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Executive Summary

Executive Summary

New York City’s Source Water Protection Program for the Catskill/Delaware Systems

The New York City (NYC) Department of Environmental Protection (DEP) is
responsible for operating, maintaining and protecting the City’s water supply and distribution
system. This document, New York City’s 2016 Watershed Protection Summary and Assessment,
has been prepared to comply with the New York State Department of Health’s (NYSDOH) May
2014 Filtration Avoidance Determination (FAD) for the Catskill/Delaware Water Supply
Systems.

In 1989, the federal Surface Water Treatment Rule (SWTR) was promulgated, requiring
filtration of all surface water supplies. The SWTR provided for a waiver of the filtration
requirement if the water supplier could meet certain objective and subjective criteria. In the early
1990s, DEP embarked on an ambitious program to protect and enhance the quality of NYC’s
drinking water. DEP was able to demonstrate that the Catskill/Delaware supply met the objective
criteria: (1) the source water met SWTR turbidity and fecal coliform standards, (2) there were no
source related violations of the Coliform Rule, (3) there were no waterborne disease outbreaks in
the City. The subjective criteria of SWTR required DEP to demonstrate through ownership or
agreements with landowners that it could control human activities in the watershed that might
adversely impact the microbiological quality of the source water. As outlined in the SWTR,
issues of concern fall into several categories: coliform bacteria, enteric viruses, Giardia sp.,
Cryptosporidium sp., turbidity, disinfection by-products, and watershed control.

To demonstrate its eligibility for a filtration waiver, DEP advanced a program to assess
and address water quality threats in the Catskill/Delaware system. DEP’s strategy is based on a
simple premise: it is better to keep the water clean at its source than it is to treat it after it has
been polluted. To meet the goal of public health protection, DEP has designed and deployed a
mix of remedial programs (intended to clean up existing sources of pollution) and protective
programs (to prevent new sources of pollution). These efforts provided the basis for a series of
waivers from the filtration requirements of the SWTR (January 1993, December 1993, January
1997, May 1997, November 2002, July 2007 and May 2014).

Assessing the Potential Threats to the Water Supply

Since the inception of the program in the early 1990s, the City has made great progress in
assessing potential sources of water contamination and designing and implementing programs to
address those sources. Each year, DEP collects and analyzes tens of thousands of samples from
more than 450 sites throughout the watershed — at aqueducts, reservoirs, streams and wastewater
treatment plants (WWTPs). The purpose of this intensive monitoring effort is to help operate and
manage the system to provide the best possible water at all times, to develop a record to identify
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water quality trends, and to focus watershed management efforts. This robust monitoring
program provides the scientific underpinnings for the source water protection program.

Based on the information collected through the monitoring program, DEP developed a
comprehensive strategy for the protection of source water quality, designed to address existing
sources of pollution and prevent new sources. Each element of the watershed protection effort is
conducted at a specific spatial and temporal scale to ensure the maintenance of the already high
quality of the Catskill/Delaware waters. This effort yields benefits for water consumers as well
as the tens of thousands of people who live, work and recreate in the watershed, and the millions
in communities downstream of the reservoirs.

Implementing the Source Water Protection Program & Achievements to Date

Through much of the 1990s, DEP struggled to assemble and implement the elements of a
comprehensive and long-term watershed protection program. In January 1997, a new era of
source water protection and partnership began when the City, the State, United States
Environmental Protection Agency (USEPA), watershed communities and environmental and
public interest groups signed the NYC Watershed Memorandum of Agreement (MOA). This
unique coalition came together with the dual goals of protecting water quality for generations to
come and preserving the economic viability of watershed communities. The MOA established
the institutional framework and relationships needed to implement the range of protection
programs identified as necessary by the City, the State, and USEPA.

In July 2007, the USEPA, in consultation with NYSDOH, issued a 10-year FAD. The
programs identified in the 2007 FAD built on the significant program accomplishments to that
time and reflected DEP’s continued commitment to long-term watershed protection. The 2007
FAD required a mid-term review and update, which was completed by NYSDOH in May 2014
(the Revised 2007 FAD). The Revised 2007 FAD incorporated a mix of core on-going programs
and new initiatives targeted at evolving threats to water quality such as flood events and invasive
species. Two significant storms in the late summer of 2011 focused the efforts of all stakeholders
on identifying strategies to enhance flood protection in the watershed. The Revised 2007 FAD
demonstrates DEP’s ability to continue to implement proven programs, as well as the ability to
adapt strategies as needed to anticipate and respond to changing conditions. DEP’s source water
protection program continues to be an international model for sustainable water supply
management and public health protection.

Effective implementation of this multi-faceted program depends on support from and
cooperation with the City’s watershed partners. DEP regularly works with many agencies,
organizations and communities throughout the region to advance initiatives. These partnerships
are vital to the continued success of the source water protection program and recognize the need
to strike a balance between protecting water quality and preserving the communities in the
watershed. The contributions of many of these groups are acknowledged throughout this report.
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Significant progress continues on implementation of several key watershed protection
initiatives: the Watershed Agricultural Program; the acquisition of sensitive watershed lands; the
enforcement of Watershed Regulations; the Stream Management Program (SMP); and the
continuation of environmental and economic partnership programs that target specific sources of
pollution in the watershed. In addition, DEP continued its enhanced watershed protection efforts
in the Kensico Reservoir basin and completed the upgrades of non-City owned watershed
WWTPs. Figures ES.1 and ES.2 map the myriad projects completed by DEP and its partners in
the Catskill/Delaware and Croton watersheds since 1997. Key watershed protection program
highlights include:

