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Abstract

The Department of Conservation and Recreation, Division of Water Supply Prote©fioce of
WatershedManagementmanages WachusettReservoir andands within theWatershedto assure the
availability of safe drinking water faresent anduture generationsThe5 A @ A &Winymenial Quality
Sectionimplements acomprehensive water qualitand hydrologicmonitoring programto screen for
potential pollutants, measure the effectiveness of watershed management programs, better understand
the responses of thdReservoirto a variety of physical, chemical, and biological inputs, assess the
ecological health of thReservoiand thewatershedsystem and demonstratecompliance wittstateand
federalwater quality standardsAs part of thigprogram Environmental Qualitysectionstaff performfield

work, manage andnterpret water quality data, angireparereports of findingsThis reportisasummary

and discussiomf water quality monitoring methods and results frowater quality andhydrological
monitoring activitiescarried out by theDivisionin the WachusettReservoir Watersheduring2023. This
annual water quality report is intended to meet the needs of watershed managers, the interested public,
and others whose decisions must reflect water quality considerations.

Monitoring of tributariesand the Reservoiris a proactive measure aimed at identifying trends and
potential problens that may require additional investigation or corrective actiém2023, Wachusett
Reservoir water quality satisfied the requirements of the Filtration Avoidance Criteria established under
the United States Environmental Protection Agency Surface Water Treatment Rule.

2023 was a year of climatological extrem®@éth over 64 inches of precipitation, 2023 was the wettest
yearsince at least 198%5treamflows and groundwater levels remaingaseasonablhigh throughout

the summer and fall monthef 2023 winter was extremely warm with little snow, and August was the
coldest August on record@ hese factorprovide important context for the interpretation of water quality
resultsRA & Odzid a SR Ay domigliance &vith IstaidsirfadeBvatia hlilidy standards among the
tributaries varied, with minor exceedances attributed to higher solute loads measured during storm
events wildlife, and/or natural attributes of the landscapd&xcess loadingf dissolved salts to the
tributaries andReservoirhas continued, as evidenced Bpecific conductancand chloride results for
2023. Turbiditylevels were lowhroughout theWatershedn 2023, mostly due to the elevated baseflows
and the timing of sampling in relation to storm eventSlevated bacteria concentrations rematha
problem at Gates Brook @nd West Boylston Brook, however all tribytanonitoring locationsexcept

for Gates Brool, met the long-term geometric mearstandard, with annual geometric meafor E. coli
below126 MPN/100mL

Overall the results of the Wachusettibutary monitoring prograns were consistent with historical data
and demonstrate continued adherence to high drinking water quality and aquatic life use startlaeds
more urbanized subbasins within the watershed continue to experiectu®nically high chloride
concentrations and periodic episodes of elevated bacteria concentratidfger temperaturesrose
above the MassDEP recommended threshold for coldwater fishery resoatcesveral monitoring
locations for cumulativedurationsbetween6 and 97 days

Results of reservoir monitoring align with those observed inkleershed Reservoir monitoring focuses
on two areas of water quality; physicahd chemicaparameters such as nutrients, temperature, and
clarity, and biological conditions including phytoplanktdensity and compositigninvasiveaquatic
plants, and fish populationfevated concentrationsf silicaand total phosphorus, an@levated Uys,
valueswere observed at many reservoir sit@s 2023 andcan be attributed torecord precipitation and
resulting watershedunoff eventsexperienced irthe summer and fall
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Patterns typical of oligotrophic water bodiewere observed in the phytoplankton populatiamhich
remains dominated byidtomsand/or chrysophytesfor much of the yearOrganisms that can produce
undesirable tastes and odors wermnly briefly present aboveinternally defined thresholds and
cyanobacteria concentratiomemainedbelow levels of concerrmNo new invasive species were detected
in the Reservoiin 2023 and management activities continue to reduce known populations.

Theappendcesto this report includdributary hydrographgAppendixA: Continuous Data Hydrographs
and a list of applicable water quality criteria/standards or thresholds of inte(@gpendixB: Water
Quiality Standardsind Criterid. Previously compiled background information and historical context for
monitoring parametersare included inAppendixC: Watershed Monitoring Parameters and Historical
Contextto assist in the interpretation of water quality results and serve as a reference for the reader
Quiality assurance and quality contr@A/QQ efforts for 2023 are summarized ippendixD: Quality
Assurancand AppendixE Quality ContralSome of the ancillary data presented in this reportdbeen
compiled with the help of outside agenciesge US Geological Survey) and other workgroups within
Division of Water Supply Protectiavhose efforts are acknowledged below

Plain Language Summary

Water used by peopleand businessesn metro-Boston comes from the Quabbin and Wachusett
Reservoirand the Ware RiveiStreams, rivers, and groundwater th&iw into these water bodiesand

the reservoirs themselvegare monitored for quality and quantity bihe DCRDivision of Water Supply
Protection. Certain water quality standards set by federal and state regulations must be met annually.
This report summarizes the monitoring methods and result2@#3, which satisy these requirements

and continue to ensure availability of safe drinking water to present and future generations.
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Abbreviations

The followingabbreviations are used in this report:

AIS Aquatic Invasive Species
Cl Chloride
CFR Coldwater Fish Resources
CWTP Carroll Water Treatment Plant
DBP Disinfection Byproducts
DCR Massachusetts Department of Conservation and Recreation
DWSP Department of Conservation and Recreation, Division of Water Supply Protection
D.O. Dissolved Oxygen
EPA U.S. Environmental Protection Agency
EQ Environmental Quality
E. coli Escherichia coli
EWM Eurasian Watemilfoil (Myriophyllum spicatum
LTF Longterm Forestry [Monitoring]
MassDEP Massachusetts Department of Environmental Protection
MassDOT Massachusetts Department of Transportation
MassWildlife Massachusetts Division of Fisheries and Wildlife
MCL Maximum Contaminant Level
MWRA Massachusetts Water Resources Authority
N/A Not Applicable
NH:-N Ammonianitrogen
NH-N Ammoniumnitrogen
NG-N Nitrite-nitrogen
NG:-N Nitrate-nitrogen
NOAA National Oceanographic and Atmospheric Administration
OoOWM Office of Watershed Management
QAPP Quiality AssurancBroject Plan
QA/QC Quiality Assurance/Quality Control
SMCL Secondary Maximum Contaminant Level
SOP Standard Operating Procedure
STF Shortterm Forestry [Monitoring]
SWE Snow Water Equivalent
SWTR Surface Water Treatment Rule
TKN Total Kjeldahl Nitrogen
TN Total Nitrogen
TOC Total Organic Carbon
TP Total Phosphorus
THM Trihalomethane
TSS Total Suspended Solids
UMass University of Massachusetts
USGS U.S. Geological Survey
VWM Variable Watemilfoil (Myriophyllum heterophyllumn
WFR Warmwater Fish Resources
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Units of Measurement

Chemical concentrations of constituents in solution or suspension are reported in milligrams per liter
(mg/L) or micrograms per litep@/L). These units express the concentration of chemical constituents in
solution as mass (mg @g) of solute per unit of volume of water (Dne mg/L is equivalent to 1,0Q@/L.

Fecal coliform results are reported as the number of presumptive colony forming units per 100 milliliters
of water (CFU/100 mLYotal coliform andEscherichia coliE( coli) are reported as thanost probable
number (MPN/100 mLyvhich isequivalent toCFULOOmLand acceptable for regulatory reportinglean

UVsss results are reported as the amount of ultraviolet light at a 254 nm wavelengthdéatransmit
through a water sample in absorbance units per centimeter of path length (ABU/cm)

The following units of measurement are used in this report:

Abbreviation Unit of Measurement

ABU/cm Absorbance units per centimeter of path length
ASU/mL Areal standard units per milliliter
BG Billion Gallons
cfs Cubic feet per second
CFU Colonyforming unit
°C Degrees Celsius
ft Feet
FNU FormazinrNephelometric Units
in Inches
puS/cm Microsiemens per centimeter
MG Million gallons
MGD Million gallons per day
ug/L Microgramper liter
mg/L Milligram per liter
m Meters
MPN Most probable numbefequivalent to CFU)
nm Nanometers
NTU Nephelometric turbidity units
UVoss Ultraviolet Absorbance at 254 Nanometers
S.U. Standard Units (pH)
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1 Introduction

The Department of Conservation and Recreatf®CR) Division of Water Supply ProtectigpWSR)

Office of Watershetanagement QWM manages and maintains a system of watersheds and reservoirs

to provideraw water to the Massachusetts Water Resources Authority (MWRA), which in turn supplies
drinking water to approximatel$.1 million people and thousands of industrial useréBMassachusetts
communities The active watershed system includes Quabbin Reservoir, Ware River, \Maghusett
Reservoir Watersheg] interconnected by a series of agueduétgy(irel). SudburyWatershed containing
Sudbury and Foss Reservoirs, is also part of this system, however it was taken out of regular service in
1978 and is maintained as part of the MWRA emergency backup water $upply

The US Environmental Protection AgencigRA introduced the Federal Surface Water Treatment Rule
(SWTR) in 1989followed by the Interim Enhanced Surface Water Treatment Rule (IESWIERgirto
ensure that public water supply systems that use surface wategroundwater under direct influence of
surface watey provide safeguards against the contamination of water by viruses and baciédrise
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 DWSPand MWRA have maintained a joint waiver for the filtration
requirement of the SWTR since 9®and work together to manage thevater supplywatershed in
fulfillment of the waivet.

DWSP monitors the quality and quantity source waterwithin watershedaquifers, reservoirs and
tributaries, whereas MWRA is responsible for monitoring water qualippn withdrawal from the
reservoirsand througlout the treatment and distributionproceses’. DWSP ater quality sampling and
field inspections help identifpotential water quality issues, aid in the implementation of watershed
protection plans, and ensure compliance with state and federal water quality criteria for public drinking
water supply sources(g.,the filtration avoidance requirements stipulated under the SWHutine
monitoring of bacteriaturbidity, and nutrients in theeservoirs and tributaries provides an indication of
sanitary quality of water sourcepromotingsecurity of water resources and public healtonitoring is

also conducted bpWSP staff to better understand the responses ofrgagervois and tributaries to a
variety of physical, chemical, and biologidalers, and toassess the ecological health of geawvater
resourcesA longterm record of water quality statistics provides information regarding potential controls
on observed changes in water quality over time and represents a proactive effort to identify emerging
threats to water quality

This annual summary is intended to meet the needs of watershed managers, the interested public, and
others whose decisions must reflect water quality consideratidie following pages summarizad
discuss water quality monitoring methodsesults and major findingsfrom all water quality and
hydrologic monitoring activities carried out BYWSHn the Wachusett Reservoir Watershediring2023.

