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Abstract

This report is a summary of water quality monitoring methods and refwolts 24 surface water

sites located throughout the Quabbin Reservoir ahd Quabbin Reservoir and/are River
Watershed, annual hydrological and meteorological summaries, and results fspecial
investigationsThe Department of Conservation and Recreation (DCR), Division of Water Supply
Protection (DWSP), is the state agency charged with the responsibility of matfag@gabbin
Reservoirand Quabbin Reservoir and Ware Riwveaitershedsand the surrounding natural
resourcesowned by the Commonwealth in each watershedorder to protect, preserve, and
enhance the environment of the Commonwealth and to assure the avatjabilisafe drinking
water for future generations. The Environmental Quality Section manages a comprehensive
water quality monitoring program to ensure that Quabbin Reservoir water meets state drinking
water quality standards. As part of this task, the Environmental Quality Sectidormerfield

work, collects water samples, interprets water quality data, and prepares reports of findings. This
annual summary is intended to meet the needs of watershed managers, the interested public,
and others whose decisis mustincorporate regionalater quality considerations.

The Quabbin Reservoir water quality satisfied the requirements of the Filtration Avoidance
Criteria established under the Environmental Protection Agency Surface Water Treatment Rule
for the entirety of 2024 Monitoring ofmajor tributary inflowsis a proactive measure aimed at
identifying water quality patternsand potential problem areas that may require additional
investigation or corrective actiorResults from tributary monitoring were largely below state
surface water quality thresholds; amxceedaneswere attributed to storm events, impacts of
prolonged fall droughtwildlife impacts on water quality, and/¢tandscapeattributes.

The appendices to this report include field investigation repo®sme of the ancillary data
presented in this report has been compiled with thssistanceof outside agencies (e.g., U.S.
Geological Survey) and other workgroups within DWSP whose efforts are acknowiedbed
further sections
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Abbreviations

The followingabbreviationsare used in this report:

AIS Aquatic Invasive Species
BWTF Brutsch Water Treatment Facility
Cl Chloride
CFR Cold water fish habitat
CVA Chiopee Valley Aqueduct
DCR Massachusetts Department of Conservation and Recreation
DL Laboratory detection limit
DWSP Division of Water Supply Protection
EPA U.S. Environmental Protection Agency
EQA Environmental Quality Assessment
E. coli Escherichia coli
MassDEP Massachusetts Department of Environmental Protection
MassDOT Massachusetts Department of Transportation
MassWildlife Massachusetts Division of Fisheries and Wildlife
MCL Maximum Contaminant Level
MLE Maximum likelihood estimation
MWRA Massachusetts Water Resources Authority
NEON National Ecological Observatory Network
N/A Not applicable
OWM Office ofWatershed Management
NH-N Ammonianitrogen
NH-N Ammoniumnitrogen
NG-N Nitrite-nitrogen
NGs-N Nitrate-nitrogen
NOAA National Oceanographic and Atmospheric Administration
POR Period of Record
Si Silica
SMCL Secondary Maximum Contaminant Level
SOP Standard Operating Procedure
SWE Snow Water Equivalent
SWTR Surface Water Treatment Rule
TKN Total Kjeldahl Nitrogen
TN Total Nitrogen
TOC Total Organic Carbon
TP Total Phosphorus
UMass University of Massachusetts, Amherst
U.S. United States
UVasy Ultraviolet Absorbance at 254 Nanometers
USGS U.S. Geological Survey
WDl Winsor Dam Intake
WRF Warm water fish habitat
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Units of Measurement

Chemical concentrations of constituents in solution or suspension are reported in milligrams per liter
(mg/L) ormicrograms per literrfg/L). These units express the concentration of chemical constituents in
solution as mass (mg omg) of solute per unit of volume of water (IQne mg/L is equivalent to 1,000
ny/L. Fecal coliform results are reported as thamber of presumptive colony forming units per 100
milliliters of water (CFU/100 mLJotal coliform andEscherichia coliE( coli) are reported as the most
probable number (MPN/100 mLjvhich isequivalent to CFUL0O0 mL and acceptable for regulatory
reporting. UVsbsaresults are reported as the amount of ultraviolet light at a 254 nm wavelength that is able
to transmit through a water sample in absorbance units per centimeter of path length (ABU/cm)

The followingunits of measuremenare used in this report:

ABU/cm Absorbance units per centimeter of path length
ASU/mL Areal standard units per milliliter
cfs Cubic feet per second
CFU Colonyforming unit
°C Degrees Celsius
ft Feet
in Inches
nS/cm Microsiemens per centimeter
L/mgM Liters per milligram per meter
MG Million gallons
MGD Million gallons per day
ug/L Microgram per liter
mg/L Milligram per liter
m Meters
MPN Most probable number (equivalent to CFU)
nm Nanometers
NTU Nephelometric turbidity units
S. uU. Standard Units (pH)
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1 Introduction

The Department of Conservation and Recreation, Division of Water Supply Protection, Office of
Watershed Management (DWSP) manages and maintains a system of watersheds and reservoirs
to provide water to the Massachusetts Water Resources Authority (MWRAgZhwh turn
suppliesunfiltered drinking water to approximatel2.7 million people in 53 communities in
Massachusetts. The watershed system includes the Quabbin Reservoir, Ware River, Wachusett
Reservoir, and Sudbury Reservoir Watersheds, interconnectedseayies of aqueduct$igure

1).

The U.S. EPA introduced the Federal Surface Water Treatment Rule (SWTR) in 1989, followed by
the introduction of the Interim Enhanced Surface Water Treatment Rule (IESWTR) in 1998, and
the Final Long Term Enhanced Surface Water Treatment Rule Term 148603rm 2 (2006)

(US EPA, 1989; 1998; 2002; 2006), to ensure that public water supply systems using surface
water, or groundwater under the direct influence of surface waterovide safeguards against

the contamination of water by viruses and bacteflde regulations require filtration by every
surface water supplier unless strict source water quality criteria and watershed protection goals
can be met, including the development and implementation of a detailed watershed protection
plan (US EPA, 2003he DWSP and the MWRA have maintained a joint waiver for the filtration
requirement of the SWTR since 1998 and work together to manage the watersheds and
reservoirs in fulfillment of the waiver.

DWSP monitors the water quality and quantity within the watersheds and reservoirs
(Commonwealth of MA, 2004). Water quality sampling and field inspections help identify surface
waters with potential water quality issues, aid in the implementation of wdtedsprotection
plans, and ensure compliance with state and federal water quality criteria for public drinking
water supply sources (e.g., the filtration avoidance requirements stipulated under the SWTR).
Routine monitoring of bacteria and nutrients in thieservoirs and tributaries provides an
indication ofthe sanitaryquality of water sources, ensuririge security of water resources and
public health. Monitoring is also conducted by DVE&¥ to better understand the responses of

the reservoir and tributaries to a variety of physical, chemical, and biological inputs, and to assess
the ecological health of the reservoirs and watersheds. A-teng record of water quality
monitoring provides information regarding potential controls on observed changesaier
guality over time and represents a proactive effort to identify emerging threats to water quality.

This report summarizes the water quality monitoring performed by DWSP in the Quabbin
Reservoir andhe QuabbinReservoir and Ware River Watersheds du0g4.

Water Quality Report: 2024 1
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1.1 Public Water Supply System Regulations

Source water quality criteria rely on an indicator organiffiecal coliform bacterinand a
surrogate parametefturbidity) to provide a measure of the sanitary quality of the water. The
SWTR requires that fecal coliform concentrations at the intake of an unfiltered surface water
supply shall not exceed0 colonyforming units (CFU) per 100 mL in ninety percent of the
samples in any simonth period. There are two standards for turbidity levels at source water
intakes. The SWTR requires that turbidity levels at the intake remain below five NTU. MassDEP
regulations require that turbidity levels at the point of consumption fomalblic drinking water

can only be above one NTU if it does not interfere with effective disinfection. Authority to enforce
the; { 9 $WTR Aas been delegated to MassDEP.

The Quabbin Reservoir is designated as Class A Public Water Supply (314 CMR 4.06(1)(d)1) and
thereby is considered an Outstanding Resource Water (ORW) for the purposes of water quality
protection (314 CMR 4.0@) Massachusetts. MassachuseB&Pas developed numerical Class

A water quality criteria for several parameters (see DCR 2023a, Appendix A). Required monitoring
for additional constituents at different stages in the system (e.g., after treatment, after
disinfection, and at the point of esumption)is conducted by MWRA. These elements and
compounds include arsenic, polychlorinated biphenyls (PCBs), haloacetic acids, aaddper
polyfluoroalkyl substances (PFAS). As MWRA produces reports that detail results of regulatory
monitoring, monitoring resu$ at each of the water system stages is not discussed as part of this
report.

1.2 DWSRPMonitoring ProgramObjectives

MWRA, as an unfiltered water supplier, is required to have a watershed protection program
intended to promote and preserve high quality source water. A primary function of DWSP is to
design and implement this watershed protection program for the DCR/MWRt&rveupply
system. Watershed protection measures enacted by DWSP have been detailed in DWSP
Watershed Protection Plans (WPPs) and WPP updates since 1991 (DWSP, 2023b). The goals of
WPPs are to provide structured methodology to assess changes in extstgaistto water

guality across DWSRanaged watersheds, develop proactive strategies to prevent threats to
water quality, and respond to potential threats to water quality to limit negatingacts.
Environmental quality monitoring is one element of tNMgPPs developed by DWSP. The
Watershed Protection Act of 1992 and associatédtershed Protectiomegulations(313 CMR
11.00)give DWSP the authority to regulate certain land uses and activities that take place within
critical areas of the watershed in order to protect drinking water quality. The consibight

water quality of the Quabbin Reservoir can be attributed largely to the effectiveness of the WPPs.

DWSP staff rely on data generated by lkagn monitoring programs to inform modifications to
current WPPs. Data generated by letegm monitoring programs conducted by DWSP are used
to assess current and historical water quality conditions, establishat@geanges of various
water quality parameters, allow for routine screening of potential threats to water quality,
provide early detection ofchange and assess current watershed trends. Shetéem
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investigations may also be conducted to evaluate specific issues. Monitoring efforts are reviewed
and updated annually by DWSP to ensure that DWSP programs remain current, appropriate, and
informative for the WPP goals. Changes to annual water qualitytororg programs performed

by DWSP staff are discusseaachannual water quality report

Theoverarchingobjectives of the water quality arftydrologicaimonitoring programgonducted
by DWSRire directly related to the WPP goals. These objectives are as follows:

Maintain longterm water quality statisticselative to the protectiorof public health.
Documentachievemens of watershed control criteria applicable to the filtration
F 92 AR YOS NBI[JdZANBYSyidia adAaLdzZ I SR dzy RSNJ K
(SWTR).
1 Identify streams and water bodies that do not meet water quality standards and where
specific control measures may be initiated to eliminate or mitigate pollution sources.
1 Conduct proactive surveillance of water quality trends to identify emerging issues and
support ongoing assessments of threats to water quality.

T
T

DWSP monitoring programs continuoualyaptto emergent and high priority threats to water

quality, while utilizing current scientific information, tools, and technologies. The achievement of
water supply protection goals, including specific water quality targets, can be credited to the
coordinatedAh YL SYSy Gl dA2y 2F 52{tQ& YIlyeé& LINRBINIYaod

1.3 Overview of DCR/MWRA Water Supply System, Quabbin Reservoir and Ware
River Watersheds

The Quabbin Agueduct connects three water sources that serve as a source of drinking water to
50 communities in Massachusetts (wiim additional three communities served directly from
QuabbinReservoir). The water sources connected by the Quabbin Aqueduct, from west to east,
include the Quabbin Reservoir, the Ware River, and the Wachusett Resd¥ipire(l). The
Quabbin Reservoir is the largest of the sources, with a capacity of 412 billion gélbiel ( see

also DWSP, 2023a for further context). In comparison, the Wachusett Reservoir holds 65 billion
gallons at full capacity

Water from the Quabbin Reservoir is transferred to the Wachusett Reservoir via the Quabbin
Aqueduct Intake at Shaft 1Eigurel). Transfers at Shaft 12 typically account for more than half

of the MWRA system supply. Water is also transferred directly to three western Massachusetts
communities daily via the Chicopee Valley Aqueduct (CVA) from the Winsor Dam Intake (WDI).
Water fromthe Ware River may be udeo supplement Quabbin Reservoir. Ware River water is
diverted into the Quabbin Aqueduct at Shaft 8 in Barre, MA, near DWSP Core tributary
monitoring location 101and delivered to the Quabbin Reservoir via gravity flow. Ware River
water enters the reservoir at Shaft 11A, east of the baffle dams in Hardwick, MA. The diversion
of water from the Ware River is limited to the period from October 15 to June 15 and is not
permitted when mean daily flow at Shaft 8 is less than 85 MGD.§1&%), per Chapter 375 of

the Massachusetts Acts of 1926. DWSP and MWRA coordihdgastannuallyon diversion
timing and duration
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Tablel. General information on a) Quabbin Reservoir, b) Quabbin Reservoir Watershed, and c)
Ware River Watershed.

a) Quabbin Reservoir General Information

Description Units Quantity
ReservoiCapacity Billion gallons 412
ReservoilSurface Area (at full capacityelev. 530 Acres 24.469
feet)
Length ofReservoilShoreline Miles 118
MaximumReservoiDepth Feet 141
Mean Depth Feet 45

: . Feet, relative to
Surface Elevation, at Full Capacity Boston City Basg 530
Reservoir gain (average) fromnthof precipitation| Billion gallons 1.6
b) Quabbin Reservoir Watershed General Information

Description Units Quantity
Watershed Area (includes Quabbin Reservoir Acres 119,946
surface areqp
Land Aredexcludes Quabbin Reservoir surface Acres 95 364
area)
Proportion of Land Area in Watershed Percentage 80
DWSP Controlle@/atershedArea Acres 88,066
Proportion of DWSP Controlled Area in Watershe Percentage 73
Total Protected Land Ardancludes DWSP, DWSP| Acres 73 535
Fee, DWSP WPR, and other protected lands) '
Proportion of Protected Land Area Percentage 77

c) Ware River Watershed General Information

Description Units Quantity
Watershed Area Acres 61,671
DWSP Controlle@/atershedArea Acres 25,756
Proportion of DWSP Controlled Watershed Area Percentage 41
Total ProtectedVatershedArea(includes DWSP, Acres 33.081
DWSP Fee, DWSP WPR, and other protected)lat '
Proportion of Protected Watershed Area Percentage 54
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1.4 Description of Quabbin Reservoir and Ware River Watersheds

The Quabbin Reservoir Watershed is located in the Swift Rivebasib of the Chicopee River, a
major tributary of the Connecticut River, and part of the Central Uplands of north central
Massachusett¢Figure?). The Quabbin Reservoir Watershed encompasses approximately 187.5 sq.
mi. (119,946 acres), including nearly all of the towns of New Salem and Petersham, considerable
portions of Pelham, Shutesbury, and Wendell, and smaller portions of Orange, HardwiigstBthijl
Belchertown, Ware, and Athol, MA. At full capacity, the surface area of the Quabbin Reservoir spans
roughly 38.2 sq. mi. (24,469 acres), or 20% of the total watershed area, with nearly 118 miles of
shoreline Table1). Mean and maximum depths of the Quabbin Reservoir are 45 and 141 ft,
respectively.

Approximately 88% of the land surface in the Quabbin Reservoir Watershed is forested cover, with
a total area comprised of less than 2% each of developed (further classified asesidahtial) or
agricultural coverTable2). DWSP owns and controls 63,484 acres (62% of the total watershed land
area) for water supply protection purposes, and approximately 77% of the total land area in the
watershed is protected through other mearnBaplel). The relatively high proportion of forested,
protected lands in the Quabbin Reservoir Watershed helps maintain exceptional water quality in the
Quabbin Reservoir.

The Ware River Watershed is the geographical drainage area to Shaft 8 Intake on the Ware River in
Barre, MA. This watershed neighbors the Quabbin Reservoir Watershed to thd-gease8). The

Ware River begins as two branches (the East Branch and West Branch Ware River) that converge to
form the Ware River in Hubbardston, MA. The Ware River Watershed area monitored by DWSP
intersects portions of the municipalities of Barre, Phillipstéfybbardston, Oakham, Rutland,
Princeton, Templeton, and Westminster, MA. DWSP monitors an area of 96.5 square miles (61,737
acres) of the Ware River Watershed upstream of the Quabbin Aqueduct at Shaft 8 in Barre, MA.
Further downstream, the Ware River jsinhe Quaboag River in Three Rivers, MA to form the
Chicopee River.

Land cover in the Ware River Watershed is predominantly forest (75%), with approximately 41% of
the watershed areg25,756 acres) controlled by DWSRalfle 1, Table2). The Army Corps of
Engineers controls approximately 600 actesg thanl%) for flood control associated with the Barre
Falls Dam on th&Vare River in Barre, MA. Agriculture comprises less than 3% of total watershed
area for the Ware River Watershed. Additional information regarding land use and ownership in the
Quabbin Reservoir and Ware River Watersheds, as well as the calculationsticstas documented

in the Watershed Protection Plan F¥YEX¥28DWSP, 2023b) and tt#017 Land Management Plan
(DWSP, 2018a).
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DCR-DWSP Environmental Quality Sampling Locations:
Quabbin Watershed, 2024

A
USW00054756

DWSP Sampling
Locations - Site Type

© Tributary-EQA
@ Tributary-Core

s Tributary - Forestry
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- Fever Brook

- Northwest
R \i
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USC00190562 4

,A_ NOAA Station 1175500
L,“: Town Boundary

Figure2. Map of Quabbin Reservoir Watershed showing locations of Core and EQA monitoring
sites sampled in 2024lso shown are DWSP sanitary districts. Inset map depicts the watershed
relative to Massachusetts.
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DCR-DWSP Environmental Quality Sampling Locations:
Ware River Watershed, 2024
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Figure3. Map of Ware River Watershed showing locations of Core and EQA monitoring sites
sampled in 2024Also shown are DWS#nitary districts.Inset mapdepictsthe watershed
relative to Massachusetts.
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Table 2. Proportion oftotal land area falling under land cover/land uses classes across Quabbin
Reservoir and Ware River Watershed (adapted from DWSP 2023b).

Quabbin Reservoir Watershe( Ware River Watershed
Land Cover/ Proportion of Land Area Proportion of Land Area
Land Use Class (percent) (percent)
Forest 87.62 14.77
Wetland 4.99 11.61
Agriculture 3.42 3.81
Open Water 1.25 3.22
Residential 0.24 0.87
Commercial/Industrial 0.01 0.06
Other Nonrlmpervious 1.82 3.19
Other Impervious 1.33 2.47
2 Methods

DWSP water quality monitoring programs in the Quabbin Reservoir and Ware River Watersheds
seek to proactively assess and identify threats to water quality from biological, geological, and
chemical sources. These programs include the collection and anafyseter quality samples

from watershed surface waters, collection and enumeration of Quabbin Reservoir phytoplankton
samples, record collection ah situ measurements from water quality probes, hydrological
monitoring from USGS stream gages, meteoraalgmonitoring from NOAA weather stations,
monitoring for and management of aquatic invasive species within watershed water bodies, and
the implementation of the Quabbin Boat Seal Program and associated Boat Decontamination
Program. Standard operating procedures outlining specific details (e.g., make/model of
equipment used) were developed by DWSP staff, and generally follow methods outlined in USGS
and EPA protocolgurther documentation of parameter collection is provided in Seddidrof

this report.

2.1 Monitoring Programs

In 2024, DWSP staff monitored water quality 21 surface water sites in the Quabbin Reservoir
and Ware River Watershedsdthree sites within the QuabbiReservoirin addition, watershed
ponds were monitored for aquatic invasive species (AIS) , and hydrological and meteorological
stationswere monitored(Figure2, Figure3). The tributary monitoring locations within each
watershed includd Core sites and Environmental Quality Assessment (EQA) sites. Core sites
represent longterm monitoring sites throughout the watershed that are included in the
monitoring plan each year. Core sites are critical for DWSP assessments, as they provide a long
term record of water quality data from primary tributaries within each watershidch
watershed is divided into suWatersheds, referred to as sanitary districilegure2, Figure3).

EQA sites within a single sanitary district are sampled approximately once every four to five years.
Data from EQA sites are used to support assessments of potential threats to water quality within
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each sanitary district. Monitoring of EQA sites provides a-lgay assessment of water quality
within a specific area of each watershed, allowing for greater spatial coveeapegher
resolution understanding of transport processes operating acrossc#tehments embedded
within the greaterwatershed, and elucidation of potential upstream impacts to Core sites. The
Quabbin Reservatiosanitary districtwithin the Quabbin Reservoir Watersheahd the East
Branch Waresanitary districtwithin the Ware RiveiVatershedwere monitored in2024 AIS
investigations often follow EQA rotations, assessing-teng priority sites while incorporating
regional waterbodies in line with sanitary districts of focus. Reservoir monitoring locations are
long-term sampling sites located near shaft intakes /ananajor stream inflows. In addition to
DWSP sampling efforts, select hydrological and meteorological data from partner agencies is also
routinely accessed and analyzed to better understand water quality patterns and potential
drivers.

DWSP staff also conduct special investigations spanning multiple years. These vary across
watersheds, but includstorm water sampling, monitoring of potential water quality changes
following forest management activities, and evaluation of spatial and temporal trends in elevated
bacteria results relative to meteorological patterns. Results of special investigatoresedfe

further discussed in Sectior&2.8 as well as being described in previous versions of DWSP
annual water quality reports (DWSP 2023a).

2.1.1 MeteorologicalMonitoring

In 2024, daily precipitation and @gmperature data were collected at thremonitoring stations

across the Quabbin Reservoir and Ware River WatersAedde3; Figure2; Figure3). The DWSP

Civil Engineering team operates a weather station at the DCR Quabbin Adminiddaitiding in
Belchertown, MA within the Quabbin Reservoir Watershed. Additional weather data was
accessed through NOAA's Climate Data Online portal (National Center for Environmental
Information), which provides records from stations at Orange Municipgglo#i (Orange, MA)

and the US Army Corps of Engineers Barre Falls Dam (Barre, MA). This report's meteorological
analyses are based on data from these DWSP (USC00190562) and NOAA stations (USW00054756
USC00190408).

During periods of snow cover, DWSP personnel conducted weekly measurements of snow depth
and snow water equivalent (SWE) at six locations throughout the Quabbin Reservoir watershed
(Table3). Each site's snowpack measurements represent averages from six snow cores collected
per visit. Theseweekly findings were submitted to NOAA and the National Operational
Hydrological Remote Sensing Center (NOHRSC).
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Table3. Meteorologic and hydrologic monitoring stations in the Quabbin Reservoir and Ware
River Watersheds. Air temperature data was not recorded at the Ware, MA station, and the

NEON and DRAER streamflow sites were excluded from the 2024 data analysis.

Managed Period of
Measurement Site Name Site ID b g Record
y (POR)

Air Temperature/ ]

o Belchertown, MA USC00190562 DWSP | 19472024
Precipitation
Air Tfer_npe_rature’ Orange Municipal Airport, Orange, USW0005475¢ NOAA | 19962024
Precipitation MA
Alr Temperaturef Barre Falls Dam, Barre, MA | USC0019040§ NOAA | 19592024
Precipitation
Air T(_er_npe_rature/ Ware, MA USC00198793 NOAA | 19472017
Precipitation
Snowpack ANW Hardwick, Q1 (Gate 43A) Q1 DWSP | 20182024
Snowpack 3SW Petersham Q2 (Gate 40) Q2 DWSP | 20182024
Snowpack 2NW New Salerg Q3 (Westof 202) Q3 DWSP | 20182024
Snowpack 1IN Pelhant Q4 (Pelham Lookout) Q4 DWSP | 20182024
Snowpack 4E Belchertowrg Q5 (Blue Meadow) Q5 DWSP | 20182024
Snowpack 3NW Petershang Q6 (Ballorner) Q6 DWSP | 20182024
Mean Daily Ware River, Barre 1172500 | USGS | 19872024
Streamflow
Mean Daily Ware River, Intake Works, Barre| 1173000 | USGS | 1987:2024
Streamflow
Mean Daily Ware River, Gibbs Crossing 1173500 | USGS | 19872024
Streamflow
Mean Daily Swift River, West Ware 1175500 | USGS | 19872024
Streamflow
Mean Daily East Branch Swift River, Hardwick 1174500 | USGS | 19872024
Streamflow
] West Branch Swift River, Shutesbu 1174565 USGS | 19952024
Streamflow
Mean Daily Lower Hop Brook . NEON | 20172024
Streamflow
Mean Daily _ a « DFW
Streamflow t F NJ SNRa . NJ - DER 20122024
Reservoir Elevatiorf Quabbin Reservoir, at Winsor Dan - DWSP | 1980-2024
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2.1.2 HydrologicalMonitoring

The U.S. Geological Survey (US@&rded mean daily streamflow for six tributaries in the
Quabbin and Ware River Watersheds (thpeewatershed) in 2024 (Table 3). USGS stations have
continuously monitored mean daily streamflow in these watersheds since October 1987, with
the exception of the monitoring station along the West Branch Swift River (DWSP site ID 211;
USGS 01174565), whickdan operations in 1995. The Massachusetts Department of Fish and
Wildlife's Division of Ecological Restoration (DER) maintains a stream gage at Partiens B

the Ware River Watershed (DWSP site 102), providing daily streamflow data since late 2012. In
2017, the National Ecological Observatory Network (NEON) established a streamflow monitoring
station along Lower Hop Brook (DWSP site 212), with daityalatilable from late 2020 onward
(NEON, 2020).

Throughout 2024, DWSP maintained staff gages and collected water level data at several
additional monitoring locations (siteSATE211, 213, 215G, and 216). DWSP Civil Engineering
staff also maintain comprehensive records of Quabbin Reservoir elevation, with paper records
dating back to the 1940s. Currently, reservoir elevation is measured@irie intervals using

a StevengConrect continuous sensor. For comparative analysis in this report, historical reservoir
elevation records from 1980023 were utized alongside current annual data.

2.1.3 Tributary Monitoring

DWSP staff monitored water quality 49 stream sampling locationacrossthe Quabbin
Reservoir and Ware River Watershed2@24 (Table4), along with two longerm study sites
associated with a forest management study (Sec®dn6.]). The tributary monitorindpcations
include Core sites and Environmental Quality Assessment (EQA) Bitasrg2, Figure 3).
Tributarylocations vary in upstream catchment characteristics including land use and proportion
wetland, as well as stream attributes (e.g., stream order, gradient, discharge, etc.). Sites are
selected to characterize major inflows to the Quabbin Reservoir ana \Waser, as well as to
monitor areas of special interest and gather data on streams of varying upstream catchment and
reachscale attributes.

Samples were collecteelvery other week (hereafter: biweeklg} tributary sitesin 2024 with
sampling in Quabbin Reservoir Watershed and Ware River Watershed alternating weekly.
Monitoring frequency of analytes varied across watersheds, with less frequent analysis of
nutrients in Ware River EQA sites (quarterly vs. biweekly) and a quarterly sampling interval for all
alkalinity analyseqTable 5).Samples were analyzed by MWRaboratories per standard
methods(Table 5) Sampling plans, locations, and sdepollection frequencies vary across the
period of record Further discussion on changes to analytical methods across parameters and
sampling frequencies across sites are detailed in Sedi@n Further documentation on
monitoring parameters is included in Secti®i.
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Table4. Drainage basin characteristicsDWSP tributary monitoring sites for Quabbin Reservoir

Watershed and Ware River Watershed, 2024.

QuabbinReservoir Watershed

DWSP| DWSP

Site Area | Land Land Wetland | Wetland
Type| Site ID Site Description (mi®) | (mi?) | (percent) (mi®) | (percent)
Core 211 West Branch Swift River | 13.6 6.4 46.8 05 35
Core 212 Hop Brook 4.5 15 32.8 0.1 2.6
EQA 213 Middle Branch Swift River| 9.1 2.2 23.8 0.8 8.3
EQA | 215G | East Branch of Fever Broq 4.1 0.6 13.9 0.5 12.9
EQA 216 East Branch Swift River 30.1 | 0.6 2.08 2.8 9.4
EQA BC Boat Cove Brook <01 | <01 100 0.0 1.0
EQA | GATE | Gates Brook 0.9 0.9 100 <0.1 31
EQA | 211A1 | Atherton Brook 2.0 0.9 46.8 0.1 3.6
EQA | 211BX | Cadwell Creek 2.8 2.8 100 0.1 2.6

Ware RivelWatershed

DWSP| DWSP

Site Area | Land Land | Wetland | Wetland
Type| Site ID Site Description (mi®) | (mi®) | (percent)| (mi®) | (percent)
Core 101 Ware RivernearShaft 8 96.5 | 36.5 37.8 13.4 13.9
Core 102 Parkers Brook 54 4.6 84.8 0.5 9.5
Core | 103A | Burnshirt River 4.0 2.8 70.7 03 7.1
Core| 107A | West Branch Ware River 16.0 7.3 45.3 2.7 16.9
Core 108 East Branch Ware River 22.2 3.0 13.4 3.8 17.3
Core 121 Mill Brook 3.0 0.3 94 0.5 15.8
EQA | 108A | East Branch Ware River (6§ 176 19 10.5 2.1 11.8
EQA | 108B | Cushman Pond Outlet 0.9 <0.1 0.5 0.2 22.2
EQA | 108C | East Branch Ware (Lombar{ 6.8 0 0 0.5 7.4
EQA 117 Pommogussett Brook 2.1 0 0 04 18.4
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Tableb. Analytes included iDWSP tributary monitoring programs, analytical methods, and

monitoring frequency for 2024. Biweekly sampling denotes samples collected on antbeery
week interval Nutrient sampling was hweekly for all Quabbin tributary sites and Ware EQA
sites, and quarterly foware Core sites.

Group Analyte Method (2024) | Monitoring Frequency (2024
Bacteria Total Coliform SM 9223B Biweekly
Bacteria E. coli SM 9223B Biweekly
Physical Turbidity SM 2130 B Biweekly
Chemical Alkalinity SM 2320 B Quarterly
Nutrients NGs-N EPA 353.2 Biweeklyor Quarterly
Nutrients NHs-N EPA 350.1 Biweeklyor Quarterly
Nutrients TKN EPA 351.2 Biweeklyor Quarterly
Nutrients TP EPA 365.1 Biweeklyor Quarterly

. Biweekly (Quabbin Sites an
Organic Matter TOC SM 5310 B WareSite 101)
Organic Matter UVasa SM sgi%igﬁ 19th Biweekly
Major lons Na EPA 200.7 Biweekly
Major lons Cl EPA 300.0 Biweekly
Field Parameters Temperature Gibs et al. (2012) Biweekly
Field Parameters| Dissolved Oxygern Gibs et al. (2012) Biweekly
Field Parameters pH Gibs et al. (2012) Biweekly
Field Parameters Specific Gibs et al. (2012) Biweekly
Conductance

2.1.4 Reservoir Monitoring

2.1.4.1 Surface Water Treatment Rul@ompliance Monitoring

MWRAmMmonitors QuabbinReservoir wateprior to disinfection toensurecompliancewith the
Surface Water Treatment Rule. Dailpmitoring is performed byMWRAat the Brutsch Water
Treatment facilityin Ware, MA. MWRA provides annual turbidity and fecal coliform data from
the Winsor Damintake, collected at thdWTFE Average and maximum daily turbidity readings
and daily fecal coliform counts are summarized to accoungfoVRompliance for the Quabbin
Reservaorr.

2.1.4.2 Reservoir Monitoring by DWSP

DWSP reservoir monitoring includes plankton monitoring, water quality sample collection, and
the use ofin situsensors for water quality data collection. The Quabbin Reservoir was sampled
regularly in 2024 to monitor phytoplankton densitiés anticipate potential taste and odor
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problems and recommendhanagement actions as necessary. At site 202, phytoplankton was
sampled every week from May to September and monthly from January to April and October to
December. At sites 206 and Den Hill, phytoplankton was sampled monthlyrowsd (ice
conditions pernitting). A response plan to elevated phytoplankton densities was set so that if
any of the taxa of concern exceed the established alert levels, frequency of monitoring
increasel to twice a week for site 202 and twice a month for sites 206 and DenskedTable

53). In 2024 phytoplankton sampling frequency increased to twice a week at site 202 from July
9 to September 12, to twice per month at site 206 from July 9 to September 3, and to twice per
month at Den Hill from July 9 to August 20, in response to elevated densitsygosphaerella
SeeFigure2 and Table6 for reservoir sampling locations.

Water samples were collecteaionthly in 2024 from April to December at three depths from
three stations within the reservoir for analyses of &hV/total organic carbon, turbidity, and
bacteria. Water samples for analyses of nutrients, silica, alkalinity, pH, sodium, and chloride were
collected quarterly (May, July, October, and December), with an additional collection date in
Augustto capture physiochemical reservoir conditions duratzservedelevated phytoplankton
densities(Chrysosphaerellaggregation)n the summer Calciummonitoring was discontinued in

2023, due to low calcium levels observed in the reservoir in the past two years (e.g., 1.81to 2.33
mg/L in 2022) demonstrating low risk of zebra mussel colonization (DWSP, 2023a).

Manual watercolumn profiles of temperature, pH, dissolved oxygen, specific conductance
chlorophylla, and phycocyanin were measured via a Yellow Springs Instruments (YSI) EXO2
sonde coincident to phytoplankton and water quality sampling at each site. In addition to
manual water column profiles, a remote sensing profiling buoy was deployed by MWRA and
DW® in 2020Qit islocated close to sampling site 202 in Winsor Basin. Profiles are collected
with YSI EXO2 sondes, identical to those used by DWSP foalnpaoiiles. The profilers
automatically run every six hours (12 am, 6 am, 12 pm, and 6 pm) and collect data at 1
increments. Results are frequently used by DWSP to augment the routine profiles and
phytoplankton sampling program. For example, if elevatieldrophylla values are observed in
remote sensing data, DWSP may sample earlier than scheduled to capture associated
phytoplankton data. The high frequency profile data also allows for identification and
visualization of diurnal patterns and both shartd longterm effects of environmental forces
such as cooling temperatures during turnover and seiche effects due to wind events. Reservoir
monitoring results are discussed$®ction3.3 of this report.
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Table6. Core monitoring locations in Quabbin Reservoir4202

Maximum

Site Name| Site ID Location Depth (m)

Quabbin Reservoir west arm, offshor,
202 of Winsor Dam along former Swift 42
River riverbed

Shaft 12 206 | Quabbin Reservaioffshore of Shaft 12 28

Quabbin Reservoir eastern basngar
Shaft 11a

Winsor
Dam

Den Hill | Den Hill 19

2.1.5 Aquaticlnvasive Speciellonitoring and Management

DWSRmplements an annuahonitoring progranfor AlS in the watersheds. Several water bodies
within the Quabbin Reservoir and WaRiver Watershesl are monitored for AIS annually,
whereas additional water bodies are evaluated every five years as a component of the current
Environmental Quality Assessmasyicle Thus, the waterbodies in a single sanitary district, for
eachof the watersheds are surveyed for AIS every five yeassime allowsSelect waterbodies

in the Quabbin Reservatiosanitary district andeast Branch Warganitarydistrict were surveyed

for AIS ir2024 Bassett Pond ant S LILJS NXQ & areldcdteld outsiéle/okhe watersheds but
areincluded inmonitoring due tatheir proximity to Quabbin Reservoir.

Ten vater bodies inthe Quabbin ReservoiWWatershed(three total) and WareRiverWatershed

(seven tota) were surveyed by DWSP for the presence of aquatic invasive species 3} in

(Table 7). In addition, he NB & S NI 2NMINIdEf [(igA2y 3 L2 Y Ra O0h Q[ 2dzZaAK(E A
portions of theReservoir shorelindBoat Launch Areas 1, 2, anda®}d Ware River were also

surveyed for AIS 2024 Assessments conducted byRCwere completed under a MWRA

contract. MWRA and the contracted consultant assist DWSP with early detection of AIS by
surveying portions of the Quabbin Reservoir and the Ware River annM&RA also manages

AIS in the Ware River via a drawdown of the river system and manual harvest of invasives along

the riverbed.

Additional programs are also implemented to protect against the spread of invasives in the
Quabbin Reservoir. Oblique tows (1 nii@ duration;53-um mesh) were performed quarterly in
proximity to the three reservoir Boat Launch Areas, and vertical tows (net lowered to 2 m above
bottom, 53um mesh) were collected at the three phytoplankton sampling sites (202, 206, and
DEN). Samples collected wvialiqgue net tows were screened to monitor for invasive zooplankton,
whereas vertical tow samples were concentm@tpreserved in alcohol, and later analyzed under

a dissecting microscop@As a preventative means to further limit potential undesirable impacts
to water quality resulting from AIS, DWSP staff coordinate boat inspections,
boat/motor/equipment decontaminations, andnonitoring of boat rampsn Quabbin Reservoir

and WareRiver Watershesl
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Table7. Water bodies surveyed in 2024 for aquatic invasive macrophyte species in Quabbin
Reservoir and Ware River Watershetgaterbodies located outside of the watershed but
included due to proximity to drinking water resources.

Quabbin Reservoir Watershed

Water Body Name Location Surk\)/jyed Date
New Salem,
Quabbin Reservoir Petersham, TRC 8/5-8/14/2024
Hardwick
Quabbin Reservaoir, Pelham,
WestArm New Salem TRC 8/14/2024
4/19, 4/26,
O'Loughlin Pond New Salem Tgv(\:/;‘;‘d 4/30, 5/21,and
8/13/2024
. TRC and| 5/14, 8/28,and
Pottapaug Pond Hardwick DWSP 8/30/2024
Quabbin ReservoiBoat Launch Area 1 Belchertown| DWSP 7/25/2024
Quabbin ReservoiBoat Launch Area 2 New Salem| DWSP 6/28/2024
Quabbin ReservoiBoat Launch Area 3 Petersham DWSP 8/1/2024
* Bassett Pond New Salem| DWSP 6/28/2024
Lake Mattawa Orange DWSP 7/29/2024
* Peppers Mill Pond Ware DWSP 6/6/2024
Ware Rive Watershed
Water Body Name Location | Surveyed by Date
Ware River,

Upstream of Shaft 8 Barre TRC 7126/2024

Asnacomet Pond Hubbardston DWSP 9/24/2024

Brigham Pond Hubbardston DWSP 9/17/2024
Cloverdale Pond Rutland DWSP 7123/2024
Demond Pond Rutland DWSP 7/18/2024
Long Pond Rutland DWSP 8/15/2024
Queen Lake Phillipston DWSP 6/20/2024
Whitehall Pond Rutland DWSP 6/11/2024
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2.1.6 Special Investigations

DWSP conducts both shetdrm and longterm investigations on select projects based on water
guality concerns in the region. Forestry monitoring and Environmental Quality Assessments are
current longterm programs to investigate water quality and landscapéterns related to land
management.

2.1.6.1 Forestry Monitoring

DWSPcontinued to monitor water quality associated with its letegm study to assess the
potential impacts of timber harvesting on water quality at two surface water sites in the Quabbin
Reservoir Watershe(Figure2). The monitoringusesa pairedwatershed study design, where
data is collected at a control and treatment watershed before and after timber operations and
to document anychanges that can be attributed to forest managemerte paired watershed
study design was selected for its robust appro&xldetectlongterm changes in water quality
conditions The paired watershed study design statistically contabisiate andhydrological
differences over yearsallowing for attribution of water quality changes to treatment rather than
broaderclimatic drivers (Hewlett and Pienaar, 1973).

Water quality samplingt pairedwatershed sitdocationsis conducted at two intervals to ensure

that monitoring captures a full range of streamflow conditions and solute mobilizabatexts
Routine monthlygrab sampling and quarterly evehaised samplingontinuedin 2024 meeting
annualsampling objectives for the project. Monthly grab samples have lmedlected at the
Middle Branch Dickey (MBD) Brook (control site) and the East Branch Underhill (EBU) Brook
(treatment site) on Prescott Peninsula since April 2002. Monthly grab samples have been
analyzed for nutrients (N&N, NQ-N, TKN, and TP) since 2002 and total suspended solids (TSS),
UVess, NB-N, TOC, and DOC since 2014, dath analysisontinued through2024 Periodic
eventbased sampling of MBD and EBU was initiated in 2014 to characterize stream response
during a variety ofydrologicalevents €.g., high- and lowintensity rainfall, rairon-snow).
Primary data generated by DWSP incleideeasurements of precipitation, stream flow, and
concentrations of solutes collected across the event hydrograph-BNGOIH-N, NO-N, TKN, TP,

TSS, W¥s, TOC, and DOCGs well as investigations into hydrograph separation using stable
water isotopes (Boutt, 2021 Concentration data collected during events serves to characterize
the range of nutrient and sediment concentrations observed in these watersheds avidi@an
estimate of evertbased solute loading for MBD and EBU when coupled with event discharge
data. Longterm forestry monitoring of water quality in MBD and EBW0R24 also included
training of new DWSP staffjstallation and routine maintenance of watvel loggers and
precipitation gages, downloading of field data, monitoring of weather forecasts, sampl
collection,and associated data analysis.

2.1.6.2 Environmental Quality Assessments

DWSP conducts annual Environmental Quality Assessments (EQAS) of a single sanitary district in
each watershed to assess potential sources of contamination across the watershed system. Each
sanitary district is comprehensively evaluated by DWSP once everydars. Water quality
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monitoring of select Core and EQA sites within the selected sanitary district constitutes a
component of the EQA. The E@ortingin 2024 focused orthe Quabbin Reservatiosanitary
districtin Quabbin Reservoir Watersheigure2) and theEast Branch Warganitary districtin

the Ware River WatershggFigure3).

2.2 Watershed Monitoring Parameters and Historical Context

DWSRwvater quality monitoring wasomprisedof 24 unique water quality characteristi¢g.g.,
physical, chemical, and biologiraheasured in theQuabbin Reservoirand Ware River
Watershedsin 2024 (Section6.1). Parameters monitored by DWSP included those that may
directly affect water quality(and thus, potability) and/omayindicatethe presence opotential
future negative impact$o water quality. A extensive discussion, includinglevant regulatory
and guidae thresholds for thgparameters monitored by DWSW®as documented in the 2022
Quabbin/Ware Region Water Quality Report (DWSP 2023a, AppenAmxaftical methods for
concentration data are provided ifiable 5 Results for various water quality parameters are
compared to regulatory levels when applicable (DV28P3a, Appendix A).

DWSP updates sampling plans annually to align with Environmental Quality Assesassatds,
potential water quality concerns, and/or to focus on new regions or sites of interest. Thus,
historical sampling frequency of analytes varies across time and dpaceds 46). For example,
monitoring frequency of several parameters was increased in Core tributaries from quarterly to
biweekly in 2020 (DWSP, 2021a). Monitoring frequency of select analytes in Quabbin Reservoir
also changed from quarterly to monthly in 2020. Baict analyses include total coliform aid

coli, the latter of which was added to DWSP monitoring programs in 2005. Inorganic N represents
NGB-N and NB-N, with the addition of NBFN in 2011. Organics include 2B4, with the addition

of total organic carbn at Quabbin Reservoir sites in 2020, at Quabbin Reservoir Watershed
tributary sites in 2021, and Ware River site 101 in 2023. Metals and anions incorporate Na and Cl
concentrations and were added within the last 5 years due to increasing concern ow#icspe
conductance trends in waterways of the Northeastern USA (DWSP 2023a). Further
documentation on changes to water quality sampling pleevailable in previous versions of

this annual water quality report.

Annual sampling coverage varies between Core and EQA tributary sites guegtammatic
goals. Core sites are monitored annually for kbegn coverage and a resulting period of record
that is at a relatively fine temporal scale. For many sites with-teng water quality monitoring
records loc#ons, this allows for a more robust discussion of changes in water quality patterns
over time (2030 years), or more nederm (e.g. five-year or less) analysis of certain patterns for
more recently added analyse(e.g., anions, TOC). In contrast, monitoring of EQA sites follows a
five-year rotation focusing on different stitasins within each of the two water supply
watersheds. This monitoring is intended as a synoptic snapshot of conditions during the writing
of these assessments, and thus these data have a significantly shorted pérecord compared

with Core monitoring locations. Periaaf-record results from EQA sites rarely excélecke to

four years of observation and are staggered in tinbaie to thesedifferences in temporal
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coverage, comparisons of conditions between 2024 results and historical records for EQA sites
are less robust compared to the longer period of record for Core monitoring locations.

Select tributary monitoring sites previously established as EQA sites were converted-terlong
(Core) monitoring sites in 2021 to provide better spatial coveraga consistent samplingf

priority areas withineither watershed (215G replaced 215 in the Quabbin Reservoir Watershed
and 121 replaced 121B in the Ware River Watershed). Parkers Brook (102) was added to the Ware
River Watershed monitoring program as a Core site in 2021. Changes in the frequendys$ ana

of select analytes, or transitionsoim EQA to Core site sampling frequencies may impact seasonal
statistics, longerm patterns in water quality, and comparisons to historical ranges relative to
sites that have not undergone significant changes to monitoring program struclirese
considerations are further discussedthin the water quality result narratives for the tributary

and reservoir monitoring results.

There are a few notable shifts in analytical methods and detection limits over the period of
NEO2NR® !'yIfeadAaOlrtf YSGK2Ra F2NJ ¢Yb NBGdzZNYSR
consistent with all results prior to 2020. Beginning in 2020, analysisinfted to Valderrama
(1981) to facilitate monthly monitoring frequencies ofsNecies in Core sites in Quabbin
Reservoir and biweekly monitoring in Core tributary sites. Results were reported as total nitrogen
(TN) in 2022022. During the period of 2028022, TKN concentrations were derived by
subtracting concentrations of NON and N@N from TN concentrations. NI has been
measured previously (2010) in samples collected from Core sites and was below laboratory
detection limits in all samples in the Quabbin Reservo# 18) and in all but four samples fn

2,005 total measurements) in Core tributaries. Thus,-NQvas assumed to remain below
laboratory detection limitgless than0.005 mg/L) in all samples collected in 2020 and 2022.
DWSP did not modify sample collection methods, thus uncertainty associated with TKN
concentration data from this period is limited to assumptions made during calculations and/or
sensitivity of differehanalytical methods. The detection limits for TN via Valderrama (1981) were
0.0034 mg/L. Results for TKN for tributary monitoring included in this report date from 2010 to
the present.

Analytical methods for TP were modified in 2020. TP concentrations for tributaries were derived
AL 9t! aSiK2R ocp®d®m O6hQ5Sftf> mMdbdhpooO dzyiAft
Valderrama (1981) thereafter to facilitate increased monitoring freqienof TP in Core
tributaries (e.g., every two weeks). Analytical methods for TP returned to EPA methods in 2021.
Uncertainty associated with TP concentration data for 2020 is limited to sensitivity of different
analytical methods, as sample collection astdrage were not altered in 2020. Because of the
variation associated with the change in TP methods for 2020, TP concentration data
corresponding to samples collected in 2020 were excluded from calculations for joéiedord
statistics. Also of note is that alkalinity concentration results were historically reported by
titration to pH of 4.5 endpoint via Standard Method 2320B (DWSP, 2018b).

Sensors used for collection of situ parameters by DWSP also vary over the period of record.
Before 2021, DWSP staff used a Eureka Manta2 field sonde for data collection at Quabbin
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Reservoir. Starting 2021, a shift was made to the YSI EXO2 sonde to better align data collection
with  MWRA and DWSWachusett methods. Changes in sensor manufacturers, sonde
configurations, and water column profile collection methods complicate direct emisgns to
historical data for physiochemical parameters. These considerations are further discussed
throughout the report.