Watershed Agricultural Program

Since 1992, the Watershed Agricultural Program (WAP) has promoted a non-regulatory,
voluntary, incentive-based and farmer-led approach to controlling agricultural sources of
pollution while supporting the economic viability of the watershed’s farmed landscape. Working
through the Watershed Agricultural Council (WAC), the City funds development of farm
pollution prevention plans and implementation of structural and non-structural best management
practices (BMPs). To date, 195 large farm operations in the Catskill/Delaware watersheds have
signed up for the WAP, representing 92% of identified large farms. DEP implemented
approximately 7,100 BMPs on all participating farms at a cost of $57 million, not including
planning, design and administrative expenses. The Conservation Reserve Enhancement Program
(CREP), which pays farmers to take sensitive riparian buffer lands out of active farm use and re-
establish a vegetative buffer, has enrolled more than 2,000 acres of riparian buffers and an
estimated 11,000 head of cattle have been excluded from streams.

Land Acquisition

The Land Acquisition Program (LAP) seeks to protect sensitive lands from development
through willing seller/willing buyer transactions. Watershed-wide, DEP has secured 113,595
acres in fee simple or conservation easement (CE), with another 24,667 acres of farm easements
secured by the WAC. Overall, the City and State now protect 38% of lands in the
Catskill/Delaware system. While the overall level of protection is impressive, even higher levels
of protection have been achieved in the key basins — Ashokan, Rondout, West Branch and
Kensico — which range from 41% to 66% protected.

Watershed Regulations

Since 1997, DEP has reviewed more than 16,100 applications for projects that proposed
one or more regulated activities, as well as performed regular compliance inspections at
regulated wastewater facilities, and responded to violations of permit standards to enforce
corrective actions. DEP works with applicants to ensure new development in the watershed is
undertaken in a manner that is fully protective of critical water supply resources and overall
more than 99% of DEP’s regulatory determinations are project approvals.
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New York City East-of-Hudson

Watershed Protection & Partnership Programs

As of December 2015
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Figure E.2
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County Boundaries

Streams

NYC Reservoirs (12,337 Acres)

Catskill / Delaware and Croton System Watershed Basins
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Wastewater Programs

DEP has implemented an array of programs intended to improve the treatment of
wastewater across the watershed. The City, in conjunction with its partners, has continued to
implement programs that have remediated nearly 4,900 failing septic systems. All WWTPs —
including City- and non-City-owned — have been upgraded to tertiary treatment, and DEP funds
a significant portion of ongoing operation and maintenance. New WWTPs, or other community
wastewater solutions, have been implemented in 13 communities, resulting in more than 2,333
septic systems being decommissioned.

Stream Management Program

The SMP promotes the protection and/or restoration of stream system stability and
ecological integrity by providing for the long-term stewardship of streams and floodplains. Over
the past five years, a significant focus of the SMP was responding to the devastating storms of
2011, and working closely with federal, State and local partners to implement restoration
projects. DEP augmented SMP funding to support new science-based efforts for local flood
hazard mitigation, to protect water quality and improve community resiliency.

Ultraviolet (UV) Disinfection Facility

In 2012, DEP began operation of a UV disinfection facility to treat all water from the
Catskill/Delaware supply. The facility, the largest of its kind in the world, provides an additional
barrier for public health protection and complements DEP’s efforts to keep the water clean at the
source.

Waterborne Disease Risk Assessment Program

The Waterborne Disease Risk Assessment Program (WDRAP) continues to track in-City disease
rates, with a goal of identifying whether there are any outbreaks that can be linked to the water
supply. The Program evaluates multiple data streams daily and over longer periods, and has
continued to refine surveillance activities. There was no evidence of an outbreak of waterborne
disease in NYC during this period, including following three severe storms (lrene, Lee, and
Sandy).

Scope of Water Quality Analysis

Water quality analyses cover a longer time period than the current five-year assessment
period, and extends from 1993 through 2014, which allows DEP to examine trends over more
than two decades. It provides a view of water quality changes in the context of variation caused
by natural events such as floods and droughts, which are not sufficiently represented in a five-
year time period. Long-term data are needed to show the effects of the watershed protection
programs because there are time lags between program implementation (causes) and water
quality changes (effects). The water quality data from the early 1990s represents conditions at

8
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the outset of Filtration Avoidance when many watershed protection programs were in their
infancy. Sufficient time has now passed since programs have been in place that the major effects
of programs on water quality should be apparent. Since many programs were implemented in the
decade between 2000 and 2010, the current conditions are a phase when the effects of the
watershed programs are expected to be reflected in water quality, as surface water reaches its
new ‘steady state’ with watershed conditions.

There are several important factors that govern water quality over the long term. Perhaps
the two most important are climate, as a determinant of precipitation and therefore water
residence times, and land use, as a determinant of substance loadings (\VVollenweider and Kerekes
1980). Given the general environmental conditions in each basin, DEP examines the
effectiveness of watershed protection programs to maintain a clean water supply through a series
of analyses. These include the status and trends of water quality in streams and reservoirs as
indicated by various analytes or indices, the trophic response of reservoirs, and pathogen
assessment. The objective was to look for central tendencies and trends in the water quality data
over an extended time period during and after watershed protection program implementation.

