaptation strategy.
The station is in a residential area. Failure of the station would
affect an area of approximately 362 acres and a population of
more than 8,200. There are no critical facilities within the area
that could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

During Hurricane Sandy, the surrounding area flooded to a
depth of more than 5 feet above grade. A resident across the
street described Sandy’s flood waters as coming in through the
wetlands and into the neighborhood “like a wave.” DEP Collec-
tions System staff on site at the time of the visit indicated that
the station flooded and suffered significant damage during the
storm. Electrical components on the main floor were damaged,
and the station went offline due to power loss, damage to elec-
trical equipment, and loss of telemetry. The damaged electrical
equipment has since been replaced. DEP indicated there is
also a history of flooding at this location due to smaller storms.

RISK ASSESSMENT

The risk of the Mason Avenue pumping station was first
assessed based on a review of the station’s plan drawings,
comparing the elevation of the critical components to that of
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the FEMA March 2013 Advisory Base Flood Elevation (ABFE)
100-year flood plus 30 inches of sea level rise (critical flood
elevation). A visit to the pumping station to view its exterior
confirmed that it appears consistent with the plan drawings.

The critical flood elevation would be more than 7 feet above
local grade. Water would enter the building, flooding and dam-
aging the electrical controls and the non-submersible pumps,
all of which are located below the critical flood elevation.

ADAPTATION STRATEGIES

The Mason Avenue pumping station requires adaptive mea-
sures to withstand the critical flood elevation. Potential strate-
gies were evaluated against such factors as flood depth, equip-
ment location, and space. Viable strategies were reviewed to
identify the most cost-effective, resilient option. Because there
is a significant existing structure, the recommended strategy

at Mason Avenue is to seal the building so that flood waters
cannot enter; this is a less expensive option than those that
involve moving existing electrical controls and pump motors.
While this strategy will provide resilient protection, there is the
potential for leaks, inflows to the wells, or unidentified flow
paths. DEP will consider replacing the non-submersible pumps
with submersibles as normal replacement is needed as part of
regular maintenance.

Because water tight cases, doors, and building sealants are
only rated up to a certain pressure, if flood depth is greater than
expected the water pressure could exceed the rating and the
building sealing could fail. Therefore, residual risk is related to

a greater depth of flooding from larger storms or more extreme
climate change and the potential for water pressure to exceed
the rating of the sealing measures. Failure of seals could result
in damage to controls and the pump motors.

FEMA Flood Zones

Mason Avenue

Critical Flood Elevation
15.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain
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Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

j= | Station Type Sanitary
3 Pump Type Non-submersible
% Operating Capacity (MGD) 2.7
+il - Affected Area (Acres) 362
Population in Affected Area 8,293
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
il Historic Flooding Y
14
Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations N
Beach Affected Y
Recommended Protective Measure Seal Building
M Cost of Protective Measures' $549,000
o e
== Damage Cost for Critical Flood
T e or > $3,369,000
= without Protection”
oA C lative Risk Avoided Over 50
2 umu1a3|ve isk Avoided Over $15.601,000
Years"
Resiliency Level Moderate

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Sandbagging

Adaptation Cost:
$40,000

Mayflower Avenue Pumping Station

STATION CHARACTERISTICS

RISK ASSESSMENT

Mayflower Avenue

Critical Flood Elevation
14.5 ft NAVD88 \

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

FEMA Flood Zones

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

The Mayflower Avenue sanitary pumping station is The risk of the Mayflower Avenue pumping station was 1=/ Station Type Sanitary
located near the intersection of Arthur Kill Road and first assessed based on a review of the station’s plan 20 = Pump Type Non-submersible
Huguenot Avenue in Staten Island. The pumping sta- drawings, comparing the elevation of the critical com- % Operating Capacity (MGD) 13.0
tion includes a large superstructure located on a gated ponents to that of the FEMA March 2013 Advisory Base 15 Critical Flood Elevation (14.5) ) AﬁeCted. Ar'ea (Acres) 1,099
lot. The station is equipped with a permanent backup Flood Elevation (ABFE) 100-year flood plus 30 inches of Electrical Controls (14.4) ZOp“'at'O” in ﬁﬁe"ted fr_ea 17,940
diesel generator on the main floor of the superstructure. sea level rise (critical flood elevation). These elevations Hg?p?gs?fgg;iccalsZ?eil/'t'girsg'cﬂ's’) in 4
Electrical controls are also located on the main floor, and and other notable characteristics were confirmed during 10 toeal-Grade (11.1) Ve AicE '
non-submersible pumps are located below grade. The a thorough station visit that included entering the control ol Historic Flooding N
main floor and doorway thresholds are 3 feet above local room and dry well. 5 ol A\frected by Hurricane Sandy N
grade. The critical flood elevation would inundate the area Historic Loss of Power . N
The Pumping Station Summary table lists the gener- surrounding the facility with over 3 feet of water. If flood Connected to Other Stations N
al characteristics of the Mayflower Avenue pumping waters were able to find a pathway into the pumping sta- § 0 Beach Affected : : N
station, the potential effect of its failure, and the recom- tion, electrical controls and motors could be damaged. <§t AR RN M?asure SzclEEEliY
mended adaptation strategy. The station is located in ADAPTATION STRATEGIES =8 5 Y Costof Protective Measures $40,000
a residential area. Failure of the station would affect an 2 © D,a: ag:COSt f,or ?Qt"’a' Flood $6,500,000
area of approximately 1,099 acres with a population of The Mayflower Avenue pumping station requires minor '%- § V(\:’En?;;tiszt;?::r;voided Over 50
nearly 18,000. There are four critical facilities in the area adaptive measures to withstand the critical flood eleva- 3 |-10 = Years"? $28,431,000
that could be affected if the station failed. tion. Potential strategies were evaluated against such 'S T m—" Moderate-Low
factors as flood depth, equipment location, and space.
HURRICANE SANDY IMPACTS AND OTHER Viable strategies were reviewed to identify the most '3 1) All cost estimates are presented in 2013 US Dollars. ,
FLooDING HISTORY cost-efectiv, resifent opion. Becase thee s  sub- e s e ropreene
The Mayflower Avenue pumping station was not affected stantial existing structure and most entryways are elevat- -20 100-year flood plus 30 inches). This estimate does not coﬁs-i,der the
by Hurricane Sandy and there is no history of flooding at ed, the recommended strategy at Mayflower Avenue is probability of storm occurrence. _ _
this location. to sandbag potential flood entry points. Residual risk is 2 CTSTA:ZZEL?;?;S:LCSE CS;?;I: gzt}:sﬁga;’;f;?oo;’:; ?r?c?’f;fg'ftﬁéo_
related to a greater depth of flooding from larger storms, -25 100-year flood plus 30 inches. This estimate incorporates the probability
more extreme climate change, failure of the sandbag of storm occurrence.
barrier, or leakage through alternative flow pathways. 30 ® Pump Motor Base (-29.4)
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e &
Recommended
Adaptation Strategy:
Elevated Electrical in
New Building &
Submersible Pump
Motors

Adaptation Cost:
$2,539,000

Melvin Avenue Pumping Station

STATION CHARACTERISTICS

The Melvin Avenue sanitary pumping station is locat-

ed underneath the roadway at the dead end of Melvin
Avenue where the road abuts Schmul Park. There is one
hatch in the road to access the wet well; the meter and
what appear to be controls are mounted in a box on a
telephone pole. Power is supplied by overhead lines.

The Pumping Station Summary table lists the general
characteristics of the Melvin Avenue pumping station,
the potential effect of its failure, and the recommended
adaptation strategy. The station is located in a residential
area. Failure of the station would affect an area of ap-
proximately 9 acres. There are no critical facilities within
that area that could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

During Hurricane Sandy nearby areas flooded to a depth
of more than 3 feet above grade. The Melvin Avenue
pumping station also has a history of flooding due to
smaller events.

RISK ASSESSMENT

The risk of the Melvin Avenue pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100-year flood plus 30 inches of sea
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level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-
sistent with the data available in the plan drawings.

The critical flood elevation would be 8 feet above local
grade. This would reach beyond the above grade con-
trols, damaging them, and it would completely inundate
the below grade portion of the station, also damaging
the non-submersible pumps.

ADAPTATION STRATEGIES

The Melvin Avenue pumping station requires adap-

tive measures to withstand the critical flood elevation.
Potential strategies were evaluated against such factors
as flood depth, equipment location, and space. Viable
strategies were reviewed to identify the most cost-effec-
tive, resilient option. Due to the station’s current vulnera-
bility, the extreme depth of the critical flood, and avail-
able space nearby, the recommended strategy at Melvin
Avenue is to elevate electrical controls in a new building
and install submersible pumps. Residual risk is related
to a greater depth of flooding from larger storms or more
extreme climate change.

Melvin Avenue
. Critical Flood Elevation

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain
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Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

j= Station Type Sanitary

5 Pump Type Non-submersible

% Operating Capacity (MGD) 0.3

+il - Affected Area (Acres) 9
Population in Affected Area 90
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area

f/_‘) Historic Flooding Y

& Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations N
Beach Affected N

Elevate Electrical in New
Building & Submersible
Pump Motors

Recommended Protective Measure

¥sh Cost of Protective Measures' $2,539,000
% D.amage Cost f.or (13r2itical Flood $1.775.000
28 without Protection™
< . . .

C lative Risk Avoided Over 50

umu1a3|ve isk Avoided Over $9.135,000
Years"
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Electrical
in New Building

Adaptation Cost:
$2,420,000

sy Wy /] B S
Nautilus Court Pumping Station

STATION CHARACTERISTICS

The Nautilus Court combined pumping station is at the
eastern end of Cliff Street near Nautilus Court on Staten
Island. The pumping station is almost entirely below grade
and located approximately 100 feet from the banks of The
Narrows, leaving it vulnerable to flooding. The site con-
sists of a flat asphalt surface with two access points to the
pumping station: a hatch to access the electrical control
vault and an open grate over the wet well, which houses
three submersible pumps.

The Pumping Station Summary table lists the general
characteristics of the Nautilus Court pumping station, the
potential effect of its failure, and the recommended adap-
tation strategy. The station is located in a residential area.
Failure of the station would affect an area of approximately
374 acres with a population of approximately 8,000. There
are no critical facilities within that area that could be affect-
ed if the station failed.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

Nautilus Court pumping station was completely inundated
by the storm surge during Hurricane Sandy, which dam-
aged the electrical controls. DEP indicated there is also a
history of flooding at this location due to smaller storms.

RISK ASSESSMENT
The risk of the Nautilus Court pumping station was first

assessed based on a review of the station’s plan drawings,
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5

comparing the elevation of the critical components to that
of the FEMA March 2013 Advisory Base Flood Elevation
(ABFE) 100- year flood plus 30 inches of sea level rise
(critical flood elevation). These elevations and other notable
characteristics were confirmed during a thorough station
visit that included entering the property to view the sta-
tion’s components.

The critical flood elevation would inundate the area
surrounding the facility with over 12 feet of water. This
would damage electrical controls but would not affect the
submersible pumps. The Nautilus Court pumping station
is connected to another station; however it discharges to
it rather than receiving flow. Therefore, loss of function at
Nautilus Court does not increase the vulnerability of an
additional pumping station.

ADAPTATION STRATEGIES

The Nautilus Court pumping station requires adaptive
measures to withstand the critical flood elevation. Potential
strategies were evaluated against such factors as flood
depth, equipment location, and space. Viable strategies
were reviewed to identify the most cost-effective, resil-
ient option. Due to the lack of an existing structure and

the extreme depth of the critical flood, the recommended
strategy at Nautilus Court is to elevate electrical controls in
a new building. Residual risk is related to a greater depth
of flooding from larger storms or more extreme climate
change.

Nautilus Court

Critical Flood Elevation
20.5 ft NAVDSS

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain
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Pumping Station Summary

j= Station Type Combined
E Pump Type Submersible
%’ Operating Capacity (MGD) 0.9
+il - Affected Area (Acres) 374
Population in Affected Area 8,053
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area

f/_‘o Historic Flooding Y
[v2
Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations Y
Beach Affected Y
Recommended Protective Measure AEED EEEtE] |n. N_e W
Building
' Cost of Protective Measures' $2,420,000
= | Damage Cost for Critical Flood
i ,275,000
=3 without Protection 2 33
T
&8 Cumulative Risk Avoided Over 50
u u1 3|v i VoI Vi $16,851.000
Years”
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Electrical
on Wall

Adaptation Cost:
$1,091,000

I e

.~ ; 1.
o YORA

Nevins Street Pumping Station

STATION CHARACTERISTICS

The Nevins Street combined pumping station is located
on Nevins Street, east of Degraw Street in Brooklyn. It is
completely below grade, under the sidewalk on Nevins
Street and adjacent to the handball courts at the Thomas
Greene playground. Access to the station is provided
through hatches in the sidewalk. A 42 foot high wall runs
behind the pumping station, separating the sidewalk
from the handball courts.

The Pumping Station Summary table lists the general
characteristics of the Nevins Street station, the potential
effect of its failure, and the recommended adaptation
strategy. The station is located in a primarily area. Failure
of the station would affect an area of approximately 34
acres. There are no critical facilities within that area that
could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

Nevins Street pumping station was completely inundated
by the storm surge during Hurricane Sandy, which flood-
ed the electrical controls. DEP employees estimated

that this station was under 8-10 feet of water during the
storm. DEP indicated there is also a history of flooding at
this location due to smaller storms.

