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 Introduction 

In 2012, Upper Blackstone Clean Water (Upper Blackstone) initiated a voluntary water quality 
monitoring program to evaluate the impact of treatment plant upgrades and subsequent treatment 
process optimization. This report presents water quality data collected on behalf of Upper Blackstone 
along the mainstem of the Blackstone River between April and November 2019. It includes a brief 
overview of trends in total phosphorus, total nitrogen, and chlorophyll-a data observed since the start of 
the sampling program in 2012.  

There were several changes in 2019 compared to previous years. Personnel-wise, this was the first year 
that PI MF Hatte planned the whole year’s project after the departure of this project’s initiator Dr. Paula 
Rees. The University of Massachusetts Field Coordinator and Environmental Lab Analyst Travis Drury left 
UMass just before sampling season started and was succeeded a month later by Cameron Richards. The 
same protocols were followed in the lab but it should be noted that a change in personnel may result in 
slight changes in the way analyses are performed and results presented. In addition, the UMass 
Dartmouth laboratory experienced problems with blank samples for the analysis of Nitrogen 
compounds, which resulted in some data being flagged for failing data quality objectives. This will be 
discussed further in the nutrient results section. One site, W0767, was moved from the stream bank to a 
bridge upstream. Finally, construction began in October at RMSD, the downstream-most site, which may 
have affected water quality results that month, and in November the site had to be moved slightly 
upstream of the historical site due to construction impacts preventing access to the regular site. 

New this year are measurements of water temperature, dissolved oxygen, pH and conductivity. A 
summary of dissolved oxygen data collected with continuous data loggers is included in this report. 

More detailed technical information regarding the sampling program is available in the Field Sampling 
Plan and the Quality Assurance Project Plan (QAPP) for this project (Appendix E and F, respectively). 
Water quality reports and factsheets for each sampling season are available upon request. The 
Blackstone River water quality data collected as part of Upper Blackstone’s monitoring program are 
publicly available by request to Karla Sangrey (email: ksangrey@ubcleanwater.org) or via download 
through the Consortium of Universities for the Advancement of Hydrologic Science, Inc. (CUAHSI, 
www.cuahsi.org) Hydrologic Information System (HIS) database and servers (data.cuahsi.org), which are 
sponsored by the National Science Foundation. Starting this year, the data is uploaded to EPA’s Storet 
database instead of CUAHSI. 

 Background  

The Blackstone River watershed encompasses an area of approximately 480 mi2 in central 
Massachusetts and northern Rhode Island. The watershed lies within EPA’s Nutrient Ecoregion XIV, 
subregion 59, the Eastern Coastal Plain. The river flows from its headwaters in the hills above Worcester, 
MA, through Woonsocket, RI, and finally joins the Seekonk River in Pawtucket, RI, just below the Slater 
Mill Dam. The Seekonk River discharges into the Providence River, which flows into Narragansett Bay. 
Six major tributaries (the Quinsigamond, Mumford, West, Mill, Peters, and Branch rivers) as well as 
many smaller tributaries join the mainstem of the Blackstone River. The watershed includes over 1,300 

http://www.cuahsi.org/
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acres of lakes and ponds. Reservoirs in the northwest portion of the basin are used for the City of 
Worcester water supply.  

Several U.S. Geological Survey (USGS) streamflow gaging sites are located in the watershed, and hourly 
precipitation data are available for several locations in and near the watershed from the National 
Weather Service (NWS) National Centers for Environmental Information (NCEI). The Blackstone River is 
one of the largest contributors of freshwater to Narragansett Bay, providing on average almost one 
quarter of the freshwater flow to the Bay (Ries, 1990), and plays an important role in the health of the 
Bay. 

The Blackstone River Valley is acknowledged as the “Birthplace of the American Industrial Revolution.” 
Over its 48-mile run towards Narragansett Bay, the Blackstone drops approximately 440 feet (Shanahan, 
1994). The Blackstone River and its watershed were transformed from a farming area in colonial days 
into one of the 19th century’s great industrial areas due to this hydraulic potential, starting with the first 
mill dam built by Samuel Slater at the outlet of the river in 1793. Water-powered textile mills 
proliferated up and down the river, and at one point, the river had almost one dam for every mile along 
its run. The historical significance of the river has been recognized at both local and federal levels. In 
1986, an Act of Congress established the John H. Chafee Blackstone River Valley National Heritage 
Corridor. In 1998, the Blackstone was designated as an American Heritage River. In 2002, it was one of 
eight rivers included in an urban river restoration pilot study led by the U.S. Environmental Protection 
Agency (EPA) and the U.S. Army Corps of Engineers. In 2014, the Blackstone River Valley National 
Historical Park was established as the 402nd park in the national park system. 

There are nine wastewater treatment facilities (WWTFs) that discharge into the Blackstone River and its 
tributaries, Table 1. The largest, in terms of volume, is the Upper Blackstone (UB). There are twenty 
named dams remaining along the mainstem of the Blackstone River. The locations of the WWTFs and 
remaining dams along the mainstem of the Blackstone River are shown in Table 1 based on river mile. 
The outlet of the Blackstone River in Pawtucket, RI, is denoted as river mile zero, with river mile 
increasing in the upstream direction. The locations of federally regulated and controlled dams (licensed 
by the Federal Energy Regulatory Commission [FERC]) and minor dams along the river elevation profile 
are depicted in Figure 1. The industrial past of the Blackstone River, urbanization, and a high population 
density have resulted in a legacy of complex water quality issues.  

In 2003, Upper Blackstone requested the Massachusetts Water Resources Research Center (MaWRRC) 
at UMass Amherst and CDM Smith initiate a watershed assessment study to improve its understanding 
of these complex dynamics. The study included river monitoring in 2005 and 2006, historical data 
analysis, and modeling to evaluate trends in river quality as well as management opportunities for 
improving water quality and aquatic habitat throughout the basin. Upper Blackstone supported 
additional water quality data collection in 2010 and 2011, and since 2012 has supported consistent 
annual water quality monitoring at several sampling locations along the mainstem Blackstone River to 
support the assessment of the river’s response to reduced nutrient concentrations in the wastewater 
treatment plant effluent. While Upper Blackstone’s monitoring program has always followed strict 
sample collection and analysis procedures, sampling was conducted under a Quality Assurance Project 
Plan (QAPP) approved by the Massachusetts Department of Environmental Protection (MassDEP) from 
2014 - 2016. A newly approved QAPP covers sampling in 2017 – 2019. Having the approved QAPP in 
place allows MassDEP to use the data in the agency’s watershed assessments. 
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Table 1: Dams, sampling sites, and tributaries on the Blackstone River mainstem  
(adapted from Wright et al., 2001) 

Mile Description Mile Description 
0 Slater Mill Dam  27.8 Rice City Pond Dam 
0 Slater Mill Dam, Pawtucket, RI 

(RMSD) 
27.8 Below Rice city Pond Sluice 

Gates, Hartford St., Uxbridge, 
MA (W1779) 

0.8 Pawtucket Hydro Dam 29.2 Northbridge WWTF 
1.8 Abbot Run 31.9 Riverdale Hydro Dam 
2 Central Falls Dam 33.4 USGS gage near Sutton St. 

Bridge, Northbridge, MA 
(W0767) 

4.1 Lonsdale Dam 35.4 Grafton WWTF 
6.3 Rte 116 Bikepath Bridge, 

Pawtucket, RI (R116) 
35.6 Farnumsville Hydro Dam 

6.8 Ashton Dam 36.3 Route 122A, Grafton, MA 
(W1242) 

8.2 Albion Dam 36.5 Fisherville Dam 
9.9 Manville Dam 36.6 Quinsigamond River 
12.4 Woonsocket WWTF 38 Depot St., Sutton, MA (Depot) 
12.8 Hamlet Ave. Dam 38.7 Saundersville Dam 
13.1 Peters River 39.2 Wilkinsonville Dam 
13.1 USGS gaging station 01112500 39.8 Singing Dam 
15.5 Thundermist Hydro Dam 41 Millbury Electric Dam 
15.5 State Line, RI (RMSL) 42.7 Central Cemetery, Millbury, MA 

(W1258) 
16.5 Blackstone Dam 43.9 McCracken Rd Dam 
17.4 Branch River 44.4 Upper Blackstone WWTF 
17.8 Tupperware Dam 44.6 Below confluence with UB 

effluent (UBWPAD2) 
19.2 Mill River 45.2 New Millbury St bridge, 

Worcester, MA (W0680) 
22 Uxbridge WWTF 46.4 Worcester CSO 

24.2 West River 46.6 Mill Brook/Middle River 
Confluence & USGS gaging 
station 01109730 

25.9 Mumford River   

Sampling sites, Tributaries, WWTFs, FERC dams, Minor dams/ impoundments 



 

 

12 

  

 Blackstone Water Quality Sampling Program 

In 2019, the river monitoring program again included monthly water quality sampling for nutrients and 
chlorophyll-a from April through November. Three Rhode Island sites were co-sampled with the 
Narragansett Bay Commission (NBC). Periphyton sampling was not continued in 2019, as surveys from 
the previous years pointed to a stable condition and concluded that a yearly assessment was not 
expected to yield new information.  

Sampling locations for routine and continuous dissolved oxygen monitoring were selected based on 
several criteria, in order to: 

 Provide reference data for the river above and below the confluence with Upper Blackstone’s effluent 
channel; 

 Correspond with locations monitored by MassDEP in 2008; 
 Correspond with long-term monitoring locations maintained by NBC; 
 Build upon Upper Blackstone sampling efforts that were first initiated in 2004; 
 Provide information on both run-of-river and impounded sites along the river; 
 Provide information on both the nutrient and chemical status of the river; and 
 Build a database to facilitate identification of temporal trends in water quality within the river.  

Although this is Upper Blackstone’s monitoring program, the data collected as part of this water quality-
monitoring program are generally denoted “UMass 2019 data” in graphs and tables to avoid potential 
confusion with 1) the location where Upper Blackstone effluent enters the Blackstone River and 2) the 
river monitoring location immediately downstream of this confluence. A brief overview of Upper 
Blackstone’s monitoring programs is presented in the sections below. Detailed descriptions of sampling 

Figure 1: River elevation profile 
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methods, quality control measures, and additional technical details are available in yearly field sampling 
plans and the project QAPP (last amendment approved by MassDEP in 2019), available upon request.  

 Overview 

Monitoring locations and data collection type are summarized in Table 2 and on Figure 2. Monthly water 
quality sampling for nutrients and chlorophyll-a are conducted from April through November generally 
every four weeks at nine sites along the mainstem of the Blackstone River, including three Rhode Island 
sites that are co-sampled with NBC. Continuous data loggers were placed at four sites from July through 
October.  

 
Table 2: Blackstone River 2019 sampling sites 

Site ID# Site Name Lat Lon 
River 
Mile2 

HSPF 
Reach2 

Sampling 
Details3 

RSMD1 Slater Mill Dam, Pawtucket, RI7 41.876909 
41.879836 

-71.38194 
-71.38156 0.0 200 N 

R1161 Rte 116 Bikepath Bridge, 
Pawtucket, RI 41.938 -71.434 6.3 228 N 

RMSL1 State Line, RI 42.010 -71.529 15.5 268 N 

W1779 Below Rice City Pond Sluice 
Gates, Hartford St., Uxbridge, MA 42.097 -71.622 27.8 326 N 

W07676 Sutton St. Bridge, Northbridge, 
MA 42.154 -71.653 33.4 348 N 

W1242 Route 122A, Grafton, MA 42.177 -71.688 36.3 360 N 

Depot Depot St., Sutton, MA 42.177 -71.720 38.0 -- DO 

W1258 Central Cemetery, Millbury, MA 42.194 -71.766 42.7 392 NDO 

UBWPAD24 Confluence Site, Millbury, MA 42.206 -71.781 44.6 402 NDO 

W06805 New Millbury St Bridge, 
Worcester, MA 42.228 -71.787 45.2 414 NDO 

1  Locations of co-sampling with NBC 
2  Corresponding river mile and model reach in Blackstone River HSPF model: Blackstone River HSPF Water Quality Model 

Calibration Report (UMass and CDM Smith, August 2008) and the Blackstone River HSPF Water Quality Model Calibration 
Report Addendum (UMass and CDM Smith, October 2011). 

3  Sampling Types: N = 9 sites, nutrients & chlorophyll-a + handheld meters 1 event/4-weeks; DO = 4 sites, Continuous Data 
Loggers July - Oct. 

4 Site replaced original confluence site (UBWPAD) in 2013 
5 W0680 is located between the Worcester CSO discharge and UBWPAD2 
6 In 2019, This site was changed from the bank of the river to the middle of the bridge at those coordinates. The bank site, 

labeled W0767BANK, was sampled 3 times in 2019  
7 In October 2019, construction began at this site, and in November 2019, sampling took place upstream of the usual site, at the 

second set of coordinates 
 

 



 

 

14 

 
Figure 2: Blackstone River 2019 sampling sites and location of continuous data loggers 
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Notes about sampling site changes in 2019: 

• The sampling location for site W0767, Sutton Street Bridge in Northbridge, MA was moved from the left bank just 
downstream of the bridge to a sampling location from the bridge on the downstream side at mid-channel to 
achieve a sample more representative of the bulk river flow. To evaluate the potential impact of this change, 
samples were collected from both locations in June, August, and October 2019. Relative percent difference was 
calculated for each pair of observation and were found to be acceptable (within 30%, the data quality objective we 
use for field duplicates) for all parameters discussed in this report (Table 3).  

• Construction began at the Slater Mill Dam site in Pawtucket, RI (RMSD) in October 2019. Samples were still taken 
at the usual site in October, though the stream water was visibly more turbid than usual. In November the site was 
closed to the public, and samples were taken from the closest bridge upstream of the site (Exchange Street 
Bridge). No side-by-side samples could be taken, but a visual examination of the results, comparing the October 
and November results to results from previous months, did not indicate unusual or unexpected values for the 
parameters that are discussed in this report.  
 
Table 3: Comparison of nutrient and chlorophyll-a results between historical and new sites at W0767 

Date Site ID TP RPD Chl-a RPD TN RPD 
     (ppb)   (ppb)    (ppb)   

6/19/2019 W0767 87.9 -26% BRL 0% 2032 -6% 

6/19/2019 W0767-BANK 114   BRL   2154   

8/15/2019 W0767 66.2 12% 5 0% 1985.01 7% 

8/15/2019 W0767-BANK 58.7   5   1851.12   

10/9/2019 W0767 66 -4% 4.0 2% 2023.66 22% 

10/9/2019 W0767-BANK 68.5   3.9   1618.94   

 Sampling Dates and Data Collected 

2019 sampling dates are summarized in Table 4. 

Table 4: 2019 river sampling dates 

Site ID# 4/
23

 

5/
21

 

6/
19

 

7/
17

 

8/
15

 

9/
11

 

10
/9

 

11
/6

 

RSMD X X X X X X X X 

R116 X X X X X X X X 

RMSL X X X X X X X X 

W1779 X X X X X X X X 

W0767 X X X X X X X X 

W0767bank1   X  X  X  

W1242 X X X X X X X X 

W1258  X X X X X X X X 

UBWPAD2  X X X X X X X X 

W0680  X X X X X X X X 
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Samples collected for nutrient analysis are analyzed for total ammonia nitrogen (dNH4), dissolved nitrite-
nitrate nitrogen (dNO23), either total Kjeldahl nitrogen (TKN) or dissolved total nitrogen (dTN) depending 
on the analysis laboratory, particulate organic nitrogen (PON), total orthophosphate (TOP), total 
phosphorus (TP), total suspended solids (TSS), and chlorophyll-a (chl-a), Table 5. Samples are analyzed at 
Upper Blackstone’s laboratory, NBC’s laboratory, the UMass Environmental Analysis Laboratory (EAL), 
and/or the UMass Dartmouth (UMD) laboratory depending on the parameter as noted in the table. 

Table 5: 2019 river sampling program analytes and laboratories 

Parameter 
Upper 

Blackstone 
Lab 

NBC Lab UMass EAL UMD Lab 

Dissolved Ammonia (dNH4)  -- 
Apr – Nov 
3 RI Sites 

-- 
Apr – Nov 

All sites 

Dissolved Nitrite/Nitrate (dNO23)  -- Apr – Nov 
3 RI Sites -- 

Apr – Nov 
All sites 

Total Dissolved Nitrogen (TDN)  -- Apr – Nov 
3 RI Sites -- 

Apr – Nov 
All sites 

Total Nitrogen (TN) -- -- -- Calculated 

Particulate Organic Nitrogen (PON) -- -- -- 
Apr – Nov 

All sites 

Total Orthophosphate (TOP) 
Apr – Nov 

All sites 
-- -- -- 

Total Phosphorus (TP) -- -- 
Apr – Nov 

All sites 
-- 

Total Suspended Solids (TSS) 
Apr – Nov 

All sites 
Apr – Nov 
3 RI Sites 

-- -- 

Chlorophyll-a (chl-a) -- -- 
Apr – Nov 

All sites 
-- 

Dissolved Oxygen (DO) Apr-Nov All Sites & Continuous Jun-Oct 4 sites (meter) 

Water Temperature Apr-Nov All Sites & Continuous Jun-Oct 4 sites (meter) 

pH Apr-Nov All Sites (meter) 

Specific Conductance (SC) Apr-Nov All Sites (meter) 

 Sampling Season Environmental Conditions 

Precipitation, temperature, and streamflow influence how the river and bay systems respond to inputs 
of nutrients. In wet years, the WWTF effluent comprises a smaller fraction of the river volume, and 
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nutrients from WWTF effluent and other sources tend to be flushed from the river system more quickly, 
reducing the opportunity for algal growth in impoundments. For example, when flows are ~4,000 cfs1 at 
Woonsocket, RI, it takes a “parcel” of water approximately two days to travel from the Blackstone 
headwaters at river mile 46.6 to the outlet. Large storm events can also scour the streambed, washing 
periphyton and macrophytes downstream. Conversely, in dry years, in-stream nutrient concentrations 
tend to be higher. Lower stream water depths enhance the penetration of light to the stream bottom, 
and lower flows reduce scour, providing conditions more amenable for periphyton growth. The time it 
takes for water to move from the headwaters to the outlet of the river greatly increases, to 
approximately 30 days, when river flows are near ~85 cfs2 at Woonsocket, RI, providing conditions that 
promote the growth of algae in impoundments. A cold spring tends to maintain the snowpack and keep 
river and impoundment temperatures below conditions amenable for algal and periphyton growth. 
Warmer air temperatures result in higher water temperatures, which in turn promote algal and 
periphyton growth.  

Data describing the 2019 environmental conditions are presented in this section. Precipitation and air 
temperature data are presented in Section 4.1, followed by a summary of the river streamflow 
conditions in Section 4.2. Section 4.3 provides a brief summary of the potential relative impacts of these 
conditions on river quality compared to previous sampling years. 

 Precipitation and Air Temperature  

Snowfall records are available from the National Weather Service (NWS) since 1892 for Worcester 
(Worcester Regional Airport, KOHR). This 125-year record is summarized in Figure 3 based on published 
monthly data. Snowfall accumulations from the winters of 2011 – 2012 through 2018 - 2019 are 
highlighted due to their potential influence on the subsequent sampling season results. The nine 
sampling seasons span the range of typical snow accumulation, ranging from a total of 30.1 inches 
(winter of 2011-2012) to 119.7 inches (winter of 2014- 2015). The historical ranking of each sampling 
year in terms of snow accumulation is summarized in Table 6. The 2019 sampling season was preceded 
by the third least snowy winter in the past nine years, with 51.4 inches of snowfall (ranked 79th since 
1892). 

                                                           
1  A flow of 4,000 cfs is exceeded ~1% of the time at the Woonsocket stream gaging station 
2  85 cfs is the lowest average discharge over a period of seven days that occurs on average once every 10 years (7Q10) at the 

Woonsocket stream gaging station 
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(Note: year plotted is end of snow season) 

 

 

Table 6: Snowfall totals winters 2011-2012 to 2018-2019 

 Snow (in) Rank in 126 years of record 
 (1 = snowiest) 

Winter 2011 - 12 30.1 113th 

Winter 2012 – 13 108.8 4th 

Winter 2013 – 14 85.2 20th 

Winter 2014 – 15 119.7 2nd 

Winter 2015 – 16 47.2 86th 

Winter 2016 - 17 78.3 27th 

Winter 2017 - 18 96.1 11th 

Winter 2018 - 19 51.4 79th  

Air temperature data for Worcester are available from the NWS starting in 1948. Monthly average 
temperature data since 1948 are summarized on Figure 4 as a box plot, with the data for 2019 shown 
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Figure 3: Seasonal snowfall (inches) in Worcester from 1893 through 2019, inclusive 
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with blue diamonds. The box plots provide a summary of the distribution of the data, with the box 
showing the first quartile, median, and third quartile, and the whiskers showing 1.5 times the 
interquartile range above the upper quartile and below the lower quartile of the data. The small black 
circles above and below the whiskers represent observed data that are statistically considered 
“outliers.” Temperatures in the winter (e.g., January-March), as well as April and June 2019 were close 
to average. May was colder than average, but the summer tended to be warmer than average, 
especially in July. While the monthly average temperature in October still reached the upper quartile of 
historical data, in November it dipped below the lower quartile, only to return near average historical 
value in December. 

 

Figure 5 presents three statistics to summarize monthly temperature conditions since routine sampling 
began in 2012. The average mean temperature (black solid line) is determined based on the average 
daily temperature for each day in the given month. The average low temperature (solid blue line) is 
determined based on the average of the low temperatures observed on each day in the given month 
while the average high temperature (solid red line) is determined based on the average of the high 
temperatures observed each day. These data are plotted against the published normal monthly data for 
each statistic, based on the 30-year period from 1981 to 2010, shown as a dashed line of the same color. 
Instances where the solid line falls above the dashed line indicate warmer than typical conditions, 
whereas instances where the solid line falls below indicate cooler than normal conditions. The 2019 
sampling season was preceded by an average winter compared to previous sampling years, while the 
sampling season was warmer than those of recent sampling years. 

Figure 4: Worcester monthly air temperatures 1948 - 2019 
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Notes: Observed values for each month (solid lines) are compared to the normal for the month (dashed lines) based on NWS 
monthly data for Worcester from 1981 – 2010, available online: www.ncdc.noaa.gov/cdo-web/datasets#GHCND 

 

Annual precipitation totals for Worcester (Regional Airport KOHR) from the NWS since 1949 are shown 
on Figure 6, with the years since routine sampling began in 2012 noted with their associated 
accumulation. The annual precipitation in 2019, 54.7 inches, was somewhat higher than the average of 
the observed values since 1949 (47.9 inches). 

 Figure 7 summarizes monthly precipitation conditions since sampling began in 2012, shown as a solid 
green line, compared to published normals from the NWS based on the 30-year period 1981 – 2010, 
shown as a dashed green line. There is significant variability in monthly precipitation year-to-year and 
month-to-month, but 2019 again shows higher precipitation amounts than average. 
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Notes: Observed totals for each month (solid line) are compared to the normal for the month (dashed lines) based on NWS 

monthly data for Worcester from 1981 – 2010 
Figure 7: Monthly precipitation totals 2012-2019 compared to normal monthly totals 
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Figure 6: Annual precipitation (inches) in Worcester since 1949 
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Monthly precipitation totals since 1948 for Worcester are summarized using box plots on Figure 8. Data 
for 2019 are represented by blue diamonds. April, June, and October stand out as months when 2019 
rainfall totals were higher than the historical median. Conversely, September and November 2019 
experienced lower precipitation than historically. Monthly precipitation condition data for the 2019 
sampling years compared to the NWS 30-year normal are provided in Appendix A. 

 

 

Daily precipitation data as measured at the Worcester Airport are plotted on Figure 9 for 2019. The 
precipitation on sampling dates is highlighted. Cumulative precipitation for the year is also plotted and 
compared against the historical data, calculated as the cumulative sum of 50th percentile daily normal 
for Worcester from 1981 - 2010. Total precipitation was 54.77 inches in 2019. Cumulative rainfall in the 
2019 sampling season was higher than the historical cumulative until August, then lower than 
historically the rest of the year. 

The occurrence of precipitation relative to the occurrence of routine sampling can have an impact on 
the measured levels of in-stream constituents such as nutrients and chlorophyll-a. Sampling day and 
antecedent precipitation conditions are summarized in Table 7 for all routine sampling dates in 2019. 
Most routine sampling in 2019 occurred on days with little to no precipitation, except on April 23rd. 
Significant rainfall (>0.5 inches) occurred during the week prior to sampling every month except August 
and September. While it is not possible to fully account for the impacts of rainfall on results, stream 
sampling results can be summarized and reviewed based on the prevailing streamflow conditions on the 
sampling days. This issue is addressed further in the next sections. 

Figure 8: Worcester monthly precipitation 1948 - 2019 
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Figure 9: 2019 sampling season daily precipitation at Worcester Airport (KORH) compared against 
50th percentile daily normal precipitation 
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Table 7: Day-of and antecedent precipitation on routine sampling dates in 2019 

Sampling Date 

Precipitation in Worcester, MA (NWS Station KORH) - inches 

Day Of 1-day Prior 
Total over 

3-days Prior 
Total over 

7-days Prior 

23 April  1.59 0.01 0.83 1.17 

21 May  0.00 0.09 0.23 0.82 

19 June  0.09 0.00 0.45 0.99 

17 July  0.00 0.00 0.00 0.93 

15 August  0.00 0.00 0.00 0.03 

11 September  0.00 0.00 0.00 0.04 

9 October  0.00 0.59 0.59 0.92 

6 November  0.01 0.00 0.00 0.67 
 

 Streamflow Conditions  

Blackstone River Streamflow conditions during the 2019 sampling season are described in this section. It 
should be noted that some of the USGS streamflow data were still considered provisional at the time 
they were accessed for compilation of this report. Data are considered provisional until they undergo a 
formal review by USGS staff. During the formal review, small adjustments to the data may be made 
based on the most up-to-date field quality control data, particularly for very high or low streamflows. As 
a result, the data presented here might vary slightly from the final approved data. 

Monthly average streamflow data collected by the USGS at Millbury, MA, since 2003 are summarized on 
Figure 10 as a box plot, with the data for 2019 depicted with blue diamonds. Data for the USGS gage at 
Woonsocket, RI, collected since March 1929, are similarly presented on Figure 11. Monthly streamflows 
for each month of the routine sampling season are compared against the median, average and minimum 
monthly data for both Millbury and Woonsocket in Table 8. Streamflows were above or at the median 
value until June, when they got lower or near the median. Flows were higher than historically at the 
Woonsocket gage in October and November. 
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Figure 10: Millbury, MA, USGS gaging station 01109730 historical monthly average streamflows,  

2003 - 2019 

 

 
Figure 11: Woonsocket, RI, USGS gaging station historical monthly average streamflows, 1930 – 2019 
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Table 8: Mean monthly streamflows in 2019 compared to median, mean, minimum 

Millbury (cfs) Apr May Jun Jul Aug Sep Oct Nov 

2019 Monthly Qave 356 227 102 106 81 65 142 151 

Median 2003 – 2019 286 171 136 96 81 79 138 151 

Average 2003 – 2019 282 175 163 112 101 109 166 182 

Minimum 2003 – 2019 95 112 67 49 53 47 75 75 

          
Woonsocket (cfs) Apr May Jun Jul Aug Sep Oct Nov 

2019 Monthly Qave 1805 1243 568.6 362.5 380.5 245.1 586.3 774.9 

Median 1930 - 2019 1346 843 467 251 240 234 326 529 

Average 1930 - 2019 1435 877 649 342 309 329 475 696 

Minimum 1930 – 2019 461 303 137 120 72 95 123 127 
 

Mean daily streamflows measured at Millbury and Woonsocket are compared to historic mean daily 
streamflows on Figure 12 and Figure 13 for the 2019 sampling season. The solid blue line represents the 
observed daily mean streamflow for the given year, while the solid red line represents the historic mean 
daily streamflow. The dates of routine sampling are indicated by green triangles. It has already been 
noted that monthly streamflows were high spring to early summer in the 2019 sampling season, then 
closer to the median the rest of the year, especially at the Millbury gage. In 2019 at the Millbury stream 
gage, daily streamflows were below average historical conditions except mid-April to mid-May and 
during short duration storms in August and the fall. At the Woonsocket gage, streamflow was more 
often above historical average then below. The exception is during the month of September when mean 
daily streamflow was below historical average. 
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(Notes: Historical Mean Daily streamflow data through 2019) 
Figure 12: 2019 mean daily streamflows at USGS Millbury, MA stream gage 
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(Notes: Historical Mean Daily streamflow data through 2019) 

Figure 13: 2019 mean daily streamflows at USGS Woonsocket, RI stream gage 

 
Table 9 provides routine sampling day streamflow data from the figures in tabular format, compared to 
the mean daily discharge for that day based on the historical record. Note that the historical mean daily 
discharge is for a specific day of the month, rather than the month as a whole. As such, the values 
reported in Table 9 may differ from the monthly mean. 
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Table 9: Routine sampling day-of streamflow conditions 2019 

Sampling Date Woonsocket, RI – 
USGS Station 01112500 

Millbury, MA –  
USGS Station 01109730 

2019 Mean 
Daily Q (cfs) 

aHistorical Mean 
Daily Q (cfs) 

% of 
normal 

2019 Mean 
Daily Q (cfs) 

aHistorical 
Mean Daily 

Q (cfs) 

% of 
Normal 

23 April  3860 1230 314% 769 205 375% 

21 May  1110 736 151% 179 149 120% 

19 June  527 582 91% 87 131 66% 

17 July  226 285 79% 155 104 149% 

15 August 240 307 78% 60 136 44% 

11 September  205 335 61% 53 86 61% 

9 October  219 520 42% 52 145 36% 

6 November  782 577 136% 149 152 98% 
a Historical Mean Daily Q (cfs) based on data through 2019 

 

 Environmental Conditions Summary 

In 2019, spring temperatures were close to average, while summer temperatures were higher than 
average.  

The spring was wet due to rainfall more than due to snowmelt, but summer precipitation was average 
and fall was dry compared to historical precipitation.  

Consequently, streamflow was high in the spring and back to average in the summer and fall in the 
upper watershed, while it returned to higher than average in Rhode Island in November. The impact of 
these mixed conditions on stream water quality is discussed in the next section. 

 Upper Blackstone Effluent 

Upper Blackstone facility seasonal permit limits3 for total phosphorus (TP) and total nitrogen (TN) are 
listed in Table 10. Upper Blackstone has been taking steps to comply with the 2008 permit limits in 
accordance with the 2014 Administrative Order on Consent and a 2016 schedule modification. These 
steps include: 

                                                           
3   TP ‘summer’ limits are for April through October; TP ‘winter’ limits are for November through March.  

TN ‘summer’ limits are for May through October; TN ‘winter’ limits are for November through April.  
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 Implementation of interim measures to further improve plant operation and control, and 
performance to result in more stable operation and improved effluent quality;  

 Facilities Planning to evaluate necessary nutrient removal facility improvements to achieve 2008 
permit limits, including development of future flows and loads and an Alternatives Analysis 
Screening and Evaluation, as well as an analysis of ancillary facilities; 

 WWTF upgrade construction to implement successfully tested interim measures and to modernize 
facility SCADA and data collection systems (in progress);  

 Design of phosphorus removal system to meet 2008 permit limits (in progress); 

Table 10: Upper Blackstone 2008 permit limits 

 

 

 

 

 

 

1 Upper Blackstone effluent limits are typically listed in mg/L. The conversion is 1 mg/L = 1000 ppb. 
2 The 0.1 mg/L total phosphorus limit is a 60-day rolling average limit. 

The facility is operated to remove nitrogen and phosphorus year-round, even though it has only a May – 
October seasonal nitrogen permit limit, and much less stringent wintertime limits for total phosphorus.  

Figure 14 shows the actual effluent TN and TP annual daily concentrations since 2006, and Table 11 
summarizes TP and TN effluent concentrations by season, corresponding to the permit limits, since 
2012. 

Table 11: Upper Blackstone average permit season TP and TN effluent concentrations* 

 2012 2013 2014 2015 2016 2017 2018 2019 

Total Phosphorus (mg/L) 

Apr – Oct (summer) 0.48 0.17 0.35 0.18 0.20 0.17 0.20 0.17 

Nov – Mar (winter) 0.43 0.17 0.19 0.18 0.55 0.34 0.12 0.11 

Total Nitrogen (mg/L)  

May – Oct (summer) 5.2 4.3 4.5 4.6 3.9 5.0 4.90 5.1 

Nov – Apr (winter) 4.0 5.5 4.6 5.3 6.1 9.1 5.1 5.3 

*Summer months are April-October of that year.  
Winter months are Nov-Dec of the previous year and Jan-Mar of that year 

Total Phosphorus (mg/L)1 

Apr – Oct (summer) 0.12 

Nov – Mar (winter) 1.0 

 

Total Nitrogen (mg/L) 

May – Oct (summer) 5.0 

Nov – Apr (winter) Report 
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Figure 14: Annual average effluent total nitrogen and total phosphorus concentrations 2006 – 2019 
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Yearly TP and TN effluent loads prior to plant upgrade (2006-2008) and since 2012 are shown in Table 
12, along with percent reduction in loads in the effluent since 2006-2008 

Table 12: Percent reduction in yearly TN and TP effluent load  
compared to plant performance 2006-2008 

Year TP (lb/yr) TP % Reduction TN (lb/yr) TN % Reduction 

2006 – 2008 153 x 103 -- 1045 x 103 -- 

2012 38.3 x 103 75% 458 x 103 56% 

2013 18.9 x 103 88% 452 x 103 57% 

2014 25.6 x 103 83% 428 x 103 59% 

2015 19.6 x 103 87% 499 x 103 52% 

2016 33.9 x 103 78% 485 x 103 54% 

2017 23.3 x 103 85% 690 x 103 34% 

2018 19.6 x 103 87% 597 x 103 43% 

2019 12.8 x 103 92% 495 x 103 53% 

 

Figure 15 shows the effluent TN and TP annual total loads since 2006, and seasonal loads for summer 
and winter for 2010-2019. 
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Notes: 1. Summer refers to the period between April 1 and October 31 for TP and May 1 and October 31 for TN for the year 

noted. Winter refers to the period between November 1 of the prior year through March 31 of the current year  
for TP and April 30 of the current year for TN. 

2. Annual loads are on a calendar year basis, January 1 - December 31 

Figure 15: Total annual, winter permit, and summer permit total nitrogen and total phosphorus loads 
to the Blackstone River 2006 – 2019 
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The highest biological activity in the river typically occurs during the warmest months of the year, from 
June through September. It is thus also useful to identify year-to-year differences in effluent nutrient 
characteristics for this summer growing period, which may provide insight into river conditions captured 
by the monitoring program.  

Effluent nutrient and flow data during each year from 2006 - 2019 were used to calculate the daily 
average concentration and load from June through September, Table 13.  

Table 13: Average of the daily effluent nutrient characteristics during the June  - September  
growing season in 2006 to 2019, and Flow (Q) during this season from 2009 to 2019. 

 

A box plot of the daily data from June through September each year is shown on Figure 16 for 
concentrations and Figure 17. for loads from 2012 – 2019. The box plots provide an indication of the 
day-to-day variability during the June – September growing period each year of the monitoring program.  

 

 

Year 

Effluent Flow Effluent TP  Effluent TN 

June –   
September Ave. 

Mean Daily Q 
(cf/s) 

June – 
September Ave. 

Daily Conc. 
(mg/L) 

June – 
September Ave. 

Daily Load 
(lb/d) 

June – September 
Ave. Daily Conc. 

(mg/L) 

June – 
September Ave. 

Daily Load 
(lb/d) 

2006 n/a 1.7 403 NA NA 

2007 n/a 2.1 424 8.3 1,687 

2008 n/a 1.5 421 8.0 2,178 

2009 54.9 0.9 238 7.8 2,089 

2010 35.7 1.0 237 6.1 1,346 

2011 53.6 0.4 151 4.2 1,411 

2012 39.9 0.4 99 4.6 1,094 

2013 48.3 0.1 45 3.8 1,065 

2014 38.2 0.5 114 4.8 1,104 

2015 43.2 0.2 44 4.5 1,167 

2016 33.1 0.2 43 3.8 782 

2017 38.3 0.2 36 4.4 1,729 

2018 41.3 0.2 53 4.8 1,280 

2019 38.0 0.2 43 5.1 1,066 
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Figure 16: Upper Blackstone daily effluent TN and TP concentrations by year from June - September 
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Figure 17: Upper Blackstone daily effluent TN and TP loads to the river by year from June - September 
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The interquartile range of daily TN effluent loads from June – September has been relatively constant 
since 2012. Daily growing season TN loads in 2019 were similar to data from 2015 – 2018, although 
levels were slightly higher than in 2018. TP effluent loads during the summer growing season showed 
little day-to-day variability, as indicated by a small interquartile range in 2013 and 2015-2019, but larger 
variability in 2012 and 2014, when Upper Blackstone refined its optimization process. Time series plots 
of effluent TP and TN characteristics, as well as effluent flow, are included in Appendix B. 

Upper Blackstone’s effluent discharge can account for a significant percentage of the flow in the 
Blackstone River. The average daily Upper Blackstone effluent flow contributions to summer flows (June 
through September) at Millbury on a yearly basis since 2009 vary between 33% and 64%. In 2019, Upper 
Blackstone flow contributed between 16% (minimum) and 73% (maximum) of the daily streamflow at 
Millbury, averaging 49% from June to September. 

This contribution can be examined on a daily basis, and Table 14 lists calculated estimates of the relative 
contribution of Upper Blackstone effluent flow to the streamflow measured at the Millbury gage on 
each of the 2019 sampling days. On most sampling days, this calculated value was above 30%, except in 
April (14%) and May and November (28% each). 
 

Table 14: Relative contributions by volume on sampling days 2019 

 

 

 

 

 

 

 Sampling Season Data for 2019 

Routine monitoring was conducted monthly from April to November for nutrients, chlorophyll-a, 
dissolved oxygen, temperature, conductivity, and pH at nine in-stream locations. Sampling and field 
measurements were conducted monthly, regardless of streamflow conditions. Continuous data loggers 
monitoring water temperature and dissolved oxygen were installed on July 9, 2019 at W0680, 
UBWPAD2, W1258, and Depot, and were removed on October 29, 2019.  

In order to provide a more focused look at the impact of Upper Blackstone effluent quality 
improvements on river water quality, the data are presented in terms of both concentration and load. 
River streamflow data for each sampling date were available from two USGS gaging sites, located at 
Millbury, MA (USGS 01109730) and Woonsocket, RI (USGS 01112500). Observed sampling day 
streamflows at these locations were used to provide streamflow estimates for load calculations at each 
sampling location based on the simulation results from the HSPF model developed for the Blackstone 
River (UMass and CDM Smith, 2008).  

Sampling Date Upper Blackstone % of 
Millbury streamflow 

4/23/2019 14% 
5/21/2019 28% 
6/19/2019 45% 
7/17/2019 32% 
8/15/2019 57% 
9/11/2019 67% 
10/9/2019 63% 
11/6/2019 28% 
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In this section, streamflow conditions on routine sampling days are first described. River water quality 
conditions are then summarized by presenting the TP, TN, chlorophyll-a, and field  measurement results. 
In-stream data are reported as ppb in this report. To compare with effluent data from the previous 
sections, note that 1 mg/L = 1000 ppb = 1 µg/L. 

 Flow Conditions on Routine Sampling Days 

Section 4.2 presented a discussion of monthly and day-of-sampling conditions in a general historical 
context with regards to streamflow. It is also of interest to directly compare streamflow conditions on 
sampling days. Figure 18 shows calculated flows on each sampling day at each sampling site compared 
to mean historical flow at that site. Figure 19 is zoomed in to the lower ratios in order to distinguish the 
sites. To obtain estimated sampling day flows for each site, a ratio of flows at Millbury, MA to 
Woonsockett, RI USGS gages on sampling days is calculated first, then compared to a spreadsheet 
containing flow ratios between gages and sites, as computed for the years 1997 to 2011 by the HSPF 
model (UMass and CDM Smith, October 2011). The ratio closest to the calculated ratio that is also within 
a similar hydrological period is chosen, and the computed ratios at each site are multiplied by the actual 
flow at the nearest gage on the sampling day. The mean historical flow is computed by taking the 
average from computed flows at those sites during the years 1997-2011 using the HPSF model (UMass 
and CDM Smith, October 2011).  

Data points for each site are displayed against areas showing low, average, and high streamflow 
conditions. Low streamflow conditions were defined as 2019 estimated streamflow that are less than 
half of the average streamflow in a reach, high streamflow conditions were defined as 2019 estimated 
streamflow greater than 1.5 times the average streamflow in a reach, and all other streamflows were 
categorized as average. It is evident that in April, all sites experienced very high flows compared to 
average flows, while the rest of the season most sites experienced average flows. A few sites had low 
flows between June and November, mostly W0680, W1242, and W1779 and W0767 a few times. 

Calculated mean streamflow at each sampling site is shown on Figure 20. The data for 2019 are shown 
as a purple line with round symbols. The historical data are drawn from data collected by MassDEP, 
USGS, RIDEM, URI/NBC, and UMass from 1997 – 2011.  

The 2019 sampling season saw the second highest streamflow conditions during sampling days since 
2012, especially at the Rhode Island sites (the 3 most downstream sites).  

In the subsequent discussion, TP and TN concentration data are similarly summarized based on 
streamflow condition for comparison against data from other time periods. 
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Figure 18: Ratio of estimated flow to historical average flow at each site for each sampling day in 2019 

 

 

 
Figure 19: Detail of Figure 18 to distinguish sites in the Low ratio zone 
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Note: Historical data covers years 1997-2011 

Figure 20: Comparison of average calculated streamflow conditions on sampling date by year 

 

 Routine Monitoring Data 

Sampling data results for TP, TN, chlorophyll-a, and field measurements are summarized in sections 
6.2.1, 6.2.2, 6.2.3, and 6.2.5, respectively, using a consistent series of plots and analyses. Sufficient data 
are now available to conduct a robust trend analysis based on streamflow-weighted concentration data. 
Streamflow-weighted concentration trend analyses are presented for TP, TN, and chlorophyll-a in 
Section 6.2.4. Additional information on nitrogen and phosphorus subspecies, as well as laboratory 
QAQC data, is available upon request.  

6.2.1. Total Phosphorus 

Available TP concentration data for the Blackstone River since 1996 are summarized in Figure 21 using 
box plots. Data for all sampling locations are grouped by year. While, in general, the same sample 
locations were surveyed 2012-2019, the concentrations from 1996 – 2008 period represent results of 
multiple individual sampling programs carried by Upper Blackstone and others and in many cases at 
different sampling locations. As explained previously, the median of the data for each year is shown by 
the dark bar in each box, the lower and upper quartile (± 25% around median) of the observed data are 

Yearly Calculated Mean Flows on Sampling Days, 2012 - 2019 
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2015 

2014 

2016 

2014 

2017 

2019 

2018 
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shown by the body of the box, the whiskers identify 1.5 times the interquartile range above the upper 
quartile and below the lower quartile of the data, and the small black circles above and below the 
whiskers represent observed data that are statistically considered “outliers.”  

TP concentrations since Upper Blackstone upgrades came online in 2009 are less variable and are lower 
than historical concentrations. Upgrades to the plant have translated into improved river conditions. 
The TP concentrations observed during routine sampling in 2019 were characterized by the smallest 
interquartile range and lowest median value compared to earlier sampling years. The two TP 
concentration data points identified as outliers in 2019 on Figure 22 are for UBWPAD2 in June and July, 
and are lower than outliers in prior years. The monthly average streamflow was low in June at the 
Millbury stream gage, but in July it was slightly above the median.  

The mean summer (June – September) TP concentration at each sampling location in the Blackstone 
River is shown on Figure 23 for sampling data collected since 2012. Data are clustered by sampling site, 
plotted from the upstream W0680 site (left) to the downstream RMSD site (right). Each year is shown as 
a different color, with 2019 in brown. At most sampling locations, average TP concentrations in 2019 
were the lowest observed in the past four years, except at W1258.  
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(Y-axis cut off at 400 ppb to make later years easier to read) 

 
Figure 22: TP concentrations observed in the river 1996 – 2008 and 2012 – 2019 

 
 
 
 
 

Figure 21: TP concentrations observed in the river 1996 – 2008 and 2012 – 2019 
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The full range of TP concentrations observed at each site since 2012 is summarized in Figure 24 
with sites plotted from the upstream W0680 site (left) to downstream RMSD site (right) as before. 
Average concentrations in 2019 are indicated by blue diamonds. It should be noted that data collection 
at the UBWPAD site occurred from 2012 – 2013, when the site was moved to a better-mixed location 
downstream, UBWPAD2, where data collection started in 2013 and continues to this day. Average TP 
concentrations in 2019 fell on the median at the upstream-most site, and were in the lower quartile 
range of values observed since 2012 at all the other sites. 

  

 

TP (ppb) W0680 UBWPAD2 W1258 W1242 W0767 W1779 RMSL R116 RMSD 

2012 76.7 115.0 260.0 178.0 178.0 216.0 162.5 117.5 90.0 

2013 52.5 87.5 85.0 82.5 NA 145.0 87.5 72.5 70.0 

2014 99.8 600.3 453.3 403.3 246.0 264.0 215.3 172.5 98.0 

2015 71.0 130.3 133.0 80.8 105.5 137.3 86.0 76.0 82.3 

2016 59.8 230.5 163.3 161.3 214.5 221.0 76.0 70.3 128.8 

2017 55.0 152.3 131.4 111.6 157.2 166.1 82.7 74.2 90.5 

2018 59.8 155.5 94.2 97.1 126.1 154.2 136.5 98.6 86.8 

2019 50.7 134.8 108.5 90.2 70.8 123.3 57.1 52.2 61.2 

Figure 23: Mean summer (June – September) TP concentrations observed by site since 2012 
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Figure 24: TP concentrations by site from 2012 - 2019 

Average TP concentrations in 2012 – 2019 are compared to historical concentrations in Figure 25, 
plotted against river mile with upstream W0680 site on the left (river mile 50) and the downstream 
RMSD site  on the right (river mile 0), analogous to the earlier plots where site name is indicated instead 
of river mile. The average low river TP concentrations at the three RI sites have been the lowest since 
2017. For the MA sampling locations, 2019 mean concentrations were the lowest since 2012, and lower 
than all historical (1996 – 2008) levels as well. Upper Blackstone’s efforts to reduce effluent TP translate 
into reductions in stream TP levels during dry and wet conditions. 
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Note that historical data are means for sites with >8 data points 

Figure 25: Along stream TP concentrations 
 

Estimates of mass flux (or load) based on the observed concentrations and flow estimates provide 
information on the benefits of the plant upgrades for downstream receiving waters, such as 
Narragansett Bay. Estimates of TP loads since 1996 in the Blackstone River are summarized in Figure 26 
(shown zoomed in on Figure 27). Data for all sampling locations along the river are grouped by year. 
There is an even larger reduction in TP load (versus concentration) in the river since Upper Blackstone 
upgrades came online in 2009. Average riverine loads since routine sampling started in 2012 are less 
variable and overall lower. Calculated TP loads observed at each site since 2012 are summarized in 
Figure 28, and 2019 data show a median load that is near the lowest historically (2016 was a little bit 
lower), though the interquartile range is larger than in some earlier years. This is despite streamflows 
being the second highest since 2012.  

