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Abstract 

The Department of Conservation and Recreation, Division of Water Supply Protection, Office of 
Watershed Management manages Wachusett Reservoir and lands within the Watershed to assure the 
availability of safe drinking water to present and future generations. The 5ƛǾƛǎƛƻƴΩǎ Environmental Quality 
Section implements a comprehensive water quality and hydrologic monitoring program to screen for 
potential pollutants, measure the effectiveness of watershed management programs, better understand 
the responses of the Reservoir to a variety of physical, chemical, and biological inputs, assess the 
ecological health of the Reservoir and the Watershed system, and demonstrate compliance with state and 
federal water quality standards. As part of this program, Environmental Quality Section staff perform field 
work, manage and interpret water quality data, and prepare reports of findings. This report is a summary 
and discussion of water quality monitoring methods and results from water quality and hydrological 
monitoring activities carried out by the Division in the Wachusett Reservoir Watershed during 2024. 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 tributaries and the Reservoir is a proactive measure aimed at identifying trends and 
potential problems that may require additional investigation or corrective action. In 2024, Wachusett 
Reservoir water quality satisfied the requirements of the Filtration Avoidance Criteria established under 
the United States Environmental Protection Agency Surface Water Treatment Rule.  

Despite a near normal precipitation total for 2024, rainfall distribution throughout the year was heavily 
skewed towards the first half of the year, leading to a drastic swing in hydrologic conditions ς from very 
wet to very dry. Stream flows and groundwater levels remained unseasonably high until May, but then 
quickly dropped to below normal levels and remained below normal through the second half of 2024, as 
drought conditions persisted. Overall, 2024 was a warm year (0.72 °C above the long-term mean annual 
temperature) with July being the warmest since 1998. These factors provide important context for the 
interpretation of water quality results ŘƛǎŎǳǎǎŜŘ ƛƴ ǘƘƛǎ ȅŜŀǊΩǎ ǊŜǇƻǊǘΦ 

Compliance with state surface water quality standards among the tributaries varied, with minor 
exceedances attributed to higher solute loads measured during storm events, wildlife, and/or natural 
attributes of the landscape. Substantial loading of dissolved salts to the tributaries and Reservoir has 
continued, though ion concentrations and salt loads were lower in 2024 than in recent years. Turbidity 
levels were slightly elevated throughout the Watershed in 2024, but mostly within historical ranges. As in 
prior years, bacteria concentrations in the tributaries were frequently elevated during the warmer months 
of 2024, but did not lead to violations of Surface Water Treatment Rule standards for raw drinking water 
pathogens. A few tributaries experienced seasonal or episodic elevated bacteria concentrations, above 
typical background concentrations, which have previously either been investigated and documented in 
prior Annual Water Quality Reports or are discussed in this report.  

Overall, the results of the Wachusett Watershed tributary monitoring programs were consistent with 
historical data and demonstrate continued adherence to high drinking water quality and aquatic life use 
standards. The more urbanized subbasins within the Watershed continue to experience chronically high 
chloride concentrations and periodic episodes of elevated bacteria concentrations. Water temperatures 
rose above the MassDEP recommended threshold for coldwater fishery resources at several monitoring 
locations, for cumulative durations between 9 and 106 days.  

Results of reservoir monitoring align with those observed in the Watershed. Reservoir monitoring focuses 
on two areas of water quality; physical and chemical parameters such as temperature, clarity, and 
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nutrients, and biological conditions including phytoplankton density and composition, invasive aquatic 
plants, and fish populations. Elevated alkalinity and UV254 values and elevated concentrations of silica 
were observed at several reservoir sites in 2024. These higher values can be attributed to record 
precipitation events which transported nutrients from the Watershed into the Reservoir in 2023 and early 
2024. Although drought conditions in the later portion of 2024 resulted in overall lower contributions of 
native watershed water and a higher portion of Quabbin water transferred to the Wachusett basin, 
previously transported nutrients were sequestered in the hypolimnion resulting in some elevated results, 
especially during stratification.  

Patterns typical of oligotrophic water bodies were observed in the phytoplankton population which 
remains dominated by diatoms and/or chrysophytes for much of the year. Organisms that can produce 
undesirable tastes and odors were only briefly present above internally defined thresholds and 
cyanobacteria concentrations remained below levels of concern. No new invasive species were detected 
in the Reservoir in 2024, and management activities continue to reduce known populations.  

The appendices to this report include tributary hydrographs (Appendix A: Continuous Data Hydrographs) 
and a list of applicable water quality criteria/standards or thresholds of interest (Appendix B: Water 
Quality Standards and Criteria). Previously compiled background information and historical context for 
monitoring parameters are included in Appendix C: Watershed Monitoring Parameters and Historical 
Context to assist in the interpretation of water quality results and serve as a reference for the reader. 
Quality assurance and quality control (QA/QC) efforts for 2024 are summarized in Appendix D: Quality 
Assurance and Appendix E: Quality Control. Some of the ancillary data presented in this report have been 
compiled with the help of outside agencies (e.g., U.S. Geological Survey) and other workgroups within 
Division of Water Supply Protection whose efforts are acknowledged below.  

Plain Language Summary 

Water used by people and businesses in metro-Boston comes from the Quabbin and Wachusett 
Reservoirs and the Ware River. Streams, rivers, and groundwater that flow into these water bodies are 
monitored for quality and quantity by the DCR Division 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 results for 2024, which satisfy these requirements and continue to ensure 
availability of safe drinking water to present and future generations. 
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The following abbreviations are used in this report: 
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CFR Coldwater Fish Resources 
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DWSP Department of Conservation and Recreation, Division of Water Supply Protection  
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MCL Maximum Contaminant Level 
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N/A Not Applicable 
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NOAA National Oceanographic and Atmospheric Administration 
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USGS U.S. Geological Survey 
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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 liter (µg/L). These units express the concentration of chemical constituents in 
solution as mass (mg or µg) of solute per unit of volume of water (L). One mg/L is equivalent to 1,000 µg/L. 
Fecal coliform results are reported as the number of presumptive colony forming units per 100 milliliters 
of water (CFU/100 mL). Total coliform and Escherichia coli (E. coli) are reported as the most probable 
number (MPN/100 mL), which is equivalent to CFU/100 mL and acceptable for regulatory reporting. Mean 
UV254 results are reported as the amount of ultraviolet light at a 254 nm wavelength that can transmit 
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 Colony-forming unit (equivalent to MPN) 

°C Degrees Celsius 

ft Feet 

FNU Formazin Nephelometric Units 

in Inches 

µS/cm Microsiemens per centimeter 

MG Million gallons 

MGD Million gallons per day 

µg/L Microgram per liter 

mg/L Milligram per liter 

m Meters 

MPN Most probable number (equivalent to CFU) 

nm Nanometers 

NTU Nephelometric turbidity units 

UV254 Ultraviolet Absorbance at 254 Nanometers 

S.U. Standard Units (pH) 
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1 Introduction 

The Department of Conservation and Recreation (DCR), Division of Water Supply Protection (DWSP), 
Office of Watershed Management (OWM1) manages and maintains a system of watersheds and reservoirs 
to provide raw water to the Massachusetts Water Resources Authority (MWRA), which in turn supplies 
drinking water to approximately 2.7 million people and thousands of industrial users in 53 Massachusetts 
communities. The active watershed system includes the Quabbin Reservoir, Ware River, and Wachusett 
Watersheds. Quabbin Reservoir, Ware River, and Wachusett Reservoir are interconnected by a series of 
aqueducts (Figure 1). Sudbury Watershed, 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 supply2. 

The U.S. Environmental Protection Agency (EPA) introduced the Federal Surface Water Treatment Rule 
(SWTR) in 19893, followed by the Interim Enhanced Surface Water Treatment Rule (IESWTR) in 19984, to 
ensure that public water supply systems that use surface water, or groundwater under direct influence of 
surface water, provide safeguards against the contamination of water by viruses and bacteria. These 
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. DWSP and MWRA have maintained a joint waiver for the filtration 
requirement of the SWTR since 1998 and work together to manage the water supply watersheds in 
fulfillment of the waiver5.  

DWSP monitors the quality and quantity of source water within watershed aquifers, reservoirs, and 
tributaries, whereas MWRA is responsible for monitoring water quality upon withdrawal from the 
Reservoirs and throughout the treatment and distribution processes6. DWSP water quality sampling and 
field inspections help identify potential 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 (e.g., the filtration avoidance requirements stipulated under the SWTR). Routine 
monitoring of bacteria, turbidity, and nutrients in the Reservoirs and tributaries provides an indication of 
sanitary quality of water sources, promoting security of water resources and public health. Monitoring is 
also conducted by DWSP staff to better understand the responses of the Reservoirs and tributaries to a 
variety of physical, chemical, and biological drivers, and to assess the ecological health of these water 
resources. A long-term 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 considerations. The following pages summarize and 
discuss water quality monitoring methods, results, and major findings from all water quality and 
hydrologic monitoring activities carried out by DWSP in the Wachusett Reservoir Watershed and Reservoir 
during 2024. Additionally, some background information is included for context and programmatic status 

 
1 In most instances in this document DWSP is used to refer to DWSP-OWM-Wachusett/Sudbury Region 
2 Massachusetts Water Resources Authority [MWRA], 2014 
3 National Primary Drinking Water Regulations: Surface Water Treatment Rule (SWTR) - 40 CFR Part 141, Subpart H, 1989 
4 National Primary Drinking Water Regulations: Interim Enhanced SWTR (IESWTR) - 40 CFR Part 141, Subpart P, 1998 
5 Massachusetts Department of Conservation and Recreation [MassDCR] & MWRA, 2004 
6 Ibid 
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updates are provided to document changes in monitoring programs. Data generated from water quality 
monitoring in 2024 and prior years are available upon request. 

The remainder of Section 1 provides an overview of the water quality regulations applicable to the water 
resources of the Wachusett Reservoir Watershed (hereafter also referred to as Wachusett Watershed or 
the Watershed), summarizes DWSP goals and objectives with respect to its water quality monitoring 
programs and includes an overview of the MWRA water supply system and Wachusett Reservoir 
Watershed. Section 2 presents methods for water quality monitoring programs in 2024, including an 
overview of monitoring locations, the parameters monitored and their manner of analysis, 
documentation of statistical methods and data management tools utilized, and a summary of quality 
assurance and control measures. Section 3 presents results for all Wachusett Watershed monitoring 
programs. Conclusions and recommendations are offered in Section 4, where significant findings are 
discussed and any proposed changes to Wachusett Watershed and Wachusett Reservoir water quality 
monitoring programs are presented. References are listed in Section 5 and additional information and 
data are provided in the appendices. 

1.1 Public Water Supply System Regulations  

Water quality criteria in the SWTR rely on an indicator organism, fecal coliform bacteria, and a surrogate 
parameter, turbidity, 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 exceed 20 
colony-forming units (CFU) per 100 mL. There are two standards for turbidity levels at source water 
intakes. The SWTR requires that turbidity levels at the intake are always below 5.0 NTU7. Massachusetts 
Department of Environmental Protection (MassDEP) regulations require that turbidity levels at the point 
of consumption for all public drinking water always remain below 1.0 NTU8. Authority to enforce the SWTR 
has been delegated to MassDEP.  

All waters within the Wachusett Watershed are designated as Class A Public Water Supply9 and thereby 
are considered Outstanding Resource Waters for the purposes of water quality protection 10 . 
Massachusetts has developed numerical Class A water quality criteria for several parameters. These are 
presented in Appendix B: Water Quality Standards and Criteria along with the SWTR standards. Narrative 
criteria for Class A waters also exist for some parameters, including 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 site-specific criteria developed in a TMDL or as otherwise 
established by the Department pursuant to 314 CMR 4.00.11 

There are other standards that apply to various elements and compounds in public drinking water 
supplies, such as arsenic, polychlorinated biphenyls (PCBs), haloacetic acids12 and per- and polyfluoroalkyl 
substances (PFAS)13. The required monitoring for these substances at different stages in the system (i.e., 

 
7 National Primary Drinking Water Regulations: Long Term 2 Enhanced Surface Water Treatment Rule, 2003 
8 Massachusetts Drinking Water Regulations, 2020a 
9 Massachusetts Surface Water Quality Standards, 2022f 
10 Ibid 
11 Massachusetts Surface Water Quality Standards, 2022d 
12 MWRA, 2012 
13 MWRA, 2023 
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after treatment, after disinfection, and point of consumption) is conducted by MWRA. Separate reports 
are produced by MWRA that detail the monitoring results and compliance for those parameters, therefore 
they are not discussed as part of this report14.  