RISK ASSESSMENT
The risk of the Nevins Street pumping station was first

assessed based on a review of the station’s plan draw-
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ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). These elevations and
other notable characteristics were confirmed during a
thorough station visit that included entering the property
to view the station’s components.

The critical flood elevation would inundate the area sur-
rounding the facility with over 5 feet of water. This would
damage electrical controls but would not affect the
submersible pumps. The Nevins Street pumping station
is connected to another station; however it discharges
to it rather than receiving flow. Therefore loss of function
at Nevins Street does not increase the vulnerability of an
additional pumping station.

ADAPTATION STRATEGIES

The Nevins Street pumping station requires adaptive
measures to withstand the critical flood elevation. Po-
tential strategies were evaluated against such factors

as flood depth, equipment location, and space. Viable
strategies were reviewed to identify the most cost-effec-
tive, resilient option. Due to limited available space and
the extreme depth of the critical flood, the recommended
strategy at Nevins Street is to elevate electrical controls
onto the nearby wall. Residual risk is related to a greater
depth of flooding from larger storms or more extreme
climate change.

Nevins Street

Critical Flood Elevation ..«
12.5 it NAVD88

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain
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y= | Station Type Combined
5 Pump Type Submersible
-%’ Operating Capacity (MGD) 2.2
=it Affected Area (Acres) 34
Population in Affected Area 645
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
i Historic Flooding Y
& Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations Y
Beach Affected Y
Recommended Protective Measure Elevate Electrical on Wall
B Cost of Protective Measures' $1,091,000
“=8 Damage Cost for Critical Flood
‘% without Protection? $1,811,000
2 Cumuiaglve Risk Avoided Over 50 $6.747,000
Years™
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Electrical
on a Platform/Pad

Adaptation Cost:
$5,562,000

New York Times Pumping Station

STATION CHARACTERISTICS

The New York Times sanitary pumping station is located
near the corner the Whitestone Expressway service road
and Linden Place in Queens, adjacent to the property
surrounding the New York Times building. It is an entirely
below grade station with access hatches in concrete
slabs.

The Pumping Station Summary table lists the general
characteristics of the New York Times pumping station,
the potential effect of its failure, and the recommended
adaptation strategy. The station is located in an indus-
trial and commercial area. Failure of the station would
affect an area of approximately 59 acres. There are no
critical facilities within that area.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The New York Times pumping station was not affected
by Hurricane Sandy and there is no history of flooding at
this location.

RISK ASSESSMENT

The risk of the New York Times pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
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Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-
sistent with the plan drawings.

The critical flood elevation would be 6 feet above local
grade, completely inundating the entire station. The elec-
trical controls, which are below grade, would be flooded
and damaged. The submersible pumps should withstand
flooding.

ADAPTATION STRATEGIES

The New York Times pumping station requires adap-
tive measures to withstand the critical flood elevation.
Potential strategies were evaluated against such factors
as flood depth, equipment location, and space. Viable
strategies were reviewed to identify the most cost-effec-
tive, resilient option. Because of the significant depth of
the critical flood, the recommended strategy at New York
Times is to elevate electrical controls on a platform. The
installation of backup generators is also recommended.
Residual risk is related to a greater depth of flooding
from larger storms or more extreme climate change.

New York Times

Critical Flood Elevation
15.5 ft NAVD88
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Pumping Station Summary

i= Station Type Sanitary
§ Pump Type Submersible
% Operating Capacity (MGD) 0.6
+i1 - Affected Area (Acres) 59
Population in Affected Area 0
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
i Historic Flooding N
o Affected by Hurricane Sandy N
Historic Loss of Power N
Connected to Other Stations N
Beach Affected N
Recommended Protective Measure SOEIIE e e
Platform/Pad
s Cost of Protective Measures' $5,562,000
= | Damage Cost for Critical Flood
_% withoui Protection’? $1,988,000
< Cumuia;we Risk Avoided Over 50 $10,230,000
Years™
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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FEMA Flood Zones

Primary below grade pumping station adjacent to tidal wetlands
Recommended
Adaptation Strategy:
Elevate Electrical
on a Platform/Pad

Adaptation Cost:
$738,000

Old Douglaston

Critical Flood Elevation

16.5 ft NAVD88

0 15 3 6 9
I 2013 Advisory 100-Year Floodplain

Projected 2020s 100-Year Floodplain

Projected 2050s 100-Year Floodplain

Source: FEMA; CUNY Institute for Sustainable Cities

STATION CHARACTERISTICS Elevation (ABFE) 100-year flood plus 30 inches of sea

level rise (critical flood elevation). These elevations and

Critical Elevations

Pumping Station Summary

The Old Douglaston sanitary pumping station is located e i ) 1=l | Station Type Sanitary
on park land, along the south side of Northern Blvd. and other notable.char?(.:terlstllcs were conﬂrrned during a 20 é Pump Type Submersible
west of the intersection with 234th Street in Queens. The thorough station visit that included entering the control Ciifical Flood Flevalion (16.5 %“é Operating Capacity (MGD) 8.5
pumping station site is adjacent to wetlands. The station, room, valve room, and dry well. itigalBlgodSlepation L B.0) il /\ffected Area (Acres) 2,566
rebuilt in 2010, is almost completely below grade. The critical flood elevation would inundate the area 15 Population in Afiected Area 58,400
. - . . Number of Critical Facilities (e.g.,
The Pumping Station Summary table lists the general surrcl):r;dlng the 1‘|aC|I|’Fy Vl\”th nealrlyb5 feet olgwater.ﬁThls Local Grade (11.7) Hospitals, Public Safety, Schools) in 21
characteristics of the Old Douglaston pumping station, would damage € ectrical controls but would not affect g /fected Area
the potential effect of its failure, and the recommended the submersible pumps. 10 = Historic F'°°d'”9_ N
adaptation strategy. The station is located in a commer- ADAPTATION STRATEGIES ﬁﬁ‘id.edl_by H”:':a"e Sl $
cial area surrounded by residentially zoned land. Failure . . . istoric Loss of Fower -
) i The Old Douglaston pumping station requires adap- B Electrical Controls (5.3 Connected to Other Stations N

of the station would affect an area of approximately . . " . ™ 5 ectrical Controls (5.3)

. o o tive measures to withstand the critical flood elevation. 5] Beach Affected Y
2,566 acres. There are .21 crltlcall faC|I|.t|es within the area Potential strategies were evaluated against such factors 2 Recommended Protective Measure Elevate Electrical on a
that could be affected if the station failed. as flood depth, equipment location, and space. Viable = 1 Platform/Pad
HURRICANE SANDY IMPACTS AND OTHER strategies were reviewed to identify the most cost-effec- g 0 5 gzﬁ;f:g’g:ftf'gfé\f‘:i:::od $738,000

1 © (1]
FLOODING HISTORY tive, resilient option. To achieve resiliency while respect- “é 2 withoui Protection’ 2 $4,071,000
©
The Old Douglaston pumping station was not inundated |ngopark structure I!m|tat|ons, the recgmmended strategy = ; 2 Cumu!a;,ve Risk Avoided Over 50 $20.951.000
by the storm surge during Hurricane Sandy and does not at fld Dougla'ston I? to.elevate electrical controls onf ) Yea,r? ' -
have a history of flooding. plat qrm. Residual risk is related to a greater dgpth o Resiliency Level Very High
flooding from larger storms or more extreme climate 1) All cost estimates are presented in 2013 US Dollars.
RISK ASSESSMENT change. -10 2) One-time replacement cost of at-risk equipment if no protective
The sk o the Okd Douglaston pumping sation was frs R S e b
assessed based on a review of the station’s plan draw- probability of storm occurrence.
ings, comparing the elevation of the critical components 15 3) Repair/replacement costs that would be avoided over 50 years if pro-
. | ump ivViotor base (-19. tective measures are in place for storm surges up to and including the
to that of the FEMA March 2013 Ad B Flood P Motor B 158 f
o thatorthe arc visory base rloo 100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
-20
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Recommended
Adaptation Strategy:
Elevate Electrical
on a Platform/Pad

Adaptation Cost:
$662,000

Ml

STATION CHARACTERISTICS

The station is located in Pelham Bay Park near Orchard
Beach in the Bronx. The Orchard Beach pumping station
is a new station that was still under construction during
the development of this report. The station consists

of a wet well below grade and electrical components,
including control panels and a high-voltage transformer,
mounted above grade on a concrete and gravel struc-
ture.

The Pumping Station Summary table lists the general
characteristics of the Orchard Beach pumping station,
the potential effect of its failure, and the recommended
adaptation strategy. Failure of the station would affect
an area of approximately 81 acres. There are no critical
facilities in the area that could be affected if the station
failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Orchard Beach pumping station experienced minor
impacts from Hurricane Sandy but there is no other his-
tory of flooding at this location.

RISK ASSESSMENT

The risk of the Orchard Beach pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100-year flood plus 30 inches of sea
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level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-
sistent with the plan drawings.

The critical flood elevation would inundate the area sur-
rounding the facility with over 3 feet of water. This flood
elevation would be just below electrical controls, but it
would inundate the transformer. The submersible pumps
would not be affected by a flood. There is a high wall
between the beach and the pumping station that could
reduce or slow inundation.

ADAPTATION STRATEGIES

The Orchard Beach pumping station requires adaptive
measures to withstand the critical flood elevation. Po-
tential strategies were evaluated against such factors as
flood depth, equipment location, and space. Viable strat-
egies were reviewed to identify the most cost-effective,
resilient option. Because controls are currently exposed,
the addition of a surrounding building does not appear to
be necessary, but electrical equipment must be moved
above the flood elevation. Therefore, the recommended
strategy at Orchard Beach is to elevate electrical controls
on a platform. Residual risk is related to a greater depth
of flooding from larger storms or more extreme climate
change.

. Orchard Beach
Critical Flood Elevation

, 16.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations

FEMA Flood Zones

Orchard Beach P Stati M
rchard Beac L;r,?‘;?ng '5,0 ; &%

[ - Miles
0 15 3 6 9

Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

20

;27_E|eeh=ical Controls (16.6)

15 Critical Flood Elevation (16.5)

10

Elevations (NAVD 88)

-15

Local Grade (13.1)

10 . | Pump Motor Base (-9.4)

g Station Type Sanitary

=t Pump Type Submersible

f‘: Operating Capacity (MGD) 0.9

=il Affected Area (Acres) 81
Population in Affected Area 0
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area

E’ Historic Flooding N
Affected by Hurricane Sandy Y
Historic Loss of Power Y
Connected to Other Stations N
Beach Affected Y
Recommended Protective Measure AL G

Platform/Pad

s Cost of Protective Measures' $662,000

+= Damage Cost for Critical Flood

8 1,147,000

=3 without Protection’ 2 $

2 Cumuia;ive Risk Avoided Over 50 $3,053,000
Years "
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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STATION CHARACTERISTICS

The Paerdegat combined pumping station is located at
6016 Flatlands Avenue in Brooklyn. The pumping station
has a large brick structure that sits between the roadway
and the Paerdegat Basin.

The Pumping Station Summary table lists the general
characteristics of the Paerdegat pumping station, the
potential effect of its failure, and the recommended
adaptation strategy. Failure of the station would affect an
area of approximately 2,200 acres and a population of
nearly 130,000. There are 83 critical facilities within that
area and a nearby bathing beach would also be affected.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Paerdegat pumping station was not affected by
Hurricane Sandy and there is no history of flooding at
this location.

RISK ASSESSMENT

The risk of the Paerdegat pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). A visit to the pumping
station to view its exterior confirmed that it appears con-
sistent with the plan drawings.
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The critical flood elevation would be approximately 2.5
feet above local grade. Electrical controls are located

on the main floor of the structure, above grade but a

few inches below the flood elevation. Non-submersible
pumps are located below grade. The Paerdegat pumping
station receives flow from another station. Therefore,
loss of function at Paerdegat increases the vulnerabili-

ty of an additional pumping station, tributary area, and
population.

ADAPTATION STRATEGIES

The Paerdegat pumping station requires adaptive mea-
sures to withstand the critical flood elevation. Potential
strategies were evaluated against such factors as flood
depth, equipment location, and space. Viable strate-
gies were reviewed to identify the most cost-effective,
resilient option. Because the extensive controls would be
difficult to relocate, the recommended strategy at Paer-
degat is to construct a barrier around the station. The
installation of backup generators is also recommended.
Residual risk is related to a greater depth of flooding
from larger storms or more extreme climate change, or
alternative pathways for floodwaters.