Yearly Mean TP concentration on Sampling Days, 2012 - 2019 
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(note, additional extreme outliers not shown, as indicated by arrows) 

Figure 26: Summary of TP loads observed in the river 1996 – 2008 and 2012 – 2019 
 

 

(Y-Axis truncated at 1500 lb/day to clarify differences in later years) 

Figure 27: Summary of calculated TP loads based on streamflow estimates and reported 
concentrations for sampling days, 1996 – 2008 and 2012 – 2019 
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Along stream average TP loads, Figure 28 and Figure 29, illustrate the impact of streamflow conditions 
on load estimates. As streamflow increases downstream, so do loads, and in 2019 it is clear that loads 
were highest in Rhode Island. Examined separately by site, it is also evident in Figure 28 that 2019 TP 
loads were higher this year compared to the median between 2012 and 2019. However, Figure 29 
shows that 2019 (purple line) yearly mean TP loads were variable along the river: in the middle range at 
most sites, but higher than average at two of the Rhode Island sites.   

 

 
Figure 28: TP load data by site from 2012 - 2019 
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Figure 29: Mean TP Loads on Sampling Dates 

Massachusetts uses a narrative nutrient criteria, which is interpreted in the Consolidated Assessment 
and Listing Methodology (CALM) manual using a weight of evidence approach that integrates nutrient 
concentrations, dissolved oxygen, periphyton, phytoplankton, benthic macroinvertebrates, and other 
indicators of aquatic health to evaluate whether a waterbody is impaired. One element of the weight of 
evidence approach is a TP threshold of 100 ppb; exceeding the TP threshold alone does not necessarily 
indicate impairment.  

In 2019, TP concentrations in the Blackstone River were below the MassDEP 2018 CALM screening 
threshold of 100 ppb 80% of the time, Figure 30. 

Yearly Mean TP Loads on Sampling Days, 2012 - 2019 
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Figure 30: 2019 TP concentrations compared with MassDEP CALM guidance 

 

6.2.2. Total Nitrogen 

Available TN concentration data for the Blackstone River since 1996 are summarized in Figure 31.  

In 2019, TN effluent concentrations were 55% lower during summer months compared to the average 
pre-upgrade concentration (2006-2009). The impact of the new limits and associated plant upgrades 
which came online in 2009 is evident. The TN concentration data points identified as outliers in 2019 all 
occurred at UBWPAD2 in the 4 summer months (June-September) during relatively low river flows with 
effluent contributing between 32% and 67% of the streamflow on those sampling days.  
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(lower figured zoomed in) 

 

Since 2014, there has been a steady reduction in both the span and magnitude of the interquartile range 
of TN concentrations observed in the river, though in 2019 both increased. Trends in TN are discussed 
further below.  

The mean summer (June – September) TN concentration at each sampling location in the Blackstone 
River is shown on Figure 32 for sampling data collected since 2012. Data are clustered by sampling site, 
plotted from the upstream site W0680 (left) to the downstream site RMSD (right). Each year is shown as 
a different color, with 2019 in brown. It should be noted that the apparent increase in mean summer TN 

  

Figure 31: Summary of TN concentrations observed in the river,  
1998 – 2000, 2005 – 2008, and 2012 – 2019 
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concentrations at sampling site UBWPAD2, downstream of the confluence with Upper Blackstone’s 
effluent channel, from 2012 to 2013 is an artifact of relocation of the site farther downstream to a more 
well-mixed location in 2013. The original site, included here for the year 2012, had lower values because 
it was not appropriately capturing the impacts of the effluent. In addition, site W0767 was not sampled 
in 2013. Mean summer TN concentrations observed in 2019 were higher than previous years except at 
two Rhode Island sites. 

TN (ppb) W0680 UBWPAD2 W1258 W1242 W0767 W1779 RMSL R116 RMSD 

2012 983.3 1127.5 2976.0 2366.0 2366.0 2184.0 1368.0 1432.0 1264.0 

2013 1102.5 2440.0 2820.0 2225.0 NA 2192.5 1440.0 1497.5 1507.5 

2014 1433.3 3590.0 3292.5 2763.8 3041.3 2399.8 1990.0 1801.3 1473.5 

2015 1068.8 2993.3 2791.5 2083.8 2466.5 2018.0 1352.8 1653.8 1383.5 

2016 1087.5 3120.0 2925.0 2420.0 2742.5 2332.5 1427.5 1407.5 1500.0 

2017 1078.8 2920.4 2628.8 2152.6 2201.4 1830.4 1154.2 1126.8 1134.0 

2018 820.3 2289.5 1705.5 1297.5 950.5 1673.8 1508.3 1371.0 1143.3 

2019 977.3 4125.3 3175.8 2335.5 2453.5 1988.3 1220.3 1342.3 1226.0 

 

 

Figure 32: Mean summer (June – September) TN concentrations observed by site since 2012 

The full range of TN concentrations observed at each site since 2012 is summarized in Figure 33, with 
sites plotted from the headwaters (left) to outlet (right) as above.  

Data for both the original UBWPAD site (2012 – 2013) and new site, UBWPAD2 (where data collection 
started in 2013 and continues) are included. Average TN concentrations in 2019 (depicted with blue 



 

 

52 

diamonds) fell within the interquartile range of values observed since 2012 at all sampling sites. The 
average TN concentration for most locations fell at or below the lower quartile (exceptions are 
UBPWAD2, W1242, and W0767).  

 

Figure 33: TN Concentrations by sampling location 2012 -2019  

Average TN concentrations in 2012 – 2019 are compared to historical concentrations in Figure 34, 
plotted against river mile with headwater locations on the left (river mile 50) and the outlet on the right 
(river mile 0). The means echo the story shown by the medians, where the 2019 TN concentrations fall 
in the lower range of values seen since 2012 for all sites except at UBWPAD2. 
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Figure 34: Along stream TN concentration, 2012 -2019 

Estimates of TN loads since 2012 in the Blackstone River are summarized in Figure 35. Data for all 
sampling locations along the river are grouped by site. 2019 TN loads are lower than in 2018, which is to 
be expected considering that streamflow was lower this year. 

TN load data statistics are shown in Figure 36 and zoomed in Figure 37, and suggest a decrease in TN 
loads transported by the river since Upper Blackstone’s upgrades were completed in 2009. The 
interquartile range of observed TN loads from 2012 through 2019 are smaller than from 1999 through 
2008. In 2019, the median and interquartile range of the TN load decreased compared to 2018 and are 
comparable to 2017 levels. 

 

Yearly Mean TN Concentration on Sampling Days, 2012 - 2019 
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Figure 35: Mean Summer TN Loads for each site, 2012-2019 
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Figure 36: TN loads observed in the river 1998 – 2000, 2005 – 2008, and 2012 – 2019 

 

Figure 37: TN loads observed in the river 1998 – 2000, 2005 – 2008, and 2012 – 2019 
( zoomed in) 
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Along stream average TN loads, as summarized by year and site on Figure 38 and Figure 39, show 2019 
loads to be on the higher end of the 2012-2019 spectrum, though clearly lower than that of historic 
data.   

 

Figure 38: TN load data by sampling location 2012 - 2019 
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6.2.3. Chlorophyll-a 

Chlorophyll-a concentrations observed during the summer months (June – September) since 2012 are 
summarized by year in Figure 40. Overall, summertime chlorophyll-a levels in 2019 exhibited an 
interquartile range comparable to that observed in 2017. Interquartile range is tighter every other year 
as seen in this figure, but does not vary very much, except in 2014. The average spread in values and the 
median are comparable to those of some previous years (2015 and 2017), and lower than in 2018.  

The same data are summarized by site in Figure 41 for just the months of June – September, plotted 
from the headwaters (left) to the outlet (right). At individual sampling locations, mean summer 
concentrations in 2019 (blue diamonds) are at or lower than the median for all years except at the three 
most downstream sites, where the mean values are higher.  

 

Figure 39: Along stream TN loads 

Yearly Mean TN Loads on Sampling Days, 2012 - 2019 
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Figure 40: Chlorophyll-a concentrations observed during June, July, August, and September since 
2012, summarized by year 
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The mean summer (June – September) chlorophyll-a concentrations for each year and sampling location 
on the Blackstone River are also summarized on Figure 42. Data are clustered by sampling site, again 
plotted from the headwaters (left) to the outlet (right). In 2019, summertime chlorophyll-a levels were 
lower than historical data at all sites. The highest summer mean observed is at W1779, below Rice City 
Pond, but remained below the 16 µg/L MassDEP guidance value. This location has historically had high 
chlorophyll-a concentrations in recent years, with 3 out of the past 8 years having a mean chlorophyll-a 
concentration exceeding the MassDEP guidance value. 

 
 
 
 
 
 
 
 

Figure 41: Chlorophyll-a concentrations observed during June, July, August, and September since 
2012, summarized by sampling location 
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The annual average chlorophyll-a concentration data for 2019, Figure 43, was below MassDEP screening 
guidelines at all locations.  

In 2019, the maximum chlorophyll-a concentrations observed at each sampling location (Figure 44) 
remain in the lower to middle range of historical data, and the rise at the most downstream site is much 
less pronounced than in 2018. In 2019, chlorophyll-a concentrations in the Blackstone River were below 
the MassDEP 2016 CALM screening threshold of 16 µg/L most of the time, with only one sample at 18 
mg/L the entire season (Figure 45). This sample was taken at the most downstream site, RMSD, in July.  

Chl-a 
(µg/L) W0680 UBWPAD2 W1258 W1242 W0767 W1779 RMSL R116 RMSD 

2012 2.0 NA 1.3 3.5 1.3 7.8 7.5 7.5 9.3 

2013 3.3 2.2 3.0 3.0 NA 3.3 3.0 3.3 4.0 

2014 1.0 1.3 2.0 8.8 8.0 28.8 26.8 33.5 18.0 

2015 2.0 1.3 2.0 3.3 4.5 7.8 7.0 2.5 3.0 

2016 4.0 2.3 2.5 6.0 10.3 22.0 2.3 5.0 7.5 

2017 3.6 1.6 2.0 4.6 7.8 17.8 10.4 1.4 1.2 

2018 5.8 3.8 3.5 5.0 6.5 11.0 15.8 16.8 16.3 

2019 2.5 1.3 1.8 2.5 4.5 8.5 4.3 3.8 5.5 

Figure 42: Mean summer (June – September) chlorophyll-a concentrations by site since 2012 
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Figure 43: Along stream average chlorophyll-a levels 

Yearly Mean Chlorophll-a Concentrations on Sampling Days, 2012 - 2019 
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Figure 44: Along stream maximum chlorophyll-a levels 

 

 

 

 

 

 

 

 

 

 

 

 

Yearly Maximum Chlorophyll-a Concentrations on Sampling Days, 2012 - 2019 
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6.2.4. Flow-weighted concentration trend analysis 

Correlations between streamflow and concentration make it difficult to identify trends in water quality 
without a more robust statistical analysis. However, streamflow-weighted concentrations, which 
account for differences in streamflow conditions, can be used to evaluate trends and to additionally 
account for the influence of location, season, or month on water quality.  

Flow-weighted concentration was calculated based on a locally weighted scatterplot smooth regression 
(LOWESS) between concentration and streamflow. Streamflow-weighted concentrations are the 
residuals (e.g., the absolute value of the difference between the observed concentration and the 
LOWESS smooth).  

Trends in water quality were then evaluated using a seasonal Mann-Kendall test (Helsel, 2006) 
computed on the streamflow-weighted concentration data collected since 2012. The trend analysis was 
conducted for each site individually by season. While the data set is limited due to the length of record, 
sufficient data were available to complete the analysis at all sampling locations, Tables 15-17. The 
Mann-Kendall analysis becomes more robust as more data become available. The analysis found: 

• When all sites are considered together, there is a statistically significant decreasing trend at the 99% 
significance level in both TP and TN streamflow-weighted concentrations when the data are 
analyzed accounting for either season or month.  

• Some sites also exhibit statistically significant decreasing trends in streamflow-weighted TP 
concentration. 
Decreasing trends in TP are noted when the data are grouped monthly at the Slater Mill  Dam in 
Pawtucket, RI (RMSD), State Line (RMSL), and Rice City Pond (W1779) sampling sites (99% 

Figure 45: 2019 chlorophyll-a concentrations relative to MassDEP CALM guidance 
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significance level); at the Bikepath Bridge (R116) and Central Cemetery (W1258) sampling sites (95% 
significance level); and at Sutton St. Bridge (W0767) and Route 122, Grafton (W1242) sampling sites 
(90% level).  
When data are grouped by season, RMSD, R116, and RMSL exhibit a decreasing trend at the 99% 
significance level; W1779, W1242, and W1258 show a decreasing trend at the 95% significance level, 
and W0680 shows a decreasing trend at the 90% significance level (Table 15). 

• Decreasing trends in TN streamflow-weighted concentration are observed at the 99% significance 
level at W1258 only; at the 95% significance level at R116, W1779, and W1242; and at the 90% 
significance level at RMSL.  
When the data are grouped seasonally, a decreasing trend is observed at the 95% significance level 
at RMSD, RMSL, and W1779; and at the 90 % significance level at R116 and W0680 (Table 16). 

• Increasing trends in seasonal streamflow-weighted chlorophyll-a concentration data are observed 
when all sites are lumped together and the data are grouped by month (99% significance level) or 
when the data are grouped seasonally (95% significance level).  
Increasing trends when the individual site data are grouped monthly are observed at the 95% 
significance level at W1242 and W1258.  
When grouped seasonally, site W1258 is the only site where a positive trend is detected, at the 95% 
significance level, and RMSD shows a decreasing trend while W0680 shows an increasing trend at 
the 90% level (Table 17). 

 
Table 15: Streamflow-weighted seasonal trend analysis results for TP 

 

 

 

 

 

 

 

 

 

  

Site Point Block Significance Trend 
All Sites Flow-weighted TP Site+Month >99% Decreasing 
RMSD Flow-weighted TP Month >99% Decreasing 
R116 Flow-weighted TP Month >95%  Decreasing 
RMSL Flow-weighted TP Month >99%  Decreasing 

W1779 Flow-weighted TP Month >99%  Decreasing 
W0767 Flow-weighted TP Month  >90% Decreasing 
W1242 Flow-weighted TP Month >90% Decreasing 
W1258 Flow-weighted TP Month >95%   Decreasing 

UBWPAD2 Flow-weighted TP Month     
W0680 Flow-weighted TP Month     
All Sites Flow-weighted TP Site+Season >99% Decreasing 
RMSD Flow-weighted TP Season >99%  Decreasing 
R116 Flow-weighted TP Season >99%  Decreasing 
RMSL Flow-weighted TP Season  >99%  Decreasing 

W1779 Flow-weighted TP Season >95%     
W0767 Flow-weighted TP Season     
W1242 Flow-weighted TP Season >95%  Decreasing 
W1258 Flow-weighted TP Season >95%  Decreasing 

UBWPAD2 Flow-weighted TP Season     
W0680 Flow-weighted TP Season  >90% Decreasing 
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Table 16: Streamflow-weighted seasonal trend analysis results for TN 

Site Point Block Significance Trend 
All Sites Flow-weighted TN Site+Month >99% Decreasing 
RMSD Flow-weighted TN Month   
R116 Flow-weighted TN Month >95% Decreasing 
RMSL Flow-weighted TN Month >90% Decreasing 

W1779 Flow-weighted TN Month >95% Decreasing 
W0767 Flow-weighted TN Month     
W1242 Flow-weighted TN Month >95% Decreasing 
W1258 Flow-weighted TN Month >99% Decreasing 

UBWPAD2 Flow-weighted TN Month     
W0680 Flow-weighted TN Month     
All Sites Flow-weighted TN Site+Season >99% Decreasing 
RMSD Flow-weighted TN Season >95% Decreasing 
R116 Flow-weighted TN Season >90% Decreasing 
RMSL Flow-weighted TN Season >95% Decreasing 

W1779 Flow-weighted TN Season >95% Decreasing 
W0767 Flow-weighted TN Season     
W1242 Flow-weighted TN Season   
W1258 Flow-weighted TN Season   

UBWPAD2 Flow-weighted TN Season     
W0680 Flow-weighted TN Season >90%   Decreasing 
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Table 17: Streamflow-weighted seasonal trend analysis results for chlorophyll-a 

Site Point Block Significance Trend 
All Sites Flow-weighted Chl-a Site+Month >99% Increasing 
RMSD Flow-weighted Chl-a Month     
R116 Flow-weighted Chl-a Month     
RMSL Flow-weighted Chl-a Month     

W1779 Flow-weighted Chl-a Month   
W0767 Flow-weighted Chl-a Month   
W1242 Flow-weighted Chl-a Month >95% Increasing 
W1258 Flow-weighted Chl-a Month >95% Increasing 

UBWPAD2 Flow-weighted Chl-a Month     
W0680 Flow-weighted Chl-a Month     
All Sites Flow-weighted Chl-a Site+Season >95% Increasing 
RMSD Flow-weighted Chl-a Season >90% Decreasing 
R116 Flow-weighted Chl-a Season     
RMSL Flow-weighted Chl-a Season     

W1779 Flow-weighted Chl-a Season     
W0767 Flow-weighted Chl-a Season     
W1242 Flow-weighted Chl-a Season     
W1258 Flow-weighted Chl-a Season >95% Increasing 

UBWPAD2 Flow-weighted Chl-a Season     
W0680 Flow-weighted Chl-a Season >90%  Increasing  

 

6.2.5. Field Water Quality Measurements 

In 2019, UB purchased two hand-held Hach HQ 40 D multimeters equipped with two probes. Water 
temperature, dissolved oxygen, and pH were measured in situ at each site every sampling day. 
Measurements were taken directly in the river, or if the meter cables were not long enough to reach the 
stream (because sampling was done from a very high bridge), a sampling container on a rope was 
lowered into the river, and measurements were taken from the container back on the bridge. 
Measurements were taken ten times both in the river and the sampling container (bucket) to document 
whether taking measurements in the sampling container introduced a bias. These comparison 
measurements were taken on different days by different crews at different sites. The relative percent 
difference (RPD) was calculated for each parameter for each pair of measurements. RPD was low (3% or 
less) 84% of the time, and always under 10% except once for water temperature and once for pH. (See 
Appendix C.) 

Water temperature at all sites throughout the sampling season can be seen in Figure 46. Temperature 
stays below 20°C April through June and again In October and November at most sites (notable 
exception for RMSL in June), and warmest temperatures are observed in July. Sampling begins around 8 
AM in the upper loop (starting at W0767 and moving upstream) or 8:30 AM in the lower loop (starting at 
RMSD and moving upstream to W1779) and continues to about 12PM, but the difference in 
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temperature between sites on a given day usually doesn’t vary by more than 2°C. Notable exceptions 
were observed in October at UBWPAD2 when the temperature jumped from 14.4°C from W0680 to 
19.5°C at UBWPAD2. Water temperatures were never observed above the Massachusetts Water Quality 
standard of 28.5°C (28.3°C in Rhode Island) for class B waters.   

 

Figure 46: Water temperature at each site and each sampling event 

pH at each site for each date can be seen in Figure 47. Data are missing for May at all sites and in 
September for the lower loop sites because of meter malfunctioning which resulted in censoring data at 
those times. Our field measurements show that pH remained within the Massachusetts Surface Water 
Quality Standards for class B waters (between 6.5 and 8.3) all sampling season.  

 

Figure 47: 2019 pH at each site 

Dissolved oxygen was also measured between the hours of 8 AM and 12 PM, so it would not be 
expected to observe measurements falling below the Massachusetts Water Quality Standards (5mg/L 
for class B waters), and indeed no measurements fell below that standard at any site (Figure 48). 
Percent saturation exceeded 80% at each site each sampling day except at UBWPAD2 in July (77%) and 
W1258 in October (71%). It exceeded 90% saturation 77% of the time (Figure 49). 
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Figure 48: Dissolved Oxygen in mg/L at each site 

 

 

Figure 49: 2019 Dissolved Oxygen Percent Saturation at each site 

 

Conductivity 
Hand-held meters were used to measure conductivity (specific conductance), but not in the field 
because only one probe was available. Measurements were made in the UB lab, on the sample that is 
also analyzed for TSS. Results are shown in Table 18 and Figure 50. Unsurprisingly, conductivity is 
highest every month at the site just downstream of the Upper Blackstone effluent confluence 
(UBWPAD2) and usually decreases progressively downstream. It is interesting to note that conductivity 
at the site upstream of the confluence has relatively high conductivity as well (700 µS/cm and up) 
starting in June and through October. The Blackstone River is an urban river system upstream of the 
Upper Blackstone effluent channel, receiving stormwater runoff from the City of Worcester and treated 
combined sewer overflow just upstream of W0680. 
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Table 18: 2019 Conductivity (µS/cm) 

Site/Date Apr May Jun Jul Aug Sept Oct Nov 
W0680 354 502 697 783 811 872 728 481 
UBWPAD2 561 783 888 982 968 936 878 777 
W1258 390 652 832 956 951 931 780 637 
W1242 387 574 700 799 804 788 772 583 
W0767 379 563 675 784 781 742 800 576 
W1779 370 545 635 719 718 624 821 555 
RMSL 262 325 390 473 453 440 576 335 
R116 273 351 449 481 449 476 585 365 
RMSD 292 357 418 505 441 459 556 366 

 

Figure 50: Conductivity at each site on sampling dates 

6.2.6. Continuous Water Quality Monitoring 

Data collected during the regular monthly sampling program provide important information on the 
Blackstone River’s health. However, these data do not provide any information about water quality 
between sampling events. To help fill this gap, in 2019 Upper Blackstone purchased and installed four 
continuous temperature (T) and dissolved oxygen (DO) probes at four locations in the Blackstone River 
between July and October. These probes were installed at the same location as the periphyton sampling 
and the continuous T/DO metering that has been conducted in previous years (see Figure 2).  
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Massachusetts water quality standards require a minimum DO concentration of 5 mg/L in the 
Blackstone River. In addition, the CALM has a guidance value for diel (daily) DO variations, where a diel 
change in DO greater than 3 mg/L is a potential indicator of nutrient enrichment.  

Continuous T and DO data collected during 2019 indicate that the river is supportive of aquatic life 
upstream of the Upper Blackstone discharge and at the downstream Depot sampling location, with DO 
concentrations above state standards and minimal diurnal variability. Water quality conditions at the 
UBWPAD2 and W1258 sites occasionally exceed the 5 mg/L water quality standard and the 3 mg/L diel 
variability guidance value; the 2019 data from these sites do not support the aquatic life use. 
Exceedances of water quality guidance and standards occurred most frequently during a very low flow 
period in September and October.  

The full report on continuous water quality monitoring can be found in Appendix D. 

 

6.2.7. Data Quality Objectives 

All data collected during the 2019 monitoring program were evaluated against the Data Quality 
Objectives (DQOs) in the QAPP to determine whether the data quality was adequate for analysis.  

Due to problems with measuring blank samples at the UMD lab, 100% of the TN data ended up flagged 
for failed quality control in 2019. To evaluate whether these data should be censored from the analysis, 
a statistical correlation analysis was performed to evaluate whether a statistically significant difference 
exists between the full dataset (with flagged values) and the censored dataset (with flagged values 
removed). Statistical correlation analysis was performed by separating the data into two distinct 
populations: the data passing the DQOs (uncensored) and the data failing the DQOs (censored). If the 
underlying statistics between these two populations are the same, then there will not be a statistically 
significant difference and the full dataset (including values failing the DQOs) is suitable for use in the 
analysis. Figures 51 and 52 present a comparison of these two populations using a boxplot (Figure 51) 
and an empirical cumulative distribution function (Figure 52) for dissolved ammonia (dNH4), dissolved 
nitrate + nitrite (dNO23), particulate organic nitrogen (PON), total dissolved nitrogen (TDN), and total 
nitrogen (TN). The boxplot shows the range of data in each data quality population for the nitrogen 
series, and the empirical cumulative distribution function the overall distribution of the underlying data. 
Note that all ammonia samples passed the DQOs, so there are no censored data in this dataset.   
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Figure 51: Comparison of censored and uncensored nitrogen data from the 2019 monitoring program 
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Figure 52: Comparison of censored and uncensored nitrogen data using an empirical cumulative 
distribution function 

A two-sided Wilcox test was performed on these two datasets to evaluate statistical significance. The 
Wilcox test is a non-parametric test that evaluates whether the populations are derived from the same 
underlying statistical distribution. This test was used because the underlying statistical distribution of 
the data is not known. The results of the hypothesis tests are presented in Table 19. These results show 
the p-value for the alternative hypothesis; if p is less than or equal to 0.05 then the two populations are 
significantly different at the 95% confidence level.  

Table 19: Wilcox test results for the 2019 nitrogen DQO assessment 

Parameter 
p-value 
(95% CI) 

dNH4 n/a 
dNO23 0.24 

PON 0.0002 
TDN 0.23 
TN 0.38   

This result indicates that there is no statistically significant difference between the censored and 
uncensored dataset for ammonia, nitrate + nitrite, total dissolved nitrogen, and total nitrogen. A 
statistically significant difference was found for particulate organic nitrogen. The DQO failures for 
particulate organic nitrogen are related to failed field duplicate and field split tests. This could be related 
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to sample variability in the particulate fraction, where the samples are not homogenous in the 
particulate fraction. Since the concentrations and sample volumes are relatively low, it does not take 
that large of a difference to fail the 30% RPD criterion. Furthermore, the difference between the 
censored and uncensored total nitrogen data were not statistically significant. Therefore, all data were 
included in this analysis and discussion. 

 Summary and Discussion 

The Upper Blackstone river water quality monitoring program was initiated in 2012 to monitor and 
assess the impact of WWTF upgrades. Since the 2008 upgrades were completed and brought online in 
2009, Upper Blackstone has continued to refine its treatment process to minimize nutrients, particularly 
in the summer months. Compared to 2018, the WWTF performed at about the same level in 2019, the 
effluent TP load has been reduced by 92% and the effluent TN load has been reduced by 53% compared 
to the average pre-upgrade nutrient loads between 2006 and 2008. 

Water quality monitoring data collected by Upper Blackstone in 2019 continued to show water quality 
improvements relative to conditions prior to the WWTF upgrade. Reduced nutrient loads from the 
WWTF’s effluent correlate with reduced river nutrient and chlorophyll-a levels, increasingly meeting 
MassDEP river water quality guidelines for the Blackstone River. In 2019, river TP concentrations were 
average to low at all sampling sites, with 80 percent of the samples collected below the 100 ppb 
MassDEP guidance value. River TN concentrations were slightly higher than in the past few years, 
especially just below the UB effluent confluence with the Blackstone River, but are still lower than the 
pre-upgrade condition, contributing to observed water quality improvements in downstream marine 
waters such as Narragansett Bay. The 2019 river TP loads were in general average to lower, though TP 
loads increased at the Rhode Island sites. TN yearly loads were higher at all sites, but lower than in the 
past three years when averaged over summer months. The increase in river loads can be explained by 
high streamflows in the spring and fall, and low streamflows in the summer. However, when compared 
to before the Upper Blackstone plant upgrade, overall nutrient loads have been greatly reduced.  

The 2019 sampling season was preceded by a lower than average snowy winter and in general the year 
can be characterized by normal temperatures though a warmer summer, and somewhat higher than 
average precipitation and streamflow until July. A combination of factors, including temperature, 
exposure to sunlight, streamflow, nutrient availability on the days preceding routine sampling, and 
along-stream transport dynamics likely contribute to the observed year-to-year differences in water 
column nutrient and chlorophyll-a levels. Though river nutrient loads were higher than average in 2019, 
and despite summer temperatures being higher than average, chlorophyll-a measurements met 
MassDEP’s guidance values nearly all of the time. Field measurements of water temperature, pH, and 
dissolved oxygen, in addition to conductivity measured in the laboratory, documented that the 
Blackstone River meets state water quality standards on the dates and times visited by this project’s 
crews. 

Continuous Dissolved Oxygen levels followed a consistent pattern in the stretch of the Blackstone River 
that was monitored in 2019. DO levels above the Upper Blackstone treated effluent discharge (W0680) 
indicate the river supports aquatic life uses based on guidance in MassDEP’s 2018 CALM. At the middle 
two stations in the program aquatic life uses are not supported due to occasional drops in DO below 5 
mg/L and DO diurnal variations that exceed 3 mg/L. But farther downstream aquatic life uses are again 
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supported based on DO data. Exceedances of water quality guidance and standards occurred most 
frequently during a very low flow period in September and October. 

Finally, one benefit of a long-term data collection efforts like Upper Blackstone’s is that a more robust 
statistical analysis of data trends can be completed. Trends in water quality were evaluated on 
streamflow-weighted TP and TN data collected since 2012. Statistically significant, decreasing TP trends 
were noted at all sites except for W0680 and UBWPAD2, and decreasing TN trends were noted at all 
sites except for W0680, UBWPAD2, and W0767. The chlorophyll-a trend analysis suggests that overall 
chlorophyll-a levels are increasing slightly, especially at the upper mid-river sites (W1258 and W1242); 
however, the overall chlorophyll-a concentrations are generally low.  

The Upper Blackstone water quality monitoring program has documented significant improvements 
relative to nutrient and chlorophyll-a concentrations in the Blackstone River since the WWTF upgrade 
was completed. Subsequent optimization efforts have resulted in continued reductions in nutrients and 
chlorophyll-a concentrations. These trends are promising, and water quality is expected to improve even 
more as Upper Blackstone continues its work to improve its effluent water quality in accordance with its 
NPDES permit and Administrative Order on Consent.  

 Future Work 

Upper Blackstone plans to continue water quality monitoring in the Blackstone River in 2020 to track the 
impacts of reduced nutrient concentrations in Upper Blackstone plant effluent. Blackstone River data 
collected in 2019 will be added to  EPA’s WQX database. The 2019 data, in addition to the data from 
2012 – 2018 was submitted to the Consortium of Universities for the Advancement of Hydrologic 
Science, Inc. (CUAHSI) database, which is sponsored by the National Science Foundation, and will be 
publicly available for download through the CUAHSI Hydrologic Information System (HIS) databases and 
servers (data.cuahsi.org). In addition, the 2019 data will be submitted to MassDEP to supplement the 
data already submitted. 

In 2020 the monitoring of nutrients and river chemistry at  the 9 sampling sites will be continued, as will 
measurement of continuous dissolved oxygen at 4 sampling sites. 
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Appendix A: Additional Tables  
 

 
Table A1: Summary of 2019 precipitation in relation to NWS 30-year normal monthly data 

 Monthly Precipitation (inches) 

 Worcester, MA 
(NWS station KORH) 

Taunton, MA 
(NWS station KTAN) 

 2019 Normal 
Month Totala % of normal 2019 Normal 

Month Totala 
% of normal 

Jan 5.08 3.49 146% 4.47 3.98 112% 

Feb 3.48 3.23 108% 3.51 3.56 99% 

Mar 3.29 4.21 78% 2.88 5.11 56% 

Apr 7.89 4.11 192% 6.7 4.61 145% 

May 3.53 4.19 84% 3.1 3.59 86% 

Jun 3.39 4.19 81% 4.28 3.63 118% 

Jul 4.89 4.23 116% 4.44 3.75 118% 

Aug 3.71 3.71 100% 1.91 4.08 47% 

Sep 2.19 3.93 56% 1.59 4.32 37% 

Oct 7.7 4.68 165% 5.57 4.29 130% 

Nov 2.6 4.28 61% 3.91 4.5 87% 

Dec 7.05 3.82 185% 7.65 4.32 177% 
Notes:  a Based on data from 1981 – 2010, NWS Normal Monthly Data, available online: 
www.ncdc.noaa.gov/cdo-web/datasets#GHCND 
 

 
  

http://www.ncdc.noaa.gov/cdo-web/datasets#GHCND


 

Table A2: Summary of 2019 monthly flow conditions  

 Monthly Mean Discharge (cfs) 

 Woonsocket, RI – USGS Station 
01112500 

Millbury, MA – USGS Station 
01109730 

 
2019 

Ave 
1930 – 2019 % normal 2019 

Ave 
2003 – 2019a % normal 

Jan 1765 978 180% 297 195 152% 

Feb 1258 1014 124% 220 192 115% 

Mar 1253 1498 84% 233 271 86% 

Apr 1805 1439 125% 356 282 126% 

May 1566 882 178% 231 175 132% 

Jun 569 649 88% 102 163 63% 

Jul 414 342 121% 106 112 95% 

Aug 381 310 123% 81 101 80% 

Sep 245 328 75% 65 109 60% 

Oct 586 476 123% 142 166 86% 

Nov 774 696 111% 151 182 83% 

Dec 1477 914 162% 272 210 129% 

Note: a Long-term average in July – December based on data from 2002 – 2019. 
 
 
Table A3: Summer monthly mean streamflows (cfs)  

 Monthly Mean Streamflow (cfs) at Millbury, MA –  
USGS Station 01109730 

2008 2011 2012 2013 2014 2015 2016 2017 2018 2019 

June 114 202 136 434 80 164 67 177 89 102 

July 151 93 68 105 77 96 49 89 105 106 

August 143 273 105 86 68 60 59 59 156 81 

September 228 340 88 82 70 72 48 58 201 65 
 
 

 
 
 
 
 

 
 



 

Appendix B:  Additional Figures 
 

 

 

Figure B1: Effluent flow contributions at Millbury, 2019 

  



 

 

 

 

Figure B2: Effluent TP characteristics, 2019 



 

 

 

 

Figure B3: Effluent TN characteristics, 2019 



 

 

 
Figure B4: April 2019 along stream concentration plots (Chl-a, TN, TP) 



 

 

 

 

 
Figure B5: May 2019 along stream concentration plots (Chl-a, TN, TP) 



 

 

 

 
Figure B6: June 2019 along stream concentration plots (Chl-a, TN, TP) 



 

 

 

 
Figure B7: July 2019 along stream concentration plots (Chl-a, TN, TP) 



 

 

 

 
Figure B8: August 2019 along stream concentration plots (Chl-a, TN, TP) 



 

 

 

 
Figure B9: September 2019 along stream concentration plots (Chl-a, TN, TP) 



 

 

 

 
Figure B10: October 2019 along stream concentration plots (Chl-a, TN, TP) 



 

 

 

 
Figure B11: November 2019 along stream concentration plots (Chl-a, TN, TP) 



 

 

 

Figure B12: April 2019 along stream load plots (TN, TP) 

 

 

 

 

 



 

 

 

Figure B13: May 2019 along stream load plots (TN, TP) 

 

 

 

 

 

 



 

 

 

Figure B14: June 2019 along stream load plots (TN, TP) 

 

 

 

 

 

 



 

 

 

Figure B15: July 2019 along stream load plots (TN, TP) 

 

 

 

 

 



 

 

 

Figure B16: August 2019 along stream load plots (TN, TP) 

 

 

 

 



 

 

 

Figure B17: September 2019 along stream load plots (TN, TP) 

 

 

 

 

 



 

 

Figure B18: October 2018 along stream load plots (TN, TP) 

 

 

 

 



 

 

 

Figure B19: November 2019 along stream load plots (TN, TP) 

  



 

Appendix C: Multimeter Comparisons 

parameter river t° 
bucket 

t° 
river 
pH 

Bucket 
pH 

river 
DO 

Bucket 
DO 

river 
%DO 

bucket 
%DO 

  15.7 15.2     6.25 6.82 71.6 78.1 
  15.8 15.8     8.05 8.13 84.4 86.9 
  16 16 7.34 7.48 8.39 8.77 91.3 91.9 
  17.7 17.4 7.56 7.58 8.40 8.43 93.3 95.7 
  18.1 18.0 7.59 7.59 8.42 8.37 93.3 93 
  20.2 20.17 7.6 7.14 8.74 8.76 96 95.9 
  21.6 21.7 7.64 7.76 9.14 9.34 96 96.7 
  21.8 21.6 7.69 7.59 9.32 9.43 96.4 96.8 
  23.7 23.6 7.71 7.68 9.37 9.34 99.8 100.1 
  24.2 20.7 7.73 6.73 9.40 9.43 101.1 101.1 

RPD for 
above 2 
colums 

3% n/a -9% -9% 
0% n/a -1% -3% 
0% -2% -5% -1% 
2% 0% 0% -3% 
1% 0% 1% 0% 
0% 6% 0% 0% 
0% -2% -2% -1% 
1% 1% -1% 0% 
0% 0% 0% 0% 

14% 13% 0% 0% 
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In-Situ Temperature and Dissolved Oxygen 
Monitoring: Blackstone River, June – November 
2019

Overview
Upper Blackstone Clean Water (Upper Blackstone) and the Water Resources Research Center at 
the University of Massachusetts (UMass) collaborated to deploy and manage four continuous 
meters with a temperature (T) and dissolved oxygen (DO) probe on the Blackstone River for four 
months: July through October 2019. The meters recorded readings every 30 minutes until August 
6th when they were reprogrammed to record readings every 15 minutes. CDM Smith reviewed the 
data from the continuous metering program and corrected the T and DO data based on periodic in 
situ measurements taken with a handheld probe at each site. This technical memorandum 
documents the continuous metering program and data review and USGS correction procedures 
followed, presents the corrected data, and assesses the corrected data relative to Massachusetts 
surface water quality standards and guidance for dissolved oxygen. 

Upper Blackstone has been monitoring water quality in the Blackstone River since 2005. Since 
2014, the sampling has been conducted in accordance with a sequence of approved Quality 
Assurance Project Plans (QAPP).This is the first year the Upper Blackstone has deployed the 
meters themselves. Thus, the first few weeks of the program were a testing period to improve on 
meter placement, orientation, and reliability. While this document presents data for the entire 
sampling period, data prior to July 24th was invalidated or considered suspect because the meters 
were overturned and/dislodged, physically compromised, reoriented, or had large deviations at 
the calibration measurements. Therefore, all data collected prior to July 24th should be considered 
potentially unrepresentative of dissolved oxygen conditions in the river.

The field data validation procedures consisted of the collection of a paired reading of the in-situ 
probes and the hand-held meter on arrival at the sampling location. The in-situ meter was then 
removed from the river, cleaned, and placed in a bucket, where the hand-held meter was used to 
collect a second paired reading. The probes were then re-installed in the river unless the second 
paired reading differed by 0.5 mg/L, in which case they were recalibrated within a few days after 
the data were downloaded and assessed.

Meter Locations and Sampling Data
Continuous meters were deployed at four locations: one upstream and three downstream of the 
Upper Blackstone effluent discharge location, which is at river mile 44.4. Meter locations are 
described in Table 1 and shown in Figure 1. All four meters were deployed on July 3rd and 
removed on October 29th. 

Image 1 shows the housing for the probe and the cinder block used to anchor it in the river. 
Initially, the meters were deployed with the probe and its housing facing downstream. On July 
15th, all meters were reoriented to be perpendicular to the river flow, and again were reoriented 
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to face into the river flow on July 24th. The last reorientation is attributed to notably reducing the 
number of larger deviations between the field and in-situ calibration measurements in early to 
mid-July.

Table 1: Blackstone River Continuous Meter Locations in 2019

Meter Location River 
Mile

Sensor 
Depth 

(m)

Total 
Depth 

(m)

Notes on In-situ Meter Changes 
and Issues

W0680 New Millbury St. Bridge, 
Worcester, MA; 
Upstream of Upper 
Blackstone effluent 
channel

45.2 0.15 0.38 - Data logger found overturned on 
7/8 
- Recalibrated on 7/12
- Reoriented on 7/15
 - Data logger found overturned and 
dislodged on 7/24 and was reoriented 
when returned to station
- Coarse sand/fine gravel found 
packed into tip housing on 10/29 
(Image 2)

UBWPAD2 Downstream of Upper 
Blackstone effluent 
channel; Millbury, MA

44.6 0.38 0.58 - Reoriented on 7/15
- Reoriented on 7/24

W1258 Central Cemetery, 
Millbury, MA

42.7 0.53 0.64 - Reoriented on 7/15
- Reoriented on 7/24

MID2 
(Depot)

Depot Street, Sutton, 
MA

38.0 0.25 0.45 - Reoriented on 7/15
- Reoriented on 7/24

The four meters were calibrated and deployed by Upper Blackstone. Calibration measurements 
were collected approximately monthly throughout the deployment period using a calibrated 
hand-held T/DO probe by Upper Blackstone staff. The measurements were collected next to and 
at the same depth as the meter at each site. The continuous meters were cleaned on field vists 
during the monitoring period. The raw DO and temperature data are presented in Figure 2.
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Image 1: DO Meter Housing and Cinder Block Anchor

 

Image 2: Coarse Sand and Fine Gravel Found Packed in Meter Tip Housing on 10/29 at W0680
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Field Notes from Meter Deployment and Data Observations
The Upper Blackstone staff prepared detailed notes on site and meter conditions when the 
meters were deployed in July, throughout the sampling period, and when the meters were 
removed in October. Items are interest are presented below.

W0680 (Sonde ID 20634477)
This meter was placed at a depth of 0.15 meters in 0.38 meters of water. Issues with this meter 
were noted during three field visits:

1. On July 8th the meter was found overturned. The displacement is assumed to be from 
turbulent flows resulting from heavy rains on July 6th. The meter was put back in place 
before taking hand-held readings during the visit. The meter data indicate that the meter 
provided spurious readings from July 6th until it was recalibrated and redeployed on July 
12th. The meter was out of the water for recalibration from 8:15 a.m. to 1:28 p.m. on July 
12th. Thus, data from the beginning of the sampling program July 3rd through July 12th, 
when meter was recalibration were determined to be invalid.

2. On July 24th the meter was found overturned and displaced downstream. The flows during 
this visit were noted as high. The displacement is assumed to be from turbulent flows 
resulting from heavy rains on July 22nd. The meter data indicate that the meter appears to 
have malfunctioned from July 22nd until it was repositioned on July 24th. On the 22nd, the 
metered dissolved oxygen dropped from about 6 mg/L to about 1 mg/L in 2 hours and 
remained between 1 and 3 mg/L until it was found overturned and was repositioned on 
the 24th; none of the other meters exhibited this drop in dissolved oxygen. Thus, the data 
from the sampling interval of this meter displacement (July 18th to July 24th) were 
determined to be invalid.

3. On October 29th, when the sonde was removed, coarse sand/fine gravel was found packed 
around the housing tip within the protective cover of the instrument. The meter data 
indicate that the meter provided spurious readings from October 17th through the 29th 
following high flows on October 17th of about 2,000 cfs as measured at USGS stream gage 
01109730 in Millbury. Thus, data from the last sampling interval beginning on October 
15th were determined to be invalid.

UBWPAD 2 (Sonde ID 20634480)
This meter was placed at a depth of 0.38 meters in 0.58 meters of water. 

The side-by-side measurements of the calibrated field and in situ meter collected on July 9th differ 
by nearly 4 mg/L indicating a problem with the in situ meter – a field measurement taken on 
7/9/2012 at 2:18 p.m. measured 6.73 mg/L while the in-situ logger measured 2.83 mg/L at 2:00 
p.m..  The meter was not recalibrated until July 12th when it was out of the water from 9:09 a.m. to 
2:16 p.m. The cause of the spurious meter data is unclear but may be due to the probe not being 
oriented as perpendicular to the river flow.. Due to the large deviation in the field and in situ 
measurements, the data were determined to be invalid from the start of the field deployment 
(July 3rd) until recalibration/redeployment on July 12th. 
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W1258 (Sonde ID 20634478)
This meter was placed at a depth of 0.53 meters in 0.64 meters of water. The meter was 
functional throughout the monitoring period. Until July 24th, however, the data are suspect for not 
representing in situ oxygen conditions due to large calibration difference at the end of each 
deployment in that period; these issues stopped once the probe was reoriented on July 24th to 
face into the river flow. The meter was also out of the water on July 12th from 8:52 a.m. to 2:00 
p.m. for recalibration.

Continuous DO data were also suspect during a long-duration (85 hour) low DO event from 8/28 
through 9/3 during which levels were between 1  and 4 mg/L. Handheld grab samples taken on 
the 8/27 and 9/4 field visits matched probe readings well, differing by less than 5% and notes 
from those field visits indicate the probe was placed correctly and reading normally; 
consequently, these data meet the data validation standards. However, the data are suspected of 
not providing representative oxygen readings because:

 None of the remaining meters show a similar drop in dissolved oxygen;

 The period of low dissolved oxygen is bracketed by two strong flow responses in the river, 
which have been shown to impact probe placement and consequently probe efficacy; and

 Preceding and during the period of low dissolved oxygen, the Upper Blackstone treatment 
plant reported nominal effluent BOD levels between 1 and 3 mg/L and did not bypass its 
secondary treatment processes.

MID2(Depot) (Sonde ID 20634479)
This meter was placed at a depth of 0.25 meters in 0.45 meters of water. The meter was 
functional throughout the entire metering program. The meter was out of the water from 8:35 
a.m. to 1:46 p.m. on July 12th to be recalibrated.

Data Correction Procedures
Following the guidance in the 2014-2016 QAPP, the procedures described in the USGS guidance 
document Guidelines and Standard Procedures for Continuous Water-Quality Monitors: Station 
Operation, Record Computation, and Data Reporting (USGS Techniques and Methods 1-D3)1 were 
used to assess continuous temperature and dissolved oxygen data. In addition, the USGS 
procedures were used to correct the dissolved oxygen data for total drift, which combines fouling 
and meter drift.

The procedure used to correct the DO data collected in this study is performed in two steps:

 Deployment periods when the meter was physically malfunctioned were removed from the 
record; these are described in the preceding section.

1 Wagner, R.J., Boulger, R.W., Jr., Oblinger, C.J., and Smith, B.A. (2006). Guidelines and Standard Procedures for Continuous 
Water-Quality Monitors: Station Operation, Record Computation, and Data Reporting. USGS Techniques and Methods 1-D3. 
http://pubs.water.usgs.gov/tm1d3. 

http://pubs.water.usgs.gov/tm1d3
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 The USGS procedures were used to evaluate the remaining data for validity.

As described in Table 1, the meter at location W0680 was compromised during three 
deployment periods. During these periods, the meters reported spurious data that are not 
related to meter drift; in situ DO measurements taken during these periods of malfunction 
could not be used to correct the continuous data and are marked in grey on Figure 2. 
These failure periods were instead flagged as invalid and dropped from the DO datasets. 
While the temperature data appear to be less affected during these periods, they were 
nevertheless also flagged as invalid.

 The remaining data were then corrected for meter drift when the deviation between the 
continuous monitoring data and the calibration points differed by +/- 0.3 mg/L or 5% (whichever 
was greater). Correction was done using a two-point linear algorithm, assuming that the rate of 
drift is constant between calibration sample points. The percentage error at each calibration 
point was calculated as: 

%𝐶𝑑 = 100(𝑉𝑠 ‒ 𝑉𝑐

𝑉𝑐 )
where Vs is the value of the DO calibration measurement using the hand-held probe and Vc 
is the continuous meter reading at the same time. The percentage error was linearly 
interpolated between the two sampling points assuming error dropped to 0% after 
calibration and cleaning procedures; the continuous data were adjusted by the linearly 
interpolated percentage error. Figure 3 shows the dates when the field team conducted 
calibration measurements and the percent error in dissolved oxygen at MID2 to 
demonstrate how the interpolation was performed. The result is an adjusted dataset that 
matches the calibration points.

