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Chapter 1 Introduction

This report provides summary information about the watersheds, streams, and reservoirs
thatarett s ources of New York Cityodos drinking wat
detailed description of the Ci02y @&ndcomplancer r e s o
with regulatory standards. It is complementary to the New York CBp Pirinking Water
Supply and Qualityreport(Download the 2020 Drinking Water Supply & QualRepor),
which is distributed to consumers annually to
tap water. Thus, the two reports together document water quality from its source to lthe tap.
20201t was necessary to reduce some componentisedfVatershed Water Qualty Monitoring
Plan (DEP 2018) during the COVAIP outbreak while maintaining the critical components of
the plan. The impact of the reductions wil be noted at various points throughout the report.

The New York City Water Supply yStem provides drinking water to almost half the
stateds population, which includes over 8.5 m
people in upstate counties. The Cityds water
three controlled lakethat contain a total stoga capacity of approximately llion cubic
meters (570 bilion gallons). A summary of the number of sites, samples, and analyses that were
processed in 2019 by the three upstate laboratories is provided. Grab sampling, robotic
monitoring, and an early warning system are all employed. These data are used sygjante
operatiols to provide high quality drinking water to the City.

Chapter 2 Water Quantity

The National Climatic Data Cent emeddre ( NCDC)
2020 rankings for New York. Overall total precipitation for New York State i2@0as39.23
inches 996 mm), which wad.06inches 27 mm) below the 20thcentury mean (1962000) and
theforty-seventh driest year the last 18 years (189%2020. Overall, New York State had
fairly normal runoff for the2020 water year (October 2019 September 3®020), rankingas
the 54 highest annual runoff (55.37 percentile) out of the last 120 yaad&termined by the
USGS (http://waterwatch.usgs.gov/index.php?r=ny&m=statesuhime statewide average
temperature for New York State in 2020 was 4¥%8rees FahrenhgiB.8degrees Celsi)s
which was 3.3legrees Fahrenhdit.9 degrees €lsiug above the 20taentury mean and the
third warmest in the last 126 (182620) yearsfor NewYork. n New Yor kdés Cl i mat
2, which includes th&Vest of HudsonWOH) reservoirs, the 2020 precipitation total was 1.29
inches (33 mm) above the 2Gthe nt ur y me an. I n New Yorkdés Cl i me
includes theEast of HudsonEOH) reservoirs, precipitation was 2.69 inches (68 mm) below the
20thcentury meanUsable sorage capacity of the water supply was at or above normal storage
except forJunethrough August and forOctoberthrough most of Decembarhen capacity was
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down about 6% below normal levels because of dry conditiblmsvever, aain-on-snow event
in late December caused widespread flooding allowing system capacity to exceed normal levels
by 10 % by the end of the year.

Chapter 3 Water Quality

In 2020, turbidity levels in the CatskillDelawaf@ystem reservoirs and in all monitored
Croton System reserveinwere close to their median historic levels or well betlogv10year
medianin the case of Schoharie Reservoir and the east and west basins of ARbskavoir
Runoff was generally low in 2020}tlzough two large rain events exceeding 3 inches did occur
in the CatskillDelaware System in August and Septembbut monthly reservoir surveys did not
reflect a corresponding increase in turbidity.

In the Croton System no rain evertsceede@ inchesand only three exceedl inch so
for reservoirs sampled, turbidity remained near the historic meRiaservoir surveys
throughout the system were concluded before a December storm, so data do not reflect the
impact of this storm. Streams were generafgll within range of the X§ear median turbidity
values, although a few higher values were related to storm events.

The 2020 mediarecal colform counts were below historic mediart" percentile levels
in all of theCatskillDelawarereservoirs, inclugig West Branch and Kensiddry conditions
probably helped keep fecal colform counts low to normal (tieshistoric median) in most of
the Croton System reservoirs. Higher counts at New Croton Reservoir were likely related to
rainfall events thabccurred within seven days prior to sampling in Septenddeterminal
reservoir basrest ieartad diaéstdctedi mseassmentsfinl2OEdr non
terminal reservoir coliforanestricted evaluations in 202there was a significant rechion in
sampling and few exceedances for the total coliform standard for the seven reservoirs evaluated
Of the major inflow stream samples collected in 2020, none had a result greater than or equal to
200 colforms 100mti.. Total coliform counts at Kenso, the terminal reservoir for the
CatskillDelawareSystem, were close to their historic mediai p&rcentile as were all
monitored reservoirs of the Croton System.

In 2020, there were no changes in phosphoessricted status as compared to the
previous fiveyear assessment periofimong the source water reservoirs and potential source
water (i.e., terminal) reservoirs, New Croton, Cross River, and Croton Fallwaoiesevere
classified as phosphorusstricted. West Branch Reservoir was-nestricted, reflecting the
influence of Delaware System water on its water quality stsien comparingotal
phosphorus (TP9ample results for the single sample maximum bewack value of 15g L1,
Cannonsville Reservoirhad the highest number of exceedances in the Delaware System. There
were few exceedances in the remaindethe WOH eservoirs, West Branch and Kensico. Of
the Croton System reservoirs sampled in 2020, SCRager and Croton Falls had the highest
number of exceedances of the benchmark value foif @l phosphorusin streams was
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generally near or below historical monthly valuesth a few elevatedoncentrations isamples
collected during storm events

Trophic state indices (TSI) are used to describe algal productivity of lakes and reservoirs.
In 2020, TSI was elevated in Schoharie Reservoir and in the Ash@katBasin while the
Ashokan EasBasinhadits lowest annual median since 20I1I trends inthe Delaware System
Reservoirs vaed, with Cannonsville comparable to its historic annual median &msgbacton
slightly lowerthan the historic annual mediadeversink and Rondoutvere both higher than
their historic annual mediainSI values The TSI forWestBranch Reservoir was lower thime
historical median, which may be reflective oiver surface water temperatures resulting from
increased colavater inputs from Rondout in 2020. Kensico Reservoir TSI was elevated in 2020
compared to its historic rd@an TSI.