I 2013 Advisory 100-Year Floodplain

Elevations (NAVD 88)

A

mping Station

8

Source: FEMA; CUNY Institute for Sustainable Cities

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations Pumping Station Summary

20

15

10

-10

-15

j=' | Station Type Combined

5 Pump Type Non-submersible

% Operating Capacity (MGD) 57.0

=il Affected Area (Acres) 2,226

Critical Flood Elevation (14.5) Population in Affected Area 128,903

= Number of Critical Facilities (e.g.,
Electrical Controls (14.1) Hospitals, Public Safety, Schools) in 83
Affected Area

Local Grade (12.0)

Historic Flooding

Risk

Affected by Hurricane Sandy

Historic Loss of Power

< Z2 Z2 Z

Connected to Other Stations

Beach Affected Y

Recommended Protective Measure Construct Barrier

= Cost of Protective Measures' $16,960,000
=1 Damage Cost for Critical Flood
® 15,409,000
‘% without Protection™ 2 $
>l C lative Risk Avoided Over 50
2 Yumu1‘a3|ve isk Avoided Over $19.205,000
ears
Resiliency Level High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective

measures are in place and critical flood scenario occurs (i.e., current

Pump Motor Base (-11.6)

100-year flood plus 30 inches). This estimate does not consider the

probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-

tective measures are in place for storm surges up to and including the

100-year flood plus 30 inches. This estimate incorporates the probability

of storm occurrence.
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Recommended
Adaptation Strategy:
Sandbagging

Adaptation Cost:
$11,000

Richmond Hill Road Pumping Station

STATION CHARACTERISTICS

The Richmond Hill Road sanitary pumping station is
located at the dead end of Richmond Hill Road near the
intersection with Richmond Avenue on Staten Island.
The property borders the tidal wetlands of the William T.
Davis Wildlife Refuge. The pumping station’s substantial
structure is located atop a small mound of land. Trans-
formers and a generator fuel tank sit outside the station
within its fenced-in lot.

The Pumping Station Summary table lists the gener-

al characteristics of the Richmond Hill Road pumping
station, the potential effect of its failure, and the recom-
mended adaptation strategy. The station is located in a
commercial area adjacent to open wetlands. Failure of
the station would affect an area of approximately 894
acres and a population of more than 23,000. There are
six critical facilities within that area that could be affected
if the station failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Richmond Hill Road pumping station was not affect-
ed by Hurricane Sandy and there is no history of flooding
at this location.

RISK ASSESSMENT

The risk of the Richmond Hill Road pumping station was
first assessed based on a review of the station’s plan
drawings, comparing the elevation of the critical com-
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Structure atop small mound; property between commercial area and wetlands

4 I\ S / .

|

ponents to that of the FEMA March 2013 Advisory Base
Flood Elevation (ABFE) 100-year flood plus 30 inches
of sea level rise (critical flood elevation). A visit to the
pumping station to view its exterior confirmed that it
appears consistent with the plan drawings.

The critical flood elevation would be about an inch
above local grade. Because the electrical controls and
non-submersible pumps are located below grade, infil-
tration along piping and through well walls could poten-
tially enter the building and damage those components.

ADAPTATION STRATEGIES

The Richmond Hill Road pumping station requires
adaptive measures to withstand the critical flood eleva-
tion. Potential strategies were evaluated against such
factors as flood depth, equipment location, and space.
Viable strategies were reviewed to identify the most
cost-effective, resilient option. Due to the shallow depth
of the critical flood and the substantial existing structure,
the recommended strategy at Richmond Hill Road is to
place sandbags around potential water entry points prior
to flooding events. Residual risk is related to a greater
depth of flooding from larger storms or more extreme cli-
mate change, or from sandbags being stacked improp-
erly or disturbed by residents. Because the property is
fenced in, sandbags are unlikely to be disturbed.

N
N

Richmond Hill Road

Critical Flood Elevation
14.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain
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Pumping Station Summary

j= | Station Type Sanitary
5 Pump Type Non-submersible
%’ Operating Capacity (MGD) 6.1
=i Affected Area (Acres) 894
Population in Affected Area 23,188
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 6
Affected Area
il Historic Flooding N
& Affected by Hurricane Sandy N
Historic Loss of Power Y
Connected to Other Stations N
Beach Affected N
Recommended Protective Measure Sandbagging
S Cost of Protective Measures' $11,000
=l Damage Cost for Critical Flood
‘% without Protection™ 2 $5,490,000
38 Cumulative Risk Avoided Over 50 $1.201,000

Years"?

Resiliency Level Moderate-Low

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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FEMA Flood Zones

Recommended
Adaptation Strategy:
Construct Barrier

Adaptation Cost:
$2,874,000

Rikers Island North

Critical Flood Elevation
20.5 ft NAVD88
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-lsdland North Pumping Station

STATION CHARACTERISTICS

-2013Ad ] 100-Y l;l dolai Source: FEMA; CUNY Institute for Sustainable Cities
visory -Year rloodplain

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

The critical flood elevation would be more than 3 feet

Critical Elevations

Pumping Station Summary

above local grade. If water entered the building, the

The Rikers Island North pumping station is located on ¢ ; 1=/ | Station Type Sanitary
Rikers Island. It is just north of the warden’s building controlroom c<.)uld be flooded to a depth (_) about 3 25 g Pump Type Submersible
and is nearly adjacent to the East River. The station has rhet as well. Th;s would dahma?e tk.\eh electn;al cc.)ntr(zll_: & Operating Capacity (MGD) 46
a structure above grade that houses electrical controls; R'ke sutl)rlnersﬁe phumps should withstand flooding. The Critical Flood Elevation (20.5) <L Affected Area (Acres) [
the wells are beneath the structure. Due to its location, ! et': S ?nt('j 0: pump}:g.sti’uon is fo:nef;edtt; 20 Population in Affected Area 0
P . . another station; however It discharges to It rather than . Number of Critical Facilities (e.g.,
this site was not visited, and no pictures are currently —  ———— Electrical Controls (17.5 X ) :
: receiving flow. Therefore loss of function at Rikers Island e (23) Hospitals, Public Safety, Schools) in 0
available. ) N = I | Grade (17.3 Affected Area
North does not increase the vulnerability of an additional ocal Grade (17.3) OB | <toric Floodin N
The Pumping Station Summary table lists the gener- pumping station 15 & 9
- . . ’ Affected by Hurricane Sandy N
al characteristics of the Rikers Island North pumping ONS GIES Historic Loss of P v
Istoric LOsSs ot Fower
station, the potential effect of its failure, and the recom- ADAPTATION STRATEGIE .
. . ) . . . . Connected to Other Stations Y
mended adaptation strategy. Failure of the station would The Rikers Island North pumping station requires adap- g 10 Beach Affected N
affect an area of approximately 124 acres. There are no tive measures to withstand the critical flood elevation. (=) . )
. o o . . . . = Recommended Protective Measure Construct Barrier
critical facilities within that area that could be affected if Potential strategies were evaluated against such factors = ) 1
: . . . . = /= Cost of Protective Measures $2,874,000
the station failed. as flood depth, equipment location, and space. Viable @ 5 ISl Damage Cost for Critical Flood
HURRICANE SANDY IMPACTS AND OTHER strategies were reviewed to identify the most cost-ef- -% % without Protection™ 2 $3,140,000
FLOODING HISTORY fe.ctlve, resilient opt|.on. The recommend('ad strategy at 8 = Cumuf\;we Risk Avoided Over 50 $6,354,000
Rikers Island North is to construct a barrier to keep flood 0 Years
The Rikers Island pumping station was not affected by waters from reaching the station. The condition of the Resiliency Level High
Hurricane Sandy and there is no history of flooding at submersible pumps is not known. Onsite generators
this location. may also be required. Residual risk is related to a greater 1) All co_st estimates are presented in 2013 L_JS Dolla_lrs. _
] -5 2) One-time replacement cost of at-risk equipment if no protective
RISK ASSESSMENT depth of flooding from larger storms or more extreme measures are in place and critical flood scenario occurs (i.e., current
) ) ) ) climate change. 100-year flood plus 30 inches). This estimate does not consider the
The risk of the Rikers Island North pumping station was probability of storm occurrence.
assessed based on a review of the station’s plan draw- -10 3) Repair/replacement costs that would be avoided over 50 years if pro-
. ing the el ti fth itical t tective measures are in place for storm surges up to and including the
Ings, comparing the elevation of the critical components —Wf————Pump Motor Base (_12 2) 100-year flood plus 30 inches. This estimate incorporates the probability
to that of the FEMA March 2013 Advisory Base Flood - of storm occurrence.
Elevation (ABFE) 100- year flood plus 30 inches of sea 15
level rise (critical flood elevation).
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Recommended
Adaptation Strategy:
Seal Building

Adaptation Cost:
$266,000

STATION CHARACTERISTICS

The Roosevelt Island Main sanitary pumping station is
located within the Department of Sanitation facility off
of Main Street on Roosevelt Island. The large super-
structure has an electrical control room at grade where
the main controls are housed. Submersible pumps and
additional electrical controls are located below grade.

The Pumping Station Summary table lists the general
characteristics of the Roosevelt Island Main pumping
station, the potential effect of its failure, and the rec-
ommended adaptation strategy. The station is located

a commercial area surrounded by residential land use.
Failure of the station would affect an area of approxi-
mately 20 acres. There are no critical facilities within that
area that could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

There is no history of flooding at this station and the ef-
fects of Hurricane Sandy were limited to power outages.

RISK ASSESSMENT

The risk of the Roosevelt Island Main pumping station
was first assessed based on a review of the station’s
plan drawings, comparing the elevation of the critical
components to that of the FEMA March 2013 Advisory
Base Flood Elevation (ABFE) 100-year flood plus 30
inches of sea level rise (critical flood elevation). These
elevations and other notable characteristics were
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Structure with grade level entrances

confirmed during a thorough station visit that included
entering the control room.

The critical flood elevation would inundate the area
surrounding the facility with about 1.6 feet of water. This
flood elevation could damage the electrical controls
housed in the above grade structure as well as any elec-
trical components below grade. The submersible pumps
would not be affected by a flood. The Roosevelt Island
Main pumping station receives flow from two additional
stations. Therefore loss of function at Roosevelt Island
Main increases the vulnerability of additional pumping
stations, tributary areas, and populations.

ADAPTATION STRATEGIES

The Roosevelt Island Main pumping station requires
adaptive measures to withstand the critical flood el-
evation. Potential strategies were evaluated against
such factors as flood depth, equipment location, and
space. Viable strategies were reviewed to identify the
most cost-effective, resilient option. Because there is a
substantial existing structure, the recommended strat-
egy at Roosevelt Island Main is to seal the building.
Because water tight cases, doors, and building sealants
are only rated up to a certain pressure, if flood depth is
greater than expected the water pressure could exceed
the rating and the building sealing could fail. Therefore,
residual risk is related to the potential for water pressure
to exceed the rating of the sealing measures.

@ and Main
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I 2013 Advisory 100-Year Floodplain
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Projected 2050s 100-Year Floodplain
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Source: FEMA; CUNY Institute for Sustainable Cities

Pumping Station Summary

j= | Station Type Sanitary
5 Pump Type Submersible
%’ Operating Capacity (MGD) 10.8
| Affected Area (Acres) 20
Population in Affected Area 5,239
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
_f/_‘) Historic Flooding N
- Affected by Hurricane Sandy N
Historic Loss of Power N
Connected to Other Stations Y
Beach Affected N
Recommended Protective Measure Seal Building
= Cost of Protective Measures' $266,000
=l Damage Cost for Critical Flood
‘% without Protection 2 $3,015,000
2 Cumu:a;nve Risk Avoided Over 50 $698,000
Years”
Resiliency Level Moderate

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Electrical in

New Building

Adaptation Cost:
$2,539,000

: Robsevelt Island North Pumping Station

STATION CHARACTERISTICS

The Roosevelt Island North sanitary pumping station is
located at the southeast corner of the Coler Hospital
property along East Road on Roosevelt Island. An above
grade concrete structure houses the motor control cen-
ter; the wells are accessible through grade-level hatches.

The Pumping Station Summary table lists the general
characteristics of the Roosevelt Island North pumping
station, the potential effect of its failure, and the recom-
mended adaptation strategy. The station is located in

a residential area. Failure of the station would affect an
area of approximately 26 acres and a population of over
22,000. There are seven critical facilities within the area.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Roosevelt Island North pumping station experienced
minor impacts during Hurricane Sandy but there is no
other history of flooding at this location.

RISK ASSESSMENT

The risk of the Roosevelt Island North pumping station
was first assessed based on a review of the station’s
plan drawings, comparing the elevation of the critical
components to that of the FEMA March 2013 Advisory
Base Flood Elevation (ABFE) 100-year flood plus 30
inches of sea level rise (critical flood elevation). A visit to
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the pumping station to view its exterior confirmed that it
appears consistent with the plan drawings.

The critical flood elevation would be more than 6 feet
above local grade, completely inundating the wells and
the above grade control panels. This would damage the
electrical controls, but the submersible pumps should be
unaffected. The Roosevelt Island North pumping station
is connected to another station; however it discharges to
it rather than receiving flow. Therefore loss of function at
Roosevelt Island North does not increase the vulnerabili-
ty of an additional pumping station.

ADAPTATION STRATEGIES

The Roosevelt Island North pumping station requires
adaptive measures to withstand the critical flood el-
evation. Potential strategies were evaluated against
such factors as flood depth, equipment location, and
space. Viable strategies were reviewed to identify the
most cost-effective, resilient option. Due to the signifi-
cant depth of the critical flood and the small size of the
existing structure, the recommended strategy at Roo-
sevelt Island North is to elevate electrical controls in a
new building. Residual risk is related to a greater depth
of flooding from larger storms or more extreme climate
change.

