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1. Overview

Background:
Sodium chloride (NaCl) is applied to roadways in winter as a deicer. Mattson and Godfrey (1994) found that road salt is the major source of salt in Massachusetts streams. Chloride (Cl-) levels have been correlated with impervious surfaces and urbanization (Wallace and Biastoch, 2016). Chloride is a recognized toxin with potential to impair waterbodies and impact biological communities. It has also been shown to contribute to year-round elevated Cl- levels (Todd and Kaltenecker, 2012).  

Purpose:  
This plan involves collection of continuous conductivity data in order to estimate chloride levels using DEP’s conductivity-chloride regression at approx. 12 stream locations in the Blackstone Watershed. This collection will take place starting in October 2019 through June 2020.  Estimated chloride data will help assess how seasonal road salt (NaCl) applications may affect surface water quality. This study will (1) collect continuous conductivity data and apply the MA correlation between specific conductivity and chloride; and (2) analyze data and compare to EPA ambient criteria for acute and chronic toxicity.

Sampling & Analysis:
Continuous conductivity data will be collected using HOBO U24 freshwater data loggers.  Attended, discrete quality control (QC) readings will be taken at each visit using separate YSI/Hydrolab multiprobe instruments.  On two of the survey rounds, water samples will be collected for chloride (only) and analyzed by the WES lab.

Data Analysis:
Conductivity data will be analyzed using WPP’s chloride regression tool, which was previously verified, to estimate ambient chloride levels.

Locations: 
This study will occur at locations in the Blackstone Valley Watershed, in close vicinity to Worcester, MA, choosing from the following list of water bodies:
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Weasel Brook (Bla01)
Poor Farm Brook (Bla02)
Big Bummet Brook (Bla03)
Quinsigamond River (Bla04)
Blackstone River (Bla05)
Cold Spring Brook (Bla06)
Singletary Brook (Bla07)
Unnamed Tributary (Bla08)
Dark Brook Southeast (Bla09)
Unnamed Tributary (Bla10)
Dark Brook Northwest (Bla11)
Tatnuck Brook (Bla120
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The study will focus on waterbodies based on their proximity to major roadways, routes, intersections, and/or high salt deposit areas.




Figure 1.  Hydrologic Flow Lines for Sampling Locations  
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2. Project Definition and Background

[bookmark: _Toc156724509][bookmark: _Toc156724567][bookmark: _Toc156787542][bookmark: _Toc222124710]2.1 Project Goals and Objectives

The data collected in this study will help the Massachusetts Department of Environmental Protection (MassDEP) - Division of Watershed Management (DWM), Watershed Planning Program, (WPP) identify potential impacts of road salt on freshwater bodies. From this study, WPP can better understand how road salt, urbanization, and/or other factors affect chloride concentrations and aquatic biotic health. The results of this study have the potential to influence DEP water quality alert levels for chloride and provide baseline data for potential future development of Total Maximum Daily Loads (TMDLs). The sampling objectives for this study are:

Objective 1. Estimate chloride levels in-stream by collecting continuous conductivity data at approx. 12 stations using HOBO U24 conductivity loggers during the period of October 2019 through June 2020. The data will then be used by applying the MA correlation between specific conductivity and chloride.
Objective 2. Analyze resulting data to determine if estimated concentrations exceed MA state surface water quality standards (EPA ambient criteria for chloride). 

3. Surface Water Quality Monitoring
3.1 Standard Operating Procedures

This SAP will be implemented consistent with DWM’s EPA-approved programmatic Quality Assurance Program Plan (QAPP) for surface water monitoring in 2015-2019 (CN 460.0, rev. 1.1).

HOBO U24 Conductivity Loggers will be deployed at the selected water quality monitoring stations in the Blackstone Watershed in Central MA. These deployments will be performed in order to collect continuous conductivity at fixed, 30-minute, recording intervals. The HOBO units will be used in accordance with the Watershed Planning Program’s Standard Operating Procedure for Continuous Conductivity Monitoring (CN 349.0) and the manufacturer’s instructions. The loggers’ sensor faces will be cleaned before each intermittent data collection shuttle-technology download. 