The trophic response of reservoirs to the combined effects of watershed protection
programs and major environmental events was examined through four relationships selected
from the Programme on Eutrophication sponsored by the Organization for Economic
Cooperation and Development (OECD). These analyses highlight the biological responses to
major environmental drivers such as hurricanes and floods. By matching the year of major
environmental events to a particular response, patterns in the types and extents to which
environmental drivers affect water quality can be identified. The identification of years can also
indicate overall shifts in nutrients, algal biomass, and transparency over the course of time to
help evaluate the collective effects of the many watershed protection programs.

Macroinvertebrate indices were calculated to provide insight into the ecological
conditions of streams and changes in water quality. Macroinvertebrates biologically integrate
conditions over time so they are seen as important indicators of stream water quality. The impact
of the waterfowl management program and its ability to control and reduce fecal coliform
bacteria have been demonstrated over the past 22 years and selected case studies are presented to
demonstrate the effectiveness of this program. Finally, an analysis of pathogen transport through
the system provides much insight into the benefit of NYC’s sequential system of reservoirs and
the natural processes that improve water quality as it travels towards distribution. With these
approaches, DEP has examined the relationships between watershed protection and water quality
changes.

Water Quality Summary for the Catskill System

Large storm events in 2010 and 2011 adversely impacted water quality in the Catskill
System basins. However, the reservoirs recovered rapidly and water quality was good from
2012-2014. Monthly median fecal coliform counts did not exceed benchmarks and although



Protection 2016 FAD Assessment Report

monthly median phosphorus concentrations exceeded the benchmark of 20 pg L™ the suspended
particulates limited light and growth so no excessive phytoplankton growth occurred. Trophic
status ranged from oligotrophic to mesotrophic for both the Schoharie and Ashokan reservoirs.

Long-term upward turbidity trends were detected throughout the Catskill System
attributed to the 2010 and 2011 storm events. Fecal coliform trends were also upward for
Schoharie and the West Basin of Ashokan Reservoir due to the storms but declined overall for
the East Basin, likely the result of die-off and declining bird populations. The trend in total
phosphorus (TP) was downward in Ashokan but the large storm events caused phosphorus to
increase and negate the downward trends previously observed for the Schoharie Reservoir and its
output. Schoharie Creek (S51) has a declining TP trend suggesting a rapid recovery from major
storm events which is likely to be reflected in the reservoir and output in the future.

Three sites above Schoharie Reservoir and the reservoir outflow have been routinely
monitored for Cryptosporidium and Giardia since 2002. Annual mean concentrations of cysts
and oocysts continued to be low from 2011 through September 2015. Protozoan concentrations
also decrease as the water flows through the Schoharie and Ashokan reservoirs. Settling,
predation, and die-off continue to be the main forces believed to be behind the reduction of
protozoan values downstream.

Water Quality Summary for the Delaware System

Overall, the water quality status of all four Delaware System basins continues to be very
good, which is a reflection in part of the ongoing investment in watershed protection. Monthly
median fecal coliform counts were at or near detection limits for all reservoirs and their outflows
with very few exceptions. During the 2012-2014 assessment period, monthly median turbidity
was low throughout the system, with a value around 1 NTU and corresponding median
phosphorus value of 8 pg L for the outflow from Rondout Reservoir, the terminal reservoir in
the Delaware System.

Long-term trend analysis for Delaware System basins for 1993-2014 showed continued
improvement for some water quality parameters. Results varied between basins, and major storm
events were a factor in the patterns of observed change. Neversink showed strong upward trends
in turbidity and total phosphorus attributed to 2010-2011 storms. By contrast, turbidity trends for
Pepacton and Cannonsville were downward. Downward trends in fecal coliform bacteria and TP
were seen in some locations in Pepacton, Cannonsville, and Rondout basins and thought to
reflect the water quality benefits of watershed protection programs. Overall, trends in trophic
state index (TSI) were downward. Upward trends in conductivity were seen in all basins and
attributed to increases in chloride and decreases in precipitation.

Cryptosporidium and Giardia pathogen monitoring is conducted on the major inflows to
all four reservoirs of the Delaware System. As with the Catskill System, reservoir outflow results
for the 2011-2015 period were much reduced compared to those for inflow streams, indicating

10
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that reservoir processes such as die-off, sedimentation, and predation continued to be effective
barriers throughout the entire 2002-2015 period.

Water Quality Summary for the East of Hudson Catskill/Delaware Basin System

Water quality in West Branch and Kensico basins continued to be excellent during the
2012-2014 assessment period. Median and peak monthly median values were all well below
established water quality benchmarks for fecal coliforms, turbidity, and TP. Decreasing trends in
turbidity, fecal coliforms, and TP in the inputs to West Branch were attributed to improvements
made through watershed protection programs. Likewise, for the Kensico basin, TP trends
declined in the inputs, reservoir, and output. Conductivity trends were upward in both West
Branch and Kensico basins. Increases in productivity were also found in both basins.

Since 2002, Giardia and Cryptosporidium monitoring has been conducted at least weekly
at the Catskill and Delaware inflows and outflows of Kensico Reservoir (with the exception of
the Catskill outflow, which was shut down in September 2012). Giardia annual mean
concentrations have been generally low at both the inflows and outflows, ranging between 0 and
2.5 cysts 50 L™, with the exception of 2004 when the maximum of 4.5 cysts 50 L™ was the
annual mean during a time of heavy rains and snowmelt. Cryptosporidium counts continued to
be an order of magnitude lower than those for Giardia, making it difficult to discern differences
between inflows and outflows with any level of statistical confidence. For the nearly 14-year
period of record, the mean Cryptosporidium oocyst concentration at the Kensico source water
outflows was very low (0.18 oocysts).