‘Roosevelt Island North

Cr%i%gl Flood Elevation
5.5 fNAVD88

I 2013 Advisory 100-Year Floodplain
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Projected 2050s 100-Year Floodplain
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g Station Type Sanitary
=t Pump Type Submersible
4 Operating Capacity (MGD) 2.3
@ Affected Area (Acres) 26
Population in Affected Area 22,045
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
i Historic Flooding N
v
Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations Y
Beach Affected N
Recommended Protective Measure SO e |n_ N_e W
Building
s Cost of Protective Measures' $2,539,000
-=| Damage Cost for Critical Flood
i) 1,663,000
=3 without Protection” 2 $
2 Cumu!a;ive Risk Avoided Over 50 $8.560,000
Years "
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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STATION CHARACTERISTICS

The Roosevelt Island South sanitary pumping station is
located at the corner of East Road and Road 3 behind the
Goldwater Hospital on Roosevelt Island. The site is less
than 100 feet from the open water of the East River. The
electrical controls are housed above grade in a small brick
superstructure, and there are hatch entryways to the wells.

The Pumping Station Summary table lists the general char-
acteristics of the Roosevelt Island South pumping station,
the potential effect of its failure, and the recommended
adaptation strategy. The station is located in a residential
area. Failure of the station would affect an area of approx-
imately 85 acres. There are seven critical facilities within
that area that could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

During Hurricane Sandy, the door to the electrical control
room was sandbagged, which prevented the shallow flood-
waters from reaching critical electrical equipment. Though
the station lost power, no damage occurred. There is no
history of flooding due to smaller events.

RISK ASSESSMENT

The risk of the Roosevelt Island South pumping station was
first assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components to
that of the FEMA March 2013 Advisory Base Flood Eleva-
tion (ABFE) 100-year flood plus 30 inches of sea level rise
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Small structure for controls and hatch entryways to wells
East River onleft srde of photo

(critical flood elevation). These elevations and other notable
characteristics were confirmed during a thorough station
visit that included entering the control room.

The critical flood elevation would inundate the area sur-
rounding the facility with about 2.4 feet of water. This
would damage the electrical controls house in the above
grade structure as well as any electrical components below
grade. The submersible pumps would not be affected by a
flood. The Roosevelt Island South pumping station is con-
nected to another station; however it discharges to it rather
than receiving flow. Therefore loss of function at Roosevelt
Island South does not increase the vulnerability of an addi-
tional pumping station.

ADAPTATION STRATEGIES

The Roosevelt Island South pumping station requires
adaptive measures to withstand the critical flood elevation.
Potential strategies were evaluated against such factors as
flood depth, equipment location, and space. Viable strate-
gies were reviewed to identify the most cost-effective, re-
silient option. Due to the shallow depth of the critical flood
and the presence of an existing building to house controls,
the recommended strategy at Roosevelt Island South is to
seal the building. Because water tight cases, doors, and
building sealants are only rated up to a certain pressure,

if flood depth is greater than expected the water pressure
could exceed the rating and the building sealing could fail.
Therefore, residual risk is related to the potential for water
pressure to exceed the rating of the sealing measures.

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain
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Pumping Station Summary

g Station Type Sanitary
= | Pump Type Submersible
% Operating Capacity (MGD) 2.5
=il Affected Area (Acres) 85
Population in Affected Area 22,631
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 7
Affected Area
_’uf) Historic Flooding N
14
Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations Y
Beach Affected N
Recommended Protective Measure Seal Building
= Cost of Protective Measures' $658,000
=l Damage Cost for Critical Flood
® 1,663,000
‘% without Protection 2 $
S | lative Risk Avoided Over 50
2 umu1a3|ve isk Avoided Over $513,000
Years”
Resiliency Level Moderate

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Electrical in

New Building &

Elevate Pump Motors

Adaptation Cost:
$9,943,000
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Below grade pumping station under construction due to Hurricane Sandy
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Rosedale Pumping Station

STATION CHARACTERISTICS

The Rosedale sanitary pumping station is located near the
intersection of 147th Avenue and 235th Street in Queens, on a
flat parcel of land adjacent to Brookville Park. The edge of Con-
selyeas Pond, in the park, and the creek into which it drains,
are just over 100 feet from the pumping station. Rosedale
pumping station is completely below grade, with the exception
of some ventilation equipment housed in an onsite brick struc-
ture. Damage from Hurricane Sandy prompted reconstruction,
including replacing pump controls, sump pumps, ventilation
and heating equipment, and compressors.

The Pumping Station Summary table lists the general character-
istics of the Rosedale pumping station, the potential effect of its
failure, and the recommended adaptation strategy. The station is
located in a residential area. Failure of the station would affect an
area of approximately 990 acres. There are four critical facilities
in the area that could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

Rosedale pumping station was completely inundated by the
storm surge during Hurricane Sandy, which damaged the elec-
trical controls and non-submersible pump motors. DEP staff
indicated there is also a history of flooding at this location due
to smaller storms.

RISK ASSESSMENT

The risk of the Rosedale pumping station was first assessed
based on a review of the station’s plan drawings, comparing
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the elevation of the critical components to that of the FEMA
March 2013 Advisory Base Flood Elevation (ABFE) 100-year
flood plus 30 inches of sea level rise (critical flood elevation).
These elevations and other notable characteristics were con-
firmed during a thorough station visit that included entering the
control room.

The critical flood elevation would inundate the area surround-
ing the facility with over 4 feet of water. This would damage
electrical controls and the non-submersible pump motors. The
Rosedale pumping station receives flow from another pumping
station. Therefore loss of function at Rosedale increases the
vulnerability of an additional pumping station.

ADAPTATION STRATEGIES

The Rosedale pumping station requires adaptive measures to
withstand the critical flood elevation. Potential strategies were
evaluated against such factors as flood depth, equipment
location, and space. Viable strategies were reviewed to identify
the most cost-effective, resilient option. Due to the depth of the
critical flood, the lack of an existing structure, and concerns
about vandalism in the area, the recommended strategy at
Rosedale is to elevate electrical controls and pump motors in
a new building. Elevating pump motors and replacing exist-
ing motors with submersibles are both acceptable solutions,
however elevating pump motors may be a more cost-effective
adaptation for this pumping station. Residual risk is related to
a greater depth of flooding from larger storms or more extreme
climate change.

Rosedale
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Pumping Station Summary

j= Station Type Sanitary

a Pump Type Non-submersible

%’ Operating Capacity (MGD) 5.8

@ Affected Area (Acres) 990
Population in Affected Area 17,683
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 4
Affected Area

i Historic Flooding Y

- Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations Y
Beach Affected N

Elevate Electrical in New

Recommended Protective Measure Building & Elevate Pump

Motors
¥Sh Cost of Protective Measures' $9,943,000
kS Damage Cost for Critical Flood
o 5,216,000
B without Protection? :
< Cumu!a;ive Risk Avoided Over 50 $26.842,000

Years”
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Electrical on

Platform/Pad

&

SRRE

Adaptation Cost:
$800,000
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Electrical control panel above grade; hatch entryways to wells
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Sapphire Street Pumping Station

STATION CHARACTERISTICS

The Sapphire Street stormwater pumping station is located
on Sapphire Street between Linden Boulevard and Dumont
Avenue in Brooklyn, along the side of a minor street and
adjacent to an empty lot. Sapphire Street is a small and
simply designed station with two submersible pumps in

a wet well surrounded by a fence. Electrical controls are
elevated on a pole.

The Pumping Station Summary table lists the general
characteristics of the Sapphire Street pumping station,

the potential effect of its failure, and the recommended
adaptation strategy. The station is located in a residential/
industrial area. Failure of the station would affect an area of
approximately 1 acre. There are no critical facilities within
that area that could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER FLOODING
HISTORY

Though this station was not damaged during Hurricane
Sandy, DEP staff indicated that overland flooding from
stormwater runoff, predominantly from the vacant lot to the
west, has been an issue at this station in the past. Evi-
dence of this was found in the electrical control panel. The
controls themselves have not been damaged, but flood
waters have reached the bottom of the control panel hous-
ing and deposited debris there. The station’s operation has
not been affected by flooding and is therefore not consid-
ered to have a problem with historic flooding, but access to
the station may be affected by localized flooding issues.
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RISK ASSESSMENT

The risk of the Sapphire Street pumping station was first
assessed based on a review of the station’s plan drawings,
comparing the elevation of the critical components to that
of the FEMA March 2013 Advisory Base Flood Elevation
(ABFE) 100- year flood plus 30 inches of sea level rise
(critical flood elevation). These elevations and other notable
characteristics were confirmed during a thorough station
visit that included entering the property to view the sta-
tion’s components.

The critical flood elevation would inundate the area sur-
rounding the facility with over 8 feet of water. This would
damage electrical controls. Submersible pump motors
would not be affected.

ADAPTATION STRATEGIES

The Sapphire Street pumping station requires adaptive
measures to withstand the critical flood elevation. Potential
strategies were evaluated against such factors as flood
depth, equipment location, and space. Viable strategies
were reviewed to identify the most cost-effective, resilient
option. Because components are currently exposed above
grade but need to be moved out of reach of potential flood
waters, the recommended strategy at Sapphire Street is
to elevate electrical controls on a platform. Residual risk is
related to a greater depth of flooding from larger storms or
more extreme climate change.

£
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y=. Station Type Stormwater
5 Pump Type Submersible
% Operating Capacity (MGD) <1MGD
=il Affected Area (Acres) 1
Population in Affected Area 5
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
il Historic Flooding N
v
Affected by Hurricane Sandy N
Historic Loss of Power N
Connected to Other Stations N
Beach Affected N
Recommended Protective Measure Elevate Electrical on
Platform/Pad
=M Cost of Protective Measures' $800,000
i1 | Damage Cost for Critical Flood
= 3,700,000
§' without Protection 2 $
< [¢ lative Risk Avoided Over 50
umu1aslve isk Avoided Over $19,040,000
Years”
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Electrical in

New Building &
Submersible Pump

Motors

Adaptation Cost:
$2,304,000

Seagirt Avenue Pumping Station

STATION CHARACTERISTICS

The Seagirt Avenue sanitary pumping station is located
on the southwest corner of the intersection of Seagirt
Avenue and Beach 9th Street, about 500 feet from the
open water of Reynolds Channel. All critical electrical
components and non-submersible motors are located
on the below grade main floor of the onsite concrete
superstructure. The pumping station may be accessed
through a stairwell that runs from the top of the concrete
structure into the station, as well as through hatches and
vents on top of the structure.

The Pumping Station Summary table lists the general
characteristics of the Seagirt Avenue pumping station,
the potential effect of its failure, and the recommended
adaptation strategy. The station is located in a residen-
tial area. Failure of the station would affect an area of
approximately 244 acres. There are seven critical facili-
ties within that area that could be affected if the station
failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Seagirt Avenue pumping station was not inundated
by the storm surge during Hurricane Sandy, but loss of
power caused the wet well to flood the station, dam-
aging motors and the electrical controls in the process.
There is no history of flooding due to smaller storms at
this location.
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RISK ASSESSMENT

The risk of the Seagirt Avenue pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). These elevations and
other notable characteristics were confirmed during a
thorough station visit that included entering the control
room.

The critical flood elevation would inundate the area sur-
rounding the facility with over 6 feet of water. This would
damage electrical controls and pump motors.

ADAPTATION STRATEGIES

The Seagirt Avenue pumping station requires adaptive
measures to withstand the critical flood elevation. Po-
tential strategies were evaluated against such factors as
flood depth, equipment location, and space. Viable strat-
egies were reviewed to identify the most cost-effective,
resilient option. Due to the significant depth of the critical
flood, the recommended strategy at Seagirt Avenue is

to elevate electrical controls in a new building. When
pumps need to be replaced as part of regular mainte-
nance, submersible pumps should be installed. Residual
risk is related to a greater depth of flooding from larger
storms or more extreme climate change.

Seagirt Avenue

Critical Flood Elevation
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Critical Elevations Pumping Station Summary
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Station Type Sanitary
Pump Type Non-submersible
Operating Capacity (MGD) 6.5
Affected Area (Acres) 244
Population in Affected Area 7,725

Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 7
Affected Area

Historic Flooding
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Connected to Other Stations
Beach Affected Y
Elevate Electrical in New
Building & Install
Submersible Pump Motors

Recommended Protective Measure

¥Sh Cost of Protective Measures' $2,304,000
T Damage Cost for Critical Flood
o 4,226,000
B without Protection? o
< . . .

C lative Risk Avoided Over 50

umu1a3|ve isk Avoided Over $21.749,000
Years"
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Seal Building &
Submersible Pump
Motors

Adaptation Cost:
$286,000

a\

South Beach P‘um'

STATION CHARACTERISTICS

The South Beach sanitary pumping station is located at
300 Father Capodanno Blvd. in Staten Island about 650
feet from the open water of the Lower Bay. The pumping
station consists of an aboveground structure, where crit-
ical electrical components are located; non-submersible
pump motors are located below grade.