11n most instances in this document DWSP is used to refer to BRVERWachusett/Sudbury Region
2Massachusetts Water Resources Authority [MWRA], 2014

3 National Primary Drinking Water RegulatioBsirface Water Treatment Rule (SWT&R) CFR Part 141, Subpart1989
4 National Primary Drinking Water Regulatiolgerim Enhanced SWTR (IESWHR)CFR Part 141, SubpayP98
5Massachusetts Department of Conservation and Recreation [MassDCR] & MWRA, 2004

6 1bid
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Additiondly, somebackground informatioris includedfor contextand programmatic statusipdatesare
provided to document changes in monitoring programata generated from water quality monitoring in
2023 and prior years are available upon request.

The remainder oSectionl providesan overview of tie water qualityregulationsapplicable tathe water
resources of th&Vachusett Reservoir Watershesummarize DWSP goals and objectives with respect to
its water quality monitoring programs andcludesan overview of the MWRA water supply systamd
Wachusett Reservoir Watershe8ection2 present methods for water quality monitoring programs
2023, including an overview ahonitoring locations,the parameters monitored and their manner of
analysisdocumentation of statistical methods and data management tools utiliaed a summary of
quality assurance and contromeasures Section3 presents results for all WachuseWatershed
monitoring programs.Conclusions and recommendations are offered in Secfiowhere significant
findings are discussed and any proposed changes to Wachwssgrshedwater quality monitoring
programs arepresented References are listed in Secti®hand alditional informationand data are
provided in theappendices.

1.1 Public Water Supply SystefRegulations

Water quality criteriain the SWTRely on an indicator organism, fecal coliform bacteria, and a surrogate
parameter, turbidity, to provide a measure of the sanitary quality of the watee SWTR requires that
fecal coliform concentrations at the intake of an unfiltered surface water supply shall not exceed 20
colonyforming units (CFU) per 106L in ninety percent of the samples in any-amonth period There

are two standards for turbidity levels at source water intakBse SWTR requires that turbidigvels at

the intakeare always below 5.0 NTWlassachusetts Department of Environmental ProtectidagsDEP
regulationsrequire thatturbidity levels at the point of consumption for gliblic drinking wate always
remains below 1.0 NTPUAuthority to enforce theSWTRhas been delegated to MassDEP.

All waters within the Wachusettvatershedare designated a€lass A Public Water Suptand thereby
are considered Outstanding Resource Waterfor the purposes of water qualityprotection 0.
Massachusettbias developediumerical Class A wateuality criteria for severaparameters These are
presented imAppendixB: Water Quality Standardend Criteriaalong with the SWTRandardsNarrative
criteria for Class A waterdsoexistfor some parametersincluding nutrients:

Unless naturally occurring, all surface waters shall be free from nutrients in
concentrations that would cause or contribute to impairment of existing or designated
uses and shall not exceed the ssfgecific criteria developed in a TMDL or as otherwise
egdablished by the Department pursuant to 314 CMR 4100

There are other standards that apply tovarious elements and compoundsin public drinking water
supplies, such as arsenic, polychlorinated biphenyls (Pi&Bsacetic acidé andper- and polyfluoroalkyl

7National Primary Drinking Water Regulations: Long Term 2 Enhanced Surface Water Treatment Rule, 2003
8 Massachusetts Drinking Water Regulations, 2820

9 Massachusetts Surface Water Quality Standards, 2013a

101bid

11 Massachusetts Surface Water Quality Standards, 2013b

2ZMWRA, 2012
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substances (PFAS)The required rnitoring for thesesubstancest different stages in the system (i.e.
after treatment, after disinfection, and point of consumptjdes conductecby MWRA Separate reports
are produced by MWRA that detail the monitoring results and complifordbose paameters, therefore

they are not discussed as part of this repért

1.2 DWSMMonitoring ProgramGoal andObjectives

MWRA, & an unfiltered public water suppeér, is required to havea watershed protection program
intended topromote andpreserve high quality source watby usinga range of methods and strategies
that ultimately control the release transport and fateof pollutants in thevatershed. Aprimary function

of DWSRs to designand implement thiswatershed protectionprogram for the MWRADWSPwater
supply systemSince 1991, DWSP has written periogladershedprotection plans (WPP), whicprovide

a systematicapproach to evaluate potential water quality threats and develop programs that eliminate
or minimize tlosethreats. The current WPP was written in 2Band covers fiscal years 20¢ 2028%°.
Thebroady defined goal for water qualifguantity monitoring programs is:

Conduct tributary and reservoir sampling. ldentify shertn water quality problems
and maintain the historical record for lortigrm trend analyses. Use data analyses and
assessments in management decisions.

The dataobtained from water quality and hydrologic monitoringrograms are used to assess current
water quality conditions, establish ranges of values for parameters considered nortygiaal, screen
for excursions from normal ranges, alert staff to potential contamination evemtdassess watershed
trends. Shorter term studiesnay be conducted to evaluate specific issu€lese programs arere-
evaluatedwith each iteration of the WPR ensure that they are providing the breadth and depth of
information necessaryto evaluate the performance of DWSP water quality control progré®pecific
water quality and hydrologimonitoring activitiesare also reviewednd updatedoy DWSHtaffeach year
to incorporate new informationor additional methodsusedto evaluate DWSRatershed protection
programs Hforts that do not yield useful informatioare modified or discontinuedAny programmatic
changeghat arerecommendedor water quality and hydrologic monitoringill be discusseih thisand
any futureannual water qualityeports. Thesedata and informatiomprovide a meaningful foundatioto
inform management decision® minimizeor eliminatewater quality threats

Thespecificobjectivesof the water qualityand hydrologienonitoring progransin WachusettWatershed
aredirectly related to the broader WPP gdiasted above Thesebjectives areas follows:

1 Maintain longterm water qualitydataand statistics

1 Documentcompliance withthe EPA &  {réqggirements and criteria consistent with filtration
avoidance

9 Identify streams and water bodies that do not meet water quality standardsiritidte specific
control measures to mitigater eliminatepollution sources

BMWRA, 2023
1“MWRA, n.d.
15 Division of Water Supply Protection [DWSPRZ0
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1 Gonduct proactive surveillance of water quality trends to identify emerging issues and support
ongoing assessments of threats to water quality
1 DocumentQuality assurance and quality control (QA/@)rics inannualwater quality reports.

Tomeettheseobjectives DWSP monitoring programll continue to evolveas necessarlgy respording
to emergentand high priority threats to water qualitynaking use of the best available scientific
information, andimplementingnewtools andtechnologieslt is important to note that monitoring is just
one element of a much larger watershed protection progreanried out by DWSHhe achievement of
water supply protectiorgoals including specific water quality targetsdependent uporthe coordinated
implementation ofeach of DWSR2 &  Ywatgrg8hed protectionprograns. For example, e 1992
Watershed Protection Agives DWSP the authority tegulate certairland uses andctivitiesthat take
place withincritical areasof the Watershedto protect drinking water qualitif.

/| 22NRAYIFGA2Y gAff O2ylGAydsS 6A0GK 5/ wQa hFFAOS 27
implementation, including the initiation of a DWSP specific comprehensive vulnerability assessment that
incorporates the impact on important naturae¢sources. DWSP will strive to utilize consistent climate
change data and projections across its programs, including data collected internally as well as state level
data,to identify current impacts and assess projected impacts. Staff will continue titonamd evaluate

climate change research and scientific literature, data, and recommendations

1.3 MWRA Systenand Wachusett Watershe®verview

The Quabbin Aqueduct connects thraetivewater sources thaturrently serve as a source of drinking
water to 50 communities incentral and easteriMassachusettsThe Quabbin Aqueduconnects from
west toeast, QuabbifReservoir, the Ware Rivé&¥atershed and Wachusett Reservofpuabbin Reservoir
is the largest of the sources, with a capacity of 412 billion ga(lB6g Wachusett Reservoir holds &85
at full capacity Tablel). The emergency backup Sudbury and Foss Reservoirs hold anothBG7.7
combined’.

16 Watershed Protection, 2017
1I”MWRA2021a
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Tablel: a) General Information on the Wachusett Reservply) Wachusett Reservoir Watershed

Other protected lands include property identified by MassGIS as Open@p@mted in perpetuity less DWSP, fee
lands, and WPRs (WPR = Watershed Preservation Restriction, similar to a Conservation Restriction). Acreage may
vary from that of from previous years due to increased accuracy of MassGIS data.

a) Wachusett Reservoir General Information

Description Quantity Units

Capacity 65.7 Billion gallons

Surface Area at Full Capacity 4,147 Acres

Length of Shoreline 31 Miles

Maximum Depth 122 Feet

Mean Depth 49 Feet

Surface Elevation, at Full Capacity 395 Feet,relative to Boston City Base
Typical Operational Elevation 390.5 Feet, relative to Boston City Base

b) Wachusett ReservoWatershed General Informatiot¥

Description Quantity Units
Watershed Area 74,909 Acres
Land Area 70,876 Acres
94.6 % Total watershed area
Forest Area 47,142 Acres
67 % Total land area
Forested + Notfiorested Wetland 5,442 Acres
7.7 % Total land area
DWSP Controlled Area 20,400 QZ;EEC(:LC#;? es Watersh&teservation
28.8 % Total watershed area
Other Protected Area 12,263 Acres
17.2 % Total watershed area

Water fromQuabbin Reservoir is transferred to Wachusett Reservoir via the Quabhieduct Intake at
Shaft 12 which outlets into the Quinapoxet Rivatr Shaft Jjust upstreanof the Quinapoxet Basi(Figure

1). QuabbinReservoiwater is also transferred directly to three western Massachusetts communities daily
via the Chicopee Valley Aqueduct from the Winsor Dam étalater fromthe Ware River may be used

to supplement Quabbin Reserveihenwater is diverted into the Quabbin Aqueduct at Shaft 8 in Barre,
MA and delivered to Quabbin Reservoir via gravity fldiare River water enters th@uabbinReservoir

at Shaft 11A, east of the baffle dams in Hardwick, WMie 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 (13&.cfs), per Chapter 375 of the Massachusetts Acts of 1ID¥8SP and MWRA
coordinate on diversions

Water from the Wachusett Reservoir is withdrawn at the Cosgrove Inte&dinton, MAand transferred
to the John J. Carroll Water Treatment Plant at Walnut Hill in Marlborohtfhvia the Cosgrove or
Wachusett Aqueduct. The treated water leaves the plant through the MetroWest Water Supply Tunnel

18DWSP, 2016
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and the Hultman Aqueduct where it enters the storage and distribution system and is ultimately delivered
to greater Boston and MetroWest communities and businesses.