Evaluation of additional reservoir and stream analytes in 2020 included chloride and
other analytes that are compared to benchmark values setin the NYC Watershed Rules and
Regulations.Chloride increases have been generally correlated withdeasgity. In 2020, all
DelawareSystem reservoirs slightly exceeded the annual mean value gfi8'iout only
Cannonsville exceeded the single sample maximum veteCatskillDelaware System
streams, 11 of 23 streams exceeded the annual mean gf 10 atthough there were no
exceedances of the 5(@yrh-1 single sample maximum benchmark val@®.the Croton System
reservoirs sampled in 2020, Croton Falls had the highest number of samples that exceeded the
single sample maximum of 40ghh.-1and annual men benchmark of 30 grL-1. West Branch
Reservoir slightly exceeded the annual mean benchmark chloride valuegdi-8amd 44% of
the 9 samples collected exceeded the single sample maxi@naton System streams exceeded
the annual mean of 35gm.1in 150f 16 streamsHalf of the 16 samples collected in Kensico
Reservoir exceeded the single sample maximum value and slightly exceeded the annual mean
value. All chloride samples were well below the health secondary standard ofg250 m

DEP has been periming water qualty assessments of watershed streams based on
resident benthic macroinvertebrate assemblages since 1994. However, in 2020 no biomonitoring
was conducted due to sampling reductions during the C@\Ipandemic.

In 202Q zebra mussel sampling/as restricted tweligers inLake Mahopac (outside of
the NYC water supply system hilite source of detections in 2Q;18eligers and colonization
substrate ithe Muscoot Riverandonly veligers at theonfluence with Amawalk Reservoir.
WOH reservoirsvere not monitored i2020.

No veligers or settled adults were found samplesdrom the Muscoot River and its
confluence withthe Amawalk Reservoiin 2020 Veligers were foundnly in Lake Mahopagc
and adultshaveonly been foundn Lake Mahopac anthe Muscoot River up to about 1
kilometer downstream of Lake MahopaData suggests thdbwnstreanmovement of veligers
from infested Lake Mahopac is dependent on the elevation of the lake and its spil status.

XXl
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Routine annual surveilance monitoring for metad wide range of semivolatile and
volatile organic compounds, and the herbicide glyphosate continued at several keypoint locations
with somereductions in sampling due to the COVID pandemic. Mst metal sample results
were well below state and fedeb&nchmarks. Arsenic, lead, antimony, berylium, cadmium,
silver, and selenium were not detected above the detection limit of 1.6 for any sample.
Zinc, mercury andchromium samples were all belowheir detection limits.Nickel was detected
on one ocasion each at CRO1T and CRO1B with concentrations ranging from 1.0 @ -4 p
All results weravell below the NYSDEC regulation of 10@ jL-1. Additionally, d detected
barium, copper, and iron results were well below their respective benchmarks.

Benchmarks for manganese and aluminum were occasionally surpassed in 2020. The
manganese benchmark of 5§ |4 was exceeded on five occasions, while the aluminum
benchmark of 50giL-1 wasexceededh eight samplesvell upstream of the distribution system
Iron, aluminum, and manganese exceedances may pose aesthetic concerns (e.g., taste, staining)
but are not consideredhaalthrisk. Moreover, most of these excursions occurred well upstream
of the NYC distribution system.

There were 3 water quality special investigations conducted throughout the system in
2020. Five of these occurred in the Kensico basin and are reported in Chapter 4, and seven are
reported in Chapter 3. The tspecial investigations conducted outside of the Kensasinb
consisted ofnonitoring the impacts of Tropical Storm Fay; sampling to evaluate cold water
banking in Schoharie Reservoir; evaluation of Croton System taste and odor issuegypfotiow
a fuel spill in the Titicus Reservoir basin that occurred i2@ampling for Croton Falls
Pumping Station operation; suspected aqueduct [alisseparate examinationsgontinuation
of a pilot study begun in 2018 to determine the effectiveness of using an ultrasonic platform in
preventing and mitigating algélooms; continuation of a research project in the Neversink and
Cannonsville watersheds to evaluate potential proxy measurements for DBP precursors to
support water supply operations and wapgality modeling effortsDEP joined scores of
utiities natiorwide to monitor levels of the COVHR9 virus that causes COVIIN in untreated
wastewaterand providing laboratory analytical support for metals sample analysis.