Figure 3:  Percent Error at MID2 between the in situ Probe and the Hand-held Field Meter

Meter data accuracy was assessed using the classifications listed in Table 2. For dissolved 
oxygen, a classification is assigned based on the larger of the concentration or percentage 
differences (on an absolute value basis) comparing the raw and corrected meter data. 
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Table 2: Continuous Meter Accuracy Classifications for DO and Temperature1

Data Type Measurement 
Type

Excellent Good Fair Poor Maximum 
Allowable 
Limits for 

Correction

DO
Conc.

or
% Diff.

≤ ± 0.3 mg/L 
or 

≤ ± 5%

± 0.3-0.5 mg/L 
or 

± 5-10 %

± 0.5-0.8 mg/L
 or

 ± 10-15%

± 0.8-2 mg/L 
or 

± 15-20%

 ± 2 mg/L 
or 

± 20%

Temperature ≤ ± 0.2°C ± 0.2 – 0.5°C ± 0.5 – 0.8°C ± 0.8 – 2.0°C > 2.0°C
1. Modified from Table 18 in USGS (2006)

For this assessment, meter drift was assumed to occur linearly between calibration points, which 
means that the accuracy assessment could be independently evaluated for each 30-minute or 15-
minute meter reading throughout the period of record. 

There were 9 periods where the difference in dissolved oxygen between meter and calibration 
points exceed the maximum allowable limit for correction, shown in Table 3. No corrections 
were made to these raw data, consequently these periods are excluded from the corrected 
dissolved oxygen dataset. 

Table 3: Periods where Dissolved Oxygen Correction exceeded the Maximum Allowable Limit

Meter Start End
UBWPAD2 7/17/2019 3:30 7/18/2019 9:30
UBWPAD2 8/18/2019 19:52 8/19/2019 8:37
UBWPAD2 9/15/2019 5:52 9/17/2019 8:22
UBWPAD2 10/6/2019 2:22 10/8/2019 7:22
UBWPAD2 10/13/2019 14:07 10/15/2019 8:52
W1258 7/8/2019 9:30 7/9/2019 13:30
W1258 7/13/2019 14:00 7/15/2019 8:30
W1258 7/17/2019 1:00 7/18/2019 8:30
MID2 7/17/2019 23:30 7/18/2019 8:30

Calibration and Fouling Assessment
Upper Blackstone calibrated each of the four meters prior to deployment and assessed calibration 
drift and fouling in the field periodically. The meters were also recalibrated on July 12th after two 
of them had DO calibration readings that differed significantly. 

Beginning on July 24th, the field calibration assessments consisted of (1) using the field 
instrument to collect side-by-side readings with the in-situ probe, (2) removing the meter from 
the river and cleaning it, (3) collecting a bucket of water from the sampling site, (4) taking 
simultaneous readings from both the meter and a handheld probe in the bucket and (5) replacing 
the in-situ meter. Significantly different measurements from the meter and handheld probe 
indicate some drift or fouling and the meter would then be recalibrated before redeployment. 
This procedure provided data to better understand any drift/fouling, but side-by-side readings in 
the bucket were not used directly to correct the raw DO data. DO data correction was performed 
with in situ measurements taking with a handheld probe and is discussed in the next section.
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For each continuous meter, Table 4 compares the synchronous field handheld probe and 
continuous meter DO readings taken in the river during field visits and provides the 
corresponding USGS accuracy classification. Ending dates for deployments were the data were 
determined to be invalid have gray shading.

If the difference exceeds 0.3 mg/L or 5% (the maximum allowable difference for a rating of 
excellent) then some sensor drift has occurred (based on USGS guidelines). The data in Table 4 
indicate that some dissolved sensor drift occurred at least twice for each meter (indicated in blue 
bold text), but only the meters at UBWPAD2 and W1258 showed significant fouling (indicated by 
accuracy ratings of “poor”) that were addressed by cleaning the meter probe tips.

Table 4: Comparison of DO Field Data with Continuous Meter Data

Site
Calibration 

Reading 
Date

Field 
Handheld DO 

Reading
(mg/L)

Continuous 
DO Meter 
Reading
(mg/L)

Difference in 
DO Readings 

(mg/L)

Percent 
Difference in 
DO Readings

(%)

USGS 
Accuracy 

Rating

7/9/2019 8.2 5.35 2.85 53.3%

Exceeds 
Correction 
Limit

7/15/2019 7.66 7.53 0.13 1.7% Excellent

7/18/2019 7.39 7.34 0.05 0.7% Excellent

7/24/2019 8.02 0.18 7.84 4,355%

Exceeds 
Correction 
Limit

7/30/2019 7.36 6.98 0.38 5.4% Good

8/1/2019 7.09 6.54 0.55 8.4% Fair

8/6/2019 7.41 7.45 -0.04 -0.5% Excellent

8/12/2019 7.9 7.63 0.27 3.5% Excellent

8/19/2019 7.12 6.81 0.31 4.6% Good

8/27/2019 8.8 9.17 -0.37 -4.0% Good

9/4/2019 8.2 8.07 0.13 1.6% Excellent

9/10/2019 8.77 8.81 -0.04 -0.5% Excellent

9/17/2019 8.16 8.2 -0.04 -0.5% Excellent

9/23/2019 7.96 8.03 -0.07 -0.9% Excellent

10/8/2019 8.38 8.31 0.07 0.8% Excellent

10/15/2019 9.6 9.82 -0.22 -2.2% Excellent

W0680

10/29/2019 10.24 4.38 5.86 133.8%

Exceeds 
Correction 
Limit

7/9/2019 6.73 2.83 3.9 137.8%

Exceeds 
Correction 
Limit

7/15/2019 6.96 6.22 0.74 11.9% Fair

7/18/2019 6.54 4.87 1.67 34.3%

Exceeds 
Correction 
Limit

UBWPAD2

7/24/2019 7.51 7.51 0 0.0% Excellent



 In-Situ Temperature and Dissolved Oxygen Monitoring: Blackstone River, 2019 Monitoring Program

9

Site
Calibration 

Reading 
Date

Field 
Handheld DO 

Reading
(mg/L)

Continuous 
DO Meter 
Reading
(mg/L)

Difference in 
DO Readings 

(mg/L)

Percent 
Difference in 
DO Readings

(%)

USGS 
Accuracy 

Rating

7/30/2019 7.01 6.83 0.18 2.6% Excellent

8/1/2019 6.3 6.11 0.19 3.1% Excellent

8/6/2019 6.24 6.23 0.01 0.2% Excellent

8/12/2019 6.85 6.65 0.2 3.0% Excellent

8/19/2019 6.8 5.59 1.21 21.6%

Exceeds 
Correction 
Limit

8/20/2019 6.29 6.09 0.2 3.3% Excellent

8/27/2019 7.44 7.4 0.04 0.5% Excellent

9/4/2019 7.13 6.92 0.21 3.0% Excellent

9/10/2019 7.42 7.03 0.39 5.5% Good

9/17/2019 6.62 5.13 1.49 29.0%

Exceeds 
Correction 
Limit

9/23/2019 6.34 5.43 0.91 16.8% Poor

10/8/2019 7.1 5.75 1.35 23.5%

Exceeds 
Correction 
Limit 

10/15/2019 7.95 6.27 1.68 26.8%

Exceeds 
Correction 
Limit

10/29/2019 9.16 8.92 0.24 2.7% Excellent

7/9/2019 7 5.6 1.4 25.0%

Exceeds 
Correction 
Limit

7/15/2019 6.07 4.69 1.38 29.4%

Exceeds 
Correction 
Limit

7/18/2019 5.21 3.83 1.38 36.0%

Exceeds 
Correction 
Limit

7/24/2019 7.15 6.61 0.54 8.2% Fair

7/30/2019 6.07 6.03 0.04 0.7% Excellent

8/1/2019 5.96 5.03 0.93 18.5% Poor

8/6/2019 6.1 5.8 0.3 5.2% Good

8/12/2019 6.45 6.43 0.02 0.3% Excellent

8/19/2019 5.62 4.98 0.64 12.9% Fair

8/20/2019 5.43 5.34 0.09 1.7% Excellent

8/27/2019 8.81 8.75 0.06 0.7% Excellent

9/4/2019 7.11 6.67 0.44 6.6% Good

9/10/2019 8.52 8.34 0.18 2.2% Excellent

9/17/2019 5.69 5.86 -0.17 -2.9% Excellent

W1258

9/23/2019 5.04 4.9 0.14 2.9% Excellent
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Site
Calibration 

Reading 
Date

Field 
Handheld DO 

Reading
(mg/L)

Continuous 
DO Meter 
Reading
(mg/L)

Difference in 
DO Readings 

(mg/L)

Percent 
Difference in 
DO Readings

(%)

USGS 
Accuracy 

Rating

10/8/2019 6.88 2.53 4.35 171.9% Not Valid

10/15/2019 7.72 7.91 -0.19 -2.4% Excellent

10/29/2019 9.46 9.71 -0.25 -2.6% Excellent

7/9/2019 8.63 8.04 0.59 7.3% Fair

7/15/2019 8.37 8.18 0.19 2.3% Excellent

7/18/2019 7.76 6.31 1.45 23.0%

Exceeds 
Correction 
Limit

7/24/2019 8.62 8.42 0.2 2.4% Excellent

7/30/2019 8.13 7.94 0.19 2.4% Excellent

8/1/2019 8.13 7.97 0.16 2.0% Excellent

8/6/2019 8.22 8.16 0.06 0.7% Excellent

8/12/2019 8.41 8.48 -0.07 -0.8% Excellent

8/19/2019 8.07 7.9 0.17 2.2% Excellent

8/27/2019 9.27 9.37 -0.1 -1.1% Excellent

9/4/2019 8.71 8.56 0.15 1.8% Excellent

9/10/2019 9.4 9.44 -0.04 -0.4% Excellent

9/17/2019 8.72 8.76 -0.04 -0.5% Excellent

9/23/2019 8.23 8.06 0.17 2.1% Excellent

10/8/2019 8.89 8.43 0.46 5.5% Good

10/15/2019 9.59 9.63 -0.04 -0.4% Excellent

MID2

10/29/2019 10.24 10.43 -0.19 -1.8% Excellent
* Note: Measurements indicating some sensor drift/fouling occurred are bolded in blue 

For each continuous meter, Table 5 compares the synchronous continuous meter temperature 
and field handheld probe readings taken in the river during field visits and provides the 
corresponding USGS accuracy classification. Based on these guidelines, if handheld probe and 
continuous meter temperature readings differ by more than 0.2°C (the maximum allowable 
difference for a rating of excellent) when placed in the same bucket of water, some sensor drift 
has occurred. The data in Table 5 show that each meter exhibited some minor drift at one point 
during the sampling program, but only the meter W0680 received a rating below “Good” after 
initial meter shake down period ending on July 24th. It is not clear what may have caused the 
accuracy rating of “Poor” on 10/15/2020 for W0680. Field notes reported the outside 
temperature as very cold, making it difficult to achieve stable readings. 
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Table 5: Comparison of Temperature Grab Data with Continuous Meter Data

Site Calibration 
Reading Date

Field 
Handheld 

Temperature 
Reading

(°C)

Continuous 
Temperature 

Meter 
Reading

(°C)

Difference in 
Temperature 

Readings 
(°C)

USGS 
Accuracy 

Rating

7/9/2019 24.6 24.22 0.38 Good

7/15/2019 23 23.14 -0.14 Excellent

7/18/2019 22.7 23.88 -1.18 Poor

7/24/2019 22.3 22.22 0.08 Excellent

7/30/2019 24.3 24.48 -0.18 Excellent

8/1/2019 23.3 23.34 -0.04 Excellent

8/6/2019 21.8 21.76 0.04 Excellent

8/12/2019 20.6 20.5 0.1 Excellent

8/19/2019 23.5 23.5 0 Excellent

8/27/2019 20.4 19.9 0.5 Good

9/4/2019 21.3 21.16 0.14 Excellent

9/10/2019 20 19.66 0.34 Good

9/17/2019 17.7 17.46 0.24 Good

9/23/2019 19 18.72 0.28 Good

10/8/2019 16.8 16.54 0.26 Good

10/15/2019 13.9 12.94 0.96 Poor

W0680

10/29/2019 11.6 11.36 0.24 Good

7/9/2019 23.6 22.78 0.82 Poor

7/15/2019 22.2 22.4 -0.2 Excellent

7/18/2019 23 23.32 -0.32 Good

7/24/2019 21.9 21.82 0.08 Excellent

7/30/2019 23.8 23.6 0.2 Excellent

8/1/2019 23.3 23.42 -0.12 Excellent

8/6/2019 22.4 22.3 0.1 Excellent

8/12/2019 22.2 22.34 -0.14 Excellent

8/19/2019 24.2 24.22 -0.02 Excellent

8/20/2019 23.9 23.9 0 Excellent

8/27/2019 23.7 23.38 0.32 Good

9/4/2019 22 22.08 -0.08 Excellent

9/10/2019 23.4 23.18 0.22 Good

9/17/2019 21.3 21.24 0.06 Excellent

9/23/2019 22.7 22.62 0.08 Excellent

10/8/2019 19.2 19.54 -0.34 Good

10/15/2019 17.6 17.6 0 Excellent

UBWPAD2

10/29/2019 14.6 14.54 0.06 Excellent
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Site Calibration 
Reading Date

Field 
Handheld 

Temperature 
Reading

(°C)

Continuous 
Temperature 

Meter 
Reading

(°C)

Difference in 
Temperature 

Readings 
(°C)

USGS 
Accuracy 

Rating

7/9/2019 24.3 24.02 0.28 Good

7/15/2019 22.5 22.56 -0.06 Excellent

7/18/2019 23.4 23.54 -0.14 Excellent

7/24/2019 21.8 21.76 0.04 Excellent

7/30/2019 23.9 23.66 0.24 Good

8/1/2019 23.3 23.26 0.04 Excellent

8/6/2019 21.8 21.74 0.06 Excellent

8/12/2019 21.2 21.34 -0.14 Excellent

8/19/2019 24 23.94 0.06 Excellent

8/20/2019 23.5 23.48 0.02 Excellent

8/27/2019 22.7 22.36 0.34 Good

9/4/2019 21.5 21.54 -0.04 Excellent

9/10/2019 22.06 22.26 -0.2 Good

9/17/2019 19.6 19.48 0.12 Excellent

9/23/2019 21.5 21.64 -0.14 Excellent

10/8/2019 18 18.24 -0.24 Good

10/15/2019 15.6 15.6 0 Excellent

W1258

10/29/2019 12.9 12.88 0.02 Excellent

7/9/2019 24.1 23.68 0.42 Good

7/15/2019 22.4 22.44 -0.04 Excellent

7/18/2019 23.4 23.62 -0.22 Good

7/24/2019 21.4 21.34 0.06 Excellent

7/30/2019 23.6 23.58 0.02 Excellent

8/1/2019 22.8 22.88 -0.08 Excellent

8/6/2019 21.3 21.46 -0.16 Excellent

8/12/2019 20.6 20.56 0.04 Excellent

8/19/2019 23.8 23.96 -0.16 Excellent

8/27/2019 21.2 20.92 0.28 Good

9/4/2019 20.7 20.76 -0.06 Excellent

9/10/2019 20.7 20.54 0.16 Excellent

9/17/2019 18.2 18.42 -0.22 Good

9/23/2019 21 21.24 -0.24 Good

10/8/2019 18.6 18.98 -0.38 Good

10/15/2019 14.9 15.04 -0.14 Excellent

MID2

10/29/2019 12.3 12.38 -0.08 Excellent
* Note: Measurements indicating some sensor drift/fouling occurred are bolded in blue 
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Final Corrected Data
Figure 4 shows the raw DO concentration values (green), the corrected DO concentration values 
(blue), and side-by-side calibration sample points (x markers) for each of the four sampling 
locations. The corrected DO data are also shown in Figure 5 without the raw data and calibration 
sample points.

Figure 6 shows the raw temperature values (green), the corrected temperature values (blue), 
and side-by-side calibration sample points (x markers) for each of the four sampling locations. 
For each continuous meter, the corrected temperature data are also shown in Figure 7 without 
the raw data and calibration sample points.

Discussion
The corrected dissolved oxygen data were compared to the Massachusetts water quality standard 
for Class B freshwater as well as the guidance described in the 2018 Consolidated Assessment 
and Listing Methodology (CALM), as follows: 

 Minimum DO concentration greater than 5 mg/L (MA Class B Standard)

 Maximum diel DO change less than 3 mg/L (CALM) 

The percent of time or number of days that the data did not meet the water quality criteria is 
provided in Table 6. The percentages are calculated as the actual number of data points that 
below 5 mg/L compared against the total number of valid data points. The days where the diel 
change in dissolved oxygen exceeds 3 mg/L was calculated as a count of the number of days 
where the difference between the minimum and maximum measurement on that day exceeded 3 
mg/L. 

Table 6: Summary of Continuous Corrected DO Data Against MA Water Quality Standards and Guidance

Metric W0680 UBWPAD2 W1258 MID2 
(Depot)

Days of corrected data 95 108 118 118

% of the time DO < 5.0 mg/L 0% 1.1% 7.2%* 0%

Days where Diel ΔDO > 3.0 mg/L 1 6 62 0
* Includes suspect period between 8/29/2019 and 9/1/2019 discussed in the text in section on Field Notes

Data from each of the meters show compliance with the Massachusetts minimum dissolved 
oxygen standard of 5 mg/L ranges from 92 to 100% of the time. Only the meters at UBWPAD2 
and W1258 have corrected measurements <5 mg/L. 

Table 7 presents a summary of the events during which dissolved oxygen dropped below 5 mg/L 
assuming an interevent period of 1 hour. UBWPAD2 dropped below 5 mg/L 8 times, two times in 
on the same date in mid-September and six times across three dates in early October. The longest 
continuous duration of sub-5 mg/L conditions at UBWPAD2 occurred for 10.25 hours from 10/1 
at 10pm until 10/2 at 8am. W1258 dropped below 5 mg/L 25 times, 11 times in July (only two 
readings occurred on the same date) and 14 times in September through early October (all on 
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individual dates). The longest continuous duration of sub-5mg/L conditions at UBWPAD2 
occurred for 85.25 hours starting on 8/29, but as previously discussed that event is suspect. Not 
including the event from 8/29 through 9/1, the longest event was 17 hours from 7/9 at 6:30 pm 
until 7/10 at 11:30pm. 

Overall, a consistent pattern in dissolved oxygen was observed in the stretch of the Blackstone 
River that was monitored in 2019. DO levels above the Upper Blackstone treated effluent 
discharge (W0680) indicate the river supports aquatic life uses based on guidance in MassDEP’s 
2018 CALM. At the middle two stations in the program: UBWPAD2 and W1258, aquatic life uses 
are not supported due to occasional drops in DO below 5 mg/L and DO diurnal variations that 
exceed 3 mg/L occasionally at UBWPAD2 and frequently at W1258. At the most downstream 
station (Depot/MID2) aquatic life uses are again supported based on DO data. More detailed 
observations by station follow:

 Oxygen levels at the location W0680, upstream of the Upper Blackstone discharge, indicate 
no dissolved oxygen impairment – DO levels stay above 6.5 mg/L except on three occasions 
when the lowest measurement on the day was between 5.8 and 6.1 mg/L. Diurnal variation 
in DO concentrations was typically between 1 and 1.5 mg/L. Trends relative to rainfall 
events are harder to discern because of the three physical meter malfunctions which 
occurred after large runoff events.

 At UBWPAD2, just downstream from where the Upper Blackstone discharge enters the 
river, the river is not impaired with respect to DO until early-September with DO 
concentrations above 5 mg/L and diurnal swings typically up to about 2 mg/L, Starting on 
September 6th, a 6-week period of very low river flows with no rain occurred.  During this 
dry period, there were several days with DO diurnals slightly more than 3 mg/L and three 
dates when the lowest DO of the day was between 3 and 4 mg/L. During this period, treated 
effluent is about 40-50% of the river flow; on several days, river flow approached but did 
not dip below the 7Q10 flow at the Millbury USGS gage (01109730). 

With respect to runoff events, there is a discernable pattern of DO diurnals decreasing 
immediately following an event and then re-establishing a dry weather pattern within 
about a week; this suggests that flushing of floating plankton/scour of periphyton after a 
runoff event periodically reduces the role algae play in DO dynamics in the river.

 Downstream at W1258, DO data until July 24th are suspect because of the large 
drifts/fouling that was measured in each deployment. After that date until the dry period 
begins on September 6th, DO diurnals were larger than at UBWPAD2 (typically 3 to more 
than 4 mg/L), with the maximum DO of the day increasing more than the minimum DO 
decreased indicating algae/plants were adding oxygen to the river. The response to the 
river after runoff events is also more pronounced. During the dry period, DO levels drop 
below 5 mg/L several times and on one day were below 4 mg/L. DO diurnal variations 
continued to be between 3 to more than 4 mg/L until temperatures started to decline in 
early October.

 The farthest downstream meter – MID2 – contrasts with the preceding stations by having 
uniformly good to excellent DO levels and minimal DO diurnal variations. DO levels indicate 
the aquatic life use is not impaired at this station.
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Table 7: Summary of Continuous DO Data Against MA Water Quality Standards and Guidance

Events < 5mg/L

Station Event Number Start End Hours
UBWPAD2 1 9/23/2019 5:22 9/23/2019 5:37 0.25

UBWPAD2 2 9/23/2019 8:22 9/23/2019 8:37 0.25

UBWPAD2 3 10/1/2019 1:07 10/1/2019 2:52 1.75

UBWPAD2 4 10/1/2019 4:37 10/1/2019 7:52 3.25

UBWPAD2 5 10/1/2019 21:07 10/1/2019 21:22 0.25

UBWPAD2 6 10/1/2019 22:22 10/2/2019 8:37 10.25

UBWPAD2 7 10/2/2019 19:37 10/2/2019 21:52 2.25

UBWPAD2 8 10/2/2019 23:07 10/3/2019 8:37 9.5

W1258 1 7/9/2019 18:30 7/10/2019 11:30 17

W1258 2 7/10/2019 21:00 7/11/2019 9:00 12

W1258 3 7/11/2019 22:00 7/12/2019 3:30 5.5

W1258 4 7/12/2019 7:30 7/12/2019 8:30 1

W1258 5 7/15/2019 9:00 7/15/2019 9:15 0.25

W1258 6 7/16/2019 0:00 7/16/2019 9:00 9

W1258 7 7/17/2019 0:00 7/17/2019 0:30 0.5

W1258 8 7/18/2019 9:00 7/18/2019 9:15 0.25

W1258 9 7/20/2019 2:30 7/20/2019 8:00 5.5

W1258 10 7/21/2019 0:00 7/21/2019 8:30 8.5

W1258 11 7/22/2019 0:00 7/22/2019 8:00 8

W1258 12 8/29/2019 5:05 9/1/2019 18:20 85.25*

W1258 13 9/1/2019 20:35 9/1/2019 23:05 2.5

W1258 14 9/16/2019 4:50 9/16/2019 8:05 3.25

W1258 15 9/17/2019 2:50 9/17/2019 7:50 5

W1258 16 9/23/2019 7:05 9/23/2019 7:20 0.25

W1258 17 9/24/2019 7:05 9/24/2019 7:20 0.25

W1258 18 9/27/2019 4:35 9/27/2019 9:05 4.5

W1258 19 9/29/2019 5:05 9/29/2019 8:05 3

W1258 20 9/30/2019 3:50 9/30/2019 8:20 4.5

W1258 21 10/1/2019 6:35 10/1/2019 8:35 2

W1258 22 10/2/2019 3:20 10/2/2019 9:20 6

W1258 23 10/2/2019 22:50 10/3/2019 10:05 11.25

W1258 24 10/5/2019 5:05 10/5/2019 9:20 4.25

W1258 25 10/8/2019 5:20 10/8/2019 8:20 3
*The DO data in this period is suspect as described in the text in the section on Field Notes
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Figures

Figure 1: UBWPAD Sampling Locations: 2019 Continuous DO Meters Installed at W0680, UBWPAD2, 
W1258, MID2 (Depot)
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2019 Sampling Season 
Scope of Work  

Blackstone River, Massachusetts 
 
 

1.0 Historical Overview 
 

The Blackstone River Watershed Assessment Study began in 2003 with the goal of conducting a 
watershed management study of the Blackstone River Basin in Massachusetts and Rhode Island. 
Objectives included evaluation of trends in river quality as well as flow management opportunities with 
existing hydraulic structures so that water quality and aquatic habitat can be improved throughout the 
basin.  

 
In 2004 through 2006, a monitoring program was conducted to collect water quality, streamflow, 

and sediment data sufficient for the calibration and validation of computer models to simulate pollutant 
loading, transport, and in-stream fate and distribution along the main stem and tributaries of the 
Blackstone River. From 2006 – 2012, a water quality model of the Blackstone River was developed, 
calibrated, and validated using Hydrological Simulation Program – Fortran (HSPF). This model was based 
on an existing water quantity model of the Blackstone River watershed, which was developed by the 
United States Geological Survey (USGS) (Barbaro and Zariello, 2006). The HSPF model currently 
represents conditions through 2011 and has been used to evaluate and model dynamic water quality 
conditions incorporating daily, monthly, seasonal and inter-annual variability. Both point source (e.g., 
waste water treatment plants) and non-point source (e.g., stormwater runoff) loads to the river are 
incorporated explicitly into the modeling analysis.  

 
Upper Blackstone Clean Water (Upper Blackstone or UB) plant upgrades designed to meet the 2001 

permit limits have been online since Fall 2009. In late 2009 and early 2010, slight adjustments to the 
system were made to optimize performance. As of August 2010, the Upper Blackstone Wastewater 
Treatment Facility 2001 permit upgrades were fully operational. A new monitoring program was 
initiated in Spring 2011 and expanded in 2012 to help assess response of the river to the reduced 
nutrient concentrations in the effluent. Water quality monitoring of the main stem river will continue in 
2019, as described in this Scope of Work. Sampling in 2019 will continue the 2018 program and include 
routine (monthly) sampling for nutrients and chlorophyll-a, and add the measurement of water 
temperature, dissolved oxygen, pH and conductivity.  

 
 

2.0 Objectives for 2019 Monitoring 
 

The Blackstone River is formed by the confluence of the Middle River and Mill Brook in Worcester, 
Massachusetts. From there, the River flows approximately 48 miles south into Rhode Island where it 
becomes the Pawtucket River at the Main Street Dam in Pawtucket, Rhode Island. The main stem 
Blackstone River is joined by many small tributaries, as well as six major rivers: the Quinsigamond River, 
the Mumford River, the West River, the Mill River, the Peters River, and the Branch River. The 
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watershed consists of over 1,300 acres of lakes and ponds; the largest is Lake Quinsigamond in 
Shrewsbury and Grafton.  

The scope of the 2019 monitoring program is outlined in this document. The 2019 water quality 
monitoring program is designed to:  

 Build upon work conducted by Upper Blackstone, Massachusetts Department of Environmental 
Protection (MassDEP), the U.S. Geological Survey (USGS) and others; 

 
 Support future analysis, if needed, of river surface water flow and quality; 

 
 Collect data to assess changes in riverine nutrient and chlorophyll-a concentrations and fluxes 

through comparison against historical data; and 
 
 Collect data to describe riverine water temperature, dissolved oxygen, pH, and conductivity. 
 

These objectives were used to select sampling locations as well as suitable sampling methods, analytes, 
measurement techniques, and analytical protocols with the appropriate quality assurance and quality 
control guidelines. This Scope of Work falls under the Blackstone River 2017 – 2019 Quality Assurance 
Project Plan (QAPP) and associated Standard Operating Procedures (SOPs), accepted by MassDEP in 
February, 2018. The 2017 – 2019 QAPP is a revision of the 2014 – 2016 QAPP approved by MassDEP on 
June 25, 2015. The QAPP is designed to cover the range of sampling activities anticipated under the 
Blackstone River Watershed Assessment Study and serves as an umbrella document for specific Field 
Sampling Plans, such as this Scope of Work, that will be conducted as part of the study. An amendment 
to the 2017-2019 QAPP has been submitted to DEP for approval of the measurement of the new 
parameters. 
 
 

3.0 Nutrient Sampling 

3.1 Nutrient Sampling Locations & Rationale 
The number and location of sampling sites are described in this section. Nutrient sampling will be 

conducted at 9 main stem run-of-river locations deemed to be the most relevant for understanding 
potential impacts of the Upper Blackstone’s wastewater effluent on downstream water quality. The 
main stem sampling locations included in the 2019 FSP have been selected in order to provide:  

 
1. Data on changes in concentration and load along the river, particularly downstream of the 

confluence with the Upper Blackstone effluent and upstream of the confluences with the 
Mumford and West Rivers, 

2. Information on nutrient loads crossing the MA/RI state line, and  
3. Information to help understand the impact of the impoundments and nutrients on 

productivity within RI reaches. 
 
Starting in April 2019, UMass, with the assistance of Upper Blackstone staff, will collect samples for 

nutrient and chlorophyll-a analysis and collect hand-held meter measurements monthly (e.g., roughly 
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every 4 weeks) at nine locations, including three Rhode Island sites along the main stem of the 
Blackstone River that will be co-sampled with the Narragansett Bay Commission (NBC). Sampling will 
continue through November. Samples will be collected routinely each month for nutrients, including 
phosphorus, nitrogen, and chlorophyll-a, regardless of weather conditions, as described in Section 4.0. 
Information on sampling frequency, sampling program logistics, schedule, and sampling methods is 
provided in subsequent subsections.  

 
The sampling sites are provided in Table 1 and are consistent with the sites sampled in 2015 – 2018. 

The sampling location at W0767 will be changed to be from the bridge rather than from the bank to 
better measure water quality at the center of the channel. Samples will be collected at both locations a 
few times in 2019 to document any difference between results from the two sites. Detailed text 
descriptions, driving directions, and maps of the locations are provided in Appendix A. Figure 1 shows 
the location of the sampling sites relative to each other and the basin.  

 
 
Table 1: 2019 Nutrient Sampling Sites (all sites located on the main stem) 

Site ID# Site Name Lat Lon 
River 
Mile2 

HSPF 
Reach2 

RMSD1 Slater Mill Dam, Pawtucket, RI 41.876909 -71.381940 0.0 200 

R1161 Rte 116 Bikepath Bridge, Pawtucket, 
RI 

41.938066 -71.433769 6.3 228 

RMSL1 State Line, RI 42.009974 -71.529313 15.5 268 

W1779 Below Rice City Pond Sluice Gates, 
Hartford St., Uxbridge, MA 

42.097270 -71.62241 27.8 326 

W0767 Sutton St. Bridge, Northbridge, MA 42.153922 -71.652521 33.4 348 

W1242 Route 122A, Grafton, MA 42.177153 -71.687964 36.3 360 

W1258 Central Cemetery, Millbury, MA 42.19373 -71.76603 42.7 392 

UBWPAD2 New Confluence site, downstream of 
effluent canal  

42.20702 -71.78154 44.6 402 

W06803 New Millbury St Bridge, Worcester, 
MA 

42.22784 -71.78762 45.9 414 
1 Locations of co-sampling with NBC 
2 Corresponding river mile and model reach in Blackstone River HSPF model: Blackstone River HSPF Water Quality 

Model Calibration Report (CDM Smith and UMass, August 2008) and the Blackstone River HSPF Water Quality 
Model Calibration Report Addendum (CDM Smith and UMass, October 2011). 

3 W0680 is located between the Worcester CSO discharge and UBWPAD2. The Worcester CSO enters the river 
downstream of the confluence of Mill Brook and the Middle River at approximately river mile 46.4. 
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Figure 1: 2019 Blackstone River water quality monitoring locations 
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3.2 Nutrient Parameters, Methods, and Detection Limits 
Aliquots prepared from the surface water grab samples will be analyzed at the Upper Blackstone 

laboratory, UMass Dartmouth (UMD) laboratory, or the UMass Environmental Analysis Laboratory (EAL), 
depending on the parameter. Samples collected from the sites co-sampled with NBC will also be 
analyzed at the NBC laboratory. Laboratory analysis methods and detection limits are summarized in 
Table 2.  

Method Detection Limits (MDLs) are the lowest values at which a parameter can be measured using 
the reference method. The MDL is defined as the constituent concentration that, when processed 
through the complete method, produces a signal with 99 percent probability that it is different from the 
blank. Lab specific MDLs are developed for each particular analyte of interest and are established as 
targets for ensuring that the data quality obtained is adequate for interpreting the data; these MDLs are 
the minimum to be achieved by the laboratories.  

The reporting limit (RL) is defined as the lowest level that can be reliably achieved within specified 
limits of precision and accuracy during routine laboratory operating conditions and can vary by sampling 
date. For this project, laboratories will be responsible for calculating the RL for each analysis batch, and 
will report out values below their RL as “non-detect.” 

In the database for the project, these data points will be flagged with the code “LT” (less than) and 
the detection limit value from Table 2 listed as the result. This value will be used in plotting; half of the 
MDL will be utilized for calculations. The analyses and responsible laboratories for the 2019 sampling 
season are as follows: 

 
 Samples will be analyzed at Upper Blackstone for total suspended solids (TSS), conductivity 

(Specific Conductance or SC), and total orthophosphate (TOP). 
 The NBC lab1 will analyze samples collected at the three Rhode Island sites for dissolved 

nutrients, including dissolved nitrate/nitrite (dNO23), dissolved ammonium, which for natural 
waters is equivalent to dissolved total ammonia nitrogen (dTAM), total dissolved nitrogen (TDN), 
dissolved orthophosphate (DOP), total nitrogen (TN), and total suspended solids (TSS). These 
three sites are co-sampled by UMass and NBC. A single large volume bulk environmental sample 
is collected, and aliquots for analysis at each lab are then split from this volume. 

 Samples will be sent to the UMD laboratory for analysis of total dissolved nitrogen (TDN), 
dissolved nitrite/nitrate nitrogen (dNO23), and dissolved ammonium, which for natural waters is 
equivalent to dissolved total ammonia nitrogen (dTAM). These samples will be filtered in the 
field utilizing a 0.22-micron filter.  

 UMD will also analyze samples for particulate organic nitrogen (PON) and calculate total 
nitrogen (TN) for each sampling location/date based on the results of these analyses, Table 3. 

 Samples will be analyzed for chlorophyll-a (chl-a) and total phosphorus (TP) at EAL. 
 
Table 3 provides a summary of the data calculated by each lab.  

                                                      
1  SOPs and the QAPP for the NBC were not included under cover of the QAPP for this project, as these data are part of their 

sampling program and considered external to the UMass sampling program. Details of their analysis methods, however, are 
provided herein.  
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Table 2: 2019 Analyses, Laboratories, Methods, and Limits 
Narragansett Bay Commission 

Parameter Method Method Detection Limit3 

dTAM1a EPA 349 7 µg/L  

dNO231a EPA 353.4 6 µg/L 

DOP1a EPA 365.5 5 µg/L 

dNO21a EPA 353.2 1.5 µg/L 

TDN1a Lachat QuikChem Method 31-107-04-3-A 100 µg/L 

TN Lachat QuikChem Method 31-107-04-3-B 200 µg/L 

TSS Standard Method 2540D 2 mg/L 

Chl-a Chlorophyll extraction and analysis with a Turner 
Fluorometer (URI/GSO’s method) 0.3 mg/L 

Upper Blackstone Clean Water 

Parameter Method Method Detection Limit 

TOP Hach 8048 / EPA 365.1-02 17 µg/L / 15 µg/L4 

SC SM 2510B 0.01 µS/cm 

TSS USGS I-3765-85 and EPA 160.2 2 mg/L 

UMass EAL 

Parameter Method Method Detection Limit 

TP STD Method 20th ed., 4500P 8 µg/L 

Chl-a1b STD Method 20th ed., 10200 H 1 µg/L 

UMass Dartmouth 

Parameter Method Method Detection Limit 

dTAM1c STD Method 20th ed, 4500-NH3-F 1.8 µg/L 

dNO231c STD Method 18th ed, 4500-NO3-F 7 µg/L 

TDN1c STD Method 18h ed, 4500-Norg 10.8 µg/L 

POCN EPA 440.0 10 µg/L 
1 Filtration for dissolved nutrients varies by lab as detailed below.  

a Field filtered utilizing 0.45 micron filters.  
b Filtered in the lab within 4 hours of sample collection with Whatman GF/F 47 mm, 0.70 micron filter. 
c  Field filtered utilizing Millipore (SLGP033RS), Millex-GP Syringe 0.22-micron filter units.  

2  When two methods are listed, a separate method is in place in order to achieve lower detection limits. 
3 Laboratories will be responsible for calculating the RL for each analysis batch, and will report out values below their RL as 

“non-detect.” In the database for the project, these data points will be flagged with the code “LT” (less than) and the 
detection limit value listed as the result. This value will be use in plotting; half of the MDL will be utilized for calculations. 

4 The Upper Blackstone lab has worked to achieve the lowest detection limit possible with their existing equipment and 
methodologies, however the lab’s primary focus is analysis of WWTF effluent. It is acknowledged that these DLs are on the 
high side for riverine analysis.  
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Table 3: Parameters Calculated Based on Lab Results 

Lab Parameter Calculation1 

NBC Dissolved Inorganic Nitrogen DIN = dNO23 + dTAM 

Dissolved Organic Nitrogen dON = TDN - DIN 

Dissolved Kjeldahl Nitrogen dTKN = TDN - dNO23 

UMD Total Nitrogen TN = TDN + PON 

Note: 1 Half the detection limit will be utilized in the calculation when laboratories report results for 
constituent parameters below the reporting limit. 

 
 

3.3 Sampling Collection Details 
This section describes the procedures for collecting and analyzing samples. It identifies the sampling 

equipment, performance requirements, and decontamination procedures utilized. The procedures for 
identifying sampling or measurement system failures and for implementing corrective actions are also 
summarized. 

General Sample Collection 
The field program will be conducted based on the Standard Operating Procedures (SOPs) on file as 

part of the 2017-2019 Quality Assurance Project Plan (QAPP) prepared for the Blackstone River 
Watershed Assessment Study. The QAPP is designed to serve as an umbrella document for any field 
sampling conducted as part of the project. Utilizing standard procedures and sampling techniques helps 
ensure the collection of accurate, precise, and representative samples, as well as helping to ensure data 
comparability and usability.  

The SOPs on file that will be utilized during this field monitoring program include SOP-FLD-001: 
Collection and Handling of Water Samples for Water Quality Analysis, SOP-FLD-009: Calibration and 
maintenance of measuring and test equipment, and SOP-FLD-010: Field Sampling of Chlorophyll-a. All 
were submitted in the “SOP Compendium” as part of the QAPP prepared for the project. These relevant 
project SOPs are listed in Table 4. Note that the original numbering of the SOPs from an earlier QAPP has 
been retained although several field SOPs have been removed from the study. SOP-FLD-013 was added 
in 2019 for the field measurement of temperature, dissolved oxygen and pH. 
 
Table 4: Summary of SOPs for Sample Collection of Nutrients and Field Measurements 

Document Name Title 
SOP-FLD-001 Collection and Handling of Water Samples for Water Quality Analyses 
SOP-FLD-009 Calibration and Maintenance of Measuring and Test Equipment 
SOP-FLD-010 Field Sampling of Chlorophyll-a 

SOP-FLD-013 Field Measurement of Temperature, Dissolved Oxygen, and pH 
 
Samples collected during the 2019 sampling season will be surface water samples collected from 

locations believed to be generally representative of net water quality within the river. Routine monthly 
samples will be collected regardless of precipitation and antecedent conditions.  
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Field data sheets will be used to document daily site activities and sample collection. Any variations 
from established procedure will be documented on the project Field Change Request and submitted to 
the Project Manager for review and archival.  

Prior to collecting samples, the sampling location will be visually inspected and a Rivers and Streams 
Field Sheet completed. Any sampling issues will either noted on an Equipment Problem Report Sheet or 
a Field Change Request Form. At each sampling location, the collection date, time, and additional 
collection details will be noted on the Bulk Sample Collection Data Sheet for the sampling event. 
Sampling data sheets will be transferred to UMass and retained as part of the monitoring record. Project 
field sheets and checklists are provided in Appendix B. Any observation that is not appropriate to note 
on individual field sheets will be recorded in the sampling crew’s Field Notes Log Book. 

 
Sample collection and bulk storage bottles will be cleaned with non-phosphate containing detergent 

between each sampling event as per the project SOPs, summarized in Table 5. The bottles will be filled 
with DI water after washing and the conductivity tested after 24-hours. Bottles with conductivity results 
above 2 microsiemens/centimeter will be rejected. Bottles that pass will be emptied, allowed to air dry, 
then capped and stored for the next event. All aliquot bottles, with the exception of those received from 
UMD, will be similarly washed, tested, and dried. At least two spare bottles will be available each 
sampling trip in case of mishap.  

 
Table 5: Sampling Container Decontamination Procedures 

Sample type Container Decontamination Staff 
Sampling container 4 L, plastic Phosphate-free soap, DI rinse UMass 
Bulk sample container 4 L and 6 L, plastic Phosphate-free soap, DI rinse UMass 
Chl-a 500 mL and 1 L, amber 

plastic 
Phosphate-free soap and acid 
wash, DI rinse 

UMass 

TP 125 mL, amber plastic Phosphate-free soap and acid 
wash, DI rinse 

UMass 

TOP 237 mL, plastic New, DI rinse UMass 
TSS, SC 1 L, plastic New, DI rinse UMass 
dTAM, dNO23, TDN 60 mL, plastic Acid wash, DI rinse UMD 
PON 1 L, plastic Acid wash, DI rinse UMD 

 
Nitrile gloves will be worn by all sampling personnel, and will be changed between sampling sites. 
 
Bulk water samples for nutrient analysis will typically be collected from either a bridge, utilizing a 

Nalgene 4-L wide-mouth HDPE bottle attached to a rope and reel or a peristaltic pump, or from the 
stream bank directly using the bulk sampling bottle attached to a sampling pole. The sampling rope and 
reel are technically considered to be non-dedicated sampling apparatus, as they contact surface water 
samples from more than one monitoring location. However, because they come into contact with the 
outside of the bottle only, this will not cause cross-contamination. The associated sampling container, 
however, is also utilized at more than one location. To minimize potential cross-contamination, the 
sampling container will be rinsed three times with river water prior to collecting the final sample. The 
sample in the sampling container will be transferred into a clean 4-L wide-mouth HDPE bottle, which will 
also be rinsed three times with the sample water previous to final sample collection. An equipment 
blank will be collected from the sampling container at the start of the sampling season at one site. 
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To collect samples from the stream bank, the sample bottle will be attached to the sampling pole. At 

W1779, the sample bottle used is the 4-L bulk sample bottle. At W0680 and UBWPAD2, the sample 
bottle used is the 1-L brown Nalgene bottle. The sample bottle is uncapped and dipped upside down in 
the water, rinsed and emptied downstream three times. The sample bottle is then dipped upside down 
in the water until fully submerged. The bottle is then turned right-side up and held in place until no 
more air bubbles come out and brought back to the stream bank. This bottle is used to rinse three times 
the other bottle at the stream bank (whether the other bottle is a 1-L brown Nalgene bottle or a 4-L bulk 
sample bottle), and is refilled as many times necessary to fill the other sample bottle at the stream bank. 
It is then filled and capped.  

 
At the RI sites, a 6-L Nalgene carboy bottle with spigot will be utilized as the collection bottle to 

enable collection of a bulk sample large enough to provide splits for both NBC and UMass. At these 
three locations, the sample will be collected utilizing NBC’s peristaltic pump. This pump is designed to 
have minimal effect on water quality. Cross-contamination will be minimized by fully flushing the pump 
tubing prior to rinsing the collection bottles and caps three times with river water. Rinse water will be 
emptied away from the sampling location. 

 
The bulk sample bottles will be labeled and put into a cooler packed with ice until they can be 

transferred to the lab for splitting into sub-sample bottles and preserved for subsequent laboratory 
analysis. Labels for the bulk sample bottles will be printed prior to the event (see Appendix C).  
 

Chlorophyll-a Sample Collection  
As per the chlorophyll-a SOP, samples for chl-a analysis are collected in amber containers, protected 

from sunlight, and filtered as soon as possible through a 47 mm diameter Whatman GF/F 0.7-micron 
pore size glass microfiber filter. Amber bottles will be put into a cooler packed with ice until they can be 
transferred to the Upper Blackstone lab where they will be filtered. Filtering will typically occur within 
four hours of sample collection. In 2016, 2017, and 2018, a separate water column sample was collected 
for preservation at select sampling sites to enable subsequent evaluation for algal constituents. 
Although no algal constituent analyses were conducted on the samples preserved so far, we plan on 
again preserving samples during at least one of the summer 2019 sampling dates. The decision on 
whether to analyze these samples will be made jointly by UMass, CDM Smith, and Upper Blackstone. 
 

Field Filtering for Dissolved Nutrients 
NBC analyzes samples collected at their three Blackstone River sampling locations for dissolved 

nutrients. NBC filters samples in the field with a 45 µm filter. UMass began field filtration in 2015 per 
MassDEP guidance, both with a 45 µm filter and with a 22µm filter. UMass will filter only with 22 µm 
filters in 2019, for analysis of dissolved nutrients at UMD as part of the project. Table 6 provides an 
overview of the preparation of filtered samples.  
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Table 6: Summary of Sample Filtration 

Parameter Filter Sites Filtering location Staff filtering 
dNO23 0.22 µm All Field UMass (5 sites), Upper 

Blackstone (4 sites) 
dTAM 0.22 µm All Field UMass (5 sites), Upper 

Blackstone (4 sites) 
TDN 0.22 µm All Field UMass (5 sites), Upper 

Blackstone (4 sites) 
Chl-a1 0.7 µm All Upper Blackstone 

Lab 
UMass 

1 Sample analyzed is filter residue, not the filtrate. 
 

At all sites, aliquots for dissolved analysis will be field filtered with Millipore (SLGP033RS) 0.22-
micron filter units attached to a Millex-GP syringe for analysis of the nitrogen series at UMD. A new 
syringe and filter unit will be utilized at each site. The syringe will be rinsed three times with water from 
the bulk collection bottle by removing the plunger, pouring into the barrel, and then replacing the 
plunger to shake and then dispose of the rinse water. After the final rinse, the Millipore filter unit will be 
attached, and the syringe filled with water from the bulk collection bottle. Next, 20 mL of sample will be 
filtered through the disposable 0.22-micron filter housing and discarded. Then, 20 mL of sample will be 
filtered into the sample bottle to rinse and discard. The remaining 20 mL water in the syringe will be 
filtered into the 60 mL sample bottle. After removing the plunger, the filter will be removed from the 
syringe and discarded, then a new 0.22-micron filter will be attached. The syringe will be refilled with 
sample water, 20 mL wasted through the filter, and the remaining 40 mL of sample in the syringe then 
utilized to fill the 60 mL bottle containing 20 mL of sample from the first 0.22-micron filter. It should be 
noted that aliquot bottles provided by UMD will not be washed at UMass. 

 

Field Blanks 
Field blanks will consist of water that is transferred from one bulk collection bottle that was filled 

with DI water from the EAL lab the day before sampling, to a “field blank” collection bottle at the 
sampling site. A field blank will be collected for all parameters at a frequency of at least ten percent, or 
one field blank per ten samples. Sampling crews will be given specific instructions as to the sampling 
location where field blanks should be processed, transferring the DI water from the lab bottle to the 
bulk sample bottle. Processing of the field blank to aliquots, including the field filtration step, will occur 
in the same manner as for regular grab samples. Field blanks will provide an indication of whether 
atmospheric conditions or field procedures have the potential to lead to sample contamination.  