1.2 DWSP Monitoring Program Goal and Objectives  

MWRA, as an unfiltered public water supplier, is required to have a watershed protection program 
intended to promote and preserve high quality source water by using a range of methods and strategies 
that ultimately control the release, transport, and fate of pollutants in the Watersheds. A primary function 
of DWSP is to design and implement this watershed protection program for the MWRA-DWSP water 
supply system. Since 1991, DWSP has written periodic Watershed Protection Plans (WPP), which provide 
a systematic approach to evaluate potential water quality threats and develop programs that eliminate 
or minimize those threats. The current WPP was written in 2023 and covers fiscal years 2024 ς 202815. 
The broadly defined goal for water quality/quantity monitoring programs is: 

Conduct tributary and reservoir sampling. Identify short-term water quality problems 
and maintain the historical record for long-term trend analyses. Use data analyses and 
assessments in management decisions. 

The data obtained from water quality and hydrologic monitoring programs are used to assess current 
water quality conditions, establish ranges of values for parameters considered normal or typical, screen 
for excursions from normal ranges, alert staff to potential contamination events, and assess watershed 
trends. Shorter term studies may be conducted to evaluate specific issues. These programs are re-
evaluated with each iteration of the WPP to ensure that they are providing the breadth and depth of 
information necessary to evaluate the performance of DWSP water quality control programs. Specific 
water quality and hydrologic monitoring activities are also reviewed and updated by DWSP staff each year 
to incorporate new information or additional methods used to evaluate DWSP watershed protection 
programs. Efforts that do not yield useful information are modified or discontinued. Any programmatic 
changes that are recommended for water quality and hydrologic monitoring will be discussed in this and 
any future annual water quality reports. These data and information provide a meaningful foundation to 
inform management decisions to minimize or eliminate water quality threats.  

The specific objectives of the water quality and hydrologic monitoring programs in Wachusett Watershed 
are directly related to the broader WPP goal listed above. These objectives are as follows: 

¶ Maintain long-term water quality data and statistics.  

¶ Document compliance with the EPAΩǎ {²¢w requirements and criteria consistent with filtration 
avoidance.  

¶ Identify streams and water bodies that do not meet water quality standards and initiate specific 
control measures to mitigate or eliminate pollution sources.  

¶ Conduct proactive surveillance of water quality trends to identify emerging issues and support 
ongoing assessments of threats to water quality.  

¶ Document quality assurance and quality control (QA/QC) metrics in annual water quality reports. 
 

 
14 MWRA, n.d. 
15 Division of Water Supply Protection [DWSP], 2023f 
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To meet these objectives, DWSP monitoring programs will continue to evolve as necessary by responding 
to emergent and high priority threats to water quality, making use of the best available scientific 
information, and implementing new tools and technologies. It is important to note that monitoring is just 
one element of a much larger watershed protection program carried out by DWSP. The achievement of 
water supply protection goals, including specific water quality targets, is dependent upon the coordinated 
implementation of each of DWSPΩǎ Ƴŀƴȅ watershed protection programs. For example, the 1992 
Watershed Protection Act gives DWSP the authority to regulate certain land uses and activities that take 
place within critical areas of the Watershed to protect drinking water quality16.  

/ƻƻǊŘƛƴŀǘƛƻƴ ǿƛƭƭ ŎƻƴǘƛƴǳŜ ǿƛǘƘ 5/wΩǎ hŦŦƛŎŜ ƻŦ /ƭƛƳŀǘŜ wŜǎƛƭƛŜƴŎŜ ƻƴ ŎƭƛƳŀǘŜ ǊŜƭŀǘŜŘ ǇƭŀƴƴƛƴƎ ŀƴŘ ǇǊƻƧŜŎǘ 
implementation. DWSP is partnering with Tighe and Bond via EEA Resilient Mass Project funding to 
complete a comprehensive DWSP-wide Climate Change Vulnerability Assessment that incorporates 
climate related impacts to important natural resources. DWSP will strive to utilize data collected internally 
as well as state level data to identify current impacts and assess projected future impacts. Staff will 
continue to monitor and evaluate climate change research and scientific literature, data, and 
recommendations. 

1.3 MWRA System and Wachusett Watershed Overview 

The Quabbin Aqueduct connects, from west to east, Quabbin Reservoir, the Ware River Watershed, and 
Wachusett Reservoir to provide drinking water to 53 communities in central and eastern Massachusetts. 
Quabbin Reservoir is the largest of the sources, with a capacity of 412 billion gallons (BG). Wachusett 
Reservoir holds 65 BG at full capacity (Table 1). The emergency backup Sudbury and Foss Reservoirs hold 
another 7.7 BG, combined17. 

  

 
16 Watershed Protection, 2017 
17 MWRA, 2021a 
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Table 1: a) General Information on the Wachusett Reservoir, b) Wachusett Reservoir Watershed  
Other protected lands include property identified by MassGIS as Open Space protected in perpetuity less DWSP, fee 
lands, and WPRs (WPR = Watershed Preservation Restriction, similar to a Conservation Restriction). Acreage may 
vary from previous years due to increased accuracy of MassGIS data. DWSP Controlled Area includes Watershed 
Preservation Restrictions. 
a) Wachusett Reservoir General Information 

Description Quantity Units 

Capacity 65.7 Billion gallons 

Surface Area at Full Capacity 4,147 Acres 

Length of Shoreline 37 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 Reservoir Watershed General Information18 

Description Quantity Units  % Total Watershed or Land Area 

Watershed Area 74,909 Acres 100% 

Land Area 70,876 Acres 94.6% 

Forest Area 47,142 Acres 67.0% 

Forested + Non-forested Wetland 5,442 Acres 7.7% 

DWSP Controlled Area 20,400 Acres 28.8% 

Other Protected Area 12,263 Acres 17.2% 

  
Water from Quabbin Reservoir is transferred to Wachusett Reservoir via the Quabbin Aqueduct Intake at 
Shaft 12, which outlets into the Quinapoxet River at Shaft 1 just upstream of the Quinapoxet Basin (Figure 
1). Quabbin Reservoir water is also transferred directly to three western Massachusetts communities daily 
via the Chicopee Valley Aqueduct from the Winsor Dam Intake. Water from the Ware River may be used 
to supplement Quabbin Reservoir when water is diverted into the Quabbin Aqueduct at Shaft 8 in Barre, 
MA and delivered to Quabbin Reservoir via gravity flow. Ware River water enters the Quabbin 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 (131.5 cfs), per Chapter 375 of the Massachusetts Acts of 1926. DWSP and MWRA 
coordinate on diversions.  

Water from the Wachusett Reservoir is withdrawn at the Cosgrove Intake in Clinton, MA and transferred 
to the John J. Carroll Water Treatment Plant at Walnut Hill in Marlborough, MA via the Cosgrove or 
Wachusett Aqueduct. The treated water leaves the plant through the MetroWest Water Supply Tunnel 
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 Watershed is in central Massachusetts, east of the Ware River and north of 
Worcester, and covers 117 square miles (74,909 acres), predominantly west of the Reservoir. The 
headwaters of the Watershed (Stillwater and Quinapoxet River basins) are situated within the 
Worcester/Monadnock Plateau portion of the Northeastern Highlands ecoregion. This ecoregion (58g) is 
ŘŜǎŎǊƛōŜŘ ŀǎ ŀ άǊƻƭƭƛƴƎ ǇƭŀǘŜŀǳΣ ǿƛǘƘ Ƙƛƭƭǎ ŀƴŘ ƳƻƴŀŘƴƻŎƪǎΣ ƴǳƳŜǊƻǳǎ ǇƻƴŘǎΣ ƭŀƪŜǎΣ ŀƴŘ ǊŜservoirs; 

 
18 DWSP, 2016 
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ƳƻŘŜǊŀǘŜ ƎǊŀŘƛŜƴǘ ǎǘǊŜŀƳǎ ǿƛǘƘ ōŜŘǊƻŎƪΣ ōƻǳƭŘŜǊΣ ŎƻōōƭŜΣ ƎǊŀǾŜƭΣ ŀƴŘ ǎŀƴŘȅ ǎǳōǎǘǊŀǘŜǎέ19. The eastern 
portion of the Watershed, including the Reservoir, 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 have low to moderate 
gradients with sand, gravel, boulder, and bedrock substrates20.  

The Watershed 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 and delivering water draining from more than 80% 
of the Watershed land area. Approximately two-thirds of Watershed lands are forested, and DWSP owns 
or controls 20,400 acres (28.8%) of Watershed area for water supply protection purposes (Table 1b). 
Including the Reservoir, DWSP owns or controls 32.6% of the entire Watershed area, with an additional 
17.2% protected by other government agencies and non-government 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 and ownership in the Wachusett Reservoir 
Watershed is presented in the Watershed Protection Plan FY24 ς 2821 and the 2017 Land Management 
Plan22.

 
19 Griffith et al., 2009 
20 Ibid 
21 DWSP, 2023g 
22 DWSP, 2018a 
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Figure 1: Quabbin Reservoir, Ware River, and Wachusett Reservoir Watershed System  
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2 Methods 

This section provides an overview of how each element of DWSP water quality and hydrologic monitoring 
was carried out during 2024, including what parameters were sampled, their monitoring frequency and 
locations, and methods of analysis. Additional details and information about equipment and techniques 
used during monitoring activities can be found in standard operating procedures (SOPs) that have been 
developed for each monitoring activity. These SOPs are available upon request.  

2.1 Monitoring Programs 

DWSP water quality and hydrologic monitoring programs are reviewed annually and updated as necessary 
to meet changing priorities and public health concerns, as well as to incorporate newly developed 
analytical methods and revised regulatory requirements. DWSP monitoring activities can be grouped into 
three broad categories:  

1. Water quality sampling: Water samples are collected and then analyzed in a laboratory.  
2. In situ field measurements: Sensors are placed in water bodies briefly or for extended periods of 

time and take direct measurements of physical/chemical characteristics of the water; direct 
observations or measurements are made by field personnel. 

3. External monitoring: Additional research and monitoring activities are conducted by other 
agencies and organizations related to water quality and hydrology within the Wachusett 
Watershed, with DWSP funding and direction. 

2.1.1 Wachusett Watershed Monitoring Locations 

DWSP staff collected routine water quality samples from seven groundwater wells, 20 tributary 
monitoring stations, and 27 stations on Wachusett Reservoir in 2024. These sampling locations (stations) 
are described in Table 2 (tributaries), Table 3 (reservoir) and Table 5 (groundwater). Figure 2 and Figure 3 
maps show all routine monitoring locations within the Wachusett Watershed.  

Tributary sampling locations are established on all major streams and rivers that flow into Wachusett 
Reservoir. To capture water quality and quantity data representing as much of the Watershed as possible, 
monitoring stations were positioned at the furthest downstream locations that were practical or 
convenient for sample collection (Figure 2). These stations, listed as Primary sampling locations in Table 
2, are where stream discharge is monitored, and routine nutrient samples are collected. Secondary 
tributary stations are situated at upstream locations or on smaller tributaries to the major streams and 
rivers. Some sampling locations were established in areas where historical water quality problems were 
observed, on pristine streams to serve as reference sites, or to divide large drainage areas into smaller 
units. Twice monthly turbidity and bacteria sampling is conducted at all Primary and Secondary monitoring 
stations. Field parameters (water temperature, pH, dissolved oxygen, specific conductance) are measured 
during all routine tributary monitoring visits. Although it is not a natural tributary, Shaft 1 (Quabbin 
Transfer) is routinely sampled for nutrients because it comprises a large percentage of total surface water 
inflows to the Reservoir. There are two monitoring locations that were established in 2013 for a long-term 
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 selection thereof can be found in the SOPs for each type of sampling. 
General characteristics of each Reservoir sampling location are presented in Table 3. Bacteria sampling is 
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conducted at 23 surface locations situated along transect lines covering the Wachusett Reservoir basins 
east of Rt. 140 (Figure 3). 