Chapter 4 Kensico Reservoir

Kensico Reservorr is the terminal reservoir for the unfite@atskil/Delaware water
supply Monitoring of the wateoutfow f r om Kensico takes place at
frequency monitoring ensures that every effort is taken at this keypoint location to meet strict
requirements for turbidity and fecal coliforconcentrations set forth in the federal Surface
Water Treatment Rule (SWTR). Durirg)2Q all DEL18DT turbidity resultswere less than the
SWTR5 NTUIlimit andonly two of 365 DEL18DTfecal colform resultexceeded the SWTR
20 fecal colforms 100mt limit, which meant DEP continued to meet the SWTR turbidity and
fecal coliform limits. The Waterfowl Management Program continues to be instrumental in
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keeping coliform bacteria concentrations well below the limits set by the SWTR. Routine
inspectionsthroudh Marchof the turbidity curtains near the Catskil Upper Effluent Chamber
cove continued to shothe turbidity curtainsvere intact These inspections wesespended for
the rest of 2020 due to the COWI® pandemic Overal, water quality from Kensico etinued
to be excellent durin@02Q

I n addition to DEPOSs sixspetial nvestigatofgrojgctsr i ng,
conducted in the Kensico waterstaaul imited video monitoring for Bryozoans atthe Delaware
Shaft 18 sluice gatahue to the COVID-19 pandemic.

There were two Kensico tributary special investigations this year, one involved -a milky
white substance observed by a contractor on stream N5, and the other a potential septic issue
from a stormwater catch basin system within the Whippitio Creek watershed. The N5
sampling resulted in normal turbidity and fecal colform measurements and indicated no
potential impact to the reservoir. The stormwater catch basins along Whippoorwill Creek
resulted in fecal colform concentrations two oslef magnitude greater than the local stream
and were positive for Bacteroidales human markers used for microbial source tracking: Follow
up monitoring and the use of forward looking infrared technology to detect failing septic systems
are planned for 2021

The remaining specialvestigationgdrojects were Kensico Shoreline Stabilization,
Catskill Water Supply Alum Treatment, Delaware Shaft 18 Supply Conduit repair, and Shaft 18
bryozoan video monitoring. Results from the Kensico shoreline study indinatadbidity
impact to the Shaft 18 outflow from efforts to repair the nearby shoreline. Results from the
Catskill Water Supply Alum Treatment demonstrated the effectiveness of keeping turbidity
levels below 1.5 NTU immediately after the CARIR shutdown fomaintenance and removal of
biofim from the Catskil Aqueduct. The Delaware Shaft 18 Supply Conduit repair demonstrated
that analytes of interest were not detectable after completing a repair made to Shaft 18 conduit 8.
Video monitoring surveys of theusieways at Shaft 18 were not able to be conducted this
summer due to COVIEL9 reductions. Water Quality and Water Treatment Operations
collaborated using historical colonial growth data to estimate which sluice gates should be
closed. A video survey condied in September confirmed the success of the collaboration
demonstrating minimal growth due to reduced flow, and no occlusion downstream was reported.

Chapter 5 Pathogen Monitoring and Research

DEP collected399 samples for protozoan analysind39 samytes for Cryptosporidium
infectivity testingin 2020 Normally, most ofthe samples collecteid a given year i@ from
watershed streamblowever, due to COVIEL9 monitoring reductions, rast2020samples were
colected akensicoandNew Croton reservoioutflows (383%) andhe outflows of the CDUV
plant and Hilview Reservoir (26.1%Mdditional samples were collectedwaatershed streams
upstate reservoir effluents, and wastewater treatment plants (W\&T&s3duced frequency
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As a reminder, a methoehriation - replacing acid dissociation with heat dissociatiomas
implemented by DEP in August 2017. Therefore, fluctuations iratimeialsample data
compared to historical datanay be a result of a method change and miiffexrencein
prevalence inthe environment.DEP continues tanalyzedata gathered using the method
variation to identify any potential shift in the data.

For the tweyear period from January 1, Z)1lto December 31202Q DEP
CatskillDelawaresource water results continued to be below the Long Term 2 Enhanced
Surface Water Treatment Rule (LT@yyptosporidiunthreshold for additional treatment. The
CatskillDelawaresystem was below the LT2 unfitered water supply threshold (0.010 oocysts L
1), with a mean of 0.0Aloocysts L! at the Delaware outflow which is slightly lower, but
similar tq the LT2 meas of the past few yearsSince the LT2 monitoring is complete, and the
frequency of sample collection at New Croton Reservoir has been cetdugearterly,
assessments of tligrotond at a f or comparison to LT2 threshol
no longer conducted due to the small sample size.

As historical data havestablished, protozoan concentrations leaving the upstate
reservoirs ath Kensico Reservoir were lower than levels at the stream sites that feed these
reservoirs albeit lessstreamsamples were collected in 2020mpared to the padtlevated
Giardia concentrations at Rondout Reservoir continued from fa 26b spring202Q but not
to the extent of the previous ye&yst concentrations declined in the summer and increased
againin November202Q but only to normal seasonalels. There vas onesample positive for
Giardia cysts at WWTPs this year, and no samples weséiye for Cryptosporidiuni
however it should be noted that the WWTPs were only sadhpleceduring 2020(in the first
guarter)due toCOVID-19 monitoring reductionsAs per the Hilview Consent Decree and
JudgementDEP continued weekly protozoamonitoring at the Hilview Reservoir outflow (Site
3) through 2Q0, with 52 routine samples collecte@f the 52, there werg7 samples positive for
Giardia (five lessdetecibns than2019 and two samples positive f@ryptosporidiun{the same
as 2019) All 39 Hilview samples tested for infectiouSryptosporidiunby cellculture
immunofluorescent assay were negative.