Water Quality Summary for the EOH Potential Delaware System Watersheds

During 2012 through 2014, water quality in the Cross River and Croton Falls basins was
generally good. Fecal coliform levels were low in both reservoirs, and occasionally high at the
inflow to Cross River Reservoir and outflow from Croton Falls Reservoir. TP monthly medians
for the reservoirs were at or above the target value of 15 pg L™ for source waters (median of 16.5
ug L't and 15 pg L for Cross River and the main basin of Croton Falls). The median TSI was in
the eutrophic range for both reservoirs and the basins remain listed as phosphorus-restricted.

Trends in turbidity were downward for the output from Cross River basin and attributed
primarily to recovery from drawdown related to dam repairs. By contrast, the turbidity trend for
Croton Falls was upward. Conductivity trends for both basins were upward and likely due to a
combination of factors including development activity and precipitation patterns. Increases in the
TP trend in the Cross River basin accompanied by an increasing trend in TSI coincided with
storm events, particularly in recent years. A decline in the phosphorus trend in the middle basin
of Croton Falls Reservoir was coincident with WWTP upgrades.
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Trophic Response of Reservoirs

The trophic response of DEP’s reservoir system over the past two decades provides some
useful observations that support current operations and policies. It is well known that the control
of algal standing crops is essential because they can potentially lead to deterioration of water
quality. The approach to eutrophication control has been watershed protection programs that
target phosphorus reduction and storm water control. The long-term database now available fully
supports that approach.

Phosphorus reduction through WWTP upgrades, agricultural programs, and stormwater
control has been an effective way to reduce the water quality problems associated with
eutrophication. The data show that Catskill, Delaware, and Croton System reservoirs all respond
with algal standing crops proportional to phosphorus concentrations.

Transparency is also important because it determines the depth of the surface layer in
which algae can grow (i.e., the euphotic zone) and therefore the biological productivity potential
of the system (i.e., from algae to fish). Most of the time, and in nearly all reservoirs, Secchi depth
transparency is controlled by algae. The exceptions are Schoharie Reservoir and the West Basin
of Ashokan Reservoir, where turbidity events severely limit algal growth.

Examining the changes over the past 25 years for mean and maximum chlorophyll,
phosphorus, and Secchi depth, it is clear that in Cannonsville Reservoir, where greatest
phosphorus load reduction has been achieved, there have been vast improvements. More subtle
changes have taken place in the other reservoirs and the trends statistics are appropriate for
characterization of those changes. In contrast, the variations in the Catskill System Reservoirs
are highly dependent on extreme hydrological events and turbidity that can persist in the
reservoirs for several months. Kensico appears to have slowly decreasing phosphorus levels,
while West Branch seems to drift up, which may be due to operations. In the EOH reservoirs
equipped with pump stations that can supplement the Delaware Aqueduct, Cross River is
typically on a par with Site 1 of Croton Falls, however, the upstream sites of Croton Falls tend to
be more eutrophic.

Water Quality Modeling Program

Building on past work, DEP has continued to identify and apply new models, develop
alternative modeling approaches, and improve the framework of previously applied models. In
watershed modeling, the Soil and Water Assessment Tool (SWAT) model has been applied to
several West of Hudson (WOH) reservoirs. A revised version of SWAT, known as SWAT-
Hillslope, was developed by DEP and was used to estimate water, nutrient and sediment loading
from the upper Esopus Creek watershed in the Ashokan Reservoir watershed. The model
calculations of sediment yield indicated that 37% of the total sediment load from the upper
Esopus watershed came from Stony Clove creek, followed by 7% from Woodland Creek, 5%
from Beaverkill, and less than 2% from the remaining tributaries of upper Esopus Creek.
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The majority of the watershed is forested and DEP has begun applying the forest
ecosystem model RHESSys to the Biscuit Brook subbasin. RHESSYys is a spatially distributed
hydrologic and ecological model that simulates water and constituent dynamics over a range of
spatial scales. Testing of two alternative hydrologic modes within the RHESSys framework has
started.

DEP continues to use the Generalized Watershed Loading Function (GWLF) model. This
watershed model was used in studies performed during the reporting period to simulate the
impacts of climate change on runoff and reservoir quantity and quality. In Cannonsville
Reservoir GWLF was linked with (1) a single phytoplankton class reservoir eutrophication
model, (2) a multiple phytoplankton class eutrophication model. Both models predict a lower
peak chlorophyll occurring earlier in the spring under future conditions. GWLF was also used to
evaluate the impact of climate change on stream turbidity in Esopus Creek. The annual turbidity
loading from Esopus to Ashokan Reservoir will increase by only 3 to 5%. However, the model
predicted that turbidity in Esopus during the months of November through February will increase
up to 45% for the 2046-2065 period and up to 68% for the 2081-2100 period, compared to
current conditions. When these predicted loads were used as inputs to the two-dimensional
reservoir turbidity model for Ashokan, the average winter (November through February)
reservoir turbidity is increased by 11% and 17% for the 2046-2065 and 2081-2200 time
intervals, respectively.