Quabbin Reservoir Watershed Tributaries
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Figure4. Period of record foanalytes measured in 2024 tributaries monitoring sites in Quabbin
Reservoir Watershed.
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Ware River Watershed Tributaries
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Figureb. Period of record for analytes measured in 2024 tributaries monitoring sites in Ware River
Watershed.
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Quabbin Reservoir Monitoring Sites
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Figure6. Period of record for analytes measured in Quabbin Reservoir monitoring sites.

2.3 Data Managemehand Statistical Methods

Water quality, precipitation, and streamflow data collected since 1989 are stored in a Microsoft
SQL Server database, maintained by D\EQmPatabase development efforts continue to build

off the database migrated to a SQL Server platform in 2021 for ddagdd storage and easy
access for filtering and analyzing historical recoffise current database contains historical
water quality data including field parameters (watEmperature, dissolved oxygen, oxygen
saturation, specific conductance, pibecchidepth, chlorophyll a, and phycocyanin) and
constituent concentration results (alkalinity, N, NQ-N, NH-N, TP, TKN, Ca, Na, i,
dissolved and totatarbon, E. colj total and fecal coliform, hardness, k¥ and turbidity),
spanningthe onset of DWSP monitoring (1987) throutle present.Laboratory dataincluding
concentrations of various constituentsere provided by MWRA staff and then uploaded to the
DWSP water quality database vias®ipts and Shiny application tools designed for data
download and database standardization (R Core Team, 2019; Winston et al., 2019). Plankton
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density summaries were generated by DARSP staff and included in database tables for long
term record keeping.Workflows are developed using RStudio,ArcGIS,and SQL Server
Management software to automate QA/QC and data import procefsesicoming raw data
generated from field equipment (e.g., multiparameter probes), MWRA redults, and
phytoplankton identification and enumeratigias well calibration records and field notes

DWSP continued to develafs waterquality database in 2024, processing and importing data
from numerous monitoring workflows and organizing historical data reconisk related to
DWSP data managemeand integration of historical records (prior to 2010) remaamgjoing.
This includes documentation of historical detection limits, verification of resatitsbution of
data flags, and ensuring completeness of record.

Annual water quality monitoring data are reviewed before being imported and periodically
throughout the year for data accuracy and to compare results against seasonal normal ranges
(25-75%) based othe site-specific monitoringperiod of record. Data flagare added to records

that require qualifiers for analytical use and interpretation, or for records that should be excluded
from analysis due to instrumentation error, sensor calibration issues, sample collection
inconsistencies, environmental factors, or othensiderations. A small subset of monitoring
records were flagged and removed from summary reporting following revie®WSP and
MWRA staff(less thanl% of records)For example2023ammonia results from October were
excluded from reporting due to domented linearity issues with the NH calibration curve
during this period (Gottshall, 2024h 2024, select records from water quality sensor data were
removed following possample calibration tests that ditbt pass QA/QC checks.

Concentrations below laboratory reporting limits were replaced with the detection limit for all
calculations performed in this report. Concentrations above upper reporting limits were assigned
as equal to the upper detection limit. Censored data are fldggethe DWSP database. This
method of handling censored data is consistent with that used in recent annual water quality
reportsfor the Quabbin Reservoir and Ware River Watershed (DWSP, 2023a; DW&P 2084

to the inherent nomnormal distribution of a@vironmental monitoring data, neparametric
measures of central tendency (median, interquartile rangeje used to evaluate the variability

of constituents observed in 2024 (Helsel, 2012).

Seasonal statistics (mean, median, geometric mean) were calculated using methods depending
on the occurrence of nodetects within each data grouping. Lefnsored results were
substituted with the detection limit concentration and the normal statisticsvealculated using

base R functions when fewer than four values are detected in a data group. Statistics were
calculated using functions from the NADA package (Lee, 2020) when four or more censored
values were present in a data group. A parametric methddximum Likelihood Estimation
(MLE), was used to compute annual geometric mEamoliconcentrations A nonparametric
method, Regression on Order Statistics (ROS), was used with other censored data (namely
nutrients) to calculate seasonal mean and median concentrations. This modification to statistical
methods may produce deviations frostandard methods for calculating measures of central
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tendency for select parameters, as reported previously (DWSP, 2021W/SP, 2023a). For some
analytes where most results are below detection limits (e.ga-Nldnd N@N), minimum values

are reported at detection limits while mean and median values may be lower than detection
limits based on ROS methods. Methods for determining measures of central tendency remain
unchanged from prior reports for constituents with no senmed values. These methods of
handling censored data are expected to produce more sbland unbiasedesults. Many of the
reported calculations in this analysis did not deviate substantially from those derived via prior
methods.

Seasonal summary statistics (minimum, median, mean, and maximum values) of results from
2024 monitoring are reported along with seasonal statistics from the period of record (POR)
available from DGR 2 {t RI G NBO2NRa®d wSadzZ GeitheFaNp¥f S| OK
variability expected at sampling locations and allow for comparison of 2024 seasonal results
against their historical context. Inferences into seasonal dynamics or interannual variability are
limited for sites with shorduration or intermitent temporal coverage (e.g., EQA sites, more
recently added Core sites, see Figure)4as well as parameters with quarterly sample
collection, and are provided as a point of reference to aatilerging understanding of seasonal
variability for diffeent parameters at different sites.

3 Results
3.1 Hydrology and Climate

The northerly latitude and geographic location of the Northeastern United States has made it
prone to the moderating and moistening effects of the Atlantic Ocean, as well as the influence of
hot and cold air masses from the continent's interior (Brownlet2010). This has resulted in a
climate with a distinct seasonalityistorically characterized by cold, snowy winters and warm,
humid summers. Additionally, the region's proximity to the northern hemisphere polar jet stream
has led to highly variable w#eer patterns, reflected in a broad range of daily and annual
temperatures and generally abundant precipitation throughout the year (Rustad et al., 2012).
These patterns have begun to shift, however, as anthropogenic influences (e.g., the burning of
fossilfuels) have led to a steady climb in global temperatures with a global 3°C rise predicted by
the end of the century (United Nations Environment Programme, 2023). In the contiguous United
States, the fastest warming region has been identified as the Nasthehere seasonal
differences in temperature have decreased in recent years as winters have warmed three times
faster than summers (Horton et al., 2014; Yoamgl Young, 2021). Due to the rate of warming

in the Northeast, this region is projected to warm by an additional 1°C as global warming reaches
2°C (KarmalkaandBradley, 2017).

Massachusetts has historically been susceptible to extreme weather events such as tropical
Aa02N¥asz y2NRSFaAGSNAZ FyR NB O tmiMjasf af thesel@énsy 3 SR
can vary widely across the region due to its diverse topography and locational proximity to storm
tracks (Thibeauland Seth, 2014; Siddique et al., 2020). Warming temperatures as the result of
climate change have led to an increase in the frequency and magnitude of these events over time

Water Quality Repor2024 25
QuabbinReservoir Watershedare River Watershed



which has broadly impacted freshwater systems (Demaria et al., 2016). Hydrology for the region
has traditionally been characterized by spring snowmelt floods with a falling hydrograph
throughout the remainder of the growing season; however, an uptick e ftequency and
duration of periodic highntensity rainfall events has led to a less predictable hydrograph with
high flow conditions occurring throughout the year regardless of seasonal influence (Siddique et
al., 2020). Additionally, rising temperaturieave been increasing the frequency of raimsnow
events during winter months and melting snow earlier in the spring, causing wspterg peak

flows to occur approximatelgix days earlier in Massachusetts as compared to a century ago
(Notaro et al., 2014; Demaria et al., 2016). Alterations to streamflow have been coupled with
greater rates of evaporation throughout the region, causing precipitation during summer and fall
monthsto fall on increasingly dry soils (Dudley et al., 2017). This leads td-soade impacts to
water quality in the region as more particulates are flushed from the landscape into streams and
rivers to be carried downstream (Wilksd McDowell, 1982)Therefore, understanding annual
hydrologic and meteorologic patterns in relation to both historical and predicted contexts
provide valuable insights into water quality patterns for both the Quabbin ResamdiWare

River watersheds.

3.1.1 Climatic Conditions

3.1.1.1 Air Temperature

Annual mean air temperature results (calculated from daily median air temperatures) of 10.4°C,
10.5°C, and 10.2°C were observed at the Quabbin Reservoir watershed and Ware River
watershed weather stations in 2024 (Barre, Belchertown and Orange respeltiMedse values

were + 0.2°C, + 0.3°C, and + 0.4°C as compared to 2023 observations, and were + 3°C, + 1.1°C,
and + 2.1°C as compared to mean values from the period of record for each station (defined in
Table3). Minimum and maximum daily recorded temperatures ranged frb&19°C to 36.7°C in
Barre,-18.3°C to 33.3°C in Belchertown, and fre#8°C to 33.9°C in Orange. Of the ten coldest
days recorded in 2024, six were observed in the Quabbin Reservoir wateasiied Orange
monitoring station, ranging betweei20°C and17.2°C. The five warmest days of the year were
recorded in the Ware River watershed, ranging from 36.7°C to 35.6°C, with the warmest three
recorded in June of 2024.

Though median daily temperatures for 2024 largely remained within the historical temperature
range, deviations were observed during the winter months, as well as some higher peaks in
summertime temperatures (June anduly; Figure 7. When compared to daily median
temperatures for the period of record, 67% of daily median temperatures recorded at the Barre
weather station exceeded mean daily median temperatures for the period of record by more
than 2°C or less that2°C. In the Quabb Reservoir watershed,366% of days exceeded these
thresholds.It is worth noting that, given the variable nature of temperature patterns in the
Northeast, such deviations could be deemed within normal bounds when assessed against
historical temperature data spanning 5, 10, and 20 years.
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Figure?. Climatograplof precipitation totals and daily median temperatures (in degrees Celsius)
for weather stations in the Quabbin Reservoir and Ware River. The shaded band represents
historical mean daily temperature ranges (minimum to maximum temperature) for Belchertown
(1990:2024), Orange (1992024), and Barre (1962024) weather stations. Gaps in data can be
observed as breaks in the line.

Monthly mean temperatures for 2024 ranged from a minimum-&2°C in December to a
maximum of 31 °C in July, both recorded in the Ware River wateifshed

Table8). This compares to a mean historical rangeXf.8°C (January) to 28.3°C (July) across
both the Quabbin Reservoir and Ware River watersheds. Mean monthly winter temperatures
(December, January, and February) for 2024 ranged f802iC to 6.0°C across batlatersheds

as compared to the mean historical rangeif.8°C to 4.1°C for the same season. Spring (March,
April, and May) mean monthly temperatures ranged freb®°C to 25.5°C, falling inside the
range for both mean temperature minimums and maximumsesled for the period of record
(-5.8°C to 20.8°C). Mean monthly maximums for summer (June, July, August) exceeded recorded
mean maximum temperatures for most summer months at all monitoring stations (August was
cooler in the Quabbin Reservoir watershetfe peak mean of 31°C observed during June in the
Ware River watershed was well above the historic mean for that month (27°C), with the mean
monthly minimum also exceeding the historic mean (+2.1°C). Temperature ranges for autumn
(September, October, andaMember) were recorded as ranging freth6°C to 25.7°C as
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Table8. Monthly mean values of daily minimum and maximum temperature for the period of
record and for 202Delta(n vepresentghe difference between 2024 monthly means compared
to the period of recordTemperaturevariationsare highlighted by an orangeed gradient, with
temperatures deviations 2°C becomingarker based on magnitude.

Mean Mean Mean

Weather Daily Min | Daily Min | Daily Min | Mean Daily| Mean Daily | Mean Daily
Station Month POR 2024 n MaxPOR | Max 2024
Barre Jan -11.83 -6.67 6 -0.47 2.19
Barre Feb -11.19 -7.06 / 0.98 5.96
Barre Mar -5.81 -1.94 3.87 6.22 10.66
Barre Apr -0.23 0.79 1.02 12.95 15.93
Barre May 5.35 8.96 3.61 19.89 2451
Barre Jun 10.24 12.27 2.03 24.17 29.03
Barre Jul 13.31 16.27 2.96 27.02 31.02
Barre Aug 12.20 13.45 1.25 25.91 28.44 2.53
Barre Sep 7.71 9.28 1.58 21.88 25.70 3.81
Barre Oct 1.96 1.70 -0.26 15.54 19.69
Barre Nov -2.50 -0.63 1.87 8.87 12.73 3.86
Barre Dec -8.09 -8.23 -0.14 2.34 2.65 0.31
Belchertown Jan -8.59 -6.07 2.52 0.82 2.28 1.46
Belchertown Feb -8.39 -5.68 2.71 2.59 5.03 2.44
Belchertown Mar -3.97 -1.26 2.71 7.17 9.18 2.01
Belchertown Apr 1.61 1.72 0.11 14.02 14.01 -0.01
Belchertown May 7.91 9.83 1.92 20.67 21.92 1.25
Belchertown Jun 12.64 13.33 0.69 24.77 26.80 2.02
Belchertown Jul 16.45 17.55 1.11 28.29 28.82 0.53
Belchertown Aug 15.30 14,51 -0.79 27.24 26.55 -0.69
Belchertown Sep 11.51 11.03 -0.48 23.34 23.57 0.23
Belchertown Oct 5.64 4.42 -1.22 16.45 18.82 2.37
Belchertown Nov -0.70 1.33 2.03 9.67 13.05 3.38
Belchertown Dec -4.53 -7.26 -2.72 4.15 3.32 -0.83
Orange Jan -10.18 -6.93 3.25 0.49 1.81 1.32
Orange Feb -9.29 -5.94 3.35 2.42 5.20 2.79
Orange Mar -4.62 -1.04 3.58 7.12 9.38 2.26
Orange Apr 0.74 1.61 0.88 14.34 14.48 0.13
Orange May 6.91 10.05 3.15 20.80 22.51 1.71
Orange Jun 12.25 13.76 1.51 25.20 27.33 2.14
Orange Jul 15.37 17.54 2.17 28.22 29.44 1.22
Orange Aug 14.58 14.76 0.18 27.30 26.61 -0.68
Orange Sep 10.06 10.35 0.30 23.16 23.95 0.79
Orange Oct 3.66 2.55 -1.11 16.01 18.27 2.27
Orange Nov -1.94 -0.59 1.36 9.48 12.09 2.61
Orange Dec -6.51 -7.41 -0.90 3.65 2.93 -0.72
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compared to the historical range e2.5°C to 23.3 °C. The Ware River watershed exhibited the
greatest disparities between historical and 2024 mean monthly temperatwth the most
pronounced variations in minimum temperatures recorded in January, February, and March
(+5.2°C, +4.1°C, +3.9°C respectively). For maximum temperaturggetiestdifferences were
observed during February, May, and June (+5°C, +4.9°C, +4.6°C respectively).

3.1.1.2 Precipitation

Cumulative annual precipitation across Quabbin Reservoir and Ware River watershed weather
stations in 2024 fell below historical averages at all monitoring locaffigsrre8). Annual rainfall

totals ranged from 40.34 inches in Barre to 41.51 inches in Orange, all falling below historical
averages. Barre recorded a 4-@¢th deficit (9.5% below normal), Belchertown experienced the
largest shortfall at 5.48 inches (13.3% below normal), and Orange bahtallest deficit at 1.16
inches (2.8% below normallhese persistent precipitation deficits contributed to progressively
worsening drought conditions throughout the watershed over the course of the year.

Results from snow monitoring the Quabbin Reservoir watershed are presented in an annual
memo summarizing seasonal patterns and myétar trends prepared by the DWSP Civil
Engineeringsection (DWSP 2025). Frd®d7 to 2023, Belchertown recorded a mean snowfall of
50.1inches In 2024 Belchertownrecorded a total snowfall of 28 inches, falling within the lower
25% of snowfall for the period of record.
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Barre Falls Dam Quabbin Reservoir, Belchertown Orange Municipal Airport
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Figure8. Annual cumulative precipitation totals for Quabbin Reservoir and Ware River watershed
weather stations. Red and blue lines indicate recent years of high and low annual precipitation
totals (2016 and 2018, respectively) compared to the period of recordgdlmes; se@able3

for site-specific record ranges) and to 2024 (black line).

All three weather stations recorded aboveean monthly cumulative precipitation for January,

with Barre recording 5.38 inches of cumulative precipitation (+2.11 inches), Belchertown
recording 5.65 inches (+2.22), and Orange recording 4.04 inches (FTal#1d9). Precipitation

then sharply declined in February, with all stations falling below historical means (betlu&4n
and-1.82 inches). March then set a historical record for the month, exceeding historical mean
monthly precipitation by more than four inckeat all weather stations, and this exceedance
carried through to April. Belchertown was the only station to record an April cumulative rainfall
deficit at 3.03 inches-Q.86), with Barre recording 4.22 inches (+0.34) of rainfall and Orange
recording 3.53nches (+0.10). Cumulative precipitation then proceeded to drop below historical
means across both watersheds through the end of June before seaingater than0.8-inch
increase above historical means at all stations for the month of July (4.87 inches, 5.36 inches, and
5.73 inches for Barre, Belchertown and Orange respectively). These conditions were reflected in
al aal OKdzaSG3G4a4Q RNER dz3K { ht dodditions@ass thah KreaguBil t6¥oofy A Y |- §
state) were observed through early June, with abmally dry (DO) conditions gradually
increasing around midune and peaking at 26.5% of the state in+dudy, with late July seeing

3% of the state enter moderate drought (D1) conditions.
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Table9. Monthly mean cumulative precipitatiqinches)rom the period of record and monthly
cumulative precipitation for 2024elta(n) representsthe difference between 2024 total

monthly precipitation compared to the PGRecipitation variations are highlighted by an

orangeNER 3INI RASY (S 6A0K LINBE OMakeidbasédiof yiaght&RIgiA | G A 2y

Station Month POR 2024 n
Barre Jan 3.27 5.38 2.11
Barre Feb 2.68 1.37 -1.31
Barre Mar 3.36 7.45
Barre Apr 3.88 4.22 0.34
Barre May 3.81 3.57 -0.24
Barre Jun 3.89 2.88 -1.01
Barre Jul 4.00 4.87 0.87
Barre Aug 4.14 4.05 -0.09
Barre Sep 4.01 0.65 -3.36
Barre Oct 4.14 0.68 -3.46
Barre Nov 3.62 2.71 -0.91
Barre Dec 3.78 2.51 -1.27

Belchertown Jan 3.43 5.65 2.22
Belchertown Feb 3.01 1.41 -1.60
Belchertown Mar 3.62 7.69
Belchertown Apr 3.89 3.03 -0.86
Belchertown May 3.92 3.85 -0.07
Belchertown Jun 4.08 3.71 -0.37
Belchertown Jul 4.36 5.36 1.00
Belchertown Aug 4.53 3.95 -0.58
Belchertown Sep 4.22 0.62 -3.60
Belchertown Oct 3.99 0.68 -3.31
Belchertown Nov 3.82 2.00 -1.82
Belchertown Dec 3.89 3.34 -0.55

Orange Jan 2.60 4.04 1.44

Orange Feb 2.71 0.89 -1.82

Orange Mar 3.06 7.31

Orange Apr 3.43 3.53 0.10

Orange May 3.22 3.15 -0.07

Orange Jun 4.29 3.56 -0.73

Orange Jul 4.19 5.73 1.54

Orange Aug 3.82 6.01 2.19

Orange Sep 4.43 0.74 -3.69

Orange Oct 4.44 1.07 -3.37

Orange Nov 3.08 1.70 -1.38

Orange Dec 3.56 3.78 0.22
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August rainfall varied significantly between monitoring stations. Both Barre and Belchertown
recorded slightly belovaverage precipitation-Q.09 and-0.58 inches respectively), while Orange
received substantially abova&verage rainfall (+2.19 inches, tbtay 6.01 inchesJable9). This
disparity was likely attributable to a concentrated rainfall event between AugasidAugust9

that delivered 4.17 inches to the Orange weather station. This localized variation in rainfall
patterns, while specific to these stations, refledt broader precipitation trends across
Massachusetts, as evidenced by shifting drought designations across the state. While the first
week of August saw 20.86% of the state experiencing abnormally dry to moderate drought status,
by the second week, drouglaffected areas had shrunk dramatically to just 3% of the state.
September saw a severe rainfall deficit when compared to historical cumulative means, with
Barre recording a mere 0.65 inches of rainf@l36incheg, Belchertown recording 0.62 inches
(-3.60 incheyg, and Orange recording only 0.74 inche3.69 inche9. This coincided with a
pronounced intensification of drought conditions in late September, when 72% of Massachusetts
experienced abnormally dry conditions and 4% moderate drought.
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Figure 9. Monthly cumulative precipitation at Quabbin Reservoir and Ware River watershed
weather stations and mean monthly drought conditions for 2024. For historical mean monthly
precipitation, seeTable9. Each line represents a different level of drought severity {D0O
Abnormally Dry; D Moderate Drought; D2 Severe Drought; Dd4Extreme Drought). Reported
drought conditions are monthly means for the state of Massachusetts as a whole.

Precipitation deficis continued into November with Barre recording a cumulative 2.71 inches of
rainfall (historical mear 3.62incheg, Belchertown recording two inches (historical mes$h82
incheg, and Orange recording 1.70 inches (historical me&m08inchey. These relatively low
precipitation values culminated with 100% of the state experienced drought conditions, including
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26.57% in extreme (D3) drought, by the end of the month. An important caveat to these data is
that all weather stations did see an overall increase in precipitation fBotoberthrough the

end of the year, with Orange recording 3.34 inches of December rainfall, which exceeded the
historical mean by 0.55 inches, though all other stations remained below average for that month
(Barre=2.51 inches; Belchertown3.34 inches). Even with this gradual increase, Yy data
showed Massachusetts with 25.47% maate drought, 25.05% extreme drought, and 49.48%
severe (D2) drought conditions. These conditions are likely a holdover thrernonsistently
below-average rainfallobservedearlier in the year, as well as the more extreme drought
conditions observed in September.

Drought designation data for Massachusetts has been collected since 2000 by the U.S. Drought
Monitor (U.S. Drought Monitor, 2034 Based on these data, 2024 rankasl the sixth worst
droughtin the 24year period of record, with 2016 being the wodsbught year on record. The
average area experiencing moderate or worse drought in 2024 was 17.5%, compared to the
historical average of 11.4%. At its peak, 90.8% of Massachusetts experienced moderate or worse
drought conditions in 2024, above the hist@icaverage maximum of 46.4%. Massachusetts
experienced 32 weeks with some moderate or worse drought in 2024, compared to a historical
average of 12.4 weeks per year.

3.1.2 Streamflow

Streamflow was recorded at six USGS gages throughout the Quabbin Reservoir and Ware River
watersheds. Three gages recorded streamflow rates (cubic feet per second; hereafter cfs) in two
major tributaries and one outflow of the Quabbin Reservoir watersh&xs{ Branch Swift River,

Hardwick [01174500]; Swift River, West Ware [1175500]; West Branch Swift River, Shutesbury
[1174565]) and three recorded streamflow in the Ware River Watershed (Ware River, Barre
[1172500]; Ware River, Intake Works, Barre [11730U04re River, Gibbs Crossing [1173500];
Table3). Typically, these systems are influenced by seasonal meteorological trends, with higher
flows in the spring due to snowmelt and lower flows in the summer due to variable precipitation

and higher rates of evapotranspiration. However, studies have incrglgsobserved that the

Northeast isexperiencing a trend of abov&verage winter temperatures, attributed to global

climate changes (Siddique et al., 2020; YoangYoung, 2021). This phenomenon has resulted

in a marked shift in winter precipitation, withgreater proportion falling as rain rather than snow
(Wuebbles et al., 2017). Consequently, these climatic alterations have had clear impacts on the
hydrology of rivers and streams in the regifiigurelo0 ® C2 NJ 6 KA & NBLR2 NI X GKS
RFAf&@ aidNBFIYTFE26Q NBFSNB GKS YSIyYy |FY2dzyld 2F ¢
averaged over the entire month far given location

Annual precipitation in 2024 fell below historic averagesoss NOAA weather stations in the
Quabbin Reservoir and Ware River watersheds, with an average of 17.5% of the state
experiencing drought for the full year. Despite this overall shortage, with six months seeing
below-average precipitation throughout theegion, January, March, and July recorded above
average rainfall. These rainfall extremé&sth above and below averagegre reflected in the
hydrology of both watersheds. January precipitation exceeded historical means by an average of
1.92 inches, witlall USGS gages recording streamflow at least 25 cfs above historical average
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Tablel10. Monthly mean stream discharge (calculated from daily mean discharge records; cubic
feet per second [cfs]) for 2024 compared to the period of record at USGS gages in the Quabbin

Reservoir and Ware River watersheds. Years with incomplete records (e.gg gnessier than
5% of measurements) were excluded from analysis.

Quabbin Reservoir Watershed

West Branch Swift

East Branch Swift

Swift River, West Ware

(01174565 (01174500 1175500)
Month POR 2024 Month POR 2024 Month POR 2024
Jan 32.29 | 70.06 Jan 105.99 | 234.84 Jan 120.78 | 147.99
Feb 28.09 | 25.59 Feb 100.19 | 138.25 Feb 115.28 | 308.04
Mar 42.93 | 89.18 Mar 141.46 | 297.87 Mar 125.40 | 688.74
Apr 45.73 | 51.39 Apr 155.69 | 210.47 Apr 207.09 | 806.87
May 25.55 18.85 May 95.74 | 120.90 May 198.89 | 352.52
Jun 18.96 8.01 Jun 60.90 | 64.27 Jun 120.75| 164.41
Jul 13.81 4.82 Jul 48.75 | 133.48 Jul 81.98 | 43.11
Aug 9.73 14.33 Aug 37.91 | 59.09 Aug 77.80 | 46.84
Sep 10.96 1.74 Sep 37.28 8.95 Sep 85.73 | 103.61
Oct 17.72 2.39 Oct 59.71 4.50 Oct 71.35 | 131.39
Nov 21.69 4.41 Nov 76.29 13.39 Nov 70.36 | 121.41
Dec 31.75 | 28.64 Dec 107.17 | 58.67 Dec 100.29 | 44.98

Ware River Watershed

Ware River, Intake Works

Ware River, Barre

Ware River, Gibbs Crossing

(01173000 1172500) 1173500)

Month POR 2024 Month POR 2024 Month POR 2024
Jan 206.75 | 470.19 Jan 116.04 | 192.82 Jan 440.95 | 969.35
Feb 203.66 | 223.25 Feb 114.96 | 110.37 Feb 414.59 | 447.29
Mar 303.85 | 508.00 Mar 169.02 | 228.72 Mar 599.71 | 1009.48
Apr 365.62 | 473.43 Apr 213.74 | 249.11 Apr 669.10 | 818.37
May 206.22 | 167.33 May 118.67 | 86.06 May | 401.41| 304.55
Jun 127.26 | 79.92 Jun 70.42 | 41.56 Jun 261.99 | 136.61
Jul 87.31 | 106.19 Jul 46.76 | 29.69 Jul 191.72 | 174.13
Aug 68.62 | 55.00 Aug 36.58 | 25.31 Aug 154.25 1 90.09
Sep 68.55 14.61 Sep 36.75 4.86 Sep 159.04 | 30.48
Oct 114,18 | 13.39 Oct 65.60 5.33 Oct 235.04 | 29.64
Nov 160.22 | 26.09 Nov 93.75 14.18 Nov 312.15| 49.67
Dec 21763 | 77.77 Dec 121.60 | 47.80 Dec 445.41 | 148.36
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mean daily streamflow (Table 10). The Ware River's Gibbs Crossing gage, the furthest
downstream monitoring location on the Ware River, registered January 2024's highest average
mean daily flow at 969.35 cis 528.40 cfs above the historical mearhe West Branch Swift
River recorded the lowesianuaryaverage mean daily flows at T®. cfs, though this still
exceeded its historical mean of 29.cfs. Precipitation fell below historical means in February,
and though flows decreased at many monitoring locations, only two gades Ware Rive

Barre, and the West Branch Swift Rigdell below historical average mean daily streamflow (
4.59 cfs and2.50 cfs respectively).

East Branch Swift River, Hardwick

600
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Swift River, West Ware

Ware River, Intake Works, Barre

ly Streamflow (cfs})

3 200+
g /WJ"\\_/

, West Branch Swift River, Shutesbury
3004
200+
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Normal Range — Historical Average — 2024

Figurel0. Hydrograph of mean daily streamflow (cfs) at four USGS stream gageQualdin
Reservoir and Ware River watersheds. The mean values of all mean daily flows for the period of
record are represented by the solid black line. Daily mean flows for 2024 are represented by the
blue line. The gray band denotes the normal(#575" percentile) flow range for the period of
record.

Precipitationincreased irMarch, with all three NOAA monitoring stations exceeding historical
monthly means by an average of 4.15 inches, resulting in one of the highest average mean daily
flow rates for 2024. The Gibbs Crossing gage recorded 1009.48 cfs, surpassing the historical mean
of 599.71 cfs. The Swift River, West Ware gage also exceeded histwaa by more than 560
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cfs. The lowest average mean daily flows for the month were recorded at the West Branch Swift
River at 89.19 cfs (historical meaB55 cfs), with this lowlow pattern continuing through much

of the year. Drier than average conditions developed in April, with the higiestageflows
recorded at the Ware River, Gibbs Crosgiage(818.37 cfs; historical mean669.10 cfs) and

the lowestaverageflows recorded at the West Branch Swift (51.39 cfs; historical redn73

cfs) Despite the emerging dry spghany stream gages initially maintained flows above historical
means however, as drought conditions persisted, streamflow gradually declined below historical
averages at most locations. Only two gages consistently remained above historical means during
the March to June periadhe East Branch Swift, which averaged 42.01 cfs above historical means
from April to June, and the Swift River at West Ware, which maintained elevated flows
throughout the year. The most significant ldlew conditions were recoreld at the West Branch

Swift in June 2024, where measurements dropped to just 8.0l lefss than half the historical
average mean daily flow of 18.69 cfs.

Precipitation levels rebounded in July as cumulative monthly rainfall exceeded historical means
by an average of 1.14 inches. The resulting runoff was reflected in flows at all gages except for
the Ware River, Barre, and the West Branch Swift River whezarsflow continued to drop.

Both the East Branch Swift River and Ware River, Intake Works gages saw flows exceeding
historical means, recording +84.73 cfs (historical ned8.75) and +18.88 cfs (historical mean
=87.31) respectively.

After the July rainfall evest both the Barre and Belchertown weather stations saw a decline in
precipitation, with cumulative totals falling slightly below the historical mean. Orange, however,
saw rainfall exceed historical means by more than two inches, likely due to a weeklofadi rai
event from August 2 to 9. Since this station is located north of the Quabbin Reservoir, what
was likely a localized precipitation event with a narrow band of influence was not strongly
reflected in flow rates for the Ware River watershed. The East Branch Swift and West Branch
Swit, however, recorded average mean daily streamflow for the month of August at 59.09 cfs
(historical mean= 37.91) and 14.33 cfs (historical mear9.73) respectively. These rainfall
patterns exhibited an immediate response in flow rates for the West Br&wift where flows
increased from 3.97 cfs on August2o 20.5 cfs on August™3(Figure10). The hydrograph
peaked on the 10 at 61.2 cfs and then steadily fell, reaching 3.95 cfs on Auglfsbéfore
increasing again slightlyhe East Branch Swift appeared to have a more de|aee€it stronger
response, either to this rainfall event or to another localized storm, with the hydrograph
beginning to climb from around 60 cfs up to 111 cfs on AuglistT8is pulse peaked at 129 cfs
on August 10, then began to steadily fall, reaching 31.7 cfs on Augu&t 17

September marked a significant worsening of drought conditions as all weather stations recorded
substantial precipitation deficits. Orange, Belchertown, and Barre all measured cumulative
monthly rainfall totals more than three inches below historical Segter means. The Swift River

at West Ware was the only USGS gage that recorded average mean daily streamflow above
historical means, resulting from managed releases from the upstream Quabbin Reservoir. All
other stations fell below historical means, withethiVest Branch Swift River experiencing extreme
drying - flows measured just 1.74 cfs, the lowest recorded average mean daily value of 2024,
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compared to its historic mean of 10.9&cfhe Ware River at Gibbs Crossing, typidaltwnfor
sustained higkvolume flows, recorded only 30.48 cfs in September 2024. This represents a
significant drop of 128.56 cfs below historical means and falls below the 25th percentile for
average mean daily flows during the month of September at this taong location. All other
monitoring locations measured flows marginally above the 25th percentile for their location,
exceeding it by no more than 3.75 cfs ayame site.

Though discharge from the Quabbin Reservoir maintained high flows in the Swift River, West
Waregage flows continued to remain below historical averages at all other monitoring locations
through October as statewide drought increased in severity. Paradoxically, though November
recorded some of the worst drought conditions of the year, nearly all the gageorded an
increase in average mean daily flovesative to the previous monthThese values continued to

rise into December, with many locations seemgearly 200% increase or more in flows between
the two months. This is likely due in part to a gradual increase in precipitation from October to
December as precipitation deficits began to resolve themselves. Though Barre and Belchertown
precipitation fdl below historical means, all three monitoring stations saw more than 2.50 inches
of rainfall in the month of December, with Orange receiving a cumulative 3.78 inches of rainfall,
0.22 inches greater than its historical mean.

LiQa ¢2NIKgKAES G2 y20S GKIFIG YAYAYdzy YSIFEYy RIA
month at that location, largely remained above historical minimum mean daily flows for all
months at all streamflow gages, apart from November flows for the ViRaver, Barre and the

Ware River, Intake Works gages which were equivalent to historical means. So, while overall
monthly means were frequenthower than historical averages, the monitored rivers in the
Quabbin Reservoir and Ware River watershed did abtkelow historical monthly lows at any

point in 2024. In fact, flows frequently exceeded historical medians, especially during the first

half of the year.

A wide range of maximum and minimum daily streamflow rates were observed across all sites
during 2024 for both the Quabbin Reservoir and Ware River watersheds. The top 25 lowest mean
daily flows and overall lowest flows for 2024were observed at the Westr8nch Swift, ranging

from 1.09 cfs on October'6to 1.59 cfs on Septembei"4Figure10). The 25 highest flows for

2024 were recorded at the Ware River, Gibbs Crossing, ranging in magnitude from 1160 cfs to
1800 cfs, and the highest mean annual flows were recorded at the Ware River, Gibbs Crossing
(350.88 cfs), Swift River, West Ware (24689, @and the Ware River, Intake Works (184.68 cfs).
The highest allime mean annual flows for each location are as follows: 158.71 cfs at the Ware
River, Barre (2011); 279.33 cfs at the Ware River, Intake Works (2011); 615.46 cfs at the Ware
River, Gibb£rossing (1996); 157.13 cfs at the East Branch Swift (2023); 43.89 cfs at the West
Branch Swift (2018); and 319.55 cfs at the Swift River, West Ware (1997).

Cumulative annual discharge was calculated from USGSwzally discharge records at each of

the gage locations and reported in millions of gallons (M@urell). Three key sites were
analyzed the East Branch Swift River, Hardwick (01174500), the \Bemtich Swift River,
Shutesbury (01174565), and the Ware River, Intake Works, Barre (01173000). Both the East and
West Branch Swift Rivers are the primary tributaries contributing discharge to the Quabbin
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Reservoir, while the Ware River Intake Works gage marks the point where water can be diverted
from the Ware Riveto the Quabbin Rservoir. The West Branch Swift recorded a cumulative
annual discharge of 6,161 MG for 2024, falling within the upper 50% of cumulative totals for the
28year POR and above the historical mean of 5,926 MG, with extremes ranging from 2,871 MG
(2002) to 10,84 MG (2018). Historical data shows that the East Branch Swift consistently
contributes higher volumes of flow downstream tbet Quabbin Reservoir than its western
counterpart, and this was reflected in a cumulative annual discharge of 27,319 MG in 2024. This
was lower than the previougear@38,588 MG but well above both the historical mean of 20,265
MG and the 75th percentile (25,179 MG). Historical extrespn8,138 MG (20020 38,588

MG (2023). The Ware River, Intake Works gage recorded a cumulative 44,522 MG in 2024. This
slightly exceeded the historical mean of 42,001 MG and fell between the recorded extremes of

21,196 M5 (2016) and 65,987 MG (1996).

West Branch Swift River, Shutesbury
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Figurell. Cumulative annual dischargenmillions of gallons (MG) for the West Branch Swift, East
Branch Swift and Ware River, Intake Works, gages. The highlighted years represent the current
reporting year (purple; 2024), a year of high precipitation (green; 2023), and a drought year (red,;
2016) The blue dashed line represents median annual discharge.
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3.1.3 ReservoilWater LevelElevation

The water surface elevation of the Quabbin Reservoir remained withirhigterical normal
range (25th to 75th percentile) during the middle of the year (May to Octolier) dropped
below the normal rangduring the winter monthgFigurel?2). Elevations ranged from a minimum

of 522.12 ft Boston iy Base (BCB) on November 20 to a maximum of 530.52 ft BCB on April 4.
BCB is defined as the water elevation of the Quabbin Resdrvog@lation to a datum point
located in Boston, Massachusetts.

535

5304

Spillway Watch

5251

Elevation (it BCB)

520
— 2024

— Average

515+ T T T T T T T T T T T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figurel2. Daily elevation of the Quabbin Reservoir from January 1 through December 31, 2024,
relative to spillway watch triggers (Stage=Flood Watch; Stage 2Flood Warning; Stage 3

Flood Alert)established by DWSP Civil Engineering Section (DWSP, 2019d). The gray band
represents the normal daily elevation range (defined as tHat@%5" percentiles) and the black

line is the mean daily elevation for the period of record (1980 through 2023).

Precipitation in 2023 waabove normaht all three monitoring stations at the Quabbin Reservoir
and Ware River watersheds, especially during the fall and winter months. As a result, reservoir
elevation was above the normal operating range on Janua?®p24,measuring 527.70 ft (5
percentile=527.56 ft). Aboveaveragecumulative precipitation in January 2024 resulted in a
spike in reservoir elevation, with elevation rising from 527.70 ft to 529.28 by January 31. Even
though rainfall conditions in Febany were belowaverage reservoir elevatios remainedaround

529 ft through March, whe higher than average rainfaiésulted in an increase glevation up

to 530.50 ft on March 29. Reservoir elevation continued to climb through April, reaching the
maximum elevation for the year on April 4, before beginning a steady decline through the
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summer months corresponding with water supply transfers to Wachusett Reservoir
Summertime elevation fell within normal limits for the Quabbin Reservoir; howe\dy katter

half of the year, where rainfall deficits were consistently below historical means, led to a drop
below the historic range (e.g., 2®ercentile) in midOctober. Reservoir elevation continued to
decline, reaching its minimum for the year in November, befmgslightlycorresponding to
winter rainfall and rairon-snow runoff Eevationremainedaround 522 ft from November 20
through the end of the year (minimum522.12; maximuns522.34), with 2025 beginning below
the 25" percentilebased on the reporting period of reco(dlevation=522.18 ft; 2% percentile
=523 ft). At no point in the year did the reservoir exceed Stage 3 (530.60 ft); however, elevation
did exceed Stage 2 (530.45 ft) on multiglates from March 25 through April 4. Reservoir
elevation exceeded Stage 1 (530 ft) from March 10 through May 9, 2024.

3.2 Tributary Monitoring

3.2.1 Water Temperatureand DissolvedOxygen

3.2.1.1 Water Temperature

Water temperature in Quabbin Reservoir watershed tributaries ranged frehtd27.n gih

2024, compared to the historical range 65 to 25.8¢ /Figurel3, Table 1). The maximum
GSYLISNI GdZNE NBO2NRSR 4 GUKS&AS aiaidisSa AYy Hnun o
record maximum temperature for these sites. Four sites with long term records established new
summer maximums in 2024 (212, 213, 215G, 216) as weksa$requently monitored EQA sites

211A1 and 211BX, all on July 16, 2024. Seasonal averages (median and mean) were elevated in
2024 relative to historical seasonal averages at most sites during most seasons. The 2024
monitoring results above historicaleasonal averages were most pronounced in spring and
summer. Prolonged fall drought effects also led to elevated fall stream temperatures in 2024,

most pronounced aHop Brook sitti MH O F I ff YSRALFY GSYLI bmdys/
median) and=ast Banch Swiftsitet Mmc 6 bmdT e/ O2YLI NBR G2 FlLff KA
follow seasonal patterns of abovermal air temperatures recorded at nearby weather stations

during these seasons in 2024 (see Sec8dnl) Boat Cove Brook (site BC) went dry for nearly

all fall months in response to seasonal drought and thus was not sampled during this time.

MassDEP designates cold water fish habitats as rivers and streams in which mean and maximum
daily temperatures overasevddl @ LISNA 2R ISy SNl ffée R2.WAtG SEOS
water fish habitats generally exceed s / o0dzi Yl & y20 &dzN1J a&d Hy Pos/
generated by DWSP represent a discrete collection time, thus these data cannot be compared
directly to cold water fish habitat criteria. Rather, comparisons to these thresholds may indicate

the potential for a location to become impad. Core sites 211, 212, and 216 in the Quabbin
Reservoir watershed represent rivers that have been identified as suitable habitat for cold water

AAAAAA

fish by MassDER. y A G+ y il yS2dza 41 GSNJ GSYLISNI GdzNEa SEOSS

at sites 211 and 212 20/ YR Ho®mM3X NBALISOGAGStEs 2y TKM
throughout the summer in 2024 (20.5t02%5 0 ® b2 &aAdSa Ay (GKS vdzZ 60
SEOSSRSR (KS (GSYLISNI GdzZNBE ONAGSNA I F2N 461 NY
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Water temperature in Ware River watershed Core tributaries ranged flo#to 27.06 / A4/ H N H
(Table 12.In contrast to the Quabbin Reservoir watershed Core tributaries, no historical seasonal
maximum records were exceeded in 2024, with the excepti@r@w spring maximum recorded

at Parkers Brook (site 102), a lower order stream inflow to the Ware River just upstream of the
Shaft 8 Intake (site 101). All sites recorded elevated seasonal average (mean and median)
temperatures in spring and summer realag to historical seasonal averages, corresponding with
the higherthan-average air temperatures recorded in the watershed (Bakle 8) The exception

to this was Pommogussett Brook (site 117), a new EQA site with no previous monitoring history.
This sitealso experienced nlow conditions during the fall season and thus was not sampled
during this time. Mean water temperature at individual Core sites were 1.8 to Bvarmer

during the spring of 2024 relative to the period of record and summer mean water temperatures
were 0.8 to 2.8 /warmer. These aboveormal thermal conditions varied across sites and
seasons, reflecting upstream catchmesgtecific characteristics (canopy cover, catchment scale,
upstream inputs, groundwater contributions) that vary assdhese sampling locations and can
affect stream temperature response to weather variabilMo§ley et al., 2012; Sprague, 2005

Core sites 102, 107A, and 108 in the Ware River watershed are rivers that have been identified

as suitable habitat for cold water fish by MassDEP. Instantaneous water temperatures exceeded

the 20C threshold in the summer on four dates at West Branch Ware (site 107A) and six dates

in summer and late spring at East Branch Ware in 2024-20% ). No sites in the Ware River

6 i SNAEKSR SEOSSRSR GKS GSYLISNI GdzNB ONBigiré NA | F:
13).
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Figurel3. Timeseries of water temperature (blue) and dissolved oxygen (red) measured in 2024

Jan Apr Jul Oct

tributary sites. The shaded bands represent seasonal interquartile ranges (25th to 75th percentile)
for the period of record at each location. Dark gray site labels corresmpi@bte sampling
locations; light gray site labels correspond to EQA sampling locations. The dashed horizontal lines
correspond to the lower recommended dissolved oxygen concentration for CFR (6.0 mg/L; light
blue) and WFR (5.0 mg/L; dark blue), and theSupld G SYLISNI (G dzNBE f A YA G a
YR 2Cw OHY)®aterd T RI NJ
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Tablell. Seasonal statistics for water temperature measured in the Quabbin Reservoir

Watershed tributary sites during 2024 compared to pleeiod of record (POR).

Water Temperature (°C)

Count| Count| Min | Min | Median | Median | Mean | Mean Max Max
Location| Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 POR
211 Winter 8 261 | 0.1 | 04 1.0 0.4 0.9 0.8 1.6 5.6
211 Spring 6 260 | 26 | 0.1 6.8 6.0 7.6 5.8 14.7 18.2
211 Summer| 7 263 | 15.7| 9.0 16.6 16.2 17.3 | 16.2 20.7 21.0
211 Fall 6 256 | 53 | 0.0 9.7 9.0 9.7 9.0 13.0 19.1
212 Winter 8 242 | 0.0 | 04 0.7 0.1 0.8 0.7 1.7 6.0
212 Spring 6 248 | 23 | 04 7.2 6.2 8.0 6.3 16.0 19.7
212 Summer| 7 252 | 17.4| 10.0| 18.6 17.1 19.2 | 17.2 23.1 22.6
212 Fall 6 241 | 5.1 | 0.0 11.4 9.6 10.7 | 9.5 13.9 20.0
213 Winter 8 253 | 0.1 | -0.2 1.1 0.2 1.1 0.6 2.6 9.0
213 Spring 6 257 | 2.3 | -0.4 9.4 7.8 9.8 7.7 18.6 23.1
213 Summer| 7 257 | 18.6| 5.3 21.4 20.0 21.1 | 19.7 25.4 24.8
213 Fall 6 246 | 51 | 1.0 111 10.0 11.0 | 10.2 15.8 21.3
215G | Winter 8 27 0.7 | 0.0 2.5 1.6 2.3 1.9 4.1 6.0
215G Spring 6 32 3.1 | 03 12.2 12.1 11.6 | 105 21.1 19.9
215G | Summer| 7 32 20.3|14.2| 223 21.1 228 | 21.1 27.0 25.8
215G Fall 6 31 48 | 1.5 12.2 13.3 116 | 12.1 16.6 22.0
216 Winter 8 258 | 0.0 | -0.5 0.9 0.1 1.3 0.8 3.1 6.5
216 Spring 6 259 | 3.0 | -05| 103 8.4 10.2 | 8.1 19.1 22.5
216 Summer| 7 263 | 19.9| 8.8 21.4 20.0 21.6 | 19.7 255 25.2
216 Fall 6 252 | 45 | 0.3 12.2 10.5 11.4 | 105 16.0 21.7
BC Winter 8 188 | 0.3 | -04 2.5 1.0 2.6 1.5 5.2 10.0
BC Spring 6 196 | 5.0 | 0.0 10.9 8.3 10.0 | 8.1 15.6 20.1
BC Summer| 7 163 | 16.5| 11.1| 17.9 18.2 18.2 | 18.1 21.1 23.6
BC Fall - 169 - 0.1 - 10.6 - 10.7 - 20.9
GATE | Winter 8 187 | 0.0 | -04 2.5 1.4 2.5 2.0 4.9 7.0
GATE | Spring 6 190 | 3.6 | 0.0 6.4 6.6 7.2 6.2 12.1 15.1
GATE | Summer| 7 192 | 14.3| 9.8 16.0 16.0 16.3 | 15.8 19.4 20.1
GATE Fall 6 206 | 7.1 | 0.3 11.3 10.6 109 | 105 13.7 19.2
211A1 | Winter 8 21 -0.1 | -0.2 1.9 1.2 1.8 1.5 3.8 5.8
211A1 | Spring 6 19 2.8 | 0.6 6.1 5.5 6.8 5.4 12.5 10.8
211A1 | Summer| 7 21 13.8| 9.6 15.1 15.1 15.8 | 14.6 19.2 18.1
211A1 Fall 6 18 54 | 2.2 10.6 9.9 9.9 9.5 12.5 17.7
211BX | Winter 8 119 | 0.0 | -0.1 1.3 0.4 1.2 1.1 2.3 7.0
211BX | Spring 6 116 | 2.8 | 0.0 5.8 5.7 6.9 55 13.1 13.2
211BX | Summer| 7 126 | 14.2| 9.0 15.3 15.6 16.1 | 154 19.7 19.2
211BX Fall 6 119 | 56 | 1.0 10.3 9.0 9.8 9.2 13.2 18.1
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Tablel2. Seasonal statistics for water temperature measured in Ware River Watershed

tributary sites during 2024 compared to the periodexford (POR).