Chapter 6 Water Quality Modeling

The staff of the Water Quality Modeling section is involved in the development, testing,
validation, and ggication of clmate, watershed/terrestrial, reservoir, and water system
operation models. To support this modeling work, the staff compiles, analyzes, and organizes
data from a variety of sources. Following testing and validation, models are usedifip itient
processes that are important to production, fate, and transport of pollutants of concern within the
watersheds, reservoirs and water supply system. The models are applied to evaluate the impacts
of climate change, t o etershddpratdécton mogram améeont s of
provide guidance regarding the operation of the water supply system.
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In 2020, the Soil and Water Assessment Tool (SWHS) model was applied to evaluate
watershed protection programs in the Cannonsville watershesdmodel had earlier been
validated in reproducing historical streamflows and stream phosphorus concentrati@s in th
West Branch Delaware RiveWatershed protection program components that were evaluated
and quantified included nutrient management on agmel lands, winter cover cropping,
riparian forest buffers, and septic systemedel predictions of 1990s watershed conditions with
that of 2010s representing current watershed conditions, subject to samelihyakio
conditions show that nonpoint goe contributions of dissolvepghosphorushave decreased by
about35%.

Substantial progress was made in 2020 on a new modeling approach based otHSWAT
to more fully represent uncertainty in model predictionse work conducted in 2020 was based
on SWAT-HS predictions for streamflow in each of #i® WOH watershedsThis work uses the
statistical approach of Bayesiamodel areraging The effect of uncertainty in the 14 model
coefficients or parameters that are used in streamflow predictions was cahsiderquantified
The analysis of uncertainty in the streamflow predictions for 2001 through 2018 indickitgd a
level of reliability of the simulation results.

Progress continued in 2020 on the application, testing and validation of the W2 reservoir
turbidity modé to Cannonsville and Pepactagservoirs The validated models performed well
in simulating the observed historical conditions including temperature and turbidity in the water
column of the reservoirs, and in the diversion for water sugpig Water Quality Modeling
section continued to apply the W2 and Operations Support Tool (OST) models to guide short
term reservoir operations decisions, and in-@Tgn planning for operations.

We continued to develop and apply models to evaluate the mnpaédture climate
change on the water supply systdimoperly adjustedlimate projections from 2CMIP5
(Coupled Model Intercomparison Project Version 5) global climate models were used to
compute climate indices including extreme weather indicatorh asimumber of frost days,
summer days, heat waves, and cold spé#go greenhouse gases emission scenarios were
considered. The same climate projections were also used to drive the GWLF hydrologic model
and identify potential changes in the hydrologianponents of the watershed, e.g., snowfall,
snowpack, and annual peak flow in Esopus Créékalso continued work on the development
of climate change indices for the water supply wsttedsThis work compiles meteorological,
streamflow and stream wateuajty, snowpack, reservoir storage, operatiarsd water qualty
data to identify trends over the years of data collection.

Progress continued in 2020 on the development of a fate and transport madbfon
reservoirs. This modeling effort was bds@ the onalimensional reservoir model UFILS#he
hydrothermal component of this model was validated for conditions in Neversink Reservoir for
2016 through 2020A simplified UV s4model based on the assumption thaemlservoir sources
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and sinks ofJV,s4could be neglected, was applied and tesisdn the earlier work on
Cannonsville Reservoir, it was concluded thateiservoir production and loss were important
and need to be included in the model.

On October 29, 2020, the Water Quality Modelingt®a held its annual meeting with
state and federal regulatory agencies to describe progress in water quality maslsénduring
2020, ection staff and postoctoral support scientists authored pesiewed papers and made
presentations at remoteleld professional meetings.

Chapter 7 Further Research

The analytical, monitoring, and research activities of DEP are supported through a variety
of contracts, participation in projects conducted by the Water Research Foundation (WRF), and
interactions withnational and international groups such as the Water Utility Climate Aliance
(WUCA) and the Global Lake Ecological Observation Network (GLEON). In 2020, DEP
managed five contracts for laboratory services and five for other support services, including
battymetric surveys and operation of a stream gage network by the USGS, modeling support by
City University of New York(CUNY), waterfowl management, and software support for Water
Information System KISTERS (WISKI) software. DEP participated in eleven Watszdkch
Foundation projects. These projects provide insight into pathogens, emerging contaminants, and
corrosivity of source water that can interact with distribution system features and may have
operational implications. In 2019, DEP continued as on€ahdmbers of the Water Utility
Climate Allance (WUCA) where use of models to evaluate the impact of climate change was
shared. DEPG6s participation in the Global L ak
continued. A study on the effects of climaie dissolved oxygen concentrations (DO) in lakes
and reservoirs around the globe was initiated in 2016 and DEP contributed Cannonsville and
Neversink reservoir temperature, DO, nutrient, and chlorophyll data and expertise. In 2020 the
journal Nature acceptl a manuscript from this project that was published in June 2021. A
second GLEON project NnBefore the Pipe: Monitor
Water Sourceso with a goal of identifying i mp
byproduct (DBP) precursors and water supply concerns was put on hold in 2020 due to restricted
library access during the global pandemic and is expected to resume in 2021. Participation with
external groups is an efficient way for DEP to bring specializqeertise into the work of the
Water Qualty Directorate and to remain aware of the most recent developments in the water
supply industry.
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1.l ntroduction