YSI/Hydrolab multiprobes will be used for QC purposes approximately every 2nd month between ~October 2019 and June 2020 at each of the stations. This quality control will be conducted primarily to collect data on temperature, depth, and specific conductivity.  HOBO conductivity data will be transformed to specific conductance and then reviewed to compare to Hydrolab specific conductance data. 

Water samples collected on two of the surveys for chloride will be collected in HDPE bottles using standard WPP sampling protocols as defined in the program QAPP.  Samples will be delivered to the WES lab for analysis within 14 days of receipt using method SM 4500-Cl E.

3.2 Non-Direct Measurements
To better interpret data from the study, the following information may also be collected:
· Road salt use recorded by Massachusetts Department of Transportation and area towns to estimate chloride loading
· Land use area (agriculture, developed, natural, wetland, and impervious cover) for each station 
· Weather statistics

3.3 Data Analyses
Conductivity data will be analyzed to estimate ambient chloride levels using the DWP’s chloride assessment tool, previously verified for this study and in accordance with Standard Operating Procedure CN 349.0.  Once available, final data will be summarized in a Technical Memorandum (project-specific or bundled into a larger report).

3.4 Design Rationale and Sampling Locations

Specific sampling locations are shown below.  In general, sites were selected to be representative of typical urban and suburban conditions.  In certain cases, a site may have been selected based on indications of historically high levels of chloride or due to site proximity to a suspected high salt loading area or salt storage area.  Of the sites proposed, two locations lie in AUs that are currently impaired for aquatic life use due to chloride (Dark Brook; MA51-16 and MA51-38).

Site: Bla01 (Weasel Brook; Unique ID:  TBD; AU ID: TBD)

Weasel Brook is a 2.4-mile waterway that begins as a conjunction of several intermittent streams, near the intersection of Malden Street and Park Villa Ave, Worcester, MA, and empties into the Indian Lake. It has the potential for chloride contamination as a result of road salt usage due to its geographic and topographic location. It crosses Mountain Street West not far from its origin, then follows West Boylston Street (Rt. 12); both are high-traffic roadways that use ample road salt applications to maintain winter safety. In addition, it is situated at the bottom of a large hill on top of which sits the QCC campus and many residential side streets. This topographic location means that Weasel Brook is susceptible to chloride contamination from runoff originating from QCC’s roads and parking lots as well as the inclined side streets that would run down into it. Any roads leading uphill to college campuses or residential areas are prime candidates for widespread application of road salt. A good place to sample is at the southeast border of Kendrick Field, on an unnamed street off Brooks Street in Worcester, MA, after all these input areas, but before it goes underground to then drain into Indian Lake. The probe deployment would be downstream of the “dam”/Watergate, but before the culvert. The coordinates are 42°18'28.69"N, 71°48'0.89"W.
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Site: Bla02 (Poor Farm Brook Downstream of DPW Salt Storage Area, Unique ID: TBD, AU ID: MA51-17)
[bookmark: _Hlk4747067]Poor Farm Brook is a 3.6-mile waterway whose headwaters begin near the Worcester-West Boylston borderline, off nearby Hartwell Street, through City Farm Pond (formerly segment MA51020) to terminate in the Shirley Street pond. It has the potential for chloride contamination as a result of road salt usage due to its geographic and topographic location. It crosses several high-traffic roadways at multiple locations, including Mountain Street East, Northeast Cutoff, Plantation and Boylston (Rt. 70) Streets. Most importantly, it flows downhill within 500 ft of the Department of Public Works & Parks’ winter road salt storage area. The likelihood of contamination from this source, combined with road salt falling off the salt trucks as they leave the premises, renders Poor Farm Brook highly susceptible to chloride contamination. There is also usually very heavy application on Clark Street due to its steep grade. In addition, Poor Farm Brook passes very near to a couple dense residential neighborhoods, including the Fairways and Great Brook Valley Apartments, that are at a higher topographical level, increasing the brook’s potential risk for chloride contamination exposure. Dead fish and crawfish were found in stream during recon.
A good location would be downstream of the salt storage area, slightly northeast of the Greater Brook Valley Playground / baseball field, just off the driveway, upstream of the culvert. The station coordinates are 42°18'23.32"N, 71°45'57.05"W.
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Site Bla03: (Big Bummet Brook Downstream, Unique ID: TBD, AU ID: TBD)