The Pumping Station Summary table lists the general
characteristics of the South Beach pumping station,

the potential effect of its failure, and the recommended
adaptation strategy. The station is located in a residential
area. Failure of the station would affect an area of ap-
proximately 69 acres. There is one critical facility within
the area that could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The South Beach pumping station was inundated by the
storm surge during Hurricane Sandy, which damaged
motors and the electrical controls. DEP staff indicated
there is a history of flooding due to smaller storms at this
location.

RISK ASSESSMENT

The risk of the South Beach pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
to that of the FEMA March 2013 Advisory Base Flood
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Hurricane Sandy high-water mark visible on panels within structure

ping Station

Elevation (ABFE) 100-year flood plus 30 inches of sea
level rise (critical flood elevation). These elevations and
other notable characteristics were confirmed during a
thorough station visit that included entering the control
room.

The critical flood elevation would inundate the area
surrounding the facility with almost 9 feet of water. This
would damage electrical controls and pump motors in
the process.

ADAPTATION STRATEGIES

The South Beach pumping station requires adaptive
measures to withstand the critical flood elevation. Po-
tential strategies were evaluated against such factors as
flood depth, equipment location, and space. Viable strat-
egies were reviewed to identify the most cost-effective,
resilient option. Because there is a substantial existing
structure, the recommended strategy at South Beach

is to seal the existing building. When pumps need to be
replaced as part of regular maintenance, submersible
pumps should be installed. Because water tight cases,
doors, and building sealants are only rated up to a cer-
tain pressure, if flood depth is greater than expected the
water pressure could exceed the rating and the building
sealing could fail. Therefore, residual risk is related to

a greater depth of flooding from larger storms or more
extreme climate change and the potential for water pres-
sure to exceed the rating of the sealing measures.

South Beach

Critical Flood Elevation
16.5 ft NAVD838

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations Pumping Station Summary

Elevations (NAVD 88)
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1 Critical Flood Elevation (16.5)

Hurricane Sandy (11.3)

- Electrical Controls (9.0)

e ——

Local Grade (7.8)

—H——Pump Motor Base (-14.0)
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[ - Miles
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Source: FEMA; CUNY Institute for Sustainable Cities

y= | Station Type Sanitary
3 Pump Type Non-submersible
%’ Operating Capacity (MGD) 1.5
@ Affected Area (Acres) 69
Population in Affected Area 2,165
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 1
Affected Area
_f/_‘) Historic Flooding Y
& Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations N
Beach Affected Y
Recommended Protective Measure Subii?lsigllglgﬂg\p&l\:lﬁ;?!
=i Cost of Protective Measures' $286,000
¥= Damage Cost for Critical Flood
_g without Protection? 92,359,000
< Cumu:aglve Risk Avoided Over 50 $10.925,000
Years”
Resiliency Level Moderate

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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FEMA Flood Zones

-

Recommended
Adaptation Strategy:
Construct Barrier
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Adaptation Cost:

e
$5,920,000 W

i

i ‘-“\\\?'\::.\.\ !
Throgs Neck

Critical Flood Elevati
_ 15.5ft NAVD88
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B 2013 Advi 1'00 v l;l dolai Source: FEMA; CUNY Institute for Sustainable Cities
visory -Year rloodplain

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Throgs Neck Pumping Station

STATION CHARACTERISTICS

to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100- year flood plus 30 inches of sea

Critical Elevations

Pumping Station Summary

The Throgs Neck combined pumping station is located i . ) ) i=l Station Type Combined
at the intersection of Lafayette Avenue and Zerega Av- level rise (critical flood ?'eYat'O”)- These. eIevatlor?s and 20 g Pump Type Submersible
enue in the Bronx, behind the Department of Sanitation other notable.char.a (.:terlstllc ° were Conﬂrmed during a Criticar Fiood Elevation (15.5) 2 Operating Capacity (MGD) 36.7
building. Controls and pumps are located on and below thorough statlllon visit that.'nldL‘ded entering th‘:‘. control 15 ; 1| Affected Area (Acres) 2,639
the below grade main floor of the structure onsite. room anq Wels. Submersible pumps were con irmed but : Population in Affected Area 67,498
the condition of the pumps and the resiliency of support- Hurricane Sandy (11.5) Number of Critical Facilities (e.g.,

The Pumping Station Summary table lists the general ing equipment is not known. 10 Hospitals, Public Safety, Schools) in 33
characteristics of the Throgs Neck pumping station, the ioal _ _ Local Grade (10.5) g /ffected Area
potential effect of its failure, and the recommended ad- The cr|t!cal lood elevation WC,)U|d completely inundate Electrical Controls (6.3) & Historic FIOOdmg_ M
aptation strategy. The station is located in a commercial/ the station, and the SL.Jrroundlng flood would pe 5 feet 5 . ,:ffe;ctfedl_by Hu;r::ane Sandy i
industrial area. Failure of the station would affect an area above local grade. This would damage electrical controls storic Loss of Fower -

: . but would not affect the submersible pumps. Connected to Other Stations N
of approximately 2,639 acres and a population of over Beach Affected Y
67,000. There are 33 critical facilities within that area that ADAPTATION STRATEGIES 3 0 R ded Protective M Construct Bar
could be affected if the station failed. The Thr Neck bumping station requires adaoti =~ ecommended Frofeciive fieasure onstruct Barrier

€ 0gs INeck pumping station requires adaptive ‘Zt = Cost of Protective Measures' $5,920,000
HURRICANE SANDY IMPACTS AND OTHER measures to withstand the critical flood elevation. Po- o -5 % Damage Cost for Critical Flood -,
FLOODING HISTORY tential strategies were evaluated against such factors S =3 without Protection 2 e
i i i ® 5228 Cumulative Risk Avoided Over 50
The station has experienced significant flooding, particu- as flooq depth, qulpment Igcath;w, and space. Vlabfle E -10 < Years"? $53,001,000
larly during Hurricane Sandy. Flood water from Hurricane stralteg|es \{v'ere revu.ewed to identify the mos.,t cost-e ) e Resiliency Level High
Sandy did not rise above the door threshold or windows, fectlvel, resmelgtbopglcf)fr.\. Eliteca:se the e.xtert15|ve electtrr]lcal 15 1) Al cost estimates are presented in 2013 US Dollars
. . controls would be difficult and expensive to move, the - :
but the flood did submerge below grade Con Edison ded strat t Th pN Kis t truct 2) One-time replacement cost of at-risk equipment if no protective
transformers, cutting power to the station and halting recom.men ea strategy ? rOQIS ecl s ) o construc measures are in place and critical _flood_scenario occurs (i.e.., current
operation during the storm. a barrier around the Sta’Flon. Residual risk is related to 20 100-year flochd plus 30 inches). This estimate does not consider the
a greater depth of flooding from larger storms or more g)rc’;babmt/y 0 ISTO”“ Ofcurrf”fhe-t b avoided over 50 ’
RISK A E MENT . epair/replacement Costs that wou € avolideaq over years It pro-
s SSESS extreme climate change. tective measures are in place for storm surges up to and including the

The risk of the Throgs Neck pumping station was first -25 —me——— Pump Motor Base (-25.0) 100-year flood plus 30 inches. This estimate incorporates the probability
assessed based on a review of the station’s plan draw- of storm occurrence.
ings, comparing the elevation of the critical components 30
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FEMA Flood Zones
Recommended ,

Adaptation Strategy:
Elevate Electrical in
New Building

Adaptation Cost:
$2,745,000

Van Brunt Street £
Pumping Station

[ - Miles

0 15 3 6 9
o, RN VR
I 2013 Advisory 100-Year Floodplain

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Source: FEMA; CUNY Institute for Sustainable Cities

Va—r; Brunt Street Pumping Station

STATION CHARACTERISTICS

RISK ASSESSMENT

Critical Elevations

Pumping Station Summary

The Van Brunt combined pumping station is located The risk of the Van Brunt Street pumping station was first <1 Station Type Combined
in Brooklyn at the intersection of Van Brunt Street and assessed based on a review of the station’s plan draw- 20 = Pump Type Submersible
Reed Street, less than 500 feet from the open water ings, comparing the elevation of the critical components % Operating Capacity (MGD) 1.4
of the Upper Bay. The station is located entirely below to that of the FEMA March 2013 Advisory Base Flood i1 Affected Area (Acres) 19
grade, with the exception of telemetry equipment. Hatch Elevation (ABFE) 100- year flood plus 30 inches of sea 15 | Critical Flood Elevation (14.5) Population in Affected Area 388
entryways are located in the sidewalk. level rise (critical flood elevation). These elevations and Number of Critical Facilities (e.g., -
ther notable characteristics were confirmed during a Hospitals, Public Safety, Schools) in !
The Pumping Station Summary table lists the general © e _ i 94 Hurricane Sandy (12.8) Affected Area
characteristics of the Van Brunt Street pumping station, thorough station visit that included viewing the electrical 10 2 Historic Flooding Y
the potential effect of its failure, and the recommended components and dry well. Affected by Hurricane Sandy Y
adaptation strategy. The station is located in a commer- The critical flood elevation would completely inundate g'StO”C Loss "(;:owgr _ :\:
cial/industrial area. Failure of the station would affect an the station, and the surrounding flood would be nearly g 5 oral Grade (5.8) Bonn:c:;d t:; dt er Stations §
. . e . . 3 eacl ecte
area of approximately 19 acres. There is one critical fa- 9 feet above local grade. This would damage electrical =] Elevate Electrical in New
cility within that area that could be affected if the station controls but would not affect the submersible pumps. = Recommended Protective Measure Building
failed. ADAPTATION STRATEGIES g 0 5 Cost of Protective Measures' $2,745,000
HURRICANE SANDY IMPACTS AND OTHER = J=—— Flectrical Controls (-0.7) “=1| Damage Cost for Critical Flood $931.000
The Van Brunt Street pumping station requires adap- g _§ without Protection:? '
FLOODING HISTORY tive measures to withstand the critical flood elevation. ] . < Cumu!a?t’ive Risk Avoided Over 50 $4.790.000
During Hurricane Sandy, the Van Brunt pumping station Potential strategies were evaluated against such factors ) Yea.r? Y _
was completely inundated. All electrical equipment had as flood depth, equipment location, and space. Viable Resiliency Level Very High
to b.e replaced following the storm and new t.eler.netry stra.tegles \{v.ere rewgwed to identify the most cost-ef- 10 1) All cost estimates are presented in 2013 US Dollars.
equipment was relocated above grade. DEP indicated fective, resilient option. Due to the extreme depth of the 2) One-time replacement cost of at-risk equipment if no protective
there is a history of flooding at this location due to small- critical flood and the lack of an existing structure, the measures are in place and critical flood scenario occurs (i.e., current
er storms. recommended strategy at Van Brunt Street is to elevate 100-year flood plus 30 inches). This estimate does not consider the
. ] . ] o Pump Motor Base (-14.6) probability of storm occurrence.
electrical controls in a new building. Residual risk is -15 3) Repair/replacement costs that would be avoided over 50 years if pro-
related to a greater depth of flooding from larger storms tective measures are in place for storm surges up to and including the
or more extreme climate chanae 100-year flood plus 30 inches. This estimate incorporates the probability
ge. of storm occurrence.
-20
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Recommended
Adaptation Strategy:
Elevate Electrical on

Platform/Pad

Adaptation Cost:
$876,000

Victory Boulevard Pumping Station

STATION CHARACTERISTICS

The Victory Boulevard sanitary pumping station is lo-
cated at the southwestern dead end of Victory Blvd. on
Staten Island. It is adjacent to the property surrounding
a Con Edison plant and is only a few hundred feet from
the tidally influenced Arthur Kill. The station is primarily
below grade underneath a concrete slab with control
panels and meters mounted above the slab.

The Pumping Station Summary table lists the general
characteristics of the Victory Boulevard pumping station,
the potential effect of its failure, and the recommended
adaptation strategy. The station is located in a sparse
industrial area. Failure of the station would affect an area
of approximately 117 acres and a population of nearly
1,000. There is one critical facility within that area that
could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

The Victory Boulevard pumping station was not affected
by Hurricane Sandy and there is no history of flooding at
this location.

RISK ASSESSMENT

The risk of the Victory Boulevard pumping station was
first assessed based on a review of the station’s plan
drawings, comparing the elevation of the critical com-
ponents to that of the FEMA March 2013 Advisory Base
Flood Elevation (ABFE) 100-year flood plus 30 inches
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Control panels and meters mounted above grade

of sea level rise (critical flood elevation). A visit to the
pumping station to view its exterior revealed that elec-
trical controls, which were shown below grade in the
drawings, had been moved above grade. Otherwise, the
station appeared consistent with the drawings.

The critical flood elevation would be nearly 4 feet above
local grade. This may not reach the pump controls,
which are mounted about 1 foot above the flood eleva-
tion but could reach other electrical equipment. Flood
waters would enter the wells, but the submersible pumps
should be unaffected. The Victory Boulevard pumping
station is connected to another station, receiving flow
from one pumping station and discharging to another.
Loss of function at Victory Boulevard does not increase
the vulnerability of the pumping station to which it
discharges, but would increase the vulnerability of the
pumping station from which it receives flow.