 

Equipment Blanks 
To ensure that samples collected with the 4-L sampling container are not contaminated from water 

collected at previous sites, an equipment blank will be collected the first sampling day in 2019 at a 
randomly selected bridge site. Two one-gallon jugs of Upper Blackstone DI will be transported to the 
field and used to rinse the sampling container three times and fill the sampling container. A bulk sample 
bottle labeled ‘Equipment Blank’ will then be filled from the sampling container. Processing of the 
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equipment blank to aliquots, including the field filtration step, will occur in the same manner as for 
regular grab samples 

Field Duplicates 
Field duplicates will consist of a second bulk sample collected at approximately the same time. Field 

duplicates will be collected for all parameters at a frequency of at least ten percent, or one duplicate per 
ten samples. Processing of the field duplicates, including the field filtration step, will occur in the same 
manner as for regular grab samples. Field duplicates will provide an indication of the inherent variability 
of nutrients in the water column over short spatial and temporal differences 

Field Splits 
Field splits will consist of a second set of aliquots processed from the bulk collection bottle. Field 

splits will be collected for all parameters at a frequency of at least ten percent, or one split per ten 
samples. Field splits will provide an indication of the inherent variability within a sample, independent of 
replicates run by the laboratories. Enough water will be collected to allow splitting into all the aliquots at 
the UB lab. An extra 2-L bottle will be given to the crew collecting the field split in order to have enough 
sample water for 2 TSS/SC samples. 

 

Performance Tests 
A performance test (PT) will be provided to each laboratory per sampling event for dissolved 

phosphorus, dissolved orthophosphate, dissolved nitrite-nitrate, and dissolved ammonia, depending on 
the parameters analyzed for in their laboratory. The PT aliquots will be prepared each day before 
sampling by EAL staff from standards of a known concentration. 

 

Sample Processing 
The remainder, after field filtration, of the bulk samples will be transported back to the Upper 

Blackstone building, where they will be split into smaller volume bottles for subsequent analysis. Labels 
for the aliquot splits will be printed prior to the event (see Appendix C). In general, when the coolers are 
brought inside for sample processing, the amber bottles for Chl-a analysis will be separated so that one 
crew member can begin filtering. The second crew member will begin to process the aliquots from the 
bulk samples.  

 
All lab personnel will wear nitrile gloves, and will change gloves when switching to processing a new 

site. Working from downstream to upstream, the order in which sites were sampled, the bulk sample for 
each site will be found in the cooler and processed. Sets of bottles (a 1-L jug, a 243 mL squat bottle, etc.) 
will be set out for the given sampling location. Based on a sampling QAQC table provided to the 
sampling crew identifying sites where field splits are to be analyzed, additional bottles will be added to 
the site sets. Labels for the bulk and aliquot bottles will be compared; the sample collection time will be 
added to the aliquot bottle labels. After loosening the aliquot bottle caps, the bulk sample bottle will be 
fully mixed by inverting 10 times and the aliquot bottles rinsed three times. The bulk sample bottle will 
then again be fully mixed and the aliquot bottles filled with sample. Both the aliquot and bulk sample 
bottles will be re-capped as soon as possible and the bulk sample returned to its cooler. After 
completing the appropriate line on the chain of custody forms for the aliquots, the aliquots will be 
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placed in separate coolers, one for each bottle type. If called for, bulk sample field blanks and duplicates 
will be processed after the bulk grab sample for the same site is processed.  

 
At least one split duplicate (e.g., two aliquots taken from the same bulk sample bottle) and one field 

duplicate (a second bulk sample co-collected in the field) will be collected, processed, and analyzed for 
each parameter and sampling event to meet our QAQC objectives. 

 
Table 7 summarizes the container, handling and preservation, and hold time for each analyte. At 

least two spare bottles for each aliquot type and blank labels will be available in case of mishap. Step-by-
step directions utilized by the aliquot splitter have been developed and are available upon request.  

 
Table 7: Sample Container Codes, Types, Volumes, Preparation, Special Handling, Preservation, 
Holding Times 

Analysis Cont. Code Container Handling & Preservation Holding Time 
TOP A - Upper 

Blackstone 
237 mL, plastic Store ≤6°C 48 hours 

TSS, SC C - Upper 
Blackstone 

1 L, plastic Store <=6°C 7 days 

Chl-a1, 2 D – EAL 
(filter retained 
only1) 

1 L, amber plastic 0.7-micron pore size glass 
microfiber filter, dry filter and 
freeze, store in dark, discard filtrate 

21 days 

TP E - EAL 125 mL, amber 
plastic acid washed 

Freeze 1 year 

PON1 H – UMass 
Dartmouth 

1 L, Plastic Store 4±2°C. Transport to UMD (lab 
filtered by UMD; filter analyzed, 
filtrate discarded) 

48 hours 

dTAM, dNO23, 
TDN 

I – UMass 
Dartmouth 

60 mL, Plastic 0.22 µm filter3. Store filtrate 4±2°C. 
Transport to UMD. 

48 hours 

Notes:  
1 Sample analyzed is filter residue, not the filtrate 
2 Filtration occurs within 4 hours of sample collection. 
3 Filters are analyzed within 21 days according to the EAL QAPP  

Preparation of Lab Blanks 
The day prior to sampling, lab blanks will be prepared by filling aliquot bottles directly from the EAL 

source of DI water. The lab blank aliquot bottles will travel with the samplers from site-to-site and then 
be added to the appropriate cooler based on analyte type and lab at the end of the day. Lab blanks will 
provide an indication of whether DI source water, transportation steps, or laboratory analysis 
procedures have the potential to lead to sample contamination. In the event that positive blanks or 
duplicates are outside the acceptable precision range, additional blanks and/or duplicates will be added 
in subsequent sampling events to try and determine the source of contamination if it is not readily 
identifiable from existing data and documentation. 
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Seven blanks—coded B5, B6, B7, B8, B9, B10, and B11—designed in 2017 to identify a 
contamination source that was causing blanks to show positive results in UMD’s nitrogen analyses were 
discontinued for the 2018 sampling season. Those blanks will be used again in 2019 if warranted. 
 

Sample Preservation 
Once all aliquots are split, the 243 mL (TOP), 1 L (TSS/SC) for analysis at the Upper Blackstone will be 

moved from coolers to the walk-in refrigerator, unpreserved. Samples for delivery to UMD will be placed 
in a dedicated cooler with fresh ice and shipped via FedEx overnight. Samples for delivery to EAL will be 
moved from the Upper Blackstone freezer to a cooler, transported, and immediately placed in the EAL 
freezer. No acidification is necessary for sample preservation this season, except for RI samples on one 
summer sampling date, if pertinent. 
 

Filtering for Chlorophyll-a 
Following SOP protocols, water samples collected in amber bottles for chlorophyll-a analysis will be 

filtered in the Upper Blackstone lab through a 47 mm diameter Whatman GF/F 0.7-micron pore size 
glass microfiber filter as soon as possible but no later than within 4 hours. Prior to filtering, all filtering 
equipment and containers will be rinsed three times with deionized (DI) water and then once with 
sample water. The filtering process will be set up with vacuum flask, filter holder, glass fiber filter, and 
filling funnel. After placing the filter rough side up on the filter holder, an exact sample volume will be 
measured out using a graduated cylinder, filtered, and the volume filtered recorded. Each sample will be 
filtered until the filter is visibly green or greenish brown. This coloration indicates enough chlorophyll 
has been collected for the chlorophyll-a analysis. For the Blackstone River, 250 mL of water will be 
typically filtered during the growing season, but during early spring and late fall, when productivity in 
the river is less, larger volumes will likely be filtered. During July and August, peak seasons for growth, 
smaller volumes may be filtered. When the entire measured sample has been filtered, the filling funnel 
will be removed and the filter carefully transferred from the filter holder with forceps, folded in half 
(green side in), and placed in an air-drying box. When all samples have been filtered, the drying box will 
be plugged in and the sample filters completely air-dried for approximately 25 minutes. The filters will 
then be removed with forceps, placed in aluminum foil, and labeled with the site name, date, time of 
sampling, and volume of water filtered. Filters will be frozen as soon as possible for preservation prior to 
chlorophyll-a analysis. 

 

Chain of Custody 
Chain of custody will be maintained in accordance with standard procedures. Chains of custody will 

be pre-filled out with the expected samples and analyses, including a line for each aliquot. At the time 
bulk samples are split into aliquots for preservation and subsequent analysis, chain of custody forms will 
be checked against the aliquot bottles and the collection times will be added. One chain of custody form 
will be prepared for each lab (Upper Blackstone, EAL, UMD), plus one for the NBC lab to accompany the 
PT sample given to the NBC sampling crew. Copies of the chain of custody forms are provided in 
Appendix D. Once the chain of custody forms are checked and signed by UMass staff, they will be 
transferred to the respective laboratories for their staff to sign.  
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Sample ID Nomenclature 
Sample IDs will follow a set nomenclature consisting in general of four parts: sampling site ID, 

sample type, filtration code, and date. Unique sampling site identifications for each site are listed in the 
first column of Table 1. Sample types include both the sample itself, designated as a grab sample, as well 
as the quality assurance quality control (QAQC) samples such as splits, duplicates, blanks, and 
performance evaluation samples, Table 8. Each sample ID will also include a filtration code, as indicated 
in Table 9. The last field will be the sample collection date as MMDDYY. 

 
Table 8: Sample Type Codes 

Code Description 
G Grab sample 
FS Field split 
FD Field duplicate 
LB EAL DI water lab blank 
FB EAL DI water field blank 
EB UB DI water equipment blank 
P Performance evaluation sample 

 
 
Table 9: Filtration Codes 

Code Description 
UF Unfiltered 

FF22 22-micron field filtered 
NA Not applicable (e.g., for lab blanks) 
FR Filter residue (e.g., analysis done on a filter, such as for 

PON) 
 
 

4.0 Field Water Quality Measurements 
In 2019, field water quality measurements (water temperature, dissolved oxygen [DO], and pH will 

be collected at all sites. Field parameters will be collected with a hand-held Hach HQ 40 D multimeter 
equipped with two probes. Temperature, DO, and pH will be measured in situ by each field crew.  

 
Each meter will be calibrated by UB staff at the UB lab on the morning of each sampling day, prior to 

sampling. Both DO and pH probes will be attached to the meter. Calibration forms are found in 
Appendix E, along with measurement instructions from the meter manual. 

 
At the sampling site, measurements will be taken with the meter before or at the same time as the 

collection of river samples. The probe comes with a 25-foot cable. If the river surface cannot be reached, 
measurements will be taken from a sampling container. Measurements will be taken from both the river 
and a sampling container a few times during the season to compare the two sets of measurements. If 
sampling container measurements are not acceptable, no further measurements will be made from 
those containers. At each site:  
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1. Rinse the probes with DI water, then lower the probes into the river where water chemistry 
samples are collected, just below the water surface.  

2. Press the READ key. When the screen shows that the measurements have stabilized, record the 
readings for water temperature (%), DO saturation, DO concentration in mg/L, and pH on the 
field sheet.  

3. Rinse the probes with DI water, and place the probes in their respective sleeves/flasks. Place the 
meter and probes in the travel bucket.  
 

An SOP was created in 2019 and submitted as an addendum to the QAPP: SOP-FLD-013: Handheld 
Multimeter Field Measurements (see SOP-013 in Appendix F).  
 
At the RI sites, the field parameters recorded by NBC should also be recorded on the field sheet.  

 
Upon return to the UB lab, the pH probe will be placed in each of the buffers and readings recorded on 
the calibration form. The DO probe will be placed in the air-saturated water flask and the reading will be 
recorded on the calibration form. A photocopy of the calibration form for the sampling day will be given 
to the UMass team. 
 
Conductivity will be measured with the Hach meter and a conductivity probe in the UB lab from the 
same samples used for TSS analysis. The lab SOP for conductivity measurement is included in Appendix 
F. 

 

5.0  Schedule 
The nutrient sampling program will follow the sampling schedule NBC has in place for their 

Blackstone River sampling. Because NBC sometimes needs to adjust their schedule, sampling dates will 
be confirmed with NBC and the labs one-week prior to each planned event. Samples will be collected 
routinely for nutrients once every 4th Wednesday, regardless of weather conditions, starting in April. See 
Table 9 for sampling dates in 2019. 

 
Table 9: 2019 proposed sampling dates 

23 April 
21 May 
19 June 
17 July 
14 August 
11 September 
09 October 
06 November 

 

6.0 Quality Assurance 
Prior to the first sampling event, sampling staff from UMass and Upper Blackstone will read through 

the Field Sampling Plan, sampling SOPs, and review field data sheets. UMass and Upper Blackstone 
sampling staff will then participate in a conference call or meeting which will act as a refresher on 
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sampling protocols and will also enable staff to discuss any questions or concerns related to sampling. 
To ensure sampling procedures are followed and QAQC objectives are being met, Marie-Françoise Hatte 
will conduct a field audit during at least one sampling event to observe sampling crews and document 
any deviations from the sampling SOPs. Field audit results will be made available to all sampling staff 
and any issues will be corrected. 

 
Measurement performance criteria, including the precision, accuracy, completeness, comparability, 

and representativeness of the data will be used to assess the quality of all environmental measurements 
in relation to the objectives of this Scope of Work. The criteria for this project are presented in Appendix 
E. To meet these objectives, field duplicates, laboratory replicates, and blanks will be run. QAQC samples 
will at a minimum consist of 1 field duplicate (rate of 1:9) and one blank each sampling run (rate of 1:9). 
Additional blanks and duplicates will be added if positive blanks or duplicates outside of the acceptable 
precision range are noted.  

 
In addition, a limited number of Performance Test (PT) samples will be used as a double-blind 

evaluation on the respective laboratory’s performances for the following parameters: total dissolved 
phosphorus (TDP), dissolved orthophosphate (DOP), dissolved nitrate/nitrite (dNO23), and dissolved total 
ammonia (dTAM). The PT samples will be purchased from an outside PT manufacturer, diluted to 
concentrations representative of riverine conditions, and will be provided with a known quantity of 
analyte. Typically, one set of PT samples will be incorporated within the batch of river samples and 
submitted blindly to the laboratories. The laboratory’s analytical results will be compared to the known 
analyte concentrations provided based on the PT manufacturer and known dilutions. 

 

7.0 Team Organization and Contact Information 
Key team members participating on the Blackstone River Watershed Assessment Study include the 

following: 
 
 Upper Blackstone Clean Water (Upper Blackstone) 

 
 University of Massachusetts at Amherst (UMass) 

 
 University of Massachusetts at Dartmouth (UMD) 

 
 CDM Smith 

 
 Narragansett Bay Commission (NBC)  

 
The following section provides a brief discussion of the team member roles and responsibilities. Table 10 
provides contact information for these team members and others that will assist with the sample 
collection. 

 
Program Management and Technical Oversight. Ms. Karla Sangrey, P.E., Upper Blackstone Director, 
shall serve as the primary point of contact for the UB on the river sampling. Ms. Kristina Masterson, P.E., 
CDM Smith, will serve as the primary point of contact for CDM Smith on the river sampling. They will 
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provide program management guidance and technical oversight, including review of the proposed Scope 
of Work and data reporting.  

 
Upper Blackstone Laboratory Coordinator. Mr. Timothy Loftus will be the primary contact for the UB 
laboratory. He will coordinate with UMass to ensure the UB can assist with sampling and analysis on 
sampling week, reserve the Upper Blackstone vehicle, and coordinate with the Upper Blackstone staff in 
terms of meeting times and duties. In addition, he will assist UMass to ensure the sample volumes and 
plans for filtering/preserving meet the UB needs. 

 
EAL Laboratory Coordinator. Mr. Cameron Richards will be the primary contact for the EAL laboratory. 
He will ensure that all necessary supplies are available. He will also run Chl-a and TP samples sent to EAL. 

 
NBC Laboratory Coordinator. Ms. Christine Comeau will be the primary contact for NBC. She will assist 
in coordinating sampling dates and co-sampling timing. 
 
UMD Laboratory Coordinator. Ms. Sara Sampieri Horvet will be the primary contact for UMD. She will 
assist with coordinating aliquot bottle and filter delivery to UMass prior to each sampling event, and be 
the interface for data delivery and questions. 
  
Principal Investigator. UMass will be responsible for field sampling and associated activities performed 
under this Scope of Work under the direction of Ms. Marie-Françoise Hatte, who will serve as principal 
investigator. Ms. Hatte will ensure that the work completed by the Project Team meets the prescribed 
scope of work; she will be the primary point of contact between UMass and the Upper Blackstone. Ms. 
Hatte will work closely with the Upper Blackstone, CDM Smith and NBC to make any necessary 
adjustments to the sampling plan and solicit feedback regarding the effort. Ms. Hatte and staff will also 
be responsible for coordinating the specific details of the data collection and review efforts, including: 

 
 Oversight/assistance of the field program 
 Oversight of identifying and resolving problems at the field team level 
 Identifying, implementing, and documenting corrective action 
 Oversight of documentation 
 Data review and reporting. 

 
Field Program Coordinator. Mr. Cameron Richards will serve as the Field Program Coordinator. He will 
be responsible for mobilizing, coordinating and managing sampling events, as well as, gathering and 
analyzing data in the field. Ms. Hatte will provide assistance where necessary.  

 
Document and Data Custodian. Mr. Cameron Richards will serve as the document custodian, assisted by 
Ms. Hatte. The Document Custodian will be responsible for maintaining project files and filing project 
documents, project correspondence, sample integrity data sheets, chain of custody forms, field report 
forms, field and equipment notebooks, generated data and other associated and pertinent project 
information. The Document Custodian will:  

 
 Review documents for quality control when submitted, ensuring that data recording procedures 

have been carried out as per this SOP 
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 Maintain hardcopy and electronic records, converted paper files to an electronic database as 
needed 

 Maintain and backup the master database for the project 
 Assist in data analysis and visualization 
 Assist in the interface between the monitoring and modeling portions of the project 
 Be responsible for transferring data to Project PI 
 Complete the required QAQC calculations based on duplicate and blank sample data returned 

from the labs 
 Perform data review, verification, and validation, as described in Section 4 

 
QAQC Officer. Ms. Hatte will serve as the QAQC Officer. She will review the QAQC data and suggest 
modifications to the sampling plan to address any concerns. She will also conduct a field sampling audit 
once during the 2019 sampling season. 
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Table 10: Team Contact Information 
Name/Organization Role Contact 

UMass: 
Marie-Françoise Hatte  
 
 
Cameron Richards 

 
Principal Investigator 
Field Sampling Assistance 
QAQC Review 
EAL Lab Coordinator 
Field Program Coordinator 
Document & Data Custodian 
Primary Field Sampler 

mfhatte@umass.edu 
413.545.5531 (w) 
413.768.8402 (c) 
 
cameronr@umass.edu  
413.545.5979 (w) 
978.732.4007 (c) 
 

CDM Smith: 
Kristina Masterson 
 
Zach Eichenwald 

Program Management 
& Technical Oversight 

   
            “ 

MastersonKK@cdmsmith.com 
617.452.6284 (w) 978.618.6646 (c) 
eichenwaldzt@cdmsmith  
508.654.2866 (c)  

Upper Blackstone: 
Timothy Loftus 
 
Denise Prouty 
 
Cindy D’Alessandro 
 
Sharon Lawson 
 
Rick Vaudry 
 
Ornela Piluri 
 
Devon Avery 

 
Upper Blackstone Lab Coordinator 

 
Upper Blackstone Sampling 
and Lab Assistance 

            “ 
 

            “ 
 

            “ 
 

           “ 
 

           “ 

774.280.2796 (c) 
TLoftus@ubwpad.org 
dprouty@ubcleanwater.org 
(508.523.9538 Denise) 
CD'Alessandro@ubcleanwater.org 
(508.769.4125 Cindy) 
slawson@ubcleanwater.org 
(774.696.8423 Sharon) 
RVaudry@ubcleanwater.org 
(401.580.7175 Rick) 
opiluri@ubcleanwater.org 
(508.981.5540 Ornela) 
davery@ubcleanwater.org  
(774.482.0568 Devon) 

UMD: 
Sara Sampieri Horvet 
Dr. David Schlezinger 
David White 

 
UMD Lab Coordinator 
UMD Lab Director 
UMD Lab QA Officer 

ssampieri@umassd.edu 
dschlezinger@umassd.edu 
d1white@umassd.edu 
508.910.6314 

NBC: 
Christine Comeau 
Jim Kelly 
John Motta 
Eliza Moore 
Karen Cortes 
Bekki Songolo 
Bekki Songolo 
Jeff Tortorella  
Sara Nadeau 

 
NBC Lab Coordinator 
NBC Lab contacts, to be cc’d on emails 
about co-sampling 
                “ 

        “ 
        “ 

NBC Field Sampling 
              “ 
              “ 

ccomeau@narrabay.com 
401.461.8848 ext. 260 
jkelly@narrabay.com 
jmotta@narrabay.com 
eliza.moore@narrabay.com 
Karen.cortes@narrabay.com 
rsongolo@narrabay.com 
401.641.2709 
401.641.1635  
401.641.3274 
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Sampling Site Details 

UB: 50 US-20, Millbury, MA   (Use 7 Nippnapp Trail, Millbury, MA for GPS directions)

Sample Site Waterbody Segment Coordinates 

RMSD 
Slater Mill Dam 
Pawtucket, RI (41.876909, -71.381940) 

R116 Rte 116 Bikepath Bridge 
Pawtucket, RI (41.938066, -71.433769) 

RMSL State Line 
RI  (42.009974, -71.529313) 

W1779 Below Rice City Pond Sluice Gates 
Hartford St., Uxbridge,  MA (42.09727, -71.62241) 

W0767 USGS gage 01110500 near Sutton St. Bridge 
Northbridge, MA        (42.153996, -71.652438) 

W1242 Route 122A 
Grafton, MA (42.17704, -71.68796) 

W1258 Central Cemetery 
Waters Street, Millbury, MA  (42.19373, -71.76603) 

UBWPAD2 Below Confluence UB effluent and Blackstone River 
Millbury, MA (42.20702, -71.78154) 

W0680 New Millbury St. Bridge 
Worcester, MA (42.22784, -71.78762) 

Blackstone River Water Quality Monitoring Program 2019 Field Sampling Plan
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UB to Slater Mill Dam 
 
1. Leave plant and turn left onto Route 20 
2. Take immediate right at light to head towards entrance to I-90 (Pike) 
3. Go past entrance to I-90 and take exit on right to Rt-146 S 
4. Continue on RI-146 S into Rhode Island 
5. Take the RI-15/Mineral Springs Ave exit 
6. Turn left on to Mineral Springs Ave/RI-15. Continue to follow RI-15 E 
7. Continue straight for as long as possible, staying straight to go onto Church St.SML 
8. At T-intersections, turn left onto Park Place E 
9. Turn right onto Main  
10. Go across bridge staying to the left.  
11. Turn left onto School Street for 1 block, taking next left to go around the block and 

down the hill back to the river. 
12. Park on the LHS of Broadway.  
13. Dam across the street. 

 
BE CAREFUL CROSSING STREET – CARS MOVE FAST AROUND THE CORNER AND IT IS A 
BLIND TURN. 
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Slater Mill Dam to Rt. 116 Bikepath Bridge (George Washington Highway) 
 
1. Carefully merge into traffic on Broadway and move to the right.  
2. Turn right onto Main Street to go back across bridge. 
3. Go straight up the hill, verging to the right at the top go onto Broad Street, Route 114. 
4. Stay on Broad Street (merges with Rt 123) 
5. Turn right onto Rt. 122/Mendon Rd when Broad Street ends. 
6. Turn left into the Loft Apartment/Mill Shops near Middle St. and Front St. 
7. Park under highway bridge and collect sample from bikepath bridge 
 

 
 

Blackstone River Water Quality Monitoring Program 2019 Field Sampling Plan
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Rt. 116 Bikepath Bridge to MA/RI State Line 
 
1. Exit shops area and turn left back onto Rt. 122/Mendon Rd. 
2. Continue on Rt. 122 into Woonsocket. 
3. Verge left to stay on Rt. 122/Cumberland Rd when Mendon Rd turns to the right 
4. Turn left onto Hamlet Ave/Rt. 122/Rt. 126, crossing the river 
5. Continue on Hamlet Ave/Rt. 122 until cross river again. 
6. After crossing river, continue straight, up the hill on the one way street (High Street) 

past the historic train station (and big bear wooden statue). 
7. Continue to the end of High St./122 
8. Turn right onto River Street 
9. Cross River, continuing on River Street to the Singleton Street bridge 
10. Sample from bridge 

 

 
 
Directions to return directly to Rt. 146: 
1. Head southwest on Singleton St toward Canal St  
2. Turn right onto Canal St 
3. Turn left onto St Paul St 
4. Turn right onto Rhode Island 146A N/State Hwy 146A N  
5. Merge onto RI-146 N via the ramp to Worcester 
  

Blackstone River Water Quality Monitoring Program 2019 Field Sampling Plan
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MA/RI State Line to Rice City Pond 
 
1. Turn around on Singleton Street in order to turn right onto Canal Street 
2. Briefly turn left onto St. Paul Street, then immediately right again to stay on Canal 

Street. 
3. Cross the river and continue straight to stop sign.  
4. Turn left onto Route 122 
5. Continue on Route 122 through Uxbridge and into North Uxbridge. 
6. Turn right onto E. Hartford Ave 
7. Continue on E. Hartford Ave across Mumford River and through stop sign. 
8. When road starts to go downhill, turn right onto Oak Street (sign for River Bend Farm 

and conservation area). 
9. Turn left into medical practices offices. Park in far corner near canal/river park. 
 

 
 
RCP back to Rte 146: 

1. Go out of parking lot and turn right onto Oak St, then left back onto Hartford Ave. 
2. Continue on Hartford Ave then go right at the light onto Rte 122 North 
3. Continue on 122 to Northbridge and go left onto Sutton St. It becomes Central 

Turnpike and will take you to the exit for Rte 146 N. 
 
To get to RCP from Rte 146 
1. Take Exit 3 (Uxbridge), Douglas Street 
2. Turn left onto Rt. 122 N. 

Blackstone River Water Quality Monitoring Program 2019 Field Sampling Plan
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3. Travel north short ways until East Hartford Ave 
 
 

Rice City Pond to W0767 (Sutton St. Bridge) 
 
1. Retrace path to Hartford Ave and return to Rt. 122 
2. Turn right onto Rt. 122N 
3.   Follow Rt. 122N to Sutton St on left 
4.   Left onto Sutton St then park on bridge 
5.   Sample from downstream side of bridge 
6.   Old site (through 2018): Park behind the apartment building on the left, and sample 
from the bank 
 
 
Sutton St Bridge to Rt. 122A Bridge 
 
3. Return to Rt. 122 
4. Turn left onto Rt. 122N 
5. Continue on Rt. 122N, verge left onto Rt. 122A 
6. Park in shopping area lot on left just before the bridge 
7. Sample from downstream side of bridge 
 

 
 
 

Blackstone River Water Quality Monitoring Program 2019 Field Sampling Plan

29



To get to Rt. 122A bridge from Rt. 146 
1. Turn left onto Boston Rd from 146 (Pizza place on RHS) 
2. Follow Boston Rd to 122A 
3. Turn right onto Rt. 122A south 
4. Continue to bridge over Blackstone River 

 
Rt. 122A Bridge to Central Cemetery 

1. Leave parking lot turning left to continue on Rt. 122A North 
2. Merge left to continue onto Rt. 122A/Canal St./Elm St in Millbury 
3. Verge right to stay on Rt. 122A up the hill 
4. Turn right onto North Main Street 
5. Take next left onto West Street 
6. At stop sign, turn right on Waters Street and park in Cake Shop Café 
7. Sample from upstream side of  the bridge 

 

 
 
To get to Central Cemetery from Rt. 146 

1. Take Elm St. exit, immediately past gas station/donut shop 
2. Turn left at end of the ramp onto Elm Street 
8. Cross river and take immediate left onto River Street 
9. Continue on River Street to stop sign 
10. Turn left onto Waters Street, park Cake Shop Café 
11. Sample from upstream side of the bridge 
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Central Cemetery to UBWPAD Confluence (UBWPAD2 site) 
1. Leave site and turn right onto River Street at stop sign. 
2. At end of River St., turn right onto Elm Street 
3. Cross river and then turn left for the Route 146 entrance 
4. Follow Rt. 146, taking the I-90 interchange exit 
5. Stay right to stay on Route 20 Connector 
6. At second set of lights, turn left onto Route 20 West/Washington St. 
7. Continue past the plant and turn left onto Greenwood Street 
8. Continue straight on the I-90 overpass 
9. Before bridge over the Blackstone River (white house like business on left that used 

to sell antiques) turn left and take the access road along the Kettle Brook diversion. 
10. Park down dirt path and cross railroad tracks on foot, following path to gain access 

to bike path 
11. Once on bike path, go right down the path until you see a clearing in the brush on 

your right. The point of entry will be marked with blue plastic colored ribbon. Go 
into the woods towards the river. The sampling spot will be marked with the same 
color ribbon. 
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UB Plant to UBWPAD2 sampling site 
1. Leave plant and turn right onto Route 20 West/Washington St. 
2. At light, turn left onto Greenwood Street 
3. Continue straight on the I-90 overpass 
4. Before bride over the Blackstone River (white house like business on left that used to 

sell antiques) turn left and take the access road along the Kettle Brook diversion. 
5. Park down dirt path and cross railroad tracks on foot, following path to gain access to 

bike path. 
 
 
UB Plant to New Millbury Street Bridge 
1. Leave plant and turn right onto Route 20 West/Washington St. 
2. At light, turn right onto Greenwood Street 
3. In Quinsigamond Village, turn right onto Blackstone River Road 
4. Go past Imperial Distributors 
5. At light, turn onto Tobiason Boland Way 
6. Turn left into large store (old Sam’s) parking lot, and drive all around the building until 

you see dumpsters 
7. Park near dumpsters, walk to fence where there is a gate 
8. Walk left on the bike path 
9. Go through gate (use key to lock if necessary) 
10. Sample under bridge 

Blackstone River Water Quality Monitoring Program 2019 Field Sampling Plan

32



 
 

Blackstone River Water Quality Monitoring Program 2019 Field Sampling Plan

33



Appendix B 

Field Data Collection Forms –  
Staff Training and Field Program 
Coordination  
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BLACKSTONE RIVER COLLECTOR SHEET – 2019 Sampling Naming Convention 
 

Sample ID Waterbody Segment Sample 
Type QAQC History 

RMSD Slater Mill Dam, Pawtucket, RI 
(41.876909, -71.381940)   

G  

R116 Rte 116 Bikepath bridge, Pawtucket, RI 
(41.938066, -71.433769) 

G  

RMSL State Line, RI 
(42.009974, -71.529313)      

G  

W1779 Below Rice City Pond Sluice Gates 
Hartford St., Uxbridge                            (42.09727, -71.62241) 

G  

W0767 USGS gage 01110500 Sutton St. bridge, Northbridge, MA 
                                                      (42.153966, -71.652452) 

G  

W1242 Route 122A, Grafton, MA  
                                                                (42.17704, -71.68796) 

G  

W1258 Central Cemetery, Waters Street, Millbury, MA   
                                                         (42.19373, -71.76603) 

G  

UBWPAD2 Below Confluence UBWPAD and Blackstone River, 
Millbury -                                               (42.20702, -71.78154) 

G  

W0680 New Millbury St bridge, Worcester 
                                                                (42.22784, -71.78762) 

G  
 

 Blanks not associated with a site B  

 

Additional Sample ID Nomenclature: 

G Grab sample   

FS Field split   

FD Field duplicate   

LB Lab blank (EAL DI)   

FB Field blank (EAL DI)   

EB Equipment Blank   

B3 Lab blank (UBWPAD DI)   

B4 Field blank (UBWPAD DI)   

B5 Lab blank – unwashed bottle (UMD DI)   

B6 Field blank – unwashed bottle (UMD DI)   

B7 Field blank – washed 60mL and leftover water in 1L for 
POCN (UMD DI) 

  

B8 Blank, bottle washed by EAL, returned empty   

B9 Blank, pre-filled, left unopened   

B10 Blank, 1L pre-filled, left unopened (UMD DI)   

P Performance Evaluation Sample   
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2019  Team Contact Information 
Name/Organization Role Contact 

UMass: 
Marie-Françoise Hatte  
 
Cameron Richards 

Principal Investigator 
Field Sampling Assistance 
QAQC Review 
EAL Lab Coordinator 
Field Program Coordinator 
Document & Data Custodian 
Primary Field Sampler 

mfhatte@umass.edu 
413.545.5531 (w) 
413.768.8402 (c) 
 
cameronr@umass.edu  
413.545.5979 (w) 
978.732.4007 (c) 
 

CDM Smith: 
Kristina Masterson 
 
Zach Eichenwald 

Program Management 
& Technical Oversight 

   
            “ 

MastersonKK@cdmsmith.com 
617.452.6284 (w) 978.618.6646 (c) 
eichenwaldzt@cdmsmith  
508.654.2866 (c)  

Upper Blackstone: 
Timothy Loftus 
 
Denise Prouty 
 
Cindy D’Alessandro 
 
Sharon Lawson 
 
Rick Vaudry 
 
Ornela Piluri 
 
Devon Avery 

 
Upper Blackstone Lab Coordinator 

 
Upper Blackstone Sampling 
and Lab Assistance 

            “ 
 

            “ 
 

            “ 
 

           “ 
 

           “ 

774.280.2796 (c) 
TLoftus@ubwpad.org 
dprouty@ubcleanwater.org 
(508.523.9538 Denise) 
CD'Alessandro@ubcleanwater.org 
(508.769.4125 Cindy) 
slawson@ubcleanwater.org 
(774.696.8423 Sharon) 
RVaudry@ubcleanwater.org 
(401.580.7175 Rick) 
opiluri@ubcleanwater.org 
(508.981.5540 Ornela) 
davery@ubcleanwater.org  
(774.482.0568 Devon) 

UMD: 
Sara Sampieri Horvet 
Dr. David Schlezinger 
David White 

 
UMD Lab Coordinator 
UMD Lab Director 
UMD Lab QA Officer 

ssampieri@umassd.edu 
dschlezinger@umassd.edu 
d1white@umassd.edu 
508.910.6314 

NBC: 
Christine Comeau 
Jim Kelly 
John Motta 
Eliza Moore 
Karen Cortes 
Bekki Songolo 
Bekki Songolo 
Jeff Tortorella  
Sara Nadeau 

 
NBC Lab Coordinator 
NBC Lab contacts, to be cc’d on emails 
about co-sampling 
                “ 

        “ 
        “ 

NBC Field Sampling 
              “ 
              “ 

ccomeau@narrabay.com 
401.461.8848 ext. 260 
jkelly@narrabay.com 
jmotta@narrabay.com 
eliza.moore@narrabay.com 
Karen.cortes@narrabay.com 
rsongolo@narrabay.com 
401.641.2709 
401.641.1635  
401.641.3274 
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Bulk Sample Collection Data Sheet -  Event Type □ Dry-weather
Event Date: □ Wet-weather

□ Routine (monthly)

Field Crew:
Cooler ID Start End No. Field Blanks

Note collector with *
No. Field Splits Nutrients 

Processing Chlorophyll a
Crew: 

(Scheduled No.)
Page ____ of ____

PT 
Only Notes6

.22µm

dN
H

4/
dN

O
32

/T
D

N
(6

0m
L:

 U
M

D
)

x x x x x x 3 4

x x x x x x 3 4

x x x x x x 3 4

x x x x x x 3 4

x x x x x ● 1 4

x x x x x x 3 4

x x x x x x 3 4

x x x x x x ● 3 4

x x x x x x 3 4

x x x x x x 3 4

x x x x x x 3 4

✓ ✓ ✓

✓ ✓ ✓ ✓ ✓ ✓ ● 2 4

x x x x x ● 4 4

x x x x x x ● 2
Notes: 

2 Processing time is time when bulk sample is split.
3 Analyte/Bottle Group volume and preservative notes subject to change. Labs for each noted.
4 QA/QC samples will have a unique ID# on chains. Leave blank lines before and after to ensure processing crew sees request.
5 Bulk sample collected in 1 L amber plastic; filtered through 0.07 micron glass fiber filter, dried, stored in foil, frozen as soon as possibl
6 Chlorophyll a  QC's do not require a second 1 L amber plastic bottle. Only one bottle is needed per site.
7 Location of duplicates, splits, and blanks changes each event.
8 2L bulk for splitting into two TSS 1L sample bottles. The other splits come from the same large 4 L (MA)  or 6 L (RI) bottle as regular s
9 Use 2 1 Gallon bottles of UB DI water for EB field blank

RELEASED BY PROCESSING CREW:

Date: Time: Date: Time:

Sample: cool warm Sample: cool warm

Standard

RMSD-G

W0767-G

EAL DI 

4L

x

   UBWPAD2-G

   RMSD-P
31

W1258-G

   W1242-FD

Signature/Date/Time  Samples split to Aliquots, Lab COCs complete, 
Remaining bulk sample disposed of

W1779-G

   W1258-LB

   W1258-FB

4L

   W0767-EB 4L 
2Gal

CHAIN OF CUSTODY FORM

RELEASED BY FIELD COLLECTOR:SAMPLE ID

Signature/Date/Time

4L 4L

All samples listed on front of sheet.

(Bottle ID)

Temp (°C) 

4L

2Processing Date and 
TimeCollection Date and Time

W0680-G 4L

W1242-G

4L

R116-G

2L

To
ta

l #
 o

f F
ie

ld
 B

ot
tle

s

To
ta

l #
 o

f L
ab

 B
ot

tle
s

QA/QC4

 T
SS

/S
C

 (1
 L

: U
B

)

 T
P 

(1
25

 m
L:

 E
A

L)

 T
O

P 
(2

37
 m

L:
 U

B
)

6L

 B
la

nk

6L

EAL DI

UB DI

Fill in the Date and Time, and Sign in the Released/Received Columns.  Mark if sample was cool or warm.

 F
ie

ld
 D

up
lic

at
e

 P
O

C
N

 (1
 L

: U
M

D
)

 F
ie

ld
 S

pl
it

Sample ID

4L

Bottles filled in the 
field                           

 8 B
ul

k 
Sa

m
pl

e 
Vo

lu
m

e

 5 C
hl

or
op

hy
ll-

a
   

 (1
L 

am
be

r:
 E

A
L)

   W1779-FS

dN
O

23
/d

N
H

3/
dO

P 
(5

00
m

L:
 N

B
C

)

4L

Lab aliquots from bulk  
(✓= pre-filled)

RMSL-G

6L
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Aliquot Bottles/Supplies
UMD Bottles

Analyte Bottle Type
Need to Fill 

in Field
Total 

Needed
Plan to 
Take

Labels 
Ready

Ready for 
Event

dNH4/dNO32/TDN (.22µm) A 60 ml 15 23 25 □ □
POCN C 1 L bottle 14 17 19 □ □

UBWPAD Bottles
TOP D 237 ml 13 15 17 □ □

□TSS & SC F 1L plastic jug 13 15 17 □

EAL Bottles
Chl-a G 1 L, amber plastic 12 14 16 □ □
TP H 125ml acid washed, amber 13 15 17 □ □

NBC Bottles
dNO23/dNH4/dOrthoP PT J 500ml - 1 1 □ □
Bulk Bottles
RI sites bulk K 6 L carboy 3 3 3 □ □
MA sites bulk L 4 L bottle 9 9 9 □ □
DI water for blanks M 4 L bottle 2 2 2 □ □
TSS & SC split bulk N 2 L bottle 1 1 1 □ □

Supplies
MgCO3 solution Small bottle of  solution - 1 1 - □
47mm, 0.70 micron filters Whatman GF/F 15 15 30 - □
0.22 µm filters Millipore SLGP033RS 30 30 40 - □
plastic syringes BD 309653 16 16 20 - □

Bottle Preparation for Events
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Bring to UB from UMass Checklist
General Supplies

2 Sampling poles

□

zip ties

□

4-L sampling container, rope, reel
□

Filter drier

□

Forceps

□

2 plastic flasks for chl-a

□

2 vacuum funnels for chl-a

□

Tin foil

□

Squeeze bottle DI for field

□

Filters

□
500 mL graduated cylinder

□

Gloves and Hand Sanitizer

□

Clip board

□

Sharpies

□
□

Nutrient Sites & Naming Convention □
EAL COC □
UB COC □
UMD COC □
NBC COC (for PET) & PT sample □
Site Driving Directions □
Step-by-Step Field Sampling Directions □
Step-by-Step Lab Aliquots Directions □
Bulk_Sample_Collection_DataSheet □
Equipment Problem Sheet □
Field Change Request Sheet □
Contact List □
River Field Data Sheets □
Labels Bulk Chlorophyll □
Labels Chlorophyll Filters □

□Labels EAL TP Aliquots
□Labels Lab Water
□Labels Rinse Water
□Labels Bulk Samples
□

Forms

Squeeze bottle DI for lab
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Step-by-Step Field Sampling Guide - 2019 
 
Prior to sampling:  
 Calibrate DO& pH Probes at Upper Blackstone Lab 
 UMass hands off bottles, PT sample, CoCs and materials & supplies to UB crew. 

 
 
For RI Sites: Give NBC the PT Sample (500mL) in cooler, along with a Chain of Custody sheet. NBC and UB 
sign both CoC copies, one goes with NBC, the other one stays with UB. 
 
***Put on clean pair of nitrile gloves at each site*** 
***If parking on a bridge, place traffic cones behind your vehicle*** 
 
 1 (6L) Carboy (Bulk Sample) for each site 
 1 (1L) brown Nalgene bottle for the chlorophyll sample for each site 
 1 (500mL) brown Nalgene bottle for the preserved chlorophyll sample (if present in site bottles 

bag) for each site 
 1 60 mL bottle for UMD filtered sample for each site 
 Measure Water Temperature, pH, and DO in mg/L and % saturation with Hach meter and record 

on field data sheet (Where probe can’t reach the river, take a sample with sampling container and 
take measurements in container) 

 Rinse bulk and chlorophyll sample bottles 3x with river sample water 
 Fill brown 1L chlorophyll bottle 
 Fill brown 500mL preserved chlorophyll bottle sample (if present in site bottles bag) 
 Fill Carboy ~ ¾ full 
 Shake carboy  
 NBC takes their sample from this carboy 
 Fill out field data sheet  
 Ask NBC folks for their meter readings (Water Temperature, DO in mg/L and % saturation, and 

pH), and record on the field data sheet 
 For 60mL NH4/NO32/TDN samples to be sent to UMassD (All sampling sites): 

o Attach 0.22 micron filter to clean syringe. Rinse clean syringe 3 times with water from bulk 
sample bottle (put plunger at end of syringe so the tip can be rinsed as well). Fill syringe 
completely with water from bulk sample bottle by removing plunger, pouring into barrel, 
and replacing plunger. 

o Filter 20mL of sample through the disposable 0.22 micron filter housing and discard.  
Then, filter 20mL into the 60mL bottle to rinse bottle and discard.  Then use the remaining 
20mL water in the syringe to filter into the 60mL sample bottle. 

o Remove filter from syringe and replace with new 0.22 micron filter. Filter 20mL of sample 
through disposable 0.22 micron filter housing and discard. Then use the remaining 40mL 
water in the syringe to fill the 60mL bottle that contains 20mL of sample from first 0.22 
micron filter.  

o Use new clean syringes and filters for each site. 
 Record the sampling time on the Bulk Sampling COC – Make sure all bottles are labeled with date 

and time of sampling! 
 All samples go back in the coolers for transport back to the lab. 
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For MA Sites: 
 
 1 (4L) Square bulk sample bottle for each site 
 1 (1L) brown Nalgene bottle for the chlorophyll sample for each site 
 1 60 mL bottle for UMD filtered sample for each site 
 ONLY AT W1779: 1 (500mL) brown Nalgene bottle for preserved chlorophyll sample (if present 

in site bottles bag).  
 Measure Water Temperature, pH, and DO in mg/L and % saturation with Hach meter and record 

on field data sheet 
 Rinse sampling bottle/container on pole or reel 3 times with river water  
 Rinse sample bottles 3x with river sample water 
 Fill 4L bottle 
 Fill brown 1L chlorophyll bottle 
 ONLY AT W1779: Fill brown 500mL preserved chlorophyll bottle sample (if present in site bottles 

bag) 
 Each crew: take meter measurements from both the river and the sampling container at one site. 
 Fill out field data sheet 
 For samples to be sent to UMassD (All sampling sites): 

o Attach 0.22 micron filter to clean syringe. Rinse clean syringe 3 times with water from bulk 
sample bottle (put plunger at end of syringe so the tip can be rinsed as well). Fill syringe 
completely with water from bulk sample bottle by removing plunger, pouring into barrel, 
and replacing plunger. 

o Filter 20mL of sample through the disposable 0.22 micron filter housing and discard.  
Then, filter 20mL into the 60mL bottle to rinse bottle and discard.  Then use the remaining 
20mL water in the syringe to filter into the 60mL sample bottle. 

o Remove filter from syringe and replace with new 0.22 micron filter. Filter 20mL of sample 
through disposable 0.22 micron filter housing and discard. Then use the remaining 40mL 
water in the syringe to fill the 60mL bottle that contains 20mL of sample from first 0.22 
micron filter.  

o Use new clean syringes and filters for each site. 
 Record the sampling time on the Bulk Sampling COC – Make sure all bottles are labeled with date 

and time of sampling! 
 All samples go back in the coolers for transport back to the lab 
 ONLY AT W1779: Walk to the middle of the bridge on Hartford Drive (wear a yellow vest) on the 

upstream side, and take photos of the pond to document presence/abundance of algae and aquatic 
macrophytes. Photos will be emailed to UMass. 

 
For QA/QC Samples: 
 Samples marked “FD” are Field Duplicates. FD sample should be taken immediately after the 

regular (“G”‘) sample. 
 Samples marked “FS” are Field Splits. Make sure you collect enough sample water – fill bottles and 

fill an extra 2L bottle at the sampling site for MA sites.  
 Field Blanks (FB)– Make sure the Blank DI Water gets poured into the corresponding Bulk Sample 

Bottle and chlorophyll bottle in the field, at the sampling site. 
 Lab Blanks (LB) are already filled and should accompany you on the entire field trip, in cooler. 