Big Bummet Brook is an approximately 5.2-mile waterway whose headwaters begin in the area between Linwood Drive and Woodland Road in Shrewsbury, Ma. It has potential for chloride contamination as it begins near Route 140, a high traffic route, and crosses under it to follow alongside it for the length of its flow. Along the way it passes through several residential neighborhoods with the potential for increased salt application to ensure safety measures. In addition, it also crosses under Route 9, back under Route 140, passes the intersectional area of Route 140 and Route 20, to cross back under Route 140. It continues to pass Windle, Pratts and Hayes Ponds. Big Bummet Brook merges with Bummet Brook between Windle and Pratts Ponds, and crosses Route 30 in between the Pratt and Hayes Ponds, before finally terminating when it merges with Quinsigamond River near Bridge Street and Route 30 in North Grafton. A good option would be where it crosses Route 30 after leaving Pratts Pond in North Grafton. This seems to be the best location as far as flow and accessibility. It will also capture better information on salt residue as it picks up more along the way. Station 4 coordinates are 42°14'12.14"N, 71°42'17.70"W.
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Site: Bla04 (Quinsigamond River Confluence, Unique ID: W2188, AU ID: MA51-09)
Quinsigamond River is a 5.2-mile waterway that starts as an outlet of Flint Pond in Grafton and terminates at the confluence with the Blackstone River in Grafton. Its course travels through Hovey Pond, follows Route 122, crosses Route 30/140 and I-90, through Lake Ripple, then continues to run alongside Route 140 and 122 before traveling through Fisherville Pond to converge with the Blackstone River upon leaving it. In order to measure road salt effects on chloride conductivity, an ideal location would be at the preexisting station, right before the confluence with the Blackstone River. The Station Object ID is: 2048, Unique ID: W2188, located on Brigham Hill Road, Grafton. The station coordinates are 42°12'30.10"N, 71°41'51.25"W. Deploy US of Brigham Hill Road Bridge; park in the factory / business parking lot.
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Site: Bla05 (Blackstone River, Unique ID: W1242, AU ID: MA51-04)
Blackstone River is a 48-mile waterway that starts as the confluence of Middle River and Mill Brook in Worcester, MA and terminates in Rhode Island. It runs a high risk for chloride contamination as it is a result of the confluence of several other waterways, which all come from high road salt application areas. In addition, the Blackstone River itself follows and crosses major highways and roadways in Massachusetts, including Routes 20, 146, 122A, and I-90, as well as passing through several town and cities. This results in the potential for a cumulative contaminative effect that can continue accumulating while contaminating other wetlands and aquatic life on its way. A potentially good place to collect data would be at the current Station Object ID: 239, Unique ID: W1242, Route 122A. The station coordinates are 42°10'36.87"N, 71°41'17.81"W, downstream of Fisherville Pond. Deploy DS of Road Bridge down near the historical Grafton’s Branch Bank building, and park next to the river side of the convenience / liquor store lot. This site is located after the confluence with the Quinsigamond River and other waterways and after leaving major salt application hubs, such as downtown Millbury.
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Site: Bla06 (Cold Spring Brook, Unique ID: TBD, AU ID: Near MA51-03)