The Wachusett Reservoir Watershasl in central Massachusetts, east of the Ware River and north of
Worcester. With a surface area of approximately 6.5 square miles and a shorelihendé€8, Wachusett

Reservoir drains 110 square miles 8/& acreg of land predominantly west of th&®eservoir The
headwaters of theWatershed (Stillwater and Quinapoxet River basins) are situated within the
Worcester/Monadnock Plateau portion of the Northeastern Highlands ecoregion. This ecoregion (58g) is
RSAONAOGSR a | AaNRBEttAy3a LALFGSEHdzZ ¢AGK dewdrd;a | yR
Y2RSNI GS 3ANFRASY(G &A0GNBlIYa 6AGK 0SRNE &\ The easkedrf RS NE
portion of the Watershed including theReservoir lies within the Gulf of Maine Coastal Plain portion of

the Northeastern Coastal Zone ecoregion. This ecoregion (59h) is defined as having rolling plains and hills
with glacial drumlins, ponds, small lakes, and wetlands. Streams and large rivers havarioderate

gradients with sand, gravel, boulder, and bedrock substfates

TheWatershed landscape is spread across 12 towns, but lies predominantly in the towns of Boylston,
Holden, Princeton, Rutland, Sterling, and West Boylston. The Stillwater and Quinapoxet Rivers are the
largest tributaries to Wachusett Reservoir, collecting detivering water draining from more than 80%

of the watershed land area. Approximately ttlirds of watershed lands are forested, and DWSP owns

or controls20400 acres (8.8%) of watershed area for water supply protection purposes. Including the
Re®rvoir, DWSP owns or contrd? 6% of the entire watershed area, with an additioa@l 26 protected

by other government agencies and rrgavernment organizations. Approximately 19% of watershed
lands are developed (residential, commercial, industrial/other land cover) while 4.4% is in agriculture.
Additional information regarding land use amavnership in the Wachusett Reservalatershedis
presented in théNVatershed Protection Plan B¢ 282! and the2017 Land Management Pn

19Griffith et al., 2009
20bid

21DWSP, 2018a
22DWSP, 2018b
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2 Methods

This section providean overview of how each element of DW&#&ter quality and hydrologic monitoring
was carried out durin@023, including what parameters were sampledeir monitoring frequency and
locations andmethods of analysisAdditional detailsand information about equipment and techniques
used during monitoring activitiesan be found irstandard operating procedureSQP}sthat have been
developed for each monitoring activitfhese SORse available upon request

2.1 Monitoring Programs

DWSRvater quality and hydrologic monitoring programs aggiewedannuallyandupdated & necessary

to meet changing priorities and public health concerns, as well as to incorporate newly developed
analytical methods antkvisedregulatory requirementsDWSRnonitoringactivities can be grouped into
three broad categories:

1. Water quality ampling:Water samples areollected and theranalyedin a laboratory

2. Insitufield measuremens. Sensors are placed in water bodies briefly or for extended periods of
time and take direct measurements of physical/chemical characteristics of the wditect
observationor measurements arenadeby field personnel

3. External monitoring Additional esearchand nonitoring activities are conducted by other
agencies and organization®lated to water quality and hydrologwithin the Wachusett
Watershed with DWSHunding anddirection.

2.1.1 Wachusett Watershedonitoring Locations

DWSP staff collected routine water quality samples feaghtgroundwater wells, 20 tributary monitoring
stations and 27 stations on Wachusett Reservoir 2023. Thesesampling locations (stationgre
described inTable2 (tributaries), Table3 (reservoir) andrable5 (groundwater) Figure2 and Figure3 are
maps showing atbutine monitoring locations within the WachusetVatershed

Tributary sampling locations are established on all major streams and rivers that flow into Wachusett
Reservoir. In order to capture water qualépd quantitydata representing as much of tM¢atershedas
possible monitoring stations were positioned at the furthest downstream locations that were practical
or convenient for sample collectiqRigure?). These stationdisted adPrimarysampling locations imable

2, are whereflow is monitored and routine nutrient samples are collecte8econdaryributary stations

are situated at upstream locations or @amaller tributaries to the major streams and riversSome
sampling locationsvere established in areas where historical water quality problems were observed, on
pristine streams to serve as reference sites, odigide large drainage areas into smaller unifavice
monthly turbidity and bacteria sampling is conducted atPalmaryand Secondarynonitoring stations.

Held parameterqwater temperature, pH, dissolved oxygen, specific conductameeneasuredduring

all routine tributary monitoring visits Although it is not a natural tributary, Shaft 1 (Quabbin Transfer) is
routinely sampledfor nutrientsbecause it comprises a large percentage of total surface water inflows to
the ReservoirThere are two monitoring locations that were established in 2013 for the-terg forestry
study.

Wachusett Reservoir sample locations include primary stations at which phytoplankton and water quality
profiles are routinely collected and stations at which nutrients are collected quarterly from three depths.
Details on these locations and selectithereof can be found in the SOPs for each type of sampling.
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Table2: WachusettTributary Samplind-ocatiors, 2023

Sampling
Location Description Category
Asnebumskit Brook (PrincetonM102 Upstream of Princeton Stear post office, Holden Secondary
Boylston Brook MD70 Downstream of Rt. 70, Boylston Secondary
Cook Brook Wyoming- MD11 Wyoming Dr, Holden Secondary
East Wachusett Brook (140MD89 Downstream of Rt. 140, Sterling Secondary
French Brook MDO1 Downstream of Rt. 70, Boylston Primary
Gates Brook 1MDO04 Downstream obridgeinside Gate 25, West Boylston Primary
Gates Brook 4MD73 Upstream of Pierce StWest Boylston Secondary
Holden Forestry FHLN Off Mason Rdinside Gate F21, Holden LTF
Jordan Farm BrookMD12 Upstream of Rt. 68, Rutland Secondary
Malagasco BrookMD02 Upstream of W. Temple St. Extensi8oylston Primary
Malden Brook MD06 Upstream ofThomas St West Boylston Primary
Muddy Brook MDO03 Upstream of Rt140, West Boylston Primary
Oakdale Brook MD80 Downstream of Waushacum. 8t East of Rt140, West Secondary

Boylston

Princeton Forestry FPRN Off Rt 31 near Krashes Fiel@rinceton LTF
Quinapoxet River (Canada Mil$)ID69 | Upstream of River Sbridge (Canada Mills), Holden Primary

Scarlett Brook (DS W.M.MD81 Behind Walmart above confluence with Gates Brook, Wes Secondary
Boylston

Shaft 1 (Quabbifiransferyr MDS1 MWRA Shaft butlet off River St West Boylston Other

Stillwater River Muddy Pond RdMDO07 | Downstream of Muddy Pond Rdterling Primary

Trout Brook M110 Downstream of Manning StHolden Primary

Waushacum Brook (PrescottMD83 Downstream of Prescott SWWest Boylston Primary

West Boylston BrookMDO05 Upstream ofaccesgoadinside Gate 25, West Boylston Primary

LTF = Lonterm Forestry
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Table3: WachusettReservoirSampling Locations

Approximate Frequency |Frequency
Station (Id) Location Description Depth* (m) | Plankton/profile | Nutrients
Cosgrove Intake| Adjacent toCosgrove Intake, samples
(CI13409) collected from the building catwalk 18 Weekly N/A
Basin North . . .
(BN3417) Mid reservoir near Cunningham Ledge 30 Weekly Quarterly
Basin South . . . .
(BS3412) Mid reservoir near Scar Hill Bluffs 27 Occasionally Quarterly
Thomas Basin Thomas Basin at approximate intersectio
of Quabbin interflow/Quinapoxet River an 10 Occasionally Quarterly
(TB3727) . .
Stillwater River

N/A = Notapplicable * = depth at normal operating elevation of 390.5 ft BCB

2.1.2 Meteorologic and Hydrologi®onitoring

2.1.2.1 Precipitationand Air Temperature

DWSPmonitors precipitation and uses this information to provide context for the water quality and
hydrological conditions observed in the tributaries, groundwater, &webervoir The type, amount,
intensity, frequencyand spatial distribution of precipitation (or snowmelt) across the landseapéhe
dominant drives of the water quality and hydrologic dynamidsis importantfor DWSRo consider this
hydrological context wherinterpreting water quality results, comparing interannual variability, or
evaluatingtrends.

DWSP contracts with th&.S.Geological SurveyUSGENew England Water Science Centart of
Northborough, MA for precipitation monitoring at two locations: the Stillwater Riy@MD07 (USGS
01095220) and the Quinapoxet RiveMD69 (USGS 01095373)abled). The National Oceanographic
and Atmospheric Association (NOAA) monitors precipitation at two locssituated a few miles outside

of the WachusettWatershedto the south in Worcester (NOAA USW00094746) aondthe north in
Fitchburg (NOAA USWO00004788ig(red). DWSP acquires daily precipitation totals from both NOAA and
USGServersusingApplication Programming Interfaces (APIs) antbmated scriptsThere are several
other entities monitoring meteorological parameters in the Wachus@fatershedq howeverthe USGS
and NOAAhave more rigorous quality controls for data products than any other source of local
meteorologicadata, sothese four stations arasedfor calculating averageatershedprecipitation.