 
Site Specific instructions: 
 W0680 – Get key from UBWPAD; Use sampling pole * 
 UBWPAD2 – Use the sampling pole*  Watch out for poison ivy here 
 W1258 – Use bridge sampler (4L Bottle that is attached to a rope and reel) 
 W1242 – Use bridge sampler 
 W0767 – Use bridge sampler 
 W1779 – Use sampling pole 

 
*If using the sampling pole to fill the 4L bottle, attach the clean 1L brown bottle to the pole, rise 3x 
with river water, then fill the 4L bottle with the river water. Once the 4L bottle is filled, fill the 
brown bottle again and cap. That will be your chlorophyll sample. 
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Step-by-Step Directions – Lab Procedures for Aliquot Splitting 
 

1. Work with other crew member to bring in bulk sample bottles 
 4-L bottles and 1-L brown bottles to UBWPAD lab 
 1-L bottles go to one designated bench and 4-L bottles go to another 

 
2. Take the Bulk Sample Bottle Chain-of-Custody to fill out EAL Chlorophyll Chain-of-Custody 

(fill in sample collection times) 
 

3. Take the Bulk Sample Bottle Chain-of-Custody to bench with 4-L bottles and use it to fill in 
the sample collection times on the: 
 UBWPAD Chain-of-Custody 
 EAL Chain-of-Custody 
 UMassD Chain-of-Custody 

 
4. There will be bags labeled for each sampling site [there are 9 sites (split in site bag) plus 1 

field blank and a duplicate bag]. Each bag will contain labeled bottles: 
 One 1 L jug (TSS/SC) – (for split, will have a 2L bottle to split into two 1L bottles) 
 One 237 mL bottle (TOP) 
 One 1L Nalgene bottle (POCN) (For UMassD) 
 One 125 mL brown bottle filled with DI water (TP) (EAL) 

 
5. The bottles for field splits will be in the bag with the chosen site for that week’s QC.  

 The two TSS bottles should be filled from the round 2L bulk bottle 
 The other samples and splits should come from the large bulk sample bottle for the 

site 
 

6. Set aside the set of bottles for the site that will also have a blank 
 One 1 L jug 
 One 237 mL bottle 
 One 60 mL bottle (UMassD) 

 
7. Fill in the correct sample collection time on all of the aliquot labels. You may choose to do 

these all at once, or one site at a time as you fill the aliquots 
 

8. Set up 2 boxes for the aliquots, 1 for TSS/SC, 1 for TOP (if there aren’t any boxes right there, 
ask UBWPAD lab staff) 
 Small cooler for POCN, 60mL bottles. 
 TP 125ml EAL bottles in the freezer 

 
9. Starting at RMSD: 

 Double check label on 4-L and aliquots to make sure they match (site and time) 
 Snap off the bottle cap rings so you can easily open the aliquot bottles 
 Loosen or remove the caps and set to the side 
 Invert the 4-L bottle 10 times to make sure it is fully mixed 
 Rinse each aliquot bottle once with a small amount of sample 
 Fill the aliquot bottles, always in the same order – 1 L jug, 1 L Nalgene bottle, 

237mL, & 125 mL bottles. 
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 If it is a field split site, fill the same types of bottles in sequence (e.g., 1 L jug “G” 
sample, then 1 L jug “FS” sample before filling the 1L Nalgene bottle etc…) 

 Reshake/mix bulk sample bottles between filling each bottle, if needed cap the 
aliquot bottles as soon as possible 

 Repeat this process with the next sample. 
 Set unused bulk sample back in cooler 

 
 

10. Sign and date chain-of-custody for UBWPAD 
 Make sure to fill in samplers’ initials 
 Place in one of the UBWPAD cardboard boxes 
 Move both boxes to refrigerator 

11. Sign and date chain-of-custody for UMassD 
 Place 1 L Nalgene bottles and 60 mL aliquot bottles in cooler 
 Pack with ice 
 Ship FedEx to UMassD at address on cover sheet of chain of custody 

 
12. Cleanup 

 Once you are sure you have all the aliquots, empty the remaining sample water from 
the 4-L 

 Place empty 4-L in cooler or bag to return to UMass  
 Put all ice bottles back in freezer 
 Wipe down tables  

 
13. Remove EAL TP and DP bottles from freezer 

 Place in cooler with ice 
 Deliver back to freezer at UMass Amherst (EAL) 

 
14. Place chlorophyll-a filters in cooler 

 Deliver to freezer at UMass Amherst (EAL) 
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UB – UMass Sampling Coordination Checklist 

 1-month prior to sampling season start
o Share tentative sampling dates for the year based on NBC sampling plans.
o Update training materials
o Refresher training for all sampling assistance
o Train any new staff members

 1.5 weeks prior to sampling
o UMass and Tim Loftus talk and confirm sampling plans. Alternative contact will be Sharon

Lawson.
o Identify which UB staff will be available to assist; train new staff if needed
o Adjust any sampling procedures as needed based on prior event
o Confirm availability of UB vehicle

 Monday of week of sampling,
o Confirm sampling plans
o Set time and location to meet at UB facility building
o Confirm responsibilities

 UMass staff sampling sites

 UB sampling sites

 UMass lab duties

 UB lab duties

 Day of sampling
o Meet at 7 am at District main building
o UMass brings into lab bottles for aliquot splitting
o UB staff park District truck next to UMass vehicle
o UB and UMass staff transfer equipment for sampling as needed to UB vehicle
o ~7:30 am departure for sampling

 Typically UMass will sample upper loop and UB will sample lower loop
o 8:30 am, UB staff meet NBC staff at Slater Mill Dam sampling site unless alternative

arrangements have been made

 UB staff transfer any QAQC samples and associated chain of custody to NBC staff

 Two copies will be available, both must be signed by UB as “release” and NBC as
“acceptor”

 UB staff will retain one copy and give to UMass upon return to District
o ~11:30 am, UMass returns to District lab to start chlorophyll-a sample processing
o ~12:30 pm, UB staff return to District lab to start aliquot processing
o UMass will process chlorophyll-a samples until done
o UB staff will prepare nutrient aliquots until done
o UMass and UB staff will jointly coordinate preparation of aliquots for delivery to

appropriate labs
o Chain of custody document will be finalized

 UB staff who conducted aliquot splits will check and sign chain of custody release
line.

 MF or Cameron will sign coc acceptance line for EAL form

 Tim will sign COC acceptance line for UB form

 Acceptance line for UMD form will be left blank; UMD will email copy of final
form once signed by their staff

o UB staff will drop-off UMD cooler at Fed Ex location for shipping
o UMass staff will reload equipment and aliquots for EAL into van for return to UMass

 Later the week of sampling
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o UB staff completes analysis of TOP, TSS and SC  and sends results to UMass

 Week after sampling
o UMass and UB staff confer to review any changes necessary prior to next event
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ID 
River 
Mile Site Common UBWPAD EAL UMD 

RSMD 0 Slater Mill Dam, 
Pawtucket, RI 

• 237 ml – TOP
• 1 L – TSS

• 1 L amber – Chl–a
• 125 ml – TP

• 60 ml, 0.22 micron filter
–dNH4/dNO32/TDN

• 1 L – POCN

R116 6.3 
Rte 116 Bikepath 

Bridge, Pawtucket, 
RI 

• 237 ml – TOP
• 1 L – TSS

• 1 L amber – Chl–a
• 125 ml – TP

• 60 ml, 0.22 micron filter
–dNH4/dNO32/TDN

• 1 L – POCN

RMSL 15.5 State Line, RI 

• 237 ml – TOP
• 1 L – TSS

• 1 L amber – Chl–a
• 125 ml – TP

• 60 ml, 0.22 micron filter
–dNH4/dNO32/TDN

• 1 L – POCN

W1779 27.8 Rice City Pond, 
below dam 

• 237 ml – TOP
• 1 L – TSS

• 1 L amber – Chl–a
• 125 ml – TP

• 60 ml, 0.22 micron filter –
dNH4/dNO32/TDN

• 1 L – POCN

W0767 33.4 USGS Gage, 
Northbridge 

• 237 ml – TOP
• 1 L – TSS

• 1 L amber – Chl–a
• 125 ml – TP

• 60 ml, 0.22 micron filter –
dNH4/dNO32/TDN

• 1 L – POCN

W1242 36.3 Rt. 122A, Grafton, 
MA 

• 237 ml – TOP
• 1 L – TSS

• 1 L amber – Chl–a
• 125 ml – TP

• 60 ml, 0.22 micron filter –
dNH4/dNO32/TDN

• 1 L – POCN

W1258 42.07 Central Cemetery, 
Millbury, MA 

• 237 ml – TOP
• 1 L – TSS

• 1 L amber – Chl–a
• 125 ml – TP

• 60 ml, 0.22 micron filter –
dNH4/dNO32/TDN

• 1 L – POCN

UBWPAD2 44.2 
Downstream of 
effluent channel 

confluence 

• 237 ml – TOP
• 1 L – TSS

• 1 L amber – Chl–a
• 125 ml – TP

• 60 ml, 0.22 micron filter –
dNH4/dNO32/TDN

• 1 L – POCN

W0680 46.6 
New Millbury St. 

Bridge, Worcester, 
MA 

• 237 ml – TOP
• 1 L – TSS

• 1 L amber – Chl–a
• 125 ml – TP

• 60 ml, 0.22 micron filter –
dNH4/dNO32/TDN

• 1 L – POCN
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Equipment Problem Report Sheet

Equipment Type:
Serial Number:
Site:

Date: Time:

Problem Reported by:

Sampling Event (if applicable):

Define the Problem:

Proposed Corrective Action:

Corrective Action Implemented? YES NO

If NO, why not?

Follow-up: If problem was not corrected in the field, what was done as follow-up
corrective action?

Date: Time:

Name: Signature:
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Blackstone River Field Sheet
Organization: Site I.D#: Date: Time:

River Name: Site Name:

Town: Sampling Crew:

Sample Type: G FB FD FS MD EB

         Photos taken? yes         no

        Multimeter Measurements: Temp: _________________ pH: ______________ DO (mg/L): ____________ DO (% sat): ___________

        Multimeter Measurements: Temp: _________________ pH: ______________ DO (mg/L): ____________ DO (% sat): ___________

Estimated water velocity: none(0 m/s) low(0-1m/s) medium(1-5m/s) high(>5m/s)
Current weather: Air temperature: Wind Conditions: Odor: Water Clarity: Water Color:
Clear ___________(ºC) Calm (0-2 km/h) None (check all that aplpy) Clear/blue
Partly sunny (ºC) Slight breeze (2-8 km/h) Sulfide (rotten eggs) Clear Grayish
Partly cloudy <0 Moderate Winds (8-25 km/hChlorine Suspended solids/ murky Light yellow/tan
Overcast 0-5 Gusty (15-40 km/h) Petroleum Slightly turbid Dark tan
Foggy 5-10 Storm winds (>40 km/h) Musty (basement) Highly cloudy Light green tint
Drizzly 10-15 Strong gusts (25-40 km/h) Rotting vegetables Green
Light rain 15-20 River Water Level Septic Brownish
Heavy rain 20-25 Low Other Blue-green
Sleet 25-30 Normal Reddish/ blackish
Snow >30 High Other
Presence of Algae (check all that apply) Density of Aquatic Plants Presence of Periphyton
None None None
Unobservable (note why in description) Unobservable (note why in description) Sparse (0-25%)
Sparse (0-25%) Sparse (0-25%) Moderate (25-75%)
Moderate (25-75%) Moderate (25-75%) Dense (75-100%)
Dense (75-100%) Dense (75-100%) Attached (on rocks, bottom)
Suspended Emergent Epiphyton (on plants)
Floating Floating Filamentous slime
Algae Description Submerged Green/brown benthic mat
(General type, extent, color, condition, Aquatic Plants Description: Green/brown rocks
 location) (list plants in general vicinity of station, note Brown/rusty floc

genus and species if known and location Periphyton Description:
[streambed or near bank]) (extent, color, condition, ect.)

Scum(s) yes        no (include oil sheens, pollen/dust blankets and similar floating layers that reduce aesthetics)

Description of Scum(s)
Observed Use(s) (include indications of use even is use is not observ none        swimming        boating        water intake        fishing        other

Description of Observed Use(s) (include numbers) or Indicators of Use(s)
Objectional Deposits none        floating        sunken        garbage/trash        aquatic weeds        flocculent mass (rust colored or other)        other

Description of Objectionable Deposits (type, extent and area affected…)

Shoreline Erosion yes        no (describe any shoreline erosion observed, note location: look for existing and potential slope failures, landslides)

Description of Erosion
Wildlife Sightings none      fish      mammals      birds      reptiles (snakes, turtles)      waterfowl      amphibians (frogs, salamanders)      other

Description of Wildlife Sightings (include numbers) or Indicated Use(s)

Potential Pollution Sources  none        waste outfall pipes        garbage/trash dumping        land clearing        green lawns        shoreline residences

Description of Potential Pollution Sources

River

Samp. Cont.
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Instream NBC Data Chl: 

Blackstone River Field Sheet H2O Temp (°C): pH: DO (mg/L): DO (%):

Organization: MA WRRC/ UB Site I.D#: Date:          Time:

River Name: Blackstone Site Name:

Town: Sampling Crew:

Sample Type: G FB FS FD MD

         Photos taken? yes         no

        Multimeter Measurements: H2O Temp: _____________pH: ______________ DO (mg/L): ____________DO (% sat): ____________ River

        Multimeter Measurements: H2O Temp: _____________pH: ______________ DO (mg/L): ____________DO (% sat): ____________ Samp. Cont.

Estimated water velocity: none(0 m/s) low(0-1m/s) medium(1-5m/s) high(>5m/s)
Current weather: Air temperature: Wind Conditions: Odor: Water Clarity: Water Color:
Clear ___________(ºC) Calm (0-2 km/h) None (check all that aplpy) Clear/blue
Partly sunny (ºC) Slight breeze (2-8 km/h) Sulfide (rotten eggs) Clear Grayish
Partly cloudy <0 Moderate Winds (8-25 km/ Chlorine Suspended solids/ murky Light yellow/tan
Overcast 0-5 Gusty (15-40 km/h) Petroleum Slightly turbid Dark tan
Foggy 5-10 Storm winds (>40 km/h) Musty (basement) Highly cloudy Light green tint
Drizzly 10-15 Strong gusts (25-40 km/h) Rotting vegetables Green
Light rain 15-20 River Water Level Septic Brownish
Heavy rain 20-25 Low Other Blue-green
Sleet 25-30 Normal Reddish/ blackish
Snow >30 High Other
Presence of Algae (check all that apply) Density of Aquatic Plants Presence of Periphyton
None None None
Unobservable (note why in description) Unobservable (note why in description) Sparse (0-25%)
Sparse (0-25%) Sparse (0-25%) Moderate (25-75%)
Moderate (25-75%) Moderate (25-75%) Dense (75-100%)
Dense (75-100%) Dense (75-100%) Attached (on rocks, bottom)
Suspended Emergent Epiphyton (on plants)
Floating Floating Filamentous slime
Algae Description Submerged Green/brown benthic mat
(General type, extent, color, condition, Aquatic Plants Description: Green/brown rocks
 location) (list plants in general vicinity of station, note Brown/rusty floc

genus and species if known and location Periphyton Description:
[streambed or near bank]) (extent, color, condition, ect.)

Scum(s) yes        no (include oil sheens, pollen/dust blankets and similar floating layers that reduce aesthetics)

Description of Scum(s)
Observed Use(s) (include indications of use even is use is not observnone        swimming        boating        water intake        fishing        other

Description of Observed Use(s) (include numbers) or Indicators of Use(s)
Objectional Deposits none        floating        sunken        garbage/trash        aquatic weeds        flocculent mass (rust colored or other)        other

Description of Objectionable Deposits (type, extent and area affected…)

Shoreline Erosion yes        no (describe any shoreline erosion observed, note location: look for existing and potential slope failures, landslides)

Description of Erosion
Wildlife Sightings none      fish      mammals      birds      reptiles (snakes, turtles)      waterfowl      amphibians (frogs, salamanders)      other

Description of Wildlife Sightings (include numbers) or Indicated Use(s)

Potential Pollution Sources  none        waste outfall pipes        garbage/trash dumping        land clearing        green lawns        shoreline residences

Description of Potential Pollution Sources

Blackstone River Water Quality Monitoring Program 2019 Field Sampling Plan

49



Field Change Request Form

Date: Time:

Problem Reported by (print and sign):

Sampling Event (if applicable): Site:

Define the Problem:

Proposed Corrective Action:

Authorized Prior to Implementation? YES NO

PRIOR AUTHORIZATION   
Prior authorization received from:*
Method of prior authorization: □ Phone

□ In-person
□ Other (Specify)

NO PRIOR AUTHORIZATION
□ Project Manager notified of variation Date: Time:
□ Field Change Request forwarded Date: Time:

Corrective Action Implemented? YES NO

If NO, why not?

Follow-up: If problem was not corrected in the field, what was done as follow-up
corrective action?

Project Manager Review and Approval

Date: Time:

Name: Signature:

* Authorizing individual to initial

Blackstone River Water Quality Monitoring Program 2019 Field Sampling Plan
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Personnel Training and Certification

Two lines for each - first line date, second line signature

Other Training

Staff Member QAPP FSP SOP's

Manuals & 

other docs Calibration

Equipment 

Cleaning Bottle Wash Acid Wash Set-up Manual

Pre-Sampling 

Refresher

Review of Documentation SamplingCleaning

Blackstone River Water Quality Monitoring Program 2019 Field Sampling Plan
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Appendix C 

Label Templates
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W0680 
New Millbury St Bridge 

Collection Date/Time: ____________________ 

RMSD 
Slater Mill Dam, Pawtucket, RI 

Collection Date/Time: _________________ 

UBWPAD2 
Below Confluence UBWPAD 

Collection Date/Time: _____________________ 

R116 
Rte 116 Bike path Bridge, Pawtucket, RI 

Collection Date/Time: __________________ 

W1258 
Central Cemetery 

Collection Date/Time: ____________________ 

RMSL 
State Line, Woonsocket, RI 

Collection Date/Time: _____________________ 

W1242
Route 122A 

Collection Date/Time: __________________ 

W1779 
Rice City Pond Below Sluice Gates 

Collection Date/Time: ______________________ 

W0767 
USGS Gage, Northbridge 

Collection Date/Time: ___________________ 

W1779-FB 

Collection Date/Time: ______________________ 

W0680-FS 
Collection Date/Time: _________________ 

EAL Lab DI Water 
 (Pour into FB bulk bottle & FB 

Chl-a bottle) 

W1242-FD 
(Collect in field, split into 2 TSS samples in lab) 

(2L round bottle) 

Collection Date/Time: _____________________

W0680-EB 
Collection Date/Time: _________________ 
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Project Name: UMass-UB 
Sample Name: 

W0680-G-UF 
New Millbury St.Bridge 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

   Project Name: UMass-UB 
Sample Name: 

R116-G-UF 
Rt. 116 Bikepath 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
UBWPAD2-G-UF 
Below Confluence 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

   Project Name: UMass-UB 
Sample Name: 

RMSD-G-UF 
Slater Mill Dam  

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
W1258-G-UF 
Central Cemetery 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1779-LB-NA 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 

W1242-G-UF 
Rt. 122A, Grafton 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1779-FB-UF 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 

W0767-G-UF 
USGS Gage, Northbridge 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1242-FD-UF 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
W1779-G-UF 
Below RCP, Uxbridge 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W0680-FD-UF 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
RMSL-G-UF 
State Line, R.I. 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
RMSL-EB-UF 
State Line, R.I. 

Collection Date: Collection Time: 

Analytes: Chlorophyll-a  

Bottle Type: 1L Amber Plastic     Preservative: None 
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Project Name: UMass-UB           Chl a 
Sample ID #: W0680-G-LF70  #ml filtered:            
Site name: New Millbury St Bridge 
Date:         Time: 
Sampler’s name:     0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:W1779-LB-LF70  #ml filtered:            
Site name:  
Date:          Time: 
Sampler’s name:    0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:  #ml filtered:            
Site name: 
Date:       Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #: UBWPAD2-G-LF70 #ml filtered:             
Site name: Below Confluence UBWPAD 
Date:       Time: 
Sampler’s name:    0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #: W1779-FB-LF70  #ml filtered:           
Site name:  
Date:          Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:  #ml filtered:            
Site name: 
Date:  Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #: W1258-G-LF70 #ml filtered:             
Site name: Central Cemetery 
Date:             Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #: W1242-FD-LF70 #ml filtered:           
Site name: Below Confluence UBWPAD 
Date:         Time: 
Sampler’s name:    0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:  #ml filtered:            
Site name: 
Date: Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #: W1242-G-LF70  #ml filtered:            
Site name: Route 122A Grafton 
Date:             Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #: W0680-FS-LF70 #ml filtered:            
Site name:  
Date:             Time: 
Sampler’s name:    0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:  #ml filtered:            
Site name: 
Date: Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #: W0767-G-LF70  #ml filtered:            
Site name: USGS gage, Northbridge, MA 
Date:             Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #: Lab Blank 1      #ml filtered:  
Site name:  
Date:            Time: 
Sampler’s name:    0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:  #ml filtered:            
Site name: 
Date: Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:  W1779-G-LF70  #ml filtered:             
Site name: Rice City Pond Below Sluice Gates 
Date:            Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB         Chl a 
Sample ID #: Lab Blank 2     #ml filtered: 
Site name:  
Date:          Time: 
Sampler’s name:    0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:         #ml filtered:     
Site name: 
Date:  Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:RMSL-G-LF70   #ml filtered:  
Site name: RIDEM State Line 
Date:            Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:      #ml filtered: 
Site name: 
Date:    Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:         #ml filtered:            
Site name: 
Date:               Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #: R116-G-LF70   #ml filtered:  
Site name: RIDEM Rte 116 Bikepath Bridge 
Date:         Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:     #ml filtered:            
Site name: 
Date: Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:         #ml filtered:            
Site name: 
Date:     Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #: RMSD-G-LF70 #ml filtered: 
Site name: RIDEM Slater Mill Dam 
Date:  10/275/17         Time: 
Sampler’s name:    0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:  #ml filtered:            
Site name: 
Date: Time: 
Sampler’s name:   0.70 μ filter, dried 

Project Name: UMass-UB           Chl a 
Sample ID #:         #ml filtered:            
Site name: 
Date:  Time: 
Sampler’s name:   0.70 μ filter, dried 
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..Project Name: UMass-UB 
Sample Name: 

W0680-G-UF 
New Millbury St.Bridge 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

   ..Project Name: UMass-UB 
Sample Name: 

R116-G-UF 
Rt. 116 Bikepath 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

..Project Name: UMass-UB 
Sample Name: 
UBWPAD2-G-UF 
Below Confluence 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

   ..Project Name: UMass-UB 
Sample Name: 

RMSD-G-UF 
Slater Mill Dam  

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

..Project Name: UMass-UB 
Sample Name: 
W1258-G-UF 
Central Cemetery 

Collection Date:   Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

   ..Project Name: UMass-UB 
Sample Name: 
W1779-LB-NA 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

..Project Name: UMass-UB 
Sample Name: 

W1242-G-UF 
Rt. 122A, Grafton 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

   ..Project Name: UMass-UB 
Sample Name: 
W1779-FB-UF 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

..Project Name: UMass-UB 
Sample Name: 

W0767-G-UF 
USGS Gage, Northbridge 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

   ..Project Name: UMass-UB 
Sample Name: 
W1242-FD-UF 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

..Project Name: UMass-UB 
Sample Name: 
W1779-G-UF 
Below RCP, Uxbridge 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

   ..Project Name: UMass-UB 
Sample Name: 
W0680-FS-UF 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

..Project Name: UMass-UB 
Sample Name: 
RMSL-G-UF 
State Line, R.I. 

Collection Date: Collection Time: 

Analytes: TP  

Bottle Type: 125 mL Amber Plastic        Preservative: None 

   ..Project Name: UMass-UB 
Sample Name: 
RMSD-P-NA 

Collection Date:      Collection Time: 

Analytes: DP  

   Bottle Type: 125 mL Amber Plastic        Preservative: None 
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    Project Name: UMass-UB 
Sample Name: 

W0680-G-UF 
New Millbury St.Bridge 

Collection Date: Collection Time: 

Analytes: TSS & SC 

Bottle Type: 1 L Plastic Jug           Preservative: None 

   Project Name: UMass-UB 
Sample Name: 

R116-G-UF 
Rt. 116 Bikepath, 

Collection Date: Collection Time: 

Analytes: TSS & SC 

   Bottle Type: 1 L Plastic Jug     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
UBWPAD2-G-UF 
Below Confluence 

Collection Date: Collection Time: 

Analytes: TSS & SC 

Bottle Type: 1 L Plastic Jug           Preservative: None 

   Project Name: UMass-UB 
Sample Name: 

RMSD-G-UF 
Slater Mill Dam Pawtucket 

Collection Date: Collection Time: 

Analytes: TSS & SC 

   Bottle Type: 1 L Plastic Jug     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
W1258-G-UF 
Central Cemetery 

Collection Date: Collection Time: 

Analytes: TSS & SC 

Bottle Type: 1 L Plastic Jug           Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W0680-FS-UF 

Collection Date: Collection Time: 

Analytes: TSS & SC 

   Bottle Type: 1 L Plastic Jug     Preservative: None 

Project Name: UMass-UB 
Sample Name: 

W1242-G-UF 
Rt. 122A, Grafton 

Collection Date: Collection Time: 

Analytes: TSS & SC 

Bottle Type: 1 L Plastic Jug           Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1242-FD-UF 

Collection Date: Collection Time: 

Analytes: TSS & SC 

   Bottle Type: 1 L Plastic Jug     Preservative: None 

Project Name: UMass-UB 
Sample Name: 

W0767-G-UF 
USGS Gage, Northbridge 

Collection Date: Collection Time: 

Analytes: TSS & SC 

Bottle Type: 1 L Plastic Jug           Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1779-LB-NA 

Collection Date: Collection Time: 

Analytes: TSS & SC 

   Bottle Type: 1 L Plastic Jug     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
W1779-G-UF 
Below RCP, Uxbridge 

Collection Date: Collection Time: 

Analytes: TSS & SC 

Bottle Type: 1 L Plastic Jug           Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1779-FB-UF 

Collection Date: Collection Time: 

Analytes: TSS & SC 

   Bottle Type: 1 L Plastic Jug     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
RMSL-G-UF 
State Line, R.I. 

Collection Date: Collection Time: 

Analytes: TSS & SC 

Bottle Type: 1 L Plastic Jug           Preservative: None 

Project Name: UMass-UB 
Sample Name: 

W1242-EB-UF 
Collection Date: Collection Time: 

Analytes: TSS & SC 

Bottle Type: 1 L Plastic Jug           Preservative: None 

- 
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Project Name: UMass-UB 
Sample Name: 

W0680-G-UF 
New Millbury St.Bridge 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

Bottle Type: 237 mL Plastic              Preservative: None 

   Project Name: UMass-UB 
Sample Name: 

R116-G-UF 
Rt. 116 Bikepath, 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

   Bottle Type: 237 mL Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
UBWPAD2-G-UF 

Below Confluence 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

Bottle Type: 237 mL Plastic              Preservative: None 

   Project Name: UMass-UB 
Sample Name: 

RMSD-G-UF 
Slater Mill Dam Pawtucket 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

   Bottle Type: 237 mL Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
W1258-G-UF 
Central Cemetery 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

Bottle Type: 237 mL Plastic              Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W0680-FD-UF 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

   Bottle Type: 237 mL Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 

W1242-G-UF 
Rt. 122A, Grafton 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

Bottle Type: 237 mL Plastic              Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1242-FS-UF 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

   Bottle Type: 237 mL Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 

W0767-G-UF 
USGS Gage, Northbridge 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

Bottle Type: 237 mL Plastic              Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1779-LB-NA 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

   Bottle Type: 237 mL Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
W1779-G-UF 
Below RCP, Uxbridge 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

Bottle Type: 237 mL Plastic              Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1779-FB-UF 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

   Bottle Type: 237 mL Plastic     Preservative: None 

Project Name: UMass-UB 
Sample Name: 
RMSL-G-UF 
State Line, R.I. 

Collection Date: Collection Time: 

Analytes: TOP (Hach 8048, d.l. 17ppb) 

Bottle Type: 237 mL Plastic              Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
RMSD-P-NA 

Collection Date: Collection Time: 

Analytes: DOP (Hach 8048, d.l. 17ppb) 

   Bottle Type: 237 mL Plastic    Preservative: None 

- 
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Project Name: UMass-UB 
Sample Name: 

  W0680-G-FR 
New Millbury St.Bridge 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

   Project Name: UMass-UB 
Sample Name: 

R116-G-FR 
Rt. 116 Bikepath, 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

Project Name: UMass-UB 
Sample Name: 
UBWPAD2-G-FR 
Below Confluence 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

   Project Name: UMass-UB 
Sample Name: 

RMSD-G-FR 
Slater Mill Dam Pawtucket 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

Project Name: UMass-UB 
Sample Name: 

  W1258-G-FR 
Central Cemetery 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1242-FD-FR 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

Project Name: UMass-UB 
Sample Name: 

 W1242-G-FR 
Rt. 122A, Grafton 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W0680-FS-FR 

Collection Date: Collection Time: 

Analytes: POCN 
    Bottle Type: 1000mL Plastic              Preservative: None 

Project Name: UMass-UB 
Sample Name: 

  W0767-G-FR 
USGS Gage, Northbridge 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1779-LB-FR 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

Project Name: UMass-UB 
Sample Name: 
W1779-G-FR 
Below RCP, Uxbridge 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

   Project Name: UMass-UB 
Sample Name: 
W1779-FB-FR 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

Project Name: UMass-UB 
Sample Name: 
RMSL-G-FR 
State Line, R.I. 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative: None 

Project Name: UMass-UB 
Sample Name: 
W1242-EB-FR 

Collection Date: Collection Time: 

Analytes: POCN 
Bottle Type: 1000mL Plastic   Preservative 
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Project Name: UMass-UB 
Sample ID: 
W0680-G-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID: 
W0680-FS-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID: 
UBWPAD2-G-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID:  
W1242-FD-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID:  
W1258-G-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID:  
W1779-L1-NA 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID:  
W1242-G-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID:  
W1779-FB-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID:  
W0767-G-FF22 

Date: Time: 

Analytes dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID: 
RMSD-P-NA 

Date: Time 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID:  
W1779-G-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID:  
W1242-EB-FF22 

Date: Time 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID:  
RMSL-G-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID: 
RMSD-P-NA 

Date: Time: 

Analytes: dNO23, dNH3, dOrthoP 
Bottle: 500ml for NBC 

Project Name: UMass-UB 
Sample ID: 
R116-G-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 

Project Name: UMass-UB 
Sample ID:  
RMSD-G-FF22 

Date: Time: 

Analytes: dNH4, dNO3/dNO2, TDN 
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Appendix D 

Chain of Custody Forms 
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Laboratory CHAIN OF CUSTODY PAGE __ OF __ Date Rec'd in Lab
Client Information Project Information Report Information Data Delivery

To: Narragansett Bay Commission Project Name: Blackstone ☐ Email

From: UB/UMass  Blackstone River Project Project Location: ☐ Other

Due Date:

Comments (e.g., detection limits):

Lowest possible d.l. for parameter available.

Sample ID Date Time Sample Notes

RMSD-P-NA SW x

Date/Time Status

Preservative Done ☐ ☐ ☐ ☐
Freeze Lab to Do ☐ ☐ ☐ ☐

Date;Time Filtered Done ☐ ☐ ☐ ☐
0.7 micron Lab to Do ☐ ☐ ☐ ☐

dN
O

23
, d

N
H

3,
 d

O
rt

TD
N

, T
SS

, N
itr

ite

Lab ID

Collection

Sample Matrix
Sampler's 

Initials

Relinquished By:

Received By:
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EAL CHAIN OF CUSTODY PAGE __ OF __ Date Rec'd in Lab
Client Information Project Information Report Information Data Delivery
UMass Amherst/Marie-Francoise Hatte Project Name: Blackstone River Study ☐ Email Expected Date: 30 days

Massachusetts WRRC Project Location: ☐ Other

Blackstone R Mainstem Due Date:

Amherst, MA 01003 Comments (e.g., detection limits):

413.545.5531 or 413.545.5979 Lowest possible d.l. for parameter available.

mfhatte@umass.edu

Date Time

LB1 Lab Blank 1 S.W. x

RMSD RMSD-G-LF70 S.W. x

RMSD RMSD-G-UF S.W. x

RMSD RMSD-P-NA S.W. x

R116 R116-G-FF70 S.W. x

R116 R116-G-UF S.W. x

RMSL RMSL-G-LF70 S.W. x

RMSL RMSL-G-UF S.W. x

W1779 W1779-G-FF70 S.W. x

W1779 W1779-G-UF S.W. x

W1779 W1779-LB-LF70 S.W. x

W1779 W1779-LB-NA S.W. x

W1779 W1779-FB-LF70 S.W. x

W1779 W1779-FB-UF S.W. x

W1258 W1258-EB-UF S.W. x x

W0767 W0767-G-LF70 S.W. x

W0767 W0767-G-UF S.W. x

W1242 W1242-G-FF70 S.W. x

W1242 W1242-G-UF S.W. x

W1242 W1242-FD-LF70 S.W. x

W1242 W1242-FD-UF S.W. x

W1258 W1258-G-LF70 S.W. x

W1258 W1258-G-UF S.W. x

UBWPAD2 UBWPAD2-G-FF70 S.W. x

UBWPAD2 UBWPAD2-G-UF S.W. x

W0680 W0680-G-LF70 S.W. x

W0680 W0680-G-UF S.W. x

W0680 W0680-FS-LF70 S.W. x

W0680 W0680-FS-UF S.W. x

LB2 Lab Blank 2 S.W. x

15 14 1

Preservative Freeze ☐ ☐ ☐
None ☐ ☐ ☐

Filtered Filtered ☐ ☐ ☐
Not Filtered ☐ ☐ ☐

Relinquished By: Date/Time Total number

Received By: Date/Time

209 Agriculture Engineering Building
250 Natural Resources Way
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UB CHAIN OF CUSTODY PAGE 1 OF _ Date Rec'd in Lab

Client Information Project Information Report Information Data Delivery
UMass Amherst/Marie-Francoise Hatte Project Name: Blackstone River Study ☐ Email Expected Date: 30 days

Massachusetts WRRC Project Location: Due Date:

Blackstone R. Mainstem

Amherst, MA 01003 Comments: Lowest possible d.l. for parameter available.

413.545.5531 or 413.545.5979 mfhatte@umass.edu

Sample ID Date Time Sample Notes

RMSD RMSD-G-UF S.W. x x

R116 R116-G-UF S.W. x x

RMSL RMSL-G-UF S.W. x x

W1779 W1779-G-UF S.W. x x

W0767 W0767-G-UF S.W. x x

W1242 W1242-G-UF S.W. x x

W1258 W1258-G-UF S.W. x x

UBWPAD2 UBWPAD2-G-UF S.W. x x

W0680 W0680-G-UF S.W. x x

RMSD-P-NA S.W. x Dissolved std.

W1242-FD-UF S.W. x x

W080-FS-UF S.W. x x

W1779-LB-NA S.W. x x

W1779-FB-UF S.W. x x

W1258-EB-UF S.W. x x

Total number: 14 14 1

Date/Time Container Type Plastic (vol) 1L 500ml 237ml 500ml 237ml 237ml 237ml

Preservative Preserved ☐ ☐ ☐ ☐ ☐ ☐ ☐
(H2SO4) Not Preserved ☒ ☐ ☒ ☐ ☒ ☐ ☐

Date/Time Filtered Filtered ☐ ☐ ☐ ☐ ☒ ☐ ☐
0.45 micron Not Filtered ☒ ☐ ☒ ☐ ☐ ☐ ☐

Received By:
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Blackstone River Water Quality Monitoring Chain of Custody
Upper Blackstone Clean Water, 50 Route 20
Millbury, MA 01527-2199

Send to:
Coastal Systems Program
706 South Rodney French Blvd
New Bedford, Ma 02744
Attn: Dr. David Schlezinger
Office: 508-910-6314
Lab: 

Delivered to UB by:
Name Date Time

Received by:
Name Date Time

Sent to UMass Dartmouth by:
Name Date Time

Received by:
Name Date Time
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Funding Agent (billing)
Contact Name: Marie-Francoise Hatte (project lead contact) Karla Sangrey, Director
Contact Address: Massachusetts WRRC, 250 Natural Resources Way Upper Blackstone Clean Water, 50 Route 20

Ag Engineering, Room 209, Amherst, MA 01003 Millbury, MA 01527-2199
Contact Email: mfhatte@umass.edu ksangray@ubwpad.org
Date samples shipped:
Project Name: Blackstone R Water Quality Monitoring 
Project Location/Area: Blackstone River
Project State: Massachusetts & Rhode Island
Project Country (if outside US)
Brief Project Description:

Water quality sampling in support of the Blackstone 
R modeling project.

Data Priority

Project Information - Required
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PBH

Personnel Contacts
RECEIVED RECEIVED

name name
date time date time

COLLECTED CONTACT
name UMass Amherst name UMass Amherst/Marie-Francoise Hatte
date local phone 413.545.5531 or 413.545.5979

Sample Notes
Special notes/ Sample Handling Total number of samples: 29

Number of 60mL bottles: 15
Number of 1L bottles: 14

Sample Status
Sample ID Sample Date NH4 PO4 NO3/NO2 TDN POCN

1 L bottle
RMSD-G-FF22 X X X
RMSD-G-FR X
RMSD-P-NA X X X
R116-G-FF22 X X X
R116-G-FR X
RMSL-G-FF22 X X X
RMSL-G-FR X
W1779-G-FF22 X X X
W1779-G-FR X
W1779-LB-NA X X X
W1779-LB-FR X
W1779-FB-FF22 X X X
W1779-FB-FR X
W1258-EB-FF22 X X X
W1258-EB-FR X
W0767-G-FF22 X X X
W0767-G-FR X
W1242-G-FF22 X X X
W1242-G-FR X
W1242-FD-FF22 X X X
W1242-FD-FR X
W1258-G-FF22 X X X
W1258-G-FR X
UBWPAD2-G-FF22 X X X
UBWPAD2-G-FR X
W0680-G-FF22 X X X
W0680-G-FR X
W0680-FS-FF22 X X X
W0680-FS-FR X

60 mL bottle

COASTAL SYSTEMS GROUP
Chain of Custody Record
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Appendix E 

Measurement Performance Criteria 
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Measurement Performance Criteria 

Measurement performance criteria, including the precision, accuracy, completeness, comparability, 
and representativeness of the data, will be used to assess the quality of all environmental measurements 
in relation to the Data Quality Objectives. In order to meet the quality assurance (QA) objectives, the 
data must be (1) of known quantitatively measured precision and accuracy; (2) representative of the 
actual site in terms of physical and chemical conditions; (3) complete to the extent that necessary 
conclusions may be reached; and (4) comparable to previous and subsequent data collected under this 
program. Both field and laboratory quality objectives are addressed in each section. 

Precision 

The precision of a measurement is the degree to which two or more measurements are in 
agreement. 

Precision is quantitative and is most often expressed in terms of Relative Percent Difference (RPD). 
RPD is calculated for each pair of duplicates as indicated below: 

𝑅𝑃𝐷 =  
(𝑆 –  𝐷) × 100
(𝑆 +  𝐷) / 2

where: S = First sample value (original or matrix spike value) 
D = Second sample value (duplicate or matrix spike duplicate value) 

Fie ld  Prec i s ion  Obje c t i v e s  
Field precision is assessed by analysis of duplicate samples, which are not identified to the 

analytical laboratory. The results of the duplicate analyses are used to assess the degree of precision in 
the field samples. Field precision for samples analyzed in the laboratories will be assessed at the rate of 
five percent, or one duplicate for every 20 samples collected, for laboratory analyses only. The RPD 
will be calculated per the above equation. Precision requirements for field duplicates are provided in 
Table E1 

Laboratory  Pre c i s ion  Obje c t iv e s  
Precision in the laboratory is determined by the comparison of laboratory generated duplicate 

samples, where duplicates result from an original sample that has been split for identical purposes. The 
precision is evaluated by determining the RPD of duplicate (replicate) analyses, as provided in the 
equation above. Specific laboratory precision requirements are discussed in the applicable analytical 
Standard Operating Procedure (SOP) and/or laboratory Quality Assurance Plan. Precision goals for 
each water quality parameter, as well as the acceptance limits for applicable analytical methods are 
provided in Table F-1. 

Accuracy 
Accuracy is defined as the extent of agreement between an observed value (i.e. sample result) and 

the accepted, or true, value of the parameter being measured. Accuracy is quantitative and is usually 
expressed as the percent recovery (%R) of a sample result as indicated below: 
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%𝑅 =  
(𝐴 –  𝐵) × 100

𝐶

where: A = Analyte concentration determined experimentally with known quantity of 
reference material added 

B = Background determined by separate analysis of sample or, in the field, a 
blank, and  
C = True value of reference standard added 

Fie ld  Accuracy  Obje c t i v e s  
Accuracy of water quality sample collection activities will be assessed using field blanks and by 

adherence to all sample handling, preservation, and holding times. Field blanks consisting of distilled, 
deionized water will be submitted blindly to the analytical laboratories at a rate of five percent, or one 
blank per twenty samples collected. More frequent field blanks may be necessary for certain 
parameters, or if positive blanks are detected to identify possible sources of contamination. Field 
blanks may also be used initially to test field procedures. Deionized water will be tested regularly to 
ensure that it adheres to requirements of the project. Field blank cleanliness requirements are provided 
in Table E1 

An equipment blank is intended to assess the contamination caused by sampling and processing 
equipment. Initial equipment blanks will be run any time new procedures or equipment are used. These 
pre- sampling equipment blank checks will be conducted in a controlled field or laboratory setting. The 
procedure for equipment blanks is shown in Figure 1-6 of the QAPP.  The choice of method is based 
on the type of split and on whether the method measures a total or a dissolved concentration. Field and 
lab blanks on sampling days will be utilized to assess cleaning and sampling processes; additional blanks 
may be collected and analyzed if positive blanks are detected. 

Suitable deionized water (inorganic-free blank water) will be collected and stored in a suitable and 
appropriately labeled (“Source Solution Blank”) bottle. An aliquot will be taken from the source 
solution blank water and adequately preserved as per the analyte (note lot number of preservative). If 
the Blank Water is purchased, the date and lot number of the blank water will also be recorded and the 
same lot will be used for the entire procedure. 

The source solution will then be taken through each phase of the sampling process for the analyte, 
saving sequential sample blanks. Initially only the the equipment blank will be submitted for analysis. 
If the data for all of the analytes come back from the laboratory at acceptable levels, then the 
equipment blank is acceptable and no further work is required. The sequential samples will then be 
discarded. If all or some of the data come back higher than acceptable levels, the previously collected 
sequential blanks will be submitted to the laboratory for analysis. The data from these sequential 
samples will be used to identify the source of contamination detected in the equipment blank, and 
remedial measures will be taken to eliminate it. The process will then be repeated. 
These steps should be evaluated in either field or laboratory conditions, depending on where sample 
processing will occur for the environmental samples. 
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Table E1: Quality Assurance Precision and Accuracy Objectives for Laboratory Analytical Analyses 

Parameter Field 
Precision 
(%RPD)1 

Lab 
Precision 
(%RPD)1 

Accuracy 
(%R)2 

Field Blank 
Cleanliness3 

≤	30% ≤	20% 80-120% <RL 

≤	30% ≤	20% 80-120% <RL 

≤	30% ≤	20% 80-120% <RL 

≤	30% ≤	20% 80-120% <RL 

≤	30% ≤	20% 80-120% <RL 

≤	30% ≤	20% 80-120% <RL 

≤	30% ≤	20% 80-120% <RL 

≤	30% ≤	20% 80-120% <RL 

Total Phosphorus 

Total Orthophosphate

Total Dissolved Nitrate/Nitrite

Total and Dissolved Ammonia-N 

Particulate Organic Nitrogen 

Total Dissolved Nitrogen 

Total Suspended Solids 

Chlorophyll-a 

Conductivity ≤	30% ≤	20% 80-120% <RL 

Notes: 
1 %RPD= Relative Percent Difference 
2 %R= Percent Recovery 
3 RL= Reporting Limit 
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Appendix F 

 

Handheld Meter Measurements 

• Hach HQ 40 D Calibration Form 
• Field Measurement of Water Temperature, pH, and Dissolved Oxygen SOP 
• Conductivity Measurement SOP
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Daily D.O. River Field
 Meter Calibration Record - Hach HQ40d Multi DO

Ideal slope 100% +/- 30 Ideal slope 100% +/- 30

Before After Before After
NotesDate Initials % Slope  % Slope

water saturated 
air  reading 

(before/after sampling 

event)             

(Northern)

water saturated 
air  reading 

(before/after sampling 

event)       

(Southern)
Notes

W:\WRRC\Water Resources\Blackstone\Document Originals\Meter Calibration Form - DO
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Before After Before After Before After Before After Before After Before After 

  RIVER pH METERS CALIBRATIONS RECORD

% SlopeDATE Initials

SOUTHERN

47 10 7 4

NORTHERN

10
% Slope

buffer reading (before/after sampling event) buffer reading before/after sampling event)

(3 point pH calibration using buffers 4, 7 and 10)
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  River Conductivity  Meter Calibration Record     
             

Date ꙡS/cm Temp Initials   
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STANDARD OPERATING PROCEDURES 

Blackstone River Water Quality Monitoring Program 
CONDUCTIVITY 

SOP-UB-007 
 

April 2019 
 
 
 
Overview 
 
This procedure describes how to measure conductivity in the lab using a Hach HQ 40 D 
Multimeter with a CDC401 probe.  

 

Calibration 

1. Connect probe to meter 
2. Fill a 150 ml beaker with STANDARD (1408 µS/cm). 
3. Push “Calibrate” key (blue).  This will prompt you to rinse probe, wipe and put in 

standard. 
4. Push the “Read” key (green). 
5. Allow to stabilize and record reading on calibration form.  
6. Acceptable calibration range is 1408 +/- 8%. 
7. Push “Done” then push store. 

Taking measurements: 

1. Rinse and wipe probe  
2. Put in sample 
3. Push “Read” 
4. Record (µS/cm) lab results sheet 
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SOP-FLD-013 
 

Field Measurement of Temperature, Dissolved Oxygen, and pH 
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Field Measurement of Temperature, Dissolved Oxygen, and pH 
 

Overview 

This procedure describes how to measure dissolved oxygen and pH in the field using a Hach HQ 
40 D Multimeter. 

 

1.   Field Equipment List 

___ 1 Hach HQ 40 D Multimeter 

___ 1 DO probe  

___ 1 pH probe 

___ Field Sheet 

___ Wash bottle filled with DI water 

___ Kim wipes 

 

2. Meter Calibration 

2.1 This is done in the lab before going to sampling sites. 

2.2 Oxygen probe: 

2.2.1   REMOVE the DO Probe from Erlenmeyer flask containing water saturated air; 
carefully DRY the probe cap with Kim wipe, and keep the probe back to the Flask. 

2.2.3   Allow five minutes to saturate the flask air with water. 

2.2.4   Turn the Meter ON by pushing “power” button. 

2.2.5   Push “UP/DOWN” key to bring the display as "single" for mg/L. 

2.2.6   Push BLUE/LEFT key for "calibrate''. 

2.2.7   Push GREEN/RIGHT key for "Read''. The display shows "stabilizing" and a progress bar 
as the probes stabilizes. When the reading is stable, the display shows the DO reading as 
X.XX %. 

2.2.8   Push “DONE” key to view the calibration summary: read the "slope'' as %; For 
example, 90.3%. Percent saturation should read 100% ± 30%. If slope is not within these 
limits, follow these steps: 
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2.2.8.1  Recalibrate 
2.2.8.2 Check probe for damage, replace if damaged 
2.2.8.3 Clean probe, recalibrate 
2.2.8.4 Replace probe.  