Turbidity models based on the US Army Corps of Engineers CE-QUAL-W2 model
framework have previously been developed for Schoharie, Ashokan, and Kensico Reservoirs. In
the current reporting period, these models were all upgraded and the upgraded turbidity model
was applied, tested and validated for Rondout Reservoir. These turbidity models, combined with
the OASIS system operations model, form the basis for DEP’s Operations Support Tool (OST).
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Introduction

1. Introduction

1.1 Purpose of this Report

This report complies with Section 5.1 of the May 2014 Filtration Avoidance
Determination (Revised 2007 FAD), which requires that the City submit a comprehensive report
on watershed protection accomplishments and an assessment of water quality to the NYSDOH
by March 31, 2016. The purpose of this report is to summarize the achievements of the programs
that comprise the City's overall watershed protection program; to review water quality status and
trends in the Catskill/Delaware (CAT/DEL) basins; and, where possible, to demonstrate the link
between program activities and changes in water quality.

The report is divided into two main sections: Chapter 4 provides brief summaries of the
accomplishments of each of the watershed protection programs for the past five years; and
Chapters 5, 6, 7 and 8 use water quality monitoring results and modeling to assess current water
quality and evaluate the effectiveness of some of those programs. In addition, Chapter 2 provides
a case study of the impacts of Tropical Storm Irene and Tropical Storm Lee on the NYC water
supply, and the actions taken in response.

This document should be viewed as a companion to the regular reports DEP produces
detailing program progress and water quality over the past five years. For specific details about
the implementation of watershed protection programs, refer to the Annual Reports prepared
pursuant to the FAD for the years 2011 through 2014. Annual Watershed Water Quality Reports
have been prepared for the same period. DEP also produces dozens of quarterly, semi-annual and
annual reports on FAD programs, publishes reports on special studies and develops an annual
water quality statement which gives detailed information about water quality. Finally, DEP’s
web site contains periodic up-dates on certain programs and other details. Reports and other
information about the City’s initiatives can be found at
http://www.nyc.gov/html/dep/html/watershed protection/index.shtml.

1.2 Water Supply System

The NYC water supply system consists of three surface water sources (the Croton, the
Catskill, and the Delaware) and a system of wells in Queens (the Jamaica System) (see Figure
1.1). The three upstate water collection systems include 19 reservoirs and three controlled lakes
with a total storage capacity of approximately 580 billion gallons. They were designed and built
with various interconnections to increase flexibility to meet quality and quantity goals and to
mitigate the impact of localized droughts and water quality impairments. The system supplies
drinking water to almost half the population of the State of New York — over eight million
people in NYC and one million people in Westchester, Putnam, Orange, and Ulster Counties —
plus the millions of commuters and tourists who visit the City throughout the year. Overall
consumption in 2015 averaged approximately 1.1 billion gallons a day, which includes both in-
City and upstate demand. In-City, overall demand has decreased dramatically since 1990 as a
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Figure 1.2 New York City consumption projection.

direct result of significant investments by DEP in demand management. Figure 1.2 shows water
demand in New York City since 1960, documenting a 30% decrease in the past 25 years, despite
rising population.

DEP is the City agency with primary responsibility for overseeing the operation,
maintenance and management of the water supply infrastructure and the protection of the 1,969
square mile watershed. Within DEP, the Bureau of Water Supply manages the upstate watershed
and infrastructure and all drinking water quality monitoring in-City and upstate. The Bureau of
Water and Sewer Operations operates the City's two main distribution reservoirs — Hillview and
Jerome Park — and the drinking water distribution and sewage collection infrastructure. The
Bureau of Engineering Design and Construction manages all large contracts for capital
construction and maintenance of the water supply infrastructure. Other bureaus and units within
DEP — including Legal Affairs, Planning & Assessment, Public Affairs, and budget, personnel
and procurement staff — provide vital support services to ensure the smooth operation of the
water supply. In addition, staff from the NYC Department of Health and Mental Hygiene
(DOHMH) assist in certain drinking water programs and staff from the NYC Law Department
provide legal support.
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The Croton watershed is located entirely east of the Hudson River in Westchester,
Putnam and Dutchess Counties, with a small portion in the State of Connecticut. The oldest of
the three systems, parts of the Croton system have been in service for more than 170 years. The
watershed covers approximately 375 square miles. Croton’s 12 reservoirs and three controlled
lakes are connected primarily via open channel streams and rivers, and ultimately drain to the
New Croton Reservoir in Westchester County. Historically, approximately 10% of the City’s
average daily water demand has been supplied by the Croton, although in times of drought the
Croton system may supply significantly more water.

In 2015, DEP completed construction and began operation of a water treatment plant to
filter the Croton Supply. While the Croton system met all current health-based regulatory
standards for an unfiltered surface water supply, it has experienced periodic violations of the
aesthetic standards for color, taste and odor. In addition, DEP did not believe that the Croton
system would be able to meet stricter disinfection by-product rules recently promulgated. Now
that the Croton water treatment plant is in service, DEP can once again reliably deliver Croton
water to NYC consumers.

The Catskill system consists of two reservoirs — Schoharie and Ashokan — located west of
the Hudson River in Ulster, Schoharie, Delaware and Greene Counties. The Catskill system was
constructed in the early part of the 20th century, and Ashokan Reservoir went into service 100
years ago in 1915. Water leaves Schoharie Reservoir via the 18-mile Shandaken Tunnel, which
empties into the Esopus Creek at Allaben and then travels 12 miles to the Ashokan Reservoir.
Water leaves Ashokan via the 75-mile long Catskill Aqueduct, which travels to the Kensico
Reservoir in Westchester County. The Catskill system supplies, on average, 40% of the City’s
daily water supply.