Water Temperature (°C)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location| Season | 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
101 Winter 6 216 | -0.5 | -0.5 0.4 0.1 0.3 0.6 0.6 | 8.0
101 Spring 7 223 | 49 | -05| 10.9 9.0 11.6 8.6 | 20.0| 21.3
101 Summer 6 227 | 18.8|11.5| 22.8 21.0 223 | 21.0 | 249 27.0
101 Fall 7 228 | 20 | 0.8 9.3 10.9 11.6 | 11.0 | 19.4 | 23.9
102 Winter 6 121 | 0.1 | 0.0 2.3 1.2 2.0 15 29 | 8.0
102 Spring 7 124 | 5.7 | 1.0 10.5 7.2 10.6 72 | 17.5| 17.3
102 Summer 6 126 | 14.5|10.0| 17.7 15.0 174 | 15.1 | 19.2 | 20.6
102 Fall 7 125 | 26 | 1.0 8.0 8.0 9.3 8.6 | 13.9| 19.0
103A Winter 6 92 -1.4 | -04 0.2 0.2 0.0 0.7 05| 70
103A Spring 7 110 | 45 | -0.4 9.8 9.0 10.3 8.5 | 18.3 | 19.6
103A Summer 6 121 | 16.2| 11.5| 20.8 19.7 20.3 | 195 | 22.7| 27.0
103A Fall 7 122 | 0.3 | 0.5 8.5 9.9 9.7 9.9 | 16.0| 21.7
107A Winter 5 101 | -0.5 | -0.5 0.1 0.1 0.0 0.6 01| 7.0
107A Spring 7 116 | 4.0 | -0.1 9.2 8.9 10.4 8.6 | 19.8 | 22.1
107A Summer 6 119 | 17.2 | 11.7| 21.7 20.6 21.2 | 20.2 | 24.1 | 25.6
107A Fall 6 122 | 09 | 04 10.2 10.1 9.7 10.2 | 16.9 | 23.0
108 Winter 6 212 | -05 | -0.5 0.1 0.0 0.1 0.6 04 | 7.3
108 Spring 7 221 | 56 | -05| 10.9 8.3 11.6 8.3 | 21.3| 225
108 Summer 6 221 | 185 |12.2| 22.8 20.6 224 | 20.4 | 25.9 | 26.3
108 Fall 7 222 1.4 | 0.0 8.5 10.0 10.8 | 10.4 | 18.4 | 23.6
121 Winter 6 135 | 0.2 | 0.0 0.7 0.6 0.7 1.0 1.2 | 8.0
121 Spring 7 137 | 5.6 | 0.0 11.2 9.8 12.3 94 | 219 24.1
121 Summer 6 144 | 20.2 | 12.0| 23.2 21.0 23.0 | 204 | 26.7 | 28.0
121 Fall 7 147 | 2.1 | 1.0 9.7 10.0 11.6 | 10.5 | 19.9 | 22.7
108A Winter 6 38 0.1 | -04 0.6 0.2 0.6 1.1 1.3 | 6.9
108A Spring 7 41 52 | 04| 10.2 6.8 11.8 74 | 22.1]19.6
108A Summer 6 39 19.9|13.7| 24.0 22.1 235 | 21.6 | 26.8 | 26.2
108A Fall 7 36 21 | 2.3 8.8 10.7 109 | 11.6 | 18.7 | 22.0
108B Winter 6 38 1.7 | 0.1 3.0 2.8 3.0 3.0 39 | 6.7
108B Spring 7 41 46 | 0.3 12.2 7.3 11.7 85 | 21.2 | 19.1
108B Summer 6 38 15.1 | 14.6| 23.4 22.7 223 | 22.1 | 26.8 | 26.7
108B Fall 7 37 21 | 3.8 9.5 12.3 11.0 | 12.7 | 18.3 | 22.3
108C Winter 6 38 -05 | -05 1.8 1.9 1.3 2.3 24 | 7.0
108C Spring 7 41 4.3 | -0.5 9.0 5.9 10.7 75 | 20.8 | 16.7
108C Summer 6 38 19.2|15.1| 21.0 20.6 215 | 20.4 | 25.8 | 24.8
108C Fall 7 35 14 | 3.7 6.7 11.2 8.5 11.2 | 143 | 21.2
117 Winter 6 - 1.3 - 2.4 - 25 - 3.7 -
117 Spring 7 - 4.3 - 11.9 - 12.4 - 21.9 -
117 Summer 6 - 204 | - 23.9 - 23.5 - 26.8 -
117 Fall 2 - 1.8 - 11.2 - 11.2 - 205 | -
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3.2.1.2 Dissolved Oxygen

Dissolved oxyge(DO)concentrations in Quabbin Reservoir watershed tributaries ranged from
4.1 to 16.6 mg/Lin 2024 (Table13). Dissolvedoxygen concentrations demonstrated a typical
seasonality during 2@Rand wererelatively depleted during warmer months and elevated in
winter and fal] DO was inversely related to water temperatyfégure13). Despite elevated
summer water temperatures across the watershed, summer average dissolved oxygen
concentrations in 2024 were only slightly lower than historical seasonal averages. This lower
than-average dissolved oxygen was most pronounced at the wetlimmiinated East Branch of
Fever Brook (215G, 2024 summer mean DO of 5.7 mg/L compared to 6.7 mg/L historical summer
mean) and the firsbrder Boat Cover Brook (BC, 2024 summer mean of 7.7 mg/L compared to
8.5 historical summer mean). Record low spring aidddissolved oxygen concentrations were
observed at 215G in 2024, although this may reflect the considerably shorter period of record
compared to the other Quabbin Core sitdablel3, POR n=~30 compared to 100+ for other
Core sites).

Dissolved oxygen concentrations of Class A inland watera ergerion used to determinghe
suitability of water resources for aquatic habitat. MassDEP designates cold water fish habitats as
rivers and streams in which dissolved oxygen remains above 6 mg/L and warm water fish habitats
as those with dissolved oxygen concentrations greater than 5 mg/L (3R £06)Dissolved
oxygen concentrations remained above 6 mgtlocations in the Quabbin Reservoir watershed
identified as coldvater fish habitatg(e.g., 211212, 216 for the entirety 0f2024

Dissolved oxygen concentrations Ware Rivemwatershed tributaries ranged fror8.6to 16.2

mg/Lin 2024 (Table14), following typical seasonal elevated patterns in winter and fall as well as
relatively depleted concentrations in ttvearmer monthsWare River tributary dissolved oxygen
concentrations were largely within established seasonal ranges in 2024. Seasonal average
dissolved oxygen concentrations in 2024 were slightly lower relative to historical averages at
several sites, most pronounced diug the spring. Among Core monitoring locations, spring mean
DO values were 1.3 to 1.9 mg/L lower than historical spring means. These lower averages
correspond to the relatively elevated stream temperatures recorded during this season
throughout Ware River Watershed. Relevant to the class A inland water criteria of DEP fisheries
habitat designations, dissolved oxygen concentrations fell below 6 mg/L at site 108 on five dates
and at site 107A on two dates in summer and fall of 2@4solved oxygen concentrations
remained above 6 mg/at site 102for the entirety 0f2024 Concentrations of dissolved oxygen

fell below 5 mg/L three times in 2024: on Augu$ta both 108 and 107A (3.6 and 4.5 mg/L,
respectively) as well as on Septemb&ra® 108 (4.8 mg/L).

Several winter DO observations at Ware River Watershed were flagged and omitted from analysis
in 2024 due to sensor issues related to the field probe. Further QA/QC was completed in 2024 on
historical dissolved oxygen concentration results. Historicalroscavere flagged and omitted

from analysis following evaluation of calibration records, sensor performance issues, and outlier
analysis. As a result, period of record statistics for this analysis are to be considered more
accurate relative to previous reping.
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Tablel3. Seasonal statistics for dissolved oxygen measured in the Quabbin Reservoir Watershed
tributary sites during 2024 compared to the period of record (POR).
Dissolved Oxygen (mg/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR

211 Winter I 251 | 13.6| 10.2| 13.7 13.7 142 | 13.8 | 156 | 17.7

211 Spring 256 | 94 | 65 115 12.2 115 | 12.3 | 135 | 17.6
211 Summer 262 | 7.0 | 47 8.6 9.0 8.5 8.9 9.6 |12.2
211 Fall 255 | 9.3 | 5.8 9.9 10.7 10.5 | 10.9 | 13.8 | 16.2
212 Winter 236 | 13.5]|10.7| 14.2 13.8 145 | 14.0 | 16.1 | 18.0
212 Spring 243 | 9.3 | 6.3 11.3 12.1 115 | 12.2 | 14.7 | 16.8
212 Summer 251 | 76 | 45 8.5 8.9 8.5 8.8 94 | 118
212 Fall 240 | 9.8 | 4.9 10.4 10.7 10.8 | 10.9 | 13.1 | 16.3
213 Winter 251 | 86 | 7.2 12.7 11.6 119 | 11.8 | 139 | 17.1
213 Spring 257 | 64 | 3.6 9.3 9.8 9.7 9.9 12.6 | 18.0
213 Summer 255 | 41 | 1.6 54 5.4 5.3 5.4 6.1 |10.0
213 Fall 246 | 5.2 | 25 6.7 7.5 7.9 7.9 13.6 | 15.9

215G Winter 27 | 11.3|11.3| 13.0 12.9 12.8 | 13.0 | 14.2 | 14.9

215G Spring 32 64 | 7.1 9.5 9.9 9.8 | 10.7 | 13.1 | 154

215G | Summer 31 49 | 46 5.6 6.7 5.7 6.7 6.6 | 9.3

31 59 | 6.3 6.5 8.9 6.9 9.2 8.4 |14.2

N1 (O NOO|O N[00 NI |NOD0(O|N|O

215G Fall

216 Winter 254 | 13.3] 9.8 14.2 13.9 144 | 14.0 | 155 | 17.7
216 Spring 256 | 84 | 5.8 10.3 11.8 10.8 | 11.8 | 13.6 | 17.2
216 Summer 261 | 7.2 | 47 8.2 8.6 8.0 8.5 89 | 116
216 Fall 252 | 8.7 | 5.7 9.9 10.6 10.3 | 10.8 | 13.6 | 16.7
BC Winter 183 | 12.0| 10.9| 13.3 13.4 13.7 | 13.7 | 156 | 17.2
BC Spring 195 | 9.1 | 6.0 10.3 11.4 10.9 | 11.6 | 13.0 | 17.9
BC Summer 162 | 56 | 4.6 7.9 8.5 7.7 8.5 9.1 | 115
BC Fall 169 = 5.5 = 10.3 = 10.5 16.1

175 | 12.7 | 10.5| 14.2 14.1 146 | 14.2 | 16.6 | 18.0

GATE | Winter 8

GATE Spring 6 183 | 10.4| 6.9 12.3 12.4 125 | 12.7 | 15.0 | 17.4

GATE | Summer| 7 191 8.0 | 5.1 9.2 9.5 9.0 9.5 9.7 | 144

GATE Fall 6 205 8.8 | 6.1 9.5 11.0 10.2 | 11.1 | 13.1 | 17.2
211A1 Winter 8 21 13.0| 124 | 14.7 14.2 145 | 14.1 | 15.7 | 15.3
211A1 Spring 6 18 10.2 | 10.9| 12.2 12.4 121 | 12.7 | 144 | 145
211A1 | Summer| 7 19 79 | 8.7 9.2 9.7 9.1 10.0 9.9 | 11.9
211A1 Fall 6 18 9.3 | 9.0 10.1 11.4 10.3 | 11.3 | 12.1 | 14.9
211BX | Winter 8 119 | 13.5| 9.5 14.4 13.6 147 | 13.6 | 16.6 | 16.6
211BX Spring 6 116 | 10.1| 9.0 12.3 12.4 124 | 124 | 14.7 | 15.6
211BX | Summer| 7 125 8.4 | 8.0 9.2 9.3 9.2 9.4 10.0 | 119
211BX Fall 6 119 96 | 7.9 104 10.9 10.8 | 11.0 | 13.0 | 155
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Tablel4. Seasonal statistics for dissolved oxygen measured in Ware River Watershed tributary
sites during 2024 compared to the period of record (POR).
DissolvedOxygen (mg/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024| POR| 2024 POR | 2024 | POR | 2024 | POR
101 Winter 4 37 139|119 | 142 14.6 144 | 145 | 15.2 | 16.1
101 Spring 6 38 80 | 74 9.8 11.3 10.2 | 115 | 12.9| 16.3
101 Summer| 6 36 71 | 51 7.6 8.3 7.9 8.2 9.2 | 10.9
101 Fall 7 39 74 | 7.3 9.3 10.9 100 | 11.0 | 14.7 | 14.4
102 Winter 4 120 | 13.0| 9.1 13.9 13.1 141 | 13.2 | 15.8 | 16.6
102 Spring 6 124 | 85 | 6.2 9.7 11.5 10.2 | 11.6 | 12.3 | 15.9
102 Summer| 6 126 | 8.1 | 7.7 8.3 9.3 8.4 9.3 9.0 | 11.0
102 Fall 7 125 | 9.0 | 7.6 11.1 11.1 11.0 | 11.0 | 13.7 | 154
103A Winter 2 88 141 11.2| 144 14.1 144 | 142 | 146 | 17.5
103A Spring 6 106 | 8.1 | 6.6 10.0 10.9 10.2 | 11.2 | 12.6 | 17.3
103A Summer 6 121 7.0 4.2 7.1 7.5 7.3 7.4 8.0 | 10.0
103A Fall 7 120 7.1 4.1 8.4 10.1 9.4 10.3 | 155 17.0
107A Winter 3 96 12.2 | 11.3| 13.7 13.6 13.3 | 13.7 | 14.1 | 17.7
107A Spring 7 115 | 6.7 | 6.7 8.6 10.7 9.2 111 | 12.4 | 17.7
107A | Summer| 6 119 | 45 | 4.9 6.5 7.6 6.4 7.6 7.7 | 10.1
107A Fall 6 121 | 75 | 6.5 8.7 10.1 9.4 105 | 12.4| 17.4
108 Winter 4 207 | 13.1| 4.9 13.6 13.0 14.0 | 13.1 | 159 17.7
108 Spring 6 219 | 6.7 | 4.6 9.0 10.6 9.4 10.7 | 12.1| 17.2
108 Summer| 6 221 | 36 | 35 6.4 6.5 6.0 6.5 7.3 | 9.3
108 Fall 7 221 | 48 | 41 6.2 8.7 6.9 9.0 | 12.0| 155
121 Winter 4 135 | 12.1| 9.4 13.4 12.3 13.7 | 12.2 | 16.2 | 15.2
121 Spring 6 137 | 6.2 | 6.5 8.1 9.7 8.6 99 | 11.2 | 13.6
121 Summer| 6 144 | 59 | 4.1 6.7 6.5 6.5 6.6 6.8 | 10.1
121 Fall 7 147 | 6.5 | 6.1 9.0 8.8 8.9 89 | 12.7 | 14.3
108A Winter 3 38 11.3| 9.8 12.8 12.6 124 | 129 | 13.1| 17.0
108A Spring 6 41 6.6 | 7.3 8.6 11.1 9.0 11.1 | 112.3| 17.5
108A | Summer| 6 39 43 | 4.0 5.3 5.4 5.4 5.7 6.7 | 9.6
108A Fall 7 36 47 | 5.9 7.1 8.2 8.0 8.8 | 125 14.8
108B Winter 4 38 10.9| 109 | 115 11.9 121 | 126 | 145 | 17.1
108B Spring 7 41 6.8 | 7.9 8.5 10.4 8.6 10.7 | 11.3 | 16.1
108B | Summer| 6 38 56 | 2.8 6.0 6.8 6.1 6.5 71 | 9.0
108B Fall 7 37 6.0 | 5.9 7.8 8.7 8.3 9.3 | 13.2 | 15.0
108C Winter 4 35 116 11.8| 13.3 13.8 135 | 13.9 | 16.0| 17.3
108C Spring 7 40 73 | 8.1 9.5 12.2 9.6 12.0 | 12.8 | 16.3
108C | Summer| 6 38 6.5 | 34 7.0 8.1 7.1 7.8 8.0 | 9.3
108C Fall 7 35 6.8 | 7.1 9.3 10.1 9.8 104 | 13.4| 15.2
117 Winter 4 - 9.5 - 10.9 - 11.1 - 13.1| -
117 Spring 7 - 6.9 - 9.0 - 9.5 - 11.6 | -
117 Summer| 6 - 55 - 6.0 - 6.0 - 6.4 -
117 Fall 2 - 5.2 - 9.4 - 9.4 - 135 | -
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3.2.2 Specific Conductangesodium, and Chloride

3.2.2.1 SpecificConductance

Specific conductance ranged from 20.0 to 14833cmacrossQuabbin Reservoir watershed
monitoring tributaries and fron®6.9 to 401.3 acrosmonitoring tributaries in the Ware River
watershed durin024 {Tablel5, Tablel6). Patterns of specific conductance generally

followed patterns ofstreamflow and reflected spatial variability of rainfall within and between

the watershed systems. Generally, specific conductance values were within seasonal normal or
below normal ranges in the first half of 20Zdurel4), corresponding to high flow conditions
across both watersheds (s&g&gurel0). The prolonged drought of fall 2024 led to slightly

elevated to elevated specific conductance reading across nearly all watershed tributaries due to
lack of dilution, with the duration of elevated readings varying based on spatial variability in
summer ad winter rainfall patterns (seEigure7).

Across Quabbin Reservoir Watershed Core monitoring locations, fall 2024 mean results were
elevated by 5.914.8uS/cmin 2024 compared to the period of record, with the exception of
215G (2024 fall mean 18/cmbelow historical fall mean) and BC which was not sampled in
the fall due to a lack of streamflow. Relative to historical records and normal ranges, summer
average specific conductance values varied across Quabbin tributary monitoring sites. For
example, he summer mean specific conductance from Eaest Branch Swift monitoring

location (216) in 2024 was|&/cmlower than the summer historical mean and consistently
below the seasonal normal range, while Hop Brook (212) recorded a 2024 summer mean
specific conductance 2445/cmhigher than historical averag®ifferences in timing and
magnitude of specific conductance concentrations within Quabbin Reservoir watershed can be
attributed in part to variations in summer streamflow between west and east Quabbin sites
(Figurel0) as well as variations in hydrogeologic context between parts of the watershed.
Despite the largely elevated fall average results and select elevated average results from certain
sites in certain seasons, the range of results observed in 2024n{ian) wee largely within
established seasonal ranges, with the exception of slightly higher winter maximum values
recorded at 215G (122j0S/cm) and BC (134 4S/cn) in 2024.

For 2024, Ware River tributary mean fall specific conductance values ranged-t250
puS/cmhigher than higher than fall historical means, apart from Pommogussett Brook (site 117)
GKAOK 4Syd RNE YR gl a y24 &l YL SR Ay GKS 7FI f
102) and Ware River at the Burnshirt River confluence (103A) had mespefeific

conductance within 21S/cmof historical fall means, the mainstem Ware River at Shaft 8 intake
(site 101) was 22.8S/cmabove the historical fall mean. Notably, site 101 and several other
major Ware River tributaries (sites 108 and 121), as agedlll EQA sites with previous

monitoring record (sites 108A, 108B, and 108C), recorded seasonal mean values above
historical seasonal means for all seasoreb{el6). While seasonal average results were

elevated at numerous sites during numerous seasons, the range of results observed in 2024 in
Ware River Watershed were largely within established seasonal ranges, apart from slightly
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higher winter maximum values recorded at 101 (150S3cm) and several new seasonal
maximums recorded at less frequently monitored EQA sites.

Elevated specific conductance in surface waters in the northeast USA is attributed to legacy
contributions from deicing salts via groundwater discharge to baseflow (Kelly et al., 2008). Site
121 continues to be a hot spot of specific conductance in theeVRaver watershed,

representing the drainage area of a large portion of Rutland, which contains areas of high road
density in residential development€ontributions of roaekalt laden runoff originating in the
upstream reaches of the Mill Brook (e.g., eotially sourced from several higlensity

residential housing developments, and runoff from Route 122 and 56 in Rutland, MA) may drive
the dynamics observed in downstream reachBse site has elevated specific conductance
valuesrelative to the other monitoring locations, requiring a separate axis ortithe-series

figure to show the annual range of values at this locatleigyrel4). The Mill Brook (site 121)
upstream drainage basin will be the focus of DWSP evaluations of land use and water quality
patterns in 2025 as part of the Environmental Quality Assessment (EQA) reporting cycle, with
an EQA report anticipated in 2026.
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Tablel5. Seasonal statistics for specific conductance measured in the Quabbin Reservoir
Watershed tributary siteduring 2024 compared to the period of record (POR)
Specific Conductance (uS/cm)

Location| Season | 2024 | POR| 2024 | POR | 2024 | POR | 2024 | POR| 2024 | POR
211 Winter 8 261 | 376 | 17.7 | 47.6 | 43.3 | 45.7 | 45.7 | 51.6 | 194.0
211 Spring 6 260 | 33.7 | 28.0 | 436 | 450 | 43.2 | 47.3 | 52.6 | 130.0
211 Summer| 7 263 | 402 | 25.0| 62.1 | 57.0| 579 | 61.5| 78.9 | 156.7
211 Fall 6 256 | 55.0 | 26.7 | 739 | 50.0 | 71.4 | 559 | 79.2 | 151.7
212 Winter 8 242 | 76.6 | 105 | 93.2 | 920 | 994 | 95.6 | 134.0 | 212.0
212 Spring 6 248 | 73.4 | 35.0| 80.4 | 94.0 | 83.4 | 96.0 | 103.9 | 190.0
212 Summer| 7 252 | 98.7 | 52.0 | 136.8| 101.4| 126.4| 102.0| 140.0 | 170.0
212 Fall 6 241 | 117.0| 48.0 | 121.3| 99.7 | 121.8| 103.8| 128.5 | 180.0
213 Winter 8 253 | 759 | 420 | 884 | 79.2 | 89.0 | 78.8 | 109.1 | 135.9
213 Spring 6 2571 69.0| 33.0| 845 | 83.0| 824 | 83.3 | 91.9 |141.2
213 Summer| 7 257 | 86.6 | 42.0 | 105.2| 97.0 | 100.7| 96.7 | 107.4 | 168.9
213 Fall 6 246 | 118.7| 40.0 | 133.3| 85.2 | 132.4| 87.5 | 142.9 | 165.7
215G | Winter 8 27 | 59.3 | 54.8 | 79.7 | 80.7 | 83.6 | 83.9 | 122.0 | 119.7
215G Spring 6 32 | 57.8 | 649 | 69.7 | 822 | 67.8 | 828 | 72.0 | 115.2
215G | Summer| 7 32 | 61.0| 521 | 82.0 | 784 | 794 | 788 | 96.2 | 116.3
215G Fall 6 31 | 774 | 63.0| 829 | 849 | 835 | 850 | 92.1 | 1139
216 Winter 8 258 | 55.7| 56 | 711 | 70.0 | 719 | 73.2 | 90.8 | 190.0
216 Spring 6 259 | 545 | 400 | 609 | 68.7 | 61.3 | 69.1 | 67.3 | 115.2
216 Summer| 7 263 | 60.3 | 380 | 64.0 | 728 | 64.7 | 73.7 | 71.4 | 1440
216 Fall 6 252 | 726 | 43.0| 785 | 70.0 | 779 | 73.0 | 83.6 | 132.7

BC Winter 8 188 | 549 | 37.0 | 73.2 | 64.6 | 81.4 | 66.6 | 143.4 | 137.0
BC Spring 6 196 | 51.8 | 30.0 | 68.7 | 60.0 | 68.4 | 61.6 | 87.3 | 100.9
BC Summer| 7 163 | 105.7| 40.0 | 125.2| 90.0 | 122.8| 90.5 | 133.5 | 141.5
BC Fall = 169 = 29.9 = 90.0 = 90.4 = 141.1
GATE | Winter 8 187 | 21.5| 17.0 | 25.2 | 25,5 | 28.3 | 25.9 | 42.8 | 48.5
GATE | Spring 6 190 | 20.0 | 18.1 | 241 | 23.0 | 23.2 | 24.1 | 25.6 | 30.0
GATE | Summer| 7 192 | 28.1 | 1.7 31.1 | 259 | 314 | 25.6 | 34.1 | 58.0
GATE Fall 6 206 | 355 | 150 | 371 | 28.0| 375 | 278 | 40.1 | 42.0

211A1 | Winter 8 21 | 480 | 19.0 | 70.3 | 645 | 68.3 | 67.8 | 92.2 | 168.2

211A1 | Spring 6 18 | 485 | 471 | 57.2 | 62.7 | 55.6 | 70.7 | 60.1 | 129.5

211A1 | Summer| 7 21 | 65.7| 45.0 | 89.3 | 720 | 84.6 | 79.1 | 98.1 | 139.3

211A1 Fall 6 18 | 93.7 | 49.0 | 104.9| 67.0 | 105.4| 78.5 | 118.2 | 145.9

211BX | Winter 8 119 | 38.0 | 28.4 | 40.7 | 40.0 | 429 | 40.3 | 52.4 | 70.0

211BX | Spring 6 116 | 356 | 28.0 | 408 | 38.0 | 416 | 39.4 | 51.3 | 60.0

211BX | Summer| 7 126 | 445 | 28.0 | 464 | 37.0 | 48,5 | 37.6 | 59.0 | 60.0

211BX Fall 6 119 | 416 | 30.0 | 428 | 38.0 | 43.1 | 41.0 | 449 | 70.0

Water Quality Repor2024 51

QuabbinReservoir Watershedare River Watershed



Tablel6. Seasonal statistics for specific conductance measured in Ware River Watershed
tributary sitesduring 2024 compared to the period of record (POR)
Specific Conductance (uS/cm)

Location | Season Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max
2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
101 Winter 6 210 | 86.2 | 43.0 94.3 87.0 | 103.4| 85.7 | 150.3| 142.3
101 Spring 7 218 | 85.2 | 43.0 85.6 80.0 89.4 | 80.4 | 103.0| 125.8
101 Summer| 6 220 | 71.6 | 42.0 89.7 88.0 89.2 | 85.7 | 103.6| 137.0
101 Fall 7 220 | 92.6 | 40.0 | 100.8 82.7 | 106.9| 84.1 | 122.7| 140.0
102 Winter 6 121 | 87.7 | 58.0 96.6 98.4 98.6 | 104.0 | 116.5| 270.0
102 Spring 7 124 | 82.5 | 50.0 87.4 97.0 90.6 | 102.9 | 104.5| 200.0
102 Summer| 6 126 | 97.7 | 55.0 | 103.2 | 111.6 | 103.1| 120.2 | 106.8| 200.0
102 Fall 7 125 |109.8| 55.0 | 111.8 | 103.1 | 112.2| 111.1| 116.4| 200.0
103A Winter 6 92 70.3 | 54.0 78.4 78.3 845 | 78,5 | 109.2| 109.4
103A Spring 7 110 | 68.9 | 50.0 74.9 75.3 745 | 76.7 | 79.4 | 1255
103A | Summer| 6 120 | 56.9 | 38.0 66.6 70.3 65.2 | 749 | 725 | 162.7
103A Fall 7 118 | 66.0 | 52.0 73.5 71.0 75.2 | 75.2 | 88.2 | 140.8
107A Winter 5 101 | 61.6 | 57.0 76.5 86.4 78.2 | 87.0 | 92.7 | 132.5
107A Spring 7 116 | 60.6 | 47.0 65.0 78.5 66.3 | 79.6 | 76.0 | 128.6
107A | Summer| 6 119 | 71.7 | 46.0 75.9 83.0 79.4 | 834 | 91.1 | 141.7
107A Fall 6 122 | 83.9 | 50.0 94.3 80.6 96.7 | 90.9 | 118.0| 233.1
108 Winter 6 212 | 85.4 | 40.0 90.5 80.0 | 103.7| 81.8 | 146.4| 209.0
108 Spring 7 221 | 79.2 | 43.0 83.9 71.7 88.0 | 77.5 | 108.4| 250.0
108 Summer| 6 221 | 77.7 | 42.0 99.5 80.0 99.9 | 83.3 | 117.1| 150.7
108 Fall 7 222 |111.6| 38.0 | 112.6 80.0 | 1145| 84.9 | 120.0| 156.7
121 Winter 6 135 | 246.6| 108.0| 284.5 | 220.0 | 300.0| 226.8 | 401.3| 422.9
121 Spring 7 136 | 270.9| 92.0 | 290.5 | 1935 | 291.1| 219.0 | 314.1| 430.8
121 Summer| 6 144 | 253.4| 78.0 | 284.2 | 210.9 | 279.2| 222.7 | 310.2| 432.7
121 Fall 7 147 | 318.6| 90.0 | 360.1 | 226.2 | 349.6 | 223.7 | 367.9| 400.0
108A Winter 6 38 76.0 | 30.0 78.9 77.2 91.4 | 73.5 | 125.6|107.1
108A Spring 7 41 69.6 | 45.0 74.9 72.0 76.3 | 72.7 | 85.9 | 99.4
108A | Summer| 6 39 84.4 | 48.0 88.1 85.0 88.4 | 834 | 919 |117.9
108A Fall 7 36 99.2 | 49.0 | 105.0 98.5 | 105.3| 89.4 | 113.5| 126.7
108B Winter 6 38 86.9 | 52.6 98.8 92.2 | 101.1| 87.8 | 120.9| 133.4
108B Spring 7 41 84.7 | 45.0 89.6 70.0 | 110.4| 85.7 | 207.3| 184.8
108B | Summer| 6 38 | 100.5| 53.8 | 114.7 82,5 | 125.0| 100.1 | 194.0| 171.5
108B Fall 7 37 |122.7| 37.0 | 139.3 97.0 | 151.3| 107.4 | 186.1| 212.3
108C Winter 6 38 59.6 | 35.0 62.6 50.8 64.7 | 49.7 | 78.0 | 67.0
108C Spring 7 41 56.9 | 31.0 59.1 50.0 59.0 | 59.8 | 60.8 | 286.8
108C | Summer| 6 38 59.1 | 35.0 62.1 53.8 62.4 | 67.2 | 67.4 | 332.2
108C Fall 7 35 71.7 | 0.0 74.7 57.0 748 | 53.2 | 784 | 71.7
117 Winter 6 - 115.1 - 136.9 - 139.2 - 175.9 -
117 Spring 7 - 106.5 - 126.8 - 122.5 - 137.5 -
117 Summer| 6 - 137.6 - 149.8 - 149.5 - 157.4 -
117 Fall 2 - 150.0 - 151.1 - 151.1 - 152.2 -
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3.2.2.2 Sodium and Chloride

Routine monitoring for sodium (Na) and chloride (Cl) began in DWSP Core monitoriransites
Quabbin Reservoir watershed in September 2018 and Ware River watersfiaduary 2019.
Concentrations of Na and CI observed in monitoring tributaries in the Ware River watershed
ranged from4.86to 48.1 mg/Land from4.36 to 97.4ng/L, respectively, in 2@R Consistent with
previous years,ancentrations of these solutes in tributaries in the Quabbin Reservoir watershed
continue to benotably lower (.48 to 16.9ng/L for Na and.64to 27.1mg/L for Clyelative to

Ware Timeseries patterns for these major ions are also consistent with patterns observed from
specific conductance observatiofrigure 15, Figure 16). Lowerthan-normal concentrations
observed in the winter and spring due to sstained dilution from longluration high streamflow
conditions in both watersheds, while elevated concentrations were observed at several sites
coincident to prolonged and widespread fall drought conditifffigure10).

The secondary MCL for CI in drinking water (250 mg/L) established by the US EPA was not
exceeded in any tributary samples collected024from the Quabbin Reservoir or Ware River
watersheds.The MassDEP Office of Research and Standards (ORS) guidelines for Na in drinking
water (threshold of 20 mg/L Na) was exceeded at four sites in the Ware River Watershed during
2024. Once at EQA site Pommogussett Brook (site 117), once at West Branch Ware (site 107A),
four times at EQA site Cushing Pond outlet (siteB)D&nd for the entirety of samples collected

at Mill Brook (121) in the Ware River watershed (26 samgleater than20 mg/L Na).

The spatial heterogeneity in concentrations of Na and Cl observ2@2dawas consistent with

prior monitoring This reflects differences in land cover and watershed characteristics, such as
impervious surface cover, that contribute to variable inputs of Na and ClI to individual tributaries
across the two watershedé\verageannual concentrations of Na, Cl, and specific conductance
are consistentlygreater inCoretributaries within the Ware River watershed relative to Core
monitoring sites in the Quabbin Rervoir watershed. Tiemay be reflective of the high ratio of
protected, forested lands relative to developed lands in the Quabbin Reservoir watershed, with
comparatively more developed areas in Ware River waters(ssk Table 4). Previously
documentedanalyses oNa, Cl, and specific conductarfoend approximatdy al:1 molar ratios

of Na toCl and linear relationship between Cl concentrations and specific conductance in surface
waters (DWSP 2023a). This suggests that increasing concentrationdikdl{Citom road salt
contributions,may be drivingncreasing trendsn annual median specific conductance for the
certainCore monitoring tributarie¢see also Soper et al., 20AWSP 2024b
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Figurel5. Time series and boxplotssddium results (bluéjom tributary monitoring siteguring
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monthly interquartile range (25to 75" percentile) for the period of record at each locatibark

gray site labels correspond to Core sampling locations; light gray site labels correspond to EQA
sampling locations.
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3.2.3 Turbidity

Turbidity ranged from 024to 18 NTU in Quabbin Reservoir tributaries and frorh3do 4.6 NTU
in Ware River Watershed Core tributaries during£20Bable17, Table 18 Turbidity results in
the Quabbin Reservoir and Ware River watershed reflected spatial and temporal variability of

NFAYTFFEEE YR &dzaSljdzsSyd NHzy2 T T Ihigh stedm2flowsy 3 (G K

followed by drought conditiongFigure17). Two prominent rainfall eventsluring 2024are
reflected in turbidity records from Quabbin Reservoir Watershed monitoring sites. A localized

May 8" KAIK AydSyairdage NIAYyFIEf ondcyé NBO2NRSR

elevatedsamplesat several West and Central Quabbin Watershed sampling sitgs211, 212,

211A1, 211BX). Similarly, a winter raion-snow event on December 800 n ® T H £ NI} Ay T

recorded at Orange weather station) resulted in elevated turbidity across numerous Quabbin
Reservoir Watershed monitoring locations. This event resulted in new winter maximum turbidity
results being set at three Core monitoring locatio$?, 215G, GATE). Although these elevated
results are noticeable outliers, results from these two events were within historical ranges for
most sites, indicating that this type of discrete sediment loading event represents the upper
range of sediment conceérations at these locationsTheserainfalldriven events represent
discrete instances afedimenttransportwithin catchments asturbidity levels returned to pre
event concentrations isubsequent samples.

Overall 2024 seasonal average turbidity values (both median and mean) were above historical
seasonal averages across a majority of tributary sites monitored in both the Quabbin Reservoir
and Ware River watershed3gblel7, Table 18) Theaverage (mean) difference of seasonal
medians compared to the period of record varied from +0.24 NTU (winter) to +0.48 NTU (fall)
across Core monitoring locations. Elevated winter and spring turbidity levels reflect seasonal
elevated streamflowTable 10, as thawing, snowmelt, and rainfall processes in winter and spring
deliver terrestrial sediment to stream channels and subsequent high flows erode streambanks
and disturb stream bed, further mobilizing sediment. Summer thunderstorms characteristic of
NewEngland can lead to elevated turbidity due to rainfall intensity and the subsequent erosion
of soils. The low streamflow periods observed in fall 2024 can lead to increased turbidity due to
the accumulation of leaf litter and organic debris withstream channels, as well as the
decomposition of these materialfurther \ariability in turbidity across sites may be attributed

to differencesin land use,i KS 3IS2Y2NLIKAO O2yGSEG 2F (GKS
catchment,localizedmeteorologicakffects, and sulcatchment hydrology

Although average turbidity values were elevated in 2024, limited new record seasonal maximum
values were observed in loigrm Core monitoring location (with the exception of three winter
maximums in Quabbin Reservoir Watershed tributaries, cited abowvelhdt, 2024 seasonal
median values remained below 1 NTU at most Quabbin sites (below 2 NTU at 212, BC, and 215G).
Overall turbidity level remained consistent with previous monitoring records within these
watersheds.
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Tablel7. Seasonal statistics for turbidity measured in the Quabbin Reservoir Watershed tributary
sitesduring 2024 compared to the period of record (POR).

Turbidity (NTU)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR

211 Winter 8 260 | 0.27 | 0.16| 0.38 0.28 049 | 0.31 | 1.30 | 2.70

211 Spring 255 | 0.34| 0.15| 0.38 0.30 093 | 0.37 | 3.70 | 8.00
211 Summer 261 | 0.33|0.20| 0.42 0.36 041 | 0.49 | 0.50 | 4.58
211 Fall 256 | 0.25|0.18| 0.26 0.30 0.28 | 0.39 | 0.36 | 2.76
212 Winter 239 | 0.54]0.20| 0.93 0.45 1.52 | 0.53 | 5.50 | 3.00
212 Spring 243 | 0.65| 0.20| 1.22 0.45 2.29 | 0.63 | 8.30 | 10.00
212 Summer 250 | 1.40|0.30| 2.00 1.20 201 | 151 | 2.90 | 15.00
212 Fall 242 | 0.780.30| 1.20 0.80 121 | 1.08 | 1.60 | 8.46
213 Winter 252 | 0.57]0.29| 0.65 0.49 0.71 | 0.53 | 1.00 | 2.14
213 Spring 250 | 0.48]0.30| 0.67 0.50 0.76 | 0.60 | 1.20 | 3.00
213 Summer 257 | 0.76 1 0.40| 0.91 1.00 0.98 | 1.07 | 1.30 | 3.17
213 Fall 245 | 0.720.30| 0.80 0.73 0.93 | 0.79 | 1.40 | 2.00

215G Winter 28 | 047|021 0.81 055 | 0.84 | 0.57 | 1.30 | 1.00

215G Spring 32 | 0.56|0.28| 0.94 0.51 0.89 | 0.59 | 1.20 | 1.50

215G | Summer 34 | 0.80|0.56| 1.00 1.10 1.15 | 1.11 | 1.60 | 2.00

N[OOI (N[N0 (D(NO|O|O (N[O |N|O

215G Fall 31 | 0.84|040| 1.15 0.76 1.17 | 0.74 | 1.60 | 1.60
216 Winter 256 | 0.52|0.30| 0.79 0.50 098 | 0.57 | 2.60 | 2.88
216 Spring 253 | 0.64 ] 0.30| 0.75 0.52 085 | 0.64 | 1.20 | 5.00
216 Summer 260 | 0.74]0.30| 0.99 0.70 097 | 0.77 | 1.30 | 2.24
216 Fall 254 | 0.55|0.29| 0.71 0.60 0.79 | 0.66 | 1.20 | 5.86
BC Winter 181 | 0.18 | 0.30| 1.20 0.99 1.60 | 1.29 | 4.00 | 6.85
BC Spring 189 | 1.20] 0.30| 1.55 0.80 1.60 | 1.16 | 2.10 | 6.00
BC Summer 155 | 0.91]0.23| 1.20 0.72 1.20 | 1.14 | 1.50 | 23.00
BC Fall 146 = 0.16 = 0.53 = 0.98 = 6.59

GATE | Winter 8 181 | 0.13| 0.08| 0.46 0.20 0.65 | 0.24 | 2.40 | 2.00
GATE Spring 6 186 | 0.21|0.09| 0.30 0.20 0.41 | 0.28 | 0.95 | 8.00
GATE | Summer| 7 192 | 0.22 | 0.10| 0.29 0.21 0.37 | 0.35 | 0.78 | 11.00
GATE Fall 6 186 | 0.20| 0.08| 0.31 0.20 0.33 | 0.30 | 0.48 | 3.80
211A1 Winter 8 21 0.15| 0.09| 0.53 0.19 0.45 | 0.23 | 0.87 | 0.81
211A1 Spring 6 19 0.20 | 0.11| 0.30 0.22 0.59 | 0.23 | 2.10 | 0.47
211A1 | Summer| 7 21 0.19 | 0.14| 0.24 0.25 0.27 | 0.55 | 0.35 | 6.60
211A1 Fall 6 18 0.12 | 0.14| 0.20 0.26 0.20 | 0.30 | 0.27 | 0.65
211BX | Winter 8 118 | 0.19]0.14| 0.34 0.30 0.66 | 0.31 | 2.60 | 2.20
211BX Spring 6 116 | 0.25| 0.16| 0.32 0.30 3.27 | 0.40 | 18.00| 8.00
211BX | Summer| 7 126 | 0.26 | 0.10| 0.33 0.30 0.40 | 0.39 | 0.57 | 6.00
211BX Fall 6 119 | 0.13| 0.12| 0.16 0.20 0.17 | 0.26 | 0.28 | 0.90
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Tablel8. Seasonal statistics for turbidity measured in Ware River Watershed tributary sites

Turbidity (NTU)

Location | Season Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
101 Winter 6 77 0.59| 047 | 0.76 0.74 0.84 | 0.78 | 1.30 | 1.60
101 Spring 7 74 | 0.65| 0.40| 0.90 0.88 119 | 1.08 | 240 | 2.71
101 Summer| 6 75 250 1.20| 3.00 2.50 3.05 | 262 | 3.70 | 5.20
101 Fall 7 79 2.00| 0.68| 2.50 1.50 250 | 1.60 | 3.00 | 3.20
102 Winter 6 121 | 0.79| 0.40| 0.89 0.70 1.11 | 0.78 | 1.90 | 2.50
102 Spring 7 124 | 0.86| 0.40| 1.20 0.61 1.34 | 0.79 | 2.40 | 5.00
102 Summer| 6 124 | 2.10| 0.60| 2.65 1.70 295 | 1.88 | 4.30 | 4.50
102 Fall 7 126 | 1.10| 0.50| 1.80 1.20 1.96 | 1.46 | 3.00| 17.00
103A Winter 6 97 0.56 | 0.33| 0.80 0.61 0.82 | 0.69 | 1.10| 2.70
103A Spring 7 114 | 0.61| 0.19| 1.00 0.74 1.07 | 094 | 2.20| 3.83
103A | Summer| 6 119 | 1.80| 0.83| 2.20 2.34 225 | 245 | 270 | 6.63
103A Fall 7 126 | 0.98| 0.33| 1.80 1.09 163 | 1.29 | 2.00 | 5.63
107A Winter 5 101 | 0.54| 0.35| 0.86 0.61 1.08 | 0.70 | 1.90 | 2.54
107A Spring 7 115 | 047 | 0.32| 0.67 0.74 0.84 | 0.92 | 1.60 | 8.93
107A | Summer| 6 116 | 1.20| 0.82| 1.75 1.70 1.70 | 1.88 | 2.00 | 5.05
107A Fall 7 126 | 0.80 | 0.42| 0.89 0.89 1.15 | 1.00 | 2.10| 2.89
108 Winter 6 211 | 0.80| 0.30| 1.15 0.67 1.11 | 0.75 | 1.30 | 3.10
108 Spring 7 219 | 0.75| 0.30| 0.98 0.70 1.26 | 093 | 2.20| 2.94
108 Summer| 6 218 | 1.70| 0.60| 2.70 2.20 2.62 | 2.34 | 3.20| 5.50
108 Fall 7 226 | 1.60| 0.30| 2.00 1.20 201 | 1.41 | 240 | 5.40
121 Winter 6 134 | 0.77| 0.30| 0.92 0.60 1.08 | 0.67 | 1.80| 3.00
121 Spring 7 137 | 0.76 | 0.30| 1.00 0.60 1.23 | 0.72 | 2.00| 2.20
121 Summer| 6 141 | 2.20| 0.65| 2.75 1.80 2.80 | 2.27 | 3.50 | 9.80
121 Fall 7 148 | 1.50| 0.30| 2.60 1.04 249 | 1.44 | 460 | 7.65
108A Winter 6 38 0.75] 0.44| 0.98 0.70 1.19 | 0.77 | 200 | 1.60
108A Spring 7 40 0.74] 046 | 1.30 0.87 1.25 | 1.00 | 220 | 2.73
108A | Summer| 6 36 160| 091| 275 1.99 2.73 | 1.98 | 3.40 | 3.83
108A Fall 7 39 1.20| 0.50| 1.50 1.12 161 | 1.16 | 240 | 2.02
108B Winter 6 38 0.78 | 0.45| 1.03 0.84 1.10 | 0.89 | 1.40 | 2.72
108B Spring 7 39 1.00| 0.33| 1.10 0.70 1.27 | 0.83 | 2.30 | 2.49
108B | Summer| 6 35 0.75| 0.52| 3.30 1.10 293 | 1.33 | 440 | 7.31
108B Fall 7 39 1.70 | 041 | 2.20 0.90 214 | 0.88 | 2.80 | 1.52
108C Winter 6 38 0.61] 0.28| 0.83 0.59 1.32 | 064 | 260 | 1.30
108C Spring 7 40 0.52 | 0.33| 0.62 0.54 0.62 | 0.56 | 0.73| 1.34
108C | Summer| 6 36 0.44 ] 0.29| 0.81 0.66 0.80 | 0.77 | 1.30 | 2.53
108C Fall 7 37 0.75] 0.48| 2.00 0.93 2.01 | 1.01 | 3.20| 1.92
117 Winter 6 - 0.42 - 0.55 - 0.53 - 0.61 -
117 Spring 7 - 0.56 - 0.71 - 0.78 - 1.20 -
117 Summer| 6 - 1.20 - 1.45 - 1.52 - 2.30 -
117 Fall 2 - 0.50 - 0.95 - 0.95 - 1.40 -
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3.2.4 Total Coliform ancE coli Bacteria

Water quality monitoring of bacteria in the Quabbin Reservoir and WRiker Watershed
tributary sitesfocused onE. coliand total coliform bacterian 2024 Elevated bacteria results
from Quabbin Reservoir and Ware River tributaries that exceedifipeer bounds of seasonal
norms (75th percentiles) that cannot be attributed to a recenéteorologicakvent are followed
up with site inspection and rsampling folE. colconcentrations. Historically, followp sampling
typicallyattributed elevatedE. colconcentrations to wildlife activityecent precipitation and/or
high flow conditionsFollow-up E. colsamples were collectelom Boat Cove Brook in 2024 (see
Section6.2, Appendix B)

3.2.4.1 Total Coliform

Total coliformconcentrations observed in tributaries in Quabbin Reservoir and Ware River
Watershedswere characterized by distincdeasonality Kigure 18) consistent with stream
temperatures throughout 202 (Section3.2.1.). Intra-annual variability is high for observed
concentrations of this parameter across DWSP monitoring sites. Total coliform in Quabbin
Reservoir Watershed monitoring tributaries ranged frort®@greater than 24,200 MPN/100 mL
(Tablel9) and from30to greater than 24,200 MPN/100 mL in monitoring tributaries in the Ware
River Watershed in 2@ATable20). Seasonal total coliform concentrations for samples collected

in 2024 were generally withinseasonalnormal rangesfor the period of record New record
seasonal maximums were observed at several sites in 2024, varying by season and attributable
to highflow events (e.g.new winter maximums observed at 211, 212, and GATE coinciding with
the December 30, 2024 ramn-snow event). Median seasonal total coliform concentrations in
2024 were slightly elevated at some sites in the Quabbin Reservoir Watershed during some
seasons but without a consistent seasonal patteriiaple 19). In contrast, summer median
concentrations higher than historical seasonal averages were more consistently observed at sites
in the Ware River Watershed (101, 102, 107A, 108, 121, EQA sites). Differences in elevated results
relative to seasonal patternacross the two watersheds may be attributed to several factors
including timing of sample collection relative to rainfall events, variation in streamflow
magnitude and timing across watersheds, variation in upstream catchment geomorphic and
wetland charaatristics, and differences in hydrological patterns and controls between the two
watersheds.
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Quabbin Reservoir Watershed Ware River Watershed
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Figurel8. Time series and boxplots of total coliform results (biwah tributary monitoring

sites during 20292 YLJ- NBR | 3 Ayad SI OK Thdgia DadedISNih 2R 2 F
represent monthly interquartile range (250 75" percentile) for the period of record at each
location.Dark gray site labels correspond to Core sampling locations; light gray site labels

correspond to EQA sampling locations.
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Table 19. Seasonal statistics for total coliform measured in the Quabbin Reservoir Watershed
tributary sitesduring 2024 compared to the period of record (POR).