Figure 2: Hydrology, Subbasins, and Water Quality Monitoring Locations for Calendar Year 2024 in the 
Wachusett Reservoir Watershed 
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Table 2: Wachusett Tributary Sampling Locations, 2024 

Location Description Sampling Category 

Asnebumskit Brook (Princeton) - M102 Downstream of Princeton St. near post office, Holden Secondary 

Boylston Brook - MD70 Upstream of Rt. 70, Boylston Secondary 

Cook Brook - Wyoming - MD11 Wyoming Dr., Holden Secondary 

East Wachusett Brook (140) - MD89 Downstream of Rt. 140, Sterling Secondary 

French Brook - MD01 Downstream of Rt. 70, Boylston Primary 

Gates Brook 1 - MD04 Downstream of bridge inside Gate 25, West Boylston Primary 

Gates Brook 4 - MD73 Upstream of Pierce St., West Boylston Secondary 

Holden Forestry - FHLN Off Mason Rd. inside Gate H-21, Holden Long-term Forestry 

Jordan Farm Brook - MD12 Upstream of Rt. 68, Rutland Secondary 

Malagasco Brook - MD02 Downstream of W. Temple St. Extension, Boylston Primary 

Malden Brook - MD06 Upstream of Thomas St., West Boylston Primary 

Muddy Brook - MD03 Upstream of Rt. 140, West Boylston  Primary 

Oakdale Brook - MD80 Downstream of Waushacum St. and East of Rt. 140, West 
Boylston 

Secondary 

Princeton Forestry - FPRN Off Rt. 31 near Krashes Field, Princeton Long-term Forestry 

Quinapoxet River (Canada Mills) - MD69 Upstream of River St. bridge (Canada Mills), Holden Primary 

Scarlett Brook (DS W.M.) - MD81 Behind Walmart above confluence with Gates Brook, 
West Boylston 

Secondary  

Shaft 1 (Quabbin Transfer) - MDS1 MWRA Shaft 1 outlet off River St., West Boylston Other 

Stillwater River - Muddy Pond Rd - MD07 Downstream of Muddy Pond Rd., Sterling Primary 

Trout Brook - M110 Downstream of Manning St., Holden Primary  

Waushacum Brook (Prescott) - MD83 Upstream of Prescott St., West Boylston Primary  

West Boylston Brook - MD05 Upstream of access road inside Gate 25, West Boylston Primary 
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Figure 3: Wachusett Reservoir Sampling Locations 

 

 

  



 

 
Water Quality Report: 2024   12 
Wachusett Reservoir Watershed  

Table 3: Wachusett Reservoir Sampling Locations 
Depth is at normal operating elevation of 390.5 Boston City Base (BCB). 

Station (Id) Location Description 
Approximate 

Depth (m) 
Frequency: 

Plankton/profile 
Frequency: 
Nutrients 

Cosgrove Intake (CI3409) 
Adjacent to Cosgrove Intake, samples 
collected from the building catwalk 

18 Weekly N/A 

Basin North (BN3417) Mid reservoir near Cunningham Ledge 30 Weekly Seasonally 

Basin South (BS3412) Mid reservoir near Scar Hill Bluffs 27 Occasionally Seasonally 

Thomas Basin (TB3727) 
Thomas Basin at approximate intersection of 
Quabbin interflow/Quinapoxet River and 
Stillwater River 

10 Occasionally Seasonally 

2.1.2 Meteorologic and Hydrologic Monitoring 

2.1.2.1 Precipitation and Air Temperature 

DWSP monitors precipitation and uses this information to provide context for the water quality and 
hydrological conditions observed in the tributaries, groundwater, and Reservoir. The type, amount, 
intensity, frequency, and spatial distribution of precipitation (or snowmelt) across the landscape are the 
dominant drivers of the water quality and hydrologic dynamics. It is important for DWSP to consider this 
hydrological context when interpreting water quality results, comparing interannual variability, or 
evaluating trends.  

DWSP contracts with the U.S. Geological Survey (USGS) New England Water Science Center out of 
Northborough, MA for precipitation monitoring at two locations: the Stillwater River ς MD07 (USGS 
01095220) and the Quinapoxet River ς MD69 (USGS 01095375) (Table 4). The National Oceanographic 
and Atmospheric Association (NOAA) monitors precipitation at two locations situated a few miles outside 
of the Wachusett Watershed to the south in Worcester (NOAA USW00094746) and to the north in 
Fitchburg (NOAA USW00004780) (Figure 4). DWSP acquires daily precipitation totals from both NOAA and 
USGS servers using Application Programming Interfaces (APIs) and automated scripts. There are several 
other entities monitoring meteorological parameters in the Wachusett Watershed, however the USGS 
and NOAA have more rigorous quality controls for data products than any other source of local 
meteorological data, so these four stations are used for calculating average watershed precipitation.  

Table 4: Wachusett Watershed Meteorological Stations 
Station Name Owner Gage Number Period of Record Data Collected 

Worcester NOAA USW00094746 1892 - Present Precipitation, Air temperature 

Fitchburg NOAA USW00004780 1998-04-01 - Present Precipitation, Air temperature 

Stillwater USGS 01095220 (MD07) 2000-06-01 - Present Precipitation 

Quinapoxet USGS 01095375 (MD69) 2012-10-01 - Present Precipitation 

Waushacum Brook DWSP MD83 2017-08-03 - 2023-11-03 Air temperature 

West Boylston Brook DWSP MD05 2023-11-03 - Present Air temperature 

Princeton Forestry  DWSP FPRN 2017-01-03 - Present Air temperature 

 
Since 1985, the Wachusett Watershed average annual precipitation is 47.3 inches, with a historical low of 
35.4 inches (2001) and high of 64.4 inches (2023). Average monthly precipitation ranges from 2.97 inches 
(February) to 4.76 inches (October). Large precipitation events (> 2 inches) typically occur several times 
per year, usually related to localized summertime thunderstorms or larger tropical storms and hurricanes 
that track the eastern coast of the USA after originating in and around the equatorial North Atlantic Ocean 
(e.g., Gulf of Mexico, Caribbean Sea). These events often cause noteworthy responses in stream flows and 
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solute loads and can lead to a series of cascading ecological responses in aquatic environments. Likewise, 
drought conditions can lead to adverse ecological consequences as some solutes can become 
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 Reservoir which 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, evaporation, and sublimation, 
so that future water inputs to the Reservoir can be modeled and estimated. 

Wachusett Reservoir Watershed snowpack is measured weekly throughout the winter unless there is not 
enough snow to obtain reliable measurements. DWSP measures snowpack at six locations (Figure 4) with 
varied altitudes, aspects, and cover types to capture the variability of snowpack across the Watershed. 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 (SWE) (see Section 3.1.1.2 for results). 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 near-term changes to river flows and provide flood threat information to the public. 
MWRA uses watershed snowpack measurements to predict future inputs to the Reservoir from melt 
water.  

Air temperature is a meteorological parameter which has important implications for both water quality 
and the seasonal timing of water inputs to the Reservoir. Air temperatures determine if precipitation falls 
in liquid or frozen form. It is therefore a key factor in winter snowpack development and controls 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 tributaries and 
the Wachusett Reservoir. Water temperature plays a significant role in aquatic ecology (see Appendix C: 
Watershed Monitoring Parameters and Historical Context), and seasonal ice formation on the Reservoir 
(see Section 3.4.1). 

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 temperature at 15-
minute intervals. These stations and their periods of record are listed in Table 4.  
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Figure 4: Active Precipitation Monitoring Stations in the Wachusett Reservoir Watershed 

 

2.1.2.2 Hydrologic Monitoring 

Streamflow 

Monitoring of stage (water level) and discharge (flow) has been conducted at primary tributary sampling 
locations for more than two decades using both manual and automated methods. The USGS was 
responsible for the development and maintenance of stage-discharge relationships at these locations and 
continues to operate three stations (Quinapoxet River ς 01095375, Stillwater River ς 01095220, and Gates 
Brook ς 01095434) using continuous monitoring technologies. Continuous data (15-minute increments) 
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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 when the station was 
upgraded with new sensors and equipment to collect stage, temperature, and conductivity data at 10-
minute increments. All data and details about USGS monitoring methods and equipment for these stations 
can be found on the National Water Data for the Nation (WDFN) website23. Responsibility for streamflow 
monitoring on the other primary tributaries was transferred to DWSP towards the end of 2011. 

At the seven DWSP flow monitoring stations (Figure 5) visual observations of stream depth (stage) is 
recorded from staff plates during all sampling visits (typically three times per month). Manual stage 
measurements were supplemented by continuous depth recordings using HOBO water level data loggers 
starting in 2013. Unfortunately, data management issues have prevented reliable use of HOBO data prior 
to 2017. Additionally, prior to 2017, HOBO devices were removed from streams in winter months due to 
concerns over freezing. This issue was resolved in late 2017 and HOBO devices are now in service year-
round.  

New real-time 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 
datalogger24, which allows for the connection of several types of water quality probes, as well as cellular 
transmission of data to a cloud-based data storage server with built-in visualization tools. Data for this 
station can be viewed publicly25 . 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 conductance, water temperature, and water depth. 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 2023. Additional details about 
continuous stream flow monitoring are provided in the DWSP SOP for the Monitoring of Continuous 
Stream Flow26. 

Reliable stage-discharge relationships (ratings) allow the use of easily acquired stream depths to quickly 
estimate discharge. Direct flow measurements (discharge measurements) at a range of depths are usually 
performed several times during the year using a Sontek FlowTracker handheld acoustic doppler 
velocimeter. A rating equation is calculated after enough discharge measurements are obtained at a 
tributary, which is subsequently used to derive discharge as a function of stage. Additional details about 
stream discharge measurements are provided in the DWSP SOP for the Monitoring of Stream Discharge27. 

 

 
23 United States Geological Survey [USGS], 2025c 
24 Ensign et al., 2019 
25 DWSP, 2025b 
26 DWSP, 2023c 
27 DWSP, 2021c 
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Figure 5: Streamflow Monitoring Locations in Wachusett Reservoir Watershed 

 

Reservoir Elevation 

Wachusett Reservoir elevation is controlled by MWRA, which manages aqueduct transfers and outflows 
to maintain a water surface elevation within the normal operating band between 390 and 391.5 ft when 
the Reservoir surface is not completely frozen over. During full ice over conditions the normal operating 
band lower elevation is reduced to 388 ft to accommodate large inputs from snow melt in the early spring. 
Water from Quabbin Reservoir is typically transferred to Wachusett Reservoir during the months of 
increased water demand (summer ς fall), and/or as necessary to keep the Reservoir within its normal 
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operational elevation in conjunction with drinking water withdrawals and other releases. Occasionally 
there are deviations in elevation due to large storm events or planned drawdowns. DWSP relies on 
reservoir elevation data collected by MWRA, which are available in real-time (15-minute increments), but 
typically presented as daily average elevation.  

Groundwater Levels 

Groundwater resources are important to the management of Wachusett Reservoir and tributaries due to 
base flow contributions to the tributaries and direct 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 streamflow28. Base flow contributions in 
Wachusett Watershed streams are likely to be of comparable proportions due to similar surficial geology. 
Long-term measurement of the depth to groundwater throughout various Wachusett Watershed aquifers 
can yield useful information about seasonal and interannual fluctuations in groundwater storage. 

In 2024, DWSP continued its groundwater quality monitoring program that began in 2019 to collect 
additional specific conductance/Cl data in response to observed increases in tributary specific 
conductance in the Wachusett Watershed (Figure 6). Water levels are measured as part of this 
groundwater monitoring effort. A total of seven wells are sampled by DWSP, six of which were previously 
monitored by USGS and have historical water level data. An eighth well (MDW8, USGS Code: 
422201071530201) was sampled from 2019 to 2022 but was discontinued before 2023 sampling began 
because the narrow diameter prevented the collection of the full suite of parameters collected in other 
wells. The periods of historical data and other summary information about the wells sampled in 2024 by 
DWSP and USGS are presented in Table 5.  