1.1. Water Quality Monitoring of the Watershed
This report provides summaigformation about the watersheds, streams, and reservoirs

that are the sources of New York Cityds drinki

publ i c, regul ator s, and other stakeholders wi
resouces,their condition during 2020and compliance with regulatory standards. It also

provides an overview of operations and the use of water qualty models for management of the
water supply. Itis compheentary to the New York City 202Drinking Water Supply =ad

Quality Repori(https://www1.nyc.gov/assets/dep/downloads/pdf/water/drinkiater/drirking-
watersupplyquality-report/2026drinkingwatersupply quality-report.pdj, which is distributed

to consumers annually to provide information
two reports together document water quality fronsasrce to the taprhe COVID-19 global

pandemic presented challenges in 2020 which required adjustments to the sampling schedules as
discussed below, bubroughout the pandemic DERientists and engineers continuedmark to
ensurethe highquality of New York City's drinking water supply

The New York City Water Supply SysterRigure 1.1) provides drinking water to almost

half the stateds population, which includes o

milion peoplei n upstate counties, plus millions of ¢
CatskillDelawareSystem is one of the —— ( New York City
largest unfitered surface water Walersheds. i . Water Supply System
supplies in the W o . L [

is supplied from a network of 19 & e

reservoirs and three controlidakes e -

that contain a total staga capacity of N\ S~ AN

approximately 2ilion cubic meters NS At

(570 bilion gallons). The total [\):|:.“:|.I.'| ‘ l ”.r'rv"'l“wn.
watershed area for the system is ‘. NG ,‘”h‘/"\h“/ cT
approximately 5,100 square kilometer - NY O\ ( AL

(1,972 square mies), extending over N (P

200 kilometers (125 mies) nbriand P " oot
west of New York City. This resource
is essential for the health and well .
being of milions and must be ' %
monitored, managed, and protected f J W aN i
the future. The mission of the Bureau ( %Z‘cm [ v e
of Water Supply (BWS) is to deliver a* = = JRU S 1=

reliable and sufficient quantitgf high

/4

P
RN
e |

Long Island

Figure 1.1 The New York City water supply system_.
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guality drinking water to protect public health and the quality of life for the City of New York.

To gather and process the information needed to meet these goals, there is an ongoing program
of water quality monitoring and modeling. Monitoring tbé watershed is accomplished by
Watershed Water Qualty Operations bagemdarily at three upstat®lew Yorklocations

Grahamsville, Kingston, and Hawthorne. Manual and automated monitoring systems are used for
database development. The Water Qualityer8e and Research Division usessidata to

perform data and modeling analyses. The results of these activities guide operational responses
to changing water quality conditions of the reservoirs. The information generated by field,
laboratory, and datanalysis activities are presented here to provide an overview of watershed
water quality in 220, and to show how high quality source water is reliably maintained through
constant vigilance and operational changes. In addition to the work of the Watgy Qual
Directorate, DEP extends its capabilties through contracts and interactions with other
organizations (se€hapter7, Further Researgh

1.1.1. Grab Sample Monitoring

Water quality of the reservoirs, streams, agdeduct keypoints is monitored throughout
the watershed to meet several objectives. Results are used for several purposes: to ensure
regulatory compliance, to guide operations, to demonstrate the effectiveness of watershed
protection measures, and to yide data for modeling applications. The Watershed Water
Quality Monitoring Pl an (WWQMP; DEP 2018) i s
why, what, when, and where water qualty samples are taken throughout the watershed. The
sampling effort is carefy tailored to meet specific abgtives of DEP.

In 202Q BWS needed to redus®me components of the WWQMP (DEP 20i8jing
the COVID-19 outbreakomeetthemay or 6 s directive to whieovide on
maintaining the critical componentsof the monitoring plan DEP proposed a set of temporary
reductions in watershed surveilansampling and NYSDOH agredidese temporary changes
would not impact DEPOGs ability to maintain <co
Avoidance Determination and other required sampliigdY SDOH 2017) Theplan consisted of
phases. A conditions improved, some of the monitoring was resumed while extensions were
granted to keep the remaining reductions in place. The impact of the reductions neilt e
throughout this report.

A summary of the number of sites, samples, and analyses that were procesg8din 20
the three upstate laboratories is provided belowaible 1.1. The samples included in the table
were collected from streams, reservoirs, reservoir releases, wastewater treatment plants
(WWTPs), and keypoints (i.e., water supply intakes, reservoir elevation taps, and aqueduct sites)
as desdbed in the WWQMP (DEP 2018). Samples taken as the result of special investigations
(SlIs) and from the free residential lead test kits, performed at the DEP Kingston Laboratory, are
also included. The sample numbisteadsimplydor t he Ci t)
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demonstrate the comprehensive sampling from source jtbdagver, this report is devoted to
discussion of results from watershed samples that relate to untreated source water.

Table1.1 Summay of grab samples collected, water qualty analyses perforaretisites
visited by WQD in 2020

System Number of Samples Number of Analyses Number of Sites

Watershed 12,300 166,800 445
Distribution 31,300 363,200 ~1,000
Total 43,600 530000 ~1445

In addition to grab sampling, data are recorded by continuous monitoring equipment at
keypoints on the aqueducts, by da@gers at stream sites, and by robotic monitoring buoys
deployed atreservoirs as described in the sections that follow.