Total Coliform (MPN/100 mL)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR

211 Winter 8 88 213 | 110 360 428 1202 | 519 | 5790 | 2190

211 Spring 89 171 | 108 604 670 1225 | 894 | 4110 | 3450
211 Summer 91 | 1410|1220| 4160 3450 | 4063 | 5454 | 8160 | 24200
211 Fall 91 644 | 488 | 1885 1520 | 2016 | 3001 | 3650 | 24200
212 Winter 87 305 | 98 469 368 2552 | 516 | 10500| 2850
212 Spring 90 171 | 84 317 495 1799 | 904 | 8660 | 8660
212 Summer 93 |2360| 813 | 4880 5790 | 5556 | 8124 | 13000 24200
212 Fall 91 749 | 393 | 1435 2190 | 1643 | 4344 | 2760 | 24200
213 Winter 88 134 | 121 280 339 888 | 635 | 3440 | 6870
213 Spring 91 175 | 97 571 794 950 | 2040 | 2380 | 24200
213 Summer 93 |1920| 1720| 3450 4880 | 4424 | 6619 | 8160 | 24200
213 Fall 91 908 | 327 | 2005 1860 | 2011 | 3420 | 3080 | 24200

215G Winter 28 218 | 156 383 325 571 | 366 | 1250 | 1320

215G Spring 32 529 | 122 | 2205 1420 | 2005 | 1714 | 3450 | 5480

215G | Summer 34 | 2100| 1860| 4880 5325 | 4581 | 5715 | 7700 | 17300

O N[O (O |N|O|0DO|NOD| OO N|O0DO|NOD(O|O (N[O

215G Fall 31 933 | 504 | 3010 1780 | 3299 | 3035 | 7270 | 19900
216 Winter 88 97 86 325 353 752 | 583 | 3080 | 6490
216 Spring 89 262 | 95 371 520 668 | 889 | 1500 | 5170
216 Summer 91 | 1530| 759 | 3450 3650 | 3279 | 5731 | 6490 | 24200
216 Fall 91 426 | 285 740 1080 | 1029 | 2181 | 2760 | 24200
BC Winter 87 336 | 122 498 393 1931 | 682 | 6870 | 8660
BC Spring 91 216 | 86 911 703 1634 | 1602 | 4350 | 15500
BC Summer 88 |[4110| 1110| 11750 | 7070 | 14045| 8566 | 24200| 24200
BC Fall 90 = 228 = 2875 = 5679 = 24200

GATE | Winter 8 87 480 | 135 770 355 1376 | 397 | 5480 | 1270
GATE Spring 6 90 464 | 195 802 606 1417 | 861 | 4110 | 7270
GATE | Summer 7 88 1920| 631 4350 3760 5464 | 5773 | 13000| 24200
GATE Fall 6 88 826 | 355 2070 2235 2111 | 3815 | 3450 | 24200
211A1 Winter 8 14 161 | 96 348 204 962 239 | 4110 | 728

211A1 Spring 6 13 281 | 41 587 368 1335 | 503 | 4880 | 1210
211A1 | Summer 7 14 1660 | 554 2100 1480 2904 | 3520 | 5790 | 24200
211A1 Fall 6 12 399 | 336 1370 1097 1179 | 2267 | 1720 | 6490
211BX | Winter 8 13 259 | 109 382 292 1243 | 348 | 5480 | 836

211BX Spring 6 13 473 | 146 620 546 1072 | 584 | 2850 | 1170
211BX | Summer 7 14 1720| 448 3650 2440 | 4620 | 3796 | 11200| 24200
211BX Fall 6 12 521 | 369 1695 2070 2330 | 3649 | 6490 | 9210
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Table20. Seasonal statistics for total coliform measured in Ware River Watershed tributary sites
during 2024 compared to the period of record (POR).
Total Coliform (MPN/100 mL)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR| 2024 | POR
101 Winter 6 78 84 | 109 215 392 329 632 985 | 3450
101 Spring 7 75 195 | 73 602 842 1491 | 1112 | 6490 | 7700
101 Summer| 6 75 |4110| 1300| 7145 5790 | 8255 | 7214 | 17300| 24200
101 Fall 7 81 487 | 331 857 2010 | 2953 | 3263 | 13000| 24200
102 Winter 6 18 216 | 145 325 314 560 361 | 1670 | 884
102 Spring 7 20 435 | 181 839 829 1500 | 1133 | 5790 | 4350
102 Summer| 6 19 | 1470| 1720| 5480 4350 | 6290 | 5089 | 13000| 10500
102 Fall 7 21 521 | 435 | 1140 2490 | 1808 | 4660 | 3450 | 24200
103A Winter 6 78 97 | 173 282 420 379 648 959 | 6490
103A Spring 7 83 288 | 110 697 1010 | 1879 | 1322 | 7270 | 5170
103A | Summer| 6 89 |2380|1850| 6220 6490 | 9315 | 8291 | 24200| 24200
103A Fall 7 91 |1160| 404 | 2920 2600 | 3043 | 3959 | 5790 | 24200
107A Winter 5 86 203 | 160 298 461 387 650 798 | 4350
107A Spring 7 88 228 | 160 583 1029 | 1058 | 1542 | 3780 | 9210
107A | Summer| 6 88 | 1990| 959 | 4950 4230 | 7107 | 6023 | 17300| 24200
107A Fall 7 91 355 | 383 | 1410 1550 | 1574 | 3148 | 3450 | 24200
108 Winter 6 90 216 | 75 447 339 473 569 865 | 4610
108 Spring 7 88 235 | 121 512 859 1318 | 1215 | 5790 | 5790
108 Summer| 6 90 | 3260 1520| 8160 5365 | 9642 | 6679 | 17300| 24200
108 Fall 7 91 683 | 504 | 1540 1780 | 2393 | 3258 | 6870 | 24200
121 Winter 6 31 62 | 109 185 305 293 520 984 | 2490
121 Spring 7 33 197 | 121 402 1100 | 1712 | 1587 | 5790 | 6130
121 Summer| 6 32 | 1350| 1580| 5200 4880 | 4968 | 5548 | 8160 | 19900
121 Fall 7 34 663 | 10 2140 1945 | 3480 | 3106 | 9210 | 14100
108A Winter 6 26 203 | 10 305 297 356 630 677 | 2610
108A Spring 7 22 231 | 134 738 921 1553 | 1308 | 6490 | 5170
108A | Summer| 6 25 | 2140| 1720| 5480 4350 | 5077 | 5879 | 7700 | 17300
108A Fall 7 25 689 | 473 | 1940 1410 | 2487 | 1882 | 5480 | 4350
108B Winter 6 26 121 | 10 401 498 470 616 | 1250 | 2140
108B Spring 7 22 393 | 109 | 2760 948 3451 | 2767 | 6870 | 15500
108B | Summer| 6 25 | 6130 1520| 8410 3450 | 8322 | 4305 | 10500 11200
108B Fall 7 25 262 | 355 934 1440 | 1541 | 1635 | 5790 | 4350
108C Winter 6 26 30 41 81 199 176 283 561 | 1380
108C Spring 7 22 41 10 122 202 810 471 | 3870 | 3650
108C | Summer| 6 24 | 3650| 1140| 5480 2495 | 7415 | 3243 | 13000| 15500
108C Fall 7 23 431 | 231 | 1720 959 1424 | 2278 | 2990 | 24200
117 Winter 5 - 122 - 259 - 345 - 624 -
117 Spring 7 - 203 - 1260 - 1543 - 4350 -
117 Summer| 6 - 960 - 4970 - 4823 - 8160 -
117 Fall 2 - 1310| - 2480 - 2480 - 3650 -
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3.2.4.2 E. coli

E. coliconcentrations ranged from leghan 10 to 1530 MPN/100 mL in QuabbiReservoir
Watershed tributariesable21) and from less than 10 tb720MPN/100 mL in the Ware River
Watershed tributaries in 202 (Table22). Across all sites, annual median 20&sults were
largelywithin normal historical ranges$-{gurel9). Exceptions to this included elevated summer
medianE. coliat sites 101, 103A, and GATE and all seasons d@hB§E. coliconcentrations in
Core tributaries in 202continued to demonstrate moverallhigh sanitary quality

Of the493 samples collected from tributariea Quabbin Reservoir and Ware River Watershed
tributaries and analyzedor E. colin 2024 approximately40% (n=198) were below detection

limits (ess thanl0 MPN/100 mL)Ten samples (2% of samples) exceeded the Class A statistical
threshold value of 410 CFU/100 mL, which is not to be exceeded by more than 10% of samples
in any 90 day or shorter period. This standard applies to surface waters designated for primary
contad recreation and are not applicablef DWSP water supply waters, and are used as a point
of comparison only. Of this subsgteater than410 MPN/100 mLthree were from Boat Cove
Brook (site BC) in the Quabbin Reservoir Watershed. Further evaluation of water quality patterns
andfollow-up investigations are documented in Secti6r2, Appendix B of this reportn most
cases, no potential sources of pollution were observed dusagnple collection, and. coli
concentrations decreased in subsequent samples

The maximunk. colresult(1720 MPN/100mLgbserved in 202 occurred on July 10, 2024. This
sample was collected on the Ware River downstream of the confluence with the Burnshirt River
(site 103A) following a fivday antecedent period of consistent rainfall, with a cumulative rainfall
G201t 27T H ®Thé nedily BAarRSIIR DamiNOAA station. In follow up field
investigations, DWSP staff noted flows above bankful as well as upstream beaver activity in the
wetland complex surrounding the confluencgubsequent results were within seasonal normal
range, and DWSP staff continued to follow up with field documentation of conditions.
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Quabbin Reservoir Watershed
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Table21. Seasonal statistics for E. coli measured in the Quabbin Reservoir Watershed tributary
sitesduring 2024 compared to the period of record (POR).

E. coliMPN/100 mL)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
211 Winter 8 119 10 10 10 10 107 13 723 63
211 Spring 6 113 10 10 10 10 10 21 10 156
211 Summer| 7 119 10 10 41 30 42 174 97 6870
211 Fall 6 117 10 10 10 10 10 42 10 644
212 Winter 8 117 10 10 10 10 87 18 512 189
212 Spring 6 114 10 10 10 10 43 37 145 | 481
212 Summer| 7 121 31 10 97 75 89 392 | 148 | 7700
212 Fall 6 117 10 10 47 41 45 117 85 2360
213 Winter 8 119 10 10 15 10 178 32 1090 | 327
213 Spring 6 115 10 10 10 31 52 51 241 | 426
213 Summer| 7 122 20 10 41 63 79 576 | 173 | 24200
213 Fall 6 117 10 10 10 41 21 151 63 3260
215G Winter 8 28 10 10 10 10 32 15 120 84
215G Spring 6 32 10 10 10 10 17 17 40 63
215G | Summer| 7 34 10 10 20 25 17 68 30 573
215G Fall 6 31 10 10 63 10 80 41 228 546
216 Winter 8 119 10 10 10 10 19 21 41 292
216 Spring 6 113 10 10 10 10 10 20 10 187
216 Summer| 7 119 10 10 30 31 44 97 86 1010
216 Fall 6 116 10 10 10 20 12 44 20 727
BC Winter 8 117 10 10 31 10 107 40 355 990
BC Spring 7 115 10 | 10 52 10 63 45 168 | 697
BC Summer| 8 115 41 10 194 161 420 | 805 | 1530 | 19900
BC Fall - 108 - 10 - 52 - 258 - 3870
GATE | Winter 8 116 10 10 10 10 112 16 537 249
GATE Spring 6 114 10 10 15 10 58 24 279 529
GATE | Summer| 7 115 10 10 63 31 82 115 213 | 3650
GATE Fall 6 114 10 10 10 10 20 121 41 5170
211A1 | Winter 8 21 10 10 10 10 128 10 670 10
211A1 Spring 6 19 10 10 10 10 13 10 30 10
211A1 | Summer| 7 21 10 10 10 10 13 37 20 389
211A1 Fall 6 18 10 10 10 10 10 14 10 31
211BX | Winter 8 20 10 10 10 10 207 22 1190 | 86
211BX Spring 6 20 10 10 10 10 15 11 41 20
211BX | Summer| 7 21 10 10 20 20 42 209 | 121 | 2610
211BX Fall 6 18 10 10 10 69 15 82 40 253
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Table22. Seasonal statistics for E. coli measured in Ware Ria¢ershed tributary sites

E. coli (MPN/100 mL)

Location | Season Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR

101 Winter 6 78 10 10 10 10 10 20 10 146
101 Spring 7 75 10 10 10 20 37 31 108 | 228
101 Summer| 6 75 31 10 136 75 157 133 | 399 | 1220
101 Fall 7 81 10 10 10 31 35 73 109 | 1550
102 Winter 6 18 10 10 10 10 12 24 20 110
102 Spring 7 20 10 10 10 10 19 33 52 256
102 Summer| 6 19 10 10 58 63 74 111 | 189 | 697
102 Fall 7 21 10 10 10 41 17 214 41 | 2910
103A Winter 6 97 10 10 10 10 10 17 10 197
103A Spring 7 108 10 10 20 20 43 37 160 | 228
103A | Summer| 6 113 31 30 184 134 432 206 | 1720| 1420
103A Fall 7 121 10 10 41 41 75 112 | 259 | 1940
107A Winter 5 101 10 10 10 10 21 16 63 96
107A Spring 7 111 10 10 10 10 43 28 187 | 332
107A | Summer| 6 110 10 10 36 52 75 91 216 | 1400
107A Fall 7 121 10 10 10 20 17 143 52 | 4880
108 Winter 6 116 10 10 15 10 19 15 31 107
108 Spring 7 116 10 10 10 10 30 39 74 355
108 Summer| 6 114 31 10 86 86 98 131 | 181 | 1470
108 Fall 7 121 10 10 20 41 37 90 97 | 1400
121 Winter 6 39 10 10 10 10 15 19 31 148
121 Spring 7 43 10 10 10 20 50 33 256 | 238
121 Summer| 6 44 41 10 52 47 57 78 84 309
121 Fall 7 48 10 10 20 20 51 56 199 | 282
108A Winter 6 38 10 10 10 10 14 14 31 75
108A Spring 7 33 10 10 10 10 35 22 110 84
108A | Summer| 6 31 20 20 31 98 56 654 | 161 | 12000
108A Fall 7 34 10 10 20 31 53 67 135 | 282
108B Winter 6 38 10 10 10 10 10 17 10 122
108B Spring 7 33 10 10 10 10 19 11 41 31
108B | Summer| 6 31 10 10 10 20 30 33 110 | 262
108B Fall 7 34 10 10 10 10 10 32 10 395
108C Winter 6 38 10 10 10 10 10 13 10 86
108C Spring 7 33 10 10 10 10 11 10 20 10
108C | Summer| 6 30 10 10 42 15 61 39 199 | 262
108C Fall 7 32 10 10 10 10 10 71 10 | 1350
117 Winter 5 - 10 - 10 - 10 - 10 -
117 Spring 7 - 10 - 10 - 10 - 10 -
117 Summer| 6 - 10 - 10 - 10 - 10 -
117 Fall 2 - 10 - 10 - 10 - 10 -
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The annual geometric meds. coliconcentration remained below 126 MPN/100 mL for all Core
monitoring sites in2024 Figure20, Table23, Table24). Annual geometric mean resulfsom

2024 were within established historical ranges. Temporal variability in annual geometric Biean
coliconcentrations exhibited a neaniform response to climate extremes (e.g., drought in 2016
2020,and 2024 extreme precipitation in summer 2021 and 2023). This contrast may reflect the
timing of sample collection relative to precipitation events throughout the period of record,
differences in the degree to which the two watersheds may have been impacted imatsam
excess overlantlow, or variations in factorsontrolling the sources dE. colito the watersheds

Overall, bngterm records of annual geometric me&n colresults do not exhibit unidirectional
trends inthe monitoring sitessampled in 2024Boat Cove Brook, in the QuabbReservoir
Watershed has demonstrated aecentupward trend in annuak. coliconcentrationdrom 2022

until present Investigations and followp sampling were taken in 2023 followirsgveral
persistent high countsSection6.2, Appendix B. Further assessment of Boat CovtNR 2 { Q& 4| (i S
quality conditions will be summarized in the upcoming EQA report for the Quabbin Reservation
District, anticipated in 202%Annual geometric meak. colat monitoring sites in the Ware River
Watershed were lower than recent years at several sites, most notably at the Ware River Shaft 8
intake location (site 101), where a new minimum annual geometric nieaoliwas recorded in

2024 (13 MPN/100 mLEQA sites across Quabbin Reservoir (2418.1A1) andmost within

Ware River Watershed 08A 108B exhibit a declin@r a result matching previous minimurims
annual geometric meak.colifor 2024 results compared to the last year of sanmmgj indicating

a lack of persistent bactelisssuesat these sites.
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Figure20. Time series of annual geometric mean E. coli in tributary sites frat@@024. Dark
gray site labels correspond to Core sampling locations; light gray site labels correspond to EQA
sampling locations.

Water Quality Report2024 69
QuabbinReservoir Watershedare River Watershed



Table23. Annual geometric meaR. coli for Quabbin Reservoir Watershed tributary sites from
historical samplingeriod of record.

Annual Geometric Mear. coliMPN/100 mL)

Year | 211|212 | 213 | 215G| 216 | BC| GATH 211A1 | 211BX
2005| 10 | 28 | 13 - 13 (36| 10 - -
2006| 7 8 | 20 - 10 (14| © - -
2007| 15| 16 | 26 - 19 | 10| 10 - -
2008 6 | 10 | 17 - 16 | 6 5 - -
2009| 12 | 13 | 31 - 12 | 9 8 - -
2010| 18 | 24 | 57 - 19 | 25| 18 - -
2011| 11 | 19 | 44 - 26 | 9 9 - -
2012| 13 | 21 | 43 - 14 | 15| 15 - -
2013| 6 | 13 | 34 8 15| 5 10 - -
2014| 14 | 20 | 41 - 15 (21| 6 - -
2015| 13 | 38 | 37 - 11 (28| 11 - -
2016| 32 | 56 | 43 - 24 | 47| 8 - -
2017 15| 22 | 25| 15 | 13 |66| 8 - -
2018| 13 | 29 | 35 - 18 | 38| 2 - -
2019| 9 | 11 | 25 - 11 | 30| 10 6 14
2020| 15 | 26 | 16 - 21 | 23| 13 - -
2021 12 | 44 | 34| 11 | 13 |19| 6 - -
2022| 14 | 38 | 26 7 16 (42| 9 - -
2023| 10 | 20 | 37 8 16 (58| 8 4 11
2024 7 | 24 | 23| 15 | 11 | 62| 19 3 9
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Table24. Annual geometric mean E. coli for Ware River Watershed tributary sites from
historical sampling period of record.

Annual Geometric Meare. coliMPN/100 mL)

Year | 101 | 102 | 103A | 107A | 108 | 121 | 108A | 108B| 108C| 117
2005| - - 17 10 13 - - - - -
2006| - - 29 14 20 - - - - -
2007 | - - 34 46 22 | 67 - - - -
2008 | - - 40 40 30 | 19 - - - -
2009 | - - 21 18 23 - - - - -
2010| 18 - 28 19 31 - - - - -
2011| - - 21 14 32 - 25 7 7 -
2012| 29 - 20 17 22 | 15 - - - -
2013| 23 - 26 22 21 - - - - -
2014| 17 - 33 16 21 - - - - -
2015| 16 - 35 23 24 - 23 7 4 -
2016| 20 - 28 17 25 | 21 - - - -
2017 | 34 - 36 26 27 - - - - -
2018| 33 - 59 36 40 - - - - -
2019| 21 - 35 14 25 - 25 12 7 -
2020| 24 - 42 21 22 - 19 9 2 -
2021| 33 | 20 29 20 23 | 26 - - - -
2022| 30 | 36 36 12 23 | 28 - - - -
2023| 27 | 17 31 16 27 | 20 - - - -
2024| 13 | 11 29 14 27 | 21 19 6 9 10

3.2.5 Nutrients

DWSP monitored concentrationsmifrogen and phosphorus at tributary monitoring locations in

the Quabbin Reservoir and Ware River Watersheds. Samples were analyzed for concentrations
of nitrogen species (Ammoniditrogen, NitrateNitrogen, and Total Kjeldahl Nitrogen) and Total
Phosphorgin 2024 Information on changes in analytical methods relative to the interpretation

of 2024 results compared to the period of record are detailedSiection2.2. Seasonal patterns

and sitespecific variations in contributions of-$ecies are more limited at numerous Ware
River sites due to variations in sampling frequency (quarterly vs. biwé&eglyes). For example,

the majority of historical nutrient sampling at site 101 was quarieafiecting the timescale of
comparison and limiting observations wfater quality patternsrelative to parameters more
consistently monitored at finer temporal intervals.g., turbidity, bacteria analyses)n 2024,
biweekly nutrient sampling was completed at all Quabbin Reservoir Watershed tributary sites, at
Ware River downstream of Shaft 8 Intake (site 101), and at Ware River Watershed EQA sites. The
remaining Ware River Watershed Core monitoring locaimere sampled on a quarterly basis.
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3.2.5.1 Total Nitrogen

Organic nitrogen (TKNNHs-N) was the most abundant nitrogen form in tributaries in either
watershed in2024 (Figure21). Dominance of organic nitrogen in headwater streams in the US
has been documented previously (Scott et al., 20&T)eams in both Quabbin Reservoir and
Ware River Watersheds exhibited a clear ramp up of nitrogen export in the late spring and
summer months coincident to increased biological activity and plant growth. Among stream
monitored in Quabbin Reservoir Watershed, organic nitrogen was higher and more consistently
high in streams with a higher proportion of upstream wetlaarga €.9.,215G, 216, and 213
compared to other sitesseeTabled). Thepreviously discussed May and December 2024 rainfall
events coincident with tributary sampling in these watersheds results in elevated N transport
documented in summer and winter. Patterns of nitrogen varied at EQA sites in the Ware River
Watershed in 2024seeSections3.2.5.1.13).
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3.2.5.1.1 AmmoniaNitrogen

Concentrations of ammonia (N#) in Quabbin Reservoir and Ware River Watershed tributaries
have routinely been below detection limitsA&6 of samples from tributaries i2024).
Concentrations of N&N in Quabbin Reservoir and Ware River Watershed Core monitoring
tributaries ranged fromless than0.005 to 0.@4 mg/L andless than0.005 to 0448 mgl/L,
respectively, in 202 (Table25, Table26). Concentrations of N¢-N in Core monitoring tributaries

in the Quabbin Reservoir and Ware River Watersheds were below the MA acute and chronic
aquatic life criteria (17 mg/L andmg/L, respectively) and the WHO taste and odor thresholds
for drinking water (1.5 mg/L and 1.9 mg/L) for the entirety2024

Seasonal averagmncentrations of NEIN observed in 202varied little from those of the period

of record across Quabbin Reserv@iatershedmonitoring streams Periodic elevated results
were noted at several sites during varying seas(ifigure22). The December raian-snow
events following extended fall low flows and subsequent high streamflow ruteafto some
elevated ammonia concentrations at several sites in @@abbin as well as a new winter
maximum ammonia concentration at Hop Brook (site 212; 0.042 mg/L). Summer and fall pulses
in ammonia concentrations were uniquely observed in Hop Brook (site 212) and East Branch
Fever Brook (site 215G). These locations have deated instream and neastream beaver
activity upstream of sampling locations on numerous occasions during their historical sampling
period.Beaver dams may alter-stream biogechemical pathways, acting as sinks forsNNJvia
denitrification) and subsequent sources for ammonium in stream settings (Lazer et al., 2015;
Bason et al., 2017). The notalgjseater NHN concentrations suggest thheaver impactd N-

cycling in the upstream reaches of theasichmentsduring2024

Seasonal averagsoncentrations of NEIN observed in 202alsovaried little from those of the
period of record acros§Vare River Watershed Coraonitoring streams Among Ware River
Watershed EQA monitoring sites, a series of abomenal Ammonia results were observed in
summer (site 108B) and late fall/winter 2024 (sites 108A, 108B, 108C). In particular, the outlet of
Cushman Pond (108B) exhibited elevatékk-N concentration relativéo previous sampling
years (2020, 2019, 2015 ). Fall and winter medNbk-N at this site were 0.086 and 0.050 mg/L
higher in 2024 compared to historical seasonal medians. Cushman Pond is a shallow vegetated
pond upstream of the sampling location where prolonged drought conditions likely lead to
declining water level elevationsd the subsequent die off of aquatic plants throughout the fall.
Further upstream investigation is planned for 2025 to foHaw on water quality patterns
observed at this site.
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Table 25. Seasonal statistics for ammonia measured in the Quabbin Reservoir Watershed
tributary sitesduring 2024 compared to the period of record (P@Rjection limits for NEN
wereless tha®.005 mg/L.

Ammonia (mg/L)

Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max

Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
211 Winter 7 33 | 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.005| 0.005 | 0.008
211 Spring 6 34 | 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.005| 0.006 | 0.008
211 Summer| 7 34 | 0.005|0.005| 0.007 | 0.005 | 0.007| 0.010| 0.009 | 0.082
211 Fall 6 32 | 0.005|0.005| 0.005 | 0.005 | 0.005| 0.006| 0.005 | 0.010
212 Winter 7 32 | 0.005( 0.005| 0.006 | 0.005 | 0.013| 0.006| 0.042 | 0.016
212 Spring 6 34 | 0.005(0.005| 0.006 | 0.005 | 0.007| 0.008| 0.013 | 0.034
212 Summer| 7 34 | 0.006(0.005| 0.012 | 0.010 | 0.016| 0.011| 0.040 | 0.039
212 Fall 6 32 | 0.005|0.005| 0.005 | 0.005 | 0.006| 0.007| 0.009 | 0.038
213 Winter 7 33 | 0.005|0.005| 0.005 | 0.006 | 0.008| 0.008| 0.021 | 0.033
213 Spring 6 34 |0.005|0.005| 0.005 | 0.005 | 0.007| 0.014| 0.012 | 0.198
213 Summer| 7 34 |0.005|0.005| 0.013 | 0.011 | 0.011| 0.012| 0.018 | 0.033
213 Fall 6 32 |0.005|0.005| 0.008 | 0.008 | 0.009| 0.009| 0.016 | 0.020
215G Winter 7 28 | 0.005| 0.005| 0.007 0.005 | 0.008 | 0.010| 0.025 | 0.033
215G Spring 6 32 | 0.005(0.005| 0.005 | 0.005 | 0.007| 0.006| 0.013 | 0.023
215G | Summer| 7 34 | 0.005(0.005| 0.015 | 0.013 | 0.013| 0.017| 0.020 | 0.056
215G Fall 6 30 | 0.008| 0.005| 0.012 | 0.005 | 0.016| 0.007 | 0.040 | 0.017
216 Winter 7 33 | 0.005| 0.005| 0.005 | 0.005 | 0.006| 0.008| 0.014 | 0.046
216 Spring 6 34 | 0.005|0.005| 0.005 | 0.005 | 0.006| 0.008| 0.010 | 0.054
216 Summer| 7 34 | 0.005|0.005| 0.007 | 0.006 | 0.007| 0.011| 0.011 | 0.104
216 Fall 6 32 | 0.005|0.005| 0.005 | 0.005 | 0.005| 0.006| 0.005 | 0.013
BC Winter 7 33 |0.005|0.005| 0.005 | 0.005 | 0.005| 0.006| 0.005 | 0.015
BC Spring 6 34 | 0.005|0.005| 0.005 | 0.005 | 0.005| 0.005| 0.007 | 0.007
BC Summer| 7 29 | 0.005|0.005| 0.007 | 0.005 | 0.007 | 0.007 | 0.008 | 0.015
BC Fall - 29 - 0.005 - 0.005 - 0.005 - 0.012
GATE | Winter 7 33 | 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.005| 0.005 | 0.007
GATE Spring 6 34 |0.005|0.005| 0.005 | 0.005 | 0.006| 0.005| 0.013 | 0.006
GATE | Summer| 7 32 | 0.005|0.005| 0.005 | 0.005 | 0.006| 0.006| 0.008 | 0.022
GATE Fall 5 32 | 0.005|0.005| 0.005 | 0.005 | 0.006| 0.006| 0.007 | 0.012
211A1 | Winter 7 6 0.005| 0.005| 0.005 | 0.005 | 0.006 | 0.005| 0.006 | 0.007
211A1 Spring 6 7 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.005| 0.005 | 0.006
211A1 | Summer| 7 7 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.006| 0.006 | 0.011
211A1 Fall 6 5 0.005| 0.005( 0.005 | 0.005 | 0.005| 0.007 | 0.006 | 0.013
211BX | Winter 7 6 0.005| 0.005| 0.005 | 0.005 | 0.005 | 0.006| 0.005 | 0.012
211BX Spring 6 7 0.005| 0.005| 0.005 | 0.005 | 0.006| 0.005| 0.010 | 0.006
211BX | Summer| 7 7 0.005| 0.005| 0.006 | 0.005 | 0.006| 0.006| 0.008 | 0.009
211BX Fall 6 5 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.007 | 0.006 | 0.012
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Table26. Seasonal statistics f@mmonia measured in Ware River Watershed tributary sites

Ammonia (mg/L)

Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
101 Winter 6 33 | 0.005| 0.005| 0.005 | 0.005 | 0.006 | 0.007 | 0.007| 0.024
101 Spring 7 32 | 0.005| 0.005| 0.005 | 0.005 | 0.009 | 0.008| 0.030| 0.031
101 Summer| 6 34 | 0.005| 0.005| 0.014 | 0.011 | 0.014 | 0.016| 0.022| 0.082
101 Fall 7 33 | 0.005| 0.005| 0.005 | 0.006 | 0.006 | 0.009| 0.009]| 0.055
102 Winter 1 13 | 0.005| 0.005| 0.005 | 0.006 | 0.005| 0.008| 0.005| 0.017
102 Spring 1 14 | 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.006| 0.005| 0.014
102 Summer| 1 14 | 0.007| 0.005| 0.007 | 0.005 | 0.007 | 0.008| 0.007| 0.016
102 Fall 1 15 | 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.011| 0.005| 0.093
103A Winter 1 29 |0.008|0.005| 0.008 | 0.005 | 0.008 | 0.009| 0.008/| 0.027
103A Spring 1 25 | 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.008| 0.005| 0.028
103A | Summer| 1 29 |0.009|0.005| 0.009 | 0.007 | 0.009 | 0.010| 0.009]| 0.027
103A Fall 1 29 |0.005|0.005| 0.005 | 0.005 | 0.005| 0.006| 0.005| 0.012
107A Winter 1 29 | 0.005|0.005| 0.005 | 0.006 | 0.005 | 0.008| 0.005| 0.018
107A Spring 1 26 | 0.005( 0.005| 0.005 | 0.005 | 0.005 | 0.008 | 0.005| 0.046
107A | Summer| 1 29 |0.012|0.005| 0.012 | 0.006 | 0.012| 0.008| 0.012| 0.019
107A Fall 1 29 | 0.005|0.005| 0.005 | 0.005 | 0.005 | 0.006 | 0.005| 0.017
108 Winter 1 29 |0.026| 0.005| 0.026 | 0.008 | 0.026 | 0.014| 0.026| 0.123
108 Spring 1 26 | 0.005|0.005| 0.005 | 0.005 | 0.005| 0.010| 0.005| 0.039
108 Summer| 1 29 |0.021|0.005| 0.021 | 0.020 | 0.021 | 0.020| 0.021| 0.037
108 Fall 1 29 |0.007|0.005| 0.007 | 0.008 | 0.007 | 0.009| 0.007| 0.017
121 Winter 1 26 | 0.023|0.005| 0.023 | 0.010 | 0.023 | 0.020 | 0.023| 0.069
121 Spring 1 27 | 0.007|0.005| 0.007 | 0.005 | 0.007 | 0.008 | 0.007| 0.020
121 Summer| 1 27 |0.013|0.005| 0.013 | 0.021 | 0.013 | 0.031 | 0.013]| 0.136
121 Fall 1 28 |0.012| 0.005| 0.012 | 0.006 | 0.012| 0.016| 0.012]| 0.103
108A Winter 6 19 | 0.009| 0.005| 0.018 | 0.009 | 0.029| 0.020| 0.059| 0.083
108A Spring 7 16 | 0.005| 0.005| 0.005 | 0.005 | 0.011| 0.015| 0.042]| 0.103
108A | Summer| 6 19 | 0.005|0.005| 0.024 | 0.014 | 0.021| 0.015| 0.028]| 0.031
108A Fall 7 19 | 0.005| 0.005| 0.014 | 0.007 | 0.020| 0.008| 0.062| 0.016
108B Winter 6 19 | 0.023| 0.005| 0.082 | 0.032 | 0.186 | 0.074 | 0.448| 0.286
108B Spring 7 16 | 0.007| 0.005| 0.021 | 0.013 | 0.035| 0.047| 0.091| 0.354
108B | Summer| 6 18 | 0.009| 0.005| 0.055 | 0.028 | 0.081 | 0.028 | 0.202| 0.047
108B Fall 7 19 | 0.041| 0.005| 0.108 | 0.022 | 0.130| 0.023| 0.372| 0.054
108C Winter 6 19 | 0.005| 0.005| 0.007 | 0.013 | 0.018| 0.017| 0.072]| 0.056
108C Spring 7 16 | 0.005| 0.005| 0.005 | 0.006 | 0.006 | 0.011| 0.010]| 0.051
108C | Summer| 6 18 | 0.005| 0.005| 0.006 | 0.005 | 0.009| 0.007| 0.015]| 0.015
108C Fall 7 17 | 0.005| 0.005| 0.005 | 0.005 | 0.006| 0.006| 0.009| 0.014
117 Winter 6 - 0.005 - 0.005 - 0.006 - 0.007 -
117 Spring 7 - 0.005 - 0.005 - 0.005 - 0.007 -
117 Summer| 6 - 0.005 - 0.010 - 0.012 - 0.024| -
117 Fall 2 - 0.005 - 0.024 - 0.024 - 0.043 -
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3.2.5.1.2 Nitrate-Nitrogen

Concentrations of nitrate (Né&N) ranged fromless than0.005 to 0139 mg/L in Quabbin
Reservoir Watershed sites in 2D@'able27, Figure23). Summer median nitrate concentrations
were elevated in 2024 compared to the period of recordnadst of the Quabbin Reservoir
Watershed tributary sampling locations (211, 212, 216, BC, GATE). Instream concentrations of
NGs-N generally followed established historical seasonal patterns in the Quabbin Reservoir
Watershed, varying considerably acrosssitee to upstream catchment context. Three general
time series patterns were observed. West Quabbin sites (BC, GATE, 214, 2111A8X) were
characterized by nitrate level increag in late spring, peaking in summer, and declining into
winter. Seasonathitrate transport patterns at these relatively higjtadient loworder streams

was likely driven by seasonal nutrient release from vegetation and soil, patterns of summer
runoff and mobilization, and the timing of plant uptake of available nitrates. Central Quabbin
tributaries East Branch Fever Brook (site 215G) and Middle Branchswif213) are sites with

a relatively higher proportion of upstream wetland landcover (§able4). Time series of nitrate
concentrations at these sites shew increased concentrations during winter, although the
magnitude of these increases vati@across sites. Wetlands can act as nutrient sinks during
growing seasons and can release nitrates during winter when ground is frozen, leading to
increasedNQs:-N downstream Johnston 1991l Reduced plant uptake of nitrates during the
winter months also allows for accumulation in soils and subsequent leaching during winter rains
and/or snowmelt. Seasonal patterns at Hop Brook (site 212) and East Branch Swift (site 216)
exhibited both winter and summer increases in nitrate concentrations. These variable patterns
indicated key differences in controls on biogeochemicaty¢lingthat could include variations in

land cover, hydrological differences in groundwater recharge and overall difference in hydrologic
complexity, and/or soil characteristics.

Concentrations of nitratd NG-N) ranged fromless than0.005 to 0406 mg/L inWare River
Watershed sites in 2@(Table28, Figure23). The summer 2024 median nitrate concentration
was slightly elevated relative to the period of record (0.035 mg/L compared with 0.019 mg/L,
respectively) at the Ware River at Shaft 8 sampling location (site T@DNOs;-N result outliers

from spring and early summer of 2024 were recorded at the Cushman Pond EQA sampling
location (site 108B)These annual maximum results recorded at 108B (0.406 and 0.399 mg/L)
were the only results above local ecoregional background levels for nitdaté {0.31 mg/L).

These elevated results could be due to nutrient release from plant deeaidential runoff,

and/or seasonal changes in biological activity. Further investigation into this location is scheduled
for 2025. Overallmonitoring tributaries in the Quabbin Reservoir and W&iger Watershesl

were well below the EPA MCL for drinking water of 10 mg/L for the entireB0@#4
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Figure23. Time series andoxplots of 202 nitrate results (bluejrom tributary monitoring sites
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interquartile range (29to 75" percentile) for the period of record at each locatibhe horizontal
dashed grey lines correspond to laboratory detection limits (0.005 nigdck gray site labels
correspond to Core sampling locations; light gray site labels correspond to EQA sampling

locations.
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Table27. Seasonal statistics for nitrate measured in the Quabbin Reservoir Watershed tributary
sitesduring 2024 compared to the period of record (P@R}ection limits for N&N wereless
than 0.005 mg/L.

Nitrate (mg/L)

Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR

211 Winter 8 38 |0.012]| 0.008| 0.025 | 0.019 | 0.024| 0.022 | 0.043 | 0.052
211 Spring 42 ]10.005| 0.005| 0.015 | 0.014 | 0.014| 0.019| 0.020 | 0.071
211 Summer 43 | 0.030| 0.005| 0.081 | 0.034 | 0.071| 0.052| 0.114 | 0.143
211 Fall 43 ]0.026| 0.005| 0.043 | 0.021 | 0.042| 0.038| 0.059| 0.139
212 Winter 37 |0.041| 0.033| 0.063 | 0.054 | 0.059| 0.057 | 0.069 | 0.088
212 Spring 42 10.027]| 0.005| 0.038 | 0.046 | 0.039| 0.049| 0.050 | 0.122
212 Summer 42 10.061| 0.008| 0.079 | 0.050 | 0.078| 0.056| 0.095]| 0.116
212 Fall 43 ]0.011] 0.005| 0.027 | 0.031 | 0.030| 0.031| 0.061 | 0.078
213 Winter 38 |0.040| 0.018| 0.074 | 0.070 | 0.077| 0.079| 0.139 | 0.157
213 Spring 42 10.014]| 0.005| 0.026 | 0.035 | 0.025| 0.051| 0.036 | 0.186
213 Summer 42 1 0.005]| 0.005| 0.007 | 0.008 | 0.008| 0.012| 0.011 | 0.044
213 Fall 43 |0.006| 0.005| 0.008 | 0.011 | 0.008| 0.017| 0.011 | 0.058
215G Winter 28 |0.009|0.005| 0.015 | 0.012 | 0.019| 0.014| 0.040 | 0.043

215G Spring 32 | 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.006| 0.005 | 0.021

215G | Summer 32 | 0.005| 0.005| 0.005 | 0.006 | 0.005| 0.014 | 0.008 | 0.082

N[OOI N0 (NN (N[00 |N| O

215G Fall 31 | 0.005| 0.005| 0.009 | 0.005 | 0.010| 0.006| 0.018 | 0.018
216 Winter 38 |0.033|0.017| 0.046 | 0.046 | 0.047| 0.051| 0.070 | 0.119
216 Spring 42 10.014| 0.005| 0.028 | 0.028 | 0.027| 0.040| 0.040 | 0.133
216 Summer 42 1 0.015| 0.007| 0.042 | 0.026 | 0.043| 0.034| 0.078 | 0.096
216 Fall 42 1 0.005]| 0.005| 0.005 | 0.009 | 0.007| 0.013| 0.018 | 0.030
BC Winter 38 |0.006| 0.005| 0.012 | 0.012 | 0.021| 0.018 | 0.070 | 0.099
BC Spring 42 10.005| 0.005| 0.007 | 0.009 | 0.009| 0.012| 0.020 | 0.043
BC Summer 34 |0.030| 0.005| 0.060 | 0.025 | 0.054| 0.030| 0.072 | 0.072
BC Fall 36 = 0.005 = 0.005 = 0.016 - 0.114

GATE | Winter 8 38 | 0.005| 0.005| 0.005 | 0.005 | 0.007| 0.007 | 0.014 | 0.024
GATE Spring 6 42 | 0.005| 0.005| 0.005 | 0.005 | 0.005| 0.006| 0.006 | 0.014
GATE | Summer| 7 39 |0.034| 0.005| 0.050 | 0.007 | 0.052| 0.015| 0.076 | 0.115
GATE Fall 5 41 | 0.005| 0.005| 0.005 | 0.005 | 0.010| 0.011| 0.032 | 0.055
211A1 Winter 8 21 | 0.005| 0.005| 0.017 | 0.020 | 0.017| 0.017 | 0.025 | 0.026
211A1 Spring 6 19 | 0.005| 0.005| 0.011 | 0.005 | 0.010| 0.011| 0.015 | 0.037
211A1 | Summer| 7 19 | 0.025| 0.005| 0.074 | 0.022 | 0.069| 0.047| 0.119| 0.113
211A1 Fall 6 18 | 0.005| 0.005| 0.005 | 0.006 | 0.010| 0.014| 0.028 | 0.070
211BX | Winter 8 20 | 0.005| 0.005| 0.010 | 0.010 | 0.015| 0.009| 0.035 | 0.017
211BX Spring 6 19 | 0.005| 0.005| 0.005 | 0.005 | 0.007| 0.008| 0.011| 0.030
211BX | Summer| 7 19 |0.042| 0.005| 0.084 | 0.032 | 0.075| 0.045| 0.111| 0.102
211BX Fall 6 18 | 0.005| 0.005| 0.005 | 0.005 | 0.014| 0.014 | 0.047 | 0.060
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Table28. Seasonal statistics foitrate measured in Ware River Watershed tributary sites

Nitrate (mg/L)

Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
101 Winter 6 33 |0.016| 0.012| 0.033 | 0.040 | 0.031| 0.038| 0.048]| 0.068
101 Spring 7 32 | 0.005| 0.005| 0.009 | 0.010 | 0.016| 0.021| 0.060]| 0.105
101 Summer| 6 33 | 0.029| 0.006| 0.035 | 0.019 | 0.037 | 0.021 | 0.051| 0.048
101 Fall 7 35 | 0.005| 0.005| 0.006 | 0.010 | 0.009| 0.011| 0.019]| 0.028
102 Winter 1 13 | 0.017| 0.013| 0.017 | 0.025 | 0.017| 0.024| 0.017| 0.031
102 Spring 1 14 | 0.010| 0.005| 0.010 | 0.008 | 0.010| 0.011| 0.010| 0.026
102 Summer| 1 14 | 0.015| 0.005| 0.015 | 0.016 | 0.015| 0.018| 0.015| 0.033
102 Fall 1 15 | 0.008| 0.005| 0.008 | 0.012 | 0.008 | 0.013| 0.008| 0.021
103A Winter 1 35 |0.037|0.010| 0.037 | 0.065 | 0.037 | 0.054| 0.037| 0.092
103A Spring 1 33 |0.022| 0.005| 0.022 | 0.032 | 0.022| 0.041| 0.022| 0.115
103A | Summer| 1 38 |0.051|0.005| 0.051 | 0.026 | 0.051| 0.032| 0.051| 0.071
103A Fall 1 39 |0.012|0.005| 0.012 | 0.009 | 0.012| 0.011| 0.012]| 0.041
107A Winter 1 35 |0.009(0.011| 0.009 | 0.036 | 0.009 | 0.037| 0.009| 0.070
107A Spring 1 33 |0.014| 0.005| 0.014 | 0.015 | 0.014 | 0.029| 0.014| 0.132
107A | Summer| 1 38 |0.025| 0.005| 0.025 | 0.019 | 0.025| 0.030 | 0.025| 0.158
107A Fall 1 39 |0.015| 0.005| 0.015 | 0.006 | 0.015| 0.012| 0.015| 0.052
108 Winter 1 35 |0.042| 0.012| 0.042 | 0.049 | 0.042 | 0.049| 0.042| 0.078
108 Spring 1 34 |0.026|0.008| 0.026 | 0.028 | 0.026 | 0.037| 0.026| 0.122
108 Summer| 1 38 |0.037|0.005| 0.037 | 0.034 | 0.037| 0.031| 0.037| 0.082
108 Fall 1 39 |0.023|0.005| 0.023 | 0.010 | 0.023| 0.012| 0.023| 0.034
121 Winter 1 33 |0.041| 0.006| 0.041 | 0.056 | 0.041 | 0.054 | 0.041| 0.130
121 Spring 1 35 | 0.056| 0.005| 0.056 | 0.010 | 0.056 | 0.016 | 0.056| 0.081
121 Summer| 1 36 | 0.006| 0.005| 0.006 | 0.010 | 0.006 | 0.015| 0.006| 0.092
121 Fall 1 41 | 0.014| 0.005| 0.014 | 0.007 | 0.014 | 0.015| 0.014| 0.087
108A Winter 6 38 |0.022| 0.005| 0.042 | 0.048 | 0.041 | 0.049| 0.055]| 0.085
108A Spring 7 40 | 0.011| 0.005| 0.015 | 0.017 | 0.017 | 0.034 | 0.027| 0.102
108A | Summer| 6 39 |0.005|0.005| 0.012 | 0.010 | 0.011| 0.012| 0.017| 0.026
108A Fall 7 38 | 0.005| 0.005| 0.009 | 0.007 | 0.013| 0.030| 0.039]| 0.496
108B Winter 6 38 | 0.066|0.013| 0.086 | 0.068 | 0.086 | 0.062| 0.107| 0.102
108B Spring 7 39 |0.041|0.009| 0.059 | 0.049 | 0.108 | 0.079| 0.406| 0.543
108B | Summer| 6 38 | 0.026|0.009| 0.065 | 0.073 | 0.117| 0.074| 0.399| 0.174
108B Fall 7 38 |0.056|0.011| 0.079 | 0.064 | 0.107 | 0.069| 0.170| 0.177
108C Winter 6 38 10.015]/ 0.005| 0.028 | 0.025 | 0.054 | 0.026] 0.133| 0.062
108C Spring 7 39 | 0.006| 0.005| 0.018 | 0.039 | 0.016| 0.034 | 0.029| 0.058
108C | Summer| 6 39 | 0.005| 0.005| 0.013 | 0.036 | 0.030| 0.073| 0.120| 0.227
108C Fall 7 36 | 0.005| 0.005| 0.053 | 0.029 | 0.071| 0.056| 0.140| 0.192
117 Winter 6 - 0.005 - 0.011 - 0.024 - 0.058 -
117 Spring 7 - 0.005 - 0.005 - 0.007 - 0.016 -
117 Summer 6 - 0.005 - 0.005 - 0.005 - 0.006 -
117 Fall 2 - 0.005 - 0.005 - 0.005 - 0.005 -
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3.2.5.1.3 TotalKjeldahl Nitrogen

Total Kjeldahl Nitrogen (TKBHncentrations in Quabbin Reservoir Watershed Core tributary sites
ranged from 0.1 to &79mg/L in 202 (Table29). TKN concentrations in Ware River Watershed
Core tributary sites ranged from 0.1 td893mg/L during 202 (Table30). TKN dynamics in Core
tributaries in the Quabbin Reservoir and Ware River Watersheds loosely mirrored that of TP and
organic content, with enrichment during summmonths coinciding with biological productivity

and vegetative growth cyclégigure24). Median summer results were slightly elevated in 2024
relative to historical summer medians at several sites across both watersheds (101, 211, 212,
213, 215G, 216, GATE). A new spring TKN maximum was recorded at the Ware River at Shaft 8
Intake (site 101 2023 (0.619 mg/L on May 28, 2024). Periodic elevated TKN results in the spring
and summer documented at sites across watersheds were mostly attributed to samples collected
during or following rainfall events. Thecreased turbulence and mixing of water during high flow
eventsfollowing precipitationcan resuspend sediment and organic matter from the streambed,
releasing stored nutrients like TKN into the watetumn.Fall results were lower than normal at
several sitesq.g.,211, 212, 213, 216, 101)d to decreased streamflow and subsequent nutrient
transport during the 2024 drought period. Above normal TKN concentrations were observed in
results at numerous sites in the Quabbin Reservoir Watersbed, 212, 216, GATE, BC) during

the Dec 30 rairon-snow event Monitoring results of TKN from 2024 reflect the importance of
seasonal hydrological dynamics in influencing TKN transport, particularly the role of precipitation
events in nutrient mobilization during the growing season, as well as the impadtoaght
conditions on nutrient availability in the fall. Continued nutrient monitoring at these tributaries
provide insights into how changing weather patterns and climatic conditions, (eaging
seasonal drought and flood cycles) may affect nitrogen dynamics in these forested watersheds.
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Figure24. Time series and boxplots of 2DZKN results (bludyom tributary monitoring sites

O2YLI NBR F3lFAyad SI OK Bhadgrdy Shaded BENd3 répresest fnonthlg O 2 NR
interquartile range (28 to 75" percentile) for the period of record at each locatiBark gray

site labels correspond to Core sampling locations; light gray site labels correspond to EQA
sampling locations.
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Table 29. Seasonal statistics for Total Kjeldahl Nitrogen measured in the Quabbin Reservoir
Watershed tributary siteduring 2024 compared to the period of record (P@Rjection limits
for TKN werédess thar0.100 mg/L.