Table4: WachusettWatershedMeteorological Stations

StationName Owner | GageNumber Period of Record Data Collected

Worcester NOAA | USW00094746 1892- Present Precipitation,Air temperature
Fitchburg NOAA | USW00004780 199804-01 - Present Precipitation,Air temperature
Stillwater USGS | 01095220 (MD07) | 200006-01 - Present Precipitation

Quinapoxet USGS | 01095375 (MD69) | 201210-01 - Present Precipitation

Boylston Brook DWSP | MD02 2017-01-13- 20170803 | Air temperature
Waushacum Brook | DWSP | MD83 2017-08-03-202311-03 | Air temperature

West Boylston Brook| DWSP | MD05 202311-03- Present Air temperature
PrincetonForestry DWSP | FPRN 2017-01-03 - Present Air temperature

Since 1985, th&Vachusett Watershed average annual precipitationi22inches, with a historical low
of 35.36 inches (2001) and high ef.44 (2023). Average monthly precipitation ranges frd@r00 inches
(February) to 86 inches (October). Large precipitation events (> 2 inches) typically occur several times
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per year, usually related to localized summertime thunderstorms or largpical storms and hurricanes
that trackthe easern coastof the USA after originating and around the equatoriddorth AtlanticOcean
(e.g., Gulf of Mexico, Caribbean Séd)ese events often cause noteworthy responses in stream flows and
solute loads and can lead to a series of cascading ecological responseatinemuronments. Likewise,
drought conditions can lead to adverse ecological consequences as some solutes came beco
concentrated and aquatic habitat can become diminished or degraded.

Effectively managing Wachusett Reservoir water storage volume requires an accurate prediction of water
inputs to the Reservoiwhich are derived from new precipitation and/or melting of past precipitation
stored in the snowpack. Therefore, DWSP carries out a snowpack monitoring program to track the water
content of the snowpack and document any changes resulting from melt, eatipior and sublimation,

so that future water inputs to th&®eservoican be modeled and estimated.

Wachusett Reservoir Watershadowpack is measured weekly throughout the winter unless there is not
enough snow to obtain reliable measurements. DWSP measures snowpack at six loEagiomred) with

varied altitudes, aspects, and cover typesapture the variability of snowpack across iMatershed At

each location five snow core samples are taken, the depth of the snow is recorded, and each core is
weighed to determine its snow water equivalent (SWEge Section3.1.1.2 for resulty. These
measurements are averaged by location and then reported to the NOAA National Operational Hydrologic
Remote Sensing Center (NOHRSC). NOHRSC uses these data along with other weather conditions and
forecasts to predict neaterm changes to river flowand provide flood threat information to the public.

MWRA uses watershed snowpack measurements to predict future inputs t&késervoirfrom melt

water.

Air temperature is a meteorologicphrameterwhich has important implications for both water quality

and the seasonal timing of water inputs to tReservoir Air temperatures determine if precipitation falls

in liquid or frozen form. It is therefore a key factor in winter snowpack developmentcanttols its
subsequent melt. Heat exchange over time between the atmosphere and water at various stages of the
water cycle (both gain and loss) drives seasonal water temperature fluctuations in both tribwtades

the Wachusett Reservoir. Water temperature plays a significant role in aquatic ecologypiseredixC:
Watershed Monitoring Parameters and Historical Conjtexihd seasonal ice formation on tiReservoir

(see Sectio’.4.]).

Daily air temperature statistics are recorded by NOAA at the precipitation stations discussed earlier in this
section. Additionally, DWSP has two atmospheric sensors recording air pressure and temperatdre at 15
minute intervals. These stations and theirrjpels of record are listed ifable4.
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from the Stillwater and Quinapoxet Rivers have been collected since 1994 and 1996, respectively. Stage
data from Gates Brook were collected manually from 1994 until December 2011 tivbestation was
upgraded with new sensors and equipmentdollect stage, temperature, and conductivity data at 10
minute incrementsAll data and dtails about USGS monitoring methods and equipnfi@nthese stations

can be foundn the National Water Information System (NWigbsite?®. Responsibility for streamflow
monitoring on the other primary tributaries was transferred to DWSP towards the end of 2011.

At the seven DWSP flow monitoring statiorfigure5) visual observations of stream depth (stage)
recorded from staff plates during all sampling visits (typically three timeshmeth). Manual stage
measurements were supplemented by continuous depth recordings using HOBO water level data loggers
starting in 2013Unfortunately, cita management issues have prevented reliable ude@BCQdata prior

to 2017. Additionally,prior to 2017, HOBO devices were removed from streamsvinter monthsdue to
concerns over freezing. This issue wesolved in late 2017 and HOBO devices are now in service year
round.

New realtime monitoring instrumentation was added to the Waushacum Brook monitoring station in
2019 to pilot a viable replacement for aging Onset HOBO dataloggers. The equipment utilizes a Mayfly
dataloggef*, which allows for the connection of several types of water quality probes, as well as cellular
transmission of data to a clodohsed data storage server with bdiit visualization tools. Data for this
station can be viewed publichy. Due to the increased interest in collecting additional specific
conductance/Cl data this pilot station was outfitted with a Hydros21 CTD sensor manufactured by Meter
Group, Inc., which measures specific conductamneger temperature, andvaterdepth. This pilot project

was determined to be successful and Mayfly units were deployed at five additional monitoring locations
in December 2021. One final Mayfly station was installed at Trout Brook in 26dBional details about
continuous stream flow monitoring are provided in tBBVSPSOP for the Monitoring of Continuous
Stream Flowp.

Reliable stagelischarge relationships (ratings) allow the use of easily acquired stream depths to quickly
estimate discharge (flow). Direct flow measurements (discharge measurements) at a range of depths are
usually performed several times during the yeaing a Sontek FlowTracker handheld acoustic doppler
velocimeter. A rating equation is calculated afesmroughdischarge measurements are obtained at a
tributary, which is subsequently used to derive discharge as a function of stage. Additional details ab
stream discharge measurements are provided inDiwSPFSOP for the Monitoring of Stream Discha&fge

23 https://waterdata.usgs.gov/ma/nwis/current/?type=MWRA&group_key=basin_cd
24 https://stroudcenter.org/news/digitalmayfly-swarmis-emerging/

25 https://monitormywatershed.org/sites/WACHIDO01/

26DWSP20Z3c

27DWSP2021a
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elevation in conjunction with drinking water withdrawals and other releases. Occasionally there are
deviations in elevation due to large storm events or planned drawdoWV§SPrelies on reservoir
elevation data collected by MWRA, whiate available in reatime (15-minute increments), but typically
presented as daily average elevation.

GroundwaterlLevel

Groundwaterresourcesare important to the management of Wachusett Reseramid tributariesdue to

base flow contributions to the tributaries anddirect inflow to the Reservoir Research by USGS
hydrologists in the Housatonic River Basin in Berkshire County, Massachusetts found that base flow
contributions represented 55 to 80 percent of total annual streamffovBase flow contributions in
WachusetiWatershedstreams are likely to bef comparableproportionsdue to similar surficial geology.
Longterm measurement ofhe depth to groundwatethroughoutvariousWachusettWatershedaquifers

can yielduseful information about seasonal and interannual fluctuationgroundwaterstorage.

Due tothe automation of theSterling- Rt 140 USGS wefl 2022 DWSPno longerreports monthly
groundwater levelsan that wellto USGS. Howevein 2023 DWSHRontinuedits groundwater quality
monitoring programthat beganin 2019to collectadditionalspecific conductané¢€ldatain response to
observed increases itnibutary specific conductance the WachusettWatershedFigure6). Water levels
aremeasured as part of thigroundwatermonitoring effort A total ofsevenwells are sampled by DWSP,
six of which were previously monitored by USGS and have historical water level Atatighth well
(MDWS8,USGS Codd22201071530201was sampled from 201® 2022 butwasdiscontinuedbefore
2023 samplingbegan becausethe narrow diameter prevented the collection of the full suite of
parameters collected inther wells The periods of historical data and other summary information about
the wells sampledéh 2023by DWSRind USG8re presentedin Tableb.

Table5: WachusettGroundwater Well Information

g\é\ip Well Name USGS Code Type Depth (ft) | Elevation (ft) :s;i;eriodof
MDW?1 | Holden- Wachusett St 422102071501401 | Dug 10.5 670 | 1995¢ 2002
MDW?2 | Boylston- Rt 70 422125071440101 | Augered 12.2 475 | 1995¢ 2002
MDW3 | West Boylston Gate 27 N/ A Augered 15.1 403 | N/A

MDW4 | West Boylstor Rt 110 422334071444201 | Augered 29.4 525 | 1995¢ 2002
MDWS5 | Sterling- Justice Hill Rd 422805071480801 | Dug 19.5 710 | 1947¢ 2015
MDW6 | Princeton- Rt 62 422636071503601 | Augered 21.9 695 | 1995¢ 2002
MDW?7 | Sterling- Rt 140 422520071483001 | Augered 24.4 505 | 1995¢ present
WSW26| West Boylston Prescott St | 422341071464901 | Augered 16.8 485 | 2012¢ present

Manual measurements of depth to groundwater to the nearest-boe@dredth inch are made with a
GeoteckkK ECKvater level meter, which is calibrated by USGS every two years. USGS rsaiuntiainated
groundwater observatiosiin theSterling- Rt 143° and West Boylston Prescott S¥ wells, which record

28 Bent, 1999
29 https://waterdata.usgs.gov/monitoringocation/422520071483001/
30 https://waterdata.usgs.gov/monitoringocation/422341071464901/
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groundwater levelgvery 15 minutesAdditional details abougjroundwaterevel monitoringare provided
in the DWSPSOP for théonitoring of Groundwate(WATWEEL

2.1.3 Groundwater Quality Monitoring

Groundwater quality can differ drastically between and within groundwater aquifers. This water resource

is a majorcomponent of the Wachusett Watershed water budgeWWSP groundwateguality monitoring

began in 2019vith specific conductancdemperature and chloridedata collection(Figure6). MWRA
FaaA3dySR (GKS LINRP2SO0 O p&&netars requiting faboratdrghalysisTNRlistzy Rg | G S
of parameters vas expandedfor one year,from May 2021 to April 2022 to include concentrations of

alkalinity, sulfate, fluoride, bromide, calcium, magnesium, sodium, and nitrafepril 2022, DWSkegan

usinga new flow cell which enables the collection of data with aPf8Duatro probe Groundwater

quality parameterscollectedfrom April 2022 througl2023were specificonductance, temperature, pH,

and dissolved oxygen.