1.1.2. Robotic Monitoring (RoboMon) Network

DEP6s Robotic Monitoring (RoboMon)-tmamet wor k
(NRT) data that are essential for guiding water supply operations and to support water quality
modeling. The data are of particular importance whater quality conditions are changing
rapidly and operational responses may be required. In addition to water quality surveillance,
these data are used to run the Operations Support Tool (OST), reservoir models, and watershed
models. The data generatedtbg RoboMon network have proven to be invaluable for the
protection of he water supply particularly during storm eventsduring water quality special
investigations, and during the construction phase of water supply infrastructure projects that can
potentially affect water quality. In 2020, approximately two milion measurements were recorded
from more than 20 sites. These automated water quality monitoring systems contribute
significantly to help manage the water supply for the continuous reliablergetf high quality
drinking water.

The RoboMon network began in 2012 with four reservoir monitoring buoys (three at
Asholkan and one at KensizoThe network has continued to grow to its current configuration
(Figure 1.2) with sites located in both reservoirs and streams. There has also been enhancements
to some monitoring sites to provide additional parameters essential for model development.

Each site igdesigned to contribute data for specdlgjectives. D develop reservoir
carbonmodelst o ul ti mately I mpr ove DEP-preductiforchations t andi |
potential (DBPfp), sensors for chlorophyll, phycocyanin (a-gkeen algae pigment), sdiolved
oxygen, and fluorescent dissolved organic matter (fDOM) were addbad Cannonsville and
Neversink reservoimonitoring buoys in 2015. In addition, fDOM probes were installed in 2017
at two stream monitoring huts to record data for the mainwieflto Cannonsville and Neversink
reservoirs.
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Figure 1.2 Robotic monitoring sites and types in the Ciitslnd Delaware Systems in 2020

Two profiing buoys were deployed in New Croton ReserwmoR019to assist in making
operational decisions for the best water quality. These buoys include sensors for pH, dissolved
oxygen, specific conductivity chlorophyl] andphycocyanin
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To monitor water quality conditions during times of-meer, two undeice buoysare
deployed on Ashokan Reservdithe buoys are typically installeid Decemberand removed in
April. These unitameasureurbidity with sensorgositioned at two discrete depths at
approximately 5 and 15 meters below the water surfHuoe units were plzed in front of the
east and west basin gatehouses

In addition to the reservoir buoy network, there are seven automated stream monitoring
stations (RoboHuts) operated and maintained -ya@ard. Two RoboHuts continuously monitor
water temperature, specif@onductivity, and turbidity at Binute intervals One is located at
Esopus Creek, near Coldbrook (installed 2012) andtther station is located ddchoharie
Creek near Prattsville (installed 201Fjive additional stream monitoring statiGn&ondout
Creek, near Lowes Corners (installed 2012), Neversink River (installed 2014), West Branch
Delaware River (installed 20L5knd two sites on the Batavia Kil in the Schoharie watershed
(installed 2016 and 201d)continuously monitor for turbidity and tempenaionly.

Changes in the robotimonitoring program during 2020clude the following:

1 Inlate December 202awo of thethree fixed depth buoys deployed in Kendreservoir
to monitor construction activities netre intake at Shaft 1®&ere relocated to amitor a
new construction area in same locatidimese buoys provide turbidity daa&l5 minute
intervals. Sensors are deployed on these budysoegpecific depths, generally one in the
middle of the water column and oaeabout 1m off the bottom of ¢hreservoir.

1 The undetice moritoring systems deployed on AshokaedRrvoirwereupgraded to a
new style of winter buoy in 2020. The former equipment made up of multiple
custommade underwater canisters housing instrumentation and batteries, asavell as
stick buoy outfitted with an antenna. This system became difficult to service and repair.
The new style buoy is a narrow profile rugged float which contains all of the
instrumentation, communicationgnd power in a sealed compartment. These new
systemsproved to be extremely effexe through the winter of 2020021 and survived
thick ice cover.

Each robotic monitoring location contains data logging and communications equipment.
At regular intervals each day, the most recent data are uploaded toasdadathe DEP
Kingston facilty. These data can be viewed on the DEP intranet through a custom web
application. In some cases, data are available within three minutes of the field measurement
being collected A standard operating procedure was develdpeglidet he pr ogr amé s
management and quality control procedures.

Due to the pandemic, some of the profiing buoy deployments in the EOH watershed
were delayed in 2020. Deployment of the profiing buoys on Kensico Reservoir were delayed
until early Apil, whereas buoy placements on New Croton were delayed until July.

da
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In the Catskill System, the Ashokan Reservoir site 1.4EAW buoy platform became
compromised and the equipment was removed from the reservoir at the end of October. Ashokan
Reservoir site 2EAE also had some technical difficultieshich resuledin somedata loss.

Capital orders were prepared in fiscal year 2020 fopHenedreplacemenand upgradingof
the original four profiing buoys deployed in 2012.

1.1.3. Early Warning Remote Monitoring

The Early Warning Remote Monitoring (EWRM) team operates a network efimeal
continuous, water qualty monitoring stations at strategic locations known as keypoints. These
include aqueduct shafts, pumping stations, treatment facilties, and an Eseplsstation.
Instrumentation and sensors vary by site (Appendix A) and typical parameters include turbidity,
temperature, pH, conductivity, free and/or total chlorine residual, chlorine dioxide, fluoride
residual, dissolved oxygen, elevation and flow. BEN¢RM team follows a quality assurance
program to ensure stations operate continuously and generate defensible data. The data are used
by BWS staff to help guide the operation of the water supply.