Total Kjeldahl Nitrogen (mg/L)

Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR

211 Winter 8 38 |0.100| 0.060| 0.105 | 0.100 | 0.123| 0.119| 0.181| 0.281

211 Spring 42 10.100| 0.071| 0.121 | 0.100 | 0.156| 0.108 | 0.328| 0.187
211 Summer 45 ] 0.165| 0.068| 0.213 | 0.160 | 0.249| 0.187 | 0.515]| 0.520
211 Fall 43 |0.100| 0.086| 0.100 | 0.146 | 0.102| 0.148| 0.110]| 0.219
212 Winter 37 |0.100| 0.057| 0.132 | 0.100 | 0.168| 0.120| 0.442]| 0.358
212 Spring 42 10.100| 0.047| 0.112 | 0.100 | 0.164| 0.123| 0.360| 0.387
212 Summer 44 1 0.190| 0.100| 0.260 | 0.186 | 0.268| 0.215| 0.454| 0.653
212 Fall 43 ]0.100| 0.073| 0.100 | 0.128 | 0.111| 0.143] 0.159| 0.257
213 Winter 38 |0.100| 0.100| 0.145 | 0.137 | 0.156| 0.159| 0.202| 0.402
213 Spring 42 10.101] 0.100| 0.169 | 0.157 | 0.182] 0.169| 0.280| 0.330
213 Summer 43 |0.263| 0.190| 0.312 | 0.303 | 0.333| 0.302 | 0.516]| 0.504
213 Fall 43 |0.126] 0.133| 0.171 | 0.231 | 0.178| 0.248 | 0.238| 0.426
215G Winter 28 | 0.100| 0.100| 0.232 | 0.219 | 0.262| 0.228 | 0.462| 0.392

215G Spring 32 |0.100| 0.135| 0.210 | 0.220 | 0.235| 0.263 | 0.393| 0.617

215G | Summer 34 |0.415| 0.268| 0.554 | 0.410 | 0.528| 0.400| 0.679| 0.567

N[OOI N0 (NN (N[00 |N| O

215G Fall 31 |0.330| 0.191| 0.366 | 0.325 | 0.373| 0.339| 0.455]| 0.713
216 Winter 38 |0.129| 0.100| 0.190 | 0.176 | 0.217| 0.207 | 0.388| 0.348
216 Spring 42 10.109| 0.100| 0.197 | 0.171 | 0.212]| 0.183| 0.333| 0.311
216 Summer 43 ]0.233| 0.016| 0.345 | 0.304 | 0.333| 0.304 | 0.385]| 0.441
216 Fall 43 |0.136] 0.151| 0.180 | 0.243 | 0.173] 0.251 | 0.196]| 0.480
BC Winter 38 |0.100| 0.054| 0.125 | 0.149 | 0.174| 0.153| 0.425] 0.275
BC Spring 42 10.100| 0.066| 0.138 | 0.113 | 0.146| 0.131] 0.221| 0.242
BC Summer 36 |0.100| 0.100| 0.214 | 0.205 | 0.210| 0.237| 0.305| 0.562
BC Fall 37 = 0.100 = 0.168 = 0.203 = 0.450

GATE | Winter 8 38 |0.100| 0.035| 0.100 | 0.091 | 0.132| 0.097| 0.330| 0.295
GATE Spring 6 42 ] 0.100| 0.044| 0.100 | 0.100 | 0.116| 0.089| 0.193| 0.146
GATE | Summer| 7 40 | 0.107| 0.063| 0.180 | 0.126 | 0.199| 0.175| 0.369| 0.916
GATE Fall 6 42 | 0.100| 0.061| 0.100 | 0.100 | 0.100| 0.114 | 0.100| 0.302
211A1 | Winter 8 21 | 0.100| 0.100| 0.100 | 0.100 | 0.118| 0.180| 0.177 | 0.498
211A1 Spring 6 19 | 0.100| 0.100| 0.100 | 0.100 | 0.132| 0.118| 0.198| 0.331
211A1 | Summer| 7 20 | 0.100| 0.100| 0.153 | 0.155 | 0.147| 0.198| 0.212| 0.543
211A1 Fall 6 18 | 0.100| 0.100| 0.100 | 0.133 | 0.103| 0.138| 0.116| 0.219
211BX | Winter 8 20 | 0.100| 0.100| 0.106 | 0.100 | 0.125| 0.140| 0.231| 0.342
211BX Spring 6 19 |0.100| 0.100| 0.100 | 0.100 | 0.133| 0.119| 0.228| 0.348
211BX | Summer| 7 20 |0.129|0.100| 0.176 | 0.133 | 0.178| 0.161 | 0.276| 0.505
211BX Fall 6 18 | 0.100| 0.100| 0.100 | 0.100 | 0.102| 0.111| 0.110/| 0.199
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Table30. Seasonal statistics fAtKNmeasured in th&Vare River Watershed tributary sites.

Total Kjeldahl Nitrogen (mg/L)

Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
101 Winter 5 33 |0.173]0.139| 0.227 | 0.210 | 0.216| 0.223| 0.275]| 0.391
101 Spring 7 32 |0.100| 0.100| 0.205 | 0.186 | 0.260| 0.191| 0.619| 0.337
101 Summer| 5 34 |0.380| 0.168| 0.426 | 0.346 | 0.428| 0.350| 0.495| 0.626
101 Fall 7 34 |0.100| 0.124| 0.211 | 0.280 | 0.211| 0.278| 0.297| 0.459
102 Winter 1 1 0.139| 0.096| 0.139 | 0.128 | 0.139| 0.133| 0.139]| 0.232
102 Spring 1 1 0.153| 0.092| 0.153 | 0.133 | 0.153| 0.156 | 0.153| 0.307
102 Summer| 1 1 0.207| 0.100| 0.207 | 0.169 | 0.207 | 0.203 | 0.207 | 0.404
102 Fall 1 1 0.167| 0.102| 0.167 | 0.183 | 0.167 | 0.219| 0.167 | 0.499
103A Winter 1 35 |0.188|0.117| 0.188 | 0.180 | 0.188| 0.192| 0.188| 0.391
103A Spring 1 33 |0.165|0.097| 0.165 | 0.168 | 0.165| 0.175| 0.165| 0.271
103A | Summer| 1 37 10.332|0.175| 0.332 | 0.324 | 0.332| 0.351| 0.332] 0.971
103A Fall 1 38 |0.340| 0.137| 0.340 | 0.269 | 0.340| 0.289| 0.340| 0.513
107A Winter 1 35 |0.352|0.122| 0.352 | 0.219 | 0.352| 0.248| 0.352| 0.526
107A Spring 1 33 |0.191| 0.100| 0.191 | 0.219 | 0.191| 0.236| 0.191| 0.480
107A | Summer| 1 37 |10.311] 0.327| 0.311 | 0.422 | 0.311| 0.440| 0.311| 0.926
107A Fall 1 38 |0.420| 0.185| 0.420 | 0.382 | 0.420| 0.379| 0.420| 0.511
108 Winter 1 35 |0.246| 0.101| 0.246 | 0.208 | 0.246| 0.224 | 0.246| 0.381
108 Spring 1 34 |0.196| 0.100| 0.196 | 0.205 | 0.196| 0.211| 0.196| 0.386
108 Summer| 1 37 |0.403|0.281| 0.403 | 0.375 | 0.403| 0.389| 0.403| 0.541
108 Fall 1 38 |0.341|0.182| 0.341 | 0.311 | 0.341| 0.313| 0.341| 0.478
121 Winter 1 33 | 0.306| 0.179| 0.306 | 0.259 | 0.306| 0.287| 0.306 | 0.644
121 Spring 1 35 |0.172| 0.122| 0.172 | 0.250 | 0.172| 0.253| 0.172| 0.398
121 Summer| 1 35 |0.407|0.187| 0.407 | 0.399 | 0.407| 0.436| 0.407| 0.766
121 Fall 1 40 | 0.360| 0.263| 0.360 | 0.352 | 0.360| 0.369 | 0.360| 0.591
108A Winter 5 38 |0.185| 0.119| 0.266 | 0.224 | 0.299| 0.229| 0.480| 0.399
108A Spring 7 38 |0.145] 0.124| 0.217 | 0.204 | 0.274| 0.236| 0.656 | 0.638
108A | Summer| 5 36 | 0.427]0.309| 0.464 | 0.434 | 0.482| 0.442| 0.539| 0.698
108A Fall 7 38 |0.245]0.217| 0.314 | 0.331 | 0.339| 0.323| 0.477| 0.491
108B Winter 5 38 |0.240| 0.100| 0.347 | 0.276 | 0.487 | 0.308| 0.893| 0.690
108B Spring 7 37 |0.180| 0.100| 0.225 | 0.212 | 0.285| 0.293| 0.664 | 0.687
108B | Summer| 5 36 |0.382|0.251| 0.555 | 0.433 | 0.552| 0.442| 0.691| 0.923
108B Fall 7 38 |0.281|0.172| 0.363 | 0.265 | 0.389| 0.302| 0.678| 0.498
108C Winter 5 38 |0.101|0.093| 0.173 | 0.188 | 0.174| 0.186| 0.301| 0.326
108C Spring 7 38 |0.112] 0.129| 0.173 | 0.200 | 0.186| 0.194| 0.334| 0.314
108C | Summer| 5 36 |0.150| 0.091| 0.185 | 0.183 | 0.183| 0.182| 0.210| 0.302
108C Fall 7 36 | 0.100| 0.082| 0.100 | 0.113 | 0.111| 0.148| 0.170| 0.289
117 Winter 5 - 0.212 - 0.371 - 0.357 - 0.584| -
117 Spring 7 - 0.151| - 0.267 - 0.304 - 0.613| -
117 Summer| 5 - 0.623 - 0.655 - 0.650 - 0.673 -
117 Fall 2 - 0.410 - 0.483 - 0.483 - 0.556 -
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3.2.5.2 Total Phosphorus

Total phosphorus (TP) concentrations measured in monitoring tributasfethe Quabbin
Reservoir durin@024ranged fromless than0.006 to 0073 mg/L (Table31). In the Ware River
Watershed, TP concentrations were betwdess than0.005 to 0061 mg/L in 202 (Table32).

In tributaries in the Quabbin Reservoir Watershed and Ware River Watershed, TP concentrations
exhibited distinct seasonality, with generally higher results during the summer and early fall and
comparatively lower during the spring and wint&igure25). These patterns are consistent with
other forested headwater catchments in the NE USA (Lisboa et al., 2020).

Seasonal median concentrations of TP were comparable to the period of record,uwvithes
median TP concentrations lower than averagecertaintributaries of the Ware River Watershed
(103A, 108, 121)IP concentrations in the Ware River Watershed were largely within seasonal
historical ranges at Core monitoring locatioidevated total phosphorousoincidedwith high
discharge events frondocumented spring rain(May) and winter rain-on-snow events
(December)n 2024and resulted in new seasonal maximurg spring(at 211, 212216 and
winter (at 212, 213, 216at certain Quabbin Reservoir Watershéwre tributaries. Quabbin
Reservoir Watershed EQA sites (2411And 211BX) were inconsistently sampled for TP in the
first half of 2024, obscuring seasonal results for these sites in winter and sgangtions in TP
concentrations across Quabbin Reservoir and Ware River Watersheds sites may be partially
attributed to variations in land cover, wetland connectivity, groundwater contributions, and
timing of sample collection relative to hydroeteorologicakvents (Reddy et al., 1999; Lisboa et
al., 2016).
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Table31. Seasonal statistics for total phosphorus measured in the Quabbin Reservoir Watershed
tributary sitesduring 2024 compared tthe period of record (POR)etection limits for TP were
0.005 mg/L.

Total Phosphorus (mg/L)

Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR

211 Winter 8 28 |0.005|0.005| 0.005 | 0.009 | 0.008| 0.01 | 0.02 | 0.018
211 Spring 31 | 0.005| 0.005| 0.006 0.01 | 0.011| 0.011| 0.03 | 0.024
211 Summer 31 |0.007|0.006f 0.011 | 0.013 | 0.011| 0.015| 0.014| 0.044
211 Fall 29 |0.005| 0.005| 0.006 0.01 | 0.007| 0.011| 0.009 | 0.022
212 Winter 27 |0.005|0.005| 0.006 | 0.011 | 0.013] 0.012| 0.05 | 0.028
212 Spring 31 | 0.005|0.005| 0.012 | 0.014 | 0.022| 0.013| 0.073| 0.023
212 Summer 31 |0.015]/0.011| 0.021 | 0.019 | 0.021| 0.024 | 0.027 | 0.093
212 Fall 29 |0.005| 0.007| 0.01 0.014 | 0.01 | 0.017| 0.016 | 0.045
213 Winter 28 |0.005| 0.005| 0.007 | 0.012 | 0.009| 0.013| 0.018| 0.032
213 Spring 31 |0.005|0.005| 0.012 | 0.013 | 0.012| 0.013| 0.019| 0.025
213 Summer 31 |0.013]|0.008| 0.021 | 0.021 | 0.02 | 0.021| 0.023| 0.039
213 Fall 29 |0.007|0.008| 0.012 | 0.016 | 0.013| 0.016| 0.019| 0.037

215G Winter 27 |0.005|0.007| 0.005 | 0.014 | 0.012| 0.013| 0.025| 0.02

215G Spring 32 | 0.006| 0.007| 0.011 | 0.013 | 0.012| 0.013| 0.021| 0.027

215G | Summer 34 |0.016]| 0.009| 0.023 | 0.022 | 0.022| 0.022 | 0.026 | 0.032

N[OOI (N0 (N0 (DN (N[00 |N|O

215G Fall 31 |0.015|0.009| 0.017 | 0.017 | 0.018| 0.017 | 0.022| 0.024
216 Winter 28 |0.005| 0.005| 0.007 | 0.014 | 0.012| 0.015| 0.039| 0.054
216 Spring 31 |0.008|0.007| 0.011 | 0.016 | 0.015| 0.015| 0.03 | 0.022
216 Summer 31 |0.016| 0.009| 0.022 | 0.024 | 0.023| 0.024 | 0.033| 0.045
216 Fall 29 |0.007| 0.01 | 0.011 | 0.015 | 0.01 | 0.017| 0.013| 0.044
BC Winter 28 |0.005| 0.007| 0.007 | 0.014 | 0.012| 0.015| 0.035| 0.031
BC Spring 31 |0.007|0.007| 0.009 | 0.018 | 0.011| 0.018| 0.017| 0.031
BC Summer 28 |0.013|0.008| 0.021 | 0.021 | 0.02 | 0.023| 0.026 | 0.061
BC Fall 28 = 0.008 - 0.017 = 0.019 - 0.037

GATE | Winter 28 |0.005| 0.005| 0.005 | 0.009 | 0.01 | 0.009| 0.031| 0.017

GATE | Spring 31 | 0.005| 0.005| 0.005 0.01 | 0.007| 0.01 | 0.016| 0.017

GATE | Summer 29 |0.012| 0.005| 0.015 | 0.013 | 0.015] 0.02 | 0.02 | 0.129

GATE Fall 28 |0.008| 0.005| 0.013 | 0.014 | 0.012| 0.013| 0.015| 0.025

8

6

7

6
211A1 Winter 3 12 | 0.005| 0.005| 0.014 | 0.007 | 0.013| 0.008| 0.02 | 0.012
211A1 Spring 1 8 0.005| 0.005| 0.005 | 0.007 | 0.005| 0.007| 0.005| 0.011
211A1 | Summer| 7 5 0.007| 0.008| 0.01 0.01 | 0.011| 0.013| 0.015| 0.021
211A1 Fall 6 7 0.006| 0.012| 0.01 0.017 | 0.01 | 0.017| 0.014 | 0.023
211BX | Winter 3 11 | 0.008| 0.006| 0.014 | 0.007 | 0.016| 0.008| 0.024 | 0.011
211BX Spring 1 8 0.005| 0.005| 0.005 | 0.007 | 0.005| 0.008| 0.005| 0.011
211BX | Summer| 7 5 0.007| 0.008| 0.012 | 0.009 | 0.011| 0.011| 0.024| 0.017
211BX Fall 6 7 0.006| 0.011| 0.007 | 0.014 | 0.009| 0.014| 0.015| 0.019
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Table32. Seasonal statistics fAPmeasured in Ware River Watershed tributary sites

Total Phosphorus (mg/L)

Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
101 Winter 5 27 | 0.005|0.007| 0.006 | 0.014 | 0.01 | 0.014| 0.02 | 0.026
101 Spring 7 28 | 0.007|0.007| 0.009 | 0.014 | 0.013| 0.014| 0.027| 0.026
101 Summer| 6 27 |0.005|0.018| 0.03 0.027 | 0.028| 0.03 | 0.043]| 0.059
101 Fall 7 28 | 0.015|0.009| 0.02 0.021 | 0.019| 0.022| 0.025| 0.044
102 Winter 1 13 [0.022| 0.01 | 0.022 | 0.018 | 0.022| 0.017 | 0.022| 0.026
102 Spring 1 14 | 0.013| 0.011| 0.013 | 0.016 | 0.013| 0.02 | 0.013| 0.046
102 Summer| 1 14 | 0.013| 0.022| 0.013 | 0.028 | 0.013| 0.028| 0.013| 0.038
102 Fall 1 15 | 0.019| 0.014| 0.019 | 0.028 | 0.019| 0.033| 0.019| 0.145
103A Winter 1 24 | 0.014| 0.008| 0.014 | 0.013 | 0.014| 0.014| 0.014| 0.029
103A Spring 1 23 | 0.022| 0.007| 0.022 | 0.013 | 0.022| 0.013| 0.022| 0.027
103A | Summer| 1 24 | 0.014| 0.019| 0.014 | 0.027 | 0.014| 0.028| 0.014| 0.045
103A Fall 1 24 |0.019|0.011| 0.019 | 0.024 | 0.019| 0.023| 0.019| 0.04
107A Winter 1 24 | 0.021| 0.007| 0.021 | 0.013 | 0.021| 0.014 | 0.021| 0.02
107A Spring 1 24 | 0.009|0.009| 0.009 | 0.013 | 0.009| 0.014 | 0.009| 0.025
107A | Summer| 1 24 | 0.006|0.017| 0.006 | 0.026 | 0.006| 0.026| 0.006| 0.043
107A Fall 1 24 |0.014| 0.01 | 0.014 | 0.022 | 0.014| 0.022| 0.014| 0.036
108 Winter 1 24 | 0.015| 0.006| 0.015 | 0.012 | 0.015| 0.013| 0.015| 0.034
108 Spring 1 24 | 0.008| 0.008| 0.008 | 0.011 | 0.008| 0.012| 0.008| 0.024
108 Summer| 1 24 | 0.005|0.016| 0.005 | 0.023 | 0.005| 0.024 | 0.005| 0.043
108 Fall 1 24 | 0.016| 0.008| 0.016 0.02 | 0.016| 0.021| 0.016| 0.041
121 Winter 1 26 | 0.017|0.008| 0.017 | 0.013 | 0.017| 0.013| 0.017| 0.02
121 Spring 1 27 | 0.008| 0.005| 0.008 | 0.013 | 0.008| 0.016| 0.008| 0.036
121 Summer| 1 27 | 0.005|0.015| 0.005 | 0.026 | 0.005| 0.028 | 0.005| 0.056
121 Fall 1 28 | 0.013| 0.01 | 0.013 | 0.016 | 0.013| 0.021| 0.013| 0.056
108A Winter 5 19 | 0.005|0.008| 0.008 | 0.015 | 0.02 | 0.014| 0.061| 0.021
108A Spring 7 20 | 0.006| 0.008| 0.008 | 0.015 | 0.012| 0.015| 0.026| 0.031
108A | Summer| 6 18 |0.011|0.018| 0.028 | 0.028 | 0.026| 0.031| 0.033| 0.093
108A Fall 7 19 | 0.009|0.007| 0.017 | 0.017 | 0.016| 0.018| 0.019| 0.024
108B Winter 5 19 | 0.006| 0.007| 0.008 | 0.015 | 0.012| 0.016| 0.023| 0.025
108B Spring 7 20 | 0.007| 0.009| 0.009 | 0.015 | 0.012| 0.017 | 0.023| 0.046
108B | Summer| 6 18 | 0.005| 0.013| 0.029 | 0.025 | 0.026| 0.04 | 0.034| 0.224
108B Fall 7 19 | 0.009| 0.006| 0.019 | 0.013 | 0.017| 0.015| 0.025| 0.023
108C Winter 5 19 | 0.005| 0.005| 0.005 | 0.009 | 0.007| 0.009| 0.01 | 0.014
108C Spring 7 20 | 0.005| 0.005| 0.005 0.01 | 0.006| 0.01 | 0.009| 0.015
108C | Summer| 6 18 | 0.005| 0.005| 0.007 | 0.009 | 0.007| 0.009| 0.008| 0.016
108C Fall 7 19 | 0.005| 0.005| 0.006 | 0.009 | 0.007| 0.009| 0.012| 0.013
117 Winter 5 - 0.005 - 0.005 - 0.01 - 0.021 -
117 Spring 7 - 0.006 - 0.009 - 0.009 - 0.014| -
117 Summer| 6 - 0.005 - 0.022 - 0.02 - 0.026 -
117 Fall 2 - 0.01 - 0.015 - 0.015 - 0.02 -
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Figure 25. Time series and boxplots of 2D®tal phosphorusresults (blue)from tributary

monitoring sitesO2 YLJr NBR | 3 Ayad St OK dHegdyshadedlfaNds2 R 2 ¥
represent monthly interquartile range (%0 75" percentile) for the period of record at each
location.The horizontal dashed grey line corresponds to laboratory detection limits (0.005 mg/L).

Dark gray site labels correspond to Core sampling locations; light gray site labels correspond to
EQA sampling locations.
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3.2.6 Total Organic Carboand UV:s4

3.2.6.1 Total Organic Carbon

Total organic carbon (TOC) was introduced to DWSP monitoring programs in 2021 as an
additional proxy for understanding disinfectidnyproduct precursor potential of source waters

in the QuabbirReservoir Watershe(Golea et al., 2017). TOC was monitoesdry two weeksn

Core tributaries in the QuabbiReservoir Watersheteginning in 2021TOC was added to site
101 (Ware River at Shaft 8 Intake) and EQA sites beginning in 2023 amhual monitoring
continues to inform the full range of variability obricentrations of TOC in time and space
throughout the Quabbin Reservoir and Ware River watersheds, with limited insight inte long
term patterns. However, when considered with historical observations of meassUlese
analytes provide insightegarding the quantity and type of organic matter, as well as controls on
its transport at the catchment sca{@&arveyand Tobiason, 2003jlighresolution concentrations

of TOC, in tandem with Ws4absorbance and streamflow data, may elucidate potential hot spots
or hot moments of organic carbon loading to Quabbin Reservoir.

Concentrations of TOC ranged frond 10 12.8 mg/L intributaries of the Quabbin Reservoir
Watershed and site 101 of the Ware River Watershed ird202ble 33). Median seasonal
monitoring results for TOC in 20%vere generally comparable or lower to those observed from
the previous hree years of monitoring forQuabbin Core site®(g.,211, 212, 213, 215G, 216,
GATE, and BC, segure26). Some notable exceptions are 2024 summer medians at 215G (0.66
mg/L above historical summer median) and 216 (1.11 mg/L above historical summer median).
Overall lower annual medians compared to the period of record observations can be in part
attributed to the consistent below normal fall TOC concentration at multiple Quabbin Reservoir
Core sites. This prolonged drought period of limited rainfall and low streamflow flow conditions
allowed for accumulation of fall ledéll and detritus within exposed streamhannels and
streambanks. The return of precipitation in the winter, combined with s@wsnow flood
dynamics, lead t@an end-of-year pulse in TOC exppdnd new winter maximum TOQgere
recorded at numerous sites in 2024 (211, 215G, 216, BC, GE® new winter maximums

were most pronounced at the lowrder streams of Quabbiri.e.,Boat Cove Brook (site BC) and
Gates Brook (site GATRyhere winter maximums were 6.24 and 4.84 mg/L higher than previous
years. Seasonal average concentrations of total organic carbon were lower at Ware River Shaft 8
monitoring location (site 101) in its second year of monitoring, highlighting the impatahc
multi-year monitoring for understanding the full range of seasonal variability under different
hydrologicakonditions(e.g, extreme precipitation in summer 2023, prolonged drought in 2024,
etc.).
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Quabbin Reservoir and Ware River Watersheds
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Figure26. Time series and boxplots of 2D@tal organic carbon results (blugpm tributary

monitoring site02 YLI NBR | 3FAyad SI OK Thdgia DadedISNh 2R 2 F
represent monthly interquartile range (25th to 75th percentile) for the period of record at each
location Dark gray site labels correspond to Core sampling locations; light gray site labels
correspond to EQA samplitagations.
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Table33. Seasonal statistics for total organic carbon measured in the Quabbin Res@avoir
Ware RiveWatershed tributary siteduring 2024 compared to the period of record (POR)
Total Organic Carbon (mg/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
211 Winter 8 17 211|179 2.70 2.80 3.38 | 293 | 6.54 | 5.39
211 Spring 6 21 192]|202| 272 2.73 2.69 | 292 | 3.28 | 4.54
211 Summer| 7 21 249 | 1.38| 3.46 3.38 375 | 3.84 | 6.27 | 7.74
211 Fall 6 18 195|270 2.37 3.76 249 | 437 | 3.24 | 7.68
212 Winter 7 17 1.83| 1.32| 2.33 2.26 258 | 237 | 3.92 | 4.22
212 Spring 6 21 1.72 | 1.58| 2.37 2.52 2.60 | 263 | 3.96 | 4.04
212 Summer| 7 20 3.08| 241| 3.56 3.48 358 | 401 | 461 | 7.90
212 Fall 6 18 1.86 | 254 | 2.32 3.41 243 | 3.75 | 3.10 | 6.45
213 Winter 8 18 221|196| 3.05 3.23 3.57 | 3.37 | 581 | 5.97
213 Spring 6 21 237|231 2.89 3.40 3.13 | 3.76 | 4.00 | 6.22
213 Summer| 7 21 3.65| 4.28| 4.47 5.05 458 | 556 | 5.85 | 8.36
213 Fall 6 18 2.31| 3.49| 3.55 5.25 3.33 | 541 | 391 | 7.92
215G Winter 8 16 3.05| 3.78| 4.05 5.53 479 | 5,56 | 8.08 | 7.96
215G Spring 6 21 3.33| 3.63| 4.02 4.69 446 | 5.09 | 6.24 | 7.76
215G | Summer| 7 20 6.86 | 6.28| 8.93 8.27 8.46 | 8.60 | 9.85 | 11.00
215G Fall 6 18 6.65| 6.28| 7.49 8.85 743 | 893 | 8.14 | 10.80
216 Winter 8 18 3.00| 3.44| 4.09 4.69 459 | 470 | 7.10 | 6.77
216 Spring 6 21 3.33| 299 | 3.88 4.22 430 | 453 | 5.79 | 7.00
216 Summer| 7 21 442 | 3.69| 6.26 5.15 6.25 | 6.23 | 7.78 | 10.60
216 Fall 6 17 3.36 | 5.05| 3.89 7.12 3.85 | 7.16 | 4.25 | 12.20
BC Winter 8 18 230| 1.61| 3.23 3.86 470 | 4.02 | 12.80 | 6.56
BC Spring 6 21 231 | 255| 3.20 3.56 3.34 | 3.83 | 4.81 | 6.25
BC Summer| 7 18 2.62| 2.38| 3.61 3.70 3.63 | 495 | 5.37 |14.30
BC Fall - 18 - 3.23 - 4.65 - 5.72 - 13.20
GATE | Winter 7 17 1.86| 1.34| 2.44 2.42 324 | 234 | 7.65 | 2.81
GATE Spring 6 21 1.80|1.82| 251 2.38 253 | 256 | 3.32 | 4.07
GATE | Summer| 7 19 240| 1.77| 2.80 2.93 3.24 | 353 | 5.28 | 9.98
GATE Fall 6 18 1.88|239| 2.39 3.00 259 | 355 | 3,59 | 7.95
211A1 | Winter 8 6 235|226 | 2.75 3.04 3.37 | 3.32 | 6.34 | 5.17
211A1 Spring 6 7 214 | 2.18| 2.71 3.28 2.85 | 3.18 | 3.96 | 4.56
211A1 | Summer| 7 7 247 | 261 | 3.27 4.72 3.38 | 5.16 | 5.24 | 10.50
211A1 Fall 6 6 1.64 | 3.40| 1.92 4.96 212 | 499 | 290 | 6.97
211BX | Winter 8 6 207|181 243 2.45 296 | 2.67 | 5.85 | 4.00
211BX Spring 6 7 2.02|1.81| 2.47 2.81 252 | 262 | 3.12 | 3.41
211BX | Summer| 7 7 2.74| 2.35| 3.06 3.64 3.17 | 418 | 3.66 | 9.45
211BX Fall 6 6 140 | 2.82| 2.07 3.62 245 | 398 | 4.85 | 6.71
101 Winter 6 5 2.93 | 3.69| 4.07 4,52 427 | 461 | 6.32 | 5.42
101 Spring 7 7 3.34 | 353 | 4.35 4.86 420 | 4.89 | 5.28 | 6.43
101 Summer| 6 6 539 | 542 | 6.90 10.25 | 7.05 | 9.81 | 8.79 | 12.20
101 Fall 7 7 354 | 4.74| 3.97 7.04 4,27 | 7.43 | 5.31 | 10.40
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3.2.6.2 UVosy

UVsssabsorbancen Quabbin Reservoir Watershed tributary monitoring sites ranged frod80.0

to 0.58 ABU/cm in 202 (Figure27, Table34). U\és4followed similar seasonal patterns as Total
Organic Carbon in 2@2with resultsgenerally elevated above seasonal averages in the summer
and results below average ifall. Summer medians were slightly elevated across nobghe
Quabbin Reservoir Watershed in 2024 (mean difference of 0.03 ABU/cm compared to period of
record summer medians), with 2024 summer medians more elevated at sites with a higher
proportion of upstream wetland area (216G and 2%6e Table4). A new maximum summer
UVsssreadings vas recordedat East Branch Fever Brook in 2024 (site 215G, 0.582 ABU/cm),
although 2024 summer maximums at other sites were within established historical ranges.
readingsdropped considerably in the fall, as a lack of precipitation and subsequent streamflow
limited in-stream carbon transport processes. Late winter precipitation following prolonged fall
drought conditions lead to a marked increaseUR:s4 readingsacross the Quabbin Reservoir
Watershed tributaries. New wintdd\bssmaxmums were recorded at three Quabbin tributary
monitoring locations (212, BC, GATE) during the DecemBea@®on-snow event in 2024rior

to 2020, U¥sawas measured quarterly in Quabbin Reservoir Watershed Core tributaries (DWSP,
2019a). Thus, some of the variability ini\observed in 202 relative to historical seasonal
ranges may be attributed to differences in sample frequencies, with more frequent samples more
likely to capturehydrologicaldriven variability in stream Wy dynamics.

UVassabsorbance in Ware River Watershed tributary monitoring sites ranged frofd @ @©@.742
ABU/cm in 202 (Table 35, Figure 27imilar to results from the Quabbin watershed sites, and
consistentwith annual TOC seasonal patterns in Ware River WaterdheuageUV-ssreadings

were slightly elevated in the summer and below average in the fall of 2024. Median summer
results were about 0.1 ABU/cm elevated in 2024 at sites along the Ware River (101, 103A, and
107A) in 2024. One new summer maximum was reéed in 2024 (Ware River downstream of
confluence with the Burnshirt, site 103A, 0.594 ABU/ddWess was generally greater in Core
tributaries in theWare River Watershed compared to Core tributaries in the Quabbin Reservoir
Watershed. A greater percentage of wetlands comprises the upstream reaches of Core tributaries
in the Ware River Watershgd@able 4)The timing of seasonal variability in absorbance values of
UVsss was comparable between Ware Rivaard Quabbin Reservoir Watersheds for 2@2.g.,

UVsss absorbance peaked during summer months for both watersheds, coincident with warmer
water temperatures declining values during fall droughtMoreover, historical variations in
sampling frequencies (e.g., quarterly vs. every two weeks) in Core monitoring tributaries in the
Quabbin Reservoir Watershed compared to those in\tth@re River Watershednay serve to

mask interwatershed dfferences in pre2020 data.
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Quabbin Reservoir Watershed Ware River Watershed
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Figure27. Time series and boxplots of 20@Vss4results (blue) from tributary monitoring sites
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interquartile range (25th to 75th percentile) for the period of record at each loc&ank gray

site labels correspond to Core sampling locations; light gray site labels correspond to EQA

sampling locations.
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Table34. Seasonal statistics for i/measured in the Quabbin Reservoir Watershed tributary
sitesduring 2024 compared to the period of record (POR).
Mean U\ss4 Absorbance (ABU/cm)

Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR

211 Winter 8 34 |0.063| 0.066| 0.095 | 0.108 | 0.106| 0.112| 0.164 | 0.226

211 Spring 38 |0.080| 0.060| 0.094 | 0.086 | 0.100| 0.096| 0.123| 0.221
211 Summer 40 |0.122| 0.033| 0.151 | 0.128 | 0.170| 0.150| 0.274| 0.390
211 Fall 36 |0.058|0.041| 0.084 | 0.131 | 0.085| 0.135| 0.111| 0.309
212 Winter 34 |0.052| 0.049| 0.072 | 0.079 | 0.094| 0.082| 0.216| 0.161
212 Spring 38 |0.066| 0.048| 0.076 | 0.078 | 0.098| 0.086 | 0.150| 0.157
212 Summer 39 |0.148| 0.067| 0.202 | 0.167 | 0.198| 0.171| 0.248| 0.279
212 Fall 36 |0.073]0.052| 0.091 | 0.112 | 0.098| 0.117| 0.141| 0.258
213 Winter 34 |0.074|0.072| 0.114 | 0.127 | 0.127] 0.136| 0.212| 0.277
213 Spring 38 |0.097]0.065| 0.111 | 0.116 | 0.131] 0.135| 0.184| 0.292
213 Summer 40 ]0.194]0.182] 0.221 | 0.238 | 0.234| 0.257 | 0.298 | 0.546
213 Fall 36 |0.094|0.124| 0.160 | 0.202 | 0.155| 0.209 | 0.207 | 0.346

215G Winter 28 |0.108| 0.170| 0.190 | 0.270 | 0.223| 0.264 | 0.365 | 0.361

215G Spring 32 |0.130| 0.132| 0.192 | 0.207 | 0.216| 0.218 | 0.347 | 0.342

215G | Summer 34 |0.395|0.262| 0.466 | 0.386 | 0.470| 0.399| 0.582 | 0.547

N[O (N[N0 (D(NO|O|O (N[O |N|O

215G Fall 31 |0.296| 0.230| 0.356 | 0.357 | 0.351| 0.361 | 0.404 | 0.548
216 Winter 34 |0.122]|0.130| 0.176 | 0.217 | 0.189| 0.215| 0.308 | 0.322
216 Spring 38 |0.152|0.108| 0.172 | 0.165 | 0.200| 0.180| 0.310| 0.320
216 Summer 40 |0.263| 0.121| 0.357 | 0.257 | 0.346| 0.283 | 0.462| 0.520
216 Fall 36 |0.119]|0.029| 0.160 | 0.259 | 0.157| 0.249| 0.208 | 0.537
BC Winter 34 |0.068|0.052| 0.138 | 0.153 | 0.195] 0.162 | 0.559| 0.290
BC Spring 38 |0.092|0.080| 0.121 | 0.114 | 0.128| 0.146 | 0.200 | 0.358
BC Summer 34 |0.102| 0.082| 0.147 | 0.137 | 0.143] 0.192| 0.241| 0.587
BC Fall 32 = 0.080 = 0.162 = 0.191 = 0.535

GATE | Winter 8 34 |0.051]|0.041| 0.070 | 0.073 | 0.102| 0.075| 0.288| 0.175
GATE Spring 6 38 |0.070| 0.046| 0.077 | 0.068 | 0.085| 0.076| 0.110| 0.156
GATE | Summer| 7 37 |0.094|0.055| 0.127 | 0.104 | 0.145| 0.124| 0.254 | 0.362
GATE Fall 6 35 |0.074]| 0.062| 0.089 | 0.088 | 0.101| 0.106| 0.148| 0.333
211A1 Winter 8 21 | 0.067|0.059| 0.095 | 0.096 | 0.121| 0.094 | 0.262 | 0.207
211A1 Spring 6 19 | 0.087| 0.044| 0.097 | 0.102 | 0.108| 0.100| 0.146 | 0.154
211A1 | Summer| 7 21 |0.101| 0.086| 0.146 | 0.140 | 0.149| 0.155| 0.223| 0.387
211A1 Fall 6 18 | 0.058| 0.064| 0.072 | 0.148 | 0.079| 0.149| 0.109 | 0.282
211BX | Winter 8 20 | 0.055|0.042| 0.071 | 0.065 | 0.095| 0.065| 0.219| 0.131
211BX Spring 6 19 | 0.066| 0.043| 0.072 | 0.074 | 0.081| 0.075| 0.104 | 0.103
211BX | Summer| 7 21 |0.110| 0.052| 0.135 | 0.096 | 0.134| 0.112| 0.158| 0.333
211BX Fall 6 18 | 0.048| 0.050| 0.066 | 0.096 | 0.087| 0.105| 0.186 | 0.254
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Table35. Seasonal statistics for id/measured in the Ware River Watershed tributary sites
during 2024 compared to the period of record (POR).

Mean U\ss4 Absorbance (ABU/cm)

Count| Count| Min Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
101 Winter 6 78 |0.144|0.119| 0.179 | 0.198 | 0.183| 0.206 | 0.252| 0.398
101 Spring 7 76 |0.152|0.114| 0.188 | 0.195 | 0.206 | 0.208 | 0.320| 0.337
101 Summer| 6 78 |0.334|0.132| 0.430 | 0.326 | 0.434 | 0.343 | 0.543]| 0.651
101 Fall 7 77 |0.146| 0.128| 0.200 | 0.272 | 0.201 | 0.294 | 0.297| 0.613
102 Winter 6 18 |0.104| 0.122| 0.138 | 0.204 | 0.136 | 0.204 | 0.162| 0.323
102 Spring 7 20 |0.133|0.141| 0.174 | 0.195 | 0.184 | 0.204 | 0.322| 0.308
102 Summer| 6 19 |0.231|0.117| 0.284 | 0.342 | 0.280 | 0.361| 0.336| 0.726
102 Fall 7 21 |0.067|0.087| 0.112 | 0.325 | 0.109 | 0.322| 0.156| 0.515
103A Winter 6 96 |0.138|0.103| 0.152 | 0.178 | 0.163 | 0.184| 0.221| 0.384
103A Spring 7 113 | 0.147] 0.103| 0.179 | 0.176 | 0.201| 0.191| 0.355| 0.622
103A | Summer| 6 120 | 0.337| 0.150| 0.451 | 0.345 | 0.450| 0.349| 0.594 | 0.587
103A Fall 7 123 | 0.178] 0.136| 0.241 | 0.268 | 0.233| 0.281| 0.308| 0.609
107A Winter 5 100 | 0.189|0.172| 0.217 | 0.270 | 0.233| 0.275| 0.308 | 0.550
107A Spring 7 117 | 0.219| 0.070| 0.277 | 0.273 | 0.296 | 0.289| 0.483| 0.484
107A | Summer| 6 116 | 0.467| 0.155| 0.594 | 0.486 | 0.611| 0.491| 0.742| 0.985
107A Fall 7 122 | 0.213| 0.164| 0.302 | 0.406 | 0.289 | 0.421| 0.419| 0.772
108 Winter 6 115 | 0.131] 0.119| 0.155 | 0.176 | 0.166 | 0.184 | 0.239| 0.312
108 Spring 7 122 | 0.145] 0.116| 0.166 | 0.173 | 0.185| 0.186| 0.292| 0.324
108 Summer| 6 119 | 0.319| 0.204| 0.397 | 0.333 | 0.383| 0.335| 0.446| 0.579
108 Fall 7 122 | 0.159| 0.189| 0.235 | 0.266 | 0.221 | 0.278| 0.296| 0.481
121 Winter 6 38 |0.119| 0.090| 0.141 | 0.146 | 0.141| 0.143| 0.165]| 0.191
121 Spring 7 42 | 0.095| 0.029| 0.121 | 0.125 | 0.144 | 0.136| 0.256| 0.257
121 Summer| 6 42 |0.213| 0.180| 0.264 | 0.243 | 0.255| 0.250| 0.291 | 0.352
121 Fall 7 47 |0.150| 0.139| 0.183 | 0.216 | 0.183 | 0.217| 0.205| 0.312
108A Winter 6 38 |0.133|0.116| 0.150 | 0.165 | 0.182| 0.178| 0.289]| 0.356
108A Spring 7 40 |0.143]0.114| 0.165 | 0.169 | 0.185| 0.179| 0.293| 0.293
108A | Summer| 6 39 |0.320| 0.247| 0.458 | 0.343 | 0.430| 0.351 | 0.484| 0.540
108A Fall 7 38 |0.160| 0.194| 0.238 | 0.263 | 0.241 | 0.272| 0.349]| 0.413
108B Winter 6 38 |0.141|0.104| 0.176 | 0.205 | 0.171| 0.194| 0.187| 0.303
108B Spring 7 39 |0.085|0.077| 0.120 | 0.119 | 0.135| 0.138| 0.234| 0.275
108B | Summer| 6 38 |0.113|0.090| 0.259 | 0.233 | 0.245| 0.226 | 0.296| 0.363
108B Fall 7 38 |0.088|0.070| 0.148 | 0.166 | 0.140| 0.188| 0.195| 0.358
108C Winter 6 38 |0.045|0.051| 0.126 | 0.115 | 0.107 | 0.109| 0.140| 0.134
108C Spring 7 40 |0.092| 0.072| 0.104 | 0.092 | 0.103 | 0.095| 0.113| 0.142
108C | Summer| 6 39 |0.072| 0.052| 0.080 | 0.070 | 0.080| 0.073| 0.089| 0.177
108C Fall 7 36 |0.046| 0.052| 0.051 | 0.081 | 0.063| 0.088| 0.111| 0.137
117 Winter 6 - 0.183 - 0.230 - 0.234 - 0.293 -
117 Spring 7 - 0.165 - 0.216 - 0.236 - 0.326 -
117 Summer| 6 - 0.362 - 0.441 - 0.436 - 0.497 -
117 Fall 2 - 0.219 - 0.284 - 0.284 - 0.349 -
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3.2.7 Alkalinity andpH
3.2.7.1 Alkalinity

Alkalinity analyses were performeguarterly during 202. Alkalinity results among streams in the
Quabbin Reservoir Watershed ranged frorf3o 2790 mg/L in 202 (Table 3§. Quarterly results from
winter, summer, and fall were elevated above historical averages at all Quabbin core tributary monitoring
locations (211, 212, 213, 215G, 216, BC, GATE). Numerous witgeR12, 213, 215G, 216, BC, GATE)
and fall 6ites211, 213, 216, GATE) 2024 results were new maximum alkalinity values at these sites for
these seasondn 2024, the QuabhbiReservoir Watershed experienced elevated alkalinity levels across all
Core tributary monitoring locations, likely influenced by the increapegtipitation and high streamflow
observed in the first half of the year. The recdnigh alkalinity values recorded during winter and &aé
possibly linked to the hydrologic conditions ahigeochemicalnputs associated with the prolonged
drought and subsequent returof precipitation.

Alkalinity results among streams in the Ware River Watershed rangedZré2io 28.60 mg/L in 202
(Table37). Seasonal patterns were similar Quabbin Reservoir Watershed sites. Quarterly monitoring
results from all seasons were elevated comparedh® period of record averages. Numerous record
winter maximum alkalinity concentrations were observed in 2024.(sites 101, 102, 107A, 108, 121).
Interpretation of alkalinity resultssilimited by differences in sampling frequencies of this analyte across
sites in this watershed, with period of record counts varying considerably acrossTsitds37). Temporal
changes in alkalinity concentrations in surface water may be attributed to a variety of factors (e.g., natural
geogenic variability, urbanization and associated chemical weathering of the built environment, acid rain
inputs, or changes in or intduced during sample collection and analy#is) vary both across and within
these watershedsThus, much of the heterogeneity of alkalinity concentrations observed in tributaries
within the Quabbin Reservoir and Ware River Watersheds is likely the result of the interactions of multiple
variable forces, rather than readily attributable to a sindileect cause.
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Table36. Seasonal statistics for alkalinity measured in the Quabbin Reservoir Watershed

tributary sitesduring 2024 compared to the period of record (POR).