Prior to sample collection, groundwater wells were purged at a constant flow rate using a submersible
pump until temperature and specific conductance readings stabilized over three consecutin@rfivie
intervals. This methodensures the samples were representative of the surrounding groundwater. Two
wells (Holderg Wachusett St and SterlinggJustice Hill Rd) are dug wells and therefore unable to be fully
purged due to the large volumes of water they contain. Additional tetbout groundwater quality
monitoring are provided in th®WSPSOP for the Monitoring of Groundwater (WATWWEL)

31DWSR2021b
32United States Environmental Protection Agency [USEPA], 2017
33DWSR2021b
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Professional Plusr ProQuatromulti-sensormeter andinclude water temperature {C) andspecific
conductance |(S/cm) dissolved oxygefmg/L) andhydrogen ion activitygH) (S.U.) Stage isecorded at
the ten primary tributary monitoring locationgTable 2 so thatparameterconcentrationgvalueshave
corresponding flow data to aid interpretation.

2.1.4.1 Routine Tributary Monitoring

In 2023, routine water quality samples for bacteria, turbidity, and field parameters were collected from
eighteen stations onseveneen tributaries Each tributary station was visitégiice per monththroughout

the entire year(Table 2¢ Primaryand Secondady Discretewater samples were collected for analysis
of Escherichia cofE.coli) and measurement of turbidity. Afl. colsamples were delivered to the MWRA
Southborough lab for analyswgthin six hours of sample collectioffurbidity samples were analyzed
the fieldusing a HACH 21Q@ortable turbidmeter. Samples were occasionally collected from additional
locations to investigate water quality problems discovered during environmental assessment
investigations. Followup samples weresometimes collected after detecting elevated bacteria
concentrationsto determineif bacteriasourcesvere persisting Additional details aboutoutine tributary
monitoring are provided in the DWSPSOP for theMonitoring of TributaryBacteria and Turbidity
(WATTRB)*.

2.1.4.2 Nutrient Monitoring

In 2023, routine nutrientmonitoring was conducted monthly at 10 tributary monitoring statiotypically
during the second week of the montithe parameters for this project includatkalinity®®>, ammonia
nitrogen (NH-N), chloride (Cl), U¥bsorbanceat 254 nm (U\kss), nitrate-nitrogen (NG-N), nitrite-
nitrogen (NG-N), total Kjeldahl nitrogen (TKN), total organic carbon (TOC), total phosphorus (TP), and
total suspended solidd' 6% All samples were analyzed at the MWRA lab on Deer Igtatinthrop, MA
Nutrient measurement units are all mgéxcept forUVsss, which is reported in ABU/chand TP which
was converted from mg/L tpg/L due to its low concentrations Since the Quabbifiransfer comprises
such a significant volume of water to Wachusettdesir, Shaft 1 is sampled for nutrients as well, usually
monthly (when flowing)All primarytributaries were sampled 12 times for nutrientsd@23. The Quabbin
Transfer was samplesixtimes in2023 (Juneg November) Results from all tributary sampling programs
are discussed in Secti@?2. Additional details about how nutrient samples are collected @vided in

the DWSPSOP for thé/onitoring of Tributary Nutrients (WATMDBE)

34 DWSP2023b
35 Alkalinity sampling was resumed at all primary tributary locations in September 2020
36 pWSPR202d
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Table6: 2023 Tributary Monitoring Program Components
Samplecountswith a singleasteriskare analyzed for multiple parameters at the MW at Deer Island.

MWRA . # Samples/
Program . Sampling Sample
Name Project Parameters Frequency Locations Measurements

Code Collected in2023
Nutrients WATMDC | NH:-N, NG-N, N@Q-N, TKN, T,P| Monthly Primary Other | 126*

TSSTOCU\Vos,, Cl Alkalinity
Bacteria WATTRB | E. colj turbidity Twice per Month Primary 432 (E. col)
and (Only for Secondary 432 (turbidity)
Turbidity bacteria)
Field N/ A Water temperaturedissolved | 1-3 times per Primary, 2,604
Parameters oxygen pH, specific month/location in Secondary,
(physical conductance conjunction with Other
and WATMDGnd
chemical) WATTRB projects
Field N/A Stage 3 or moretimes per | Primary 464
Parameters month
(hydrology)
Longterm WATBMP | NH-N, NG-N, NGQ-N, TKN, Monthly/Quarterly | LTF 1*
Forestry TR TSS, TOOVss4+ Field Storms(no storms
Parameters sampled in 203)
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2.1.5 Reservoir Monitoring

Monitoring of Wachusett Reservoir includesllection ofin situmeasurements, collection arahalysis of
water sampledor plankton, nutrients, and bacterjas well asollection or observation afther flora and
fauna inhabitinghe Reservoi(Table7). Details of each program are provided below.

When the Reservoir is thermally stratified and water is being transferred from Quabbin Reservoir, an
interflow is established between Shaft 1 and the Cosgrove InfRkis. interflow layer is comprised of a
higher percentage of water from Quabbin Reservoir, indicated by lower specific conductance values than
those of native Wachusett Watershed water. The timing and duration ofintexflow has important
implications on water quality entering the system. Thereforacking the progress of this layer is an
important component of reservoir monitorind/iore details can be found in this section and\ppendix
C:Watershed Monitoring Parameters and Historical Con{&ectionds-8 andG13).

Table7: 2023 ReservoiMonitoring Program Components

Program MWRA TypicalSamplin # Samples
Narge Project Parameteror Analysis FZ: uenc piing Sample Locations Collected
Code quency in 2023
Water temperature, specific .
Primary: BN3417,
Profiles N/A conductange, c.hlorophyﬂ, Weekly (Maye SepF), CI3409, Secondary: | 45
phycocyanin, dissolved biweekly (Oct, April) BS3412 TB3427
oxygen, pH '
Primary: BN3417,
Phytoplankton| N/A Phytoplankton density \é\i/vizz% (I\(/Ig():ctiep;;)), CI3409, Secondary: | 94
Y PV | Bs3412, TB3427, oth
. Alkalinity,NH:-N, NQ-N, BN3417, BS3412,
Nutrients MDCMTH SilicaTKN, TP, Uy Quarterly (4x) TB3427 36*
Bacteria WATTRN | E. coli Monthly (minimum) | 23 transect stations 322
Macrophytes | N/A Spec_les present, location, | Throughout growing Entire reservoir n/a
density season
. . BN3417, BS3412,
Zooplankton | N/A Populationscreening Quarterly (4x) TB3427 48
Salvelinus . . ) . .
(Lake Trout 9 P P 9 o

* Samples analyzed for multiple parameters at the MWRA lab at Deer Island

2.1.5.1 Water Quality Profiles

DWSP staff routinely record water column profiles in Wachusett Reservoir using a YSI EXO2 multi
parameter sonde for the following hydrographic parameters: temperature, specific conductance,
dissolved oxygen concentration, percent oxygen saturation, chloribg, phycocyanin, turbidity, and pH.

Data are recorded with a handheld display connected to the sonde withrae3&r cable starting at the
surface. Measurements are recorded at 0.5 tméter intervalsor more frequently except during periods

of isothermy and mixing (generally November through March) when intervals of two or three meters are
adequate to characterize the water column. Detailed procedures are contained iD\W8PSOP for
Collection of Reservoir Profiles

ST DWSRP2020a
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A total of45 profiles were collected fronfiour locations in2023. These included 12 profiles collected in
conjunction with reservoir nutrient monitoring.

Three remote sensing profiling buoys have been depl@mulallyby MWRA starting in 20160 2023

these buoys correspond to DWSP routine sampling sites at Basin South and Basin North. An additional
profiling buoy was placed outside of Cosgrove Int&kefiles are collected with YSI EXO2 sondes identical

to those used by DWSP. The profilers automatically run eévours (12am, 6am, 12pm, and 6pm) and
collect data at im increments. The data can be viewed remotely shortly after collection via the MWRA
Opeations Management Monitoring Syste(@MM9 website. Results are frequently used by DWSP to
augment the routine profile/plankton sampling program. For example, if elevated chlor@plaflies 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 short and loAgrm effects of environmental forces such as cooling
temperaturesduringturnover andseiche effects due twind events.

2.1.5.2 Nutrient Monitoring

Sampling for assessment of nutrient dynamics was conducted in May at the onset of stratification, July in
the middle of the stratification, near the end of the stratification period in October, and following turnover

in November These samples were collected at three routine locations: Basin North (BN3417), Basin South
(BS3412), and Thomas Basin (TB3427). Grab samples were collected from three depths representative of
specific stratification layers during the stratified perioddadnom the surface, middleand bottom of the

water column during periods of isothermy. These collections resulted in a toRiZxiiutrient samples

which were analyzed by MWRA staff at the Deer Island Central Laboratory for the followird; NB-

N, TKN, Silica, TP, and JlVDetails of the sampling protocol are provided in the comprehensive report

on Wachusett Reservoir nutrient and plankton dynarifiaad in theDWSPSOP for Collection of Reservoir
Nutrients®.

2.1.5.3 Bacteria Monitoring

Bacterial transect samplek (col are collected routinely (at least monthly) during-fcee conditions at

23 fixed surface locations on theeservoir(Figure3). Thesesamples are collected to document the
relationship between seasonal bacteria variability and visiting populations of gulls, ducks, geese,
cormorants, and swans. Samples are collected at higher frequencies (up to weekly) during periods when
waterfowl are pesent in higher numbers and the bird harassment program is active. All samples are
brought to the MWRA Ilab in Southborough, MA for analysis. MWRA has designated project code
G2l ¢ecwbé F2N) 2 OKdzaSGid wSaSNW2ANI 6 OGSNAI &l YL Ay

2.1.5.4 Phytoplankton Monitoring

Routine monitoring for phytoplankton follows a seasonal schedule with samples collected every other
week from October through April and at least once per week from May through September. Sampling
frequency may intensify in response to increases in demsigpecific phytoplankton genera (s€x18,

Table €l1), or decrease when conditions such as ice cover physically prevent sampling. Monitoring by

38 Worden & Pistrang, 2003
39DWSP2020b
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DWSP staff takes place at either Basin North (BN3417) or at the Cosgrove Intake Facility (CI3409) with
additional locations sampled as necessary to characterize the phytoplankton community present
throughout the Reservoir Grab samples are typically collected from at least two depths including an
epilimnion sample at 3 m and (during stratification) a metalimnion sanifile.exact depth of the latter

is typically selected based on results of a water column profile collected in conjunction with phytoplankton
sample collectionChlorophylla data obtainedfrom the reservoirprofile aretypicallyused to selecthe
discretemetalimnionsample depths, typically corresponding depths wherechlorophylla values are
highest. More information on sampling protocasd details of phytoplankton sample collection and
enumerationmay be foundin the following DWSPSOPsSOPfor Collection of Reservoir Profités
Phytoplankton Collection and Reportthgnd Microscopic Enumeration of Phytoplanktén

In 2023, phytoplankton monitoring was carried out @8 days, resulting i94 individual samplesTwelve
of these samples were analyzed solely for taxa of concern (see Sé€xli8nTable Cl); the etire
phytoplankton community was assessadhe remainder

2.1.5.,5 Zooplankton Monitoring

Quarterly collection of zooplankton samples was conducted in conjunction with nutrient sampling as
described above. A total of8 samples were field preservedith 70% ethanol. Entire water column
samples collected during each sample event from each site were scanned by DWSP aquatic biologists for
invasive species, specificaBythotrephes longimanuspiny waterflea) an€ercopagis pengdiishhook
waterflea). Details of zooplankton sample collection are documented inDMESPSOP: Collection of
ReservoiZooplanktor®.