The Delaware system was constructed in the 1950s and 1960s, and is comprised of four
reservoirs: Cannonsville, Pepacton and Neversink in the Delaware River basin, and Rondout in
the Hudson River basin. The first three reservoirs supply Rondout; water then leaves Rondout
and travels to West Branch Reservoir in Putnam County via the Rondout/West Branch Tunnel.
Water from West Branch then flows through the Delaware Aqueduct to the Kensico Reservoir.
The Delaware system provides the remaining 50% of the City’s daily demand. Because waters
from the Catskill and Delaware watershed are commingled at Kensico Reservoir, they are
frequently referred to as one system: the CAT/DEL system.

In the late 1980s, the City decided to apply for filtration avoidance for the
Catskill/Delaware system under the terms of the SWTR (see “Regulatory Context”, below).
Since that time, DEP and its partner agencies and organizations have developed and deployed a
comprehensive watershed monitoring and protection program designed to maintain and enhance
the high quality of CAT/DEL water. This program has been recognized internationally as a
model for watershed protection and has allowed the City to secure a series of waivers from the
filtration requirements of the SWTR.
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1.3 Regulatory Context

The Safe Drinking Water Act (SDWA) amendments of 1986 required United States
Environmental Protection Agency (USEPA) to develop criteria under which filtration would be
required for public surface water supplies. In 1989, USEPA promulgated the SWTR, which
requires all public water supply systems supplied by unfiltered surface water sources to either
provide filtration or meet certain criteria. The filtration avoidance criteria are comprised of the
following:

« Objective Water Quality Criteria — the water supply must meet certain levels for specified
constituents including coliforms, turbidity and disinfection by-products.

« Operational Criteria — a system must demonstrate compliance with certain disinfection
requirements for inactivation of Giardia and viruses; maintain a minimum chlorine residual
entering and throughout the distribution system; provide uninterrupted disinfection with
redundancy; and undergo an annual on-site inspection by the primacy agency to review the
condition of disinfection equipment.

« Watershed Control Criteria — a system must establish and maintain an effective watershed
control program to minimize the potential for contamination of source waters by Giardia and
viruses.

1.4 Historical Context

The City first applied for a waiver for the CAT/DEL system from the filtration
requirements of the SWTR in 1991. This first application was filed with NYSDOH, because at
the time the City and NYSDOH believed that NYSDOH had primacy for all water supply
systems in New York State (NYS). NYSDOH granted a one-year filtration waiver.
Subsequently, it was determined that USEPA had retained primacy for the SWTR for the
CAT/DEL systems. In mid-1992, DEP submitted a thirteen-volume application to USEPA,
describing in detail the City’s plans for protecting the CAT/DEL supply. On January 19, 1993,
USEPA issued a conditional determination granting filtration avoidance until December 31,
1993. The waiver incorporated many elements of the program the City had described in mid-
1992, and was conditioned upon the City meeting 66 deadlines for implementing studies to
identify potential pollution sources, developing programs to ensure long-term protection of the
watershed, and addressing existing sources of contamination in the watershed. USEPA also
imposed substantial reporting requirements on the City, to monitor the City’s progress.

DEP submitted a second application for continued avoidance to USEPA in September
1993. This application was based upon the knowledge gained by the City through initiation of its
watershed studies and programs and laid out a long-term strategy for protecting water quality in
the Catskill/ Delaware system. Again, USEPA determined that the City’s program met the
SWTR criteria for filtration avoidance, although they did express concerns about the program’s
ability to meet the criteria in the future. On December 30, 1993, USEPA issued a second
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conditional determination, containing 150 requirements related primarily to enhanced watershed
protection and monitoring programs. USEPA also required that the City proceed with design of a
filtration facility for the CAT/DEL supply, so that no time would be lost should USEPA decide
that filtration was necessary in the future.

Two critical pieces of the watershed protection program that DEP described in September
1993, and that USEPA incorporated into the December 1993 Determination, were
implementation of a land acquisition program and promulgation of revised watershed
regulations. Primarily due to the objections of watershed communities over the potential impact
that those programs might have on the character and economic viability of their communities,
DEP was unable to move forward with implementation of those key program elements. It was
against this backdrop that Governor Pataki convened a group of stakeholders to try to come to an
accord. The negotiations involved the City, the State, USEPA, representatives of the counties,
towns and residents of the watershed, and representatives from environmental groups. In
November 1995, the parties reached an Agreement in Principle that set forth the framework of an
agreement that would allow the City to advance its watershed protection program while
protecting the economic viability of watershed communities. It took another 14 months to
finalize the details of an agreement, and in January 1997, the parties signed the Watershed MOA.
The MOA supplemented the City's existing watershed protection program with approximately
$350 million in additional funding for economic and environmental partnership programs with
upstate communities, including a water quality investment program and a regional economic
development fund. The State issued a land acquisition permit, which was updated in 2010, to
allow the City to purchase land in the watershed, and approved a revision to the City’s
Watershed Regulations governing certain aspects of new development in the watershed. The City
also secured a 5-year waiver from the filtration requirements for the CAT/DEL system.

In March 2006, the City submitted to USEPA a rigorous, science-based assessment of
Catskill/Delaware water quality, followed in December 2006 by an enhanced, comprehensive
long-term plan for watershed protection efforts. That long-term plan represented a significant
enhancement to the City's watershed protection efforts and relied in part on the continued
support and cooperation of the City's partners. The plan formed the basis of an updated FAD,
issued by USEPA in July 2007. Significantly, the 2007 FAD was the first FAD to cover a full
10-year period, signaling the growing confidence of all parties that source water protection has
become a sustainable alternative to filtration for the City’s CAT/DEL supply.