Table 5: Wachusett Groundwater Well Information 

DWSP 
Code 

Well Name USGS Code Type 
Depth Below 

Ground 
Surface (ft) 

Elevation 
(ft) 

USGS Period of 
Record 

MDW1 Holden - Wachusett St 422102071501401 Dug 10.09 670 1995 ς 2002 

MDW2 Boylston - Rt 70 422125071440101 Augered 12.53 475 1995 ς 2002 

MDW3 West Boylston - Gate 27 N/A Augered 15.13 403 N/A 

MDW4 West Boylston - Rt 110 422334071444201 Augered 31.26 525 1995 ς 2002 

MDW5 Sterling - Justice Hill Rd 422805071480801 Dug 19.52 710 1947 ς 2015 

MDW6 Princeton - Rt 62 422636071503601 Augered 20.73 695 1995 ς 2002 

MDW7 Sterling - Rt 140 422520071483001 Augered 26.91 505 1995 ς present 

WSW26 West Boylston - Prescott St 422341071464901 Augered 16.80 485 2012 ς present 

 
Manual measurements of depth to groundwater to the nearest one-hundredth inch were made with a 
Geoteck KECK water level meter, which is calibrated by USGS every two years. USGS maintains automated 
groundwater observations in the Sterling - Rt 14029 and West Boylston - Prescott St30 wells, which record 

 
28 Bent, 1999 
29 USGS, 2025a 
30 USGS, 2025b 
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groundwater levels every 15 minutes. Additional details about groundwater level monitoring are provided 
in the DWSP SOP for the Monitoring of Groundwater (WATWEL)31. 

2.1.3 Groundwater Quality Monitoring 

Groundwater quality can differ drastically between and within groundwater aquifers. This water resource 
is a major component of the Wachusett Watershed water budget. DWSP groundwater quality monitoring 
began in 2019 with specific conductance, temperature, and chloride data collection (Figure 6). MWRA 
ŀǎǎƛƎƴŜŘ ǘƘŜ ǇǊƻƧŜŎǘ ŎƻŘŜ ά²!¢²9[έ ŦƻǊ ƎǊƻǳƴŘǿŀǘŜǊ parameters requiring laboratory analysis. This list 
of parameters was expanded for one year, from May 2021 to April 2022, to include concentrations of 
alkalinity, sulfate, fluoride, bromide, calcium, magnesium, sodium, and nitrate. In April 2022, DWSP began 
using a flow cell, which enables the collection of data with a YSI ProQuatro probe. Groundwater quality 
parameters collected from April 2022 through 2024 include specific conductance, 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 consecutive five-minute 
intervals. This method32 ensures the samples were representative of the surrounding groundwater. Two 
wells (Holden ς Wachusett St and Sterling ς Justice Hill Rd) are dug wells and therefore unable to be fully 
purged due to the large volumes of water they contain. Additional details about groundwater quality 
monitoring are provided in the DWSP SOP for the Monitoring of Groundwater (WATWEL)33. 

 

 
31 DWSP, 2021b 
32 United States Environmental Protection Agency [USEPA], 2017 
33 DWSP, 2021b 
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Figure 6: DWSP Groundwater Monitoring Wells in Wachusett Reservoir Watershed 
Well MDW7 was converted into an automated well by USGS in November 2022.  

 

2.1.4 Tributary Monitoring 

The principle tributary monitoring programs are divided into two groups: 1) Routine tributary monitoring 
for bacteria and turbidity (MWRA project code WATTRB) and 2) Nutrient and total suspended solids (TSS) 
monitoring (MWRA project code WATMDC, referred to as Ψnutrient monitoringΩ). Other tributary 
monitoring occurs at the two long-term forestry (LTF) project study locations (MWRA project code 
WATBMP) (Figure 7). In situ measurements for physiochemical parameters (field parameters) are also 
taken in conjunction with all tributary monitoring visits. Field parameters are measured with a YSI 
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ProQuatro multi-sensor meter and include water temperature (°C), specific conductance (µS/cm), 
dissolved oxygen (mg/L), and hydrogen ion activity (pH) (S.U.). Stage is recorded at the ten primary 
tributary monitoring locations (Table 2) so that parameter concentrations/values have corresponding flow 
data to aid in interpretation of results and allow for solute loading estimates to be calculated. 

2.1.4.1 Routine Tributary Monitoring 

In 2024, routine water quality samples for bacteria, turbidity, and field parameters were collected from 
18 locations on 17 tributaries. Each tributary location was visited twice per month throughout the entire 
year (Table 2 ς Primary and Secondary). Discrete water samples were collected for analysis of Escherichia 
coli (E. coli) and measurement of turbidity. All E. coli samples were delivered to the MWRA Southborough 
lab for analysis within six hours of sample collection. Turbidity samples were analyzed in the field using a 
HACH 2100Q portable turbidimeter or in the lab with a HACH 2100N laboratory turbidimeter. Samples 
were occasionally collected from additional locations to investigate water quality problems discovered 
during environmental assessments or investigations. Follow-up samples were sometimes collected after 
detecting elevated bacteria concentrations to determine if bacteria sources were persisting. Additional 
details about routine tributary monitoring are provided in the DWSP SOP for the Monitoring of Tributary 
Bacteria and Turbidity (WATTRB)34.  

2.1.4.2 Nutrient Monitoring 

In 2024, routine nutrient monitoring was conducted monthly at 10 tributary monitoring stations, typically 
during the second week of the month. The parameters for this project include: alkalinity35, ammonia-
nitrogen (NH3-N), chloride (Cl), mean UV absorbance at 254 nm (henceforth referred to as UV254 for 
simplicity), nitrate-nitrogen (NO3-N), nitrite-nitrogen (NO2-N), total Kjeldahl nitrogen (TKN), total organic 
carbon (TOC), total phosphorus (TP), and total suspended solids (TSS). All samples were analyzed at the 
MWRA lab on Deer Island in Winthrop, MA. Nutrient measurement units are all mg/L except for UV254, 
which is reported in ABU/cm, and TP which was converted from mg/L to µg/L due to its low 
concentrations. Since the Quabbin Transfer comprises such a significant volume of water to Wachusett 
Reservoir, Shaft 1 is sampled for nutrients as well, usually monthly (when flowing). All primary tributaries 
were sampled 12 times for nutrients in 2024. The Quabbin Transfer was sampled six times in 2024 (May 
ς October, December). Results from all tributary sampling programs are discussed in Section 3.2. 
Additional details about how nutrient samples are collected are provided in the DWSP SOP for the 
Monitoring of Tributary Nutrients (WATMDC)36. 

 

 
34 DWSP, 2023e 
35 Alkalinity sampling was resumed at all primary tributary locations in September 2020 
36 DWSP, 2023d 
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Table 6: 2024 Tributary Monitoring Program Components 
Sample counts with a single asterisk are analyzed for multiple parameters at the MWRA lab at Deer Island. 

Program 
Name 

MWRA 
Project 
Code 

Parameters Sampling Frequency Sample Locations 
# Samples/ 
Measurements 
Collected in 2024 

Nutrients WATMDC NH3-N, NO2-N, NO3-N, 
TKN, TP, TSS, TOC, 
UV254, Cl, Alkalinity 

Monthly Primary, Other 127* 

Bacteria and 
Turbidity 

WATTRB 
(Only for 
bacteria) 

E. coli, turbidity Twice per Month Primary, 
Secondary 

421 (E. coli) 
421 (turbidity) 

Field 
Parameters 
(physical 
and 
chemical) 

N/A Water temperature, 
dissolved oxygen, pH, 
specific conductance 

1-3 times per 
month/location in 
conjunction with 
WATMDC and 
WATTRB projects 

Primary, 
Secondary, 
Other 
 

2,188 

Field 
Parameters 
(hydrology) 

N/A Stage 3 or more times per 
month 

Primary 360 

Long-term 
Forestry 

WATBMP NH3-N, NO2-N, NO3-N, 
TKN, TP, TSS, TOC, 
UV254 + Field 
Parameters 

Monthly dry weather 
/Quarterly Storms  

LTF 2 (dry weather)*   
12 (storm)*  
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Figure 7: Tributary Sampling Locations in the Wachusett Reservoir Watershed 
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2.1.5 Reservoir Monitoring 

Monitoring of Wachusett Reservoir includes collection of in situ measurements, collection and analysis of 
water samples for plankton, nutrients, and bacteria, as well as collection or observation of other flora and 
fauna inhabiting the Reservoir (Table 7). 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 Intake. This 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 of the interflow has important 
implications on water quality entering the system. Therefore, tracking the progress of this layer is an 
important component of reservoir monitoring. More details can be found in this section and in Sections 
C-8 and C-12. 

Table 7: 2024 Reservoir Monitoring Program Components 
Sample counts with a single asterisk are analyzed for multiple parameters at the MWRA lab at Deer Island. 

Program 
Name 

MWRA 
Project 
Code 

Parameter or Analysis 
Typical Sampling 
Frequency 

Sample Locations 
# Samples 
Collected 
in 2024 

Profiles N/A 

Water temperature, specific 
conductance, chlorophyll a, 
phycocyanin, dissolved 
oxygen, pH 

Weekly (May ς Sept), 
biweekly (Oct ς April) 

Primary: BN3417, 
CI3409, Secondary: 
BS3412, TB3427, other 

48 

Phytoplankton N/A Phytoplankton density 
Weekly (May ς Sept), 
biweekly (Oct ς April) 

Primary: BN3417, 
CI3409, Secondary: 
BS3412, TB3427, other 

119 

Nutrients MDCMTH 
Alkalinity, NH3-N, NO3-N, 
Silica, TKN, TP, UV254 

Seasonally (4x) 
BN3417, BS3412, 
TB3427 

36* 

Bacteria WATTRN E. coli Monthly (minimum) 23 transect stations 288 

Macrophytes N/A 
Species present, location, 
density 

Throughout growing 
season 

Entire reservoir N/A 

Zooplankton N/A Population screening Quarterly (4x) 
BN3417, BS3412, 
TB3427 

48 

Salvelinus 
namaycush 
(Lake Trout) 

N/A Species, length, weight 
Multiple sample trips 
during fall spawn 

Entire reservoir ς 
spawning locations 

See Section 
3.4.10 

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 parameters: temperature, specific conductance, dissolved oxygen 
concentration, percent oxygen saturation, chlorophyll a, phycocyanin, turbidity, and pH. Data are 
recorded with a handheld display connected to the sonde with a 33-meter cable, starting at the surface. 
Measurements are recorded at 0.5 to 1-meter intervals or 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 in the DWSP SOP for 
Collection of Reservoir Profiles37.  

 
37 DWSP, 2020b 
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A total of 43 profiles were collected from four locations in 2024. These included 12 profiles collected in 
conjunction with reservoir nutrient monitoring. 

Three remote sensing profiling buoys have been deployed annually by MWRA starting in 2016. In 2024 
these buoys corresponded to DWSP routine sampling sites at Basin South and Basin North. An additional 
profiling buoy was placed outside of Cosgrove Intake. Profiles are collected with YSI EXO2 sondes identical 
to those used by DWSP. The profilers automatically run every 6 hours (12am, 6am, 12pm, and 6pm) and 
collect data at 1-m increments. The data can be remotely viewed shortly after collection via the MWRA 
Operations Management Monitoring System (OMMS) website. Results are used by DWSP to augment the 
routine profile/plankton sampling program. For example, if elevated chlorophyll a values are observed in 
remote sensing data, DWSP may sample earlier than scheduled to capture associated phytoplankton data. 
The high frequency profile data also allow for identification and visualization of diurnal patterns and both 
short and long-term effects of environmental forces such as cooling temperatures during turnover and 
seiche effects due to wind 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) (Figure 3). Grab samples were collected from three depths 
representative of specific stratification layers during the stratified period and from the surface, middle, 
and bottom of the water column during periods of isothermy. These collections resulted in a total of 252 
nutrient samples which were analyzed by MWRA staff at the Deer Island Central Laboratory for the 
following: NH3-N, NO3-N, TKN, Silica, TP, and UV254. Details of the sampling protocol are provided in the 
comprehensive report on Wachusett Reservoir nutrient and plankton dynamics38 and in the DWSP SOP 
for Collection of Reservoir Nutrients39.  

2.1.5.3 Bacteria Monitoring  

Bacteria transect samples (E. coli) are collected routinely (at least monthly) during ice-free conditions at 
23 fixed surface locations on the Reservoir (Figure 3). These samples 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 present in higher numbers and the bird harassment program is active. All samples are by 
the a²w! ƭŀō ƛƴ {ƻǳǘƘōƻǊƻǳƎƘΣ a!Φ a²w! Ƙŀǎ ŘŜǎƛƎƴŀǘŜŘ ǇǊƻƧŜŎǘ ŎƻŘŜ ά²!¢¢wbέ ŦƻǊ ²ŀŎƘǳǎŜǘǘ 
Reservoir bacteria sampling.  