Keypoint monitoring also includes sites needed for regylatompliance. The Surface
Water Treatment Rule (SWTR) requires calculation of the inactivation ratio (IAR) for pathogens
and viruses. The daily IAR report utiizes data from the sites DEL18DT and DEL19LAB (or its
alternate site DELSFBLAB). Fluoride resa@us monitored at sites DEL19LAB and CCCLAB
for compliance with treatment targets and limits. The Shandaken Portal (SRR2CM) and the
upstream sampling station (AEAP) are both monitored for compliance with SPDES permits. For
the Croton System, data colledtéom the Croton Gatehouse (CROGH) and the five potential
withdrawal taps are of utmost importance to process control atthe Croton Water Filtratian Plant
EWRM is also preparing for the future application of chlorine dioxide in the Catskil and Croton
systems, as well as, being involved in the planning stages for continuous manganese
measurement in the Croton System.

In addition to the instrumentation and parameters listed above, ToxProtect 64 fish
biomonitoring systems contindeo be operated at DEL18Ddnd CROGH sites in 2020 his
system provides for the rapid detection of water quality impairments, including contamination
events not detectable by the standard array of continuous monitoring instruments. This system
has few false alarmsall caused by ecessive bioaccumulatiGnwhich we have learned can be
mitigated with maintenance that varies seasanaiy2020, repairs to the collocated
autosamplers and communications were made.

Other 2020 enhancements completed by the EWRM team include the fpllowin

1 Rebuiding a pH and temperature monitoring station with wireless telemetry at the
Catskill influent weir to support alum treatment readiness.
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1 Extending the sample line piping to a lower height in Shafthé previous sample tap
was seven feet up the wallhich meant that we could only sample during high flow
rates Designing a sample tap that extended to the bottom of the aqueduct wall required
extra EHS training, aqueduct entry, design, procuremeninatadation which all had to
occurduring the @tkil Aqueduct Rehabiltation and RepdCAT-RR) shutdown 3
This was a highly collaborative effort that worked very well.

1 The portablesample station at the Schohafiennel Intake Chamber continues to be of
great benefit during the reconstruction of tfzeility.

1 Folowing two pump tubing failures, the pump tube replacement timing has been
shortened, thus reducing the likelihood of sampling failure at the Shandaken Portal.

1 The 2020 Christmas Eve storrahanged the stream channel of the Esopus Creek at
Allaben The sampling equipment was destroyed and required complete replacement.

1 Upgrades were made to prepare the EARCM station for chlorine dioxide treatment of the
Catskill Aqueduct, in addition to creating a new sample testing station (EARRAW) with
motive waterpumps for the treatment system.

1.2. Operationsin 2020 Control Turbidity and Fecal Coliforms

Il n 2020, Water Quality staff contbonasdi $D
routine operations to provide the best quality water to Ker®@&servoir, which then flows into
the distribution system. To review, the calculation uses the most recent data available for
turbidity, fecal colform, U\s4 and phytoplankton to calculate an index numbeeéarh ofthe
nine reservoirs in the Catskiind Delaware systems so they can be ranked according to their
water qualty status. Normally the four parameters are given equal weight in the index number,
but the index report can be adjusted as water quality concerns change throughout the year. For
exanple, after a storm event the report could be modified to give turbidity a greater weight in the
calculation. The Water Quality Index report is issued weekly to those involved in making
operational decisions about reservoir diversions.

In 2020, monitoring dr the potential formation of disinfection 4pyoducts (DBPfp)
continued to help guide selective withdrawal in order to deliver the highest quality water to the
distribution system. U¥,4 (absorbance at 254 nm) and dissolved organic carbon (DOC) are used
as surrogate measurements for DBPfp as they are indicators of aromatic organic compounds
found in natural organic matter. Each of these parameters continued to be monitored weekly at
the reservoir effluents and intake elevation taps and these data hadedegision making
when selecting which reservoirs to utiize. This is most useful in the Delaware System, where
there can be significant differences in DBPfp between the three headwater reservoirs. Utilizing
reservoirs with lower Uys,and DOC can help mmize DBP formation in the distribution
system.
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In the Catskil System, the elevation and location (east and/or west basin) of withdrawal
at Ashokan Reservoir can be adjusted as needed throughout the year to divert the best quality
water from the resenro These changes are also made to meet operational needs (e.g., lowering
the west basin to create a void to accept more runoff during large storm events). In 2020, the
main water quality component driving operational changes was turbidity, as DBPfpasesrog
were relatively low throughout the year.

In January 2020, the Catskil Aqueduct was shut down for the-BRTproject. By the
end of January, the flow was increased to 585 MGD drawing from the east basin and the
aqueduct was back in operation. The flaxs adjusted to balance the basins. During April and
May, there were three more aqueduct shutdowns for repair. By the middle of June, the Ashokan
diversion was switched to draw from the west basin. The Ashokan release channel was used
during May to help wth water quality and for spill mitigation. In October, Ashokan turbidity
levels reached 5 NTU. As a result, the Ashokan diversion was switched from a west draw to an
east/west basin blend until November. There was one more shutdown in support of tRRCAT
project in December. This shutdown continued through the end of the year.