Cold Spring Brook is about a 3-mile waterway that starts as an outlet from Cogan Pond in Sutton, merges with several other small streams while picking up runoff from high road salt application areas, such as Central Turnpike, Boston Road, and Route 146 before passing through Woodbury Pond, then crossing Route 122A to its confluence with the Blackstone River. An ideal location to collect data on Cold Spring Brook would be near the intersection of Hatchery Road and Route 122A (Providence Road) in Sutton, where the brook crosses the highway, before its confluence. The station coordinates would be 42°10'31.83"N, 71°43'41.42"W; park on Hatchery Road.
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Site: Bla07 (Singletary Brook, Unique ID: W1767, AU ID: MA51-31)

Singletary Brook is approximately 5 and a half miles. It is a waterway that begins as an outlet from Town Farm Pond in Sutton. It then passes through a series of small ponds before traveling through Singletary and Brierly Ponds, respectively, to end up in a confluence with the Blackstone River. Singletary Brook merges with several other smaller tributaries while picking up runoff from possible high road salt application areas, such as West Sutton Road, Singletary Road, before crossing Route 146. Residential areas are established along most of the waterway, which are also high salt application areas. A good location to collect data for Singletary Brook would be at the current water quality station located just before it crosses Route 146, to meet with the Blackstone River. The current Station Object ID: 1651, Unique ID: W1767, across the street from 93 Sycamore Street, Millbury, station coordinates are 42°10'58.19"N, 71°45'57.49"W. Data from this site would reflect chloride conductivity in water coming from Sutton before being influenced by downtown Millbury. 
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Site: Bla08 (Unnamed Tributary, Unique ID: TBD, AU ID: TBD)

This Unnamed Tributary is the confluence of two other unnamed tributaries, that deposit at the inlet into Indian Lake. The first waterway originates in Holden in a predominantly residential area, follows Route 122A for about 1.2 miles before it merges with the second less-than-one-mile waterway that begins in Worcester, also in a residential area. Both these waterways flow through an area between Route 122A and I-190 before their confluence, then travel underneath an area with parking, before crossing underneath Shore Drive to its Indian Lake inlet. All these areas have the possibility of exposure to water runoff contaminated by excess road salt application. A good location for probe deployment is near the Colony Retirement Homes IV entrance, 113 Holden St., upstream of the culvert that crosses under Holden St., coordinates 42°18'28.54"N, 71°49'10.37"W. This location will only capture chloride conductivity from one of the waterways, the one coming from Holden, not both. Unfortunately, the waterways’ confluence exiting the culvert is too close to Indian Lake and would not result in accurate waterway data.   
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Site: Bla09 (Dark Brook I (Southeast), Unique ID: TBD, AU ID: MA51-16)
Dark Brook Southeast is already listed as a chloride problem area by the EPA. This may be a good location to start collecting chloride level samples again in order to reassess the current safety of its chloride levels. Dark Brook SE is a waterway that is approximately 1.3 miles, starting at the outlet of Eddy Pond, which is next to I-395 and crosses under Route 20. It then follows Route 12 and I-290 on its west side and crossing under I-90, to follow in between the three highways, until it deposits into Auburn Pond, traveling next to the Auburn Mall’s parking lots. Before Dark Brook SE crosses I-90, it merges with an unnamed tributary. This unnamed tributary crosses under Route 20 further west, following Route 12, to also cross under I-395 before its confluence with Dark Brook SE. Collecting data from this waterway will give an idea of how much chloride Dark Brook SE has collected from highway runoff, before it is deposited into Auburn Pond. 