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 density of specific phytoplankton genera (see Section 
C-18, Table C-1), or decrease when conditions such as ice cover physically prevent sampling. Monitoring 
by 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 (Figure 3). Grab samples are typically collected from at least two depths 

 
38 Worden & Pistrang, 2003 
39 DWSP, 2020a 
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including an epilimnion sample at 3 m and (during stratification) a metalimnion sample. The exact depth 
of the latter is typically selected based on results of a water column profile collected in conjunction with 
phytoplankton sample collection. Chlorophyll a data obtained from the Reservoir profile are typically used 
to select the discrete metalimnion sample depths, typically corresponding to depths where chlorophyll a 
values are highest. More information on sampling protocols and details of phytoplankton sample 
collection and enumeration may be found in the following DWSP SOPs: SOP for Collection of Reservoir 
Profiles40, Phytoplankton Collection and Reporting41 and Microscopic Enumeration of Phytoplankton42.  

In 2024, phytoplankton monitoring was carried out on 40 days, resulting in 119 individual samples. 
Twenty-four of these samples were analyzed solely for taxa of concern (see Section C-18, Table C-1); the 
entire phytoplankton community was assessed in the remainder.  

2.1.5.5 Zooplankton Monitoring 

Quarterly collection of zooplankton samples was conducted in conjunction with nutrient sampling as 
described above. A total of 48 samples were field preserved with 70% ethanol. Entire water column 
samples collected during each sample event from each site were scanned by DWSP aquatic biologists for 
invasive species, specifically Bythotrephes longimanus (spiny waterflea) and Cercopagis pengoi (fishhook 
waterflea). Details of zooplankton sample collection are documented in the DWSP SOP: Collection of 
Reservoir Zooplankton43. 

2.1.5.6 Macrophyte Monitoring 

Frequent assessments of the aquatic vegetation community in and around Wachusett Reservoir are made 
as part of the invasive macrophyte control program. Monitoring takes place throughout the growing 
season, typically May through October, and may include visual surveys conducted via boat, in-water 
assessments via snorkeling, and collection of vegetation biovolume data with boat-based sonar. Related 
activities undertaken by DWSP staff include maintenance of floating fragment barriers; inspection of boats 
and other vessels deployed to the Reservoir by contractors, emergency personnel, and others; oversight 
of aquatic invasive species (AIS) management programs in collaboration with MWRA: and management 
of Phragmites australis along the Reservoir shoreline. The P. australis management program takes place 
from June through October and involves physical and mechanical methods of control, coupled with 
photographic documentation of management progress.  

Surveys in 2024 were conducted in support of ongoing management programs including physical AIS 
management in the Reservoir and management programs in local pond systems: Clamshell Pond in 
Clinton, and the Lily Ponds in West Boylston.  

2.1.5.7 Fish Monitoring 

DWSP and MassWildlife staff conduct annual surveys for Salvelinus namaycush (Lake Trout) as part of an 
ongoing mark and recapture study. The annual S. namaycush mark and recapture study capitalizes on 
spawning behavior to target S. namaycush that move into shallow gravel and cobble substrate spawning 
areas at night after the water temperature has reached approximately 12 °C (55 °F), typically in October. 
Gillnets are set in these spawning areas for 30-45 minutes. Captured fish are weighed, measured, injected 

 
40 DWSP, 2020b 
41 DWSP, 2020d 
42 DWSP, 2018b 
43 DWSP, 2020c 
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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 used to develop a length-weight 
relationship for the Wachusett S. namaycush population. When a S. namaycush with 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 help develop growth rates and 
track conditions for the Wachusett population. 

Surveys for Osmerus mordax (Rainbow Smelt) spawning activity are often carried out in early spring by 
DWSP Aquatic Biologists as O. mordax are considered an important prey species for S. namaycush, 
however, surveys were not completed in 202444.  

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 short-term and long-term water quality changes following forest management 
activities, and evaluation of spatial and temporal trends in specific conductance and Cl concentrations of 
waters impacted by roadway de-icing practices. Additional monitoring or water quality investigations may 
arise from recommendations in Environmental Quality Assessments or updates to the Watershed 
Protection Plan. 

2.1.6.1 Long-term Forestry Monitoring 

Forest management operations, when conducted with proper management practices, should not have 
significant short or long-term effects on water quality. Monitoring of harvest operations and water quality 
is conducted to ensure water quality standards are maintained on DWSP lands. Short-term monitoring 
focuses on direct water quality impacts that can occur during logging, while long-term monitoring involves 
evaluating water quality parameters as the forest regenerates following logging operations. Currently, 
long-term forestry water quality monitoring is being conducted in support of an ongoing internal study.  

Two locations in the Wachusett Reservoir Watershed have been established for long-term monitoring of 
the potential impacts of timber harvesting on water quality. This project involves collection of water 
quality 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 both pre- and post-harvest. Nine years of pre-harvest 
data, beginning November 2013, have 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 samplers. Parameters 
monitored in this study include flow, pH, water temperature, dissolved oxygen, TSS, TOC, NH3-N, NO3-N, 
NO2-N, and TP. Methods for sample collection are the same as for these parameters on other tributaries. 
Additional details for this program are provided in the DWSP SOP for Long-term Forestry Monitoring 
(WATBMP)45.  

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 

 
44 Stolarski, 2019.  
45 DWSP, 2021a 
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storm events. Since 2000, over 67 storm events have been sampled, usually at 2ς4 locations per storm. 
Storm sampling is now only considered for extreme precipitation events (2 or more inches of rain) to 
support UMass modelling efforts. No storms were sampled in 2024. 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 in the DWSP 
SOP for Storm Sampling46. 

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 data were collected along shoreline transects of each forebay and 
within the constructed wetlands. Water temperature, pH, dissolved oxygen, and specific conductance 
were recorded with a YSI multi-sensor meter at inlet and outlet locations of each forebay at least monthly 
from July through December. Photographic documentation of vegetation and water level was also 
recorded using a customized ESRI Field Maps application. These data will be used to assess changes which 
may occur in water quality and vegetative composition because of inputs to the basins from road runoff 
and to estimate the effect these containment systems have on reducing inputs to the Reservoir. Frequent 
monitoring in these areas also serves to identify pioneer infestations of invasive species including P. 
australis (common reed) and Lythrum salicaria (purple loosestrife) and the presence of other organisms 
which often inhabit standing water areas and may present a threat to the function of the basins, water 
quality, and/or public health, such as cyanobacteria, mosquitoes, and Branta canadensis (Canada geese). 

2.1.6.4 Environmental Quality Assessments  

DWSP conducts annual Environmental Quality Assessments (EQA) of a single sanitary district in Wachusett 
Watershed to assess potential sources of contamination. Each of five separate sanitary districts is 
comprehensively evaluated by DWSP once every five years. The 2024 EQA report focused on the 
Waushacum sanitary district. Targeted sampling may be conducted relating to specific recommendations 
concerning known or suspected water quality issues identified in EQA reports.  

2.2 2024 Watershed Monitoring Parameters  

In 2024, 25 distinct physical, chemical, and biological parameters were monitored across all water quality 
and hydrologic monitoring programs throughout the Wachusett Reservoir Watershed (Table 8). 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 contact. For some parameters which do not have specific regulatory 
standards, results are compared to the EPA Ecoregional Nutrient Criteria for Rivers and Streams, when 
applicable. All relevant regulatory and guidance thresholds for these parameters are listed in Table B-1 in 
Appendix B: Water Quality Standards and Criteria. Scientific background information and historical 
context in relation to the Wachusett Watershed is also provided in Appendix C: Watershed Monitoring 
Parameters and Historical Context to help readers better understand the discussion of water quality and 
hydrologic monitoring results. Monitoring results for 2024 are presented and discussed in Section 3. 

  

 
46 DWSP, 2021d 
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Table 8: 2024 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 field-based methods of analysis are listed under the method 
column. The water type where 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 land-based locations and are considered watershed-wide parameters.  

Parameter Name Units Sampling Group Analysis Location Analysis Method R T G 

Air Temperature Deg-C Meteorological Field-Sensor N/A N/A N/A N/A 

Ammonia-nitrogen mg/L Nutrients MWRA Lab EPA 350.1, 353.2 X X N/A 

Alkalinity 
mg/L  
(as CaCO3) 

Nutrients MWRA Lab SM 2320 B X X N/A 

Blue Green Algae ˃Ǝκ[ Field parameter Field-Sensor In situ Fluorometry X N/A N/A 

Blue Green Algae RFU RFU Field parameter Field-Sensor In situ Fluorometry X N/A N/A 

Chloride mg/L Nutrients MWRA Lab EPA 300.0 N/A X N/A 

Chlorophyll ˃Ǝκ[ Field parameter Field-Sensor In situ Fluorometry X N/A N/A 

Chlorophyll RFU RFU Field parameter Field-Sensor In situ Fluorometry X N/A N/A 

Chlorophyll volts volts Field parameter Field-Sensor In situ Fluorometry X N/A N/A 

Depth to Water ft Field parameter Field-Sensor SOP for Groundwater N/A N/A X 

Discharge cfs Field parameter 
Field Sensor/ 
Calculated 

Calculated from stage-
discharge rating curve 

N/A X N/A 

Dissolved Oxygen mg/L Field parameter Field-Sensor SM 4500-O G-2001  X X X 

E. coli 
MPN/100 
mL 

Bacteria MWRA Lab 
9223B 20th Edition 
(Enzyme Substrate 
Procedure) 

X X N/A 

Mean UV254 ABU/cm Nutrients MWRA Lab SM 5910B 19th 
edition 

X X N/A 

Nitrate-nitrogen mg/L Nutrients MWRA Lab EPA 350.1, 353.2 X X N/A 

Nitrite-nitrogen mg/L Nutrients MWRA Lab EPA 350.1, 353.2 X X N/A 

Oxygen Saturation % Field parameter Field-Sensor SM 4500-O G-2001 X N/A N/A 

pH S.U. Field parameter Field-Sensor SM4500-H+ B-2000  X X X 

Precipitation in Meteorological Field-Sensor  (USGS/NOAA) N/A N/A N/A 

Secchi Depth ft Field parameter Field-Sensor SOP for Secchi 
Measurement47 

X N/A N/A 

Specific Conductance µS/cm Field parameter Field-Sensor SM 2510 B-1997  X X X 

Staff Gage Height ft Field parameter Field-Sensor 
Pressure Transducer/ 
Visual staff plate 
reading 

N/A X N/A 

Total Kjeldahl 
Nitrogen 

mg/L Nutrients MWRA Lab EPA 351.2 X X N/A 

Total Nitrogen mg/L Nutrients MWRA Lab Calculated N/A X N/A 

Total Organic Carbon mg/L Nutrients MWRA Lab SM 5310 B N/A X N/A 

Total Phosphorus ˃ƎκƳ[ Nutrients MWRA Lab EPA 365.1 X X N/A 

Total Suspended 
Solids 

mg/L Nutrients MWRA Lab SM2540 N/A X N/A 

Turbidity FNU FNU Field parameter Field-Sensor ISO7027 X N/A N/A 

Turbidity NTU NTU Bacteria Field-Sensor EPA 180.1  N/A X N/A 

Water Depth m Field parameter Field-Sensor N/A X N/A N/A 

Water Temperature Deg-C Field parameter Field-Sensor, USGS SM 2550 B-2000  X X X 

 

  

 
47 DWSP, 2023f 
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2.3 Statistical Methods and Data Management 

All numerical calculations and related graphics were generated using the R programming language48 and 
preserved in scripts, which document the exact steps that were utilized to produce the results presented. 
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 package49. All seasonal 
statistics presented in this report, apart from reservoir nutrients (see Section 3.4.7), use the following 
date cutoffs to determine season: 

¶ December 1 (start of meteorological winter) 

¶ March 1 (start of meteorological spring) 

¶ June 1 (start of meteorological summer) 

¶ September 1 (start of meteorological autumn) 
 
In 2021, DWSP changed how left-censored laboratory results (values that were below lower detection 
limit thresholds) were stored and analyzed. Previously, left-censored results were recalculated as one-half 
the detection limit and statistics were calculated using these values. All left-censored results are now 
stored to be equal to the detection limit, however, statistical methods have been improved to handle the 
uncertainty associated with censored results. Right-censored laboratory results (values above the upper 
quantification limit) are assigned a value equal to the limit (this did not change). All censored results are 
flagged as such in the database.  