In the Delaware System, intake chambers at the four reservoirs were configured for
diversion through the midor uppetlevel intakes. Elevation withdrawal changes only occurred at
the Rondout Effluent Chamber and Pepacton Intake Chamber during th©wgedarch 3, the
elevation intake at the Rondout Effluent Chamber was lowered the surface draw (RR4) to
mid-depth draw (RR3)This allowed for continual water quality monitorirdyring stop shutter
and leaf gate cleaning work being performed during that timefraie mid-depth elevation
draw remained throughout the ye@n December 31, following a winter rainstorm and
snowmelt event, the elevation draw at the Pepacton Inta&enkdr was raised from the mid
depth (PR2) to a surface draw (PR4) to provide lower turbidity waler DBPfp surrogates
UVs.and DOC, with UVs,4 being the main driver, helped guide decisions on selecting
diversions into Rondout from the three upstreasereoirs.

Weather forecasts at Kensico Reservoir are watched closely to minimize the potential for
elevated turbidity caused by wind and wave action from entering the intake. If sustained easterly
or northeasterly winds in excess of 15 mph are predidtedpferating mode at Delaware
Aqueduct Shaft 18 is often changed from a reseomy withdrawal to a float or bypass mode
withdrawal. This proactive change is made due to the potential for wave action to resuspend
shoreline sediments adjacent to thekiataFloat mode operation uses the Delaware bypass
tunnel, which brings water from the Delaware Aqueduct directly to the downtake at Delaware
Aqueduct Shaft 18, supplemented by water drawn from Kensico Reservoir. This operational
change minimizes turbidityfrom Kensico Reservoir that could otherwise enter the Delaware
Aqueduct Shaft 18 intake. Float operation in anticipation of strong winds occurred 10 times (for
all or part of 27 days) in 2020. The Kensico Shoreline Stabilization Project is expected to
subgantially reduce sediment resuspension and thus reduce the turbidity risk that they pose.
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Water Treatment Operations (WTO) staff at the Croton Water Fittration Plan performed
extensive testing of granulated activated carf@@aC) treatment during 2020rhis enhanced
treatment is intended to help mitigate taste and odor problems seen prewiciyCroton
water supply. Following the commissioning of the plant, Croton water began flowing into
distribution October 27th. The plant remainedlioa through the remainder of the year. In
addition, WTO staff developed a Water Quality Index for silgdhe optimal intake location
from the New Croton Reservoir. This new index is very similar to the index utiized for the
Delaware and Catskil reservail@arameters of interest for the Croiodex are iron and
manganese, pH, phycocyanin, scent, totghnic carbon, U¥,absorbanceand geosmin/
2-methylisoborneol(MIB).






22.Water Quantity

2.1. Introduction

The New York City water supply system is dependent on precipitation (rainfall and
snowmelt) and subsequent runoff to supply the reservoirs. As the waites fiitom the
watershed, it is carried via streams and rivers to the reservoirs. The water is then moved via a
series of aqueducts and tunnels to terminal reservoirs before it reaches the distribution system.
The hydrologic inputs and outputs affect tukipid nutrient loads, and water residence times,
which are primary factors that influence reservoir water qualiy.

2.2. 2020Watershed Precipitation

The average precipitation for each watershed was determined from daily readings
collected from a network of preatation gauges located in or near each watershed. The total
monthly precipitation is the sum of the daily average precipitation values calculated for each
reservoir watershed. The 2020 monthly precipitation total for each watershed is plotted along
with the historical monthly average (39-2019) Figure 2.1).

The total monthly precipitationFgure 2.1) shows that precipitation was less thaa th
previous 36year historical average (182019) for January, and generally near or somewhat
higher than the historical average for February and March, except precipitation in the Croton
watershed was below average in March. All watersheds, except Catmorigad above average
precipitation in April while Cannonsville was near normal. From May through prégipitation
was generally below normal with a few exceptions of near or slightly above normal. August
brought above average rainfall to all but heton watershed, which was near normal. During
September and October precipitation was again generally below normal with a few exceptions of
near or slightly above normal totals. In November and December the monthly precipitation totals
were generally adve normal with a few exceptions of near normal totals. One 2020 Decemb
weather event of note was a rainsnow event that occurred when a large rainstorm on
December 2£5 (two to three inches were reported in all watersheds) fell on the snowpack from
a large snowstorm that happened the previous week. The runoff from this event yielded the
largest flows of the year in all watersheds (see Figure 2.3).

The National Climatic Data Centerodés (NCDC)
(https://www.ncdc.noaa.gov/cagivere queried to determine the 2020 rankings for New York.
Overall total precipitation for New York State in 2020 was 39.23 inches (996 mm), which was
1.06 inches (27 mm) below the 2@tbntury mean (1962000) andhe fortyseventh driest year
in the last 126 years (18250 2 0 ) . Il n New Yorkodés Climate Divisi
reservoirs, the 2020 precipitation total was 1.29 inches (33 mm) above theeB@ihy mean. In
New Yor kés Cl i ma tinelude® ther EOHireservoirs, precipitatiorc viaas 2.69
inches (68 mm) below the 26dentury mean. Also, the statewide average temperature for New
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York State in 2020 was 47degrees Fahrenhd.8 degrees Celsilis which was 3.3legrees
Fahrenheit(1.9degees Celsiysabove the 20tecentury mean and the third warmestin the last
126 (18952020) years for New York.

Figure 2.1 Monthly precipitation totals for New York City watersheds2@@nd historical
values (1992019).
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