2.2.9   Push “STORE” button to accept the calibration. The meter is now ready for DO 
measurement. 

2.3  pH probe 

2.3.1   Remove the pH probe from overnight storage by turning the probe storage bottle 
counterclockwise 

2.3.2  Rinse the probe with deionized water; carefully DRY the probe cap with Kim wipe; 

2.3.3 Prepare the fresh buffers of pH = 7, 4, and 10 in separate beakers with stir bars 

2.3.4 Rinse the probe with pH 7 rinse solution; 

2.3.5 Put the probe in beaker containing buffer 7 and stir the buffer; condition the probe 
for several minutes in the buffer; 

2.3.6 Turn the HACH Meter ON by pushing "power"' button; 

2.3.7 Push "UP/DOWN" key to bring the display as ''single'" for pH; 

2.3.8 Push BLUE/LEFT key for "calibrate''; 

2.3.9 Push GREEN/RIGHT key for “Read”; the display shows "stabilizing" and a progress 
bar; as the probes stabilizes. When the reading is stable, the display will ask for the 
next buffer; 

2.3.10 Rinse the probe with buffer 4 rinse solution, then Put the probe in beaker containing 
buffer 4 and stir the buffer; condition the probe for several minutes in buffer; 

2.3.11 Push "READ''; once the reading is stable, the display will ask for next buffer; 

2.3.12 Rinse the probe with pH= 10 rinse solution, then put the probe in beaker containing 
buffer 10 and stir the buffer; Condition the probe for several minutes in buffer; 

2.3.13 Push "READ''; once the reading is stable the display will ask for next buffer; 

2.3.14 Push ''DONE'' key to view the calibration summary; read the "slope" as %; As for 
example, 99%; The acceptable slope range is 92 – 102%. If slope is not within this 
range, consult the meter manual. 

2.3.15 Push "STORE" button to accept the calibration and the Meter is now ready for pH. 
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3.0  Measurement Protocol 

3.1 Rinse the probe cap with deionized water. 
3.2 Lower the probe into the river, where samples are taken, just below the water surface. 
3.3 Push "READ" key; the display will show '"stabilizing" and a progress bar. The display will 

show lock icon when the reading stabilizes. 
3.4  Write the measurements for temperature and pH on the field sheet.  
3.5 Select the button with a wrench on it (full access options) 
3.6  Select “LD0101 settings” (DO Probe) 
3.7 Select “modify current settings” 
3.8 Select “units mg/L or %” 
3.9 Select “mg/L” and write the measurement for DO concentration on the field sheet. 
3.10 Repeat steps 3.4 through 3.7 for % DO saturation 
3.11 When the measurements are done, rinse the probe caps with deionized water, and place 

them in their sleeves. 
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Preface 
This Quality Assurance Project Plan (QAPP) has been developed for the Blackstone River 
Watershed Assessment Study. The Study was initiated and is funded by the Upper Blackstone 
Water Pollution Abatement District (Upper Blackstone), and is conducted jointly by the 
University of Massachusetts (UMass Amherst) and CDM Smith.  
 
The Blackstone River Watershed Assessment Study was first initiated by Upper Blackstone in 
2003, and over the years has included data collection and analysis as well as numerical 
modeling of Blackstone River flow and quality. Wastewater treatment plant upgrades at Upper 
Blackstone designed to meet the 2001 NPDES permit limits have been online since the Fall 2009. 
Since that time, UBPWAD has continued a river-monitoring program to collect data to assess 
the response of the river to reduced nutrient concentrations in the District’s wastewater 
treatment plant effluent. 
 
This QAPP was developed to cover routine river monitoring conducted by Upper Blackstone 
from 2017 – 2019. This document is based on USEPA’s QA/R-5: EPA Requirements for Quality 
Assurance Project Plans (March 2001), the Massachusetts Inland Volunteer Monitoring General 
Quality Assurance Project Plan (December 2008), and the 2014 - 2016 QAPP approved by the 
Massachusetts Department of Environmental Protection (MassDEP). This submittal is 
comprised of the following four components: 
 
 Quality Assurance Project Plan (QAPP): Provides a summary of the project scope and 

objectives, defines the project quality objectives, methods for water quality 
measurements and provides an overview of the field, analytical, and quality assurance/ 
quality control (QA/QC) activities; 

 2017 Field Sampling Plan (FSP): Describes the specific sampling criteria, locations, and 
frequency for water quality measurements and other river monitoring activities 
conducted in 2017; 

 Standard Operating Procedure (SOP) Compendium: Compilation of SOPs detailing the 
specific sampling and laboratory procedures; and 

 Associated laboratory QAPPs and SOPs. 

FSPs for each year will be provided when available. 

The QAPP is designed to cover the range of sampling activities anticipated under the 
Blackstone River Watershed Assessment Study and serves as an umbrella document for 
sampling season specific FSPs that will be conducted as part of the study. Sampling locations, 
number of samples per sampling location, and parameters analyzed will be specified in an 
annual FSP. Amendments will be made to this QAPP as necessary to encompass new sampling 
activities or the measurement of additional environmental parameters.  

Copies of this QAPP are provided to MassDEP for review, comment and acceptance so that data 
collected by Upper Blackstone’s Blackstone River Study may be submitted to the MassDEP 
Watershed Planning Program (WPP) for their review. It is understood that, contingent upon 
WPP staff review and approval, only data deemed directly usable by the MassDEP will be 
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utilized in their decision-making process regarding future study and analysis of Blackstone 
River quality. 
 

Section 1 - Project Management 
 
1.1 Project/Task Organization 
1.1.1 Study Authority 
The Blackstone River Watershed Assessment Study is funded by the Upper Blackstone Water 
Pollution Abatement District (Upper Blackstone). All field monitoring conducted starting in 
2017 will be procedurally governed by this QAPP until superseded by a newer version. 

1.1.2 Team Organization 
Key team members participating on the Blackstone River Watershed Assessment Study include 
the following: 

 Upper Blackstone Water Pollution Abatement District (Upper Blackstone) 

 University of Massachusetts at Amherst (UMass) 

 CDM Smith 

 Normandeau Associates 

 UMass Dartmouth Coastal Systems Program Lab 

A project organizational chart is shown in Figure 1-1. 

The following section provides a general discussion of the team member roles and 
responsibilities.  

Upper Blackstone Engineering-Director/Treasurer. Ms. Karla Sangrey, P.E., Upper 
Blackstone Director, shall serve as the primary point of contact for the District on the Blackstone 
River Watershed Assessment Study. In her role as Upper Blackstone Director, Ms. Sangrey will 
provide direction regarding the scope and focus of the program including sampling locations 
and the proposed parameters to me measured. She, with the assistance of UMass and CDM 
Smith, will present annual field sampling program plans to the Upper Blackstone Board of 
Directors for approval.  

Monitoring Program Coordinator. All field sampling and associated activities performed 
under this QAPP, and the preparation of associated yearly Field Sampling Plans, will be 
completed by the Massachusetts Water Resources Research Center (WRRC), University of 
Massachusetts at Amherst (UMass) under the direction of Marie-Françoise Hatte, who will 
serve as the Monitoring Program Coordinator. Ms. Hatte will ensure that the work completed 
by the Project Team meets the prescribed scope of work; she will be the primary point of contact 
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between UMass, CDM Smith and Upper Blackstone. Ms. Hatte will also be responsible for 
coordinating the specific details of the data collection and review efforts, including: 



 

4 
 

Figure 1-1: Project Organizational Chart 
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 Overseeing preparation for sampling events, including bottle and sampling equipment 
preparation, organization of field crews, and notification of the laboratories; 

 Identifying and resolving problems at the field team level; 

 Identifying, implementing, and documenting corrective action; and 

 Oversight of data review and reporting. 

Project Management and Technical Oversight. CDM Smith will provide project 
management guidance and technical oversight, as needed, for the Blackstone River Watershed 
Study. Ms. Kristina Masterson will serve in a project management/coordination role to provide 
technical guidance for the field program, including technical review of the collected data, 
review of annual program reports, and assistance with public outreach.  

Field Program Coordinator. The Field Program Coordinator will be responsible for 
mobilizing, coordinating and managing sampling events, as well as gathering and analyzing 
collected data. Marie-Françoise Hatte, or a designated UMass staff member or student, will 
serve as the Field Program Coordinator. CDM Smith will provide field program coordination 
assistance as necessary.  

The Field Program Coordinator will be responsible for tracking weather conditions to 
determine when sampling events dependent on weather conditions will be conducted, however 
the Monitoring Program Coordinator will make the final go or no-go decisions in collaboration 
with the lab technical managers, CDM Smith, and Upper Blackstone. 

The Field Program Coordinator will also oversee equipment function checks and calibration as 
detailed in the annual Field Sampling Plan (FSP) and associated Standard Operating Procedures 
(SOPs). He/she will be responsible for ensuring the completion of all appropriate Calibration 
Sheets, Field Sheets (FS), and/or notebooks documenting completion of these duties. They will 
also be responsible for transferring raw data, calibration, equipment check and other FS’s to the 
Document and Data Custodian.  
 
The Field Program Coordinator will be assisted in these duties by trained staff and/or student 
project personnel. 
 
Lab Program Coordinator. The Lab Program Coordinator will be responsible for interface 
between labs, the Field Program Coordinator, the Monitoring Program Coordinator, the 
Program Quality Assurance Officer, and the External Quality Assurance Managers. As such, 
they will complete the required QA/QC calculations based on duplicate and blank sample data 
returned from the labs. In addition, they will coordinate external review of these data and all 
sampling procedures. Specifically, the Lab Program Coordinator will: 
 
 Organize Field Quality Control Check data into a separate database so that lab performance 

on duplicates, blanks, and Performance Evaluation (PE) samples may be evaluated; 
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 Organize Field Analytical Quality Control Check data either into a separate database or 
integrate with existing field database so that quality can be assessed; 

 Perform data review, verification, and validation, as described in Section 4; 

 Calculate measurement performance criteria, as described in Section 1.4.2;  

 Submit results of internal quality control checks to the Monitoring Program Coordinator, 
who will review and submit to appropriate delegates for further review;  

 Lead data review, analysis and visualization; and 

 Assist with project reporting. 

Cameron Richards will be the Lab Program Coordinator but may be assisted by trained student 
project personnel. 

Program Quality Assurance Officer. The Program Quality Assurance Officer will also serve 
as the Document and Data Custodian. WRRC staff member Cameron Richards will serve in 
these roles. As such, he will be responsible for ensuring the quality assurance quality control 
(QAQC) objectives of the project, as outlined in this QAPP, are met. In addition, he will be 
responsible for maintaining project files and filing project documents, project correspondence, 
sample integrity data sheets, chain of custody forms, field report forms, field and equipment 
notebooks, generated data and other associated and pertinent project information. In summary, 
the Program Quality Assurance Officer will:  

 Review documents for quality control when submitted, ensuring that data recording 
procedures have been carried out as per this QAPP; 

 Ensure that hardcopy data entries (calibration dates, field checks, etc.) are converted to an 
electronic database; 

 Maintain and backup the master database for the project; 

 Review the adherence of the monitoring and laboratory analysis portions of the project to 
the stated quality objectives;  

 Coordinate and respond to the review of External Quality Assurance Managers; and 

 Assist in project reporting of these items. 

External Quality Assurance Manager. The External Quality Assurance Manager will provide an 
independent review of the project both in terms of technical procedures and data quality. CDM 
Smith’s Zach Eichenwald will serve in this capacity as both the Technical and Data reviewer. 
The Quality Assurance Manager will be responsible for assessing the effectiveness of the field 
sampling program implementation and associated quality assurance and control activities. The 
purpose of this assessment is to ensure that the QAPP is implemented as prescribed and that 
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appropriate responses are in place to address any non-conformances and deviations from the 
QAPP. Specific duties of the Quality Assurance Manager include: 

 Conduct Field Audits, as described in Section 3.1.1; 

 Review Laboratory Audits, as described in Section 3.1.2; 

 Ensure that proper corrective actions are taken (Section 3.1.3); 

 Review data validation and usability procedures and documentation, conducted by 
Program Quality Assurance Officer; and 

 Review measurement performance criteria results, produced by Program Quality Assurance 
Officer, Section 1.4.2. 

The External Quality Assurance Manager, in terms of both technical and data review, will be an 
independent reviewer.  

Analytical Laboratories. The Upper Blackstone Lab, the Environmental Analysis Laboratory 
(EAL) at UMass Amherst, and the UMass Dartmouth (UMD) Coastal Systems Program Lab will 
provide analytical support of water samples collected during this investigation. Normandeau 
Associates will provide analytical support of the periphyton samples collected during this 
investigation. If additional labs are needed, the QAPP will be amended as necessary. The 
contacts at the Upper Blackstone Lab, EAL, UMD and Normandeau Associates labs are Deb 
LaVergne/Timothy Loftus, Cameron Richards, Sara Sampieri Horvet, and Bob Helmers, 
respectively. Each analytical laboratory has identified both a Lab Quality Assurance Officer and 
a Lab Technical Manager for the project. Their duties will be as described in Section 2.10. The 
Program Quality Assurance Officer is responsible for assuring that the Quality Assurance Plans 
for their respective laboratories is adhered to and that the quality assurance and quality control 
criteria stipulated in this QAPP is achieved and documented for all analyzed samples. 
Laboratory technical staff is responsible for sample analysis and identification of corrective 
action.  

1.2 Problem Definition and Background 
1.2.1 Study Background 
This study aims to help determine the relative impacts of the Upper Blackstone wastewater 
treatment plant on the in-stream water quality in the river, and the magnitude of expected 
benefits that could be associated with various abatement and restoration plans. The study is 
also aimed at identifying other sources of pollution (point-source and diffuse) that may be 
contributing to the degradation of water quality in the river. These sources should be 
considered when establishing regulations on effluent limits for the wastewater treatment plant. 

The study was initiated in 2003 with the objective of developing key planning documents 
necessary for monitoring and modeling in the Upper Blackstone watershed. During this period, 
the study team developed a framework for evaluating the relative impacts of the following: 
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 Phosphorus and nitrogen in the effluent from the Upper Blackstone wastewater treatment 
plant, 

 Phosphorus, nitrogen and bacteria from other point sources and diffuse sources in the 
Upper Blackstone basin, and  

 The likely in-stream effect of various mitigation/abatement plans for these pollutant 
sources.  

From 2004 – 2006, monitoring was conducted as specified in the 2005 Upper Blackstone Field 
Sampling Plan. In addition to the development and implementation of a watershed-monitoring 
plan for the Blackstone River, a computer simulation model was refined to enhance 
understanding of the causal mechanisms and fate of nutrients in the Blackstone River Basin. The 
modeling effort built on earlier work conducted by the U.S Geological Survey (USGS), and 
included simulation of river flows and water quality using the Hydrologic Simulation program 
or “HSPF.” 
 
During the period 2007 – 2010, the model calibration was refined per recommendations 
suggested by the Technical Advisory Committee (TAC). In particular, the calibration-
validation incorporated data collected by USGS and MassDEP in 2007 and 2008.  

Since 2011, the river has been monitored annually for nutrients and associated indicator 
parameters. In 2011, data on dissolved nutrients and Chlorophyll a was collected 
monthly at 14 mainstem locations from May through November. Additional samples 
were collected during “off” bi-weeks at 11 mainstem locations only for Chlorophyll a 
analysis. In 2012, the focus shifted to total nitrogen and phosphorus, subspecies, and 
Chlorophyll a, with the sampling sites and sampling schedule remaining the same. 
Periphyton sampling was incorporated into the monitoring program, occurring at 8 sites 
in August and September. In 2013, the number of monthly monitoring locations was 
reduced to 9 and the “off” bi-weekly sampling for only Chlorophyll a was dropped. 
Three sites were sampled for periphyton in June, July, August, and September.  

This QAPP is designed to cover the 2017 Sampling Season Scope of Work as well as sampling 
anticipated in 2018 and 2019. Routine monthly sampling has been unchanged since 2014. In 
2017, monthly routine sampling for total nitrogen and phosphorus, subspecies, and Chlorophyll 
a will continue from April through November at 9 locations. In 2014, a fourth periphyton 
sampling site, previously sampled in 2012 but not in 2013, was reintroduced. Periphyton 
sampling in 2014 was conducted at these four sites in June, July, August, and September. In 
2015, periphyton sampling in June was discontinued. Periphyton monitoring in 2017 will 
continue at the four locations sampled in 2014 - 2016 in July, August, and September. In 2014 
and 2015, monitoring for macroinvertebrates was included. However, macroinvertebrate 
monitoring is not anticipated again until 2020 (e.g., 5-year cycle). 

Table 1-1 summarizes the various phases of the project since it began in 2004. A QAPP was 
submitted to MassDEP in 2004 outlining sampling and analysis procedures for river samples 
collected in 2004-2006. A revised QAPP addressing comments provided by MassDEP was 
submitted in August 2005 (UMass and CDM Smith, 2005). The latest QAPP covering the period 
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2014 – 2016 was submitted in April 2015 and subsequently revised based on comments and 
approved in June 2015. As noted previously, this QAPP is intended to cover FSPs developed for 
the 2017 – 2019 sampling seasons. 

Table 1-1: Summary of Blackstone River Monitoring and Modeling Study 
Dates Phase Activities 

2003 – 2004 I Project framework development 
2004 - 2006 II  HSPF water quality model development, calibration, and validation 

 Water quality monitoring 2005 
- Parameters 
o Bacteria (fecal coliform, E. Coli, Enterococci) 
o Total nutrients (phosphorus1, orthophosphate2, nitrogen, nitrate/nitrite, 

ammonia, total suspended solids, chlorophyll a) 
o Total and dissolved heavy metals (cadmium, copper, lead, zinc) 
o BOD 

- Dry weather event  
o Upper watershed (above confluence with Quinsigamond) 

- 5 upper watershed tributaries 
- 4 mainstem locations in upper  
- 1 point source  

o 5 mainstem locations in MA 
o 1 tributary (Quinsigamond) 

- Three wet weather events 
o Same locations as dry weather, plus an addition of 1 point source 

- Continuous in situ monitoring for physical data at 9 locations, including 5 
headwater tributaries and 5 mainstem locations 

 Water quality monitoring 2006 
- Same parameters as in 2005 
- Dry weather event 
o Upper watershed (above confluence with Quinsigamond R.) 

- 6 upper watershed tributaries 
- 4 mainstem locations in upper  
- 1 point source  

o Massachusetts mainstem (confluence with Quinsigamond R. to state-
line) 
- 5 mainstem locations 
- 4 point sources 
- 3 tributaries 

o Rhode Island 
- 3 tributaries 
- 3 mainstem locations 

- Two wet weather events 
o Upper watershed (above confluence with Quinsigamond R.) 

- 3 mainstem locations  
- 2 point sources 
- 1 tributary 

o Massachusetts mainstem (confluence with Quinsigamond R. to state-
line) 
- 5 mainstem locations 
- 3 tributaries 

o Rhode Island 
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- 3 tributaries 
- 2 mainstem locations 

- Continuous in situ monitoring for physical data at 9 locations 
o 1 upper watershed tributary 
o 2 mainstem locations in the upper watershed above confluence with 

Quinsigamond 
o Quinsigamond River outlet 
o 4 mainstem locations in MA between confluence with Quinsigamond R 

and state-line 
o 1 mainstem RI location 

2007 - 2010 III  Data analysis 
 Work with Technical Advisory Committee (TAC) 
 Refinement of HSPF model calibration 
 Incorporation of data collected by USGS and MassDEP in 2007 and 2008 

2011 IV  Water quality monitoring 
- April – November monthly dissolved nutrient and Chlorophyll-a data at 

14 mainstem locations 
- “Off” bi-weekly sampling at 11 mainstem locations for Chlorophyll-a 

2012 V  Water quality monitoring 
- April – November monthly total nutrient and Chlorophyll-a data at 14 

mainstem locations 
- “Off” bi-weekly sampling at 11 mainstem locations for Chlorophyll-a 
- Periphyton sampling in August and September at 8 sites 
- Collection of in-situ continuous physical data (pH, conductivity, 

turbidity, and dissolved oxygen) the week of periphyton sampling at 4 
locations 

2013 VI  Water quality monitoring 
- April – November monthly total nutrient and Chlorophyll-a data at 9 

mainstem locations 
- Periphyton sampling in June, July, August and September at 3 sites 
- Collection of in-situ continuous physical data (pH, conductivity, 

turbidity, and dissolved oxygen) the week of periphyton sampling at 2 
locations 

2014 VII  Water quality monitoring 
- April – November monthly total nutrient, subspecies and Chlorophyll-a 

data at 9 mainstem locations 
- Periphyton sampling in June, July, August and September at 4 sites 
- Collection of in-situ continuous physical data (pH, conductivity, 

turbidity, and dissolved oxygen) the week of periphyton sampling at 2 
locations 

- Macroinvertebrate sampling 5 locations  
2015 VIII  Water quality monitoring 

- April – November monthly total nutrient, subspecies and Chlorophyll-a 
data at 9 mainstem locations 

- Periphyton sampling in July, August and September at 4 sites 
- Macroinvertebrate sampling 5 locations 
- Point physical data collected at each site on the day of sampling (pH, 

conductivity, turbidity, and dissolved oxygen) but no continuous data 
collected. 

2016 IX  Water quality monitoring 



Blackstone River 2017 – 2019 QAPP 
Version 7.0, submitted for approval  

December 2019 

11 
 

- April – November monthly total nutrient, subspecies and Chlorophyll-a 
data at 9 mainstem locations 

- Periphyton sampling in July, August and September at 4 sites 
2017 X  Water quality monitoring 

- April – November monthly total nutrient, subspecies and Chlorophyll-a 
data at 9 mainstem locations 

- Periphyton sampling in July, August and September at 4 sites 
1 Dry weather events and first wet weather event did not include; both total and dissolved phosphorus were added starting with 

the 2nd wet weather event. 2 Both total and dissolved orthophosphate was analyzed for during wet weather events 
 
 
1.2.2 Study Purpose 
Specific objectives for the 2017 - 2019 monitoring programs are to: 

 Build upon earlier work conducted by Upper Blackstone, Massachusetts Department of 
Environmental Protection (MassDEP), the U.S. Geological Survey (USGS) and others; 

 
 Support future analysis, if needed, of river surface water flow and quality; 

 
 Collect data to assess changes in riverine water column nutrient and chlorophyll-a 

concentrations and fluxes as well as some physical and chemical parameters through 
comparison against historical data; and 

 
 Evaluate periphyton growth in the Blackstone River in terms of biomass (mg m-2 chl a) 

and assess changes in riverine periphyton growth through comparison against historical 
data. 

 
These objectives were used to select sampling locations as well as suitable sampling methods, 
analytes, measurement techniques, and analytical protocols with the appropriate quality 
assurance and quality control guidelines. 

As necessary, additional field monitoring programs in the watershed may be specified in 
accordance with the procedural and quality-assurance guidelines in this QAPP. If necessary, 
this QAPP may be amended (following its approval) to include procedural and quality-
assurance guidelines for additional water quality constituents or indicators, such as biological 
indicators, sediment toxicity, etc. Any amendments will be presented for review and approval 
to the QAPP reviewers listed at the beginning of this document. 

1.2.3 Description of Existing Conditions 
The Blackstone River originates at the confluence of Middle River and Mill Brook in Worcester, 
Massachusetts. It flows southeast for 48 miles into Rhode Island where it discharges into the 
Seekonk River. The Seekonk River discharges into the Providence River, which flows into 
Narragansett Bay. The mainstem of the Blackstone River is joined by six major tributaries: 
Quinsigamond River, Mumford River, West River, Mill River, Peters River, and Branch River, 
as well as many smaller tributaries. The Blackstone River watershed, shown on Figure 1-2, has 
an area of approximately 480 square miles. The watershed consists of over 1,300 acres of lakes 
and ponds including the largest, Lake Quinsigamond. Several reservoirs in the northwest 
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portion of the basin are used for the City of Worcester water supply. Several U.S. Geological 
Survey (USGS) streamflow gaging sites are located in the watershed, and hourly precipitation 
data are available for several locations in and near the watershed from the National Weather 
Service (NWS) National Climatic Data Center (NCDC), also shown on Figure 1-2. 
 
There are nine wastewater treatment facilities (WWTFs) that discharge into the Blackstone River 
watershed. The largest facility, in terms of average effluent flow volume, is the Upper 
Blackstone Wastewater Treatment Facility, which is located near the headwaters of the 
Blackstone River. The Woonsocket WWTF is the second largest plant in the watershed and is 
located in Rhode Island. Other WWTFs that discharge to the river include: Grafton, 
Northbridge, Burrillville, Uxbridge, Hopedale, Douglas and Upton.  
 
The Blackstone River Valley of Massachusetts and Rhode Island is the “Birthplace of the 
American Industrial Revolution.” A farming and milling area in colonial days, the Blackstone 
River Valley was transformed into one of the 19th century’s great industrial areas. With a 430-
foot drop in elevation from Worcester, MA, to Providence, RI, the river was an excellent place to 
locate mills in the days before steam or electricity turned machinery. Water powered textile 
mills proliferated up and down the river. During the transformation from farm to factory 
economy, the river became polluted and its course was altered by intense industrial activity and 
settlement along it. The many dams, canals and other human interventions resulted in a river 
very different from its original free-flowing state. Nineteen of the dams are still in place today, 
and the presence of these dams influences the flow and quality of the river. In its natural, free 
flowing condition, water took approximately 5 days to travel from Worcester to Providence 
during periods of low river flow. Now, because of the impoundments, it could take almost a 
month for water to travel this same distance during low river flow conditions. 
 
In order to meet National Pollutant Discharge Elimination System (NPDES) permits, which are 
issued by the U.S. Environmental Protection Agency (EPA), a majority of the WWTFs that 
discharge to the Blackstone River have incorporated treatment upgrades. In Fall 2009, Upper 
Blackstone completed upgrades to its wastewater treatment facilities to meet more stringent 
discharge limits set by EPA and MassDEP in 2001. The 2001 permit established a seasonal (April 
– October) total phosphorus (TP) limit of 0.75 mg/L. Recognizing that nitrogen removal could 
be required in the future to control algal problems in Narragansett Bay, the District decided to 
upgrade the plant to achieve total nitrogen treatment to 8-10 mg/L, consistent with limits then 
being imposed on other dischargers. 
 
The District’s current NPDES permit was issued in August 2008 but did not take immediate 
effect pending the District’s appeal. Two modifications of the permit occurred in April 2009 and 
July 2010. The 2008 NPDES permit, as modified, became effective in October 2012. In May 2014, 
an Administrative Order on Consent (AOC) was established with interim limits for total 
phosphorus and total nitrogen as well as a schedule for compliance. The 2008 NPDES permit 
requires a total nitrogen level of 5.0 mg/L and a total phosphorus level of 0.1 mg/L for all ‘dry’ 
weather flows in each of the summer months by the end of October 2019. In addition, the AOC 
requires the District to examine options for achieving permit limits during ‘wet’ weather flows. 
A number of innovated measures to improve plant performance in the near-term have been 
piloted since 2014. 
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The upgrades designed to meet the 2001 permit limits have been online since Fall 2009. 
Monitoring results indicate that the overall phosphorus and nitrogen loads to the river from the 
facility have decreased significantly since the implementation of these upgrades. While exact 
values vary slightly from year-to-year, phosphorus has been reduced by 80 - 90% compared to 
previous levels. Nitrogen has been reduced by 57 - 61%.  
 
Reductions in the total phosphorus and nitrogen loads leaving the UBPWAD facility have been 
reflected in lower river total phosphorus and nitrogen concentrations and loads (MaWRRC, 
2016, under review). Sampling in 2016 was conducted from April through November at 
multiple Blackstone River main stem sites located in Massachusetts and Rhode Island. The 
study included monthly water quality sampling at nine locations for nutrients and chlorophyll-
a. Additionally, three periphyton sampling surveys were conducted at four locations from July 
through September. Summer 2016 was the driest summer season sampled to date by the 
District’s monitoring program (2012 – 2016) and was also drier than during 2008, the year of the 
most recent monitoring by MassDEP. Record low monthly flows at Millbury were set in May, 
June and July. Despite the dry conditions, nutrient concentrations and loads in the river were 
low compared to previously observed levels on low flow days, generally falling in between the 
median and lower quartile of observed values. Statistically significant decreasing seasonal 
trends in flow-adjusted TP and TN concentrations from 2012 – 2016 were observed at several 
sampling locations. Chlorophyll-a concentrations, a measure of algal growth in the river, have 
also continued to decrease at the monitored locations, although summertime levels along the 
Massachusetts mainstem in 2016 were on the high end of data observed from 2012 – 2016 due to 
the low flow conditions. Dry conditions, warm winter, spring and summer temperatures, and 
elevated TP levels along the MA portions of the river all contributed to elevated periphyton 
levels observed during the summer of 2016. Periphyton concentrations observed from 2012 – 
2015 fell below 200 mg/m2, what MassDEP has described as “nuisance levels” (MassDEP, 
personal communication).  
 
MassDEP and the Rhode Island Department of Environmental Management (RIDEM) each 
maintain a list of impaired waters for sections of the river under their jurisdiction (MassDEP, 
2015; RIDEM, 2015). The mainstem of the Blackstone River is considered impaired in 
Massachusetts due to total phosphorus and, in some sections, nutrient/eutrophication 
biological indicators and will require development of a TMDL, although no timeline for 
development has been set (Massachusetts Division of Watershed Management Watershed 
Planning Program, 2015). The Rhode Island mainstem is considered impaired due to total 
phosphorus. The timeline for completion of a TMDL in RI has been set for 2024, however in 
their 2014 303d list, RI DEM notes that the need for a TMDL will be determined post WWTF 
upgrades (RI DEM, 2015). While it is not clear why the two states have addressed TMDL 
development plans in slightly different ways (e.g., no TMDL schedule for nutrients in MA; 
TMDL scheduled for TP in RI, but with a qualifier that the need will be reassessed), both states 
appear to be acknowledging the disconnect between the 303d list publication date, on-going 
WWTF upgrades, and the timeframe over which data utilized for the assessment is collected. 
For example, the data collection surveys upon which the 2014 MA assessments are based were 
conducted prior to the Upper Blackstone upgrades, and as such may not reflect current river 
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conditions. The most recent water quality surveys by MassDEP on the Massachusetts portions 
of the Blackstone River were conducted in 2008 (MassDEP, 2008). 
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Figure 1-2: Blackstone River watershed, USGS streamflow and NCDC precipitation gages  
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1.3 Task Description 
The overall goal of the field-sampling program is to provide an accurate and representative 
picture of the current water quality conditions, relative to historical data for similar flow 
conditions, at specific sampling stations in the Blackstone River watershed. The environmental 
data collected under this task may be used as input to extend the water quality and 
hydrologic/hydraulic model of the Blackstone River that was developed, calibrated, and 
validated earlier in the Study. The data may also help inform the development of future 303d 
impaired waters lists and TMDLs. 

1.3.1 Study Area  
The study area covered by this QAPP and the associated FSP is defined as the roughly 480 
square mile watershed area upstream of Slater Mill Dam, located on the Blackstone River near 
Main Street in Pawtucket, RI. Data collection efforts are focused along the 48-mile main stem of 
the river, extending from Slater Mill Dam to Worcester, upstream of the District’s effluent 
channel.  

The mainstem Blackstone River is joined by many small tributaries, as well as six major rivers: 
the Quinsigamond River, the Mumford River, the West River, the Mill River, the Peters River, 
and the Branch River. The watershed consists of over 1,300 acres of lakes and ponds; the largest 
is Lake Quinsigamond in Shrewsbury and Grafton. Monitoring of these water bodies is beyond 
the scope of this study. 

1.3.2 Field Sampling Program 
This QAPP is designed to be an overarching document while yearly FSPs will provide the 
salient details for each sampling season. This QAPP is designed to cover the range of sampling 
activities anticipated under the Study. However, amendments to this QAPP will be made as 
necessary to include additional parameters and/or methodologies. 

Individual FSPs will be developed for each phase, typically a year, of the monitoring program. 
The FSPs are intended to provide the specifics with respect to the sampling location and 
frequency, sampling program logistics, schedule, sampling methods, field designation, and 
health and safety requirements. The sampling locations for 2017 are shown in Figure 1-3. In 
general, the monitoring programs include the following elements: 

 Routine in-stream water quality sampling and subsequent analysis for nutrients (detailed 
below), 

 Periphyton sampling at select stream reaches, and 

 Download of basic hydrologic data (e.g., precipitation and streamflow data) from USGS, 
NWS NCDC, etc. data sources. 
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Figure 1-3: Current Field Sampling Scope Sampling Sites 
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Table 1-1a: 2019 Sampling Sites (all sites located on the main stem) 

Site ID# Site Name Lat Lon 

Rive
r 

Mile
2 

HSPF 
Reach2 

RMSD1 Slater Mill Dam, Pawtucket, RI 41.876909 -71.381940 0.0 200 

R1161 Rte 116 Bikepath Bridge, 
Pawtucket, RI 41.938066 -71.433769 6.3 228 

RMSL1 State Line, RI 42.009974 -71.529313 15.5 268 

W1779 
Below Rice City Pond Sluice 
Gates, Hartford St., Uxbridge, 
MA 

42.097270 -71.62241 27.8 326 

W0767 Sutton St. Bridge, Northbridge, 
MA 

42.153922 -71.652521 33.4 348 

W1242 Route 122A, Grafton, MA 42.177153 -71.687964 36.3 360 

DEPOT4 Depot St., Sutton, MA 42.177 -71.720 38.0 -- 

W12584 Central Cemetery, Millbury, 
MA 42.19373 -71.76603 42.7 392 

UBWPAD24 New Confluence site, 
downstream of effluent canal  

42.20702 -71.78154 44.6 402 

W06803, 4 New Millbury St Bridge, 
Worcester, MA 42.22784 -71.78762 45.9 414 

1 Locations of co-sampling with NBC 
2 Corresponding river mile and model reach in Blackstone River HSPF model: Blackstone River HSPF 

Water Quality Model Calibration Report (CDM Smith and UMass, August 2008) and the Blackstone River 
HSPF Water Quality Model Calibration Report Addendum (CDM Smith and UMass, October 2011). 

3 W0680 is located between the Worcester CSO discharge and UBWPAD2. The Worcester CSO enters the 
river downstream of the confluence of Mill Brook and the Middle River at approximately river mile 
46.4. 

4 Location of data logger deployments 
 

1.4 Quality Objectives and Criteria 
Environmental data and streamflow measurements to be collected by the study team in support 
of the Blackstone River Watershed Assessment Study will meet the quality objectives outlined 
in this section. The specific quality assurance objectives and the measurement performance 
criteria serve as the basis for the annual FSP (submitted under separate cover, also referred to as 
the annual Scope of Work). This section provides overall guidelines as to the minimum 
requirements for quality control, whereas the FSP presents detailed information on locations, 
methods, and frequencies for environmental measurements and sample collection. 

1.4.1 Data Quality Objectives 
Data Quality Objectives (DQOs) are qualitative and quantitative statements that specify the 
characteristics of data required to support defensible decisions relating to specific 
environmental problems. DQOs are based on the end uses of the data to be collected; as such, 
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different data uses may require different type and level of data quality. The data collection and 
analysis procedures will therefore be designed to meet the most stringent DQOs. 

The following overriding DQOs have been developed for the Blackstone River Watershed 
Assessment Study: 

 Collect water quality data to determine the likelihood that waterbodies in the Blackstone 
River Watershed meet state water quality standards;  

 Collect water column data sufficient for identifying changes in water quality over time;  

 Collect data to support assessment of the biological health of the river; 

 Collect data to help establish the relationship among in-stream nutrient concentrations and 
periphyton abundance and composition in the river; 

 Collect water quality data necessary to estimate the net daily and seasonal flux of pollutants 
along select reaches of the river; and 

 Collect water quality data sufficient for the calibration and validation of computer models1 
to simulate pollutant loading, transport, and in-stream fate and distribution.  

These objectives are used to select sampling locations, as specified in the annual Field Sampling 
Plan, as well as suitable parameters, sampling methods, measurement techniques, and 
analytical protocols with the appropriate quality assurance and quality control guidelines.  

State Water Quality Standards 
Both Massachusetts and Rhode Island categorize waters according to their use class. Each class 
is associated with a series of designated uses; the ability of a water body to support these uses is 
assessed based on its ability to meet the applicable water quality standards. In Massachusetts, 
these uses include fish consumption, aquatic life support, drinking water, shellfishing, primary 
contact recreation (swimming), and secondary contact recreation (boating). In Rhode Island, 
these uses include freshwater and seawater uses for fish and wildlife habitat, drinking water 
(freshwater only), primary and secondary contact recreation, and shellfishing (freshwater only).  

                                                 
1 The HSPF Water Quality Model is calibrated to model total phosphorus (TP), orthophosphate, total 
nitrogen (TN), total ammonia, total inorganic nitrogen, nitrate-nitrate, Chlorophyll a, (chl-a) and 
dissolved oxygen. To enable validation of the model if it is extended beyond 2011, collection of additional 
data for these parameters is necessary. It is typically assumed that routine monitoring will capture the 
impacts of both dry and wet weather. For further information on the HSPF Water Quality Model, please 
see the Blackstone River HSPF Water Quality Model Calibration Report (UMass and CDM Smith, 2008), 
the Blackstone River HSPF Water Quality Model Calibration Report Addendum (UMass and CDM Smith, 
2011), and the Blackstone River HSPF Model Validation Report (UMass and CDM Smith, 2011). All are 
available upon request. 
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Table 1-2 provides a summary of water quality guidelines as well as available data on 
background concentrations for constituents included in the monitoring program. It should be 
noted that neither Massachusetts nor Rhode Island have published numerical nutrient criteria, 
so the values listed in Table 1-2 are subject to change. These guidelines will be used to assess the 
likely compliance/non-compliance status of the waterways in the Blackstone River Watershed 
per the second DQO. All waterways in the watershed are classified Class A, the most stringent 
class designated for human consumption and shellfish harvesting, or Class B and Class SB, 
designated for primary and secondary contact recreational activities in freshwater and 
saltwater, respectively. All classes include supporting fish and wildlife habitat.  
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Table 1-2: Water Quality Guidelines and Nutrient Background Concentrations  

Metric 
Acceptable 

Range Rational for Metric Source 

Seasonal Mean 
Chlorophyll a < 10 µg/L Target applied in Lower Charles TMDL 

US-EPA 
(2007) 

Peak 
Chlorophyll a < 18.9 µg/L Target applied in Lower Charles TMDL 

US-EPA 
(2007) 

Chlorophyll a 
concentrations < 3 µg/L N.H. river guidance – “Excellent” conditions NHDES 

 3 – 7 µg/L N.H. river guidance – “Good” conditions NHDES 

 7 – 15 µg/L 
N.H. river guidance – “Less than desirable” 

conditions NHDES 

 > 15 µg/L N.H. river guidance – “Nuisance” conditions NHDES 

 < 4.9 µg/L 
New England Interstate Water Pollution Control 

Commission 
NEIWPCC 

(2001) 

Total 
Phosphorus < 25.0 µg/L EPA-within lakes or reservoir 

US-EPA 
(1986) 

 < 50.0 µg/L EPA-entering lakes or reservoirs 
US-EPA 
(1986) 

 < 100.0 µg/L 
EPA-in streams or other flowing waters not 

discharging directly to lakes or impoundments 
US-EPA 
(1986) 

 < 23.75 µg/L 
EPA Ecoregion XIV, Subregion 59, 25th percentile 

guidance, all seasons 
US-EPA 
(2000) 

 < 25.0 µg/L EPA Ecoregion XIV, Subregion 59, 25th percentile 
guidance, TP summer 

US-EPA 
(2000) 

 < 50.0 µg/L EPA Ecoregion XIV, Subregion 59, 50th percentile 
guidance, TP summer 

US-EPA 
(2000) 

 
< 28.0 µg/L USGS 25th percentile guidance for Ecoregion XIV 

Zimmerman 
& Campo 

(2007 

 
< 30.0 µg/L USGS 25th percentile guidance for MA nutrient 

Ecoregion “High”, which includes Blackstone 

Zimmerman 
& Campo 

(2007 

 
< 20.0 µg/L 

New England Interstate Water Pollution Control 
Commission median of four seasonal 25th 

percentiles, Northeastern Coastal Zone 

NEIPCC 
(2003) 

Total Nitrogen 440.0 µg/L Eutrophication threshold utilized by OARS OARS (2014) 

 < 610.0 µg/L 
EPA Ecoregion XIV, Subregion 59, 25th percentile 

guidance, TN calculated all seasons 
US-EPA 
(2000) 

 < 570.0 µg/L 
EPA Ecoregion XIV, Subregion 59, 25th percentile 

guidance, TN reported all seasons 
US-EPA 
(2000) 
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 < 440.0 µg/L 
EPA Ecoregion XIV, Subregion 59, 25th percentile 

guidance, TN summer 
US-EPA 
(2000) 

 < 740.0 µg/L 
EPA Ecoregion XIV, Subregion 59, 50th percentile 

guidance, TN summer 
US-EPA 
(2000) 

 < 583.0 µg/L 
USGS 25th percentile guidance for Ecoregion XIV 

Zimmerman 
& Campo 

(2007 

 < 642.0 µg/L 

USGS 25th percentile guidance for MA nutrient 
Ecoregion “High”, which includes Blackstone 

Zimmerman 
& Campo 

(2007 

 
< 560.0 µg/L 

New England Interstate Water Pollution Control 
Commission median of four seasonal 25th 

percentiles, Northeastern Coastal Zone 

NEIPCC 
(2003) 

Periphyton 200 mg/m2  
MassDEP – maximum benthic chlorophyll a level 

marking the mesotrophic-eutrophic boundary, 
from EPA Rapid Bioassessment Protocols 

US-EPA 
(1999) 

Conductivity 150-1500 
µmhos/cm 

USEPA summary of studies of stream supporting 
good mixed fisheries US EPA  

Dissolved 
Oxygen 

≥5.0 mg/L  
≥6.0 mg/L 

Class A: ≥6.0 mg/L unless background conditions are 
lower 

Class B: ≥5.0 mg/L unless background conditions are 
lower 

MassDEP 
Massachusetts 
Surface Water 

Quality 
Standards 314 

CMR 4.00 
(2013) 

pH 6.5 – 8.3 MassDEP Surface Water Quality Standards 

Massachusetts 
Surface Water 

Quality 
Standards 314 

CMR 4.00 
(2013) 

Temperature <20°C 
<26.7°C 
<26.7°C 
<28.3°C 

Class A: < 83°F (28.3°C) and ∆1.5°F (0.8°C) for warm 
water fisheries, <68°F (20°C) cold water fisheries 

Class SB: <85°F (29.4°C) nor a maximum daily mean 
of 80°F (26.7°C) and ∆1.5°F (0.8°C) between July 

through September and ∆4.0°F (2.2°C) between October 
through June 

Massachusetts 
Surface Water 

Quality 
Standards 314 

CMR 4.00 
(2013) 

 
 
1.4.2 Measurement Performance Criteria 
Measurement performance criteria, including the precision, accuracy, completeness, 
comparability, and representativeness of the data, will be used to assess the quality of all 
environmental measurements in relation to the Data Quality Objectives. In order to meet the 
quality assurance (QA) objectives, the data must be (1) of known quantitatively measured 
precision and accuracy; (2) representative of the actual site in terms of physical and chemical 
conditions; (3) complete to the extent that necessary conclusions may be reached; and (4) 
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comparable to previous and subsequent data collected under this program. Both field and 
laboratory quality objectives are addressed in each section. 

Precision 
The precision of a measurement is the degree to which two or more measurements are in 
agreement. Precision is quantitative and is most often expressed in terms of Relative Percent 
Difference (RPD). RPD is calculated for each pair of duplicates as indicated below: 

  
where: 

S = First sample value (original or matrix spike value)  
D = Second sample value (duplicate or matrix spike duplicate value) 

Field Precision Objectives. Field precision is assessed by analysis of duplicate and split 
samples, which are not identified to the analytical laboratory. The results of the duplicate and 
split analyses are used to assess the degree of precision in the field samples. Duplicate samples 
will be bulk samples collected from the stream in two different bottles, collected at the same 
time and side-by-side at the sampling location. Split samples will be aliquots split from the 
same bulk sample bottle and submitted to the laboratory for analysis. Note that field split 
samples are distinct from lab replicate samples. 

Table 1-3: Quality Assurance Precision and Accuracy Objectives for Laboratory Analytical 
Analyses 

Parameter1 
Field 

Precision 
(%RPD)2 

Lab Precision 
(%RPD)2 

Accuracy 
(%R)3 

Field Blank 
Cleanliness4 

Water Column     
Total Phosphorus ≤ 30% ≤ 20% 80-120% < RL 
Dissolved Phosphorus ≤ 30% ≤ 20% 80-120% < RL 
Total Orthophosphate ≤ 30% ≤ 20% 80-120% < RL 
Dissolved Orthophos. ≤ 30% ≤ 20% 80-120% < RL 
Total Nitrate/Nitrite ≤ 30% ≤ 20% 80-120% < RL 
Dissolved Nitrate/Nitrite ≤ 30% ≤ 20% 80-120% < RL 
Dissolved Nitrite ≤ 30% ≤ 20% 80-120% < RL 
Total Ammonia-N ≤ 30% ≤ 20% 80-120% < RL 
Dissolved Ammonia-N ≤ 30% ≤ 20% 80-120% < RL 
Total Kjeldahl Nitrogen5 ≤ 30% ≤ 20% 80-120% < RL 
Diss. Kjeldahl Nitrogen6 ≤ 30% ≤ 20% 80-120% < RL 
Total Nitrogen ≤ 30% ≤ 20% 80-120% < RL 
Total Dissolved Nitrogen ≤ 30% ≤ 20% 80-120% < RL 
Total Suspended Solids ≤ 30% ≤ 20% 80-120% < RL 
Chlorophyll-a7 

Conductivity 
≤ 30% 
≤ 30% 

 

≤ 20% 
≤ 20% 

80-120% 
80-120% 

< RL 
< RL 

( )
( )

100
2

S D
RPD

S D
− ×

=
+
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Notes: 
1 Please refer to Section 2 for further discussion on the analyzed water column parameters and methods 

utilized for each laboratory; Kjeldahl nitrogen will not be run 2017 but is retained in this table as it was 
a previously monitored parameter 

2%RPD= Relative Percent Difference 
3%R= Percent Recovery 
4 RL= Reporting Limit 
5 Upper Blackstone does not directly measure total nitrogen, but rather calculates it as the sum of total 
Kjeldahl Nitrogen, nitrate, and nitrite. However, Upper Blackstone will not be running the N-series in 
2017; please refer to Section 2 for further details. 

6 Dissolved Kjeldahl nitrogen is utilized to calculate the amount of dissolved organic nitrogen in the 
sample. 

7 Precision for chlorophyll shall be ± 2.0 if less than 15 µg/L or 30% RPD if more than 15 µg/L 

 
Currently no continuous in situ measurements are expected to be collected in 2017 – 2019 due to 
a limited budget for replacement of sondes beyond their usable lifespan. An amendment to the 
QAPP will be submitted in the event that in situ parameters are re-introduced. 2019 addendum: 
continuous in-situ measurements were added at four sites for water temperature and dissolved 
oxygen in July 2019. Those sites are W060, UWPAD2, W1258 and Depot (see Table 1-1a) 
 

Laboratory Precision Objectives. Precision in the laboratory is determined by the comparison 
of laboratory-generated replicate samples, where replicates result from an original aliquot 
sample that has been split for identical purposes. The precision is evaluated by determining the 
RPD of duplicate (replicate) analyses, as provided in the equation above. Specific laboratory 
precision requirements are discussed in the applicable analytical Standard Operating Procedure 
(SOP) and/or laboratory Quality Assurance Plan. Precision goals for each water quality 
parameter are provided in Tables 1-3-B. Laboratories may be requested to provide their internal 
QAQC data, including lab replicate results. In general, however, release of the data will indicate 
that the laboratory precision objectives have been met, as certified by the lab quality assurance 
officer. 