ADAPTATION STRATEGIES

The Victory Boulevard pumping station requires adap-
tive measures to withstand the critical flood elevation.
Potential strategies were evaluated against such factors
as flood depth, equipment location, and space. Viable
strategies were reviewed to identify the most cost-effec-
tive, resilient option. Because controls are located above
the critical flood elevation, but only by a small margin,
the recommended strategy at Victory Boulevard is to
elevate controls on a platform. Residual risk is related to
a greater depth of flooding from larger storms or more
extreme climate change.

Critical Flood Elevation
14.5 it NAVD88

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Critical Elevations Pumping Station Summary

Elevations (NAVD 88)
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~—— Electrical Controls (15.7)
—1  Critical Flood Elevation (14.5)

Hurricane Sandy (11.2)
e ————

Local Grade (10.7)

5 Pump Motor Base (-10.3)

FEMA Flood Zones

6 9

Source: FEMA; CUNY Institute for Sustainable Cities

'§ Station Type Sanitary
= | Pump Type Submersible
%) Operating Capacity (MGD) 4.3
@ Affected Area (Acres) 117
Population in Affected Area 970
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 1
Affected Area
Bl Historic Flooding N
14
Affected by Hurricane Sandy N
Historic Loss of Power N
Connected to Other Stations Y
Beach Affected N
Recommended Protective Measure SRS
Platform/Pad
= Cost of Protective Measures' $876,000
i=| Damage Cost for Critical Flood
i 1,849,000
=8 without Protection™ 2 3
©
C lative Risk Avoided Over 50
< umu1a3|ve isk Avoided Over $9.517,000
Years”
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.

NYC WASTEWATER RESILIENCY PLAN 232



e

Recommended
Adaptation Strategy:
Elevate Electrical on

Platform/Pad

Adaptation Cost:
$880,000

Warnerville Pumping Station

STATION CHARACTERISTICS

The Warnerville sanitary pumping station is located near
the intersection of Brookville Boulevard and Rockaway
Boulevard in Queens. All critical electrical components
are located above grade either outdoors on a concrete
pad or within the onsite superstructure. The Warnerv-

ille pumping station includes four submersible sewage
pumps and grinders located below grade and accessible
by hatches.

The Pumping Station Summary table lists the general
characteristics of the Warnerville pumping station, the
potential effect of its failure, and the recommended ad-
aptation strategy. The station is located in a manufactur-
ing area. Failure of the station would affect an area of ap-
proximately 24 acres. There are no critical facilities within
that area that could be affected if the station failed.

HURRICANE SANDY IMPACTS AND OTHER
FLOODING HISTORY

During Hurricane Sandy, the station lost power. The
power outage caused the wet well to flood the dry

well; however, no equipment was damaged during the
flooding. There is no additional history of flooding due to
smaller storms at this location.

RISK ASSESSMENT

The risk of the Warnerville pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components
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to that of the FEMA March 2013 Advisory Base Flood
Elevation (ABFE) 100- year flood plus 30 inches of sea
level rise (critical flood elevation). These elevations and
other notable characteristics were confirmed during a
thorough station visit that included entering the structure
and viewing the electrical components.

The critical flood elevation would inundate the area
surrounding the facility with over 4 feet of water. This
would damage electrical controls but would not affect
the submersible pumps. The Warnerville pumping station
is connected to another station; however it discharges
to it rather than receiving flow. Therefore loss of function
at Warnerville does not increase the vulnerability of an
additional pumping station.

ADAPTATION STRATEGIES

The Warnerville pumping station requires adaptive mea-
sures to withstand the critical flood elevation. Potential
strategies were evaluated against such factors as flood
depth, equipment location, and space. Viable strate-
gies were reviewed to identify the most cost-effective,
resilient option. Because electrical controls are currently
mounted outdoors but need to be moved out of the
reach of flood waters, the recommended strategy at
Warnerville is to elevate electrical controls on a platform.
Residual risk is related to a greater depth of flooding
from larger storms or more extreme climate change.

Warnerville

Critical Flood Elevation

11.5 ft NAVD88

I 2013 Advisory 100-Year Floodplain

Elevations (NAVD 88)

Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain
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Pumping Station Summary

y=. | Station Type Sanitary
§ Pump Type Submersible
%’ Operating Capacity (MGD) <1MGD
@ Affected Area (Acres) 24
Population in Affected Area 170
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
il Historic Flooding N
- Affected by Hurricane Sandy Y
Historic Loss of Power N
Connected to Other Stations Y
Beach Affected N
Recommended Protective Measure Sloveip [2lzziilesl an e
Platform/Pad
5 Cost of ch:)tec;iveCMeasures;1 $880,000
e=1" Damage Cost for Critical Flood
g— withou% Protection 2 $1,142,000
< Cumuia;we Risk Avoided Over 50 $5.875.000
Years”
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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Recommended
Adaptation Strategy:
Elevate Electrical on

Platform/Pad

Adaptation Cost:
$662,000

Zerga Avenue

Critical Flood Elevation
16.5 it NAVD88

L e "

I 2013 Advisory 100-Year Floodplain
Projected 2020s 100-Year Floodplain
Projected 2050s 100-Year Floodplain

Zerega Avenue Pumping Station
STATION CHARACTERISTICS Elevation (ABFE) 100- year flood plus 30 inches of sea

level rise (critical flood elevation). A visit to the pumping

The Zerega Avenue sanitary pumping station is located i o j i
at the southern dead end of Zerega Avenue near the station tg view its exterior revealed thgt electrlcal.con— 20
corner of Castle Hill Avenue. It is across the street from trols, which were shown below grade |r.1 the drawm.gs, peme .
a YMCA and is less than 500 feet from the East River. had been movgd abovg grade. Oth.erW|se, the station Critical Flood Elevation (16.5)
The pumping station is mostly below grade; the wells are appeared consistent with the drawings. 15
accessible through hatches in the sidewalk, and electri- The critical flood elevation would be almost 6 feet above
cal controls are located in a stainless-steel box on the local grade, completely inundating the wells and the == FElectrical Controls (11.3)
sidewalk. above. grade control panels. This W9u|d damage the 10 tocat Grade (10.8)
The Pumping Station Summary table lists the general electrical controls, but the submersible pumps should be
characteristics of the Zerega Avenue pumping station, unaffected.
the potential effect of its failure, and the recommended ADAPTATION STRATEGIES § 5
gdaptation §trategy. The st.ation is located in a residen- The Zerega Avenue pumping station requires adaptive =]
tial areg. Failure of the station would .af'fect an areall of measures to withstand the critical flood elevation. Po- g
approximately 7 acr§§ and a';.)cl>pulalt|o'n of approximately tential strategies were evaluated against such factors as g 0
200. There are no .cr|t|cal fa.C|I|t|esj within that area that flood depth, equipment location, and space. Viable strat- =
could be affected if the station failed. egies were reviewed to identify the most cost-effective, g
HURRICANE SANDY IMPACTS AND OTHER resilient option. Because controls are currently exposed, -5
FLOODING HISTORY space is limited, and controls need to be moved above
The Zerega Avenue pumping station experienced minor the flooq elevation, the rec.ommended strategy at Zerega [ Pump Motor Base (-8.4)
impacts during Hurricane Sandy but there is no addition- A.venue. is t-o elevate electrical controls on a pla.tform. Re- -10
al history of flooding at this location. sidual risk is related to a greater fjepth of flooding from
larger storms or more extreme climate change.
RISK ASSESSMENT 15
The risk of the Zerega Avenue pumping station was first
assessed based on a review of the station’s plan draw-
ings, comparing the elevation of the critical components 20
to that of the FEMA March 2013 Advisory Base Flood
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FEMA Flood Zones

[ -
0 15 3 8 9

Source: FEMA; CUNY Institute for Sustainable Cities

y=. | Station Type Sanitary
§ Pump Type Submersible
%) Operating Capacity (MGD) <1MGD
@ Affected Area (Acres) 7
Population in Affected Area 195
Number of Critical Facilities (e.g.,
Hospitals, Public Safety, Schools) in 0
Affected Area
-3l Historic Flooding N
o Affected by Hurricane Sandy Y
Historic Loss of Power Y
Connected to Other Stations N
Beach Affected N
Recommended Protective Measure o E;::;gi:g;:
5 Cost of Pg)tec?veCMeasures1 $662,000
e=1" Damage Cost for Critical Flood
_% withoui Protection 2 $1,283,000
< Cumu!a;we Risk Avoided Over 50 $6.603,000
Years”
Resiliency Level Very High

1) All cost estimates are presented in 2013 US Dollars.

2) One-time replacement cost of at-risk equipment if no protective
measures are in place and critical flood scenario occurs (i.e., current
100-year flood plus 30 inches). This estimate does not consider the
probability of storm occurrence.

3) Repair/replacement costs that would be avoided over 50 years if pro-
tective measures are in place for storm surges up to and including the
100-year flood plus 30 inches. This estimate incorporates the probability
of storm occurrence.
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In order to effectively plan for the future, DEP has stud-
ied how climate change coupled with population growth
could affect its wastewater collection systems and
wastewater treatment infrastructure. Rising sea level,
higher flows due to increasing population, more intense
storms, and elevated surface temperatures are all factors

Staten Island Bluebelt

that DEP has considered which could potentially affect
the city’s drainage infrastructure, wastewater collection
system, and treatment operations. Table 1 summarizes
the potential impacts associated with climate change on
drainage infrastructure.

Table 1: Potential Impacts on Watersheds

e Change in energy use or pumping

® Increased operation and mainte-
nance requirements

e Shifting of inundation zones

e Flooding of pump stations (espe-
cially if not watertight)

e Physical inundation e Change in energy use e Changes in the frequency of street

e Changed hydraulics ¢ Increased operation and mainte- flooding

e Changed influent wastewater char- nance requirements e Change in combined sewer over-
acteristics ¢ Increased occurrence of days flow quantities, frequency, and

greater than 90°F and impact on

requirements energy use e Changes in stormwater discharge
e Saltwater intrusion * Increased probability of electrical quantities, frequency, and water
® Impact on storm surge elevations grid failure quality

water quality

Material strain

¢ [ncreased operation and mainte-
nance requirements

¢ Increased frequency of emergency
management actions

Excerpted from New York City Panel on Climate Change (NPCC) report entitled Climate Risk Information, issued February 2009. The NPCC issued
a report in 2013 updating the projections used for its 2009 report. The changes to the projections would not alter the recommendations of this

study.

PRECIPITATION, WATERSHED, AND TIDE GATE ANALYSIS

The present study assesses the potential risks and
impacts associated with changing precipitation patterns
and sea level rise. It also evaluates adaptation strategies
to improve resiliency in the face of climate change. The
study was conducted in three phases:

Phase 1: Precipitation Analysis

The first phase of the study had two objectives. The
first objective was to assess whether the rainfall intensi-
ty-duration-frequency (IDF) relationships used for sewer
design have changed significantly since their original
development during the first half of the 20th century.
Sixty years of rainfall data have been collected since
the development of the rainfall statistics currently used
in sewer design. Analysis of this longer, more complete
data set would inform the City’s existing operations and
assist in planning for the future. The second objective
was to evaluate whether the typical rainfall year used for
combined sewer overflow (CSO) Long-Term Control Plan
(LTCP) development is representative of the ‘average
annual baseline’ or if it should be revised in light of new
rainfall data. The complete rainfall records from gauges
throughout the New York City region through 2012 were
examined to complete this phase of the study.

Phase 2: Watershed Analysis

The second phase of the study used hydrologic and hy-
draulic computer modeling to simulate how potential fu-
ture rainfall and tides may affect drainage characteristics
and the frequency and volume of CSOs. For this phase
of the study, the projected future precipitation and tide
data were applied using computer simulation modeling
to a selected planning area, the Flushing Bay watershed,
to compare CSO volume and frequency under current
and future climate conditions. In addition, an analysis of
potential changes in flood frequency and volume was
conducted. Finally, the models were modified to simulate
simplified adaptation strategies in order to assess their
relative potential for mitigating the negative effects of
climate change. The Flushing Bay watershed was cho-
sen as a sample case study because it is representative
of the city as a whole in a number of critical ways, and
therefore feasible adaptation strategies developed for
this watershed may be applicable citywide.

Phase 3: Tide Gate Analysis

The final phase of the study assessed the effectiveness,
cost, and benefits of installing tide gates at stormwater
outfalls to prevent storm surge inundation in adjacent
communities. A preliminary, static analysis was per-
formed to determine the viability and impacts of tide
gate installations at 211 DEP-owned stormwater outfalls
in New York City. The screening analysis looked at the
local topography of the community upstream of each
associated outfall and compared it to the elevations of
typical tidal events to see whether the installation of a
tide gate would provide flood protection.

NYC WASTEWATER RESILIENCY PLAN 240



-

241

Precipitation is the driving factor for peak flows in the
sewer system; the system is designed and built to collect
and convey runoff generated by a specific rainfall intensi-
ty called the design storm event. While the sewers them-
selves consistently function as designed, the weather

is not always cooperative. Real temporal and spatial
rainfall patterns can vary significantly from the design
storm, resulting in sewer backups, surface flooding, and
combined sewer overflows (CSO). Thorough analysis of
precipitation data is therefore critical to assessing sys-
tem functionality and planning for the future.