Following issuance of the 2007 FAD, USEPA granted NYSDOH primary regulatory
responsibility for the SWTR as it applies to the CAT/DEL supply. In March 2011, DEP issued
another detailed assessment of program activity and water quality, which formed the basis of a
revised long-term plan submitted to NYSDOH in December 2011. In late summer 2011, two
significant storms swept through the region, devastating communities and significantly
impacting water quality in portions of the NYC supply (see Chapter 2 of this report for a detailed
case study on these storms and the response actions taken). In the wake of the storms, a large
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group of watershed stakeholders came together to discuss developing and enhancing certain
programs to promote flood resiliency and minimize water supply impacts from future events.
Following these discussions, NYSDOH issued a Revised 2007 FAD in May 2014.

1.5 Report Details

This report primarily focuses on program activities undertaken since 2011 and continuing
through the end of 2015. However, since most of the programs discussed were initiated more
than 20 years ago, there is some discussion of program activities that fall before the term of the
current FAD. Indeed, the City's watershed protection efforts are best evaluated in the context of
the overall program that was initiated in the early 1990s. The significant accomplishments of the
City and its partners have been made possible only by the sustained commitment to source water
protection.

One of the primary purposes of this report is to evaluate quantitatively how effective the
watershed programs have been since 1997, and will be over the long term. The City has taken a
basin-by-basin approach, evaluating each reservoir in turn to assess the status and trends in water
quality. The water quality analysis presented in this document is an extension of the analysis
presented in the 2001, 2006 and 2011 assessments of DEP’s FAD programs. Here DEP presents
an analysis covering 22 years of data collection and program implementation. This data includes
results collected through the end of 2014. Due to the time needed to process samples, and
compile, review and verify data, it was not possible to incorporate any monitoring results from
2015. Long-term data is critical in the evaluation of programs that cover large geographical areas
and are implemented over long periods of time, so analyses have become better as the data
record becomes longer. The approach DEP has used is to evaluate water quality in terms of
status, trends, and modeling. The status of waterbodies is based on three recent years of data (i.e.,
2012 through 2014) and these are compared to regulatory benchmark values. The trends are
based on 22 years of data (i.e., 1993 through 2014). Five important analytes were selected,
including fecal coliforms, turbidity, phosphorus, conductivity and trophic status. Modeling was
conducted to attribute program effects to programs on a watershed-wide basis. All analyses
together provide a context to understand program effects.
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2. Tropical Storm Irene and Tropical Storm Lee

2.1 Overview

In the late summer of 2011, the NYC Watershed was directly impacted by two tropical
events — Tropical Storm Irene and Tropical Storm Lee. Hurricane Irene weakened to a tropical
storm as the center of circulation passed over NYC on August 28, 2011. The storm continued on
a northward path passing directly over the NYC Water Supply watersheds. The rainfall from
Irene was historic in magnitude causing devastating flooding throughout the watershed.
Particularly hard hit were the Catskill and Delaware watersheds where catastrophic damage
occurred to many watershed communities. The Federal Emergency Management Agency
(FEMA\) declared the damage from Irene a major disaster on August 31, 2011 (FEMA-DR-
4020). Already stressed from the impacts of Tropical Storm Irene, 10 days later the region
experienced a second major event, Tropical Storm Lee. Turbid runoff again inundated watershed
reservoirs further exacerbating water quality conditions.

Despite the unprecedented nature of this event, DEP was able to maintain compliance
with all drinking water regulations and deliver an uninterrupted supply of high quality drinking
water to its customers. No turbidity event as defined by the SWTR was reported, no boil water
order was issued, and all harmful bacteria (e.g., fecal coliform, Escherichia coli) and protozoan
species (e.g., Cryptosporidium, Giardia) were adequately controlled. Operational flexibility,
treatment capability, water quality monitoring, water supply modeling, and watershed
partnerships all worked together to protect the water supply for nearly 9 million residents of
NYS. This event showcases the phenomenal resiliency of the water supply and the highly
integrated nature of system operations.

2.2 Advance Planning

DEP closely monitors tropical storms to track their path and provide advance warning. In
the days before the event, when it became apparent that the watershed was going to be impacted
by rainfall and significant runoff from Tropical Storm Irene, DEP began to implement a range of
activities including: inspection of critical facilities, topping off fuel tanks and water treatment
chemicals, readying facilities and staff to respond. Staff developed and implemented enhanced
water quality monitoring, reviewed wet weather operational plans for WWTPs, and emptied
reserve tanks in preparation for high flows.

DEP also took a series of operational control actions to lower reservoir levels creating
available storage capacity to capture runoff from the storm.

. The Ashokan Release Channel (ARC) was operated in accordance with the NYS Department
of Environmental Conservation (NYSDEC)/DEP Draft Interim Operating Protocol.
NYSDEC and communities along the lower Esopus Creek requested that the release be
maximized to aid in flood protection. The additional drawdown provided benefit for both
flood protection and for turbidity control.
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« The Gilboa Dam siphons were activated to lower the level of Schoharie Reservoir.

. Enhanced releases were made from the Delaware reservoirs according to the rules in the
Flexible Flow Management Plan.

Anticipating that Tropical Storm Irene would produce a turbidity event in the Catskill
System, DEP prepared to initiate alum treatment on the Catskill Aqueduct to prevent highly
turbid water from being delivered to Kensico Reservoir. DEP discussed with regulators the
likelihood of needing alum treatment on the Catskill Supply and readied the Catskill Alum Plant
for use. Because of this proactive approach on August 29, 2011, when highly turbid runoff from
Tropical Storm Irene began to affect the quality of water entering the Catskill Aqueduct, DEP
was able to quickly obtain regulatory approval and begin alum treatment prior to the elevated
turbidity entering Kensico Reservoir.