Alkalinity (mg/L)

Count| Result| Count | Minimum | Median Mean Max

Location| Season| 2024 | 2024 POR POR POR POR POR
211 Winter 1 2.86 100 1.31 2.61 2.26 2.95
211 Spring 1 1.98 107 1.64 2.36 2.20 2.60
211 Summer| 1 5.64 109 2.85 3.83 4.65 7.03
211 Fall 1 7.55 103 2.64 6.01 5.31 7.04
212 Winter 1 11.10 90 5.22 6.50 6.53 7.68
212 Spring 1 4.26 98 4.16 4.80 4.99 6.24
212 Summer| 1 13.00 102 8.39 9.76 10.99 15.10
212 Fall 1 15.20 97 8.70 11.80 11.73 15.60
213 Winter 1 8.63 100 2.28 5.95 5.26 6.46
213 Spring 1 4.15 104 4.32 5.11 5.24 6.44
213 Summer| 1 1160 108 6.66 11.90 11.60 17.00
213 Fall 1 1730 100 6.48 11.80 10.98 15.10
215G | Winter 1 4.87 12 1.65 3.04 2.96 4.02
215G Spring 1 1.59 13 1.23 1.72 1.90 3.30
215G | Summer| 1 5.50 16 2.12 4.23 4.16 5.97
215G Fall 1 6.38 15 2.26 4.49 4.57 6.39
216 Winter 1 5.75 96 3.04 4.13 4.07 491
216 Spring 1 3.01 104 2.52 3.39 3.38 4.69
216 Summer| 1 6.71 108 3.52 6.22 6.10 7.90
216 Fall 1 8.84 102 4.56 7.71 6.96 8.62
BC Winter 1 27.90 70 11.80 16.20 16.28 21.10
BC Spring 1 10.50 83 10.40 11.10 11.89 14.10
BC Summer| 1 24.28 50 9.10 23.95 22.86 29.20
BC Fall 0 - 47 3.86 26.80 24.12 36.40
GATE | Winter 1 4,79 71 0.05 0.97 0.90 2.19
GATE | Spring 1 0.59 80 0.05 0.73 0.61 1.13
GATE | Summer 1 3.23 79 1.00 2.04 1.81 241
GATE Fall 1 5.57 76 0.76 3.05 2.59 3.67
211A1 | Winter 1 5.37 15 0.65 1.39 1.42 2.58
211A1 | Spring 1 1.24 13 0.85 1.41 1.43 2.00
211A1 | Summer| 1 4.79 15 2.34 4.59 4.38 6.40
211A1 Fall 1 8.73 13 2.79 4.36 5.10 7.91
211BX | Winter 1 5.36 107 0.05 0.89 0.94 2.07
211BX | Spring 1 0.90 103 0.70 1.09 1.09 1.66
211BX | Summer| 1 4.20 115 2.42 4.61 4.55 6.52
211BX Fall 1 7.96 109 1.04 3.67 4.50 7.49
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Table37. Seasonal statistics for alkalinityeasured in the Ware River Watershed tributary sites
during 2024 compared to the period of record (POR).
Alkalinity (mg/L)

Count| Result| Count Min Median Mean Max
Location| Season| 2024 | 2024 POR POR POR POR POR
101 Winter 1 5.35 7 1.39 3.12 2.99 4.45
101 Spring 1 3.41 8 2.85 3.38 3.35 4.19
101 Summer| 1 8.32 8 3.64 7.06 6.81 8.55
101 Fall 1 8.46 7 241 7.29 6.47 8.95
102 Winter 1 6.39 95 3.47 4.01 4.01 4.55
102 Spring 1 4.02 96 3.68 3.96 3.90 4.07
102 Summer| 1 7.52 102 3.20 6.83 5.66 6.95
102 Fall 1 8.50 98 5.24 10.77 10.77 16.30
103A | Winter 1 2.63 7 1.33 2.27 2.77 6.60
103A Spring 1 2.42 13 1.53 2.11 2.34 3.24
103A | Summer| 1 5.73 8 2.99 5.00 5.05 6.30
103A Fall 1 6.62 7 1.96 6.43 6.63 11.40
107A | Winter 1 4.09 7 1.16 2.04 2.02 2.70
107A Spring 1 2.95 12 0.05 2.25 2.15 3.01
107A | Summer| 1 6.77 8 3.06 5.58 5.42 7.10
107A Fall 1 8.51 7 1.09 5.34 4.78 6.86
108 Winter 1 7.18 92 2.55 3.75 3.84 5.84
108 Spring 1 3.75 101 2.25 3.43 3.52 5.53
108 Summer| 1 8.73 101 4.06 9.12 8.79 11.50
108 Fall 1 12.00 98 3.28 8.60 8.31 14.00
121 Winter 1 17.10 108 9.25 11.00 11.36 15.10
121 Spring 1 7.95 110 7.10 9.71 10.23 16.60
121 Summer| 1 17.40 119 9.83 22.60 23.38 44.60
121 Fall 1 28.60 120 7.55 17.00 20.88 37.50
108A | Winter 1 7.96 38 2.09 4.15 4.41 6.43
108A Spring 1 3.35 40 1.64 3.46 3.87 7.53
108A | Summer| 1 8.09 36 2.43 8.74 8.50 12.50
108A Fall 1 10.90 39 3.29 7.76 7.39 11.60
108B Winter 1 4.00 38 2.35 4.22 4.96 10.40
108B Spring 1 4.65 39 1.76 2.84 3.43 8.73
108B | Summer| 1 8.90 35 3.50 4.93 4.77 6.39
108B Fall 1 7.04 39 3.52 4.42 4.81 7.27
108C | Winter 1 12.10 38 2.57 3.15 3.78 10.70
108C Spring 1 3.14 40 1.33 2.81 2.80 4.28
108C | Summer| 1 4.28 36 2.70 4,51 6.49 12.70
108C Fall 1 11.50 37 2.44 12.00 9.26 13.20
117 Winter 1 3.36 - - - - -
117 Spring 1 8.43 - - - - -
117 Summer| 1 13.00 - - - - -
117 Fall 1 5.35 7 1.39 3.12 2.99 4.45
Water Quality Repor2024 99

QuabbinReservoir Watershedare River Watershed



3.2.7.2 pH

The annual precipitatiomveighted mean pH of rainfall within the Quabbin Reservoir watershed
has increased steadily over the past several decaBesd et al., 2021 Spatial variability in
surface water pH across the Quabbin Reservoir waterstmetiWare River watershetiay be
attributed to variations in watershed characteristics such as geogenic varialaitity use, and
meteorologicaldrivers.Data QA/QC for historical records of this parameter are ongoing.

The pH immonitoring tributaries ranged frord.42to 7.43in the Quabbin ReservoWatershed

in 2023and from5.76to 7.18 in the Ware River Watershébable38, Table39). The established
pattern of intersite variability in pH wasbservedin 2024, relative to prior yearsObservations

of pHlargelyfell within historicalseasonalanges at all sites with long term monitoring records
across both watershed®ew recordfall maximums were established at 215G, 216, and 102 in
2024.MassDEP hasstablished a recommended range of pH for the protection of aquatic life
(6.5 to 8.3 SU and within 0.5 SU of the natural background range). Median pH values observed in
monitoring tributaries of both watershexvere within or fell below the minimum standards for

Class A inland waters as established by MasqBBEPto 8.3) in2024 consistent with prior
observations throughout the period of record (DWSP,34)2
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Table38. Seasonal statistics for phieasured in th&uabbin Reservoir Watershed tributary
sitesduring 2024 compared to the period of record (POR).

pH

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
211 Winter 8 260 | 6.00| 4.10| 6.16 6.10 6.19 | 6.07 | 6.35 | 7.23
211 Spring 6 260 | 6.13| 4.85| 6.29 6.03 6.29 | 6.02 | 6.42 | 7.09
211 Summer| 7 263 | 6.26 | 4.40| 6.53 6.30 6.47 | 6.20 | 6.62 | 6.93
211 Fall 6 256 | 6.37|4.90| 6.53 6.13 6.53 | 6.11 | 6.65 | 6.93
212 Winter 8 241 | 6.30 | 4.86| 6.64 6.50 6.64 | 6.47 | 6.89 | 7.38
212 Spring 6 248 | 6.71 | 465| 6.78 6.59 6.80 | 6.53 | 7.00 | 7.64
212 Summer| 7 252 | 7.00| 5.10| 7.05 6.80 7.04 | 6.71 | 7.09 | 7.43
212 Fall 6 241 | 6.86 | 5.56| 7.01 6.68 6.99 | 6.63 | 7.09 | 7.13
213 Winter 8 252 | 5.93|5.01| 6.22 6.10 6.18 | 6.11 | 6.31 | 7.07
213 Spring 6 257 | 6.21| 5.02| 6.35 6.20 6.32 | 6.13 | 6.39 | 7.07
213 Summer| 7 257 | 6.06 | 495| 6.17 6.20 6.14 | 6.16 | 6.22 | 7.20
213 Fall 6 246 | 6.11 | 5.04| 6.24 6.14 6.25 | 6.11 | 6.46 | 6.60
215G Winter 8 27 5.81| 4.80| 5.89 5.66 590 | 5.60 | 6.02 | 6.58
215G Spring 6 32 6.03 | 4.81| 6.06 5.93 6.09 | 5.74 | 6.17 | 6.37
215G Summer| 7 32 576 | 4.77 | 5.85 5.70 5.88 | 5.64 | 6.01 | 6.37
215G Fall 6 31 6.02 | 4.73| 6.13 5.78 6.22 | 5.69 | 6.73 | 6.11
216 Winter 8 257 | 6.42 | 4.77| 6.54 6.40 6.56 | 6.34 | 6.70 | 7.17
216 Spring 6 259 | 6,57 |5.31| 6.74 6.40 6.71 | 6.36 | 6.81 | 7.56
216 Summer| 7 263 | 6.76 | 5.37| 6.87 6.70 6.88 | 6.65 | 6.97 | 7.63
216 Fall 6 252 | 6.83| 5.53| 6.98 6.57 7.00 | 654 | 7.24 | 7.13
BC Winter 8 187 | 6.78 | 4.23| 6.92 6.80 6.96 | 6.73 | 7.14 | 7.71
BC Spring 6 196 | 7.14 | 559 | 7.23 6.92 723 | 6.87 | 7.32 | 7.97
BC Summer| 7 163 | 7.32 | 5.69| 7.41 7.14 740 | 7.05 | 7.43 | 7.84
BC Fall - 169 - 5.15 - 6.96 - 6.91 - 7.50
GATE Winter 8 186 | 5.42| 4.09| 5.99 5.62 594 | 568 | 6.81 | 7.75
GATE Spring 6 190 | 5.74| 4.32| 5.91 5.48 592 | 550 | 6.16 | 6.62
GATE | Summer| 7 192 | 6.10| 4.39| 6.30 6.00 6.34 | 592 | 6.61 | 7.21
GATE Fall 6 206 | 6.38 | 4.72| 6.57 6.13 6.58 | 6.03 | 6.77 | 7.20
211A1 Winter 8 21 5.88 | 5.42| 6.17 6.07 6.22 | 6.19 | 6.74 | 7.11
211A1 Spring 6 19 6.06 | 5.70 | 6.23 6.17 6.25 | 6.14 | 6.46 | 6.72
211A1 | Summer| 7 21 6.59 | 5.85| 6.68 6.44 6.68 | 6.43 | 6.74 | 6.87
211A1 Fall 6 18 6.71| 6.12| 6.80 6.50 6.80 | 6.52 | 6.88 | 6.85
211BX Winter 8 119 | 5.82| 5.20| 6.20 5.77 6.15 | 5.79 | 6.73 | 6.90
211BX Spring 6 116 | 6.01| 5.20| 6.18 5.70 6.23 | 575 | 6.48 | 6.49
211BX | Summer| 7 126 | 6.53 | 5.21| 6.64 6.40 6.62 | 6.34 | 6.70 | 7.10
211BX Fall 6 119 | 6.64 | 5.20| 6.79 6.33 6.75 | 6.23 | 6.81 | 6.80
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Table39. Seasonal statistics for phieasured in th&Vare RivelVatershed tributary siteduring
2024 compared to the period of record (POR)

pH
Location | Season Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024| POR
101 Winter 6 218 | 6.20| 5.22| 6.34 6.20 6.37 | 6.21 | 6.56 | 7.44
101 Spring 7 230 | 6.46 | 5.11| 6.52 6.20 6.54 | 6.20 | 6.62 | 7.04
101 Summer| 6 225 | 6.30| 5.03| 6.57 6.47 6.53 | 6.41 | 6.72| 7.21
101 Fall 7 225 | 655|451 | 6.75 6.40 6.75 | 6.34 | 6.87 | 7.18
102 Winter 6 121 | 6.39| 5.70| 6.53 6.40 6.56 | 6.36 | 6.76 | 6.80
102 Spring 7 124 | 6.57 | 5.80| 6.62 6.40 6.66 | 6.34 | 6.81 | 6.86
102 Summer| 6 126 | 6.73| 5.80| 6.80 6.50 6.79 | 6.50 | 6.83 | 6.92
102 Fall 7 125 | 6.82 | 5.60| 6.99 6.50 7.00 | 6.47 | 7.18 | 6.90
103A Winter 6 94 5.99| 5.16| 6.19 6.06 6.26 | 6.01 | 6.77 | 6.81
103A Spring 7 115 | 6.28 | 4.65| 6.51 6.10 6.47 | 6.03 | 6.57 | 7.17
103A Summer| 6 118 | 5.84| 4.43| 6.48 6.15 6.38 | 6.05 | 6.57 | 7.02
103A Fall 7 118 | 6.40| 456 | 6.58 6.11 6.58 | 6.04 | 6.83 | 6.90
107A Winter 5 101 | 5.78 | 1.11| 6.09 5.80 6.15 | 5.75 | 6.47 | 7.06
107A Spring 7 116 | 6.18 | 4.48 | 6.26 6.04 6.35 | 598 | 6.56 | 6.91
107A Summer| 6 119 | 6.14 | 4.77| 6.40 6.23 6.38 | 6.13 | 6.54 | 6.85
107A Fall 6 122 | 6.46 | 3.93| 6.60 6.07 6.61 | 6.00 | 6.73 | 7.01
108 Winter 6 212 | 6.19| 5.21| 6.24 6.10 6.25 | 6.07 | 6.33 | 6.92
108 Spring 7 221 | 6.46 | 5.04 | 6.55 6.20 6.57 | 6.13 | 6.68 | 7.13
108 Summer| 6 221 | 6.36 | 5.06 | 6.45 6.30 6.45 | 6.24 | 6.57 | 7.03
108 Fall 7 222 | 6.38| 443 | 6.44 6.20 6.48 | 6.15 | 6.76 | 6.72
121 Winter 6 135 | 6.43 | 2.63| 6.48 6.40 6.48 | 6.41 | 6.52 | 6.85
121 Spring 7 137 | 6.65| 6.02| 6.68 6.50 6.69 | 6.49 | 6.75 | 6.88
121 Summer| 6 144 | 6.60 | 6.04| 6.66 6.60 6.66 | 6.63 | 6.76 | 7.40
121 Fall 7 147 | 6.58 | 561 | 6.79 6.50 6.74 | 6.52 | 6.83 | 7.10
108A Winter 6 38 6.00| 459 | 6.10 5.80 6.11 | 5.80 | 6.25 | 6.69
108A Spring 7 41 6.30| 469 | 6.38 5.97 6.38 | 5.99 | 6.50 | 6.75
108A Summer| 6 39 6.11| 5.13| 6.23 6.09 6.23 | 6.05 | 6.34 | 6.68
108A Fall 7 36 6.25| 485 | 6.34 5.97 6.35 | 5.96 | 6.46 | 6.56
108B Winter 6 38 5.84| 496 | 6.01 5.86 599 | 5.81 | 6.10 | 6.62
108B Spring 7 41 6.10| 460 | 6.34 5.90 6.31 | 5.86 | 6.43 | 6.69
108B Summer| 6 38 6.21 | 5.47| 6.29 6.16 6.28 | 6.13 | 6.33 | 7.29
108B Fall 7 37 6.11 | 4.83| 6.23 6.07 6.23 | 5.97 | 6.30 | 6.68
108C Winter 6 38 6.37 | 5.03| 6.45 6.02 6.46 | 5.98 | 6.59 | 6.91
108C Spring 7 41 6.61| 456 | 6.70 6.10 6.70 | 6.10 | 6.85| 6.85
108C Summer| 6 38 6.49 | 579 | 6.65 6.37 6.65 | 6.50 | 6.77 | 7.38
108C Fall 7 35 6.63| 5.30| 6.70 6.27 6.72 | 6.35 | 6.84 | 7.43
117 Winter 6 - 5.76 - 5.93 - 5.96 - 6.32 | -
117 Spring 7 - 6.00 - 6.37 - 6.36 - 6.62 | -
117 Summer| 6 - 6.14 - 6.20 - 6.21 - 6.32| -
117 Fall 2 - 6.28 - 6.47 - 6.47 - 6.66 | -
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3.2.8 Special Investigations

3.2.8.1 Forestry Monitoring

Timber harveshg in the treatment watershed (EBU) began on December 18, 20tPwas
completed October 11, 2020, ending the calibration period of the-kengn forestry monitoring
study. The posttreatment period of the longerm forestry monitoring project began with data
collected in late 2020 and continued into 2025. Preliminary analyses of calibration period data
have been summarized in anticipation of study completion and subseqoemitation of a final
report, which will focus on analyzing potential changes betweent@a&tment and post
treatment study periods.

3.2.8.2 Environmental Quality Assessments

Surface water samples collected2624throughout the Quabbin Reservation and East Branch
Waresanitary districs ultimately revealed no widespread indicators of impairment/degradation

of water quality Observations of elevated results.g.,results above historical seasonal normal
ranges and/orE. colimonitoring results above Class A standards) were followed up with field
investigations and follow up sampling. Monitoring of EQA sites in the Quabbin Reservoir will shift
to sites in the East Branch Swift Sanitary District in 2025, with subsequent report2026.
Monitoring of EQA sites in the Ware River Watershel shift to sites in the Coldbrook
Longmeadow Sanitary District in 2025, with subsequent reporting in 2026.

3.3 Reservoir Monitoring

Water quality of the Quabbin Reservoir in 20Qontinued to meet the source water quality
criteria stipulated under the SWTR and associated filtration avoidance waiver. The following
sections provide a detailed summary of DWSP monitoring efforts conducted hf@0zhe
purpose of evaluating the physical, chemical, and biological dynamics of the Quabbin Reservoir.
Unless otherwise noted, data presented in this secti@rencollected by DWSFRsection 3.3.1
summarizes regulatory sampling completed by MWRA.

Depth profiles of physiochemical parameters reveal general patterns in water column
characteristics such as the timing of seasonal turnover and stratification, the relative position of
the epilimnion, metalimnion, and hypolimnion, the general degree ofimgixvithin the water
column, and the timing and location of relative increases in primary productivity. For this report,
several depth profiles of various physiochemical water quality parameters (temperature, pH,
dissolved oxygen, specific conductanceootpphyll a, and phycocyanin) from each site were
selected to demonstrate changes in seasonal conditions and show periods of peak primary
productivity. An EXO2 multiparameter sonde was used2024 for manual depth profiles,
replacinghe Eureka Manta used from 2006 to 2020. Seasonal descriptive statistics of parameters
(water temperature, dissolved oxygen, chlorophyd, pH, and specific conductance) were
calculated for each site to summarize the variation of conditions throughout,2@ftive tothe

period of record.Theperiod ofrecord spans from 2021 to 2023 for all parameters except water
temperature, which extends from 2006 to 2023 due to the wieitumented near 1:1 correlation
between measurements from the Eureka Manta and the EXO2 sensors for this parameter.
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3.3.1 Surface Water Treatment Rule Compliance Monitoring

Regulatory monitoring results provided from MWRWKilled requirements specified for turbidity

and fecal coliform under the SWTR in 2QFigure 28. Turbidity is monitored via an -ime
turbidity meter inside the BWTF. Turbidity in Quabbin Reservoir source water remained below
one NTU for the entirety of 2@R2 Average (mean) and maximum daily turbidity in source water
measured at the BWTF ranged betweeRlland 0.2 NTU and @2and 0.4L NTU, respectively.

Fecal coliform was not detected above 20 CFU/a0from MWRA sampling at BWTF in£202
(Figure 28. Fecal coliform was below the detection limieégs thanl CFU/10émL) for 78% of
daily samples in 2024 population of waterfow{primarily gullsjhat roost on Quabbin Reservoir

in fall and winterhas previously beementified as the primary source of fecal coliform daccoli

to the Quabbin Reservoir (Wolfram, 1996). Additional sources may includeasgmtic wildlife

and inputs from major tributarieg-ecal coliform ané. colin Quabbin Reservoir are historically
low, reflecting microbial dieff and predation.E. coliwas detected at 10 MPN/100 mL two
samples collected by DWSP in Quabbin Reservoir monitoring locations durirg 202
(approximately3% of samples).
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Figure 28. a) Results of daily average (mean) amadximum turbidity, and b) fecal coliform
monitoring of Quabbin Reservoir source water collected from Winsor Dam Intake during 2024.
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3.3.2 Water Temperature

Water column temperature profiles indicate the timing of seasonal changes in stratification
throughout the Quabbin ReservoiFigure29). Shifts in the timing and extent of the various
stages of stratification may have profound implications on water quality, ecology, and primary
productivity. Though there were periods of partial ice coverage, the reservoir did not fully freeze
in 2024. The timing of seasonal turnover was consistent with the historical record. Minimum
temperatures were warmer than that of the period of record across all sites and all seasons, with
the greatest divergence from historical minimums during thimter at site Den Hill(5.4°C
warmer than the period of record). Overall, mean temperatures measured id Bfpained
within the established historical monitoring range for all sites. Mean summer temperatures for
2024 were slightly greaterground or less thai°C warmer) than that of the period of record
across all sites, with the greatest divergence from seasonal means occurring at sielt29fall
(2.2°C warmer than the period of record). Maximum temperatures in42@@ not exceed the
established historical rangeT#ble 40). Variations in temporatlata coverage across years
(resulting from ice coverage) may in part drive deviations in observed temperatures during the
winter and spring months. Statistics provided include measurements conducted in conjunction
with monthly Quabbin Reservoir water quality mitoring (April to December) and routine
phytoplankton sampling (January to December, exceptlémuary at site 206, and January and
February at Den Hill due to ice conditions).

Table40. Seasonal statistics of water temperature in Quabbin Reservoir during 2024 relative to
the period of record (2002023) at DWSP monitoring sites.
Temperature (°C)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location| Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024| POR
202 Spring | 237 | 2609 | 4.1 | 1.3 6.7 6.7 7.3 7.3 | 17.7]17.0
202 Summer| 642 | 6629 | 6.6 | 5.8 10.3 10.6 13.9 | 13.3 | 26.2 | 26.7
202 Fall 242 | 5172 | 7.7 | 7.0 11.4 11.8 14.3 | 13.2 | 23.0| 23.7
202 Winter | 105 | 942 | 2.7 | 2.0 4.1 7.2 5.4 6.5 9.4 | 10.0
206 Spring 87 1586 | 3.9 | 1.8 4.6 7.6 5.6 8.0 | 11.9| 16.9
206 Summer| 139 | 3817 | 7.4 | 6.3 115 12.6 15.3 | 149 | 26.1 | 26.8
206 Fall 103 | 3055 | 9.4 | 6.3 12.0 13.1 15.1 | 145 | 23.0| 23.6
206 Winter 55 640 | 1.7 | 1.4 2.0 5.9 4.9 55 | 83 | 9.8
Den Hill| Spring 63 796 | 4.7 | 4.4 5.6 8.8 6.7 9.3 | 13.7 | 20.2
Den Hill | Summer| 120 | 2117 | 8.0 | 7.7 16.6 17.3 17.2 | 17.3 | 26.8 | 26.9
Den Hill Fall 56 1527 | 95 | 6.9 14.2 14.8 154 | 15.3 | 22.0| 24.1
Den Hill | Winter 19 284 | 6.8 | 14 7.3 5.4 7.3 5.1 74 | 8.4
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Figure29. Profiles of temperature at Quabbin Reservoir Core sites on select dates in 2024. The
March profile (dark gray) illustrates spring isothermy, which existed from the start of the sampling
season through April at all sites. The May profiles (yellow) correstathe onset of reservoir
stratification. The August profiles (red) represent summer stratification. The December profiles
(blue) show a return to isothermy at all sites following fall turnover. Light gray lines in each plot
show profiles from other 202¢ample dates. Gray bands at sites 206 and Den Hill indicate the
maximum water column depth recorded for 2024.

3.3.3 Chlorophylla

Chlorophylla may be used to estimate the overall biomass of the phytoplankton community.
DWSP staffecord in-situ measurements of chlorophyh (in addition to concentrations of
dissolved oxygen) to determine the location in the water column where samples are collected
for phytoplankton enumeration on a given date. On average, chloropltghcentrations in the
reservoir are lovandcharacteristic of lowproductivity oligotrophic system

In 2024, chlorophylia concentrations during the spring and winter remained low (below
approximately5 pg/L) while elevated concentrations were observed during summer and early
fall due to aChrysosphaerellaaggregation (Section 3.4.10). The maximum chloropayll
concentrations observed via manual profiles collected by DWSP staff were 39.70 pg/L at site 202
on August 22, 24.09 pg/L at site 206 on August 7, and 21.98 pg/L at Den Hill onT aible1(
Figure30). In 2024, the mean summer chlorophgitoncentration for theentire water column
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was 1.46 pg/L at site 202, 1.83 ug/L at site 206, and 1.39 pg/L at site Den Hill for data collected

by DWSP via manual profilégaple41). Unlike previous years, mean summer chloropayiias
not highest at Den Hill but at 206.

Table4l. Seasonal statistics for chlorophyll a in Quabbin Reservoir during 2024 relative to the

period of record (2024 2023) at DWSP monitoring sites.

Chlorophylla (ug/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max

Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
202 Spring | 237 | 1386 | 0.16 | 0.09| 1.89 1.35 1.71 | 1.92 | 3.98 | 24.34

202 Summer| 642 | 2923 | 0.01|0.00| 0.84 1.06 1.46 | 1.74 | 39.70| 43.15

202 Fall 242 | 1930 | 0.07|0.01|, 0.69 0.99 1.49 | 1.44 | 33.24| 34.63

202 Winter | 105 | 605 | 0.15|0.35| 1.02 148 | 099 | 1.67 | 1.55 | 4.43

206 Spring 87 716 | 0.19|0.08| 3.01 1.69 261 | 2.14 | 432 | 21.78

206 Summer| 139 | 1125| 0.20|0.12| 1.04 1.29 1.83 | 2.10 | 24.09| 29.55

206 Fall 103 | 870 | 0.290.06| 0.85 1.32 1.14 | 1.62 | 6.74 | 13.77

206 Winter 55 394 | 0.34(0.16| 1.12 1.69 1.07 | 1.79 | 1.53 | 6.23

Den Hill | Spring 63 283 | 0.91|0.57| 4.07 230 | 3.87 | 281 | 5.81 | 9.22
Den Hill | Summer| 120 | 526 | 0.42 | 0.35| 1.04 1.60 1.39 | 2.35 | 21.98| 46.73
Den Hill Fall 56 457 | 0.4710.19| 0.89 1.33 0.85 | 147 | 1.14 | 8.34
Den Hill | Winter 19 173 | 0.59|0.61| 1.01 186 | 099 | 195 | 1.18 | 3.35
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Figure 30. Profiles of chlorophyll a at Quabbin Reservoir Core sites on select dates in 2024 to
represent seasonality. The March profile (dark gray) shows chlorophyll a values during fully mixed
water column conditions in the Spring. The May profile (yellow) comespto the onset of
reservoir stratification. The July and August profiles (green and red) correspond to summer
stratification conditions. The December profile (blue) shows a return to a mixed water column
following fall turnover. Gray lines in each plabsgs profiles from other 2024 sample dates. Gray
bands at sites 206 and Den Hill indicate the max water column depth recorded for 2024.

Measurements collected by the MWRA EXO2 buoy, located close to site 202, showed an unusual
pattern where multiple chlorophykh measurements were higher at midnight than at noon. The
maximum chlorophyla observed at midnight was 63.66 pg/L at 19 m on August 16, while the
maximum chlorophylé observed at noon was 60.71 /L at 17 m on Septembéfidu(e 3). To

better understand the differences between noon and midnight profiles, spatial and temporal
statistical analyses were conducted on elevated chlord@hyalues. These elevated values were
observed between 16 and 20 meters from July 1 to September 15. During this period and depth
range, the mean chlorophydl concentration was 6.22 pg/L at noon compared to 7.25 pg/L at
midnight. While higher chlorophyth maximums were captured by the MWRA EXO2 buoy
compared to the manual profiles, the annual chloroplaiheans collected via the buoy were
similar to those of the manual profiles.
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Figure31: Chlorophyll a heatmaps frofWRA EXO2 buoy noon (top) and midnight (bottom)
profile collections from May through December 2024.
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3.3.4 Dissolved Oxygen

Concentrations of dissolved oxygen in Quabbin Reservoir followed expected seasonal patterns in
2024. Changes in dissolved oxygen concentrations in Quabbin Reservoir generally coincided with
changes in water temperatures, followed stratification stages, and/or rose with relative increases
in phytoplankton abundance. Dissolved oxygen concentrations wgpidlly greater in the
spring and winter, likely attributed to cooler water temperatures, and lowest in fall due to a
decline in phytoplankton productivityprior to fall turnover Table 42). During summer
concentrations of dissolved oxygen in surface water decreased with stratification, as the warmer
water in the epilimnion became unable to hold as much oxygen as colder deep water. Once
stratified, dissolved oxygen levels below the thermocline became &ldwdue tocooler water
temperature andohytoplankton activity Eigure32). Mean summer dissolved oxygen levels were
slightly higher than the period of recartlikely attributed tohigh phytoplankton productivity in

2024, butmaximumgemained within historical rang@able4?2).

Table42. Seasonal statistics for dissolved oxygen in Quabbin Reservoir during 2024 relative to the
period of record (202¢ 2023) at DWSP monitoring sites.
Dissolved Oxygen (mg/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024| POR
202 Spring | 237 | 2609 | 9.9 | 8.2 11.8 12.3 11.9 | 125 | 13.0| 211
202 Summer| 642 | 6628 | 8.2 | 4.3 10.9 10.6 105 | 105 | 123|175
202 Fall 242 | 5171 | 7.2 | 4.0 10.0 9.2 9.9 9.2 (124|164
202 Winter | 105 942 | 10.2 | 8.4 12.1 11.4 11.7 | 11.7 | 12.8 | 18.3
206 Spring 87 1586 | 11.3| 7.1 12.5 12.2 124 | 12.2 | 13.1| 20.4
206 Summer| 139 | 3817 | 8.1 | 2.4 10.6 10.0 10.1 | 10.0 | 11.8 | 14.7
206 Fall 103 | 3054 | 84 | 2.9 9.7 9.1 9.5 9.1 |11.1]14.2
206 Winter 55 640 | 10.9|10.2| 13.2 12.1 12.2 | 12.3 | 13.5| 16.7
Den Hill | Spring 63 796 | 10.5| 6.7 12.0 11.3 11.8 | 11.3 | 12.6 | 16.3
Den Hill | Summer| 120 | 2117 | 5.7 | 2.6 8.2 8.4 8.4 8.3 | 10.6| 12.2
Den Hill Fall 56 1526 | 2.7 | 1.79 8.3 8.6 8.1 8.3 | 104 14.3
Den Hill | Winter 19 284 | 11.0|/104| 11.0 12.2 11.0 | 12.3 | 11.1 | 15.8
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Figure32: Profiles of dissolved oxygen at Quabbin Reservoir Core sites on select dates in 2024.
The March profile (dark gray) illustrates the dissolved oxygen concentrations of a fully mixed
water column in the spring. The May profile (yellow) corresponds to thet afisreservoir
stratification. The August profile (red) depicts an increase in dissolved oxygen concentrations at
depth, during summer stratification. The December profile (blue) shows a return to a mixed water
column following fall turnover. Gray lines €ach plot show profiles from other 2024 sample
dates. Gray bands at sites 206 and Den Hill indicate the max water column depth recorded for
2024.* This profile shows the likely effect of high stream flow on dissolved oxygen at Den Hill
after high rainfall observed from August 2 to August 9.

Following typical seasonal patterns for Quabbin Reservoir, dissolved oxygen depletion was most
pronounced during the late stages of stratification, with concentrations declining with depth
sites 202 and 20@-igure32). This was particularly distinct for water below the thermocline that
remains isolated from atmospheric influence and where rates of decomposition, a process that
consumes oxygen, exceed photosynthe$ise seasonal pattern at Den Hill was different from
the other two sites, likely due to the proximity of this site to the East Branch Swift River.a

high rainfall event resulting in hightream flow(documented on August &ee Sectior8.1.2),
dissolved oxygen at Den Hill was observed to deelii® m (above the established thermocline)

on August 7likely attributed to the increase in stream input bringing in more sediment and
potentially increasing turbidity.Dissolved oxygen continued to decreaseni August 7 until
October 1, 2024, reaching a minimum of 2.7 mg/L at 17Hmgh inflow events can impact
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phytoplankton productivity due to high turbidity water lowering light availability for
phytoplankton. Thiscombined with heterotrophic activity associated with decompositioould

explain the decreasing dissolved oxygen in the water. The decline in dissolved oxygen was
observedin the August7, August 20, September 1@nd Octoberl profiles Dissolved oxygen is
typically depleted at depth at Den Hilliring the late summer and faikith an annualminimum
betweenl.79and 2.7 mg/L in the lasfour years In 2024 the observedow dissolved oxygen
levels (below 6 mg/Lgt Den Hill werdimited to the lowermost meters of the water column on
October 1

Following fall turnover in Novembeoxygen was recirculated throughout the water column at

all sites. Dissolved oxygen was the greatest during the winter, with an annual maximum
concentration of 13.50 mg/L at 206-iQure 32, Table 42). The median dissolved oxygen
concentrations in 2024 remained above 6 mg/laksites Table42), sustaining concentrations
required to support cold wateaquatic species (314 CMR 4.06).

3.3.5 Alkalinity and pH

The dynamics of pH in Quabbin Reservoir are largely governed by the exchange of inorganic
carbon between the atmosphere and water (carbon dioxdsarbonatecarbonate buffering).

The pH of Quabbin Reservoir generally decreases with depth and may varghaiiges in
photosynthesis and respiration and contributions from various weather events gudace

water inputs). Generally, pH within Quabbin Reservoir is unremarkable, ranging #dm A6

in 2024, and has not exhibited strong temporal trendscgrthe onset of routine monitoring by
DWSP. Quabbin Reservoir water remains slightly acidic with median pH at DWSP monitoring sites
ranging from 64to 6.9in 2024 (Table43).

Table43. Seasonal statistics for pH in Quabbin Reservoir during 2024 relative to the period of
record (202X% 2023) at DWSP monitoring sites.

pH
Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
202 Spring | 237 | 2529 | 6.4 | 5.5 6.8 6.5 6.8 6.5 75| 7.8
202 Summer| 642 | 6405 | 5.8 | 3.4 6.7 6.5 6.7 6.4 7.4 | 8.0
202 Fall 242 | 4845 | 5.4 | 4.8 6.6 6.2 6.5 6.2 75| 7.8
202 Winter | 105 | 911 | 6.1 | 5.4 6.6 6.5 6.7 6.5 71 | 7.8
206 Spring 87 1523 | 6.8 | 5.6 6.9 6.6 6.9 6.6 70 | 7.9
206 Summer| 139 | 3619 | 6.0 | 5.2 6.6 6.5 6.6 64 | 70 | 75
206 Fall 103 | 2826 | 5.7 | 5.0 6.5 6.4 6.5 6.3 74 | 75
206 Winter 55 625 | 6.7 | 5.6 6.9 6.5 6.9 6.5 76 | 7.5
Den Hill | Spring 63 764 | 6.4 | 5.4 6.8 6.4 6.8 6.4 73 | 1.7
Den Hill | Summer| 120 | 1994 | 5.6 | 4.9 6.4 6.4 6.4 6.3 72 | 7.6
Den Hill Fall 56 1407 | 56 | 5.0 6.7 6.4 6.6 6.3 75 | 74
Den Hill | Winter 19 277 | 65 | 5.8 6.6 6.5 6.6 6.5 6.9 | 74
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Alkalinity in Quabbin Reservoir remained Idesé than7 mg/L as CaGPthroughout 202 and
exhibited little variability with depth, changes in stratification, or seasondliple44). Alkalinity
concentrations ranged from 88to 6.20mg/L as CaCGan 202. Median alkalinity was generally
greatest at Den Hill in 2@824.33to 444 mg/L as CaC{) relative to other routine monitoring

sites in Quabbin Reservoir. This pattern was consistent with previous years. Alkalinity measured
at each site in the Quabbin Reservoir during £2@2ceeded historical medians but remained
within the establishednaximumrange of values for each sjtexcept for one measurement at

site 206 Table44). An increase in alkalinity was observed on August 7 in the surface water at site
206, reaching a maximum of 6.20 mg/L, exceeding historical maximums for this site and depth.
This increase in alkalinity is most likely attributed to-nfhafter a high pecipitation event in

early AugustA steady increase in alkalinity has been observed in the Quabbin Reservoir since
2005.Increasing trends in lowalkalinity lakes and large rivers have been observed across the US
and attributed to recovery from acid rain and contamination from road salt runoff (Stoddard et
al., 1999; Stets et al., 2014; NH DES, 2020). Additionally, thenpHia{gorecipitatiorweighted
mean) of rainfall within the Quabbin Reservoir Watershed has been increasing steadily for
decades (Fengal., 2021). Temporal changes in alkalinity concentrations in lakes and reservoirs
in New England may be attributed to interactions of multiple factors (e.g., natural geogenic
variability, urbanization and associated chemical weathering of the built@mwient, acid rain
inputs, or changes in or introduced during sample collection and analysis).

Table44. Seasonal statistics for alkalinity as Ca@QQuabbin Reservoir during 2024 relative to
the period of record (20052023) at DWSP monitoring sites.
Alkalinity

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR

202 Surface| 5 138 | 3.88|2.66| 3.99 3.69 | 4.02 | 3.58 | 4.22 | 6.37

202 Mid 5 153 | 3.74|2.47| 4.00 3.64 | 3.97 | 3.50 | 4.20 | 4.50
202 Deep 5 160 | 3.84|2.51| 4.06 359 | 400 | 347 | 413|451
206 Surface] 5 137 | 3.68|2.44| 4.12 3.79 | 446 | 3.62 | 6.20 | 4.32
206 Mid 5 151 | 3.90|2.44| 4.08 3.72 | 410 | 3.56 | 4.32 | 4.33
206 Deep 5 158 | 3.90 | 2.63| 4.20 3.68 | 414 | 3.54 | 4.38| 5.51
Den Hill | Surface] 5 134 | 4.08 | 2.54| 4.46 3.92 | 444 | 3.84 | 4.85|5.10
Den Hill | Mid 5 147 | 412 | 2.76| 4.45 3.87 | 433 | 3.78 | 4.48 | 4.68
Den Hill | Deep 5 154 | 3.92|2.60| 4.45 3.85 | 439 | 3.82 | 4.72|7.50

3.3.6 Specific Conductam; Sodium, and Chloride

Specific conductance measured in the Quabbin Reservoir has historically been low, relative to
other water bodies in the northeastern United States, such as highly urbanized watersheds that
may exceed 1,000 uS/cm. The relatively low observed specific ctambecn Quabbin Reservoir
waters is likely a reflection of land cover (e.g., percent developed lands, total land miles, and/or
percentage of impervious surface cover), the low catchment -twesurface area ratio of the
Quabbin Reservoir, geogenic chagctics of the watershed, and land management practices
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across the watersheds is typical for the Quabbin Reservouesific conductance iB024varied

little with depth or seasonTable45). However, slightly highespecific conductance was observed
during early spring (April) conditions, before the onset of stratification and then again in the
winter after turnover than during stratified conditionsFigure 33). Higher mean specific
conductance duringpring and wintelare consistent with increasing concentrations of specific
conductance documented in major east Quabbin tributaries, likely attributed to road salt runoff.
Specific conductance measured in Quabbin Reservoir during eA#yed from an annual
minimum of45.2uS/cm at site 202 to an annual maximumd@ 3uS/cm at Den HillTable45).

A spike in specific conductance at Den Hill was observed on AugBgjure83), most likely
attributed to high stream flows in the East Branch Swift after a high precipitation event in early
August.

Table45. Seasonal statistics for specific conductance in Quabbin Reservoir during 2024 relative
to the period of record (20212023) at DWSP monitoring sites.
Specific Conductance

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location| Season| 2024 | POR | 2024| POR| 2024 POR | 2024 | POR | 2024| POR
202 Spring | 237 | 2596 | 45.3 | 36.1| 46.4 46.4 | 46.5 | 45.8 | 47.3|49.4
202 Summer| 642 | 6453 | 45.5| 36.6| 46.5 46.3 46.5 | 45.7 | 47.6 | 50.7
202 Fall 242 | 4999 | 45.2| 4.0 46.5 46.0 46.5 | 455 | 47.7 | 56.4
202 Winter | 105 | 924 | 46.8 | 37.0| 48.1 47.6 47.8 | 46.8 | 48.5| 56.1
206 Spring 87 1577 | 45.8 | 35.7| 46.8 46.2 46.9 | 455 | 47.8| 52.8
206 Summer| 139 | 3691 | 46.0 | 36.4| 46.7 45.3 46.8 | 45.2 | 47.5|52.1
206 Fall 103 | 2942 | 46.4 | 33.0| 46.9 45.8 47.0 | 45.3 | 47.7 | 51.0
206 Winter 55 624 | 47.1|36.9| 47.2 47.5 476 | 46.6 | 48.7 | 51.4
Den Hill | Spring 63 790 | 46.3|425| 46.9 49.2 47.0 | 50.3 | 48.0|71.2
Den Hill | Summer| 120 | 2047 | 46.4 | 38.4| 47.3 48.0 47.4 | 48.0 | 48.5| 66.0
Den Hill Fall 56 1497 | 47.4| 37.0| 48.2 47.8 48.0 | 47.9 | 49.3 | 64.8
Den Hill | Winter 19 275 | 47.8|140.4| 479 49.2 479 | 49.8 | 48.0| 57.8
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Figure33. Profiles of specific conductance at Quabbin Reservoir Core sites in 2024. Selected colors
represent the different stages of the water column in a year. The Muawdhe (dark gray) shows
specific conductance during mixed water column conditions in the spring. The May profile (yellow)
corresponds to the onset of reservoir stratification. The August profile (red) represents summer
stratification conditions. The Dender profile (blue) shows a return to a mixed water column
following fall turnover. Light gray lines in each plot show profiles from other 2024 sample dates

* This profile shows the effect of high stream flow on specific conductance at Den Hill after high
rainfall observed from August 2 to August 9.

Routine monitoring of concentrations of sodium (Na) and chloride (Cl) in Quabbin Reservoir
began in 2020. In 2@ monitoring for Na and Cl in Quabbin Reservoir was conducted quarterly.
Sodium concentrations ranged from a minimunbdf7mg/L at thesurfaceof the water column

of siteDen Hill to a maximum 05.83mg/Lat the bottom of the water column of site 2{Zable

46). Chloride concentrations ranged from a minimum7d1 mg/L at the surface of the water
columnat Den Hillto a maximum o08.40mg/L in the middle of the water columat site 206
(Table46). Sodium and chloride concentrations varied little with season or depth in the reservoir.
Median annual concentrations of Na and Cl measured i 2@te comparable to prior results.
Neither ORS guidelines for Na (20 mg/L) or the SMCL for CI (250 mg/L) were exceeded in samples
collected from Quabbin Reservoir in 20see Sectioh.1).
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Table46. Concentration results for Na and Cl measured in Quabbin Reservoir during 2024 relative
to the period of record (20202023) at DWSP monitoring sites.

Sodium

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max

Location| Season| 2024 | POR | 2024| POR| 2024 POR | 2024 | POR | 2024 | POR
202 Surfacel| 5 16 540|5.11| 554 5.44 551 | 5.44 | 5.61|5.79

202 Mid 4 16 | 5.2714.99| 5.50 548 | 547 | 5.47 | 5.62 | 5.74

202 Deep 5 16 | 5.31|5.01| 551 552 | 551 | 554 | 5.83|6.00

206 | Surface| 5 16 | 5.41|5.16| 5.55 548 | 556 | 5,56 | 5.75| 6.15

206 Mid 5 16 | 5.33|5.20| 5.57 543 | 552 | 549 | 5.74|6.11

206 Deep 5 16 | 5.45|5.15| 5.53 5.46 | 5,56 | 5.50 | 5.66 | 6.08

Den Hill | Surface] 5 16 | 5.17 |5.30| 5.53 579 | 549 | 581 | 5.73 | 6.45
Den Hill | Mid 5 16 | 5.45|5.45| 5.67 569 | 5.66 | 5.76 | 5.80 | 6.09
Den Hill | Deep 5 16 | 5.40|5.41| 5.62 589 | 559 | 587 | 5.75|6.31

Chloride

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max

Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
202 Surface| 5 18 | 7.65|7.74| 7.79 8.04 | 7.87 | 8.08 | 8.31|8.59

202 Mid 5 18 | 7.67|7.77| 7.91 8.10 790 | 8.10 | 8.29| 8.61

202 Deep 5 18 | 7.39|7.74| 7.67 8.06 7.77 | 8.05 | 8.32| 8.37

206 Surface| 5 18 | 7.53|7.74| 7.99 8.05 7.92 | 8.11 | 8.37 | 8.42

206 Mid 5 18 | 7.44|7.78| 7.88 8.08 790 | 8.16 | 8.40| 8.74

206 Deep 5 18 | 7.41|7.75| 7.82 8.02 7.85 | 8.07 | 8.35| 8.64

Den Hill | Surface] 5 18 | 7.21|8.16| 7.74 8.49 7.76 | 8.62 | 8.31|9.98
Den Hill Mid 5 18 | 7.75|8.17| 7.88 8.53 7.94 | 8.67 | 8.33|9.51
Den Hill | Deep 5 18 | 7.41|8.15| 7.81 8.57 7.79 | 8.75 | 8.32| 9.86

3.3.7 Turbidity

Turbidity measured in the Quabbin Reservoir was low and relatively stable throughout the year.
Turbidity levels in Quabbin Reservoir ranged froRDINTU to B8 NTU during 202(Table47);

these levels were slightly higher than last year butéthin the historical range of turbidity
observed at DWSP monitoring sitésgure34). Turbidity remained below 1.0 NTU in Quabbin
Reservoir in all samples collected by DWSP i4.202
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Table47. Seasonal statistics for Turbidity (NTU) in Quabbin Reservoir during 2024 relative to the
period of record (200§ 2023) at DWSP monitoring sites.

Turbidity

Location| Season Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
2024 | POR | 2024| POR| 2024 POR | 2024 | POR | 2024 | POR

202 Surface] 9 148 | 0.21|0.16| 0.26 0.27 | 0.25 | 0.28 | 0.32 | 0.67

202 Mid 9 167 | 0.20|0.19| 0.29 0.28 | 0.29 | 0.29 | 0.36 | 0.73

202 Deep 9 175 | 0.22|0.16| 0.32 0.26 | 0.35 | 0.28 | 0.52 | 1.04

206 | Surface| 9 148 | 0.20 | 0.16| 0.31 0.28 | 0.31 | 0.30 | 0.52 | 0.88

206 Mid 9 164 | 0.21|0.19| 0.32 0.31 | 0.34 | 0.32 | 0.42|0.82

206 Deep 9 173 | 0.20|0.18| 0.35 031 | 047 | 0.34 | 0.88|1.21

Den Hill | Surface] 9 144 | 0.28|0.25| 0.46 0.40 | 0.45 | 0.42 | 0.60| 0.98
Den Hill| Mid 9 160 | 0.28|0.24| 0.48 0.44 | 0.45| 0.45 | 0.61|1.13
Den Hill| Deep 9 168 | 0.25|0.22| 0.53 0.46 | 0.52 | 0.57 | 0.69 | 4.00

Asis typical, Den Hill exhibited routinely elevated turbidity relative to other core monitoring
locations within the Quabbin ReservoFigure34). This weklestablished spatial gradient has
previously been attributed to local inputs from the East Branch Swift River (DWSP, 2021a). While
5Sy
turbidity levelswere comparable across sites and overall, turbidity remained low at all sites.

dzNDARACGES®
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Figure 34. Boxplots depicting the seasonal and vertical distributions of turbidity in Quabbin
Reservoir Core sites. Results corresponding to samples collected in 2024 are signified by the
colored points. The solid black line represents the historical median. Otdlig¢hre period of

record are represented by open circles, and the whiskers and box represent 1.5 times the
interquartile range, and the 25th and 75th percentiles of all data, respectively. The MassDEP 1
NTU standard, which applies to the intake, is matkgdthe red dashed line in each panel.