Accuracy 
Accuracy is defined as the extent of agreement between an observed value (i.e. sample result) 
and the accepted, or true, value of the parameter being measured. Accuracy is quantitative and is 
usually expressed as the percent recovery (%R) of a sample result as indicated below: 

 
 

where: 
A =  Analyte concentration determined experimentally with known quantity of 

reference material added  

B = Background determined by separate analysis of sample or, in the field, a blank 

C = True value of reference or standard added 
 

( ) 100% A BR
C

− ×
=
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Field Accuracy Objectives. Accuracy of water quality sample collection activities will be 
assessed using field blanks and by adherence to all sample handling, preservation, and holding 
times. Field blanks consisting of distilled, deionized water will be submitted blindly to the 
analytical laboratories at a rate of ten percent, or one blank per ten samples collected. Field 
blank cleanliness requirements are provided in Table 1-3.  

An equipment blank is intended to assess the contamination caused by sampling and 
processing equipment. Equipment blanks will be collected and analyzed under two 
circumstances: (1) when a cleaning procedure is followed for the first time; and (2) initial 
equipment blanks will also be run any time new procedures or equipment are used. These pre-
sampling equipment blank checks will be conducted in a controlled field or laboratory setting. 
The procedure for equipment blanks is shown in Figure 1-4. The choice of method is based on 
the type of split and on whether the method measures a total or a dissolved concentration.  

Suitable deionized water (for trace elements, this must be inorganic-free blank water) will be 
collected and stored in a suitable and appropriately labeled (e.g., “Source Solution Blank” or 
“Blank”) bottle. An aliquot will be taken from the source solution blank water and adequately 
preserved as per the analyte (note lot number of preservative). If the Blank Water is purchased, 
the date and lot number of the blank water will also be recorded and the same lot will be used 
for the entire procedure.  

For equipment blanks, the source solution will then be taken through each phase of the 
sampling process for the analyte (as needed), saving sequential sample blanks. Initially only the 
first stage equipment blank will be submitted for analysis. If the data for all of the analytes come 
back from the laboratory at acceptable levels, then the equipment blank is acceptable and no 
further work is required. The sequential samples will then be discarded. If all or some of the 
data come back higher than acceptable levels, the previously collected sequential blanks will be 
submitted to the laboratory for analysis. The data from these sequential samples will be used to 
identify the source of contamination detected in the equipment blank, and remedial measures 
will be taken to eliminate it. The process will then be repeated. These steps should be evaluated 
in either field or laboratory conditions, depending on where sample processing will occur for 
the environmental samples.  

Testing of equipment will be carried out for each type of sampler (split method and analyte) 
once per sampling season. Specific procedures for each sampler type are provided below.  

To evaluate grab samples, source water will be poured into the sample bottle and then the 
sample bottle (sealed but containing blank water) will be dipped in the stream following 
collection procedures (without opening the bottle).  
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Type of 
Split 

Figure 1-4: Cleaning and equipment blank sampling procedure flow chart 
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Note that for a given parameter, only one type of split (pour, pump/filter) will be the standard 
method for the project (Type of Split diamond decision, Figure 1-4). This is anticipated to be the 
“pour” method for the majority of samples and the pump/filter method for samples requiring 
filtering. 

The collection of field equipment blanks will generally follow the schematic of Figure 1-4 for the 
pre-testing of equipment blanks. The sequential sample blanks, however, will not be collected. 
The path through the equipment blank schematic that is highlighted in blue represents the 
collection of one field equipment blank for an unspecified type of sampler, split by the pour 
method, and analyzed for a non-filtered analyte. 

Laboratory Accuracy Objectives. Laboratory accuracy is assessed through the use of known 
standards, such as Laboratory Control Samples (LCS), and matrix and analytical spikes. 
Accuracy within the laboratory is expressed in terms of percent recovery (%R). Specific 
laboratory accuracy requirements are discussed in the applicable analytical Standard Operating 
Procedure and/or laboratory Quality Assurance Plan. Accuracy goals with acceptance limits for 
applicable analytical methods are provided in Table 1-3.  

In addition, a limited number of Performance Evaluation (PE) samples, as specified in the Field 
Sampling Plans, will be used as a double-blind evaluation on the respective laboratory’s 
performances for the following parameters: total phosphorus (TP), total orthophosphate (TOP), 
nitrate/nitrite (NO23), total ammonia (TAM), and total Kjeldahl nitrogen (TKN). The PE 
samples will be purchased from an outside PE manufacturer and will be provided with a 
known quantity of analyte.  

Typically, one set of PE samples will be incorporated within the batch of river samples and 
submitted blindly to the laboratories during each sampling event. The laboratory’s analytical 
results will be compared to the known analyte concentrations provided by the PE 
manufacturer.  

Field Accuracy Objectives 
Field precision for measurements taken in the field will be assessed by measuring a sample of 
tap water at the laboratory with both instruments concurrently, at the end of each sampling 
day. Field accuracy for measurements performed in the field will be assessed by calibrating 
probes first thing in the morning on sampling days, and checking the probes against calibration 
samples or buffers upon return to the lab that day. Data quality objectives for field 
measurements are listed in Table 1-4. 

Table 1-4: Quality Assurance Precision and Accuracy Objectives for Field Measurements 

Parameter Precision 
(%RPD)  Accuracy   

Water Temperature ≤ 5%  ± 5% or 0.2 ˚C  
Dissolved Oxygen ≤ 5%  ± 5% or 0.3 mg/L  
pH ± 0.2  ± 0.1  
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Field precision for samples analyzed in the laboratories will be assessed at the rate of ten 
percent, or one duplicate for every 10 samples collected. The RPD will be calculated per the 
above equation. Precision requirements for field duplicates are provided in Table 1-4.  

 
Completeness 
Completeness is a measure of the amount of valid data obtained from a measurement system 
compared to the amount that was expected to be obtained for that measurement under normal 
conditions. Events that may result in a reduction in measurement completeness include sample 
breakage during shipment, inaccessibility to proposed sampling location, and sampling 
equipment errors. 

Field Completeness Objectives 
Field completeness is a measure of how many valid results were obtained from field 
measurements. The Field Sampling Plan (submitted under separate cover) specifies the number 
of field and laboratory measurements to be made during the program. The completeness 
criterion for all in situ measurements (including continuous dissolved oxygen, temperature, 
conductivity and pH measurements) and analytical analyses is 90-percent (i.e. 90-percent of the 
planned samples must be collected and accepted for analysis) during sampling events.  

The completeness criteria may also be violated if a group of samples is missing from one 
sampling region, such as one sampling reach or all source characterization samples, even if the 
missing samples total less than 10-percent of the samples collected during the event.  

Re-sampling may be required if the completeness criteria are not met for a specific field activity. 
In the event of a catastrophic failure (one site or loss of all samples for an analyte), it will be re-
sampled if feasible. Best professional judgment will be used in utilizing re-sampled data due to 
likely differences in environmental conditions.  

Laboratory Completeness Objectives 
Laboratory completeness is a measure of the amount of valid measurements obtained from all 
the samples submitted by the Project Team for each sampling activity. The laboratory 
completeness criterion is 95 percent.  

Representativeness 
Representativeness expresses the degree to which data accurately and precisely typify a 
characteristic of a population, parameter variations at a sampling point, a process condition, or 
an environmental condition. One of the primary objectives of this field sampling program is to 
obtain water quality data that is representative of conditions in the Study Area. 

Measures to Ensure Representativeness of Field Data 
Representativeness is dependent upon the proper design of the field sampling program. These 
performance criteria will be met by ensuring that the sampling protocols listed in the FSP are 
followed. Additionally, the FSP will be developed considering the DQOs established herein and 
the appropriateness of sampling locations, sampling protocols, and water quality constituents. 
The sampling network designed and specified in the FSP will provide data representative of the 
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designated study area for the expressed purposes of the water quality and flow monitoring 
activities. 

Measures to Ensure Representativeness of Laboratory Data 
Representativeness in the laboratory is ensured by the use of proper analytical procedures, 
following “good laboratory practices” (GLPs), meeting sample holding times, and analyzing 
and assessing field duplicates. Upper Blackstone and EAL have Quality Assurance Plans and 
follow written SOPs for each analytical analysis.  

Comparability 
Comparability is an expression of the confidence with which one data set can be compared with 
another. Data collected in one segment of the watershed may be compared to data from another 
area to allow for the relative comparison of water quality parameters between stations.  

Measures to Ensure Comparability of Field Data 
Comparability of data is assured by a properly designed field sampling program and is satisfied 
by following proper sampling protocols as outlined in the FSP. For this program, data 
comparability is assured by the use of identical sampling, measurement, analytical and data 
reporting methodologies in accordance with documented procedures. 

Measures to Ensure Comparability of Laboratory Data 
Comparable analytical data results from employing identical sampling and analytical methods 
as documented in this QAPP. Comparability of analytical data will be assessed under the 
supervision of the Project Manager.  

1.5 Special Training and Certification 
This investigation includes only standard field sampling techniques, field analyses, laboratory 
analyses, and data evaluation techniques. Specialized training is therefore not required. The 
UMass Field Program Coordinator is experienced in the standard protocols for surface water 
sampling using the equipment discussed in this QAPP and associated Field Sampling Plan; 
however, members of the sampling teams for individual sampling events may require 
additional training. 

Individual certifications relevant to implementation of this plan will thus be conducted as 
outlined in the SOPs. In general, this will require that members of the project team have read 
the SOPs and any associated equipment manuals or procedures produced specifically for this 
project and have demonstrated the ability to follow the outlined procedures.  

In addition to training staff in water sampling procedures, a tour of the sampling sites will be 
completed, if possible, for any new staff. A coordination meeting or conference call will be 
conducted prior to the commencement of each field sampling event to brief members of the 
sampling team on any updates to the sampling procedures. 

All laboratory personnel are trained in accordance with the procedures outlined in their 
respective Quality Assurance Project Plans. The QAPPs for the EAL laboratory at UMass and 
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the Upper Blackstone Laboratory have been submitted along with this QAPP under separate 
cover.  

1.6 Documents and Records 
This section of the QAPP describes how project data and information will be documented and 
tracked from its generation in the field to its final use and storage. This will ensure data 
integrity and defensibility. 

1.6.1 QAPP Distribution and Version Control  
The Project Manager will be responsible for distributing copies of the approved QAPP and any 
subsequent revisions to individuals on the Distribution List. In addition, UMass will maintain 
on file a complete copy of the original document and all revisions of the QAPP, including 
addenda and amendments.  

Document control procedures will be used to identify the most current version of the QAPP. 
Each revision will be differentiated with a new revision number and date. The following 
document control information is included in the top right-hand corner of each page in this 
QAPP: 

 Title of the document (abbreviated) 

 Revision number and document status (i.e. draft, interim, final) 

 Date of original or current revision 

 QAPP section 

 Page number in relation to the total number of pages 

A Project Personnel Sign-Off Sheet will be used to document that all members of the Project 
Team have read the QAPP and will perform the tasks as described. UMass will maintain the 
Sign-Off Sheet. The following information will be required: 

 Project personnel name, title, contact number, and signature 

 Date QAPP was reviewed 

 QAPP acceptable as written (Yes/No) 

1.6.2 Data Reporting and Retention 
Proper documentation of field and laboratory activities is essential for the attainment of the 
Data Quality Objectives outlined for this study. Data reporting is the detailed description of the 
data deliverables used to completely document the analysis, quality control measures, and 
calculations.  



Blackstone River 2017 – 2019 QAPP 
Version 7.0, submitted for approval  

December 2019 
 

31 
 

Data acquired in the field will be reported after reduction and evaluation by the responsible 
technical staff. Data from laboratory analyses will be reported after the data are reviewed, 
assessed for quality assurance, and the data usability is assessed based on guidance provided in 
subsequent sections of this QAPP. Preliminary data will not be released as a part of this Study. 
All data will be evaluated prior to distribution.  

Project Documentation and Records 
UMass will maintain a Final Evidence File, which will be the central repository for all 
documents that constitute evidence relevant to sampling and analysis activities as described in 
this QAPP and associated Field Sampling Plan. Table 1-5 presents a summary of sample 
collection records, field analysis records, laboratory records, and data assessment records that 
will be contained in the file.  

UMass will have the responsibility of implementing and maintaining a document control 
system. All members of the Project Team will be responsible for project documents in their 
possession while working on a particular task.  

Electronic copies of all project files and deliverables, such as electronic databases, will be 
routinely backed-up and archived. The Technical Memorandum, or annual report, to be 
prepared at the conclusion of the field sampling program will be submitted to Upper Blackstone 
electronically as text in Microsoft Word. All data, reports, and materials obtained and/or 
created under this task will be turned over to Upper Blackstone at the completion of the project.  
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Table 1-5: Project Documents and Records 

Sample Collection and Field Analysis Records  
Field and/or lab logbooks 
Field data collection and analysis forms 
Chain-of-custody (COC) records 
Corrective action reports 
Field QC checks and QC sample records 
QAPP and Field Sampling Plan 

 Laboratory Records  
COC Records 
Data summary reports 
Corrective action reports 
QC checks and QC sample results 

Data Assessment Records 
Field sampling audit checklists and reports 
Field analytical audit checklists and reports 
Fixed laboratory audit checklists and reports 
Data validation reports 
Corrective action reports 
Progress reports 
Final reports 

 
Field Analysis Data Package Deliverables and Reporting Formats 
The Field Analysis Data Package Deliverables will include the list of items provided in Table 1-5 
under “Sample Collection and Field Analysis Records.” Field crews will be instructed to document 
all activities associated with site visits and sampling efforts, including unusual and anomalous 
conditions, which will be used during data interpretation and analyses.  

All field documentation will be recorded on standardized data collection forms developed 
specifically for the Blackstone River Watershed Assessment Study, or in field logbooks. 

Field Data Collection Forms 
Field data collection forms will be used to document equipment calibration, sample collection 
activities, field changes to procedures, and habitat and site conditions. Additionally, forms will 
be completed to document staff training in relevant sampling and monitoring procedures. 
Copies of the Field Data Collection Forms are included in this document as Appendix A-F. 

The field data collection forms are grouped into the following categories: 

 Chain of Custody Documents (Appendix A) 

 Staff Training and Field Program Coordination (Appendix B) 

 Equipment Calibration/Inspection (Appendix C) 
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 Water Quality Data Collection (Manual Sampling – Appendix D) 

 Quality Assurance/Quality Control (Appendix E) 

 Habitat /Site Conditions Documentation (Appendix F) 

Redundancy exists between forms as they serve different purposes and may be completed at 
different times. If during the early events it is found that there is too much redundancy between 
forms or the pre-designed forms are not suitable, the forms will be appropriately updated 
and/or eliminated.  

Field Logbooks 
Field logbooks will be used to document all investigation and data collection activities 
performed at the site that are not covered by the aforementioned standard forms. The logbooks 
will be permanently bound and paginated prior to the initial entry for the purpose of 
identifying missing pages after completion. Logbooks will be maintained by members of the 
Project Team, in accordance with SOP-DOC-001, “Field Logbook Content and Control.” 

Laboratory Data Reporting Package and Reporting Formats 
Final laboratory data reports will be issued to the Project Team’s Technical Project Manager 
within one to two months of the sample receipt, depending on the constituent. Electronic data 
deliverables will also be provided whenever possible.  

The Laboratory Analysis Data Package Deliverables will be provided in a format similar to that 
required by EPA’s Contract Laboratory Protocol (CLP). This includes, but is not limited to the 
following, as appropriate for the respective analyses:  

 Chain-of-custody forms (signed) 

 Sample Receipt Log-in and Checklist Forms 

 Analytical Results (including time, date, and appropriate qualifiers) 

 Method Blank Results and Raw Data 

 Sample Matrix Spike/Matrix Spike Duplicate Results and Raw Data (per request) 

 Laboratory Control Sample Results and Raw Data (per request) 

 Laboratory Duplicate Results and Raw Data (per request) 
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Section 2 - Data Generation and Acquisition 
 

This section of the QAPP addresses all aspects of data generation and acquisition that will be 
performed during the Blackstone River Watershed Assessment Study field sampling program. 
Adherence to the guidelines outlined in this section will ensure that the appropriate methods 
for sampling, measurement and analysis, data collection and generation, data handling, and 
quality control activities are employed and documented throughout the completion of the task. 

2.1 Sampling Process Design (Experimental Design) 
The FSPs will provide specifics as to the type and number of samples required, the exact 
sampling locations and frequencies, and sampling methods. All field sampling programs 
developed for the project will be designed to meet the Data Quality Objectives discussed in 
Section 1.4, “Quality Objectives and Criteria.” 

The following section provides a general overview of sampling network design and rationale 
for the design developed for the Blackstone River watershed. 

2.1.1 Study Area Definition 
For the purposes of this Blackstone River Watershed Assessment Study, the Study Area has 
been defined as the entire Blackstone River watershed in both Massachusetts (MA) and Rhode 
Island (RI) upstream of Slater Mill Dam on Main Street in Pawtucket, Rhode Island, as shown in 
Figure 1-3. The Study Area consists of the Blackstone River and its tributaries in addition to 
lakes and reservoirs in the watershed. Primary focus is placed on understanding nutrient 
transport and fate along the mainstem of the river. The FSPs will provide detail regarding the 
specific study area definitions for each phase of the sampling program.  

Tributary data were collected in 2005 and 2006 (Refer to Table 1-1). Based on these prior 
sampling data and information drawn from the water quality model, it was decided that 
sampling along the mainstem would be most cost-effective and informative for understanding 
potential impacts of the District’s wastewater effluent on downstream water quality. 
Accordingly, when sampling resumed in 2011 only mainstem locations were included in the 
Field Sampling Plan (FSP). The mainstem sampling locations in the current FSP were selected in 
order to: 1) provide data on changes in concentration and load along the river, particularly 
downstream of the confluence with the Upper Blackstone effluent and upstream of the 
confluences with the Mumford and West Rivers, 2) to provide information on load crossing the 
MA/RI state line, and 3) to understand the impact of the impoundments and nutrients on 
productivity below major impoundments in RI.  
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2.1.2 Field Monitoring Activities  
Field monitoring activities anticipated under Upper Blackstone FSPs include: 

 Routine in-stream water quality sampling and subsequent laboratory analysis for a select 
set of parameters, and 

 Sampling during dry weather conditions for periphyton. 

The water quality parameters selected for analysis in this study were chosen based on the 
DQOs described in Section 1. The focus of the 2017 - 2019 QAPP is on nutrients and associated 
indicators of river biological health such as periphyton.  

Table 2-1 provides a summary of the field and analytical analyses included as part of the 
Blackstone River Watershed Assessment Study. All water columns samples will consist of 
discrete samples - no composite or flow-weighted sampling is planned.  

Water temperature, dissolved oxygen, and pH will be measured in the field at each sampling 
site with a hand-held meter. Measurements will be recorded on the field data sheet. 

In addition, starting in July 2019, four data loggers will be deployed to measure water 
temperature and dissolved oxygen at four monitoring sites, where continuous data was 
monitored by MassDEP in 2008 and several times by various entities since.  

Nutrient sampling will be confined to mainstem run-of-river locations, including some located a 
short distance downstream from major impoundments. Samples will be collected routinely each 
month for nutrients, including phosphorus, nitrogen, and chlorophyll-a, regardless of weather 
conditions. Monthly sampling will typically occur April through November. Three Rhode 
Island sites along the mainstem of the Blackstone River will be co-sampled with the 
Narragansett Bay Commission (NBC) following the handling procedures outlined per this 
QAPP, with field splits sent to both the NBC and Upper Blackstone laboratories for analysis. 

Samples will be analyzed at either the Upper Blackstone laboratory, the UMass Dartmouth 
(UMD) Coastal Systems Program Analysis Laboratory or the UMass Environmental Analysis 
Laboratory (EAL) depending on parameter. At all locations: 
 Samples retained at will be analyzed for total suspended solids (TSS) and total 

orthophosphate (TOP);  
 Samples sent to EAL will be analyzed for chlorophyll-a (chl-a) and total phosphorus 

(TP); 
 Samples sent to UMD will be analyzed for dissolved total ammonia nitrogen (dTAM), 

dissolved nitrite/nitrate nitrogen (dNO23), particulate organic nitrogen (PON), and total 
dissolved nitrogen (TDN), while total nitrogen (TN) will be calculated, Table 2.2.  

In order to provide data for comparison against the longer term record available from NBC (see 
next paragraph), at the three co-sampling locations located in Rhode Island: 
 Upper Blackstone will analyze samples for dissolved orthophosphate (DOP) 

(discontinued in 2019);  
 EAL will analyze samples for total dissolved phosphorus (TDP) (discontinued in 2019); 
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 UMass Dartmouth will analyze an extra set of nitrogen samples that will be filtered with 
a 0.45 µm filter at these co-sampling sites (discontinued in 2019). 

 
In 2017 and 2018, the NBC lab will also analyze samples collected at the three Rhode Island sites 
for dissolved nutrients, including dissolved nitrate/nitrite (dNO23), dissolved nitrite (dNO2), 
total dissolved nitrogen (TDN), dissolved orthophosphate (DOP), TN, and TSS. These three 
sites are co-sampled by UMass and NBC. A single large volume bulk environmental sample is 
collected, and aliquots for analysis at each lab are then split from this volume. SOPs and the 
QAPP for the NBC are not provided, as these data are part of their sampling program and 
considered external to this QAPP. Details of their analysis methods, however, are provided in 
the individual field sampling plans.  
 
In 2017 and 2018, Normandeau Associates, in accordance with the MassDEP Standard 
Operation Procedure (SOP) for periphyton slightly modified for the needs of this study, will 
perform periphyton sampling. The MassDEP protocol served as guidance relative to site 
selection, transect locations, sampling procedures, substrate and canopy types, etc., but after site 
review, it was noted that deviations from the guidance would be necessary to adjust for actual 
site conditions.  
 
Specific details regarding the sampling schedule, the number and type of samples required, and 
the sampling locations and frequencies will be discussed further in the respective annual Field 
Sampling Plans developed for this project. 
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Table 2-1: Anticipated Field and Analytical Analyses 

Field Measurements 
Water Temperature 
Dissolved Oxygen 
pH 

 
Analytical Measurements 

Nutrients and Impacts 
Total & Total Dissolved Phosphorus (TP; TDP in 

2017 & 2018) 
Total & Dissolved Orthophosphate (TOP; DOP in 

2017 & 2018) 
Dissolved Nitrate/Nitrite (dNO23) 
Dissolved Ammonia-N (dTAM) 
Total and Total Dissolved Nitrogen (TN, TDN) 
Particulate Organic Nitrogen (PON) 
Total Suspended Solids (TSS) 
Chlorophyll-a (water column) 
Periphyton Chlorophyll-a (in 2017 & 2018) 

Other 
Conductivity (2019) 
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Table 2-2: Parameters calculated based on lab results 

Lab Parameter Calculation1 
NBC Dissolved Inorganic Nitrogen – dIN DIN = dNO23 + dTAM 

Dissolved Organic Nitrogen – dON dON = TDN - DIN 
Dissolved Kjeldahl Nitrogen – dTKN dTKN = TDN – dNO23 

Dartmouth Total Nitrogen TN = TDN + PN 
Note: Half the detection limit will be utilized in the calculation when laboratories report results 

for constituent parameters below the reporting limit. 
 

 
2.1.3 Adequate Conditions for Sampling  
Water column measurements and samples for nutrients, field parameters, and chlorophyll a 
will be collected on a set day each month selected to coincide with monitoring conducted by 
NBC. Sampling will occur regardless of environmental conditions. Sampling will typically 
occur on a Wednesday, but some changes to the schedule may occur due to state holidays. 

In 2017 & 2018, periphyton sampling will occur roughly monthly from July through September, 
targeting summer low flows in the River when periphyton biomass levels are expected to be 
high relative to other parts of the year. High flow conditions prior to periphyton sampling dates 
can impact results due to scour. MassDEP utilizes a simple algorithm that suggests a high 
potential for scouring at flows greater than three times (3x) the median average monthly flow. 
Their protocols require a no-sampling period of two to three weeks after such events to ensure 
adequate time for the algal community to re-establish so that representative densities are 
present during sampling. Other literature suggests that three times the annual or period of 
record, rather than the monthly, median flow should be used as the metric for scour potential 
(see Biggs, 2000 and Clausen and Biggs, 1997). It is unclear from the literature if sustained flows 
(e.g., the USGS mean daily flows) or instantaneous discharge (e.g., the USGS 15-minute unit 
values) should be compared against the metric.  

As such, several metrics and flow characteristics will be utilized to determine if environmental 
conditions are sufficient for collection of representative periphyton data. Specifically, the 
absence of: 

 Average daily flows greater than three times the median mean daily flow for the period of 
record of the USGS gauging site at Millbury,  

 Average daily flows greater than three times the median monthly flow for the sampling 
month based on the record of the USGS gauging site at Millbury, and 

 Instantaneous flow velocities greater than 1.8 ft/s, which may significantly impact 
filamentous chlorophytes (Ryder et al., 2006).  

Data from the USGS Millbury gauging site will be monitored throughout the period June – 
September to try and identify flow periods in each month (July, August, and September) that 
meet all three conditions. Periphyton sampling will ideally occur after a period of two, 
preferably three, weeks meeting these flow conditions. The collection of periphyton data during 
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three distinct events, however, will take priority. In some years/months, periphyton sampling 
may occur if only the first, least restrictive condition is met. In extremely wet years, it may be 
impossible to meet these low flow criteria, and the Project Team may decide to collect 
periphyton samples irrespective of the flow conditions. As such, flow conditions will be an 
important factor in the interpretation of periphyton data. 

2.2 Sampling Methods 
This section describes the procedures for collecting samples and identifies the specific sampling 
equipment and performance requirements, sample preservation requirements, and 
decontamination procedures. Also addressed are the procedures for identifying sampling or 
measurement system failures and for implementing corrective actions. 

2.2.1 Sample Collection, Preparation, and Decontamination Procedures 
Table 2-3 provides a summary of the specific Standard Operating Procedures (SOPs) that may 
be used during the field monitoring program; copies of these SOPs are provided in the 
appendices. Note that the naming convention utilized in the original, 2005 QAPP has been 
retained but several SOPs have been omitted, reflecting a reduction in parameters and 
associated collection methodologies for the current QAPP. Two SOPs have been added to cover 
the addition of sampling for periphyton. In addition, this amended QAPP adds an SOP to cover 
the use of hand-held multiparameter probes to collect field measurements at each site. The use 
of SOPs will ensure the collection of accurate, precise, and representative samples, as well as 
helping to ensure data comparability and usability. It is anticipated that personnel will have 
project specific recommendations for update of the SOPs. These recommendations will be 
incorporated as appropriate into the current SOPs and made part of the project record.  

The field program will not require the use of any new or innovative procedures or sampling 
techniques. Study area-specific sample collection and preparation procedures will be provided 
in the annual Field Sampling Plans; these documents will reference the SOPs as appropriate.  
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Table 2-3: Summary of SOPs for Sample and Measurement Collection 

Document Name Title 

SOP-FLD-001 Collection and Handling of Water Samples for Water 
Quality Analyses 

SOP-FLD-009 Calibration and Maintenance of Measuring and Test 
Equipment 

SOP-FLD-010 Field Sampling for Chlorophyll-a 

SOP-FLD-011 Method for Collecting Periphyton and Chlorophyll a 
Samples from Rock Substrate in the Blackstone River 
(based on Beskenis, 2012) 

SOP-FLD-012 Determining % Open Sky from Solar Exposure of Sun 
Path (based on personal communication with Mark 
Mattson, 2013) 

SOP-FLD-013 

 

Collecting Field Parameters Using a Hand-held 
Multiparameter Probe 

SOP-FLD-014 Field Measurement of Water Temperature and 
Dissolved Oxygen with Hobo Data Logger 

 
Manual Sampling 
Samples will be collected manually. This is an acceptable method for the analytes covered 
under this QAPP because contact with air will not impair integrity of the samples.  

Manual bulk sample containers as well as aliquot bottles will be prepared as specified by the 
analytical laboratory for each analyte. Bulk sample bottles that are reused for each event will be 
washed with non-phosphate detergent, and then filled with DI water for storage between 
sampling events. The conductivity of the DI water in the bottle will be checked prior to use to 
ensure no leaching from the bottle has occurred. Standard procedure will be to dispose of the DI 
storage water after testing for conductivity the week of sampling, and then to pre-rinse the bulk 
sample bottles three times with stream water prior to collecting the sample. Aliquot bottles will 
be prepared and tested the same way, regardless of whether they are re-used or discarded after 
a single use. 

Typically one bulk sample will be collected and aliquots for the individual laboratory analyses 
will be prepared from this bulk sample. After collection, all samples will be cooled to 4 ±2°C, or 
as otherwise directed by the analytical lab, and secured for storage and transport as soon as 
possible. Samples for chlorophyll a analysis will be collected separately in a dark bottle to 
prevent light penetration. One field split and one field duplicate will be collected during each 
routine sampling event and analyzed for the same parameters as the regular samples at those 
sites. Splits will consist of separate aliquots taken from the same sample bottle and sent to the 
lab as an individual aliquot (field split). Duplicates will consist of bulk samples collected side by 
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side (field duplicates) and processed as individual aliquots. Each laboratory will be expected to 
also run laboratory duplicates (from a single aliquot bottle).  

When samples are to be collected directly from shallow streams or rivers (wading), the 
sampling location will be approached from downstream. When on location, the water sample 
will be collected upstream and perpendicular to the sampler’s position to avoid contamination. 
The sample will be collected by grasping the bottle at its base, submerging it in the water with 
the mouth pointing upstream (so that any contamination from the sampler’s hand or the 
outside of the bottle is washed away from the bottle), and allowing the bottle to fill. Ideally the 
bottle cap will be removed after the bottle is submerged in the water, and the mouth of the 
bottle will be kept under the surface as it is filling. While filling, the inside of the bottle cap and 
bottle inlet will be kept free from contamination; the bottle cap will not be set down nor the 
inside surface touched. The cap will be loosely tightened while the bottle is underwater and 
then removed from the stream. If necessary, a small portion of the sample will be discarded to 
ensure sufficient airspace at the top of the bottle, approximately one inch. A sampling pole or 
basket may also be used to hold the bulk sample collection bottle at locations where the stream 
is not accessible by wading.  

Filtration 
Table 2-4 provides an overview of the preparation of filtered samples. In 2017-2018, samples at 
the three RI sites will be field filtered immediately utilizing a Jensen 0.45 µm disposable 
groundwater filter cartridge (FGI0600-4518V) and field pump to duplicate procedures 
historically utilized by NBC. A new filter and clean suction lines/tubing will be utilized at each 
site. The tubing will be rinsed three times and the filter primed with sample water prior to 
filtering the aliquots. Samples at all sites will also be field filtered with Millipore (SLGP033RS) 
0.22-micron filter units attached to a Millex-GP syringe for analysis of the nitrogen series at 
UMD as well as TDP at EAL. A new syringe and filter unit will be utilized at each site. Each 
syringe will be rinsed three times with sample water then filled with a filter attached. The filter 
will be primed by wasting 20 mL of sample through the filter. The sample bottle will be rinsed 
with the next 20 mL through the syringe, then the remaining 20 mL will be added to the bottle 
as a filtered sample. The filter will be removed from the syringe and replaced with a clean filter. 
The syringe will again be filled with sample water, then 20 mL wasted to prime the filter, and 
the remaining 40mL added to the sample bottle. Samples for chlorophyll-a analysis will be 
filtered as soon as possible, generally within 4 hours, through a 47 mm diameter Whatman 
GF/F 0.7 µm pore size glass microfiber filter in the lab. Filtering for chlorophyll-a will be 
conducted at the Upper Blackstone lab rather than in the field in order to more carefully control 
environmental conditions, such as exposure to sunlight, during filtering than could be in the 
field. 
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Table 2-4: Summary of Sample Filtration 

Parameter Filter Sites Filtering 
location 

Staff filtering 

dNO23 0.22 µm All Field UMass (5 sites), Upper 
Blackstone (4 sites) 

dTAM 0.22 µm All Field UMass (5 sites), Upper 
Blackstone (4 sites) 

TDN 0.22 µm All Field UMass (5 sites), Upper 
Blackstone (4 sites) 

Chl-a1 0.7 µm All Upper 
Blackstone Lab 

UMass 

dNO23 0.45 µm 3 co-sampling sites Field Upper Blackstone 

dTAM 0.45 µm 3 co-sampling sites Field Upper Blackstone 
TDN 0.45 µm 3 co-sampling sites Field Upper Blackstone 
TDP 0.45 µm 3 co-sampling sites Field Upper Blackstone 

1 Sample analyzed is filter residue, not the filtrate. 
 

Stream Mixing Conditions 
Only a single grab sample will be collected at each sampling location – the collection of spatial 
composites is beyond the scope of this project. To avoid potential incomplete mixing, all 
sampling locations will be selected such that they are hydraulically uniform, sufficiently distant 
from point sources and tributary confluences, and downstream of sufficient ripples to be well 
mixed.  

Periphyton Sample Collection 
Periphyton are excellent indicators of water quality and change (Dixit et al., 1992) and are often 
used in bioassessment surveys. Normandeau Associates will conduct periphyton surveys 
according to MassDEP Standard Operating procedures (SOPs) for Percent Cover and 
Periphyton Collection Determinations. 

Each sampling reach will be approximately 100 to 300 m long and characterized by at least 
partially open canopy, riffle/runs, and a cobble bottom. At each location, samples from four (4) 
parallel transects in riffle/run areas will be collected. If the reach is considered to vary 
significantly from top to bottom, then transects 1 and 2 will be similar and 3 and 4 similar, 
again, to the extent possible. Transects will be spaced at least 5 meters apart and selected to 
maintain habitat uniformity.  

Percent Cover Determination. To assess the duration and frequency of periphyton blooms, an 
assessment of periphyton percent cover will be conducted at each transect. The assessment 
steps/procedures will be as follows: 

• The width of the stream will be divided into 3 points (near left bank, mid-stream, right 
bank) beginning near the waters’ edge where flow was discernible. 
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• A 21 in (53 cm) long by 15 in (38 cm) wide by 12 in (30.5 cm) deep viewing bucket with 
35 dots, (5 rows of 7), 4 cm apart and marked on the bottom of the bucket will be used to 
determine percent coverage. 

• One person (viewer) will conduct the survey and one person (recorder) record data. A 
periphyton expert or field biologist, trained by the periphyton expert, will perform the 
surveys. 

• The preferred water depth will be 12 inches or less, primarily because the viewing 
bucket and the water transparency do not allow accurate viewing at greater depths. 
Transects will be located to achieve the preferred water depth where possible. In those 
few instances where a portion of the transect exceeded 12 inches, sample stations will be 
shifted slightly to meet the depth criteria. 

• At each location, the viewer will immerse the viewing bucket in the water so that the 
bottom is close to the substrate, then the substrate below the upper left dot and the 
lower right dot will be noted to ensure that the bucket remains in the same location 
during the evaluation.  

 

Algae growth will be noted systematically below each dot. If filamentous algae are present, the 
longest filament under the viewing bucket will be measured and identified where possible. 
Samples of the algae will be brought back to the laboratory for identification where necessary. 
At each dot, the substrate will be characterized based on the algal growth below the dot into the 
following categories: 

 Clay – unconsolidated substrate such as clay, sand or mud 

• Plant – an aquatic plant 

• Moss – a moss 

• Fil 1 – a filament or other macroalga that <2 cm long 

• Fil 2 – a filament or other macroalga that is ≥ 2 cm and < 15 cm long 

• Fil 3 – a filament or other macroalga that is ≥ 15 cm long 

• Peri 0 – substrate rough or slightly slimy with no visible algae. A thin layer of 
algae may be present, but not visible. 

• Peri 1 – thin layer of algae is visually evident (green or opaque type covering on 
surface) 

• Peri 2 – periphyton mat from 0.5-1 mm thick is evident – material can be scraped 
with fingernail 

• Peri 3 – periphyton mat between 1-3 mm thick is evident 

• Peri 4 – periphyton mat >3 mm thick  

• Peri 5 – periphyton mat thickness >2 cm  
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A 6-inch ruler will be used to distinguish observations where necessary. Mixtures of 
decomposing filaments, microalgae, and silt, will be treated as being periphyton mat and not 
filaments. From these observations, percent coverage will be calculated for each of the 
categories listed above. 

In addition to periphyton percent coverage, additional field observation parameters potentially 
significant to the growth and development of periphyton will be recorded, including turbidity, 
stream width and depth (thalweg), percent (%) open sky for immediate overhead and for 
upstream/downstream horizon. 

Periphyton Collection Determination. The sampling procedure summarized briefly here was 
derived from the MassDEP SOP for periphyton sampling, with minor deviation from the SOP in 
the field in regard to equipment used and the scraping method for periphyton removal, per 
professional judgment: 

• Along each transect, three (3) sampling sites are chosen, one each on the right side, mid-
stream and left side of the stream.  

• One cobble, representative of the site, will be removed from each sampling site and 
placed into a pan, for a total of three (3) cobbles per transect or six (6) in total for each 
pair of transects, one and two upstream, three and four downstream.  

• Cobbles will be collected from transects one and two or three and four at the same time 
and then brought to shore for processing.  

• A foam pad, overlain by a hard plastic plate, both with a 1” circular opening, will be 
clamped onto the upper surface of the substrate such that a leak proof seal between the 
rock and the sampling device is obtained. Periphyton will be removed from the 
substrate by scraping the surface of the rock in the 1-inch circular opening with a small 
spatula.  

• A small amount of bottled water (Poland Springs) will be added and the scraped 
periphyton slurry removed to a sampling jar using a pipette. Continued scraping and 
pipetting will occur until most of the periphyton is removed. The surface will be 
brushed with a clean soft toothbrush to remove slurry to complete sample removal.  

• After the cobbles from each set of paired transects is scraped, the scrapings will be 
transferred to a 1 liter beaker and bottled water added until a volume of 500 ml is 
reached. The 500 ml sample will be vigorously mixed and split into two roughly equal 
portions, one for chlorophyll a analysis and the other for taxonomic enumeration.  

• The sample portion designated for periphyton and diatom enumeration will be 
preserved with Glutaraldehyde and kept from direct sunlight. Chlorophyll a samples 
will be placed in dark Nalgene bottles and immediately plunged into ice.  

• Bottles will be labeled with the following information: type of sample, location, bottle 
number, type of sample, stream name, number of cobbles scraped, town, and volume.  

• Data forms will be filled out, and micro- and macroalga identified. 
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Decontamination Procedures 
All materials used during the collection of water quality samples will be decontaminated 
(washed with non-phosphate detergent) between samples and after use according to the 
appropriate SOP and as summarized in Table 2-5. The bottles will be filled with DI water after 
washing and the conductivity tested after 24-hours. Bottles with conductivity results above 2 
microsiemens will be rejected. Bottles that pass will be emptied, allowed to air dry, then capped 
and stored for the next event. All aliquot bottles, with the exception of those received from 
UMD, will be similarly washed, tested, and dried. At least two spare bottles will be available 
each sampling trip in case of mishap. Pump tubing will be rinsed with a mild bleach solution 
and hung to air dry. 

 

Table 2-5: Sampling Container Decontamination Procedures 

Sample type Container Decontamination Staff 
Sampling bucket 4 L, plastic Phosphate-free soap UMass 
Bulk sample container 4 L and 6 L, plastic Phosphate-free soap UMass 
Chl-a, Diatoms 500 mL, amber plastic Phosphate-free soap UMass 
TP, TDP 125 mL, amber plastic Phosphate-free soap and 

acid wash 
UMass 

TOP, DOP 237 mL, plastic New, DI rinse UMass 
TSS 1 L, plastic New, DI rinse UMass 
dTAM, dNO23, TDN 60 mL, plastic Acid wash UMD 
PON 1 L, plastic Acid wash UMD 

 
2.2.2 Sampling SOP Modifications 
The SOPs provided in the Compendium to this QAPP have been adopted from the standard 
operating procedures used by various members of the Project Team, the USGS, state 
environmental protection agencies, and various sources.  

2.2.3 Sampling/Measurement System Failure Response and Corrective 
Action 
This section describes the sample and measurement system failure response and corrective 
action procedures that will be undertaken during field and laboratory activities. 

Field Corrective Actions 
Variation from established procedure requirements may be necessary due to unique 
circumstances encountered on individual projects. Corrective action in the field may be 
required when a modification is made to the sampling network (i.e. due to changes in the 
frequency or number of samples taken or changes in sampling locations), or when sampling 
procedures or field analytical methods require modifications due to unexpected conditions.  

Any member of the Project Team may identify a problem requiring corrective action; the field 
staff in consultation with the Field Program Coordinator will then recommend the correction 
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action to the Project Manager. The Project Manager will approve the corrective measure, which 
will be implemented by the members of the Project Team. The Project Manager will inform the 
Upper Blackstone and the Quality Assurance (QA) Manager of the problem and corrective 
action. 

The Project Manager may authorize field staff to initiate variations as necessary. If practical, the 
request for variation shall be reviewed by the Project Manager prior to implementation, as 
discussed above. If prior review is not possible, the variation may be implemented immediately 
at the direction of Field Program Coordinator, provided that the Project Manager is notified of 
the variation within 24 hours of implementation, and the Field Change Request is forwarded to 
the Project Manager and QA Manager for review within two working days of implementation. 
If the variation is unacceptable to either reviewer, the activity shall be re-performed or action 
shall be taken as indicated in the “Comments” section of the Field Change Request.  

All variations from established procedures shall be documented on the Field Change Request 
forms and reviewed by the Project Manager and the Quality Assurance (QA) Manager. All 
sampling or measurement system failures and resulting corrective actions will also be 
accurately documented in the field logbooks. All completed Field Change Requests shall be 
maintained in the project records. 

Laboratory Corrective Actions 
Corrective action in the laboratory may occur prior to, during, or after initial analyses. A 
number of conditions, such as broken sample containers, multiple phases, low/high pH 
readings, and potentially high concentration samples may be identified during sample log-in or 
just prior to analysis. The bench chemist will identify the need for corrective action. The Lab 
Technical Manager, in consultation with the laboratory staff, will approve the required 
corrective action for implementation by the laboratory staff. The laboratory QA Officer will 
approve and document the corrective action in accordance with the laboratory’s Quality 
Assurance Plan. 

All corrective actions shall be performed prior to the release of the data from the laboratory. The 
corrective action will be documented in both the laboratory’s corrective action file and the 
narrative data report sent from to the Project Manager. If the corrective action does not rectify 
the situation, the laboratory will contact the Project Manager. 

2.3 Sample Handling and Custody 
This section of the QAPP describes the procedures by which sample custody will be maintained 
by all members of the Project Team and by the analytical laboratories. Also described are the 
sample handling and transport procedures that will be employed throughout the project. 

2.3.1 Sample Labeling 
Sample labels will be attached to individual sample aliquots for each investigation or quality 
control sample. The Field Program Coordinator or a designated Task Leader will be responsible 
for ensuring that all lab processing labels are affixed to the aliquot bottles prior to event 
mobilization. Alternatively, labels may be affixed when processing samples. These may 
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facilitate filling in additional information, such as the sample collection time and sampler name, 
which may be difficult if labels are wet. The decision on when to affix laboratory processing 
labels will be dictated by the number of aliquots and samples collected, the experience of the 
Field Team, and the need to minimize the potential for mislabeling. 

Large volume sample bottles will be used to collect water from the stream (unless otherwise 
noted for select analytes) either by hand or with a sampling pole. These bottles will thus also 
need to be labeled. The Field Program Coordinator or designated staff will be responsible for 
printing these labels. Field staff will be responsible for affixing the labels when samples are 
collected (by hand) or set up in preparation for event sampling.  

Each label will contain the following information: 

 Sampling site ID - Sites co-located with former MassDEP sampling locations will utilize the 
MassDEP site ID; because sampling sites may change from year to year, the list of sampling 
site IDs is not provided in the QAPP, but in the annual FSP, 

 Additional fields will be appended to the sample site ID to identify the type of sample2, 

- G = Grab sample 

- D = Field split changed to FS in May 2019 

- F = Field duplicate changed to FD in May 2019 

- B1 = EAL lab blank changed to LB in May 2019 

- B2 = EAL field blank changed to FB in May 2019 

- B3 = Upper Blackstone lab blank 

- B4 = Upper Blackstone field blank 

- B5 = UMD lab blank – unwashed bottle 

- B6 = UMD field blank – unwashed bottle 

- B7 = UMD field blank – washed 60mL and leftover water in 1L for PON 

- B8 = Blank, 60mL bottle washed by EAL, returned empty to UMD 

- B9 = Blank, SMAST 60mL pre-filled, left unopened 

- B10 = Blank, SMAST 1L pre-filled, left unopened 

- B11 = Blank, 60mL bottle left unopened, returned empty to UMD 

- B12 = Equipment blank changed to EB in May 2019 

 P = Performance evaluation sample 

 Sampling date and time 
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 Aliquot labels will also include,  

- The lab running the analyses 

- The parameters to be analyzed and associated method and detection limit 

- Preservation information 

- Filtration information, and 

- Bottle type. 

Additional detail regarding the sample labeling system is provided in the Field Sampling Plan, 
including example labels. 

2.3.2 Chain-of-Custody Procedures 
Each sample must be properly documented to ensure the timely analysis of all parameters 
requested and to track the progress of the samples in the laboratory. To this end, chain-of-
custody forms will be completed for all samples collected. Copies of the chain of custody forms 
are included in Appendix A. The forms will be filled out by the respective sampling teams at 
the end of each sampling round or as sample processing occurs, if the forms cannot be protected 
from inclement weather. When transferring sample custody, the individuals relinquishing and 
receiving the samples will sign, date, and note the time on the record.  

The forms document the transfer of sample custody from the sampler to another person, to the 
permanent or mobile laboratory, or to/from a secure storage area. Representatives from both 
the Project Team and the laboratories will retain a copy of the forms. The chain-of-custody 
forms will be kept until all data has been received from the laboratories. 

Specific laboratory custody procedures are described in Upper Blackstone's, UMD’s, and EAL's 
Quality Assurance Plans, including:  

 Chain-of-custody procedures for assuming control of field samples, 

 Detailed sample log-in procedures, 

 Detailed internal sample tracking procedures, 

 Procedures for internal transfer of sample custody, 

 Specifications for sample storage, 

 Disposal procedures for samples, extracts, and digestables, and 

 Procedures for custody of analytical data and final data storage. 

2.3.3 Sample Handling and Packaging 
All grab samples will be collected in clean, bulk sample bottles prepared by UMass in 
accordance with the applicable SOPs (and briefly described above). Water samples will be 
placed as soon as possible in coolers with sufficient ice to meet holding requirements. Also, as 
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soon as possible, aliquots for individual analyses will be processed from the main sample. All 
aliquots will be preserved in accordance with specified analytical guidelines.  