2.1.5.6 Macrophyte Monitoring

Frequent assessments of the aquatic vegetation community in and around Wachusett Resemzidare

as part of the invasive macrophyte control program. Monitoring takes place throughout the growing
season typicallyMay through Octoberand may include visual surveys conducted via boatyater
assessments via snorkeling, and collection of vegetation biovolume data wittbhsatl sonar. Related
activities undertaken by DWSP stakfludemaintenance of floating fragment barrigiiaspection of boats

and other vessels deployed to tiReservoitby contractorsemergency personnegbnd othersoversidit

of aquatic invasive specieAl§ management programs in collaboration with MWRshd management

of Phragmites australialong the reservoir shorelindheP. australisnanagement prgram takes place
from June through Octobeand involvesphysical and mechanical methods of controbupled with
photographic documentation of management progress

Surveys in 202 were conductedin support of ongoing management programs including physical AlS
management in thdReservoilmndmanagemenprograns in three local pond systems: Clamshell Piond
Clinton the Lily Ponds West Boylstonand South Meadow Pond ComplexClinton and Lancaster

40 DWSP2020a
41pwsk202ad

42DWSP2018c
43 DWSPR2020c
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2.1.5.7 Fish Monitoring

DWSP staftonductannualsurveys of two important Wachusett Reservoir fish populatioBsmerus
mordax(Rainbow Smel@and Salvelinus namaycughake Trodt Surveys forO. mordaxspawning activity
are typicallycarried out in early springy boat orfrom shore DWSPAquatic Biologisttook for evidence

of specimens of adults and eggashed up on shoreas observations of spawning behavior are difficult
to obtain. O. mordaxare considered an important prey species in BReservoiand there is evidence that
O. mordaxabundancein other waterbodiess correlated withincreasedS. namaycusleondition and
length at catcl.

The annual S. namaycusimark and recapturestudy capitalizes on spawning behavior to target
namaycuslthat move into shallow gravel and cobldabstratespawning areas at night after the water
temperature has reached approximately 12 °C (55 8fically in OctoberGillnets are set in these
spawning areas for 385 minutes. FHsh captured are weighed, measured, injected with a passive
integrated transponder (PIT) tag, and marked by clipping the adipose fin before being released. The length
and weight data collected during this study are useddévelop a lengthweight relationship for the
WachusettS. namaycushopulation. When &. namaycustvith a clipped adipose fin is recaptured, the

PIT tag is scanned to identify the individual fish, which is then measured, weighed, and released. The
changes in weight and length collected from recaptured fish helps develop growth aategrack
conditionfor the Wachusett population.

2.1.6 Additional Watershed Monitoring and Special Studies

In addition to routine monitoring of Wachusett Reservoir and its tributaries, DWSP staff conduct several
special investigations. These studies vary in duration and depth of scope, but include storm sampling,
monitoring of potential shorterm and longterm water quality changes following forest management
activities, and evaluation of spatial and temporal trends in specific conductance and Cl concentrations of
waters impacted byoadwayde-icing practicesAdditional monitoring or water quality investigatie may

arise from recommendations in Environmental Quality Assessmentapdates to the Watershed
Protection Plan

2.1.6.1 Forestry Monitoring

Forestmanagement operations, when conducted wiphoper management practices, should not have
significant short or longerm effects on water quality. Monitoring of harvest operations and water quality
is conducted to ensure water quality standards are maintained on DWSP landste8hmoronitoring
focuses omirect water quality impacts that can occur during logging, while-k@ngn monitoring involves
evaluating water quality parameters as the forest regenerates following logging operatfies many
years of shorterm forestry monitoringthe program wasevaluated andthen suspended based on
statistical evidencehat forestry operations on DWSP lands mbt posea threat to water quality and
staff time and resources would be better directed towakigher priority water quality issues.

44 Stolarski, 2019.
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Longterm Forestry Monitoring

Two locations in th&Vachusett Reservoir Watershédve been established for lorigrm monitoring of

the potential impacts of timber harvesting on water quality. This project involves collection of water
guality and flow data downstream of a timber lot that will be sold and harvested and downstream of a
second lot (control) that will not be harvested. Monitoring for this study will span a period of at least ten
years, with at least five years of sampling occurring Ipoth and postharvest.Nineyears of pe-harvest

data, beginningNovember 2013have now been collected and data summary and comparison between
the control and test lots will be presented in a preliminary report. The study includes monthly dry weather
discrete grab sampling and quarterly storm event monitoring using automatic sasnfarameters
monitored in this study include flow, pH, water temperature, dissolved oxygen, TSS, TOC,NNBIN,
NG-N, and TP. Methods for sample collection are the same as for these parameters on otherigghuta
Additional details for this program are provided in tBD&SPSOP for Lonterm Forestry Monitoring
(WATBMPY.

2.1.6.2 Storm Sampling

Storm sampling on primary tributaries has been conducted in past years to supplement routine monthly
nutrient sampling and provide detailed information about the variability of solute concentrations during
storm events. Since 2000, over 67 storm events have been sampled, usuajly lat&tions per storm.
Storm sampling is now only ceideredfor extreme precipitation events (2 or more inches of raim)
support UMass modelling efforts. No storms were sample2Di28. A separate storm sampling report will

be produced providing a detailed summary and analysis of the 46 storms that were sampled at routine
water quality stations. Additional information about the storm sampling program is provided D\WeP

SOP for Storm Samplifig

2.1.6.3 Stormwater Basins

Monitoring of the stormwater basins located on either side of the Route 12/140 causeway was initiated
in summer 2019. Baseline vegetation datare/collected along shoreline transects of each forebay and
within the constructedwetlands. Water temperature, pH, dissolved oxygen, and specific conductance
were recordedvith a YSI muksensor metegt inlet and outlet locations of each forebayleast monthly

from July throughDecember. Photographic documentation of vegetation and water level was also
recorded using a customized ESRId Mapsapplication. These data will be used to assess changes which
may occur in water quality and vegeiteed compositiorbecause ofnputs to the basins from road runoff
andto estimate the effecthesecontainment systems have on reducing inputs to Reservoir Frequent
monitoring in these areas also serves to identify pioneer infestations of invasive species in€luding
australis(common reedyand Lythrumsalicaria(purple loosestrife) anthe presence obther organisms
which often inhabit standing water areasid may present a threat tthe function of the basinsyater
quality, and/or public health,such agyanobacteriamosquitoes andBranta canadensi€anada geege

45DWSPR2021c
46 DWSP2021d
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2.1.6.4 Environmental Quality Assessments

DWSP conducts annual Environmental Quality Assessments (EQA) of a single sanitary iattuiett
Watershed to assess potential sources of contamination. E#Hcfive separatesanitary districs is
comprehensively evaluated by DWSP once every five years202ie EQAreport focused on the
Waushacunsanitary district Targeted samplingnay be conducted relating to specific recommendations
concerningknownor suspectedvater quality issues iddified in EQA reports.

2.2 2023 Watershed Monitoring Parameters

In 2023, 25 distinct physical, chemical, and biological parameters were monitored across all water
guality and hydrologic monitoring programs throughout f&achusett Reservoir Watershé@lable8).
Most parameters were selected because they either directly affect water quality or can indicate
potential water quality issues.

Criteria or regulatory standards exist for many of these parameters for aquatic life protection, drinking
water supply,and/or recreational contactFor some parameters which do not have specific regulatory
standardsresults are compared tthe EPA Ecoregional Nutrient Criteria for Rivers and Stseatmen
applicable All relevant regulatory and guidance thresholds for these parameters are listedlia Bl in
Appendix B: Water Quality Standardand Criteria Scienific background information and historical
context in relation to the WachusetWatershedis also providedin AppendixC: Watershed Monitoring
Parameters and Historical Contdmthelp readers better understand the discussion of water quality and
hydrologic monitoring results. Monitoring results 2023 are presented and discussed in Secton
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Table8: 2023 Monitoring Parameters

The analysis location column indicates whether the parameter is measured directly in the field or if a water sample
is collected and analyzed in a laboratory. Laboratory or-fielsed methods of analysis are listed under the method
column. The water typ@here each parameter was measured is indicated in the last three columns, where R =
reservoir, T = tributary, and G = groundwater. Precipitation and air temperature measurements are recorded from
four specific lanébased locations and are considered waktedwide parameters.