Annual report statistics (mean, median, geometric mean) are now calculated using methods depending 
on the prevalence of non-detects within each data grouping. Logic has been embedded in R scripts so that 
when fewer than four values are detected in a data group, the left-censored results (except for E. coli) are 
set to one-half the detection limit value and the normal statistic is calculated using base R functions. 
However, when there are four or more uncensored values in a data group, statistics are calculated using 
functions from the NADA package50. A parametric method, Maximum Likelihood Estimation (MLE), is used 
to compute bacteria geometric means. A non-parametric method, Regression on Order Statistics (ROS), is 
used with non-bacteria data to calculate means and medians. This change in statistical methods has 
caused some slight differences from the statistics that were reported in prior annual reports (for some 
parameters). For parameters where data groupings had no censored results, the statistics will not differ 
between the 2021 and future reports and prior annual reports.  

Water quality, precipitation, and streamflow data generated since 1985 are stored in a Microsoft SQL 
Server database, maintained by DWSP-EQ. The Watershed system data Visualization Environment (WAVE) 
is a custom R/Shiny51 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 database. Data generated from water quality monitoring in 2024, 
and prior years are available upon request. 

 
48 R Core Team, 2019 
49 Wickham, 2016 
50 Lee, 2020 
51 Chang et al., 2019 
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2.4 Quality Assurance and Quality Control 

Over the last several years, QA/QC protocols have been incorporated into many aspects of water quality 
and hydrological monitoring in the Wachusett Reservoir Watershed. Since 2018, and prior to any 
formalized SOPs, automated data quality and other screening checks were embedded into data processing 
scripts. In 2019, the first detailed description of monitoring programs was written, which became the 
precursor for individual monitoring program SOPs. Between 2020 and 2023, formal SOPs were developed 
to cover most routine water quality and hydrological monitoring programs. An internal monthly QA/QC 
report was developed in 2022, which summarized equipment calibration results, pre-sampling calibration 
verification checks, and potential data outliers that may need to be reviewed by staff. In 2023, field 
duplicates and blanks were added to the routine tributary monitoring programs and field and lab audits 
were conducted to ensure that established SOPs are being adhered to by DCR staff. A summary of field 
blanks and duplicate results was incorporated into the monthly QA/QC report, indicating if any parameter 
was outside of the acceptable range. The first Wachusett Watershed Quality Assurance Project Plan 
(QAPP) for water quality and hydrological monitoring programs was completed in June of 202352, which 
serves as the umbrella document for all SOPs and QA/QC procedures.  

The implementation of the QAPP and recent modifications to SOPs have resulted in more efficient data 
processing and field procedures as well as better data quality control and reliability. In particular, the 
addition of field blanks and duplicates has improved the detection of data anomalies which may have 
otherwise gone unnoticed. A full summary of QA/QC efforts for 2024 are provided in Appendix D: Quality 
Assurance and Appendix E: Quality Control.   

 
52 DWSP, 2023b 
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3 Results 

This section presents the results of DWSP routine monitoring programs in Wachusett Watershed for 2024, 
including the Reservoir, tributaries, and groundwater. In the tributaries, DWSP staff collected 421 turbidity 
samples along with 2,188 physiochemical measurements (548 water temperature, 548 specific 
conductance, 546 dissolved oxygen and 546 pH) in the field at tributary stations and Shaft 1. Staff collected 
119 phytoplankton samples from the Reservoir and 48 water column profiles (temperature, specific 
conductance, dissolved oxygen, percent oxygen saturation, chlorophyll a, phycocyanin, and pH). A total 
of 709 bacteria samples were collected and delivered to the MWRA Southborough laboratory for E. 
coli analysis (421 from tributaries and 288 from the Reservoir), and 1,521 samples (1,269 tributary, 252 
reservoir) were collected and shipped to the MWRA Deer Island laboratory for a total of 2,230 analyses 
of nutrients and other parameters; these numbers do not include special studies, QC samples, or non-
routine samples. Daily climate statistics for the Wachusett Watershed were calculated using records from 
NOAA, USGS, and DWSP monitoring stations. Daily streamflow statistics were calculated from DCR stream 
gaging stations or obtained from three USGS monitoring stations. Daily Quabbin Transfer totals were 
provided by MWRA. DWSP staff measured watershed snowpack on seven occasions during 2024.  

3.1 Meteorologic and Hydrologic Conditions 

Climatic patterns (precipitation and temperature) are the primary drivers of the hydrologic cycle and have 
important implications for water supply and water quality due to their influence on water availability and 
biochemical processes. There is often a response in both hydrologic conditions and water quality when 
local climatic conditions deviate from άƴƻǊƳŀƭέ for a prolonged period (e.g. drought) or after short and 
intense weather events. Thus, it is important to compare water quality results to antecedent hydrological 
and climate conditions to determine if there is a causal link, or if other factors may be responsible for the 
water quality response. 

3.1.1 Meteorologic Conditions  

3.1.1.1 Air Temperature 

The mean annual temperature in the Wachusett Watershed (average of all stations) for 2024 was 10.02 
°C, which is 0.72 °C above the historical annual mean temperature (since 1998). Average daily air 
temperatures for 2024 ranged from -11.8 °C (December 22) to 25.4 °C (July 11) (Figure 8). The lowest daily 
minimum temperature (average of all stations) observed in 2024 was -17.62 °C on December 23, while 
the highest daily maximum temperature was 34.27 °C on June 20. 
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Figure 8: Climatograph of Daily Mean Temperatures and Daily Precipitation Totals for Wachusett Watershed 
from January 1 through December 31, 2024  
The shaded band represents average daily temperature ranges from 1998 ς 2024.  

 

All monthly average temperatures were within historical ranges, except for July, which was the warmest 
July in the period of record (since 1998). Nine months in 2024 experienced above average temperatures 
and three below (Figure 9).  

Figure 9: Wachusett Reservoir Watershed Monthly Mean Temperatures in 2024 
Monthly mean temperatures for 2024 (orange squares) are shown in relation to the long-term average monthly 
temperatures (blue dashed line). The vertical black lines indicate the range of monthly mean temperatures over the 
period of record, which began in 1998. 

 

3.1.1.2 Precipitation 

Annual precipitation for the Wachusett Watershed in 2024 (46.11 inches) was slightly below the long-
term annual average (47.26 inches; POR = 1985 - 2024), resulting in a calendar year departure of -1.15 
inches (Figure 10). Despite a near average precipitation total for 2024, rainfall distribution throughout the 
year was heavily skewed towards the first half of the year, leading to a drastic swing in hydrologic 
conditions ς from very wet to very dry.  
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Figure 10: Annual Precipitation for Wachusett Watershed, 1985 to 2024 
The red line indicates the long-term average annual total precipitation. 

 
 

Calendar year cumulative precipitation remained well above normal (average) from May until mid-August. 
During the three-month period between August 20 ς November 20, there was only 1.9 inches of 
precipitation, which is 10.7 inches below the historical average for this period of the year. Precipitation 
returned to normal in December, however the significant cumulative precipitation deficit through the fall 
resulted in widespread drought conditions that would take many months to recover from (Figure 11). Mild 
drought (Level 1) was declared for the Central Region of MA on October 11, 2024. By November 7, the 
Central Region Drought Status was increased to Critical Drought (Level 3), where it remained until being 
downgraded back to Level 2 effective December 1, 202453. March was the wettest month of 2024 (8.5 
inches), whereas October was the driest (0.76 inches) (Table 9). Small and medium storms were numerous 
throughout 2024, with 10 days receiving one inch or more precipitation, 23 days between 0.5 and 1.0 
inches, and 23 days between 0.2 and 0.5 inches. Noteworthy storms in 2024 occurred January 9-10 (2.65 
inches - rain on snow event), March 23 (2.08 inches), and December 11 (2.36 inches).  

Figure 11: Wachusett Watershed Monthly Total (left) and Daily Cumulative Precipitation (right) in 2024 

 

 
53 MA Drought Management Taskforce, 2024 
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Table 9: Monthly Total Precipitation in 2024 and Statistics for the Period of Record, 1985 to 2024 
The annual normal (average) precipitation is not the same as the sum of average monthly precipitation. 
Statistic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual 

Precipitation (in) 7.27 1.16 8.5 4.63 5.33 2.21 2.94 5.13 0.98 0.76 3.07 4.13 46.11 

Normal (in) 3.36 2.97 4.06 4.02 3.93 3.97 4.16 4.07 4.21 4.76 3.87 3.97 47.26 

Departure (in) 3.91 -1.81 4.44 0.61 1.40 -1.76 -1.22 1.06 -3.23 -4.00 -0.80 0.16 -1.15 

 

Snow 

The snowpack measurement results for calendar year 2024 are presented below (Figure 12). The weekly 
results do not account for all snow accumulation that occurred during the season as it is a weekly snapshot 
of the snow depth and snow-water-equivalent (SWE) over time, represented as the average of 
measurements across all snowpack monitoring locations in the Watershed. Between measurements there 
can be losses due to sublimation/melt, gains due to additional frozen precipitation, or periods of both 
gain and loss.  

The first measurable snowpack in 2024 occurred after a storm on January 6-7. The Watershed average 
snow depth totaled 11.2 inches, and the snow-water-equivalent (SWE) was 1.0 inch. Warm temperatures 
(up to 13.9 °C) and over two inches of rain reduced the snowpack after the first week to an average of 3.9 
inches. Generally, snow depths slowly decreased throughout January until a snowstorm on January 28-29 
increased watershed average snowpack to 4.9 inches. Snowpack declined through February, becoming 
too thin to measure after the February 20 survey. More detailed information was recorded in snowpack 
reports that were produced for the weeks that a snowpack survey was conducted. 

Figure 12: Snowpack Measurements in 2024 
SWE = Snow-water-equivalent. Snow depth and SWE are presented as the average of the measurements across the 
six snowpack monitoring locations in the Watershed.  

 

3.1.2 Groundwater Levels 

Groundwater levels in 2024 varied throughout the year, following the same hydrological patterns 
presented in Section 3.1, above. During the 2024 sampling period, the Boylston ς Rt. 70 well was dry in 
October and the Princeton ς Rt. 62 well was dry in October and December. Groundwater measurements 
were not collected in November. For December, the West Boylston ς Gate 27 well was not sampled, 
instead a nearby well was sampled but not included in the analysis. 
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Water levels are presented in comparison with monthly historical ranges for all wells except West 
Boylston ς Prescott St., which has daily historical ranges presented due to the availability of nine years of 
automated water level measurements by USGS (Figure 13). When compared with these historical ranges, 
groundwater levels can be indicative of drought or excess saturation water in the Watershed. In 2024, 
excluding any dry well measurements and only using manual measurements, Sterling ς Justice Hill Rd. 
experienced the greatest change in depth below ground surface, with a difference of 11.9 ft between 
January 25 (0.8 ft) and December 4 (12.7 ft). Generally speaking, most wells followed this pattern of 
declining water levels as the year progressed (Figure 13). Multiple wells indicated aquifer levels that were 
at lower elevations towards the end of the year (relative to ground surface) than historical levels, including 
Holden ς Wachusett St., Boylston ς Rt. 70, West Boylston ς Gate 27, and West Boylston ς Rt. 110. Wells 
that were not outside of their historical ranges were close to the furthest depths below ground surface in 
the period of record. These record low groundwater elevations reflected the local drought conditions 
during the fall months of 2024. 
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Figure 13: Wachusett Groundwater Depth Measurements in 2024 with Historical Ranges for Comparison 
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3.1.3 Streamflows, Quabbin Transfer and Withdrawals 

2024 was a year of hydrologic extremes in the Wachusett tributaries, with streamflows (discharge) 
responding to the seasonal patterns in precipitation and groundwater levels discussed above. The total 
surface water inflow to Wachusett Reservoir in 2024 was estimated to be 102.2 BG; about 17.3 BG less 
than in 2023. Water transfers from the Quabbin Reservoir comprised 54.6% of the total surface water 
inflow in 2024, which is only about 3.9 billion gallons more than in 2023, but an 8% greater share of the 
total annual surface water inflows to Wachusett Reservoir. About 31% of surface water inputs came from 
the Quinapoxet and Stillwater Rivers, while about 14.5% was contributed by the smaller tributaries and 
ungaged areas (Figure 14).  

Figure 14: Wachusett Reservoir Surface Water Inflows in 2024 

 

Total annual discharges for the Quinapoxet and Stillwater Rivers for 2024 were 8.9% above and 4.5% 
below the historical average, respectively (Figure 15).  