3.3.8 Secchi Disk Depth/Transparency

Simultaneous aided and unaided Secchi disk transparencies were measured in the Quabbin
Reservoir in 2024. Aided Secchi disk measurements were made using a standard view-scope (4
inch diameter tube, Jdeet long, black on inside with Plexiglas disk on ond)e&o reduce
variability introduced by surface glare and waves. The aided Secchi measurements resulted in
greater transparency than unaided. On average, aided transparency was approximately 1.7
deeper than unaided measurements. The largest differencevben aided and unaided
measurements was 4.6%, taken at sampling site 206 on July 24, 2024yre35). This large
difference was most likely due to surface glare. On April 9, 2034e 206 there was a 0.0k
difference between transparencies. This was likely due to low waves, which lowered surface
glare.
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Figure35. Secchi disk transparencies measured in 2024 in Quabbin Reservoir at DWSP monitoring
sites 202 (maximum depth 46 m), 206 (maximum depth 30.5 m), and Den Hill (maximum depth
22.7 m). Orange circle data points are unaideehsurements, and dark blue triangle points are
aided, collected using a view scope.

Water in the Quabbin Reservoir continued to demonstrate exceptional clarity in 2024, with a
median aided Secchi disk transparency of 11.7, 11.0, anch/7g&hd median unaided Secchi of
9.7, 8.4, and 4.3n at sites 202, 206, and Den Hikspectively. Secchi disk transparency in
Quabbin Reservoir was generally consistent with previous monitoring, mirroring seasonal
patterns of phytoplankton dynamics (Worden, 2000; DWSP, 2019a) and turbidity. The minimum
Secchi disk transparency observad®024 was 4.8 uraided (March 27, 2024) and 48 aided

(April 9, 2024) at monitoring sitBen Hill The maximum Secchi disk transparency was 4.3
unaided (August 12, 2024) and 18Maided (July 19, 2024) at monitoring site 202.

Transparency atonitoring site Den Hillvas characteristically lower than at sites 202 and 206
(Figure3b), reflecting the nearby contribution of large riverine inputs from the East Branch Swift
River The East Branch Swift River is estimated to contribute as much as 9 to 16 percent of the
annual inflow to the Quabbin ReservdDWSP, 2007)Thus, this inflow may act as a source of
color and sediment, reducing transparency and resultinglightly elevated levels of turbidity
within the Quabbin Reservaituring and following high streamflow evenperiodically observed

at the Den Hill monitoring site due to proximity.

3.3.9 Nutrients

Patterns of nutrient distributions in Quabbin Reservoir in £20&re generally consistent with
those documented previously by Worden (2000) and historical ranges observed in Quabbin
Reservoir by DWSP monitoring. Prominent seasonal, spatial, and vertical variations were present,
likely due to the interactions of demaray phytoplankton in the epilimnion and metalimnion,

the decomposition of organic matter in the hypolimnion, and the timing and extent of terrestrial
derived sources of nutrients delivered via riverine loading to the Quabbin Reservoir.
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3.3.9.1 Total Nitrogen Ammonia-Nitrogen, Nitrate-Nitrogen, and Total KjeldahINitrogen)

Concentrations of ammonia (N#W) and nitrate (NQ-N) ranged fromess than0.005 to 0.2
mg/L and fronless thar0.005 to 0.03mg/L, respectively in Quabbin Reservoir in 20Qverall,
concentrations of ammonia and nitrate followed the vertical and temporal variation
characteristic of historical seasonal ranges for each $ile48). Concentrations chimmonia

and nitrate were generally elevated in the hypolimnion and at Den Hill relative to other sites.
Ammoniawas below detection limitsl€ss than0.005 mg/L) in all samples collected from the
epilimnion at site 202 and for the majority of samples collected from the epilimnion at site 206
and Den HillAs is characteristically observeanmoniaand nitrate concentrations increased in
the hypolimnion in the late summer and fall at all sites, likely coincident with decomposition.
Following fall turnover in the reserugpammoniaand nitrate concentrations decreased at each
site, homogenizing across depths. Winter concentrationsanfmonia and nitratewere

comparable to historical median$4ble48, Figure37).
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Figure36. Boxplots depicting the seasonal and vertical distribution of ammonia in Quabbin
Reservoir Core sites. Results corresponding to samples collected in 2024 are signified by the
colored points. The solid black line represents the historical median, outtiéne feeriod of

record are represented by open circles, and the whiskers and box represent 1.5 times the
interquartile range, and the 25th and 75th percentiles of all data, respectively.
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Figure37. Boxplots depicting the seasonal and vertical distribution of nitrate in Quabbin
Reservoir Core sites. Results corresponding to samples collected in 2024 are signified by the
colored points. The solid black line represents the historical median, outtiéinge feeriod of

record are represented by open circles, and the whiskers and box represent 1.5 times the
interquartile range, and the 25th and 75th percentiles of all data, respectively.

Concentrations of TKN in Quabbin Reservoir Core sites rdrajad.B1to 0.252mg/L in 202
(Table48). TKN concentrations in Quabbin Reservoir exhibited little temporal or spatial variability
in 2024 (Figure38). Overallmost of the TKNoncentrations in Quabbin Reservoir approached
the historical seasonal medians throughout the water colurRigyre38). The highest TKN
concentration observed was 0.252 mg/L from the hypolimnion of 2Gble48). Certain TKN
results were removed from analysis due to samples being processed outside ddtdrenined
holding time; this included spring results for all sites/depths and one summer result from the
surface water at site 2022 proportion of the variability in concentrations of TKN observed in
2024, when compared to the historical records, may be attributed to assumptions made during
calculations of TKN concentrations for 2020 through28&ta (e.g., substituting the detection
limit of NG-N and N@N), or related to differences in sensitivity of different laboratory methods
(e.g., the detection limits for TN via Valderrama [1981] were lower than that of EPA 351.2 used
previously).
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Figure38. Boxplots depicting the seasonal and vertical distributions of total Kjeldahl nitrogen
(TKN) in Quabbin Reservoir Core sites. Results corresponding to samples collected in 2024 are
signified by the colored points. The solid black line represents the ¢astoredian, outliers for

the period of record are represented by open circles, and the whiskers and box represent 1.5 times
the interquartile range, and the 25th and 75th percentiles of all data, respectively.
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Table48. Descriptive statistics for ammonia, nitrate, and TKN in Quabbin Reservoir during 2024
relative to the period of record (20202023). Detection limits werkess than0.005 mg/L for
ammonia and nitrate an¢ess thar0.100 mg/L for TKN.

AmmoniaN (mg/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max

Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
202 Surface| 5 72 | 0.005| 0.005| 0.002 | 0.002 | 0.003| 0.003| 0.005| 0.019
202 Mid 5 72 | 0.005| 0.005| 0.002 | 0.003 | 0.003| 0.004 | 0.005| 0.016
202 Deep 5 72 | 0.005| 0.005| 0.01 0.008 | 0.01 | 0.01 | 0.018] 0.032
206 Surface| 5 72 | 0.005| 0.005| 0.002 | 0.003 | 0.003| 0.003| 0.005| 0.01
206 Mid 5 72 | 0.005| 0.005| 0.002 | 0.002 | 0.003| 0.002| 0.005| 0.02
206 Deep 5 71 | 0.005| 0.005| 0.002 | 0.004 | 0.006| 0.006 | 0.012| 0.032
Den Hill | Surface| 5 70 | 0.005| 0.005| 0.002 | 0.005 | 0.004 | 0.006 | 0.008| 0.019
Den Hill Mid 5 71 | 0.005| 0.005| 0.006 | 0.005 | 0.01 | 0.008| 0.021| 0.047
Den Hill | Deep 5 70 | 0.005| 0.005| 0.015 | 0.011 | 0.016| 0.014 | 0.032| 0.073

Nitrate-N (mg/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max

Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
202 Surface| 5 74 | 0.005| 0.005| 0.002 | 0.004 | 0.002| 0.005| 0.005| 0.018
202 Mid 5 74 | 0.005| 0.005| 0.002 | 0.004 | 0.004| 0.005| 0.01 | 0.018
202 Deep 5 74 | 0.005| 0.005| 0.012 | 0.012 | 0.012| 0.015| 0.018] 0.042
206 Surface| 5 74 | 0.005| 0.005| 0.002 | 0.002 | 0.002| 0.004 | 0.005| 0.018
206 Mid 5 74 | 0.005| 0.005| 0.002 | 0.003 | 0.002| 0.004 | 0.005| 0.015
206 Deep 5 73 | 0.005| 0.005| 0.002 | 0.006 | 0.005| 0.008| 0.01 | 0.047
Den Hill | Surface| 5 72 | 0.005| 0.005| 0.002 | 0.004 | 0.005| 0.007 | 0.009| 0.037
Den Hill| Mid 5 72 | 0.005| 0.005| 0.002 | 0.005 | 0.007| 0.01 |0.018| 0.06
Den Hill| Deep 5 72 0.01 | 0.005| 0.024 | 0.016 | 0.038| 0.02 | 0.073| 0.094

Total Kjeldahl N (mg/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max

Location | Season| 2024 | POR | 2024 | POR | 2024 POR | 2024 | POR | 2024 | POR
202 Surface| 3 96 | 0.099|0.082| 0.122 | 0.122 | 0.129| 0.149| 0.167| 0.56
202 Mid 4 96 0.09 | 0.082| 0.165 0.13 | 0.158| 0.144| 0.214| 0.399
202 Deep 4 96 | 0.077|0.059| 0.129 | 0.122 | 0.143| 0.13 | 0.252| 0.278
206 Surface| 4 96 0.09 | 0.08 | 0.129 | 0.133 | 0.13 | 0.149| 0.178| 0.342
206 Mid 4 96 0.09 | 0.09 | 0.091 | 0.131 | 0.1 | 0.148]|0.131| 0.322
206 Deep 4 96 | 0.085|0.081| 0.098 | 0.137 | 0.109| 0.15 | 0.158| 0.309
Den Hill | Surface| 4 92 0.09 | 0.058| 0.187 | 0.166 | 0.174| 0.177| 0.222| 0.457
Den Hill Mid 4 92 |0.077|0.082| 0.124 | 0.164 | 0.117| 0.179| 0.145| 0.449
Den Hill | Deep 4 92 |0.031|0.052| 0.098 | 0.151 | 0.093| 0.166| 0.15 | 0.389
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3.3.9.2 Total Phosphorus

Vertical and spatial patterns in total phosphorus (TP) concentrations observed in Quabbin
Reservoir remained consistent with those previously observed. Concentrations of TP ranged from
below the detection limit ofless than0.005 to 0.007 mg/L in 202 (Table49). Overall, TP
concentrations in Quabbin Reservoiere below orapproached the historical seasonal medians
throughout the water columnexcept for one result from the metalimnion of Den Hilb{ure39).
¢t O2yOSYyiN) A2V a
classification as an oligotrophic water body (Carlson, 1977). Concentrations of TP remained low
throughoutthe water column for the entirety of 2GR
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Table49. Descriptive statistics for total phosphorus (TP) in Quabbin Reservoir during 2024 relative
to the period of record (POR). Detection limits for TP in 2024less¢harn0.005 mg/L.

Total Phosphorus (mg/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
202 Surface| 5 63 | 0.005| 0.005| 0.002 | 0.004 | 0.002| 0.005| 0.005| 0.01
202 Mid 5 62 | 0.005| 0.005| 0.002 | 0.004 | 0.003| 0.005| 0.006| 0.014
202 Deep 5 62 | 0.005| 0.005| 0.002 | 0.005 | 0.002| 0.005| 0.005| 0.01
206 Surface| 5 62 | 0.005| 0.005| 0.002 | 0.003 | 0.002| 0.004 | 0.005| 0.01
206 Mid 5 62 | 0.005| 0.005| 0.002 | 0.003 | 0.002| 0.004 | 0.005| 0.015
206 Deep 5 62 | 0.005| 0.005| 0.002 | 0.004 | 0.002| 0.005| 0.005| 0.01
Den Hill | Surface| 5 61 | 0.005| 0.005| 0.002 | 0.006 | 0.003| 0.006| 0.007| 0.027
Den Hill| Mid 5 61 | 0.005| 0.005| 0.002 | 0.006 | 0.003| 0.006| 0.007| 0.014
Den Hill| Deep 5 61 | 0.005| 0.005| 0.002 | 0.007 | 0.004| 0.007 | 0.006| 0.014
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Figure 39. Boxplots depicting the seasonal and vertical distributions of total phosphorus in
Quabbin Reservoir Core sites. Results corresponding to samples collected in 2024 are signified by
the colored points. The solid black line represents the historical meditiey®for the period of

record are represented by open circles, and the whiskers and box represent 1.5 times the
interquartile range, and the 25th and 75th percentiles of all data, respectively.

3.3.9.3 Total Silica

Silica is utilized by phytoplankton, particularly diatoms and chrysophigiésrm their frustules,
tests, and scalefReynolds, 2006 otal slica concentrations in Quabbin Reservoir ranged from
1.50to 3.95mg/L in 202, compared to a range of @0 to 3.97 mg/L for the period of record
(Table50). Overall, elevated total silica concentrations were observed in 2024, with the majority
of results above historical mediafBigure40). It has been observed thaotal silica at202 and

Den Hill, particularly at depth, has been increasing over tim&éq&02024 - POR).

Concentrations of total silica in tHeuabbinReservoir exhibited spatial and temporal gradients
consistent with riverine inputs in the spring, seasonal phytoplankton productivity in the spring
and summer, and subsequent endogenous loading from phytoplanktooftiien late summer

and fall. In 2024total silica concentrations were generally higher in the spring and fall (May and
October) and lower in the summer and winter (July and December), consistent with previous
results. Elevated concentrations weadso observed in the hypolimnion at all sites in August,
likely related to dieoffs resulting from theChrysosphaerellaggregation (see Seoh 3.3.10.
Similar increases in total silica concentrations have been observed in the fall of other years with
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Chrysosphaerellaggregations (2019, 2022, and 2024), suggesting that elevated concentrations
at depth are due to the sinking of de&hrysosphaerellaolonies. To better understand the
presence of silica in the Quabbin Reservoir and its rdhinysosphaerellaggregations, samples

will be collected and analyzed for dissolved silica in 2025.

Total slica concentrations were greatest at Den Hill at depttb930 3.95 mg/L), similar to

patterns observed in turbidity, TOC, andzkldcross monitoring sites and likely the result of the
proximity of Den Hill to the confluence of the East Branch Swift River with the Quabbin Reservoir.

Table50. Descriptive statistics for silica in Quabbin Reservoir during 2024 relative to the period
of record (2010 2023).

Silica (mg/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max

Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024 | POR
202 Surface] 5 74 (191130 2.09 1.80 207 | 1.81 | 2.20| 2.32
202 Mid 5 74 182|124 2.10 1.78 2.03 | 1.80 | 2.22 | 2.34
202 Deep 5 76 | 2.14|1.37| 2.56 2.13 243 | 2.12 | 2.61|2.93
206 Surface] 5 74 181|123 2.03 1.72 198 | 1.71 | 2.14 | 2.40
206 Mid 5 75 (150119 1.71 1.67 1.83 | 1.67 | 2.12 | 2.27
206 Deep 5 75 | 2.07]132]| 2.19 1.86 218 | 1.87 | 2.25| 2.60
Den Hill | Surface| 5 73 | 161|125 2.04 1.84 212 | 2.08 | 2.71 | 3.75
Den Hill Mid 5 72 |182]1.00| 2.43 1.87 248 | 2.12 | 3.40| 3.84
Den Hill | Deep 5 72 | 240|155 3.86 2.62 355 | 2.62 | 3.95| 3.97
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Figure40. Boxplots depicting the seasonal and vertical distributions of silica observed in Quabbin
Reservoir Core sites. Results corresponding to samples collected in 2024 are signified by the
colored points. The solid black line represents the historical medidieredor the period of

record are represented by open circles, and the whiskers and box represent 1.5 times the
interquartile range, and the 25th and 75th percentiles of all data, respectively.

3.3.9.4 UVassand Total Organic Carbon
3.3.9.4.1 UVussAbsorbance

UVsss absorbance in Quabbin Reservinir2024ranged from 0.02 to 0.028 ABU/cm at site 202,

from 0.4 to 0.083 ABU/cm at 206, and from 040 to 0.091 ABU/cm at Den HillT@ble51).

Annual minimums, medians, and means exceeded the historical measures at all sites, but none
of the sites exceeded the historical observed maximulmsincrease in monitoring frequency for
UVassin Quabbin Reservoir wasartedin 2020. The higher resolution dataset generated in the
previous four years may elucidate new insights regarding irdranual variability in U
absorbance in Quabbin Reservdihis increased sampling frequency nadgocontribute to the
observedannual median results above historicaédians
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Table 51. Descriptive statistics for Ud measured in Core reservoir monitoring sites in the
Quabbin Reservoir in 2024 relative to the period of record (2005;20AF).

UV254(ABU/cm)

Count| Count{ Min | Min | Median | Median | Mean | Mean | Max | Max

Location | Season| 2024 | POR | 2024 | POR | 2024 POR | 2024 | POR | 2024 | POR
202 Surface| 9 78 |0.024| 0.016| 0.026 | 0.023 | 0.026| 0.023 | 0.029| 0.034

202 Mid 9 78 |0.025|0.017| 0.030 | 0.024 | 0.029| 0.024| 0.031| 0.038

202 Deep 8 78 |0.025|0.017| 0.027 | 0.022 | 0.027| 0.023| 0.028| 0.031

206 Surface| 9 78 | 0.025|0.017| 0.027 | 0.023 | 0.027| 0.024 | 0.032| 0.093

206 Mid 9 78 |0.024|0.017| 0.030 | 0.024 | 0.030| 0.024 | 0.033| 0.036

206 Deep 9 78 |0.025|0.017| 0.029 | 0.024 | 0.029| 0.024 | 0.033| 0.034

DenHill | Surface| 9 76 | 0.040| 0.023| 0.052 | 0.045 | 0.057| 0.052| 0.088| 0.122
Den Hill | mid 9 76 | 0.040| 0.022| 0.043 | 0.040 | 0.053| 0.050| 0.090| 0.139
Den Hill | Deep 9 76 | 0.040| 0.023| 0.062 | 0.046 | 0.064| 0.052|0.091| 0.171

UVss4 absorbance in the Quabbin Reservoir is impacted by contributions from major tributaries,
reservoir circulation, and mixing. Spatial gradients insW¥re largely reflective of localized
inputs (e.g., elevated W% at Den Hill relative to other monitoring sites). Median annuapddV

was greatest at Den Hill and displayed little seasonal variation in samples collected from 202 and
206 in 202 (Figure410 @ { AYAEf I NJ G2 1 &l @ Ssandd@ancdwWasivieb N/ =
established for Den Hill, with higher k$¥absorbances during spring. Unlike last yedeyated

UVss4 absorbances were also observed durithge summer at all depthsn Den Hill, likely
attributed to potential increased loading from the East Branch Swift River during high stream
flow events in the late summer
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Figure4l. Boxplots depicting the seasonal and vertical distributions efdd¥dserved in Quabbin
Reservoir Core sites. Results corresponding to samples collected in 2024 are signified by the
colored points. The solid black line represents the historical median, outliers for the period of
record are represented by open circles, dhd whiskers and box represent 1.5 times the
interquartile range, and the 25th and 75th percentiles of all data, respectively.

3.3.9.4.2 Total Organic Carbon

Routine monitoring for total organic carbon (TOC) in Quabbin Reservoir began in 2020. TOC
concentrations ranged frori.55to 2.33ABU/cm at site 202, frorfh.72to 2.38 ABU/cm at 206,

and from2.01to 3.22 ABU/cm at Den HillT@ble52). TOC concentrations 2024 were lower

than those observed in 20281t comparable taoncentrationgduring monitoring in 2020, 2021,

and 2022 and to results generated nearly two decades prior (2 mg/L to 2.7 mg/L; concentrations
approached or exceeded 3 mg/L at Den Hill) (Garvey and Tobiason, 2003; DWSP, 2021a).
Concentrations of TOC measured in Qualid@servoir durin@024were less than global mean
concentrations for deep and north temperate lakes (3.463 mg/L and 5.809 mg/L, respectively)
(Chen et al., 2015).

Similar to results from previous years, TOC exhibited little variability with depth or changes in
stratificationbut showed seasonal variation with higher TOC concentrations in the gpiqge
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42). Last yearTOC concentrations showed little seasonal variation due to higher concentrations
during the summer and fall compared to observations from 2022. The difference in seasonal TOC
variability between 2022023 and 2024 s likely attributed to the difference in riverine inputs
during drought conditions (202and 2024¢ partial drought conditionsand flood conditions
(2023) across MA (Raymond and Saiers, 2010; Yoon and Raymond 2012).

Spatial gradients in TOC generally mirrorecbdd¥®bsorbanceg with relative enrichment in
samples collected from the Den Hill compared to 202 and 206. However, correlations among
these parameters have previously been mixed, with the strongest relationships presented by Den
Hill and comparatively poor kationships between Wésand TOC at 202 and 206 (DWSP, 2022).

Table52. Descriptive statistics for total organic carbon measured in Core reservoir monitoring
sites in the Quabbin Reservoir in 2024 relative to the period of record {202@).

Total Organic Carbon (mg/L)

Count| Count| Min | Min | Median | Median | Mean | Mean | Max | Max
Location | Season| 2024 | POR | 2024 | POR| 2024 POR | 2024 | POR | 2024| POR
202 Surface] 9 35 [1.79]1.89| 1.99 2.21 205 | 2.23 | 241 | 2.68
202 Mid 9 35 |[1.73]1.74| 1.93 2.11 197 | 2.17 | 2.26| 2.79
202 Deep 9 35 |155]1.60| 1.75 1.97 1.85 | 1.98 | 2.33 | 2.42
206 Surface] 9 34 | 178|182 2.02 2.24 2.04 | 2.24 | 2.38| 2.66
206 Mid 9 35 |1.78]1.84] 1.92 2.18 2.00 | 2.22 | 2.33| 2.69
206 Deep 9 33 | 1.72|1.66| 1.95 2.12 2.00 | 2.14 | 2.30| 2.58
Den Hill | Surface| 9 35 | 2.10]2.03| 2.46 2.51 248 | 2.69 | 3.16 | 3.57
Den Hill Mid 9 35 | 2.01]1.86| 2.20 2.42 231 | 2,52 | 3.09| 3.59
Den Hill | Deep 9 35 [ 213]1.92| 2.24 2.34 242 | 2.48 | 3.22 | 3.83
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Figure42. Boxplots depicting the seasonal and vertical distributions of TOC in Quabbin Reservoir
Core sites. Results corresponding to samples collected in 2024 are signified by the colored points.
The solid black line represents the historical median, outliershi@rperiod of record are
represented by open circles, and the whiskers and box represent 1.5 times the interquartile range,
and the 25th and 75th percentiles of all data, respectively.

3.3.10Phytoplankton

Samples for phytoplankton enumeration were collected from Quabbin Reservoir core monitoring
sites 202, 206, and Den Hill @6, 14, and B days in 203, respectively. Samples for
phytoplankton enumeration were collected from two to three depttispending on the location:

1) from the epilimnion at 3 m, 2) at the chlorophgthaximum (with simultaneous high dissolved
oxygen), typically within the metalimnion, and 3) near intattepths to closely monitor
phytoplankton community composition and potential tasand odor impacts. Intake sampling
was performed regularly at site 202 to maintain a regular record of phytoplankton densities that
directly influence theguality of water flowing into the Winsor Dam Intake (WDI) as part of the
CVA system. Occasional sampling at the intake depth was performed (as needed) at site 206 to
understand phytoplankton densities entering the Quabbin Aqueduct at Shaft 12 and
subsequetly transported to Wachusett Reservoir (SEgurel).
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In 2024, samples were collected for routine monitoring at site 202 monthly from January to April
and then again from October to December. During the growing season (May thSeypgémber)
samples were collected weekly at site 2@2 sites 206 and Den Hill, samples were collected
monthly (weather and ice conditions permittingearround starting in February at site 206, and

in March for Den Hillunder special circumstances (e.g., exceedance of alert level§abéeb3)
sampling frequency of phytoplankton was increased, and additional samples were collected
based onin-situ readings of chlorophyla and dissolved oxygerSampling frequency was
increased to twice per week at site 202 between July 9 to September 16 in response to consistent
exceedance of theChrysospéerella alert level during this period. At sites 206 and Den Hill,
sampling frequency was increased to twice per month during July in response to the
Chrysosphaerellalert level exceedance on July 9, 2024.

Elevated phytoplankton levels were observed in 2024 at all sites. These high phytoplankton levels
were mainly attributed to aChrysosphaerellaggregation detected across reservoir sites.
Maximum total phytoplankton densities in 2024 were 1180 ASU/mL at site 202 observed on July
22 at18 m, 1197 ASU/mL at site 206 observed on August 7 at 16 m, and 1628 ASU/mL at site Den
Hill observed on July & 13 m(Figure43 and Figure45). While theChrysosphaerellaggregation

was first observed at 13 m at all sites on July 9, the duration and density of this aggregation varied
by site. Higher densities were observed at Den Hill, followed by 206 and then 202, but duration
was longer at 202 than at the other two ssteThe aggregation lasted around 10 weeks at site
202, 9 weeks at site 206, and 7 weeks at site Den Hill. Drinking water quality during the summer
of 2024 was impacted due to taste and odor compounds produced by the high levels of
Chrysosphaerella

Water Quality Repor2024 133
QuabbinReservoir Watershedare River Watershed



2024 Quabbin 202 Phytoplankton

Depth
—#-  Epilimnizn (0 - 10 m}
Meta- and Hypolimnion (= 10 m)

Intake
1000

- - - Historic Mean

)
__E_ 25th and 75th Quantiles
=]
w
<
=
3
0
@
o 500
0 /
™,
A -
0
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec Jan
2024 Quabbin 206 Phytoplankton
Depth
—&—  Epilimnion (0 - 10 m)
Meta- and Hypolimnion (= 10 m}
Intake
1000
- - - Historic Mean
-
E
=
=
w Historic 25th and 75th Quantiles
<
=
a
@ 500
o

“‘—-—/

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Now Dec Jan

Figure43. Total phytoplankton densities during 2024 from sampling sites 202 (top) and 206
(bottom). Sample classificatigapilimnion or metaand hypolimnion) based on depth as defined
by summer temperature profiles. The average for historical data coveringZiZ®is indicated

by the dashed line, with 25th and 75th quantiles represented as gray bands, corresponding to all
sample depths.
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Aside from the elevated levels in the summer driven by @teysosphaerellaggregation, the
community composition patterns in 2024 were similar to previous ye&sss typically observed

in Quabbin Reservoir, spring samples from all sites were dominated by diatoms, with the highest
densities corresponding toAsterionella and Tabellaria Following increased stability of
stratification in lateJune phytoplankton diversity increased following a slight decline in total
densities Figure43). This is likely explained by a depletion of available nutrients limiting growth,
and increasing competition, resulting in a shift in community composition (@uieWeihe,
2016). Community composition shifted from diatom dominance drivamly byAsterionellato

a greater variety (albeit at lower densities) of chlorophytes, chrysophytes, and cyanophytes for a
short period in thesummer (Figure 44). Unlike 2023, where levels remained low for the
remainder of the summer, a sudden increase in total phytoplankton densities was observed on
July 9, 2024, driven by chrysophytes, specificalyysosphaerellat all siteg(Figure 44Figure

46). The community composition at site 202 and 206 remained chrysophyte dominated until
September, while a shift in community composition at site Den Hill was observed éaidiere

46). By late August, the community composition at Den Hill was dominated by cyanobacteria
throughout the water column and by Octohesamples from all sites were dominated by
cyanobacteria Kigure 46). It is typical to observe cyanobacteria dominance during the late
summer and falldue td K Sa S 2 Néghtghkddpsr@rdance in warm water compared to
other phytoplankton (Whitton, 2012).

2024 Phytoplankton Density and Community Composition
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Figure44. Phytoplankton community composition, observed in 2024 from the epilimnion and
meta/hypolimnion at sampling sites 202 and 206 and at the intiath for site 202.

Densities at different sampling depths exhibited similar patterns across sites. The epilimnion
samples typically had lower densities than samples collected from the metalimnion and
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hypolimnion. This was particularly true during the summer period of elevated densities
(Chrysosphaerellaggregation)reviously discussed, which did not affect the epilimnion total
densities. Total densities in the epilimniof site 202 remained below the historical mean for
most of the year, except for levels above the historic mean during the winter. Densities at the
epilimnion of sites 206 and Den Hill showed more seasonal variability, with high spring densities,
followed by low densities in the summeand increased densities again the winter. Total densities

in the meta and hypolimnion of all sites were impacted by @l&aysosphaerellaggregation
(Figure43 and Figure45). The aggregation started at 13 m at all sites but as summer progressed
and the thermocline deepened so did the aggregation. On average, the @034osphaerella
aggregation was observed between 17 m and 18 m at site 202. While the aggregation shifted a
couple meters up or down in the water column, the extent of the aggregation was always less
than 2 meters in height.
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2024 Quabbin Den Hill Phytoplankton
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Figure 45. Total phytoplankton densities during 2024 from sampling site Den Hill. Sample
classification (epilimnion or metalimnion) based on depth as defined by summer temperature
profiles. Samples collected from the epilimnion are shown in blue and samples cdittotéke
metalimnion are shown in black. Due to ice conditions on the reservoir, site Den Hill was not
sampled until March 27, 2024.
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2024 Phytoplankton Density and Community Composition - DEN
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Figure46. Phytoplankton community composition, observed in 2024 from the epilimnion and
meta/hypolimnion at sampling site Den Hill.

Overall total densities and changes in community composition were consistent with trends
observed in the Quabbin Reservoir over the last years. An increase in chrysophytes,
particularlyChrysosphaerellaluring the summer has been observed since 20)9 (

Over the lasteight years, monitoring methodology has been modified to better capture
phytoplankton aggregations. Prior to 20Isample depths were selected primarily based on the
temperature and dissolved oxygen profilé&outine profiling of chlorophyd began in 2016 to
better inform the selection of sample collection depths for phytoplankton enumeration,
supplementing temperature and dissolved oxygen profiles. However, the official change in
sample depth selection occurred in 2019, when depths with imawm chlorophyll a
concentrations began to be specifically targeted for sample collecfityis change in field
procedures should be considered when interpreting historical patterns of phytoplankton
abundance in Quabbin Reservoir, as the sampling focus is now directly driven by chlaaophyll
values, often resulting inollection ofhigher phytoplankton densities.

3.3.10.1Taste and Odor Taxa

Chrysophyteblooms are responsible for nuisance taste and odor properties of water (Lin, 1977,
Watson and Jittner, 2019), oftentimes resulting in reports of undesirable aesthetic
OKIF N} OGSNARadidAOa 2F FAYAAKSR g G§SNE &€, | a
1995; Paterson et al., 2004). Chrysophytes have been routinely detected throughout the water
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column in the Quabbin Reservoir (Worden, 2000; DWSP, 2019a). Chrysophyte densities have
been elevatedin three of the past siyears (2019, 2022, 2024)driven by metalimnetic
aggregations.

Several taxa are closely monitored by DWSP to detect potential production of undesirable tastes
and odors or cyanotoxin impacts to the drinking water supply. Density thresholds for early
monitoring and treatment consideration levels have been set for ftnysophytes and one
cyanobacteria taxal@able53).

Tableb3. Alert levels for taxa of concern

Nuisance Nuisance . .
Organism Organism Quabbin Reservoir
Alert Levels (ASU/mL
Class Genus
Cyanophyte | Dolichospermun 15
Chrysophyte Synura 10
Chrysophyte Chrysosphaerell 100
Chrysophyteg  Uroglenopsis 200
Chrysophyte Dinobryon 200

In 2024, all taxa of concern were observéthrysosphaerellaxceeded the 100 ASU/mL alert
level 29 times, and high densities were observed at all sitekeChrysosphaerellaggregation
lasted 10 weeks at site 20Bjne weeks at site 206, andevenweeks at Den HilDinobryon
exceeded the 200 ASU/mL alert level twice, once at site 202 and the other at DeSyHlilfa
exceeded the 10 ASU/mL alert level five times, and high densities were observed at all sites.
Dolichospermunexceeded the 15 ASU/mL once at site 206oglenopsisvas observed at all
sites but always below the 200 ASU/mL alert |€kejure4?). Due to the exceedance of the alert
levelk, primarily Chrysosphaerellanonitoring frequency was increased fromeekly to twice per
week at site 202, and frormonthly to twice per month at sites 206 andDen Hill to track
Chrysosphaerelléevels. Increased monitoring frequency reaimed until levels fell below the
established alert level. Return to normal monitoring frequency occurred after August 20 for Den
Hill, September 3 for site 206, and September 12 for site 202.
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Figure47. Occurrence of phytoplankton taxa of concern at Quabbin sampling sites 202, 206, and
Den Hill (DEN) during 2024. Dashed line represents the established alert levels specific to each
taxa. Lack of occurrence indicates that taxa were not observed duringregahitoring.

3.4 Agquatic Invasive Speciddonitoring and Management

Aquatic invasive species (AIS) include macrophytes, phytoplankton, zooplankton and larger fauna
(primarily from the Mollusca phylum). Introduction of AIS may have adverse impacts on water
guality including changes in water color and increases in turbightytoplankton growth, and
concentrations of trihalomethane (THM) precursors (Gettys et al., 2009). These increases result
FNRY (GKS TFdzyOlAzy 2F GKS&asS LIXlyida Fa ydziNASyl
releasing them into the water column, iprarily as dissolved and particulate organic matter
(Gettys et al., 2009). Invasiveacrophytespecies are known to aggressively displace native
vegetation and grow to nuisance densiti@ghile nvasive zooplankton and fauna outcompete
native species and disrupt aquatic food webs, thus altering water quality. AlIS can be introduced
and transported within watersheds via human or wildlife pathways including, but not limited to,
aquarium releases, reeational activity (e.g., fishing and boating equipment), eviiwl
movemens, and downstream flow.

Portions of Quabbin Reservoir and select ponds within the Quabbin Reservoir and Ware River
Watersheds are periodicallsurveyedfor the presence of AIS by DWSP staff and by MWRA
contractors. Several AIS have been documented through these efforts, in some cases initiating a
management response (DWSP, 2020a). Early detection of AIS, education, and participation from
the public is dtical for successful prevention of new or increased AlS infestations. Management
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of AIS in Quabbin Reservoir Watershed and Ware River Watershed is primarily based on
prevention programs. The following sections of this report provide details of observed AIS
presence in the reservoir and watersheds during the 2024 survey season and etdsuiime
prevention and management programs currently in place within the watersheds

3.4.1 Invasive Aquatic Macrophyte Monitoring and Distribution

Aquatic macrophyte surveys are conducted during the growing season and have been performed
periodically since 1998 and on a regular basis since 2006 and 2010 in the Quabbin Reservoir and
Ware River Watersheds, respectively. Shoreline assessments entail eisservations of the
littoral zone via kayak, small boat, or on foot depending on water level. Some water bodies are
surveyed annually, while others are surveyed every five years on a rotating schedule based on
the Environmental Quality Assessment (BEQ#Atrictwherethe water body is located. Routine
monitoring prioritizes water bodies with ramps suitable for launching trailered boats, as this type
of activity increases the risk of AIS spread (Rothlisberger et al., 2011). Within the pastr40

46 different watershed ponds (including the Reserfadiolding ponds, Prescott Peninsula ponds,

and the Ware River itself) across the twatersheds were surveyed either annually or within the
EQA schedule.

The following sections summarize the distribution of invasive aquatic macrophytes in the
reservoir, the Quabbin Reservoir Watershed, and Ware River Water3tadde64). In 2024,

three waterbodies were surveyed for aquatic macrophytes in the Quabbin Reservoir Watershed.
LY FTRRAGAZ2Y (G2 (KS&aS LRyRAaI aidSandNibie fws Naddgh NI a
L2YRa o0hQ[2dAKfAY IYyR t2001 LI dAaA t2yRad 6 SNB
surveyed in the Ware River Watershed in 2024. The 2024 EQA Districts were the Quabbin
Reservation and East Branch Ware, with feurveyedponds within these districts. Other
waterbodieswere withinthe Burnshirt, Canesto, and Natty, Coldbrook and Longmeadow, East
Branch Swift, Fever Brook, Quabbin Northwest, and West Branch Ware districts. In addition, two
waterbodies surveyed were load outside of the watershedbut were included in survey
efforts due to their proximity to the Quabbin Reservoir.
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Table54. Aquatic invasive species observed in the Quabbin Reservoir, Quabbin Reservoir
Watershed, and Ware River Watershed since the beginning of the AIS program iQaalbin
Reservoir includes O'Loughlin dettapaug holding ponds. *No observations made within
recent years (2012024).

Quabbin Ware

Quabbin | Reservoir River
Scientific Name Common Name Reservoir| Watershed| Watershed
Cabomba caroliniana Fanwort - X* X
Iris pseudacorus Yellow Flag Iris X X X
Lythrum salicaria Purple Loosetrife X X X
Myosotis scorpioides True Forgeme-not X* X X
Myriophyllum
heterophyllum Variable Leaf Milfoil X X X
Najas minor Brittle Naiad X* - -
Potamogeton crispus Curlyleaf Pond Weed - - X
Phragmitesaustralis Common Reed X X X
Rorrippa microphyllum One Row Yellowcres X* X* X*
Trapa natans Water Chestnut - - X
Utricularia inflata Swollen Bladderwort X - X*
Cipangopaludina chinensij Chinese Mystery Sna X X X

3.4.1.1 Contracted Aquatidviacrophyte Surveys

Snce 2013, MWRA contractohsve conducte@dnnualpoint-intercept surveys of DWSP/MWRA
source and emergency reservoifglditionally, this year MWRA contractors surveyed Pottapaug
Pondl Y R h Q[ 2 df8rKfriduldria infatg(Rvollen bladderwort) and removed plants via
hand harvesting to manage populationBIWRA contracted withTRC for both the annual
macrophyte survey and. inflatamanagement efforts

Myriophyllum heterophyllungvariable leaf milfoil) was the only submersed aibServedin the
Quabbin Reservoir and Ware River Watersiga#ng the Annual Macrophyte Survedymergent
invasives are not specifically included in the contractor poitércept surveys, but the
continued presence d?hragmites australis the Quabbin Reservoir was noted. The extent and
density of M. heterophyllumin Quabbin Reservoir decreased slightly compared to 2023
(observed at 6% of surveyed pointRRC, 2025

3.4.1.2 Cabomba caroliniana

Cabomba caroliniandanwort) originates from the southeastern United States (Texas to Virginia)
and was introduceautside its range through the aquarium plant trade, where it then spread via
dumping and cultivation (Bickel, 2015; Bickel, 2017; Schooler et al., 2009aroliniana
reproduces via fragmentation, allowing it to spread quickly and outcompete native species.
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PYYlFYF3ISRET GKAA aLISOASa oAttt FT2NXY RSyasS Yl da
and creating hazards for recreationists (Schooler et al., 2009). The long stems impede boats and
can get tangled in propellers, paddles, and fishing lines. diitiad, swimmers can also become
entangled (Schooler et al., 2009). Like other #imaiming AISC. carolinianacan alter water

guality and native composition by nutrient loading and decreasing available dissolved oxygen.
Methods of control for this speciedtempt to limit fragmentation by using chemical treatments,
drawdowns, biological control, or manual removal.

Although not present in the Quabbin Reserv@ir caroliniand&as been found in both watersheds

with the first instance reported in Queen Lake (Phillipston, MA) in 2010. Since then, this species
hasbeen detected irseveral other waterbodies within the watersheds. No new infestations were
found during the 2024 survey seasdrable5h).

In both Queen Lake and Demond Pond wh€recarolinianéhas been observed, and where a
local lake association is present, management efforts have relied on chemical treatments to
control this AIS. Although undetectable in the 2022 survey, populations at Queen Lake were
observed again at low densities in theZ20survey. This may indicate that, like Demond Pond,
Queen Lake&. caroliniangopulations regularly rebound following treatment, and may require
annual control efforts to prevent further spread. Inhetr waterbodies with no management
efforts, C. carolinianahas spread throughout the waterbody, in some cases becoming the
dominant plant, growing in dense and widespread beds.

Table55. Waterbodies withCabomba carolinianpresent during the 2024 AIS survey with
survey dates and date of first observation.

Waterbody Name | Town Watershed Last Obs. | First Obs.
Demond Pond Rutland | Ware River 07/18/2024 | 09/07/2017
Long Pond Rutland | Ware River 08/15/2024 | 08/06/2021
QueenLake Phillipston| Ware River 06/20/2024 | 07/30/2010

3.4.1.3 Myriophyllum heterophyllum

Myriophyllum heterophyllum(variableleaf milfoil) is the most frequently encountered
submersed AIS in the watersheds. Although native to sbatheastern United Statesyl.
heterophyllumis considered invasive in the northeastern states (Bailey, 2007). This species
mainly spreads via seeds and fragmentation, where stem pieces with at least one node can
regrow into a viable plant (Bailey, 2007; Gross et al., 2020; Halstead et al., 20@3esAlt, this
species can colonize and outcompete native species within a short period ef mraking
prevention and rapid response crucial to its management. Unfortunakéhheterophylluncan

grow undetected until itis already welestablished (Halstead et al., 2003), resulting in higher
management costs and effort. When left unchecked, this species creates dense mats throughout
the water column, creating boating hazards (clogging propelesfishing lines), swimming
KFETIFNR&azX YR RSONBFaAy3a yIFriAgS aLISOASaQ RAGSNI
large amounts of decayg plant matter increase nutrient loading (phosphomsd nitrogen)

which reduces dissolved oxygen levels that other species (namely fish) require (Halstead et al.,
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2003). Due to fragmentation, removal efforts seek to keep the plant intact by utilizing either diver
assisted suction harvesting (DASH), herbicide treatments, or covering with benthic barriers.

M. heterophyllumis well distributed in portions of Quabbin Reservoir, with established
populations at Boat Launch Areasizddo ' YR G KS K2 RA gndPottdpafid?.an 6 h Q[ 2
addition, M. heterophyllums well established in the Ware River, most notably at (@#&tream

of) the Shaft 8 intake. Due to ¢haggressive nature of this species, it is abundant and widely
distributed in the waterbodiesvhere it has become established. No new infestations were
detected in the 2024 DWSEQ surveys

Management ofM. heterophyllums conducted annually by DCR contractors above and below
the Ware River Shaft 8 intake. This year, the macrophyte survey was conducideiChyith
removal efforts by DRGéde Section3.4.2 for more information).In addition, the Asnacomet

G/ 2YShGé¢ t2yR [F1S ! &daz2 OA |-LakegndPdkds incé® 2Bywhen2 NJ A Y
M. heterophyllumwas discovered, to manage planWith initial financial support from DWSP,
managementefforts have included hantarvesting and diveassisted suction harvesting
(DASH)DCRLakesand Ponds staff, in conjunction with contractors, revisited AsnacoRwtd

in 2024 to continue harvesting efforts. In June, DASH resumed along the northern and western
shorelines. Across two days, more than 60 poundd.dfieterophyllumwas removed from these
areas. Contractors suggest ongoing management, one harvest day per month between May and
September, to maintain low densities.

Table56: Waterbodies with Myriophyllum heterophyllum present during the 2024 AIS survey
with survey dates and date of first observation.

Waterbody Name Town Watershed Last Obs. | First Obs.
Boat Area 2 Shorelin| New Salem | Quabbin Reservoii 06/28/2024 2006
Boat Area 3 Shorelin| Petersham Quabbin Reservoir 08/01/2024 2006
Brigham Pond Hubbardston | Ware River 09/17/2024| 10/14/2010
Demond Pond Rutland Ware River 07/18/2024 | 08/13/2010
Lake Mattawa Orange Quabbin Reservoil 07/29/2024 | 07/20/2001
Long Pond Rutland Ware River 08/15/2024 | 08/13/2010
O'Loughlin Pond New Salem | Quabbin Reservoil 08/13/2024 2006
Pottapaug Pond Hardwick Quabbin Reservoil 08/30/2024 2006
Ware River Barre Ware River 07/26/2024| 07/08/2016
WhiteHall Pond Rutland Ware River 06/11/2024| 10/14/2010

3.4.1.4 Najas minor

Najas minor(brittle naiad) was introduced to North America in the early"2@ntury from its

native range of Eurasia ambrthern Africa (Wentand Stuckey, 1971; Les et al., 2015; Volk,

2019). Although the exact method of introduction is unknown, its spread has been attributed to
cultivation escapes and waterfowl food propagation programs (Les et al., 2015). Spreading mainly

via seed dispersal (Lesal., 2015; Volk, 2019). minorhas been documented throughout much

of the eastern United States. Waterfowl and recreational equipment asdistriinoQ & R A & LIS N& |
as the smalland inconspicuous seeds remain viable aftensumptionand can cling to the
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outside of boats, trailers, and other equipment that come in contact wittter (Volk, 2019).

Although fragmentation itself does not produce separate viable plants, the fragments carry seeds

that are then dispersed throughout the waterbody (Volk, 2019). Similar to otheffonating AlS,

N. minor can displace native plants, and impacts recreational activities such as swimming,
boating, and fishing (Les et al., 2015; Volk, 2019).

N. minorg & FANAI

R2O0dzySy 4 SR

Watershed, or in the Ware River Watershed.

3.4.1.5 Potamogeton crispus

08 O2y GNY Ol 2 NA
that N. minorseeds were introduced into the pond via avian passage, as birds are known to feed
on the indistinguishable nativajas gracillimaseeds (Martin and Uhler 1939; Reynolds et al.,

2015). TheN. minorA Yy FSa il GAz2zy Ay

hQ[ 2dz3 Kt AY
not been observed since. This invasive has not been found elsewhere in the QRaislenvoir

AY HAN

t2yRs 61 & |

Potamogeton crispugurly-leaf pondweed) was first observed in Philadelphia in the 1840s, and

is native to Eurasia, Africa, aAdistralia (Bolduan et al., 1994; Zhou et al., 2017). By the 1860s,

P. crispusvas abundant within the Lehigh River in Pennsylvan@Delaware, and by the 1880s

had spread to Massachusetts and New York (Bolduan et al., 1994). The spread of this species
seems to be associated with fish hatchery activity, as early reports from several states were either
found in fish hatchery pondsr waters associated with them (Bolduan et al., 1994). Unlike other
plant species that remain dormant in wintd?, crispuscts like a winter annual, continuing to

grow during the winter season (Bolduan et al., 1994; Johnson et al., 2012; Zhou et al., 2017). This
species reproduces via rhizomes and turions, which sprout in the fall and grow rapidly in the early
spring, senesng and depositing turions in the sediment by midsummer (Bolduan et al., 1994;
Johnson et al., 2012; Zhou et al., 2017). Althoughdh LJ I yiaQ A Y LI Of
still being researched, it has been found to impact phosphorus (Owens et al., 2007), nitrogen,
and other heavy metals (Zhou et al., 2017), acting as a nutrient loader once this species has

senesced.

2y Y

P. crispusvas first identified in 2013 at Whitehall Pond, a waterbody located within Rutland State
Park and owned by DCR. Fortunately, this species has not been observed elsgitiereither

watershed. As Whitehall Pond has a B@&hagedbeach, managemenand treatment is
overseen by DCR Lakasd Ponds. Beginning in 2013, managemenPofcrispusas included

mechanical and hand harvesting, as well as chemical control. These treatment actions have

reducedP. crispuslensities, however some plants are still presennost likely from turions

sprouting after treatmenbccurred.The 2024 macrophyte survey found no new infestations of
P. crispusDense populations were observed at Whitehall Pond, indicating that this species may
regularly reboundollowing chemical treatmentTable57).