Parameter Name Units Sampling Group| Analysis Locatio | Analysis Method R|T|G
Air Temperature DegC Meteorological | FieldSensor
Ammonianitrogen mg/L Nutrients MWRA Lab EPA 350.1, 353.2 X | X
Alkalinity mg/L(as Nutrients MWRA Lab SM 2320 B X | X
Blue Green Algae >3k [ Field parameter | FieldSensor In situFluorometry X
Blue Green Algae RFU| RFU Field parameter | FieldSensor In situFluorometry X
Chloride mg/L Nutrients MWRA Lab EPA 300.0 X
Chlorophyll >3K [ Field parameter | FieldSensor In situFluorometry X
Chlorophyll RFU RFU Field parameter | FieldSensor In situFluorometry X
Chlorophyll volts volts Field parameter | FieldSensor In situFluorometry X
Depth to Water ft Fieldparameter | FieldSensor SOP for Groundwater X
Discharge ofs Fieldparameter Field Sensor/ Qalculated frgm stage X
Calculate discharge rating curve
Dissolved Oxygen mg/L Fieldparameter | FieldSensor SM 45000 G2001 X | X | X
E. coli MPN/100 mL | Bacteria MWRA Lab 92238 20th Edition (Enzyme |, |
Substrate Procedure)
UVasa ABU/cm Nutrients MWRA Lab SM 5910B 19th edition X | X
Nitrate-nitrogen mg/L Nutrients MWRA Lab EPA 350.1, 353.2 X | X
Nitrite-nitrogen mg/L Nutrients MWRA Lab EPA 350.1353.2 X | X
Oxygen Saturation % Field parameter | FieldSensor SM 45000 G2001 X
pH S.U. Field parameter | FieldSensor SM4506H+ B2000 X | X | X
Precipitation in Meteorological | FieldSensor (USGS/NOAA)
Secchi Depth ft Field parameter | FieldSensor SOP for Secchi Measuremé&h{ X
Specific Conductance | uS/cm Field parameter | FieldSensor SM 2510 BL997 X | X | X
StaffGageHeight ft Field parameter | FieldSensor Pressure Trans_ducer/ Visual X
staff plate reading

Total KjeldahNitrogen | mg/L Nutrients MWRA Lab EPA 351.2 X | X
Total Nitrogen mg/L Nutrients MWRA Lab Calculated X
Total Organic Carbon | mg/L Nutrients MWRA Lab SM 5310 B X
Total Phosphorus >3k Y[ Nutrients MWRA Lab EPA 365.1 X | X
Total Suspended Solid{ mg/L Nutrients MWRA Lab SM2540 X
Turbidity FNU FNU Field parameter | FieldSensor ISO7027 X
Turbidity NTU NTU Bacteria FieldSensor EPA 180.1 X
Water Depth m Fieldparameter | FieldSensor N/A X
Water Temperature DegC Fieldparameter | FieldSensor, SM 2550 B000 X[ XX

47TDWSP, 2023e
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2.3 Statistical Methods and Data Management

All numerical calculations and related graphics were generated using the R programming |&haucge
preserved in scripts, which document the exact steps that were utilized to produgedekentedresults.

This provides an additional level of transparency and will improve efficiency and consistency in the writing
of future annual water quality reports. Graphics were produced with the ggplot2 patka#deseasonal
statistics presented in this repgrapart fromreservoir nutrients(see Sectior8.4.7), use the following

date cutoffs to determine season:

1 Decemberl (start of meteorologicalinter)

1 Marchl (start of meteorologicaspring)

1 June 1 ftart of meteorologicasummer)

1 Septemberl (start of meteorologicahutumn)

In 2021, DWSP changed holeft-censoredlaboratory results (values that were below lower detection
limit thresholds) werestored and analyzedPreviously, lefcensored results were recalculatad onehalf
the detection limit and statistics werealculatedusing these valuedAll left-censored results are now
storedto be equal to the detection limithowever statistical method$iave been improved to handle the
uncertaintyassociated with censored resulBght-censoredaboratory results (values abotke upper
guantificationlimit) are assigned a value equal to the linftihis did not change)All censored results are
flagged as such in the database.

Annual report gatistics (mean, median, geometric mean) are now calculatsidg methodslepending
onthe prevalence ohon-detects within each data groupingogic has beeembedded in R scripts so that
whenfewer thanfour values are detected in a data graupe leftcensored result¢except forE. coljare
set to one-half the detection limit valueand the normal statistic isalculatedusing base Runctions.
However, wherthere are four or moreuncensoredvaluesin a data groupstatistics arecalculatedusing
functions from the NADA packaeA parametric methodViaximum Likelihoodstimation (MLE)s used
to computebacteria geometric mean# nonparametric methodRegression on Order Statistics (RGS)
used withnon-bacteria datato calculate means and medianghischange in statistical methodsas
causedsome slight differencefom the statisticsthat were reported in prior annual reports (for some
parameters)For parameters where data groupingad no censored results, the statistiedll not differ
between the2021 and futureeportsand prior annual reports.

Water quality, precipitation, and streamflow data generated since 1985 are stored in a MicB863hbft
Servedatabase maintained byDW$-EQ TheWAtershedsystem data Visualization Environment (WAVE)

is a custom R/Shifty application developed as a collaborative effort between individuals from the
Department of Civil and Environmental Engineering at UMass Amherst and DWSP. WAVE serves as a portal
to visualize and review data within the databaBata generated from water quality monitoring 2023

and prior years are available upon request.

48R Core Team, 2019
49Wickham, 2016

S0 ee, 2022

51Chang et al., 2019
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2.4 Quality Assurance and Quality Control

Over the lasseveralyears QA/QCprotocolshave been incorporated into maraspects of water quality
and hydrological monitoring in the Wachusett Reservoir Waterst&idce 2018, andrjr to any
formalized SOPautomateddataqualityandother screening checksereembedded iho data processing
scripts In 2019, the first detailed written description of monitoring progrswas written which became
the precursor for individual monitoring program SOBgtween 2020 and 2028%rmal SOPs were
developedto cover mostroutine water quality and hydrological monitoringrograms An internal
monthly QAQC report was deveped in 2022, which summaed equipment calibratiorresults, pre-
samplingcalibration verification checkandpotential dataoutliersthat may need to beeviewed by statf

In 2023, field duplicates and blanks were added to the routine tributary monitoringranssand field
and lab audits were conducted tnsure that established SOPs are being adhered to by DCRAstaff.
summary of field blanks and duplicatesultswas incorporated into thenonthly QA/QC report, icating

if any parameter was outside of the acceptable rangee first Wachusett Watershe@uality Assurance
Project PlanQAPRP for water quality and hydrological monitoring programs was completed in June of
20232, which serves as the umbrella document for all SOPs and QA/QC procedures.

Theimplementation of the QAPP and recenbdifications to SOPsave resulted irmore efficientdata
processingand field procedureand better data quality controland reliability In particular, he addition

of field blanks and duplicates haflowed for improved detection of data anomalies which may have
otherwise gone unnoticed. A full summary of QA/€¥orts for 2023 are provided iAppendixD: Quality
Assurancand AppendixE Quality Contral

52DWSP, 2023f
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3 Results

This section presents the resultsiofVSRoutine monitoringprograms in Wachusett Watershed for 2023
including the reservoitributaries, and groundwatetn the tributaries DWSHhtaff collected 82 turbidity
samples along with 2,086 physiochemical measurements 55 water temperature 552 specific
conductance 491 dissolved oxygeand 491 pH) in the field at tributary stationand Shaft 1, and 94
phytoplankton sampleswvere taken from the Reservoirwith another 45 water column profiles
(temperature, specific conductance, dissolved oxygen, percent oxygen saturation, chloephyll
phycocyanin, and pH) recorded from tReservoir A total of 755 bacteria samples were collected and
delivered to the MWRA Southborough laboratory Eorcolanalysiq432 from tributaries and322 from

the Reservoly, and 1,416 samples(1,200 tributary, 216 reservoir)were collected and shipped to the
MWRA Deer Island laboratory for a total 71 analyses of nutrients and other parametgthese
numbers dmotincludespecial studieand norrroutine samplesDailyclimate statisticfor the Wachusett
Watershedwere calculated usingecords from NOAA, USGS, and DWSP monitoring stations. Daily
streamflow statistics were calculated from DCR stream gauging statorabtained fromthree USGS
monitoring stations.Daily Quabbin transfertotals were provided by MWRADWSP staff measured
watershed sowpackon five occasions during023.

3.1 Meteorologic and Hydrologc Conditions

Climatc patterns precipitation and temperaturedrethe primary drivesof the hydrologic cycle arttbve
major implications to water qualitgnd water supplydue to their influence onwater availability and
temperature. There is often a response in both hydrologic conditions and water qudiigiecalclimatic
conditionsdeviatefrom & y 2 NJ6r-afprélonged periode.g. droughtpr after shortandintenseweather
events Thus,it is important tocomparewater quality results tcantecedenthydrological and climate
conditionsto determineif there is a causal linky if other factors may be responsible for thater quality
response

3.1.1 MeteorologicConditions

3.1.1.1 Air Temperature

Average daily air temperatures in thfachusett Reservoir Watershddr 2023 ranged from-17.90 °C
(February 3to 24.8 °C (uly 3 (Figure8). The lowesdaily minimumtemperature (average of all stations)
observed 2023 was-24.9 °C onFebruary4, while the highestaily maximuntemperature was 3.2 °C
on April 14and September 7
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In 2023, and in the earliermonitoring period, alkalinityconcentrations in the tributariegas CaCg)
correspondwell with the underlying bedrock carbonate content. A band of calcpeditéch is composed

of 15¢ 45%carborate minerals?, stretches across the Wachus#ttatershedthrough Gates Brook, West
Boylston Brook, and Waushacum Brook subbasins. These three tributaries have the 20fdes023

mean and median alkalinity concentrations in tiéachusettWatershed Another narrowswath of
calcpelite runs under the eastern half of Wachusett Reservoir and the shoreline in Boylston, hthwsever

is situated mostly downgradient from monitoring locations on Malagasco, French and Boylston Brooks.
Granite and metamorphic roskwhich hae little to no carbonic contentcomprisemost of thebedrock
throughout the rest of theWatershed Accordingly, streams draining those areas have lower alkalinity
since thegroundwateris largelyfree of carbonic mineralgriginating from the bedrock.