Communication is absolutely critical before, during and after major events. In the days
leading up to the storm, DEP reached out to a number of governmental and private entities to
ensure the watershed was as storm-ready as possible and that the lines of communication were
open. Specifically, DEP contacted:

« The water supply regulators, specifically NYSDOH, NYSDEC and U.S. Environmental
Protection Agency

« The emergency managers in Delaware, Greene, Schoharie, Sullivan and Ulster Counties. One
of DEP’s dam safety engineers was also deployed to the NYS EOC for technical assistance
in Albany.

« Downstream town supervisors and County Emergency Managers to provide information on
the National Weather Service predicted reservoir elevations and discharges

« Schoharie County to discuss the potential failure of the temporary bulkhead on the top of the
Gilboa Dam

. Both DEP and private contractors working on active construction sites in the watershed
« Operators of non-City owned WWTPs

« Watershed stakeholders, such as Catskill Watershed Corporation (CWC), WAC and County
Soil and Water Conservation Districts (SWCDs).

2.3 Storm Event and Short-term Responses

2.3.1 Rainfall and Runoff

National Weather Service reports indicated that Tropical Storm Irene produced over 11
inches of rain at Slide Mountain, and 13.3 inches in East Jewett in the Schoharie watershed.
Radar based NEXRAD precipitation predictions by the National Oceanic and Atmospheric
Administration (NOAA) indicated that areas of the Schoharie watershed near Windham might
have received up to 16.5 inches of rainfall from this event (Figure 2.1). Many locations in the
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Figure 2.1 NOAA radar of Albany NY, showing areal precipitation estimate following T.S.
Irene.
The circle is highlighting an area near Windham in Greene County that was
estimated to have received between 12-16 inches of rainfall.

Catskill Mountains received up to 10 inches of rain in a 12-hour period, causing record runoff
and flash flooding. Twenty-three United States Geological Survey (USGS) stream gages in the
Catskill and Delaware watersheds recorded new maximum flow readings during this historic
event, including gages on five of six NYC Water Supply reservoir main stems.

This widespread flooding caused catastrophic damage to watershed communities,
washing out many roads and bridges, damaging many homes and causing widespread power
outages. Damage was so severe throughout watershed counties that FEMA declared a major
disaster on August 31, 2011 (FEMA-DR-4020) and began providing assistance to flood victims
and communities.

On September 7, 2011, ten days after the catastrophic flooding from Tropical Storm Irene
the watershed received a second significant rain and flooding event caused by Tropical Storm
Lee. Runoff from Lee caused many watershed streams to exceed flood stage for the second time
in less than two weeks.

Rainfall and runoff from these storms also affected the East of Hudson (EOH) reservoir
watersheds. USGS stream gages on the Titicus River, Cross River and East and West Branches
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of the Croton River all recorded new record maximum flow readings during these two major
storms.

2.3.2 Water Quality Impacts
The record runoff from Tropical Storm Irene inundated the Catskill and Delaware System

reservoirs, quickly degrading water quality. By mid-day on August 28, 2011, the Esopus Creek
gage peaked at 23.34 feet, the highest peak ever recorded in the 79-year history of the gage.
Turbidity measurements recorded at this gage exceeded 3,000 NTU prior to peak stage when the
instrument went off-line due to the storm. At Ashokan Reservoir, highly turbid stormwater
quickly filled the west basin, and a subsequent limnology survey indicated that turbidity ranged
from 150-3,000 NTU throughout the basin. This highly turbid water began to spill over the
dividing weir into the east basin on August 28, 2011. On August 29, 2011, the level of turbidity
entering the Catskill Aqueduct was 75 NTU which increased to >100 NTU in the following days
(Figure 2.2).

Water quality in both West Branch and Kensico Reservoirs was also affected exhibiting
high fecal coliform levels. This limited DEP’s operational flexibility to use the Delaware System
to dilute high turbidity levels from the Catskill System. For Kensico Reservoir, post-storm
analyses later showed that local watershed runoff primarily caused the unusually high levels of
fecal coliform bacteria throughout the reservoir, not the inflows from the aqueducts.

Figure 2.2 Ashokan Reservoir showing the dividing weir and the contrast of
turbidity levels between the East and West basins immediately
after the storms.

26



Tropical Storm Irene and Tropical Storm Lee

2.3.3 Water Supply Operations and Treatment

In the days and weeks following the two storms, DEP undertook many operational
changes, utilizing the flexibility within the water supply system to ensure continued compliance
with drinking water standards. For example, all flow was shut off from the three upstream
Delaware System reservoirs, and the Shandaken Tunnel in the Catskill System was shut down to
prevent the delivery of highly turbid Schoharie water to Ashokan.

Alum Treatment (Catskill System)

On August 29, one day following the storm and before highly turbid water in the Catskill
Aqueduct reached Kensico Reservoir, DEP initiated alum treatment. When alum treatment
began, the level of turbidity leaving Ashokan Reservoir was 75 NTU; turbidity peaked at 240
NTU on September 8. With the west basin of Ashokan Reservoir filled with highly turbid
floodwater and water temperatures cooling through the fall, which hindered the settling of
turbidity-causing particles, these turbid conditions persisted for many months. Turbidity levels in