Figure 15: Annual Discharge in the Quinapoxet and Stillwater Rivers (MG) (2007 to 2024) 

 

Daily mean discharge rates for 2024 in the smaller tributaries ranged from < 0.01 cfs at Waushacum and 
French Brooks to 145 cfs at Trout Brook. The maximum instantaneous discharges at these tributaries 
ranged from 15.26 cfs at West Boylston Brook to 218 cfs at Trout Brook (Table 10). 
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Table 10: 2024 Discharge Statistics for Wachusett Reservoir Tributaries 
Cumulative annual discharge from Ungaged Areas was estimated and other discharge statistics are not applicable.  

Location 

Min Daily 
Mean 

Discharge 
(CFS) 

Avg Daily 
Mean 

Discharge 
(CFS) 

Max Daily 
Mean 

Discharge 
(CFS) 

2024 Peak 
Inst. 

Discharge 
(CFS) 

Min 
Month 
Volume 
(MG) 

Avg 
Month 
Volume 
(MG) 

Max 
Month 
Volume 
(MG) 

2024 
Total 

Volume 
(MG) 

French Brook - MD01 <0.01 3.57 84.11 119.8 0.6  70.6   258.0   847.2  

Gates Brook 1 - MD04 0.48 3.78 37.30 69.4 10.8  74.6   179.6   895.3  

Malagasco Brook - MD02 0.02 1.73 15.15 18.6 1.9  34.2   104.8   410.6  

Malden Brook - MD06 0.04 3.78 17.99 26.7 8.3  74.3   186.7   892.1  

Muddy Brook - MD03 0.04 1.43 12.99 18.5 3.1  28.2   77.1   338.8  

Quinapoxet River - MD69 1.54 76.63 670.00 881.0 54.5  1,510.7   4,688.4   18,126.8  

Stillwater River - MD07 1.61 57.04 542.00 812.0 55.3  1,124.4   3,390.1   13,492.6  

Trout Brook - M110 0.11 14.62 144.94 218.2 7.2  288.9   870.9   3,466.2  

Waushacum Brook - MD83 <0.01 10.28 68.39 85.0 1.2  202.9   636.9   2,434.2  

West Boylston Brook - MD05 0.02 0.67 8.81 15.26 0.8  13.3   40.5   159.5  

Ungaged Areas N/A N/A N/A N/A N/A N/A N/A 5,326.1 

Quabbin Transfer N/A N/A N/A N/A N/A N/A N/A 55,836.4
2  

Cumulative annual discharges for the smaller tributaries are presented in Figure 16. Trout Brook 
contributed the largest water volume to Wachusett Reservoir of the smaller tributaries with 3,466 MG 
(~3.4 %), while Waushacum Brook contributed 2,434 MG (~2.4%) of surface water inflow to the Reservoir. 
The other gaged small tributaries collectively contributed less than 4% of the surface water inflows to 
Wachusett Reservoir. Non-gaged areas contributed an estimated 5.2% of the total inflows.  

Figure 16: Annual Discharge (MG) for Smaller Gaged Wachusett Tributaries in 2024 

 
 

Discharges in the streams and rivers of Wachusett Watershed are typically highest in the late winter and 
early spring (March ς April) due to snowmelt and the thawing of frozen soils. Discharges decline through 
the growing season as evapotranspiration rates increase, reaching their lowest levels by July or August. 
As the growing season wanes through the fall and evapotranspiration rates decline, discharges start to 
increase once again. This seasonal pattern is illustrated by the normal discharges for the Quinapoxet River 
(Figure 17) and Stillwater River (Figure 18). The seasonal hydrologic patterns typical of Wachusett 
Watershed were amplified by the swing from very wet conditions early in the year, to drought conditions 
later in the year. Spring discharges were much higher than normal but then dropped to record low levels 
by late summer and through the fall. Discharges did begin to pick up again by December, but this seasonal 
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increase was much later and much less than in years with normal fall precipitation. Most intermittent 
streams (Boylston Brook, Jordan Farm Brook, and others that are not monitored) dried up starting late 
summer into late fall. Even some smaller perennial streams (e.g. Cook Brook ς MD11) that do not typically 
dry up, went dry for a short period of time due to the critical drought.  

In 2024, monthly tributary discharges followed their typical seasonal patterns, except that winter 
discharges in February decreased due to low precipitation and freezing conditions and the usual increases 
in discharges starting in the fall were very muted due to regional drought conditions referenced in Section 
3.1.1.2.  

Figure 17: Monthly Discharge in the Quinapoxet River (MG) 2024 

 

Figure 18: Monthly Discharge in the Stillwater River (MG) 2024 

 

Cumulative monthly discharges in the Quinapoxet River (Figure 17) and Stillwater River (Figure 18) for 
2024 followed the same pattern as the smaller tributaries (Figure 19), with predominantly above normal 
discharge through April followed by a fairly sharp decline between April and June. The highest monthly 
cumulative discharge for both rivers was in January, with discharges more than double the historical 
averages (normal) for this month. Complete hydrographs for all flow monitored tributaries are provided 
in Appendix A.  
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Figure 19: Mean Monthly Discharge in Smaller Wachusett Tributaries (CFS) in 2024 

 

In 2024, the Quabbin Transfer was incrementally ramped up to 300 MGD during the first half of May and 
remained on through the end of October, when it was shut off to accommodate construction activities 
for the removal of the Quinapoxet Dam, immediately upstream of Shaft 1. The transfer was turned back 
on in early December to bring additional water to the Wachusett Reservoir, which was quickly declining 
in water elevation due to the prolonged drought and resultant lack of recharge from tributary inflow. The 
transfer was on for a total of 201 days, delivering a total volume of 55.8 BG to Wachusett Reservoir at an 
average transfer rate of 277.8 MGD (Figure 20). This is equivalent to 85.9% of Wachusett Reservoir 
capacity (65 BG) and is 9,924 MG more than the average transfer volume between 2005 and 2023 (45,912 
MG) (Figure 21). Wachusett Reservoir elevation remained within or slightly above its operating band for 
most of 2024. After the Quabbin Transfer was shut off in late October, the water level declined rapidly 
and was below the normal operating band (390 ft) by mid-November. The reservoir elevation peaked at 
392.05 ft on January 14, while its lowest point in 2024 was 387.42 ft on December 9.  
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Figure 20: 2024 Daily Wachusett Reservoir Water Elevation and Daily Quabbin Transfer Rate 

 

Figure 21: Annual Volume of Quabbin Transfer to Wachusett Reservoir 
Maximum capacity of Wachusett Reservoir indicated by line at 65 billion gallons. 

 

Wachusett Reservoir withdrawals by MWRA during 2024 were just under 74 BG, which was only 0.41 BG 
more than the mean annual total withdrawal since 2014. Fortunately, the surplus water from the end of 
2023 into the first few months of 2024 kept the Reservoir at the top of the normal operating band through 
mid-April (391.5 ft). The Quabbin Transfer typically comprises more than 50% of water inputs to 
Wachusett Reservoir from June through November, however due to the drought conditions during the 
second half of 2024, the Quabbin Transfer accounted for more than 90% of water inputs to the Wachusett 
Reservoir during these months (Figure 22). This drastic shift in proportions of native Wachusett water to 
Quabbin Transfer water entering the Wachusett Reservoir has short-term, seasonal, and likely long-term 
impacts on reservoir water quality and algal dynamics. This will be further discussed in Section 3.4.  
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Figure 22: Monthly Water Inputs to Wachusett Reservoir (Billion Gallons) in 2024 

 

3.2 Tributary Monitoring 

3.2.1 Water Temperature and Dissolved Oxygen 

Tributary water temperature and dissolved oxygen conditions for 2024 are presented below. Records for 
these parameters prior to 2020 are not included in this analysis due to failure to meet current QC 
standards for approval. Interannual variation and statistics will be presented once a sufficient record of 
reliable data has been accumulated. 

In 2024, water temperature in Wachusett Watershed tributaries ranged from 0 °C at East Wachusett 

Brook and Trout Brook to 27.5 °C at French Brook. At the 10 monitoring locations where temperature 

sensors were installed, the 7-day mean maximum temperature (purple points) is shown for comparison 

to the MassDEP 20 °C coldwater fish resources (CFR) (Figure 23) and 28.3 °C warmwater fish resource 

(WFR) (Figure 24) limits54. For the CFR tributaries with temperature sensors, all monitoring locations 

exceeded the 20 °C limit on at least one day over the summer (Table 11). It is likely that the other three 

CFR tributaries without temperature sensors also exceeded the 20 °C threshold over multiple days in 

2024. Based on continuous sensor data (where available) two tributaries (French Brook and Waushacum 

Brook) exceeded the WFR threshold during 2024 (Figure 23). While there is no regulatory limit or 

guidance for drinking water supply temperatures, colder waters are preferred for healthy fish 

communities and because many solutes (e.g., trace metals) are less soluble and biological productivity 

(algae, E. coli) is slower, which generally helps reduce the likelihood of taste, odor, and other sanitary 

issues.  

 
54  Massachusetts Surface Water Quality Standards, 2022f 
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Table 11: Coldwater Fish Resource Tributaries that Exceeded the MassDEP Water Temperature Recommended 
Limit  of 20 °C (mean 7-day maximum temperature) in 2024 
Data with an asterisk is incomplete due to sensor malfunction. 

Monitoring Location Days Exceeded 

Gates Brook 1 - MD04 19 

Malden Brook ς MD06 38* 

Quinapoxet River (Canada Mills) - MD69 106 

Stillwater River - Muddy Pond Rd - MD07 81 

Trout Brook - M110 69 

West Boylston Brook - MD05 9 

Figure 23: Water Temperature and Dissolved Oxygen for Wachusett Tributaries Designated as Coldwater Fish 
Resources (CFR) 
The red horizontal line represents the upper temperature limit for CFR waters (20 °C), while the blue horizontal line 
represents the lower recommended dissolved oxygen concentration for CFR waters (6.0 mg/L). Red and blue points 
are grab measurements; Purple points represent the mean 7-day maximum temperature from deployed sensors. 
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Figure 24: Water Temperature and Dissolved Oxygen for Wachusett Tributaries designated as Warmwater Fish 
Resources (WFR) 
The red horizontal line represents the upper temperature limit for WFR waters (28.3 C), while the blue horizontal 
line represents the lower recommended dissolved oxygen concentration for WFR waters (5.0 mg/L). Red and blue 
points are grab measurements; Purple points represent the mean 7-day maximum temperature from deployed 
sensors. 

 

Dissolved oxygen (D.O.) concentrations in 2024 were generally inversely correlated with water 
temperatures, with the highest concentrations observed during the winter months when water was cold 
and lowest concentrations observed during the summer months when water was warm. D.O. ranged from 
a low of 1.6 mg/L at French Brook to a high of 15.4 mg/L, also at Waushacum Brook55. The MassDEP 
aquatic life criteria for D.O. (minimum of 6.0 mg/L) was met at all CFR monitoring locations except for the 
Stillwater River, which fell below this threshold during 1 day in July (Figure 23). At WFR monitoring 
locations, D.O. fell below the MassDEP aquatic life threshold (5.0 mg/L) at French Brook (six visits) and 
Waushacum Brook (10 visits). This is common for these tributaries during the summer months due to the 
large and shallow wetland areas upstream of the monitoring locations.  

There are no drinking water standards for D.O., however this parameter is important for regulating many 
biogeochemical processes that do have ecological importance, which ultimately affect the suitability of 
water as a drinking water source. Waters with higher D.O. are preferred because they are typically colder 
and less stagnant, which helps to reduce problematic concentrations of bacteria and algal growth. Low 
dissolved oxygen is also an indicator of eutrophication, which is undesirable for source waters. 

3.2.2 Alkalinity and pH 

Alkalinity monitoring in Wachusett tributaries was previously conducted between 2000 and 2012 and then 
resumed at all primary tributary monitoring locations in September of 2020 to better understand the 
cause of increasing alkalinity observed in Wachusett Reservoir in recent years.  