A fresh examination of regional rainfall data was con-
ducted to determine if drainage and CSO Long Term
Control Planning (LTCP) should be based on revised
statistics, to identify a new typical rainfall year to be used
for CSO LTCP modeling efforts, and to develop a means
of modeling projected future precipitation conditions in
the city’s urban watershed. The analysis found that cur-
rent drainage planning tools remain suitable for design,
but that future modeling efforts should employ a different
year of rainfall data based on recent historical data and
projected changes in precipitation.

PRECIPITATION, WATERSHED, AND TIDE GATE ANALYSIS

Rainfall Data Collection

Rainfall data were obtained from the Northeast Region-
al Climate Center at Cornell University. All data were
subject to quality checks prior to delivery. Data were
requested for the ten stations shown in Figure 1 and de-
scribed in Table 2, which are the stations in and around
New York City with the longest records. The longest
available record comprises daily rainfall data at Central
Park where data records commence in 1876, and only
3 years contain missing data. Newark also has a long
daily record, commencing in 1897; however, daily data
at stations other than Central Park were not used in the
study as hourly data provides the most comprehensive
record for short durations. Hourly observations began
in 1948, and four stations also provided 15-minute data
beginning in 1972.

Figure 1:

Rainfall Stations with Long Records of Hourly Data Around New York City
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Table 2: Available Rainfall Records

0 25 5

Miles
15

15 -minute data

availability
Central Park, NY 1876-2011 None
Ave V, Brooklyn, NY 1948-1976 None
Westerleigh, NY 1948-1992 None
White Plains, NY 1948-1992 1982-1992
Rahway, NJ 1948-2003 1984-2000
Central Park, NY 1948-2011 None
Newark Airport, NJ 1948-2011 None
Mineola, NY 1948-2011 1972-2010
Little Falls, NY 1948-2011 1984-2000
LaGuardia Airport, NY 1948-2011 None
JFK Airport, NY 1949-2011 None
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Spatio-temporal Trend Analyses of New York
City Rainfall Data

No single station can necessarily be considered repre-
sentative of the entire city; rainfall within the city shows
a strong spatial variation as storms tend to be local-
ized. Locations in the southwest part of the city tend to
receive higher rainfall; however, none of the stations in
the southwest part of the city have sufficiently complete
data, and using data from the gauges at Central Park
and the three airports (JFK, Newark, and LaGuardia)

for the period 1969-2010 provides the most complete
spatial and temporal coverage (at the time of the analy-
sis, data for 2011 and 2012 were not yet available). The
period 1969-2010 is the longest period for which near
complete datasets are available across these stations.
This period is long enough to reliably estimate events of
10-year return periods or greater frequency, and includes
the most recent cluster of recent extreme rainfall events
to hit New York City in the 1990s and 2000s (Figure 2).

Since 1990, all of the following have occurred:

e three of the five largest precipitation events to occur
at JFK;

e four of the five largest precipitation events to occur
at LaGuardia and Newark; and

¢ all five of the largest precipitation events to occur at
Central Park.

While these statistics would seem to suggest a dramatic
shift in the rainfall climate towards more extreme rainfall
events, it is difficult to draw very definitive conclusions.
Analysis of the rainfall data shows that historically there
have been similar clusters of large events, such as in
the late 1880s and 1970s. The strong peak in the 5-year
moving average illustrates the cluster of large storms in
the 1970s (Figure 3). Similarly, the 30-year moving av-
erage (period recommended for climatological standard
normals) shows a cyclic nature, with a decrease in daily
precipitation from the beginning of the record to 1970,

Figure 2: Number of Large Rainfall Events Each Year since 1948

5
m Number of events above 1 inch
® Number of events above 1.5 inches
= Number of events above 1.6 inches
4
3
>
3
o
1)
€ 3
[
>
(]
e
)
Ke]
£
3 2
1 I
0 +Ht——h—A—Rh — t } t

1949 1953 1957 1961 1965 1969 1973

1977

1981 1985 1989 1993 1997 2001 2005 2009

Number of large rainfall events occurring in each year since 1948, based on hourly data at Central Park. Data provided by the

Northeast Regional Climate Center.

243

PRECIPITATION, WATERSHED, AND TIDE GATE ANALYSIS

Figure 3: Trend Analysis of Daily Data from Central Park Rain Gauge
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Annual maxima from hourly precipitation data at Central Park. Data provided by the Northeast Regional Climate Center.

and then an increase, reflecting the clusters of large
events in the 1970s and the last two decades. Overall,
the data show a gradual trend towards increased rainfall
which is consistent with the recent observations of large
precipitation events. It is difficult to predict rainfall trends
and although global and regional climate models suggest
increased precipitation, they do not provided clarity par-
ticularly regarding rainfall intensities used to size small-
er sewer systems. Sewer systems are conservatively
designed to capture large volumes of water very quickly
to minimize street flooding in the interest of public safety.
With future rain data collected in the coming years, it will
be much clearer whether this increasing trend is real and
statistically significant.

Intensity Duration Frequency Curves

With long records of rainfall, statistical methods can be
applied to estimate the probability of a storm event with
a specific intensity and duration occurring in a given
year; this is referred to as the storm’s return frequency.
The rainfall intensity over a spectrum of durations from
5 minutes to 24 hours for storms with varying return

frequencies are compiled into useful charts referred to as
intensity-duration-frequency (IDF) curves.

IDF curves are one of the most common and useful tools
for sewer design. The standard sewer design criterion in
New York City is to use the intensity-duration values for
a storm with a 5-year return frequency (i.e., a 20 percent
chance of occurrence in any given year) to calculate how
large the sewer pipes need to be sized to appropriately
manage stormwater. The peak sewer design flow for a
drainage area can be estimated using a runoff coeffi-
cient based on land use and imperviousness, the rainfall
intensity value taken from the IDF curves, and the size of
the contributing drainage area. The design of combined
sewers also accounts for sanitary flows.

The city’s current 5—year sewer design standard is fairly
robust and conservative when compared to standards
for other municipalities. Nevertheless, it is necessary to
track rainfall patterns over time to see if the characteris-
tics of a 5-year storm have changed.

The current sewer design standard is based on IDF
curves derived from rainfall data from the period 1903
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to 1951. To accurately estimate the peak design flow

for sewers, it is important to analyze whether rainfall
patterns, and the derived IDF curves, show a shift over
time when the analysis includes additional data that have
been collected over the past 60 years. The original IDF
curves were also based on data from a single rain gauge
(believed to be Central Park) but are applied to drainage
systems throughout the five boroughs.

A single IDF curve is necessary for ease of use and
consistency for sewer design, yet the IDF curve needs to
be representative of conditions across the entire city. A
full set of IDF curves was developed for each of the four
stations using the 1969-2010 data. As the source data
are hourly, intensities for durations less than one hour
were derived using published scaling factors and vali-
dated through analysis of the 15-minute data at Mineola.
The highest point from the IDF curve generated for each
of the four stations was then used to generate a single
curve. This conservative approach recognizes that the
data used does not include stations in the southwest of
the city where rainfall is highest; adopting the higher val-
ues acknowledges and compensates for this omission.

For the majority of the city’s sewer network, depend-
ing on the size of the collection area, it takes up to 100
minutes for stormwater to reach an outfall. As shown in
the IDF curve (Figure 4), the intensities for a storm with
a 5-year return period are not significantly different be-
tween the current and updated curves for durations (or
travel time) between 5 and 100 minutes. In other words,
for durations relevant to sewer design (up to 100 min-
utes), the expanded, more recent data record revealed
no discernible trend toward more intense rainfall, and
the current IDF curves can remain the basis of drainage
design for now. However, for the longer durations, (2
hours and greater), the computed rainfall intensities are
larger based on the updated curve, reflecting the more
recent trends in increased rainfall intensity. In order to
more definitively recognize emerging trends in precip-
itation intensity due to future climate change, DEP will
periodically review rainfall trends and assess implications
for stormwater infrastructure, as appropriate.

Figure 4: Comparison of Current and Updated Intensity-Duration-Frequency (IDF) Curves

® 5 year (updated) ® 50 year (updated) ® 100 year (updated)

Typical Rainfall Year

Based on the revised statistics developed for the IDF,
historical data was assessed to develop a “typical year”
to represent average annual conditions for LTCP mod-
eling. These models provide information about how
stormwater runoff and sanitary wastewater move and
consequently discharge into waterbodies, and are used
as quantitative tools to understand impacts on water
quality. For each year and station, five rainfall parameters
were calculated: annual rainfall depth, July rainfall depth,
November rainfall depth, number of very wet days, and
average peak storm intensity. The number of very wet
days was chosen to be the number of days with more
than two inches of rainfall.

The statistics were examined to find the year and station
which is closest to the mean of all four stations for all
five climate parameters, both for current conditions and
future conditions considering climate change. Based on
current climate statistics (1969-2010) the 2008 record
from JFK airport was found to be the most representa-
tive year overall.

The future most typical years were then identified by
shifting the mean of the distribution by change factors
based on climate projections from the New York City

Panel on Climate Change (NPCC) Climate Risk Infor-
mation report (2009)'. Both central and precautionary
estimates, which are described in detail below under
Phase 2, were used for the development of the change
factors, based on the middle and upper ranges of the
climate projections, respectively. Changes in rainfall in-
tensity were not available from the NPCC, and therefore
research findings from Forsee et al. (2010) were used
as a proxy. JFK 2005 was found to be the most typical
future year using the central estimate for climate change,
while LaGuardia 2006 is the most typical year using the
precautionary estimate (Table 3).

As a result of this analysis, data from JFK Airport in 2008
is now the selected as the “typical” rainfall year and will
be used for LTCP modeling. Furthermore, to account for
more extreme years that may become the norm in the
future with climate change, the time series used for LTCP
modeling has been expanded to ten years--including
2005 and 2006--to test the robustness of various CSO
mitigation approaches under a range of average and
extreme conditions.

- — 5 year (current)

— — 50 year (current)

— — 100 year (current)

Table 3: Precipitation Values for Selecting Historical Years
Representing Baseline and Future Scenarios’
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Future Central Future Precautionary
Parameter Aggregate
Statistic
(1969-2010)

Best Fit Annual Best Fit Annual Best Fit Annual
. . Target Value . . Target Value .
Time Series (Change Factor) Time Series (Change Factor) Time Seres
JFK 2008 9 JFK 2005 9 LGA 2006
Annual 47.8 50.1
Depth (in) 455 46.3 (+5%) 48.5 (+10%) 54
July 4.5 4.9
Depth (in) 4.3 3.3 (+4.5%) 82 (+14%) 6
November 3.8 4.3
Depth (in) 3.7 33 (+3.5%) 4 (+17%) 58
Number of days 2.8 3.2
>2in b e (+17%) e (+33%) s
Average 0.18 0.2
Intensity (in/hr) 0.15 0.15 (+18%) 0.16 (+32%) 0.2

" The NPCC issued a report in 2013 updating the projections used for its 2009 report. The changes to the projections would not alter the recom-

mendations of this study.
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As a highly urbanized area, New York City’s watersheds
have both natural and engineered features to con-

vey stormwater from the city’s streets, sidewalks and
properties to nearby waterways or wastewater treatment
facilities when it rains. Approximately 60 percent of New
York City’s sewer system is combined, meaning that it
handles sanitary waste from homes and businesses as
wells as stormwater from streets and rooftops. Com-
bined sewers (Figure 5) are common to older, more de-
veloped US cities and are designed to receive significant
amounts of stormwater to prevent local flooding which
can also result in combined sewer overflows (CSO)
during significant rain events. Watershed analyses are
conducted to understand the sensitivity of the waste-
water infrastructure to changes in the system; therefore,
for this study a representative watershed was evaluated
under two possible future climate scenarios.
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Right-of-Way Bioswale

Phase II: Watershed Analysis

CSO mitigation is an ongoing process, including the
development of Long Term Control Plans (LTCP). LTCP
projects typically involve sewer and wastewater treat-
ment plant upgrades, and the implementation of green
infrastructure, which work together to increase the
capacity of the sewer system and reduce the amount

of stormwater flowing into the sewers. The planning
areas for which LTCPs are being developed can span
the service areas of multiple treatment plants, and can
contain numerous pumping stations and several major
CSO outfalls. With a sewer system so large, the City
uses extensive computer simulation models of the sewer
network and historical rainfall records to understand how
much CSO is generated annually, and to determine how
CSO mitigation projects will reduce CSOs upon imple-
mentation.

Figure 5: Combined Sewer System

Flow to the
Treatment Plant

Combined Sewer Outfall Tide Gate
during wet weather combined keeps the tidal inflow
sewage may overflow through the out of the sewer system

combined sewer outfall

For this study, DEP sought a representative watershed
to demonstrate the impacts of climate change, and the
robustness of current and future infrastructure to absorb
these changes. The candidate watersheds were based
on the planning areas used by DEP’s LTCP program
(Figure 6). The general considerations for choosing a
representative watershed were as follows:

1. Infrastructure: Consideration was given to which
wastewater treatment plants were associated with
the watershed, and whether there were regional CSO
facilities (such as at Paerdegat Basin or Flushing
Bay), pump stations, and tide gates in the drainage
area.