A good location for Dark Brook I probe deployment would be where Dark Brook SE crosses Brotherton Way, after confluence with another unnamed tributary that also crosses I-290 further north, but before emptying into Auburn Pond. The following coordinates are for Dark Brook 1: 42°12'14.31"N, 71°50'8.59"W. 
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Site: Bla10 (Unnamed Tributary, Unique ID: TBD, AU ID: MA51-38)

Unnamed Tributary (MA51-38) is a 0.8-mile waterway to Dark Brook Southeast. It starts as a perennial stream near the Route 90, 290EB, 395SB, and the 12NB interchange in Auburn, to mouth in confluence with Dark Brook Southeast, south of Water Street, Auburn. There are also several culverted sections along this waterway. This is a good waterway to sample as it flows into Dark Brook Southeast (MA51-16), which has already been designated as having high chloride contamination. Sampling this waterway will give an idea of how much chloride is coming from this stream versus other sources further up or down MA51-16. An ideal location to sample would be at approximately 9 Sharon Ave., Auburn, near the bank-Hometown and plaza on Route 12. A good place to park is in the plaza/bank parking lot. The station coordinates are 42°11'24.7"N, 71°50'45.0"W. 
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Site: Bla11 (Dark Brook II (Northwest), Unique ID: W1776, AU ID: MA51-49)

Dark Brook NW is a waterway that is approximately 2 miles, starting at the outlet of Dark Brook Reservoir and depositing into Stoneville Pond. It travels through a high residential area with a potential for increased road salt application. A good location for Site 10 probe deployment would be the currently existing water quality station. Station Object ID: 1658, Unique ID: W1776, 85 Berlin Street, Auburn, current station coordinates are 42.206707, -71.852815 (or 42°12'23.71"N, 71°51'09.69"W in Google Earth).
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Location 12: Tatnuck Brook (Site Name: Bla12, Unique ID: W1426, AU ID: MA51-15)

Tatnuck Brook starts as an outlet from Holden Reservoir #2, flows about 3.1 miles, passing by Worcester Airport, Worcester State University, and through highly residential areas, to deposit into Coes Reservoir. This deploy site would be on June Street, Worcester, between Glendale and Mill Streets. It is a good location because the waterway flows into a reservoir but may be contaminated beforehand by runoff from high road salt application areas including the Worcester Airport, Worcester State University, as well as high traffic and residential areas. The currently existing water quality Station Object ID: 1064, Unique ID: W1426, 353 June Street, Worcester, station coordinates are 42.262301, -71.848227 (or 42°26'23.01"N, 71°84'82.27"W in Google Earth). The best access point is protected by a fence, as it is a waterway to a reservoir. However, based on the recon, it is still possible to access it to the side of the fence, still within the public right-of-way. Park in the Papa George’s Pizza Parking Lot.
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	Site #
	Waterbody
	Site Name
	Unique ID
	Latitude / Longitude
	Decimal Degree
	AU ID
	Description

	1
	Weasel Brook
	Bla01
	W????
	42°18'28.69"
	N
	71°48'0.89"
	W
	42.307969, -71.800247
	TBD
	2.4-mile waterway: starts near Malden St. / Park Villa Ave in Worcester, begins as conjunction of several intermittent streams; empties into Indian Lake.  Site Bla01 near SE Kendrick Field (497 W. Boylston St. Worcester)

	2
	Poor Farm Brook
	Bla02
	
W????
	42°18'23.32"
	N
	71°45'57.05"
	W
	42.306478, -71.765847
	MA51-17
	Site Bla02: Culverts under NE Cutoff near Greater Brook Valley Playground, Shrewsbury / Worcester line.

	3
	Big Bummet Brook 
	Bla03
	W????
	42°14'12.14"
	N
	71°42'17.70"
	W
	42.236706, -71.704917
	TBD
	Appx. 5.2-mile waterway: headwaters begin in area between Linwood Dr. and Woodland Rd. in Shrewsbury. Terminates in N. Grafton at confluence of Quinsigamond River. Site Bla03: DS of Road Bridge, East of 32 Waterville St. / Route 30, N. Grafton

	4
	Quinsigamond River
	Bla04
	W2188
	42°12'30.10"
	N
	71°41'51.25"
	W
	42.208361, -71.697569
	MA51-09
	5.2-mile waterway: starts as an outlet of Flint Pond in Grafton and terminates at the confluence with the Blackstone River in Grafton.
Site Bla04: US of Road Bridge, Brigham Hill Road, Grafton. 