In 2024, and in the earlier monitoring period, alkalinity concentrations in the tributaries (as calcium 
carbonate (CaCO3)) correspond well with the underlying bedrock carbonate content. A band of calcpelite, 

 
55 Although sensor calibration was confirmed prior to sampling, the recommended dissolved oxygen sensor maintenance 

schedule was not followed in 2021 and early on in 2022, casting greater uncertainty about results above 15 mg/L. 
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which is composed of 15 ς 45% carbonate minerals56, stretches across the Wachusett Watershed through 
Gates Brook, West Boylston Brook, and Waushacum Brook subbasins. These three tributaries have the 
highest 2020 ς 2024 mean and median alkalinity concentrations in the Wachusett Watershed. Another 
narrow swath of calcpelite runs under the eastern half of Wachusett Reservoir and the shoreline in 
Boylston, however this is situated mostly downgradient from monitoring locations on Malagasco, French 
and Boylston Brooks. Granite and metamorphic rocks, which have little to no carbonic content, comprise 
most of the bedrock throughout the rest of the Watershed. Accordingly, streams draining those areas 
have lower alkalinity since the groundwater is largely free of carbonic minerals originating from the 
bedrock. 

Compared to the 2000 ς 2012 period, the latest four years of alkalinity data, including 2024, show slight 
increases in mean alkalinity (0.23 ς 3.77 mg/L) at most tributaries, except for Muddy Brook (Table 12). For 
2024, mean annual alkalinity values were the highest in the period 2020 ς 2024 at every tributary except 
for Waushacum and Trout Brooks and the Quinapoxet and Stillwater Rivers. Alkalinity concentrations in 
2024 ranged from 5.44 mg/L at Trout Brook to 46.24 mg/L at Gates Brook.  

There are no drinking water criteria for alkalinity, however the EPA recommends a minimum 
concentration of 20 mg/L for the protection of aquatic life. Data from 2020 ς 2024 suggest that most 
Wachusett tributaries fall below this minimum alkalinity requirement to protect aquatic life. As more data 
are collected it will become possible to draw stronger conclusions about how alkalinity has changed over 
the years and whether the tributaries exhibit any seasonal variability or statistically significant trends. 

Table 12: Wachusett Tributary Alkalinity (mg/L) 2000 ς 2012 Compared to 2020 ς 2024 Results 
Table cells are shaded to aid in visually comparing tabular data. Cell colors are based off the relative distance from 
the high and low values in the shaded region of the table and do not signify those values are below/above any 
particular threshold. 

Sample Location 
# Samples 
2000-2012 

# Samples 
2020-2024 

Mean  
2000-2012 

Mean   
2020-2024 

Median 
2000-2012 

Median 
2020-2024 

Cook Brook -Wyoming - MD11 61 N/A 30.85 N/A 30.80 N/A 

French Brook - MD01 71 52 13.32 16.75 10.80 12.60 

Gates Brook 1 - MD04 77 52 43.64 43.87 44.90 43.90 

Jordan Farm Brook - MD12 48 N/A 16.88 N/A 15.50 N/A 

Malagasco Brook - MD02 78 52 11.63 11.93 11.10 12.20 

Malden Brook - MD06 65 52 20.37 21.10 22.00 21.25 

Muddy Brook - MD03 78 52 21.66 20.41 22.55 20.40 

Quinapoxet River (Canada Mills) - MD69 138 51 8.36 10.75 7.96 9.96 

Rocky Brook (E Branch) - MD13 48 N/A 1.48 N/A 0.56 N/A 

Shaft 1 (Quabbin Transfer) - MDS1 N/A 20 N/A 4.54 N/A 4.06 

Stillwater River - Muddy Pond Rd - MD07 138 52 7.94 10.99 6.85 8.89 

Trout Brook - M110 N/A 47 N/A 4.64 N/A 4.36 

Waushacum Brook (Prescott) - MD83 N/A 52 N/A 31.68 N/A 28.05 

West Boylston Brook - MD05 78 52 31.63 35.40 32.80 34.30 

 

 
56 Grady & Mullaney, 1998 
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Across all tributary monitoring locations, pH values in 2024 ranged from 5.46 at the Stillwater River to 
7.89 at Muddy Brook (Figure 25). Tributary pH values below the recommended range (6.5 ς 8.3)57 are 
common in Wachusett Watershed and were observed at the following six monitoring locations at least 
once in 2024: Asnebumskit Brook, East Wachusett Brook, Trout Brook, Waushacum Brook, and the 
Quinapoxet and Stillwater Rivers. In 2024, seasonal variation in pH levels across monitoring locations 
generally followed historical patterns. Several tributaries showed an increase in pH late in the year, after 
precipitation picked back up after three months of very dry conditions (Figure 25). 

Figure 25: 2024 Results for pH in Wachusett Tributaries  
The blue band represents the MassDEP Class A Surface Water standard range for pH, 6.5 ς 8.3 SU. The yellow 
ribbon represents the 25th -75th percentile historical range by month. The pink dashed line is the monthly historical 
median. 

 

The extent and magnitude of different anthropogenic and geogenic influences on Wachusett tributary 
chemistry has not yet been researched, however, DWSP will be investigating those influences as part of 
its goal to better understand the sources and ramifications of freshwater salinization observed in the 
Watershed. Long-term trends in Wachusett pH will be compared with regional trends once a sufficient 
data record is established.  

3.2.3 Specific Conductance and Chloride 

In 2024, tributary specific conductance ranged from 42 ˃ S/cm at East Wachusett Brook to 1,233 ˃ S/cm at 
Gates Brook 4. Values of less than 100 ˃ S/cm were recorded in 91% of all samples from Trout Brook (33 

 
57 Massachusetts Surface Water Quality Standards, 2022f  
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of 36), 33% of samples at East Wachusett Brook (8 of 24), 11% of samples at the Stillwater River (4 of 36), 
and 10% of samples at Jordan Farm Brook (2 or 19). This represents 8.7% of all specific conductance 
samples from Wachusett tributaries during 2024. Measurements greater than 904 ˃ S/cm, the proxy 
chronic Cl toxicity threshold58, were recorded in 5.7% of all samples from 2024. For individual tributaries, 
this threshold was exceeded in 63% of samples from Gates Brook 4 (MD73), 5.6% of samples from Gates 
Brook 1 (MD04), and 39% of samples from West Boylston Brook. Extremely high specific conductance 
values (>1,800 ˃ S/cm) were not observed in the grab samples during 2024.  

At seven monitoring locations, mean annual specific conductance for 2024 was slightly higher than in 2023 
(within 30 ˃ S/cm). Malagasco Brook experienced the largest increase in mean annual specific conductance 
from 2023 (60 S˃/cm), increasing to 412 ˃S/cm. The other 10 monitoring locations had lower mean 
specific conductance in 2024 compared to the previous year ς eight of which had their lowest mean 
annual specific conductivity value in the last 10 years. High frequency specific conductance data (where 
available) was also used to calculate annual means, and the results were very similar to the grab data, 
which consisted of only 24-36 measurements, depending on the location. This is discussed in further detail 
below, in Section 3.2.3.1. 

Table 13: Annual Mean Specific Conductance (µS/cm) in Wachusett Tributaries 
The last column (2024*) represents annual mean specific conductance values calculated from high frequency 
sensors at USGS and Mayfly water quality stations. Table cells are shaded to aid in visually comparing tabular data. 
Cell colors are based off the relative distance from the high and low values in the shaded region of the table and do 
not signify those values are below/above any particular threshold. 

Location 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2024* 

Asnebumskit Brook - M102 254 336 279 249 267 243 195 254 205 209 N/A 

Boylston Brook - MD70 579 542 594 686 661 679 546 611 530 531 N/A 

Cook Brook -Wyoming - MD11 475 526 640 624 524 489 478 609 543 394 N/A 

East Wachusett Brook - MD89 166 174 171 151 169 180 140 164 124 118 N/A 

French Brook - MD01 321 447 364 302 318 347 250 298 252 244 244 

Gates Brook 1 - MD04 942 1,081 1,272 1,202 1,154 1,075 940 1,027 883 736 809 

Gates Brook 4 - MD73 1,276 1,371 1,696 1,558 1,451 1,253 1,149 1,437 1,131 958 N/A 

Jordan Farm Brook - MD12 124 181 175 183 193 169 178 187 196 160 N/A 

Malagasco Brook - MD02 447 473 450 439 525 558 345 444 331 391 412 

Malden Brook - MD06 288 334 364 370 371 382 311 340 308 279 282 

Muddy Brook - MD03 273 320 344 335 340 351 296 350 303 275 298 

Oakdale Brook - MD80 872 982 1,136 1,166 989 878 954 870 827 575 N/A 

Quinapoxet River - MD69 255 304 296 253 261 268 211 291 228 257 259 

Scarlett Brook (DS W.M.) - MD81 635 620 771 747 897 632 487 692 550 577 N/A 

Stillwater River - MD07 182 213 170 164 174 200 152 197 133 156 156 

Trout Brook - M110 74 86 96 92 87 86 82 99 80 81 114 

Waushacum Brook - MD83 339 396 420 391 408 421 334 375 332 353 358 

West Boylston Brook - MD05 1,137 1,227 1,700 1,280 1,266 1,221 901 1,131 796 706 754 

 

Seasonal patterns of specific conductance in 2024 were influenced by surplus precipitation during the 
early months of the year followed by extremely dry conditions in the late summer and fall. Most tributaries 
exhibited lower than normal specific conductivity values until September (Figure 26). Values increased 
through the late summer and fall months as stream chemistry became more reflective of baseflow 
(groundwater) due to the lack of precipitation. For 2024, only Gates Brook 4 had a mean annual specific 

 
58 MassDEP, 2022 
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conductivity above the chronic chloride toxicity threshold (904 µS/cm), which indicates possible negative 
impacts to aquatic life (Table 13).  

Figure 26: Specific Conductance Measurements at Wachusett Tributaries 
The green points show specific conductance results for 2024, with the purple band representing a LOESS smooth 
function 95% confidence interval for the period 2015-2023. The red dotted line is the MassDEP proxy chronic Cl 
toxicity threshold of 904 µS/cm. 

 

Roadway deicing products (primarily rock salt) are the dominant source of dissolved ions detected in 
Wachusett tributaries. As expected, the more developed subbasins with more roads have a higher need 
for roadway deicing during the winter months, therefore they are experiencing the greatest increases in 
specific conductance. This topic is discussed in greater detail in a publication by UMass researchers59.  

3.2.3.1 Specific Conductance at USGS and Mayfly Monitoring Stations  

High frequency specific conductance data available from the three USGS monitoring stations and the 
seven Mayfly monitoring stations (DWSP) capture more of the variability of specific conductance 
throughout the year, which is not reflected in the grab measurements collected two or three times per 
month. In subbasins that are more impacted by historical and current road salt applications (West 
Boylston, Gates, Malagasco Brooks), the groundwater specific conductance levels are elevated and there 
is a distinctive pattern visible in the high frequency data (Figure 27). During the cold months, runoff (rain 
or snowmelt) is often laden with dissolved road salt which causes rapid spikes in specific conductance. In-
stream specific conductance returns to baseline levels when overland runoff stops and baseflow becomes 

 
59 Soper, 2021 
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dominant again. In the warm months, after the de-icing season is over, roadway runoff is not carrying 
dissolved salts from de-icing agents and the specific conductivity can be extremely low in comparison to 
the baseflow (e.g. Gates Brook, West Boylston Brook). These periods are visible in the high frequency data 
as rapid declines in specific conductance caused by dilution, with levels returning to baseline conditions 
as runoff stops. This pattern is less prominent in subbasins that are less impacted by roadway salt 
applications (French, Trout, Waushacum Brooks). 

Annual mean specific conductance values calculated from high frequency data were remarkably similar 
to the annual mean values calculated from the grab data (Table 13). The largest discrepancy was observed 
at Trout Brook, where several conductivity spikes were recorded by the Mayfly sensor during the snow 
season, which reached as high as 30,000 µS/cm. The validity of these spikes was confirmed with field 
verification during a stormwater run-off event immediately after road salt application. There is a 
stormwater outfall just below the Mayfly sensor in Trout Brook which creates a pocket of salt-laden 
stormwater that surrounds the Mayfly sensor during periods of runoff. This phenomenon became more 
pronounced during times of ice accumulation in the stream channel, which restricted water movement 
and mixing within the vicinity of the Mayfly sensor. As in prior years, the grab samples failed to capture 
the extremes in specific conductivity on the tributaries. Unfortunately, many of these documented spikes 
in specific conductance exceeded the 860 mg/L (chloride) acute toxicity threshold for aquatic life (using 
the proxy specific conductance threshold of 3,193 µS/cm)  

Figure 27: Mayfly and USGS Station Conductivity Measurements with YSI Grabs in 2024 
The panel labels with a green background are the USGS Monitoring Stations. Gaps in continuous data indicate 
missing data.  

 




















































































































































































