2. Drainage Area Characteristics: The selection process
weighed the benefits of selecting an open water
planning area versus a confined tributary, or a large
drainage area versus a smaller one. In addition,
the amount of combined sewer area, the housing
density, and risk of storm surge inundation were
considered. The verified sewer backup and street
flooding complaint database from a 10-year period
were evaluated as evidence of one type of flood risk
in the drainage area.

3. Expected Investments and Projected CSO Reduc-
tions: DEP’s CSO program includes a long list of
capital commitments and construction projects, and
it was agreed that the planning area selected should
include a significant amount of future investment.

Roof Drain

Catch Basin Sanitary Sewer
hood to prevent floatables
from entering the sewer system

Combined Sewer
wet and dry weather flow

The green and grey infrastructure investments and
associated CSO reductions reported in the NYC
Green Infrastructure Plan were considered, as were
the presence of “Tier | Outfalls” (essentially the 10-15
largest CSOs citywide).

Based on these criteria, the Flushing Bay watershed was
selected for further analysis for a conceptual sensitivity
test of system response to two future climate scenarios,
as it is broadly representative of the city’s watersheds. To
conduct this sensitivity test, an existing watershed (mod-
el InfoWorks CS) for Flushing Bay was used and modi-
fied to reflect the project needs for baseline and future
population, sea level rise, and precipitation changes.

Two future scenarios, which are representative of projec-
tions for the 2050s, were defined. The 2050s represents
a timescale of interest to DEP for the planning, design
and operation of infrastructure, representing the planned
life of much of the City’s wastewater infrastructure. Two
future scenarios representing two degrees of severity
were used, since climate projection are wide-ranging due
to uncertainty in future greenhouse gas emission levels
and variations between climate models themselves.
These future scenarios are coupled with a ‘baseline’ sce-
nario, representing current conditions, to better under-
stand the potential change in system responses. These
scenarios are defined below.
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e Current or Baseline: This is the scenario against

which future scenarios are compared to quantify
change, and it is intended to reflect the climate and
operational conditions of the present or recent past.

Future Central Estimate: This scenario represents
the climate conditions near the middle range of
2013 projections published by the New York City
Panel on Climate Change (NPCC) for the 2050s and
assumes a 5 percent increase in annual precipitation
and about 10 inches of additional sea level rise. An
increase of 18 percent in precipitation intensity was
assumed based on research findings from Forsee et
al. (2010).

Future Precautionary Estimate: This scenario
represents a more severe change that could occur
by the 2050s and includes a 10 percent increase
in annual precipitation and 24 inches of additional
sea level rise. It is at the upper end of the middle
range of 2013 climate projections published by the
NPCC for the 2050s. An increase of 32 percent

in precipitation intensity was assumed based on
research findings from Forsee et al. (2010).

The analysis showed that CSO discharges and local
flooding will likely increase under future climate condi-
tions in response to potential increases in precipitation
volume and intensity. Overall annual rainfall volume is
the most important driver of increased CSO volume, with
the greatest changes at outfalls with large tributary areas
because more runoff flows into those parts of the sewer
system. Projections show that CSO increases at individ-
ual outfalls are consistent under both future scenarios,
with increases from baseline between 5 and 47 percent
for the future central scenario, and 9 and 46 percent for
the future precautionary scenario. A number of the CSO
catchments show a decrease in CSO spill between the
Future Central and Future Precautionary scenarios. While
the difference between the two estimated values is small,
it is likely due to the large rise in tidal levels between the
two scenarios, leading to ‘tide locking’ of the outfalls on
a more regular basis. The differences between the future
scenarios range from -11.9 to 14.8 percent, with no sig-
nificant outliers. The relative consistency of the observed
changes between the CSO catchments can be interpret-
ed to suggest that there are not necessarily any specific
elements or infrastructure within the CSO system that is

Figure 6: New York City Watersheds
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at greater risk than others; rather, the system is gener-
ally susceptible to changes to the conditions for which
they were designed, and size of the catchment area will
dictate changes in CSO volumes.

In addition to the Future Central and Precautionary sce-
nario analyses, which included future changes to rainfall,
sea level, and dry weather flow, the individual impacts
of rainfall and sea level projections were also reviewed.
The intent of these analyses was to understand the
relative contribution of changes in sea level and rainfall
in the projected changes in CSO discharges. For each
future scenario, two additional modeling runs were per-
formed—one with the projected rainfall for that scenario
with baseline tides, and another with baseline rainfall and
projected tides. This analysis confirmed that changes in
future rainfall have a far greater impact on CSO perfor-
mance than does sea level rise.

Analysis of surface water drainage focused on a synthet-
ic intense rainfall event for baseline, future central, and
future precautionary climate scenarios. This event incor-
porates the intense rainfall in a 6-minute duration meant
to simulate the type of flash flooding event that occurs
during summer thunderstorms. The total rainfall volume
for the baseline flooding event was increased uniformly
in each 6-minute time step by 18 and 32 percent to sim-
ulate larger volumes of rainfall under the future central
and future precautionary scenarios, respectively.

The incidence of surface flooding under the baseline,
future central and future precautionary flooding events
were analyzed in terms of surface flooding volumes,

the normalized flood volume over each CSO catchment
area, and the site-specific flood rates measured as a
percentage of the local pipe full capacity. These are

all important metrics for the management of surface
flooding, although total flood volumes are the key con-
sideration. The normalized volumes help understand the
relative distribution of flooding within the watershed, and
the pipe full capacity analysis helps identify areas where
storm intensity in excess of the design storm would likely
cause flooding in the system. It should be noted that the
watershed sensitivity analyses considered only the ‘com-
bined’ system, and did not examine the separate storm
sewer network.

It should also be noted that the model selected for this
study was not built with sufficient resolution to accu-
rately evaluate site-specific flood extents and depths;
however, results showed that there is an increase in
flood volumes from baseline to future scenarios at the
catchment scale. For example, an 18 percent increase in
intensity under the future central scenario could result in
doubling of flood volumes compared to baseline, where-
as a 32 percent increase in intensity under the future pre-

cautionary scenario could result in flood volumes that are
three times greater than the baseline. This demonstrates
the importance of rainfall intensity to the surface drain-
age performance of the system. Additionally, the analysis
suggests that potential flooding is largely localized, at
least within the Flushing Bay watershed. As noted earli-
er, the city’s drainage infrastructure is designed manage
the 5-year storm event. For this analysis, when the in-
tensity (and volume) of that design event is increased, it
resulted in increased potential surface flooding impacts,
which is not surprising due to the fact that the system
was not designed to accommodate these larger flows.

In order to address the future projected climate chang-
es, a range of adaptation strategies were investigated.
Key findings from the analysis of adaptation strategies
showed that ‘source control’ type options, designed to
delay or prevent stormwater entering the sewer system,
provide a comprehensive approach to improving sys-
tem resilience. Source control can be achieved through
either temporary retention or infiltration, either of which
serves to reduce peak flows and consequently reduce or
prevent impacts associated with flooding and CSO spills
which, by definition, occur during event peaks. Green
infrastructure was considered throughout this evaluation,
and demonstrated benefits for both flooding and CSO
overflows. It is both logical and evident from the results
of this analysis that the more stormwater inflow to the
sewers can be reduced, the more the load on the system
is reduced, and impacts avoided.

New York City is already committed to implementing
green infrastructure to capture the first inch of rainfall on
10 percent of impervious surfaces in combined sewer ar-
eas by 2030. This approach will result in reduced CSOs
and improved water quality. As the green infrastructure
system is built out, it could produce a gradual increase
in stormwater system resilience, in parallel to the antici-
pated gradual increase in rainfall due to climate change.
While the construction of green infrastructure is an effec-
tive solution to manage rainfall and reduce CSOs, in oth-
er areas, where feasible and based on local land use and
sewer configuration, local disconnection or separation of
the sewer system (conveying stormwater separately from
sanitary sewage flows) could be more effective. Accord-
ingly, DEP will augment existing combined sewers with
high-level storm sewers in certain areas near the water’s
edge around the city. The benefit of this approach is sim-
ilar to source controls in that it reduces stormwater flows
into the combined sewer system.

NYC WASTEWATER RESILIENCY PLAN 250



257

b

Tide gates prevent salt water from entering the com-
bined sewer system and disrupting operations at waste-
water treatment plants. While the combined system is
equipped with tide gates, separate stormwater outfalls
are not always equipped with tide gates, and therefore
DEP sought to determine where additional tide gates
might improve the functioning of the system during a
storm surge event. A preliminary, static analysis was
performed to determine the viability and impacts of tide
gate installations at 211 DEP owned stormwater outfalls
in New York City.

This analysis looked at the local topography of the
community upstream of each associated outfall and
compared it to the elevations of typical tidal events to
see if the installation of a tide gate would provide flood
protection to the communities directly adjacent to the
associated shoreline. It should be noted that tide gates
are effective in communities and areas where a seawall
or similar flood protection measure are installed in tan-
dem with the tide gate.

Of the 211 DEP-owned stormwater outfalls that were
analyzed, it was determined that 152 outfalls would have
no benefits from tide gate installation, while 59 required
further analysis (Figure 7). For Coney Island and the
Rockaways, tide gates have no benefit for the com-
munity due to the flat and low-lying topography of the

PRECIPITATION, WATERSHED, AND TIDE GATE ANALYSIS
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Sewer outfall with tide gate on Shellbank Basin in Howard Beach, Queens

surrounding communities. These conditions create a sit-
uation where a tide gate would not open during high tide
events coinciding with certain rainfall events. Alterna-
tively, for the south shore of Staten Island, the elevation
of the communities is so high above the typical high tide
that tide gates would also have a minimal impact.

The analysis demonstrated that tide gates must be
analyzed on a case-by-case basis at each outfall to
examine the hydraulics of the local drainage system,
the surrounding topography of the community, and the
typical tidal elevation along the associated shoreline. The
installation of a seawall or other flood barrier is critical
to the ability of a tide gate to benefit the community.
The outfalls identified by this study as requiring further
analysis necessitate dynamic modeling to determine
the effectiveness and functional operation of tide gates
during rainfall events. Additionally, each outfall needs to
be assessed to determine the size of the area and types
of assets that would potentially benefit from tide gate
installation. Installing tide gates at every outfall in the
city would be neither cost-effective, nor would it provide
effective flood mitigation, adding costs for maintenance
and replacements, and in some cases, potentially exac-
erbating flooding conditions.

Figure 7: Stormwater Outfalls Assessed for Tide Gate Analysis
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Conclusion

New York City’s drainage system is robust, and has provided
excellent service to its residents for generations; however,
projected changes in climate may pose new challenges.
More intense precipitation patterns and a rise in sea level
can contribute to increased frequency of CSO discharges,
and a greater risk of local street flooding. Improving the city’s
wastewater and sewer systems will enhance the ability of the
existing infrastructure to cope with environmental changes.
DEP is actively addressing these issues and will continue to
implement a number of its programs that are already under-
way, and where opportunities exist will seek to expand these
programs.

This study is an important step in planning for the future
because it specifically addressed the question of how global
climate change is likely to affect New York City. It provides a
basis for continuing existing efforts such as the Green Infra-
structure Program, CSO Long-Term Control Plans, Bluebelt
drainage program, and building out storm sewers in areas
with limited drainage systems. In addition, this study, although
focused on watershed-level impacts, produced results that
are directly applicable to efforts to protect the DEP’s entire
wastewater infrastructure.

The analysis of watershed-level impacts on the collection
system began with a comprehensive analysis of the complete
available record of precipitation, including for the 60-year
period since the Department’s sewer design guidelines were
formulated. The study reached the important conclusion that
the current design documents, the IDF curves, need not be
changed at this time, but should be revisited periodically in
the future. The data analysis also selected the 2008 JFK data
record as the typical year to be used for LTCP modeling,
replacing the previous model year which was no longer the

Pennsylvania Avenue Landfill, Brooklyn, NY

most representative of current New York City conditions. This
analysis was the basis for projecting potential future rainfall
conditions, under which the watershed was evaluated.

The representative watershed study of the drainage system
indicated that changes to precipitation in New York City
would increase the frequency of CSO discharges and the
amount of local street flooding, while the increase in sea level
would have little effect in the selected study area. Tide gates
on stormwater outfalls were another specific element of the
drainage infrastructure evaluated. A comprehensive analysis
found that they can be an important feature in local flood pro-
tection, but only if they are used as part of a total engineering
solution.

The study confirms the efficacy of the city’s current green
infrastructure approach, outlined in PlaNYC, especially the
target of modifying impervious surfaces of city streets with
bioswales, local infiltration or local storage, targeted separa-
tion of sewers, and regional Bluebelt-type designs. In fact, a
clear result of the analysis was that the careful integration of
green and traditional grey-infrastructure modifications will pro-
vide the largest benefit with the least cost. Additionally, other
DEP initiatives such as adoption of new design standards

for wastewater facilities and the recommended strategies for
hardening wastewater infrastructure, as discussed in detail

in Chapters 2 and 3, will further improve the city’s resiliency

in the face of future climate change. The data analysis of
precipitation, the computer modeling of the sewer system of
the Flushing Bay watershed, and the examination of critical
pieces of system infrastructure all provide a foundation uppon
which DEP can build future efforts to respond to climate
change and sea level rise.
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