	5
	Blackstone River 
	Bla05
	W1242
	42°10'36.87"
	N
	71°41'17.81"
	W
	42.176908, -71.688281
	MA51-04
	48-mile waterway: the confluence of Middle River / Mill Brook in Worcester, terminates in Rhode Island.  Site Bla05: DS of Road Bridge, next to historical Grafton’s Branch Bank, Main St./Route 122A, Grafton. 

	6
	Cold Spring Brook
	Bla06
	W????
	42°10'31.83"
	N
	71°43'41.42"
	W
	42.175508, -71.728172
	TBD
	3-mile waterway: as an outlet of Cogan Pond in Sutton, it merges with several other small streams to terminate in its confluence with the Blackstone River (Segment AU MA51-03). Site Bla06: At Meeting of Providence/Hatchery Rds., Sutton. 

	7
	Singletary Brook
	Bla07
	W1767
	42°10'58.19"
	N
	71°45'57.49"
	W
	42.182831, -71.765969
	MA51-31
	Appx. 5.5-miles: an outlet of Town Farm Pond, Sutton it deposits in Blackstone River. Site Bla07: Across the street from 93 Sycamore Street, Millbury

	8
	Unnamed Tributary 
	Bla08
	W????
	42°18'28.54"
	N
	71°49'10.37"
	W
	42.307928, -71.819547
	TBD
	Begins as the confluence of two other unnamed tributaries and deposits as an inlet into Indian Lake. The first tributary originates in Holden and flows about 1.2 miles before merging with the second waterway (<1-mile-long) that begins in Worcester.
Site Bla08:  113 Holden Street, Worcester (Colony Retirement Homes IV)

	9
	Dark Brook I 
(Southeast) 
	Bla09
	W????
	42°12'14.31"
	N
	71°50'8.59"
	W
	42.203975, -71.835719
	MA51-16
	Already listed as a chloride problem area by the EPA, Dark Brook SE is appx. 1.3 miles. An outlet of Eddy Pond that deposits into Auburn Pond. 
Site Bla09: Rt.12/Southbridge St. and Brotherton Way, Auburn Mall, Auburn

	10
	Unnamed Tributary
	Bla10
	W????
	42°11'24.7"
	N
	71°50'45.0"
	W
	42.190206, -71.845819
	MA51-38
	0.8-mile waterway: Unnamed tributary to Dark Brook SE, from perennial portion near the Route 90, 290EB, 395SB, 12NB interchange, Auburn to mouth at confluence with the Dark Brook SE, south of Water Street, Auburn (sections culverted).
Site Bla10: Approx. 9 Sharon Ave., Auburn

	11
	Dark Brook II 
(Northwest)
	Bla11
	W1776
	42°12'23.71"
	N
	71°51'09.69"
	W
	42.206586, -71.852692
	MA51-49
	Appx. 2 miles: Dark Brook NW starts as an outlet of Dark Brook Reservoir and deposits into Stoneville Pond, Auburn. 
Site Bla11: 85 Berlin St., Auburn

	12
	Tatnuck Brook 
	Bla12
	W1426
	42°15'44.3"
	N
	71°50'53.6"
	W
	42.262301, -71.848227
	MA51-15
	Appx. 3.1 miles: an outlet of Holden Reservoir; deposits into Coes Reservoir. 
Site Bla12:  353 June Street, Worcester. Park in Papa George's Pizza Parking Lot (@ Fork of Glendale and June Streets)


Table 1. 2019-2020 Chloride Sampling and Survey Sites: Blackstone Watershed
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Location 1: Weasel Brook
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