Compared to the 200Q 2012 period, he latestfour years ofalkalinitydata, including2023, show slight
increases afFrench andVest Boylston Brookand the Stillwater and Quinapoxet Rivéiable 12 The
limited number of recent measurementndrange ofinterannual variabilitymake it difficult toconclude
whetherthe observedincreasa constitutea significant trend

There are no drinking water criteria for alkalinity, however the EPA recommends a minimum
concentration of 20 mg/L for the protection of aquatic lifeata from2020 ¢ 2023 suggestthat most
Wachusett tributariegall below thisminimum alkalinity requirement to prote@quatic life. As more data
arecollected it will become possible to make stronger conclusions about how alk&lsitghanged over

the years andvhetherthe tributariesexhibitanypredictableinter-seasonapatterns

Table12: WachusettTributary Alkalinity (mg/L) 2000 2012Compared t02020¢ 2023 Results

# Sampleg # Samples Mean Mean Median | Median
Sample Location 20002012| 20202023 | 2000-2012| 2020-2023 | 2000-2012| 20202023
Cook BrookWyoming- MD11 61 T 30.85 T 30.80 T
French Brook MDO1 71 40 13.32 15.11 10.80 12.0
Gates Brook 1MD04 77 40 43.64 43.16 44.90 43.30
Jordan Farm BrookMD12 48 T 16.88 T 15.50 T
Malagasco BrookMDO02 78 40 11.63 11.40 11.10 11.15
Malden Brook MD06 65 40 20.37 20.00 22.0 20.65
Muddy Brook- MDO3 78 40 21.66 18.97 22.55 17.60
Quinapoxet River (Canada Milig)iD69 138 39 8.36 10.16 7.96 9.18
Rocky Brook (E BranchyID13 48 T 1.48 T 0.56 T
Shaft 1 (Quabbin transferMDS1 T 13 T 3.92 T 3.9
Stillwater River Muddy Pond Rd MDO7 138 40 7.94 10.00 6.85 7.77
Trout Brook M110 T 35 T 4.36 T 3.84
Waushacum Brook (Prescott/D83 T 40 T 29.97 T 26.75
West Boylston BrookMDO05 78 40 31.63 34.73 32.8 33.890
56 Grady & Mullaney, 1998
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3.2.3 Specific Conductance ardnhloride

In 2023, tributary specific conductance ranged from36.2 >S/cm atJordan FarnBrook t02,100>S/cm

at Gates Brook 4Values of less than 16/cm were recorded i86% of all samples from Trout Brook
(31 of 36), 25% ofsamples at East Wachusett Bro6lof 24), 14% of samples at the Stillwater RivBrof

36), and a single result at Jordan Farm Bro®kis representpist 8% of all specific conductance samples
from Wachusett tributariegluring 2023 Measurements greater than 96<65/cm, the proxy chronic ClI
toxicity threshold®, were recorded ir.8% of all samples fror2023. For individual tributaries, this
threshold was exceeded 5% of samples from Gates BrodkMD73), 47% of samples from Gates Brook
1 (MDO04), 34% of samples from West Boylston Brpakd29% of samples from Oakdale Brook. Extremely
high specific conductance (>1,888/cm) was observednly onceat Gates Brook 4 oMarch 6(2,100
>S/cm)

Except forJordan Farm Brook, all monitoring locaticaeienced a decrease in specific conductance
from 2022,with levels closer to 2021, whidilad similarsurplus precipitationHigh frequency specific
conductance datgwhere available) waalso used to calculate annual means, dine results were very
similar to thegrab data which consisted of onl§4-36 measurements, depending on the locatidihis is
discussed in further detail below, in Secti®i2.3.1

Table13: AnnualMean Specific Conductance $cm) in WachusettTributaries
Thelast column (2023*) represents annual mean specific conductance values calculatdudrofrequency
sensors at USGS and Mayfly water quality stations.

Location 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 |2023*
Asnebumskit BrookM102 215| 254| 336 279] 249] 267| 243] 195| 254] 205| t
Boylston Brook MD70 373| 579] 542 594| 86| 661 679] 546| 611] 530] t
Cook BrookWyoming- MD11 493| 475| 526| 640 624| 524 489| 478| 609 543| t
East Wachusett BrookMD89 133 166| 174] 171] 151] 169 180 140 164| 124 1
French Brook MDOL1 227| 321] 447] 364] 290] 318] 347] 250 298] 252 250
Gates Brook 1MD04 759

Gates Brook 4MD73

Jordan Farm BrookMD12 128] 124 181] 175| 183 193] 169| 178 187 196 T
Malagasco BrookMDO02 313| 447| 473 450 432| 525| 58] 345 444] 331 329
Malden Brook MD06 220] 288] 334] 364] 365 371 382] 311 340 308 309
Muddy Brook MDO3 203] 273] 320 344] 333 340 351 296| 350 303 307
Oakdale BrookMD80 686 872 878| 954| 870 827] 1
Quinapoxet RiverMD69 195| 255 268| 211 291| 228| 227
Scarlett Brook (DS W.MMD81| 514| 635 632| 487| 692] 550| 1
Stillwater River MDO7 142| 182] 213 170] 162| 174| 200] 152] 197 133] 128
Trout Brook M110 74| 74| 86| 96| 92| 87 8| 82| 99 80| 1™
Waushacum BrookMD83 284| 339] 396 420| 395] 408 421] 334] 375] 332 327
West Boylston BrookMDO5 [£E] 1187| 1227/ 1,700 1274 1,266 1,221 796| 799

Note: Table cells are shaded &id in visuallzomparingtabular data Colos are based off theelative distance from the high and
low values in the table and do not signifpsevalues are below/above any particular threshold
** The Trout Brook Mayfly station was installed in October 2023 and data did not cover enough of the year to make thisgalculati

58 MassDEP, 2018
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3.2.3.2 Chloride

Chloride (Cl)concentrations irR023 were generallylower than 202 concentrationsacrossall Wachusett
tributary monitoringlocations(Tablel4). Annual mean chloride was lower in 2023 compared to 2022 and
the five-year average. For 202Gates Brook 1 had the highest mean anr@lgioncentration 212 mg/L)
while West Boylston Brook had tle=condchighestmean annuaClconcentration(197mg/L). Trout Brook
and the Stillwater Rivezontinued to have thedwestmean annualClconcentrationsat 20 and 37 mg/L,
respectively Thesestatistics althoughcomprised of onlyi2 samples per monitoring location each year,
do follow similar patternsreflected by the highfrequency specific conductivistatistics but only when
aggregated by longer durations of timas illustraed byFigure26, the full rangeof concentrationgs not
reflected in themonthly grabdata Thereforethe actual shoriterm variability in chloride must be inferred
through thehigh frequency specific conductance measurements

AlthoughClis not monitored at a frequency high enough to detect exceedances dEfaquaticlife
criteria, it is probable that both Gates Brook 1 and West Boylston Brook exceed the chronic thfeshold
aquatic life(230 mg/L 4day average) most of the year, and the acute threshold (860 mgAylaverage)
several times a year after roagy deicing The MassDE&econdary maximurmontaminantlevel @ICL

for CI(250 mg/L) whichonly applies to finished drinking water for public systewsuld also be exceeded
part of the year atWest Boylston Brooknd nearly Gates Brooktitiese tributarieswere sole drinking
water sources and the fiveyear mean Cl concentration of these tributaries above the SMCL
concentration Fortunately, these two tributarieare notdirectly used for drinking water antbntribute
less than 2% of the total inflow M/achusett Reservaithe overall Wachusett Reservdiiconcentration

is well below this thresholdStill, Cl concentratiors at Gates Brook 1 and West Boylston Brook are
detrimental to aquatidife and contribute to the overalbadof dissolved saltto the WachusettReservoir
whichhasundesirableconsequences fadrinking water treatment processes

Tablel4: ChlorideConcentration(mg/L) Summary folWachusettTributariesin 2023

Minimum | Median | Maximum Mean 2019-2023

Sample Location Count (mg/L) mg/L) (mg/L) (mg/L) Mean (mg/L)
French Brook MDO1 12 39 59 73 58 68
Gates Brook 1MDO04 12 111 223 299 212 265
Malagasco BrookMDO02 12 30 80 141 80 114
Malden Brook MD06 12 48 70 86 70 80
Muddy Brook- MD03 12 50 68 98 71 78
Quinapoxet River (Canada MiHs$}1D69 12 30 48 100 50 56
Shaft 1 (Quabbin TransferMDS1 6 8 8 9 8 8
Stillwater River Muddy Pond Rd MDO7 12 15 31 40 29 37
Trout Brook- M110 12 9 16 23 17 19
Waushacum Brook (PrescottMD83 12 47 72 95 73 84
West Boylston BrookMDO05 12 89 194 331 197 293
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were then used to derive timeerieschloride concentrations at each tributary in -bfinute intervals
Chloride concentrationand associated flow rates, in cubic feet per second, wieesl to calculate a daily
chloride load for each tributary. This daily load of chloride was thesd to estimate a daily salt load,
assuming thanearly all the chloride preselin tributaries comes from dissolved road salt (Na@tnual
salt loads, shown ifablel5 below,were computed by summing thaaily loadgor each year.

Tablel5: SaltLoad Estimates (tons)for Wachusett Tributaries, 2022023

Location 2022 2023 Percent Change
West Boylston BrookMDO05 236 192 -18%
Muddy Brook MD03 145 239 65%
Malagasco BrookMD02 164 327 99%
TroutBrook- M110 282 482 71%
French Brook MDO1 340 577 70%
Malden Brook MD06 373 599 61%
Waushacum Brook (PrescottMD83 948 1,629 72%
GatesBrook 1- MD04 1,339 1,734 29%
Stillwater River Muddy Pond RdMDO07 2,224 3,558 60%
Quinapoxet River (Canada MiHg)ID69 4,823 7,139 48%
WACHUSETTRIBUTARY TOTAL 10,874 16,476 52%

Compared with 2022, there was a 52% increase in salsloathe tributaries for 2023, with individual
tributaries showing load changes betweeh8% and 99%rThis is despite the fact thahe mean 2023

Chlorideconcentration was lower than the me&022 Chlorideat all tributaries (Table 14This increase
in salt loadscan likely be attributed mostly to thadditional 25BGof water flowing in the tributaries

during 2023 which representan 85% increase in tributary discharge.

3.2.4 Turbidity

Turbidity results in Wachusett tributaries 2023 ranged from 008 NTU atEast Wachusett Brodk 20.1
NTU atMuddy Brook. There werd9 samples with turbidity levels of 5.0 NTU or higher, which were
predominantly collected from Muddy Brook §lsamples), where elevated concentrations of fine
particulate matter are historically persistent and naturally occurrivMgt weather samplingn April 20
and Septemberl9 accounted for5 of the 20 turbidity results above 5.0 NTWith the remaininghigh
turbidity results spread throughout the year

Except forAsnebumskiand Waushacum Brook&023 annual median turbidity was higher than the 201

¢ 2022 median at all sampling locations, aatsixmonitoring locationsabove the 78 percentile. Annual
median turbidity values ranged from35 NTU at East Wachusett Brook@®2 NTU in Muddy Brook
(Tablel6). Turbidity levels were 80 NTU higher (on average) during or after wet weather conditions (>
0.2 inches of rainfall within 24 hours of sampl&alflel7).
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https://www.mass.gov/info-details/dcr-watershed-system-salt-reduction#:~:text=DWSP%20is%20committed%20to%20finding,winter%20snow%20and%20ice%20management.
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