Table57. Waterbodies with Potamogetotrispus present during the 2024 AIS survey with
survey dates and date of first observation

Waterbody Name

Town

Watershed

Last Obs.

First Obs.

Whitehall Pond

Rutland

Ware River

6/11/2024

08/06/2013

Water Quality Repor2024

QuabbinReservoir Watershedare River Watershed

145



3.4.1.6 Trapa natans

Trapa natangwater chestnut) has a wide native distribution, ranging from Eurasia to Africa
(MikulyukandNault, 2009; Walusiak et al., 2024), and was first observed in Massachusetts in the

late 1890s (Burk et al., 1976, USFWS, 2018). By the IR4@=stansvas well established along

0KS {dzRodzZNE WAGSNE FyR Ay wmprtn O28SNBR aaS@SN
Stony Brook and Route 116 in South Hadley (Burk et al., 1976). Unlike other AIS mentioned in this
section, T. natansis a floatingleaf aquaticspecies, and reproduces mainly via seeds, often
NEFSNNBR G2 a4 aOKSaily dzi 4% roset@d, anil eaChkr&eita gadzi O
produce up to 20 chestnuts (USFWS, 2018), which drop down into the sediment to overwinter
OhQbSAff X Hstnuts theh sprokitSmitBe s@ikgSbut may remain dormant in the

ddz0 AaGNI GS F2NJ dzLJ G2 mMH &@SFNR O0STF2NB aLINRdziAy3
also detach from their stems and float to another area via wind or currents, resulting iwa ne
AYyFSadlriaArzy O6DNRGK SG |t dX mdphec T hQh.&mdng = H AN
seeds with a long viability window) alloWsnatando outcompete native species, and results in
exponential population growth (Burk et al., 1976; USFWS, 2018).

As a floating plant]. natanscan cover the majority of the water surface when conditions are

right, intercepting most of the available sunlight (USFWS, 2018; Walusiak et al., 2024). This AIS
can drastically impact the native ecosystem, outcompeting native macrophytes for sunlight and
nutrients, thus decreasing habitat suitability for associated flora and fauna such as algae,
zooplankton, ducks, and other waterfowl (USFWS, 2018; Walusiak 2024). AdditionallyT.
natansimpedes many recreational aciiies. Wateways become unnavigable, fishing lines can
0S02YS GFy3ftSRE YR GKS OKSalydziaQ aKFNL) aLRAy
(USFWS, 2018; Walusiak et al., 2024). These spines also act as a vector for spread by clinging to
boats, recreational gear, arfur or feathers (Mikulyulandb I dzf G = HAndPT hQbSAt f =

T. natansvas observed for the first time in the Ware River watershed during the 2024V CHP
survey at Brigham Pon@ able 58)Brigham Pond was last surveyed in 2021, withiTnaatans
detected, suggesting that this infestation is still in the early stage®sponse to this discovery,
DCRDWSP staff were able to remove an estimated 60 gallons of plant material the same day as
the survey. Management efforts during early infestation stages are critical in preventing this
species from taking over an areand should be considered as an ongoing management effort
for DCRDWSP stafflo date, no other populations have been observed by DCR staff within either
the Quabbin Reservoir or Ware River watersheds.

Table58. Waterbodies with Trapa natans present during the 2024 AIS survey with survey dates
and date of first observation.

Waterbody Name Town Watershed | Last Obs. | First Obs.
Brigham Pond Hubbardston| Ware River | 09/17/2024 | 09/17/2024

3.4.1.7 Phragmites australis
Phragmites australiccommon reed) is the most widely distributed emergent AIS in the Reservoir
and the watersheds. Unlike other AIS, notRllaustralisare invasive. This species hasee
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distinct subspecies (ssp;)ssp.americanugnative), sspberlandieri(native), and sspaustralis
(invasive) (Lambert et al., 2010; Hazelton et al., 2014).-afee, P.australis is referring to the
invasive subspecieB. australigs native to Europe, and has spread to most of the, dc@upying
areas where the nativeubspecies inhabit and areas where theyrab (Lambert et al., 2010).
This AIS can spread via seed, but the main method is clonal propagation via rhératatdons
(Meyerson et al., 2000; Lambert et al., 2010; Hazelton et al., 2014). This Blaustraligo
spread rapidly once introduced to an area, becoming denser and larger in the following years,
and resulting in reductions in native plant biodiversity (Warren et al., 2001), declines in habitat
quality for native fauna (Abland Hagan, 2003), andisruptions to natural nutrient cycling
(Meyerson et al.,, 2000; Hazelton et al.,, 2014). Although labor intensive, pioneer or small
infestations may be eradicated with annual management efforts and should be prioritized before
they become dense establisheslands. Potential management practices include mechanical
harvesting (excavation, cutting, haipdlling,andbenthic barriers) and herbicides (Warren et al.,
2001; Hazelton et al., 2014). Each method has beraiidslrawbacks, and use should be tailored

to the areaandmanagement plan goals.

P. australisis well established throughout the reservoir, forming dense patches along the
aK2NBf AYyS o PhiagmitdsRRIAINWRYCS KN @3S F2NX¥YSR Ay &a2YS
reservoir where this AIS completely dominatelewever,P. australisan be difficult to identify

at early growth stagesmaking documentation of spread difficult. Therefpaelditional surveys

are often requiredo confirm theidentifications ObservationsnitiallyY I RS I & h Q[ 2 dZ3A K ;
during the 2023 DWSEQ survey fall it this category and havnot been confirmed. No new
infestations were found during the 2024 DWER® survey seasdiiable59).

Table59. Waterbodies with Phragmites australis present during the 2024 AIS survey with survey
dates and date of first observation

Waterbody Name Town Watershed Last Obs. | First Obs.
Bassett Pond New Salem | QuabbinReservoir | 06/28/2024 | 09/06/2013
Boat Area 2 Shorelin| New Salem | Quabbin Reservoir| 06/28/2024 1970s
Boat Area 3 Shorelin| Petersham | Quabbin Reservoir | 08/01/2024 | 08/11/2014
Long Pond Rutland Ware River 08/15/2024 | 09/07/2018
O'Loughlin Pond New Salem | Quabbin Reservoir| 08/13/2024 | 07/11/2023
Pottapaug Pond Hardwick Quabbin Reservoir | 08/30/2024 1970s

3.4.1.8 Utricularia inflata

Utricularia inflata(swollen bladderwort) is a carnivorous aquatic plant native to much of the
southeastern coastline, from Texasd Florida to Delaware (Tittend Grig, 2009). This AIS has

since expanded its range, first observed in the Adirondack Mountains in 1999 dd@ris,

2009; Urbanand Titus, 2010), anchow also present in several northeastern states including
MassachusettsU. inflataspreads via seedmdfragmentation, where its vegetative propagules

separate from the main stem to form an independent platirifan and Dwyer, 2016).
'YYlLYF3ISRET GKA&a &aLISOASa oAttt F2NX RSyasS Ylda
hazards, disrupting the native food web, and altering water chemistry. Due to its carnivorous
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nature (Miranda et al., 2021YJ. inflatacompetes with native species (such as fish larva/fry) that
feed on aquatic insect larva, disrupting the food chain. In addition, due to itsfanaing
properties,U. inflatacan increase light attenuation and cause the extirpation of native species
(Urbanand Dwyer, 2016).

U. inflata was first documented in the Ware River Watershed and Quabbin Reservoir (Boat
Launch Area 2) in 2017. The single plant at BLA2 was removed, and no additional plants have
been found there since. Although no observationdJofinflatawere made between2019and

2023 ineither watershed, identification of this species when not in bloom is difficult, and it is
possible the seasonality gbast surveys affecd our understanding of its presence and
distribution.In May of 2023 this species was obserirethe fragment barrier on Pottapaug Pond

FYR fFGSNI O2YyFANNYSR 2y hQ[2dAKEAY t2yR a oS¢

DCRDWSP, in partnership with MWRA, hired contractors to survey and hand relthawéata

2y t2001F LI dA t2yR YR hQ[2dzZAKEfAY t2yR RdzZNRyYy 3
management efforts can be found Section 3.4.3Several DGRWSP surveys were conducted

2y hQ[ 2dAKf Ay t 2y R UAinflatapresEnceibefara corniractor® Begah taidy
removal efforts.

Table60. Waterbodies with Utricularia inflata present during the 2024 AIS survey with survey
dates and date of first observation.

Waterbody Name Town Watershed Last Obs. | First Obs.
O'Loughlin Pond | New Salem| Quabbin Reservoij 05/21/2024 | 05/21/2024
Pottapaug Pond | Hardwick | Quabbin Reservoil 05/14/2024 | 05/26/2023

3.4.1.9 Iris pseudacorus

Iris pseudacorugyellow flag iris) is an invasive species that closely resembles the native blue flag
iris when not flowering. Originally introduced as a horticultural plant to North America in the
1900s (Jacobs et al., 2010; Stoneburner et al., 20243eudacorubas spread throughout most

of the United States. Although terrestrial in nature, this species is closely tied to wetlands and is
often found along shorelines. pseudacoruspreads via seeds and rhizomes and may experience
WNXK A T 2 Y Sresultidf ik Sepakaye Blénts from the original (Sutherland, 1990; Jacobs et al.,
2010; Hayasaka et al., 2018). If left unmanadedseudacorusan alter riparian zones by cut
competing native sedges and rushes that support waterfowl and other native species (Jacobs et
al.,, 2010; Hayasaka et al., 2018). It may also create dense stands that impede water flow
(Stoneburner et al., 2021).

|. pseudacorubas been documented in the reservoir and within both watersheds (

Table61). This species was first documented in Connor Pond (Petersham, MA) in 2013 where it
now colonizes large stretches of the western shoreline and has become densely distributed in
many small coves. It is hypothesized that this population is the source atfspddserved in
Pottapaug Pond and at Boat Launch Area 3 from seed pods floating downstream. In 2019, the
fragment barrier atBoat LaunchArea 3 was repositioned to catch floating seed pods more
effectively. No new. pseudacorumfestations were observed during the 20RWSPEQ surveys
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Table61. Waterbodies with Iris pseudacorus present during the 2024 AIS survey with survey
dates and date of first observation.

Waterbody Name Town Watershed Last Obs. | First Obs.
Asnacomet "Comet" Pon( Hubbardston| Ware River 09/24/2024 | 06/17/2021
Demond Pond Rutland Ware River 07/18/2024 | 08/17/2017
Pottapaug Pond Hardwick Quabbin Reservoir 08/30/2024 2015

3.4.1.10Lythrumsalicaria

Lythrum salicaria(purple loosestrife) originates from Eurasia and was introduced to North
America in the early 1800s (Stuckey, 1980; Mullin, 1998; NaggGriffin, 2001; Blossey et al.,
2001). Since then, it has spread throughout most of the United States, usually inhabiting
wetlands, marsHike, or riparian sites (Mullin, 1998; Nageid Griffin, 2001).L. salicarias a
prolific invasive, producing as many as 2.7 million seeds annually, which creaievémhgeed
banks that require regular maintenance to keep to massge levels (Nageind Griffin, 2001,
Henne et al., 2005; Mahaney et al., 2006). If left uncheckedalicariacan disturb the native
ecosystem by outcompeting native plants for space (Stuckey, 1980), decreasing food sources for
songbirds, and reducing suitable nesting habitat for waterfowl (Mullin, 1998; Henne et al., 2005).
Management of this species is usuadlifher mechanical harvesting or chemical treatment
(Mullin, 1998; Henne et al., 2005).

L. salicariavas first documented in 2011 in both watersheds. Since then, this invasive species
has spread from the initial three waterbodies to almost twenty, with varying degrees of
infestation levels (individual plants to small clusters). This plant is difficietdify when not in
bloom, making accurate estimates of its extent throughout the watersheds difficult to attain.
Despite this, populations of. salicaria do not appear to be changing rapidly year to year,
demonstrating a relatively low theg to water quality. No new infestations were observed during
the 2024 DWSIEQ surveygéTable 62.

Table62. Waterbodies with Lythrum salicaria present during the 2024 AIS survey with survey
dates and date of first observation.

Waterbody Name Town Watershed Last Obs. | First Obs.
Boat Area 3 Shorelin| Petersham| Quabbin Reservoil 08/01/2024 | 08/24/2022
Cloverdale Pond Rutland Ware River 07/23/2024 | 08/30/2011
Demond Pond Rutland Ware River 07/18/2024 | 08/06/2013
Lake Mattawa Orange Quabbin Reservoil 07/29/2024| 07/19/2011
Long Pond Rutland Ware River 08/15/2024 | 08/19/2013
Pottapaug Pond Hardwick | Quabbin Reservoil 08/30/2024 | 08/20/2011

3.4.1.11Myosotis scorpioides

Myositis scorpioide@rue forgetme-not) is native to Eurasia, and although not considered a true
aquatic plant, it does inhabit wet disturbed shorelines. Now found throughout the United States,

M. scorpioidesas naturalized in many areas, but has remained a potential invasive within the
New England states. Scientific research regarding this species is sparse, resulting in a relatively
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unknown impact to water qualitand native wetland vegetationAs a result, any populations
observed during W/SPEQ surveys are monitored and removed as needed. When not blooming,
M. scorpioidescan be difficult to identify,which may account for variations in observed
populations from yeato-year. This species spreads via seed production and through an
extensive and shallow root system. To effectively manage for this species, continuous removal
efforts before plants seed would be required.

M. scorpioideswas first observed in the Quabbin Reservoir Watershed in 2012, along the
shoreline of BLA2 and at Gaston Pond in Barre. Since then, it has been observed in several other
ponds within both watersheds. Observations have been variable however, and somatmmmsil
havenot been observed in several yealo M. scorpioidesvere observed during the 2d2DCR

DWSP survey season.

3.4.1.12Rorippa microphylla

Rorippa microphylléone row yellowcress), also known idasturtium microphyllumis native to

Europe and has spread to much of the world due to its popularity as a salad green (GoBotany,
2024). This species is considered invasive in Connecticut but not in Massachusetts. Although a
closely related specieRorippa amphibi&water yellowcress), is on the Massachusetts prohibited
plant list,R. microphyllaemains absent (MDAR, 2023). Due to a lack of scientific literature on
this species, observations of stmhorrnative should beclosely monitored to determine its effect

on native species.

R. microphyllas present in both watersheds. It was first observed in the Quabbin Reservoir
(BLA2) in 2013 and the Ware River Watershed in 2014. When not flowering, this species can be
difficult to identify, and closely resembles other native and state listed spegs. resultR.
microphyllacbservations are not consistent, highlighting the importance of marking population
locations for subsequent survey efforts. IRo microphyllavere observed during the 2@2DCR

DWSP survey season.

3.4.2 Invasive Aguatic Fauna Monitoring and Distribution

Visual surveydor Cipangopaludina chinensi€hinesemystery sna)l and adult Dreissena
polymorpha(zebra musse)sare performed alongside aquatic macrophyte surveys. Net tows for
invasive zooplankton and the larval stage$opolymorphain the reservoir began in 2009. The
following sections summarize the presence and absence of potential invasive aquatic fauna
threats in the Quabbin and WaRiver Watershesl

3.4.2.1 Dreissena polymorpha

Dreissena polymorph@@ebra mussels) were discovered in Massachusetts in 2009, leading to the
development and adoption of the Quabbin Boat Decontamination Prog&eation3.4.3).Since

then, it has been determined that the low pH and calcium levels foatitde Quabbin Reservoir
(Section3.3.5 make it unsuitable fob. polymorphareproduction and growth. As a result, it is
unlikely to find fully matured. polymorphan the reservoir. Despite this, plankton net tows are
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scanned for the immature larval stages®f polymorphaTo date, no immature larval stages
have been found in the reservoir.

3.4.2.2 Invasive Zooplankton

The potential invasive zooplankton of concern &ghotrephes longimanupiny waterflea)
and Cercopagis pengdfishhook waterflea)ln 2024 dlique towswere collectedevery other
month from May to Octobenear the Boat Launch Areas (BLAs) and scanndgtdompresence.
As 0f2024 neither species has been documented in the Quabbin Reservaoir.

3.4.3 AIS Management and Boat Decontamination Programs

Aquatic invasive species (AIS) management within the Quabbin Reservoir andRWare
Watershed is currently limited tdwo projects: Myriophyllum heterophylluntemovalon the

Ware River, andUtricularia inflataNB Y2 @I £ 2y GKS hQ[ 2dzZa3KfAYy I yR
Funding from MWRA supports both management projects.

The DWSP Quabbin Reservoir/Ware River Region runs several prevention programs designed to
limit the spread of AIS throughout the watersheds. These programs include the Quabbin Boat
Seal Program for anglers on the Quabbin Reservoir and twoesification programs within the

Ware River WatershedThe Quabbin Boat Decontamination program was initiated in 2009. The
SeltCertification programs began in 2010.

3.4.3.1 Ware River Management of Myriophyllum heterophyllum

Annual management d¥l. heterophyllumhas occurred since 2016 in the basin above the Shaft

8 intake along the Ware River and in sections above the railroad and Route 122 bridges along the
Ware River. Despite these effortd, heterophyllunremains an issue for water operations due

to plant fragmentation. Control methods are currently restricted to physical removal of plants
and drawdowns. Winter drawdowns may lessen the labor necessary to réduoeterophyllum

in this area; however, the hard freezes required for this to be effective arecomsistent or
predictable. In addition, the population dfl. heterophyllumupstream of the Shaft 8 intake
continues to repopulate the area.

M. heterophyllumupstream of Route 122 maintained similar distribution to the previous year,
covering about 4.3 acresvith an additional small area (0.17 acres) noted along the eastern
shoreline(TRC, 2024bDavey Resource Group was contracted by MWRA to physically remove
plants for the seventh consecutive year. The 2024 harvest yielded a 48% reduction in total gallons
removed compared to the previous yeanpst likely due to increaseskarch time due tglant
sparsity (Davey Resource Group Inc., 202dyri3tream of Route 122 saw a decrease of 69% in
gallons removed and upstream saw an increase of. Z0%s difference is most likely due to an
increased amount of time spent above the Route 122 brid@pe/ey Resource Group Inc., 2024).
Depopulating the entire river above Route 122 would be impractical, daunting, and extremely
expensive. This is an ongoing issue with no foreseeable permanent solution. For this reason, the
focus is to keep the basin above the intake as frell ofieterophyllumas is feasible.
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3.4.3.2 Quabbin Holding Ponds Management of Utricularia inflata

Since its discovery in 2023, removal efforts have been ongoing at the Quabbin holding ponds:
hQ[ 2dzAKEAY t 2y R | YR t 2 (in2023WedzhitialyZcghBubtedbpDER D £ S
DWSP and a MWRA contractor but were limited due to early plant seneséetmaractor (TRC)

was hired through MWRA for the 2024 growing seasod.ahflata(May-July).

alylrasySyid 2y t2G0FLJ dzZ3 +FtyR hQ[ 2daAKEAY gl a O
growth surveya point-intercept survey, and removal. The initial growth survey was conducted

on May 22 to determine the growing period bk inflata as this species is a relatively new

invasive to the northeastern states. Following this, a paitércept survey was conducted on

both holding ponds. A total of 656 survey points were visited (511 points on Pottapaug and 145
LR2Ayia 2y hQ[2dAKfAYOd hT (KS pmm LRAylGa 2y t
Y2RSNI 4GS O2@0SN}3IS: YR mn KFEIR RSyasS O2@0SNI 3ISo
sparse coverage, most with only one plant foum®C, 2029a

Subsequent removal efforts began June 3 and continued until July 3, mainly targeting areas on
Pottapaug Pond closest to Boat Launch Area 3 and the inlet to Quabbin Reservoir. A total of 21
harvestdays were conducted on Pottapaug Pond, resulting in the removal of 1,527 galldns of

inflata (TRC, 2029aln contrast, onlyhreeNB Y2 @I f RIF &84 200dz2NNBR 2y hQJ
in approximately one gallon &f. inflataremoved.

3.4.3.3 Quabbin Boat Decontamination Program

The Quabbin Boat Decontamination program was initiated in 2009 to mitigate the risk of AIS
introduction into the reservoir through recreationabat fishing. The Quabbin Reservoir is a
popular destination for anglers as the system hosts both cold and warm water fish species. DCR
provides rental boats for anglers to use on the Quabbin Reservoir, however many people prefer
to use their own boats. Thougitome anglers exclusively fish at the Quabbin Reservoir, many
others fish at a variety of locations acrossWEngland within a season. This provides a

potential pathway for the interchange of AlS between bodies of water.

The Quabbin Boat Decontamination Program was developed to prevent the spread of AlS,
which includes plants (variableaf milfoil, Eurasian milfoil, hydrilla, etc.), zooplankton (spiny
and fiskhook water flea), and invertebrates (zebra mussels and Chimgseery snails). Many
invasive species are very well adapted to endure harsh conditions, such as periods of
desiccation. Plants can spread via small seeds and small plant fragments. Zooplankton and
zebra mussels are microscopic during certain life stagelscan persist inside boat motors for
long periods of time. The boat inspection and decontamination prograepsired byDWSP
serve to limit the introduction of these invasive species into the Quabbin Reservoir.

The Quabbin Boat Decontamination Program consists of two options for recreational boaters to
clean their boats: warrweather decontamination (WWD) and celkather quarantine
(CWQ). WWD events occurred ouér dates in 2024hroughout the fishing seasgmand he
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cold-weather quarantine program occurred oviére dates in 2024fter the fishing season had
closed Samples of biological substances collected off boats inspected during either the WWD
or CWQ programwere identified whenever possible.

During WWD, before vessel inspection and decontamination, boaters are asked where the
vessel was last launched to determine potential AIS threags 4 vessel last launched at Lake
Winnipesaukee may be harborimy longimanusr T. natans both of which are not present in
the Quabbin Reservoir). Afterwards, DOR/SP staff inspectlgarts of the boat (including

hulls, all througkhull fittings, live wells, bilge, downriggers, anchors, lines, and trolling motors)
in addition to the boat trailers (including rollers and bunktjhe vessel passes inspection, the
motor is then flushed with hot wated@0 °F until the water runs out of the motor for 10
seconds at the same temperature. The vessel, including huisyklls, bilge, anchors, trailer,
and fishing gear (such as poles and nets), are w&shed withhigh pressure hotvater. Any
organisms that may be present in the motor or on the vessel should be killed by this process.
While this program requires payment from anglers, it enables them to fish outside of the
Quabbin Reservoir, then return following the completion of a decontamination event. This
significantly reduces the risk of AIS introduction from other waterbodielsowitrestricting
anglers to exclusely fish at the Quabbin Reservoir.

Unlike WWDCWQ requires no fee. Boats are tagged at the beginning of the winter season,
ensuringthey remain on trailers for around four months. At least three consecutive days below
32°F, or 46 days with an average low temperature of 30 °F is required to cause desiccation or
cold thermal death for any potential AIS (McMahon et al., 1998 20232024 winter season
(OctoberApril) hadsevenconsecutive days below 32°F, and adéy average low of 25°F.

In2024,117 boats were inspected and decontaminated through the WWD program. This is
lower than thepreviousfive-yearaverage(168 WWDs from 2012023).Eightyone boatswere
inspected and sealed through the CWQ program ind202isis lower than the previouBve-
yearaverage(85 CWQs from 2012023. In 202, around38% of boaters used the WWD for
the first time, and around.4% of boaters used the CWQ for the first time.

Public perception of the boat decontamination programs has improved since their inception.
While the programs initially met some resistance, many anglers are now grateful for the
opportunity to safely recreate between the Quabbin Reservoir and other watkes. This is

likely due to a regiowwide effort from state and local officials as well as pond associations, to
educate anglers on the risks of AlS. Participation in boat inspections and cleaning programs is
now standard practice at many recreational wdiodiesin, and outside of, Massachusetts

Though the public is becoming more aware of AlS, continued education is crucial. Many boaters
remain unaware of the span of AIS beyond zebra mussels and common invasive plant species.
This demonstrates the importance of continued education efforts tpkaeglers engaged to

ensure the Quabbin Reservoir remains free of new AIS infestations.
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3.4.3.4 Boat Ramp Monitoring and SelCertification Programs

The Boat Ramp Monitorirgnd SelfCertification Program asestablished in 2010 to reduce
the spread of AIS in ponds that allow boaters in the Ware Ritstershed. The program was
implemented in 2010 utilizing two fulime seasonal positions to educate boaters and inspect
watercraft. Since then, a setkrtification boat inspection process has been in place to
streamline the program while reducing DWS&ffstesources. Efforts are focused Asnaomet
Pond in Hubbardston and Long Pond in Rutldne tothe high volume of boatenstilizing

these waterbodies.

Selfcertification forms are prominently displayed at Comet and Long Ponds in boxes on the
kiosks near each boat ramp, along with signage directing boaters toeséfy their watercraft

as free of AIS before launching. Kiosks, signs, and forms wereedpd&021 to make the
program clear and information accessible. Forms include questions about where the boat was
last used, how long Wwasout of the water, how they cleaned their boats and with what, and if
they are aware of any AIS in the locationytigreviously boated. These questions provide
information for management purposes, in addition to encouraging boaters to take
responsibility for understanding the risk of AIS in their recreational water bodies.

Boaters are asked to display the completed forms on their car dashboard. Parking areas at both
ponds are periodically checked through the boating season to monitor for compliance with the
program. Vehicles/boaters not displaying a completed form are ginv&rnuctions, and a blank

form.

Cabomba carolinianéfanwort) was first identified in 2021 during an annual macrophyte survey
at Long Pond, a D@mvned pond that utilizes selfertification. Fragments d. caroliniana

were found near the boat launch, and a dense patch had formed in the cove between the boat
launch and road. The size of individual plants, and the spread of the patch indicate this invasive
plant had been present in Long Pond for over a year before disgoRue to the location of

the infestation in the water body, it isewy likely it was introduced by boaters. This AIS
introduction highlights the importance of the selértification process and presents an example

of the consequences that follow noncompliance.

4 Conclusionsand Next Steps

Monitoring resultsgenerated by DWSP in 208ocumented the continued high quality of water

in the Quabbin Reservaand its tributaries The requirements of the filtration avoidance criteria
under the SWTR were satisfied for the entirety of £20thcreased sampling intervals for
parameters of particular interege.g, nutrients, organics) has allowed DWSP to develop a better
understandingof the range of variability across sites and across seasons for these analytes and
better characterize patterns undedifferent meteorological and hydrological contexts (e.g.,
drought season of 2024 compared to high rainfall and streamflow year of 2028gr quality
monitoringcontinuesto assess and document water quality in the Quabbin Reservoir and Ware
River Watersheds and ensure continued fulfilment of the requirements stipulated by the SWTR.
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DWSP sampling plans will continue to be developed in coordination with MWRA and UMass
partners to best adapt to emerging water quality concerns.

4.1 Meteorology and Hydrology

In 2024, the NOAWeather stations in the Quabbin Reservoir and Ware River watersheds showed
gl NYAYy3d GNBYyRa 6KSyYy O2YLI NBR (G2 KAaAaUG2NROI f
what was observed the previous year; however, 2024 has shown a more consistent warming
pattern throughout the year than 2023. The most notable fluctuations were observed in the
Ware River watershed, with mean monthly maximums exceeding historical means by an average
of 5°C during winter months. Despite these variations, daily median temperageesrally
remained within historical ranges, although occasional outliers were observed, particularly in
winter and spring. Even though March was a record setting month for rainfall, cumulative annual
precipitation was below historical averages acrossralhitoring stations, with annual deficits
ranging from 2.8% to 13.3% below leteym means. The persistent lack of precipitation
contributed to progressively worsening drought conditions throughout 2024, culminating in
100% of Massachusetts experiencingught by yearend, with many regions in severe to
extreme drought conditions. Snow monitoring in the Quabbin Reservoir watershed indicated
below-average total annual snowfall as compared to historical records, with snowfall totals for
2024 falling withinhe lower 25th percentile.

Streamflow in the Quabbin Reservoir and Ware River watersheds was highly variable throughout
2024, mirroring the year's uneven precipitation. The year began with unusually high flows in
January and March, particularly at Ware River at Gibbs Crossing fidweseexceeded historical
averages by over 500 cfs. As drought conditions intensified from spring through fall, streamflow
declined across monitoring stations, with West Branch Swift River recording September flows at
only about 16% of its historical avgia Despite the lack of water, daily minimum flows remained
above historical critical levels, and streamflow began recovering in the final months of the year
as precipitation increased.

These findings highlight the dynamic nature of climate, precipitation, and hydrological responses
in the Northeast, with notable variations observed across seasons and watersheds. They also
reflect the impact of climate change on weather patterns in thertheast, with 2024
meteorological and hydrological data from the Quabbin Reservoir and Ware River watersheds
exhibiting broad variability when compared to historical observations. Studies in the region
suggest that further impacts to climate in the Nortls¢awill result in less predictable and
increasingly extreme meteorological trends, and these trends will be reflected in more frequent
high magnitude streamflow events (Demaria et al., 2016; Siddique et al., 2020; afalivigung,
2021). Continued monitoringand the potential expansion of monitoring networks in both the
Quabbin and Ware River watershedsrecommended in order to better understand and adapt

to future changes.
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4.2 Tributary Water Quality

Results generated from routine monitoring of tributaries in Quabbin Reservoir and Riaee
Watershed in2024were largely consistent with historical data amgkt drinking water quality
standards.Water quality patterns in tributaries of these two watersheds reflected the distinct
differences in seasonal rainfall and streamflow observed in 2024. The high early winter and spring
streamflow, spatially variable summer thunderstorms and correspondigly imtensity rainfall,

and prolonged fall drought followk by rainron-snow rewetting conditions lead to distinct
patterns in seasonal sediment and nutrient export.

While turbidity values were higher than average across sites due to the extreme and varying
hydrology of the year, results were largely within historical rangsilarly, summer Wy
observations were elevated relative to the period of record across sampling locations in both
watersheds, attributed to consistent high discharge simultaneous to timing of peak biological
productivity in the watershed. The prolonged fall drought and dighiad streamflow lead to a
marked decline in both mean W{levels andTOC concentrations throughout the watersheds.
Results from the highischarge event of December 30, 2024 (ramsnow) following this fall
drought period included numerous record high winter maximum results across numerous
analytes €.g.,total phosphorous, TOC, turbidity), highlighting the influence of seasonal drought
and flood cycles, as well as discrete flood events, on water quality patterns and transport
dynamics.The increased temporal resolution abutine nutrient monitoring imo 2024 (from
guarterly to biweekly) continued toeveal more detailed dynamics of terrestrial aquaticy¢ling

than previously documentedhcluding the influences of seasonal drought angwetting on the
varied nutrient patterns seen across streams of these watersheds. Results from bacterial analysis
were largely within normal historical ranges in 2024. Annual geometric reezuli values were
mostly on the lower end of historical ranges, with most monitored EQA sampling locations
showing a lower annual geometric mean compared to previous monitoring cycles. Monitoring
results of water quality parameters in QuablBteservoir Watershednd Ware River Watershed

in 2024were consistent with historical data, did not suggest the presence of any new substantial
point-source contributions, and ultimately demonstrated continued adherence to drinking water
guality standards.

4.3 ReservoilWater Quality

Results of routine water quality profiles collected in Quabbin Reservoir 282 comparable

to historical data and indicated that the timing of turnover and stratification occurred in line with
prior seasonsln addition, profile data captured the impact of high stream flows on site Den Hill,
resulting in low dissolved oxygen and elevatecddVévels.Profile dataalsoserved to guide
phytoplankton samplingPhytoplankton densities observed in 2024 were higher than those in
2023. However, changes iytoplankton community composition in 2024 were consistent with
patterns observed in prior years. The elevated phytoplankton levels in 2024 were primarily
attributed to aChrysosphaerellaggregation, which reached levels similar to those seen during
the 2019 and 2022 events and resulted in taste and odor impacts on water qister quality
monitoring showed that nutrient (TP, TKN, ammonia, and nitrate) levels have not increased over
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the period of record and that the observed low nutrient levels still characterized the Quabbin
Reservoir as an oligotrophic water body (Carlson, 1977). Due to the low nutrient concentrations
and the inconsistent pattern of phytoplankton aggregations obsérin the last 6 years, it is
believed that the high levels @hrysosphaerellabserved some years were not influenced by
nutrients but by other hydrological and climatic drivers (such as temperature, possible silica, and
precipitation/high riverine flows Years with observed aggregations (2019, 2022, and 2024)
experienced drought conditions (or partial drought conditions) while years without aggregations
experienced consistent flood conditions. The impact of drought and flood conditions on
phytoplankton aggegations will continue to be studied by DWSP staff and will be discussed in
future reports. For example, to better understand the role of silica availability in the water
column and uptake by chrysophytes (algal group containing most of the taxa aércofor the
Quabbin Reservoir) dissolved silica will be added to the 2025 monthly reservoir monitoring.

4.4 Agquatic Invasive Species Monitoring and Management

Continued prevention efforts and monitoring of current and potential invaders are the main
priority of the AIS Program at Quabbin. Changes in environmental factors due to climate change,
which previously prevented certain species from establishing in Neglagd, has led to an
AYONBI A4S Ay AYyQlIargsS aLISOASAQ &aLINBIR (GKNPRdAAK?2
collection and GPS, information about AIS spread within waterbodies in the Quabbin and Ware
River Watersheds will help aid future prevemt, education, and management efforts.

Overall, AIS observations during the D\WESP 2024 surveys remained similar to previous years

with a few notable exceptionsUtricularia inflatag & O2 Yy FANNSR 2y h Q[ 2 dz=
emphasized the need for eareason surveys on high priority waterbodies within the Quabbin

and Ware River watersheds. It is recommended that these tygagly surveys continue dhe

holding ponds and on the Ware River upstream of the Shaft 8 Intake to detectseadpn

species such ad. inflataand Potamogeton crispusManagement olU. inflataon the holding

ponds should continue, to reduce potential spread into the Quabbin Reservoir. In addition,
reservoir areas adjacent to the holding ponds should be surveyed to confirm presence/absence

of this species.

Trapa natansvas also observed for the first time within the Ware River watershed on Brigham
Pond. Although not a source waterbody, the presence of new AIS in either watershed is a cause
of concern as it may spread to our source waters. Surveys of EQA ponds shduidecas
scheduling and staffing allows, and management actions should be taken, when able, to mitigate
the risk to our source waters.
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4.5 ProposedQuabbin Reservoir and Ware RivéfatershedMonitoring
Programsfor 2025

The water quality sampling plan for the Quabbin Reservoir and \WRaver Watershesl is
reviewed and modified annually to direct focusddferent subbasins within the watersheds
investigate new areas/analytes based on emerging water quality con@rdsdapt to changing
conditions (including but not limited to changes in land use/land cover and/or clhh@ten
hydrometeorologicalchanges).Planned changes to 2025 monitoring programs are detailed
below.

4.5.1 Tributary Monitoring

The 203 sampling plan retains the loAgrm Core sites in both watersheds and replaces the

sites used to support Environmental Quality Assessment (EQA) eff@isabbin Reservoir and
Ware River Watershed$he Quabbin Reservoir Watershed tributary monitoring program
includes sevelCoresites and up to seven EQA sites2025,DCR will continue to sampévery

two weeks in the Quabbin Reservoir Watershed, discontinue monitoring at EQA sites monitored
in 2024 (211A, 211BX) and begin monitoring at four EQA sites located in the East Branch
Swift sanitary district (216C, 216D, 216G, 296lAll Core sitesill remain. The same suite of
analytes and sample fregncy is planned for this watershéflable 5)EQA reporting for the

East Branch Swift sanitary district is planned for 2026.

The WareRiver Watershettibutary monitoring program includes storesites and up to six EQA
sites. DCR will continue to sampeery two weekst Coresites, discontinue monitoring at the
EQA sites monitored i8023 (108A, 108B, 108C, 11&hd begin monitoring atour EQA sites
(105, 119, 110, 121MIlocated in the ColdbrookLongmeadowsanitary district in 202
Monitoring at site 101 will remain consistent with that of tributaries in the Quabbin Reservoir
Watershed. Mtrient (NG&-N, NH-N, TKN, and TRyonitoring will continue at a quarterly
sampling interval in the remainingonitoringtributaries in the Ware River Watershed in 202

All other analyses will remain unchanged from 2(QRable 5)

4.5.2 ReservoiMonitoring

Monthly Quabbin Reservoir monitoring at Core sites (202, 206, and Den Hill) will be conducted
by DWSP froriMarchthrough December 2@ weather and reservoir conditions permitting. This
monitoring will include analyses for turbidity, total and fecal colifoEncoli TOC, U4, and
extracted chlorophyla. Quarterly Quabbin Reservoir monitoring will be conducted in May, July,
October, and December. In addition tilee monthly analytes, quarterly monitoring will include
alkalinity, Na, Cl,and nutrients (NQ-N, NH-N, TKN, TP, and SRoutine monitoring for
phytoplankton will be performed by DWSP weekly at site 202 during the growing season (May 1
through September 30, 2@2, monthly atsite 202 outside of the growing season, and monthly

at sites 206 and Den Hillln situ profiles of temperature, pH, specific conductance, dissolved
oxygen, turbidity, chlorophy#, and phycocyanin will be collected at each monitositg within

the Quabbin Reservoir and used to determine appropriate sample collection depth and inform
controls on phytoplankton dynamics in Quabbin Reservoir.

Water Quality Repor2024 158
QuabbinReservoir Watershedare River Watershed



Two modifications to DWSP monitoring efforts in QuabBieservoir Watershedr WareRiver
Watershedare anticipated for 202 Sample collection and analysis for dissolved silica will be
added to the monthly Quabbin Reservoir monitoring to better understand the role of dissolved
silica on chrysophyte aggregations. The second modification to the 2025 monitoring efforts will
be to extend the Quabbin Reservoir monitoring period to start in March instead of April, ice
cover conditions permittingChanges to th®WSP water quality monitoring program introduced

in 205 may aid in future management decisions and help to better elucidate potential controls
on productivity and algal dynamics in Quabbin Reservoir.

4.5.3 Aquatic Invasive Speciddonitoring and Management

Every yearDWSHnonitors select ponds for AIS in addition to contractors hired by MWRA who
survey the Quabbin Reservpirolding pondsand the Ware River around the Shaft 8 intake. For
the 205 survey seasamine waterbodies are planned for DWSP survepsisincludesthe two
holding pondsthree boat launch areasnd the west arm of the Quabbin Reser@able 63.

DCRDWSP has conducted perioditS surveys of the QuabliReservoir but has been limited to

the WestArm and Boat Launch AreddWRA contractors have also conducted annual surveys of
the Reservoirput these are limited to specifiedoints and do not cover the full extent of the
vdzZ- 66 AY wSaS NI Zodpihtkride tHe proteéctondf dur doog Waters and collect a
more comprehensive overview of AIS in the area, Quabbin littoral areas will be separated into
five zones for DWSP to survey on aatotg basisi(e., surveying one zone every five years). In
2025, Zone 1 will be surveydgee Appendi®.3). This zone covers the west arm down to the
Winsor Dam and boat cove.
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Table63. Proposed AIS monitoring schedule for CY2025

Quabbin Reservoir Watershed

Last
Survey| To Be Surveyec
Water Body Name Location Type | Year by
Quabbin Reservoir New Salem, Petershan Annual| 2024 TRC

Hardwick

Quabbin Reservoir,
WestArm (Zone 1)
Quabbin Reservaoir,

Pelham, New Salem| Annual| 2024 | TRC and DWS

Boat Launch Area 1 Belchertown Annual| 2024 | TRCand DWSP
Quabbin Reservoir, New Salem Annual| 2024 | TRC and DWS
Boat Launch Area 2
Quabbin Reservoir, Petersham Annual| 2024 | TRC and DWS
Boat Launch Area 3
O'Loughlin Pond New Salem Annual| 2024 | TRC and DWS
Pottapaug Pond Hardwick Annual| 2024 | TRC and DWS
Ware RivelWatershed
Last
Survey| To BeSurveyed
Water Body Name Location Type | Year by
Ware River,
Upstream of Shaft 8 Barre Annual | 2024 | TRC and DWS
Ware River,
Upstream ofBoat Launch Barre Annual | 2017 DWSP
Brigham Pond Hubbardston | Annual | 2024 DWSP
Long Pond Rutland Annual | 2024 DWSP

Management oUtriculariainflatal ¢ G KS t 20 0F LI dzZ3 YR hQ[ 2dzZAKE AY
in the CY2025 season by DWSP staff and MWRA contractors (please ré&bld®4 for a

breakdown of responsibilities and overall schedule). An initial gatercept survey will be

conducted on reservoir areas adjacent to Boat Launch Area 3 to confirm presence, extent of
infestation, and density. As time allows, peintercept surveg will also be conducted on

t 200K LI dzA t2yR YR hQ[2dAKfAY t2yR® 5dzNAy3T KI
provide periodic updates, noting amount harvested and harvest locations through email and a

DCR Survey 123 form. Upon receipt of fival draft report, DCR will work with MWRA to
determine next management steps.
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Table64. Proposed timeline for contractor hire, Utricularia inflata surveys, harvest efforts, and
reporting.

Month Task
February | MWRA- Call forProposals
March | MWRA- Award Bid
May DWSR Silt Fence Disposal Site St
May DWSR Plant Growth Survey
May Contractor- Pointintercept Surveys
May - June| Contractor- Plant Removal
June- July | Contractor- to Submit Draft Report
August | Contractor- to Submit Final Report
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6 Appendices
6.1 Appendix A.2024 Watershed Monitoring Parameters

Table Al:Water quality parameters, and associated analytical methods, monitored by DWSP in surface

water in the Quabbin Reservoir Watershed and Ware River Watershed in 2024. Monitoring for select
parameters in Quabbin Reservoir or tributary monitoring locatiohsyisR A O (i S R
T, respectivelyPrecipitation and air temperature measurements were recorded from meteorological

stations maintained by DWSP and NOAA. Discharge measurements were recorded from stream gages

maintained by USGS. Adaptedm DWSP, 2021c.

-

oe

|.y qa -

Analysis
Parameter Name Units Sampling Group| Location(s) Analysis Method R|T
Air Temperature DegF Meteorological | FieldSensor | - - |-
Ammonianitrogen mg/L Nutrients MWRA Lab EPA 350.1, 353.2 X | X
Alkalinity mg/L CaC®| Nutrients MWRA Lab SM 2320 B X | X
Blue Green Algae ug/L Field parameter | FieldSensor | In situFluorometry X
glll;s Green Algae RFU Field parameter | FieldSensor | In situFluorometry - |-
Chloride mg/L Nutrients MWRA Lab EPA 300.0 X | X
Chlorophyll ug/L Field parameter | FieldSensor In situFluorometry X | -
Chlorophyll RFU RFU Field parameter | FieldSensor | In situFluorometry - -
Chlorophyll volts volts Field parameter | FieldSensor In situFluorometry - -
Discharge cfs FieldParameter | FieldSensor | - X
Dissolved Oxygen | mg/L Field Parameter | FieldSensor | SM 45000 G2001 X | X
E coli MPN/100 Bacteria MWRA Lab 9223B 20th Edition (Enzyme % | x
mL Substrate Procedure)
MeanUVssa ABU/cm Nutrients MWRA Lab SM 5910B 19tledition X | X
Nitrate-nitrogen mg/L Nutrients MWRA Lab EPA 350.1, 353.2 X | X
Nitrite-nitrogen mg/L Nutrients MWRA Lab EPA 350.1, 353.2 X | X
Oxygen Saturation | percent Field parameter | FieldSensor | SM 45000 G2001 X | X
pH S.U. Field parameter | FieldSensor | SM4506H+ B2000 X | X
N . . FieldSensor
Precipitation in Meteorological (USGS/NOAA) N/A - -
Secchi Depth ft Field parameter | FieldSensor | N/A X
Silica >g/L Nutrients MWRA Lab EPA 200.7 - |-
Sodium >g/L Nutrients MWRA Lab EPA 200.7 - -
Specific Conductanc{ pS/cm Field parameter | FieldSensor | SM 2510 B997 X
Staff Gage Height | ft Field parameter | FieldSensor Pressure Tran;ducer/ Visual X
staff plate reading

Total Coliform mENllOO Bacteria MWRA Lab 9223B 20th Edition X | X
Total Kjeldahl mg/L Nutrients MWRA Lab | EPA 351.2 X | x
Nitrogen

Total Nitrogen mg/L Nutrients MWRA Lab Calculated - |-
Total Organic Carbor mg/L Nutrients MWRA Lab SM 5310 B - -

Water Quality Repor2024 169

QuabbinReservoir Watershedare River Watershed

£

Ay



Analysis
Parameter Name Units Sampling Group| Location(s) Analysis Method R
Total Phosphorus >g/mL Nutrients MWRA Lab EPA 365.1 X
TotalSuspended | 0 Nutrients MWRA Lab | SM2540 -
Solids
Turbidity FNU FNU Field parameter | FieldSensor | ISO7027 -
. . DWSP Lab,
Turbidity NTU NTU Bacteria USGS EPA 180.1 X
Water Depth m Field Parameter | FieldSensor | N/A X
Water Temperature | DegC Field Parameter LFJ|§I§§ensor, SM 2550 B000 X
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6.2 Appendix B. DWSP Ing&gation into bacterial sources at Boat Cove Brook,
2024

E. colwas elevated above the period of record normal levels (25th to 75th percentile) in routine
samples collected iBoat Cove Brootroughout the2024 sampling year (Figure BElevated

results in 2024 occurred both in the summer and during unseasonably warm weather in
December, coinciding with rainfall eveniBhe annual maximurk. colilevel observed at this
f20FGA2y AY HnHun O6mpon atbkmnn Y[O gFa FGGNROG
E. colin surface waters following precipitation evarnay be attributed to episodic flushing from

upland sources, as concentrations typically return to baseline levels with decreasing streamflow.
Persistent elevated levels Bf colin the absence of hydrological events may indicate a potential

wildlife presence in the near stream contributing areas.

10000-

100-

S-S

E. coli (MPN/100mL)

1_
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FigureB1l Time series of E. coli measured in Boat Cove Brook tributary during 2024. Lower gray line
indicates the laboratory detection limit (L0 MPN/100 mL). Shaded band signifies period of record monthly
25th to 75th percentile values

The 2024 Boat Cove BroBk colresults align with the overall pattern . colifor the period of

record withlow E.coliin the winter to begin the year, an increase as temperatures and flows rise

in the spring, elevated levels in the summer as the flow in Boat Cove Brook decreases and bacteria
is flushed into the stream during rain events, before dropping in the fall hgadto winter. In

2024, Boat Cove Brook completely dried up and samples could not be collected between August
27 and December 4. Once sampling resumed, the two samples most elevated above the period
of record normal range were observed on December 17 @adember 30. Both samples were
collected during unseasonably warm weather (50°F on 12/17, 56°F on 12/30) with rain events
Ond®HyE 2y MHKMTIZ ndcpé 2y MHKONUL D

The Boat Cove Brook subbasin has been the subject of repeated surveys and investigations in
recent years due to the elevated levels Bf coliobserved. Signs of wildlife have been
documented as a likely contributaf E. coliflushing into the stream(DWSP, 2018a; DWSP,
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2023a; DWSP, 2024an 2024, the Boat Cove Brook catchment was subject to further
investigations for an Environmental Quality Assessment report related to its history and ecology.

The main issue impacting the area was its use as a borrow pit to build the Windsor Dam. This
atSNBER GKS OFiOKYSyiQa KeRNRf23I& | YR &ASOSNBfe
naturally filter water due to the removal of the surface soils. The examination of Boat Cove Brook
catchment will be further expanded upon in the 202a1abbin Reservation Environmental

Quality Assessment report.
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6.3 Appendix C. Quabbin Reservoir AIS Survey Zones
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