Table 2-6 summarizes the required sample volumes, collection containers, holding times, and 
preservatives for each water quality parameter. The column denoted “Group” identifies the 
aliquot bottle from which water for each analysis will be drawn. Additional information is 
provided in the respective laboratory and field SOPs for each analyte. Lab SOP requirements 
take precedence over those listed in either this QAPP or the field SOPs. 

The split samples will be placed in separate coolers from the main samples that are being 
processed. A chain-of-custody form for the samples will be placed in a waterproof, plastic bag 
and affixed to the inside cover of the cooler. A return name and address for the sample cooler 
will be written on the inside or outside of the lid in permanent ink to ensure that the cooler is 
returned to its owner. The logistics of delivering samples to the labs is described in detail in the 
Field Sampling Plan. 

 
Table 2-6: Summary of Analyte Collection Container, Holding Time, and Preservative 

Analysis Cont. Code Container 
Handling & 
Preservation 

Holding 
Time 

TOP A - Upper 
Blackstone 237 mL, plastic Store 4±2°C 48 hours 

DOP B - Upper 
Blackstone 237 mL, plastic 0.45 µm filter, store 4±2°C 48 hours 

TSS, SC C - Upper 
Blackstone 1 L, plastic Store 4±2°C 7 days 

Chl-a1 D - EAL 1 L, amber plastic 

0.7 µm pore size glass 
microfiber filter, dry filter 
and freeze, store in dark, 
discard filtrate 

21 days2 (hold 
time up to 3 

months 
acceptable) 

TP, TDP E - EAL 125 mL, plastic acid 
washed 

TP: freeze, TDP: 0.45 µm 
filter, freeze filtrate 1 year 

PON F – UMass 
Dartmouth 1 L, Plastic 

Store 4±2°C. Transport to 
UMD (lab filtered by UMD; 
filter analyzed, filtrate 
discarded) 

48 hours 

dTAM, dNO23, 
TDN 

G – UMass 
Dartmouth 60 mL, Plastic 

0.22 µm filter3. Store 
filtrate 4±2°C. Transport to 
UMD 

48 hours 

Diatom/Taxonomic 
Enumeration 

I – 
Normandeau 500 mL, amber plastic 

Preserve with 
Glutaraldehyde, store 
4±2°C. 

1 year 

1  Sample analyzed is filter residue, not the filtrate 
2  Filters are analyzed within 21 days according to the EAL QAPP, however historical method 

development testing within EAL showed that samples could reliably be held up to 3 months (personal 
communication with Paul Godfrey, prior WRRC Director and EAL Lab Manager) 

3 UMD also receives a second set of samples from the three Rhode Island co-sampling sites which are 
filtered with a 0.45 µm filter.
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2.4 Analytical Methods 
Analytical methods are written instructions that describe how to prepare a sample for analysis, 
prepare and calibrate test equipment, perform the test, and calculate results. This section of the 
QAPP identifies the analytical field and laboratory measurements that will be made in support 
of the Blackstone River Watershed Assessment Study. Detailed information on field 
measurement techniques is provided in the Field Sampling Plan and referenced Standard 
Operating Procedures (SOPs); all laboratory methods are documented in the applicable SOPs 
(see SOP Compendium). 

2.4.1 Laboratory Analytical Methods 
Upper Blackstone, UMD and EAL will provide effective and timely analyses of the 
environmental samples collected under the Blackstone River Watershed Assessment Study. The 
required turnaround time for laboratory reports to be provided to the Project Team is one to 
two months. Whenever possible, Electronic Data Deliverables (EDDs) shall be provided.  

Table 2-7 presents a summary of the analytical methods, method detection limits and respective 
analyzing laboratory for each water quality parameter of interest.  

Method Detection Limits (MDLs) are the lowest values at which a parameter can be measured 
using the reference method. The MDL is defined as the constituent concentration that, when 
processed through the complete method, produces a signal with 99 percent probability that it is 
different from the blank.  

MDLs are developed for each particular analyte of interest and are established as targets for 
ensuring that the data quality obtained is adequate for interpreting the data; these MDLs are the 
minimum to be achieved by the laboratories. The reporting limit (RL) is defined as the lowest 
level that can be reliably achieved within specified limits of precision and accuracy during 
routine laboratory operating conditions. For this project, laboratories will be responsible for 
calculating the RL for each analysis batch, and will report out values below their RL as “non-
detect”. In the database for the project, these data points will be flagged with the code “LT” (less 
than) and the detection limit value from Table 2-7 listed as the result. This value will be used in 
plotting; half of the MDL will be utilized for calculations. 
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Table 2-7: Summary of Analytical Methods, Laboratory Responsibilities, and Detection Limits  

Narragansett Bay Commission 

Parameter Method Minimum Detection Limit3 

dTAM1a EPA 349 7 ppb 

dNO231a EPA 353.4 6 ppb 

DOP1a EPA 365.5 5 ppb 

dNO21a EPA 353.2 5 ppb 

TDN1a Lachat QuikChem Method 31-107-04-3-A 100 ppb 

TN Lachat QuikChem Method 31-107-04-3-B 200 ppb 

TSS Standard Method 2540D 2 ppm 

Chl-a Chlorophyll extraction and analysis with a Turner Fluorometer 
(URI/GSO’s method) 1 ppm 

Upper Blackstone Water Pollution Abatement District 

Parameter Method Minimum Detection Limit 

DOP1b, TOP Hach 8048 / EPA 365.1-02 17 ppb / 15 ppb4 

TSS USGS I-3765-85 and EPA 160.2 2 ppm 

Conductivity STD Method 2510B 0 μS/cm 

UMass EAL 

Parameter Method Minimum Detection Limit 

TP STD Method 20th ed., 4500P 8 ppb 

TDP1b STD Method 20th ed., 4500P 8 ppb 

Chl-a1c STD Method 20th ed., 10200 H 1 ppb 

UMass Dartmouth 

Parameter Method Minimum Detection Limit 

dTAM1d STD Method 20th ed, 4500-NH3-F 1.8 ppb 

dNO231d STD Method 18th ed, 4500-NO3-F 7 ppb 

TDN1d STD Method 18h ed, 4500-Norg 10.8 ppb 

POCN EPA 440.0 10 ppb 

1 Filtration for dissolved nutrients varies by lab as detailed below.  
a Starting in 2015, NBC moved to lab filtration for their dissolved constituents utilizing 0.45 micron filters. 
b  Field filtered utilizing Jenson High Capacity Groundwater 0.45 micron filters (FGI0600-4518V). 
c Filtered in the lab within 4-hours of sample collection with Whatman GF/F 47 mm, 0.70 micron filter. 
d  Field filtered utilizing Millipore (SLGP033RS), Millex-GP Syringe 0.22-micron filter units. At the three Rhode Island sites, 

aliquots field filtered with Jenson High Capacity Groundwater 0.45-micron filters (FGI0600-4518V) are also analyzed. 
2  When two methods are listed, a separate method is in place in order to achieve lower detection limits 
3 Laboratories will be responsible for calculating the RL for each analysis batch, and will report out values below their RL as “non-

detect”. In the database for the project, these data points will be flagged with the code “LT” (less than) and the detection limit 
value listed as the result. This value will be use in plotting; half of the MDL will be utilized for calculations. 
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4 The Upper Blackstone lab has worked to achieve the lowest detection limit possible with their existing equipment and 
methodologies, however the labs primary focus is analysis of WWTF effluent. It is acknowledged that these DLs are on the high 
side for riverine analysis.  

 
  

 
Analytical methods will be performed in accordance with the applicable laboratory SOP (Table 
2-8). The laboratory SOPs have been identified as SOP-EAL for the Environmental Analysis Lab 
at UMass, SOP-UMD for the UMass Dartmouth Lab, as SOP-NMD for the Normandeau Lab 
and as SOP-UBWPAD for the Upper Blackstone Laboratory. All equipment requirements are 
specified in the respective SOPs. No nonstandard laboratory analyses will be required as part of 
this study.  

Failures in the laboratory analytical system will be addressed in accordance with Section 2.2.3, 
“Sampling/Measurement System Failure Response and Corrective Action.” This section also 
specifies the individuals responsible for corrective action and how the effectiveness of the 
corrective action will be determined and documented. 
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Table 2-8: Analytical Laboratory Standard Operating Procedures ( SOPs) 

SOP Number Parameter Title 

EAL Lab   
SOP-EAL-001 NA Sample Preparation, Filtering, and 

Digestion 

SOP-EAL-002 Chlorophyll a Determination of Chlorophyll a 

SOP-EAL-003 Phosphorus Total Phosphorus Determination 

   

UMD Lab   

SOP-UMD-001 Ammonia Laboratory SOP: Ammonium 

SOP-UMD-002 Nitrate+Nitrite Laboratory SOP: Nitrate+Nitrite 

SOP-UMD-003 Total Nitrogen/Total 
Dissolved Nitrogen 

Laboratory SOP: Total Nitrogen/Total 
Dissolved Nitrogen 

SOP-UMD-004 Particulate Organic Nitrogen Laboratory SOP: Particulate Organic 
Carbon and Nitrogen Analysis 

   

Upper Blackstone 
Lab 

  

SOP-UB-004 Orthophosphate Determination Orthophosphate Hach 
8048 

SOP-UB-005 Orthophosphate Determination Orthophosphate Easy 
Chem Method 

SOP-UB-007 

 

SOP-UB-008 

 

 

Normandeau Lab 

SOP-NMD-Proc. 222 

 

SOP-NMD-Proc. 223 

SOP-NMD-Proc. 232 

Total Suspended Solids 

 

Conductivity 

 

 

 

Periphyton 

 

Diatoms 

Diatoms 

Total Suspended Solids Dried at 103 – 
105oC, SM 2540 D 

 
Measuring conductivity in the lab with 
Hach 40 D Multimeter with CDC401 
probe 

 

Identification and Enumeration of 
Periphyton 

 
Identification and Enumeration of 
Diatom Proportional Counts 

Cleaning and Mounting of Diatoms 

  



Blackstone River 2017 – 2019 QAPP 
Version 7.0, submitted for approval  

December 2019 
 

54 
 

2.4.2 Periphyton and Diatom Enumeration 
The 250 ml sample collected during periphyton sampling and preserved with glutaraldehyde 
for taxonomic enumeration will be analyzed following procedures described in Stevenson and 
Bahls (1999). In the laboratory, the sample will be homogenized using a blender. Two aliquots 
will be removed from the homogenized sample, one for diatom proportional counts and the 
other for total live diatom counts and the identification and enumeration of non-diatom algae. 
Diatoms will be cleaned using concentrated nitric acid, mounted on a glass coverslip, 
incinerated and mounted in the high light-refractive mounting resin, Naphrax. Identification 
and enumeration of diatom species will be performed at 1000X. About 600 individual valves 
will be identified in each sample. Individual diatom species counts will be divided by the total 
diatom count to determine the relative proportion of each diatom species. Individual species 
densities will be determined by multiplying the ratio contributed by each individual species by 
the total diatom density. Total diatom density will be determined by counting all “living at time 
of collection” diatoms in a Palmer counting cell on a compound microscope fitted with phase 
contrast objectives at 400X. Unless a large amount of detritus is present, a minimum of 300 cells 
will be enumerated in the Palmer cells. Counts will be distributed across two or three Palmer 
cells. Small non-diatom algae will be enumerated in the Palmer cells along with the live 
diatoms. 

Large filamentous species and less common species will be identified and enumerated using 
Sedgewick-Rafter cells. When necessary, a 1-ml aliquot will be removed from the homogenized 
sample using a calibrated wide-bore pipette and placed in a Sedgewick-Rafter counting 
chamber. Two Sedgewick-Rafter cells will be prepared for each sample and a minimum of 20 
fields, distributed across the two chambers, will be examined at 100X for filamentous species 
and algal species that were not observed in the Palmer cell count. Strictly planktic organisms 
will not be identified or enumerated in either the diatom proportional or periphyton counts. 
Densities of all diatom and periphyton species will be computed as number of cells per cm². 

All species belonging to the cyanobacterial order, Oscillatoriales will be counted as 10-micron 
unit lengths of filament. Most members of this order are very small and they often dominate 
samples numerically. Despite the numerical dominance, they contribute much less significantly 
in terms of biomass. 

Spatial and temporal patterns of the periphyton community will be assessed by non-parametric 
multivariate analysis as presented by Clarke and Warwick (2001) using the PRIMER-E software 
(version 6.1.12). Species densities will be log(x+1) transformed prior to analysis to increase the 
relative significance of less common species. Bray-Curtis similarity will be computed for each 
sample and date combination. Samples will then be grouped based on their similarity and the 
results presented as a cluster dendrogram. Ecological patterns can then be interpreted from the 
dendrogram. Results will also be plotted using multi-dimensional scaling (MDS). The MDS is a 
dimension reducing technique used to reduce complex data sets to more easily interpreted sets. 
It provides a two-dimensional plot of variables from which relationships can be inferred.  

To aid in the interpretation of the dendrogram and MDS plot, arithmetic mean densities of the 
dominant species will be tabulated by station and month. Dominant species will be defined as 
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any species contributing 1% or more of the overall total density. The taxon “unidentified cell” 
will be eliminated from the data set before analysis. Analysis will be conducted on a single data 
set, containing both diatom and non-diatom species. 

The SIMPER analysis in the PRIMER-E software (version 6.1.12; Clarke and Warwick 2001) will 
be used to determine the contribution of each individual species to the average Bray-Curtis 
dissimilarity between groups defined by numerical classification. SIMPER analysis ranks 
species by their relative contribution to the overall differences between groups. SIMPER also 
provides a measure of consistency of an individual species differences between groups. The 
species with the greatest contribution to differences between groups will be listed along with 
their abundance.  

Spatial and temporal differences in the periphyton community will also assessed by the analysis 
of similarities ANOSIM procedure (Clarke 1993). The ANOSIM procedure, used for non-
parametric analysis, is analogous to ANOVA for parametric analysis. A two-way crossed 
analysis will be used to test for differences between stations and sampling dates. ANOSIM 
computes a test statistic, global R, and a level of significance. A level of significance <5% will be 
considered ecologically meaningful. If a significant difference is detected for a factor, pair-wise 
tests will be performed to determine which stations or months differed significantly from the 
others. Log(x+1) transformed data will be used in the ANOSIM analysis. 

Autecological indices (Porter, 2008) for a few selected water quality parameters will be 
computed by summing the relative abundances of all species in a sample that match criterion 
listed for the parameter. The relative abundances of species that do not have an indicator value 
assigned will also be summed to provide a measure of the efficacy of the metric. Algal metrics 
will be computed for each station and transect for each date. Transect data for each station and 
date will then be averaged and tabulated. Only the diatom subset of the periphyton community 
will be used to calculate metrics because the non-diatom component is typically dominated by 
taxa that do not have indicator values assigned to them.  

2.4.3 Periphyton and Water Column Chlorophyll a Determination 
The 250 ml sample collected during periphyton sampling and transferred to an amber bottle 
will be processed in the same manner as the water column samples for Chlorophyll a 
determination.  

As per the chlorophyll-a SOP, samples for Chlorophyll a analysis are filtered as soon as possible 
through a 47 mm diameter Whatman GF/F 0.7 µm pore size glass microfiber filter. For the 
Blackstone River Watershed Assessment Study, the amber bottles containing the Chlorophyll a 
samples will be placed into a cooler packed with ice and transferred to the Upper Blackstone lab 
where filtering will be done within four hours of sample collection.  

Prior to filtering, all filtering equipment and containers will be rinsed three times with 
deionized (DI) water. The filtering process is set up with a vacuum flask, filter holder, glass 
fiber filter, and filling funnel. The filter is placed rough side up on the filter holder. Using a 
graduated cylinder, the sample volume is measured out and recorded. In general, the volume to 
be filtered is related to Secchi Depth. For the Blackstone, 250 ml (0.2 m < Secchi Depth < 1.0 m) 
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of water is typically filtered for water column samples and 50 ml of water filtered for 
periphyton scrapings. The exact volume filtered is recorded on a sample-processing sheet. The 
measured sample is then poured into the filling funnel and the vacuum pump operated until 
the entire measured sample has been filtered. Once done, the filling funnel is removed and the 
filter carefully removed from the filter holder with forceps, folded in half (green side in), and 
placed in an air-drying box. When all samples have been filtered, the drying box will be 
plugged in and the sample filters completely air-dried. The filters are then removed with 
forceps, placed in aluminum foil, and labeled with the site name, date, time of sampling, and 
volume of water filtered. Filters will be frozen as soon as possible for preservation prior to 
Chlorophyll a analysis. 

2.4.4 Field Parameter Measurement Methods 
Field parameters (temperature, dissolved oxygen concentration, dissolved oxygen percent 
saturation, and pH) will be collected at each site using a hand held multiparameter sonde. The 
instrument specifications, analytical methodologies, detection limits, instrument range, and 
instrument precision are listed in Table 2-9. Measurements will be collected using a Hach 
HQ40D portable multiparameter probe with probes measuring pH, dissolved oxygen, and 
temperature.  
 

Table 2-9: Field Analytical Method Instrument Specifications 

Parameter Method Minimum Detection Limit Range Precision 

Dissolved 
oxygen 
concentration 

ASTM D888-
09 0.1 mg/L  

0.1 – 20.0 mg/L  +/- 0.1 mg/L, 0 to 8 
mg/L, +/- 0.2 mg/L, > 8 
mg/L  

Temperature SM 2550 B 0°C 0 – 50°C +/- 0.3°C 

pH SM 4500-H+B 2 units 2 – 14 SU +/- 0.02 units 

 
2.4.5 In Situ Meter Measurement Methods 
Continuous temperature and dissolved oxygen are collected at four locations. The instrument 
specifications, analytical methodologies, detection limits, instrument range, and instrument 
precision are listed in Table 2-10. Measurements will be collected using an Onset HOBO U26-
001 Dissolved Oxygen Data Logger with probes measuring dissolved oxygen and temperature.  
 

Table 2-10: In Situ Meter Analytical Method Instrument Specifications 

Parameter Method Minimum Detection Limit Range Precision 

Dissolved 
oxygen 
concentration 

ASTM D888-05 
0  mg/L  

0 – 30.0 mg/L  +/- 0.2 mg/L, 0 to 8 
mg/L, +/- 0.5 mg/L, 
8 to 20 mg/L  

Temperature SM 2550 -5°C -5 – 40°C +/- 0.2°C 
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2.5 Quality Control 
Quality Control (QC) is the system of technical activities that measures the performance of a 
process. Internal QC checks will be performed for sampling, field, and laboratory analysis to 
verify compliance with project investigation requirements in accordance with the Data Quality 
Objectives and Measurement Performance Criteria established in Section 1.4, “Quality 
Objectives and Criteria.” 

This following section describes the general QC procedures that have been established for the 
Blackstone River Watershed Assessment Study; specific information as to the location and types 
of quality control checks is provided in the Field Sampling Plan. 

2.5.1 Field Sampling Quality Control Checks 
The desired field precision, accuracy, and field blank cleanliness for each parameter based on 
the quality objectives set forth in this QAPP is provided in Table 1-3. Precision and accuracy 
will be calculated in accordance with the procedures established in Section 1.4, “Quality Criteria 
and Objectives.”  Outlier data points will be considered on an individual basis and may be 
qualified depending on both upstream and downstream data measurements and on 
concentrations measured at different times, as applicable. 

Sampling quality control will be assessed based on the use of field duplicates and field blanks 
that will be prepared in the field and transported to the subcontractor laboratories in 
accordance with standard procedures. The respective laboratories will analyze the QC samples 
in accordance with the analytical methods at the method-required frequency.  

Nutrient QAQC samples will consist of at least 1 field duplicate, 1 field split, 1 aliquot bottle 
blank, and 1 bulk sample bottle blank each sampling run, as described in more detail below. For 
periphyton sampling, QAQC samples will consist of 1 field duplicate per sampling season (rate 
of 1:3 in 2017) and 1 blank per sampling site per sampling event. Additional blanks and 
duplicates will be added if positive blanks or duplicates outside of the acceptable precision 
range are noted. Because of the inherent variability associated with biological monitoring, 
standard QAQC procedures for periphyton percent cover determinations and periphyton and 
macroinvertebrate sampling generally simply require that sampling be conducted by qualified 
personnel following accepted SOPs.  

2.5.2 Field Measurements Quality Control Checks 
For hand held meter field measured parameters, DO and pH accuracy will be established with 
calibration of the meters performed each sampling day before setting out to the sampling 
locations. In addition, measurements will be taken in buffers and air-saturated water with each 
meter at the lab at the end of the sampling day. Occasionally, the meter probes will be checked 
for pH accuracy by measuring a QC sample provided by EAL. 

Temperature accuracy will be established by comparing the measurements taken with the 
meters in an ice bath and at room temperature with an NIST-certified thermometer at the start 
and end of the sampling season. 
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Precision will be measured by comparing temperature, DO, and pH measurements side by side 
with both meters in the laboratory in a beaker filled with tap water or leftover river samples. 

For Data Logger measurements, DO and temperature accuracy will be established with 
calibration of the data loggers prior to deployment. During the sampling season (at least 
biweekly), measurements of water temperature and dissolved oxygen will be taken with a 
hand-held meter next to the data logger at each site. The data will be downloaded from the 
logger, and results compared between data logger and hand-held meter. The difference 
between the hand-held meter and the data logger indicates the cumulative impact of fouling 
and meter calibration drift and will be used to evaluate meter precision. Note that the data 
loggers take readings every 15 minutes, so the readings between logger and hand-held meter 
may not be taken at the exact same time.  

In addition, the data loggers will be pulled out of their housing (at least biweekly) cleaned, and 
put in a bucket of river water alongside a hand-held meter to evaluate meter calibration drift. If 
the RPD between the data logger data and the hand-held meter data are not within the greater 
of +/- 0.3 mg/L or 5% for DO or the greater of +/- 0.2°C or 5% for water temperature, the data 
logger will be retrieved from the site and re-calibrated.  

Field Duplicates 
Field duplicates are co-located samples collected simultaneously at given sample 
locations/times. The duplicates will be carried through all phases of the sampling and 
analytical procedures in an identical manner to provide overall precision information for each 
sampling event; these samples will be submitted blindly to the laboratory. Duplicates for 
manual samples will be collected for all parameters analyzed in the field at a frequency of at 
least ten percent, or one duplicate per 10 samples. The one exception will be for periphyton, for 
which one duplicate per season will be collected, which will consist of resampling the transects 
for a given sampling location on a given date. 

Field Splits 
Field splits are duplicates for laboratory analysis split from the same original bulk sample 
volume into separate aliquot containers. The splits will be carried through all phases of the 
sample processing and analytical procedures in an identical manner to provide overall precision 
information for each sampling event; these samples will be submitted blindly to the laboratory. 
Splits will be collected for all parameters analyzed in the field at a frequency of ten percent, or 
one duplicate per 10 samples. 

Field Blanks 
Field blanks will consist of laboratory grade water from multiple labs. See section 2.3.1 for a list 
of the blank designations associated with water from each lab. The blanks will be preserved as 
appropriate, will accompany the samples during transport to the laboratory, and will be 
analyzed as appropriate. Samples will be submitted blindly to the laboratory at a rate of at least 
ten percent, or one blank per 10 samples. Two types of blanks will be processed each sampling 
period. The first type will consist of aliquot bottles filled directly from the laboratory water 
source for each parameter. These blanks will provide information on both the quality of the 
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laboratory water as well as an indication of the potential for sample contamination due to 
leaching from the bottles or during laboratory processing. The second type of field blank will be 
prepared during the sample processing stage of the field-monitoring program. Prior to 
sampling, one of the bulk sampling bottles will be filled with laboratory water. This bulk 
sample blank will travel with the field crew during sampling and be split into separate aliquot 
containers for laboratory analysis alongside the bulk samples collected in the field. These blanks 
will provide information on the potential for sample contamination due to leaching from the 
bulk sampling bottles as well as during collection and processing of the aliquots. 

Field Analytical Quality Control Checks 
Quality control checks on all instruments used to conduct field measurements will be 
conducted on a pre-determined basis; specific procedures will be discussed further in Sections 
2.6 and 2.7.  

2.5.3 Laboratory Quality Control Check 
Upper Blackstone, EAL and UMD will use the procedures outlined in their respective Quality 
Assurance (QA) Plans to ensure the reliability and validity of analytical results. Copies of these 
Plans have been submitted along with this QAPP under separate cover. 

Compliance with the QA Plans is coordinated and monitored by the respective laboratory’s QA 
Officer. QC samples prepared by the laboratories may include the following, as specified in the 
respective Plans: 

 Laboratory duplicates and blanks 

 Matrix spikes and matrix spike duplicates (MS/MSDs) 

 Laboratory Control Standard and Laboratory Control Standard Duplicates (LCS/LCSDs) 

Additional information regarding laboratory QC procedures is provided in the specific 
analytical SOPs (see SOP Compendium). Specific criteria for the evaluation of laboratory 
precision and accuracy are provided in Section 1.4, “Quality Objectives and Criteria,” and Table 
1-2. Any samples analyzed in nonconformance with the QC criteria will be reanalyzed in the 
respective laboratory if sufficient sample volume is available and the sample is still within 
acceptable hold time limits.  

We will also purchase Performance Evaluation samples and send these to the labs blind. 
Performance Evaluation Tests (PETs) will be run for Chlorophyll a, TOP, TP, TAM, and NO23. 
Concentrations of the PETs will be diluted to reflect the range of concentrations expected in the 
river based on historical data, with a different value each month. We will utilize the results for 
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these samples to better understand laboratory accuracy as well as differences in the inter-
laboratory results.  

 
2.6 Instrument/Equipment Testing, Inspection, and 
Maintenance 
This section of the QAPP describes the procedures and documentation activities that will be 
performed during the field sampling program to ensure that all equipment is in working order. 

2.6.1 Field Instruments and Equipment 
The inspection, testing, calibration, and maintenance of all field equipment and instruments will 
be performed in accordance with the applicable SOPs as noted in Section 2.4.1.  

In all cases, specific preventative maintenance procedures as defined by the respective 
manufacturers will be followed. Additionally, field notes from previous sampling events will be 
reviewed by the respective field crew and the Field Program Coordinator, or designated 
substitutes, to ensure that any previous equipment problems have been identified, and that all 
necessary repairs have been made. 

The Field Program Coordinator, or a designated substitute, will be responsible for testing, 
inspection, and maintenance of all equipment prior to mobilization. The designated Project 
Team member will then be responsible for completing the Equipment Inspection, Testing, and 
Maintenance Sheets during mobilization. An example is provided in the Field Sampling Plan.  

2.6.2 Laboratory Instruments 
Each laboratory will perform routine preventative maintenance in accordance with their 
respective Quality Assurance Plans and with manufacturer’s specifications to minimize the 
occurrence of instrument failure and other system malfunctions. Each laboratory will maintain 
factory-trained repair staff with in-house spare parts or will maintain service contracts with 
applicable vendors. 

Records of preventative maintenance, equipment repairs and replacement, and documentation 
of maintenance procedures will be maintained by the designed laboratory Quality Assurance 
Officer, and subject to auditing by the Project Team. 

2.7 Instrument/Equipment Calibration and Frequency 
This section describes the calibration procedures that will be followed for all equipment used to 
conduct field and laboratory analyses to maintain reliable and accurate measurement results. 
All calibrations will be performed in accordance with manufacturer’s recommendations. 

2.7.1 Field Instruments and Equipment 
In-situ collection of chlorophyll a, nitrogen, and phosphate data is beyond the current scope of 
this study. Any further water column data collection for these parameters will be accompanied 
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by an amendment to the QAPP. Field equipment will consist of sampling apparatus and the 
field pump used for filtration.  

In 2019, two Hach HQ 40 D handheld meters will be used to collect DO and pH measurements 
in the field. They will be calibrated the morning of each sampling day by the UB staff at the UB 
facility. Calibration will be documented in Upper Blackstone’s calibration logbook.   

In July 2019, Onset HOBO Dissolved Oxygen (U26-001) data loggers will be deployed at four 
sites (W0680, UWPAD2, W1258 and Depot). They will be calibrated before deployment, and 
recalibrated during the monitoring season as needed. 

The Field Program Coordinator, or designated others, will be responsible for ensuring that all 
equipment has met the required calibration standards prior to event mobilization. In the event 
that an internally calibrated field instrument fails to meet calibration/check-out procedures, it 
will be returned to the manufacturer for service.  

2.7.2 Laboratory Instruments/Equipment 
Calibration procedures and frequencies of all laboratory equipment will be performed in 
accordance with the respective laboratory’s Quality Assurance Plans, manufacturer’s 
specifications, analytical SOPs, and written procedures approved by laboratory management. 
Records of calibration method and frequency will be filed and maintained by the designated 
laboratory Quality Assurance Officers; these may be subject to auditing by the Project Team. 

2.8 Inspection and Acceptance of Supplies and Consumables 
All supplies to be used during the field sampling program will be inspected prior to acceptance 
to ensure that they are in satisfactory condition and free of defects or contamination in 
accordance with the methods specified in Table 2-9. 

Table 2-9: Summary of Supplies and Inspection Requirements 

Critical Supplies and 
Consumables 

Inspection Requirements and Acceptance 
Criteria 

Sample bottles Visually inspected upon receipt for cracks, 
breakage, cleanliness, and preservation solution 
(as needed) 

Chemicals and reagents Visually inspected for proper labeling, 
expiration dates, and approximate grade 

Sampling equipment Visually inspected for obvious defects, damage, 
and contamination 

 

The Field Program Coordinator, or designated substitute, will be responsible for ensuring the 
acceptability of all material to be used during field activities prior to event mobilization and for 
implementing corrective action, if necessary. Designated personnel from Upper Blackstone, 
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Normandeau and EAL will be responsible for the inspection and acceptance of all material 
relating to laboratory analysis. 

2.9 Non-Direct Measurements 
All environmental measurements performed under this activity will be taken directly by the 
Project Team and subcontracted laboratories. Flow measurements at all stream locations other 
than USGS streamflow gaging sites will be estimated indirectly based on hydrologic hydraulic 
model data in combination with observed flow conditions at the USGS Woonsocket and 
Millbury stream gauging locations. 

Water quality data collected by other studies and volunteer monitoring groups may be 
reviewed and used to evaluate general background conditions and historical trends. Since the 
sampling procedures and protocol for these data may have differed from the procedures 
specified in this QAPP, care will be given in interpreting and drawing conclusions from the 
data. 

2.10 Data Management 
This section describes the data management procedures that will be followed in the collection, 
review, and reduction of all environmental data collected as a part of the Blackstone River 
Watershed Assessment Study field sampling program. 

2.10.1 Data Recording, Handling, and Tracking 
This section details the computerized and manual data recording, handling, and tracking 
procedures that will be used during the sampling program. 

Data Recording and Tracking 
Field Data. Field environmental measurements collected by the Project Team during sampling 
events will be recorded in field logbooks and field data collection forms in accordance with 
guidance provided in Section 1.6, “Documents and Records.” Upon completion of the sampling 
event, the data collected will be transposed to a project-specific electronic database, the format 
of which is discussed in Section 2.10.1. The transfer of data from paper (i.e. logbooks or 
collection forms) to electronic format will be performed by the Data and Document Custodian; a 
second individual will then spot check the entries. 

Copies of all field data will be maintained by UMass in a “Final Evidence” File in accordance 
with the document retention and control guidelines discussed in Section 1.6. 

Laboratory Data. Laboratory results will be reported in accordance with the guidance provided 
in Section 1.6, “Data Reporting and Retention.” All information related to sample analysis will 
be documented in controlled laboratory logbooks, instrument printouts, or other approved 
forms in accordance with the laboratory’s Quality Assurance Plan. Analytical laboratory 
records will be reviewed by the respective laboratory Quality Assurance Officer, and subject to 
auditing by the Project Team. 
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Prior to releasing the final data, each laboratory will employ a tiered review process. Each 
analyst will be responsible for reviewing the analytical and quality control that he/she has 
generated; the analyst will verify that: 

 The appropriate methodology has been used, 

 Instrumentation and equipment was functioning properly, 

 QC analyses were performed at the proper frequency and the analyses met the acceptance 
criteria, 

 Samples were analyzed within the required holding times, 

 All analytes were determined within the calibration range, 

 Matrix interference problems were confirmed, 

 Method specific analytical requirements were met, and 

 Calculations, dilution factors, and detection limits were verified. 

The raw data will then be released to the respective area supervisor who will also review the 
data for attainment of quality control criteria as required in the applicable standard method and 
for overall reasonableness. The area supervisor will be responsible for generating the data 
summary report, which will be reviewed by the laboratory Quality Assurance Officer. This 
review will verify that the report format and content meet the client specifications, that the data 
were reported correctly, and that analytical and quality control problems were addressed and 
documented in the file and summary report (if appropriate). Upon acceptance of the 
preliminary reports by the QA Officer, the final reports will be generated and signed by the 
Laboratory Project Manager. 

Following the receipt of the data reports by the Project Manager or designated substitute, all 
results will be transposed or uploaded to the electronic database developed for the project by a 
member of the Project Team. Data transcription will be spot checked by a second member of the 
Team. The final database will include all the data provided by the laboratories, as well as 
laboratory-provided data flags, including: 

 Concentrations below the required detection limits, 

 Estimated concentration due to poor relative percent difference, 

 Estimated concentration due to poor spike recovery or other outlying QC data, and 

 Concentration of chemical also found in laboratory blank. 



Blackstone River 2017 – 2019 QAPP 
Version 7.0, submitted for approval  

December 2019 
 

64 
 

Data Handling  
All data gathered or generated as part of the Field Sampling Plan will be entered into a project-
specific database, developed using Microsoft Excel. Data will be organized according to the 
unique sampling station locations (i.e. Station ID) provided in the Field Sampling Plan. Each site 
will be referenced based on its latitude and longitude. The database will include at a minimum: 

 Station ID, 

 Station longitude and latitude, and 

 Alongstream river mile. 

The above information will remain constant between sampling events and thus will be 
maintained in a separate datasheet. For each collected sample, the following information at a 
minimum will be included: 

 Station ID, 

 Sampling Date (MM-DD-YYYY), 

 QC sample type, if applicable, 

 Parameter ID, 

 Analytical results (i.e. constituent concentration), 

 Units, 

 Reporting limits, 

 Data Qualifier (Table 2-10), and 

 Brief field or laboratory notes (as applicable). 

Additional information contained in the field and laboratory data sheets may also be converted 
into a separate electronic file as deemed necessary. These data include: 

 Sample collection time, 

 Analysis date and time,  

 Stream stage at time of sample, and 

 Sample method (i.e. manual in-stream or manual from bridge) 

Field and laboratory analytical data will be flagged based on the results of the data evaluation 
described in Section 4. Table 2-10 presents a summary of the data qualifiers or “flags” that will 
be used throughout the database. For ease of data presentation for annual reports, the data may 
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be coded through highlights and appropriate notes provided to indicate the qualifiers. Data 
input to the master project database, however, will be coded with the data qualifiers. 

Table 2-10: Summary of Data Qualifiers 

Flag Description 
LT The material was analyzed for, but was not detected above the 

level of the associated value. The associated value is either the 
sample quantification limit or the sample detection limit 

R The data are rejected 

NC No code; no other codes apply 

PB Positive blank; the blank in question has a value above the 
MDL/RL 

BD % relative difference for field duplicate is more the +/- 20% out 
of bounds  

EPT % relative difference for performance test is more than +/- 20% 
out of bounds 

BS % relative difference for field split is more the +/- 20% out of 
bounds 

NA No data available 

LO Flagged by lab’s internal QAQC data as possible outlier 

Calc-adj Calculated value is based on a data value changed due to a PB 

 

Data may be rejected for a variety of reasons, including positive detections in associated blanks, 
discrepancies between the total and dissolved fraction of an analyte, precision and accuracy 
outside of the acceptable project limits, or failure of performance evaluation tests. Typically all 
data for an associated parameter on a given date will be flagged (e.g., rejected) due to these 
conditions. In some instances, such as due to internal laboratory QAQC data, only samples 
analyzed after a problem is detected may be flagged. Data validation and usability are 
discussed in Section 4.0. 

An entry in the database will be made for each parameter that was scheduled to be collected. 
The analytical results of parameters for which no data are available will be recorded as “NA” 
and will be flagged as noted in Table 2-11, which presents a summary of additional data 
descriptors which will be used to record missing results.  
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Table 2-11: Additional Data Descriptors 

Flag Description 
V Validated by laboratory 

IV Invalidated by laboratory (exceeded holding limit, not 
preserved correctly, etc.) 

ML Sample mishandled by laboratory (sample dropped) 

MF Sample mishandled in field (i.e. bottle dropped or broken) 

NR Not recorded 

 

Data collected by other studies and volunteer monitoring groups may also be added to the 
database as the information becomes available to the project team. The data will be flagged as 
being collected during a separate field program. The data will be reported and cited, as 
necessary, to support evaluations and conclusions made during the Blackstone River Watershed 
Assessment Study.         

All electronic data files will be stored and maintained in accordance with the procedures 
detailed in Section 1.6, “Documents and Records.” 
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Section 3 - Assessment and Oversight 
Section 3.0 of this QAPP addresses the activities required for assessing the effectiveness of the 
field sampling program implementation and associated quality assurance and control activities. 
The purpose of the assessment is to ensure that the QAPP is implemented as prescribed and 
that appropriate responses are in place to address any non-conformances and deviations from 
the QAPP. 

3.1 Assessments and Response Actions 
Performance and system audits of both laboratory and field activities will be conducted to 
verify that sampling and analysis are performed in accordance with the procedures established 
in this QAPP and corresponding Field Sampling Plan. Field and laboratory performance audits 
are performed as an independent evaluation, through a review of internal quality control 
checks and procedures, of the data being generated. System audits are conducted as an onsite 
review and evaluation of facilities, instrumentation, quality control practices, data validation, 
and documentation practices. 

3.1.1 Field Audits 
Internal system and performance audits of field activities (sampling and measurement) will be 
conducted by the Quality Assurance Manager for the project. The scope of these audits may 
include, but is not limited to: 

 Review of field sampling and measurement records, 

 Review of field instrument operating records, 

 Observation of sample collection, handling, and packaging procedures, 

 Maintenance of QA procedures, and 

 Chain-of-custody procedures. 

Field audits typically occur at the onset of field operations to verify that all established 
procedures are implemented. The Technical Reviewer will handle audits of this nature. The 
Data Review audits will involve review of field measurement records, instrumentation 
calibration records, and sample documentation and will be handled by the Data Reviewer. 
These audits will occur throughout the project.  

3.1.2 Laboratory Audits 
Internal system and performance audits will be conducted by the respective laboratories in 
accordance with their specified Quality Assurance Plans. The type and frequency of these 
audits is dictated in their Plans. 

Additionally, external laboratory audits may be conducted by the Project Team if problems 
with the data are observed, such as errors in a laboratory’s internal sample tracking.   
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3.1.3 Audit Reporting and Corrective Action 
Audit reports will be generated by the responsible party (i.e. QA Manager) at the completion of 
each assessment. The audit report will identify proficiencies, deficiencies, and opportunities for 
improvement, as applicable. 

Corrective action includes the process of identifying, recommending, approving, and 
implementing measures to counter unacceptable procedures or practices that result in data 
quality beyond the required quality control performance standards. Such actions may occur 
during field activities, laboratory analyses, data evaluation, and data assessment. 

For noncompliance problems, a formal corrective action program will be determined and 
implemented at the time the problem is identified. Any nonconformance with the established 
quality control procedures in the QAPP and Field Sampling Plan will be identified and 
corrected in accordance with the QAPP. The Project Manager, or an approved substitute, will 
issue a Nonconformance Report for each condition. All corrective actions will be further 
documented in the QA section of the project deliverables. 

Field Corrective Action  
Corrective actions in the field will be implemented on a case-by-case basis. Minor response 
actions taken in the field to immediately correct a problem will be discussed with the respective 
Field Program Coordinator and documented in the field logbook. The corrective action will be 
verbally relayed to the Project Manager and a Field Change Form will be filled out. Major 
corrective actions taken in the field will require approval by the Field Program Coordinator and 
Project Manager prior to implementation. Such actions may include revising procedures in the 
field, resampling, or retesting. A Field Change Form will also be filled out. 

Laboratory Corrective Action 
Corrective action undertaken by the laboratories will be completed in accordance with the 
procedures outlined in each lab’s Quality Assurance Plan. All corrective actions will be reported 
to the Project Manager and will be documented in the respective data reports for each sampling 
round. The laboratories will also be required to take and document corrective actions for 
problems identified by the Project Team. 

3.2 Reports to Management 
During the active phases of the sampling project, UMass will submit quarterly status reports to 
the CDM Smith and Upper Blackstone identifying the activities performed, planned activities, 
and updated schedules. Any issues that are encountered in between the regular reporting will 
be addressed through personal communication, emails, or memos as appropriate. UMass, 
Normandeau and CDM Smith will be in communication during the sampling season on a 
weekly to monthly basis. The Project Team will also develop annual reports to summarize the 
sampling events and environmental data obtained during the sampling program. 

Copies of the quality assurance reports will be provided to the Upper Blackstone Technical 
Manager and the Lab QA Manager when data or measurement quality problems are 
encountered. As previously noted, all corrective actions and nonconformance problems will be 
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documented in the field logbooks and Nonconformance Reports. These will be further detailed 
in the task deliverable.
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Section 4 - Data Validation and Usability 
This section of the QAPP addresses the data review, verification, and validation procedures and 
criteria to be performed by the Project Team. These procedures and criteria will identify and 
qualify data that do not meet the established measurement performance criteria. 

4.1 Data Review, Verification, and Validation 
One hundred percent of the data collected as part of this program will be evaluated to 
determine its precision, accuracy, representativeness, completeness, and comparability to field 
QC samples.  

If extreme data problems are identified during the evaluation process, USEPA and MassDEP 
will be notified to determine if 10 percent of the data packages should be validated in order to 
assure that no global data problems exist. Additional information on the evaluation methods for 
water quality samples analyzed in the laboratory is provided in Section 4.2. 

Table 4-1 provides a summary of the criteria that will be used during the evaluation process to 
accept, reject, or qualify the data, as per the data qualifiers listed in Table 2-8. This table will be 
updated as necessary and the QAPP amended to reflect updated analysis methods.  

Table 4-1: Data Evaluation and Validation Criteria (Part I) 

PARAMETER TECHNICAL LAB CALIBRATION BLANKS 
LAB 

PRECISION 

(METHODS) 
HOLDING 

TIME INITIAL CONTINUING    
 
INORGANIC 
PARAMETERS 

 
Method 

specific (2) 
 
 

 
Calibration curves will be 
evaluated for applicable 

methods as per laboratory 
specific SOPs. Data not 

meeting internal laboratory 
controls will not be reported. 

 
< MRL 

If criteria not met, 
data for that 

parameter/date are 
coded “PB”and  

5 x Rule applied (3). 
Data calculated from 
results flagged with 
a “PB” are flagged 

“Calc-adj” to 
indicate the 

calculated value is 
based on a data 

value changed due 
to a “PB” 

 
As per Section 

1.4.2 
%RPD ≤ 20% 

Internal lab 
check  

            

 
FOOTNOTES   
(1) All criteria are for surface water samples unless otherwise noted.  
(2) See Table 2-6 for holding times  
(3) 5 x Rule: The highest detected concentration in a blank sample is multiplied by 5. This establishes an 

action level. All positive sample results for the analyte detected in the blank that are below 
this action level are qualified as nondetect (U). All results above the action level are not 
qualified. (Sample weight, volumes, and dilution factors are taken into consideration when 
applying the 5x criteria.) 
Starting with 2018 data, if PB, data that are ≥ 5 x PB will be flagged. Data that are ≤ 5x PB will be 
flagged and censored 
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Table 4-2: Data Evaluation and Validation Criteria (Part I) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

4.1.1 Data Loggers (2019 Addendum) 
  
The continuous meter data will be corrected for sensor drift following the USGS procedures in 
TM 1-D3 (Wagner et al., 2006) at the end of the sampling program. These procedures describe 
when data correction is required and the maximum allowable deviation from the calibration 
before the data should be censored. Table 4-3 presents the thresholds for which data correction 
is required. Correction is required if the deviation between the Data Logger and hand-held 
meter collected from the side-by-side measurements in the river differs by the greater of the 
absolute temperature/concentration or percent difference. If the deviation is less than the 
threshold in Table 4-3 then the data are used without correction.  

Table 4-3: Data Logger Correction Criteria 
PARAMETER CRITERIA – CORRECTION 

REQUIRED 
TEMPERATURE +/- 0.2°C or 5% (greater of) 

DISSOLVED OXYGEN +/- 0.3 mg/L or 5% (greater of) 

 

Correction should be completed using a two-point linear algorithm, assuming that the rate of 
drift is constant between calibration sample points. The percentage error at each calibration 
point is calculated as:  

%Cd = 100 �
Vs − Vc

Vc
� 

where Vs is the value of the DO calibration measurement using the hand-held probe and Vc is 
the continuous meter reading at the same time. The percentage error should be linearly 
interpolated between the two sampling points, and the continuous data adjusted by the linearly 

PARAMETER 
(METHODS) 

LABORATORY 
PERFORMANCE 
EVALUATION 

CRITERIA 
 

LABORATORY 
DUPLICATES 

 

LAB 
MATRIX 
SPIKES & 
MATRIX 

SPIKE 
DUPLICATE
S (MS/MSD) 

FIELD 
DUPLICATES and 

SPLITS 

 
INORGANIC 
PARAMETERS 
 

 
%R 80 – 120% 

If laboratory fails 
this criterion for a 
blind performance 
test, data for that 
parameter/date 
are coded “EPT” 

 
%RPD ≤ 20% 

Internal lab 
check – Any data 
reported by labs 
as questionable 

due to their 
internal review 
flagged “LO” 

 
%R 80 – 120% 
Internal lab 
check - Any 

data reported 
by labs as 

questionable 
due to their 

internal 
review 

flagged “LO” 

 
%RPD ≤ 30% 

If criteria not met, 
data for that 

parameter/date 
are coded but 

reported: “BS” – 
field split out of 
bounds; “BD” – 

field duplicate out 
of bounds 

 

 
     

https://pubs.usgs.gov/tm/2006/tm1D3/pdf/TM1D3.pdf
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interpolated percentage error. The final result is an adjusted dataset that matches the calibration 
points. 

The data quality of the corrected dataset should be flagged based on the following criteria 
(Table 4-2). 

 
Table 4-4: Continuous Meter Data Quality Flags  

DATA TYPE MEASUREMENT 
TYPE 

EXCELLENT GOOD FAIR POOR NOT 
VALID 

DISSOLVED 
OXYGEN 

Conc. 
or 

% Diff. 

≤ ± 0.3 mg/l  
or  

≤ ± 5% 

± 0.3-0.5 
mg/l  

or  
± 5-10 % 

± 0.5-0.8 
mg/l 

or 
± 10-15% 

± 0.8-2 
mg/l  

or  
± 15-20% 

> 2 mg/l  
or  

> 20% 

TEMPERATURE  ≤ ± 0.2°C ± 0.2 – 
0.5°C 

± 0.5 – 
0.8°C 

± 0.8 – 
2.0°C > 2.0°C 

 
Data that exceed the maximum allowable limits (flagged as “not valid”) will be censored. Both 
the raw dataset and the corrected dataset will be maintained and submitted to MassDEP.  

4.2 Verification and Validation Methods 
One hundred percent of the data and field QC samples will be evaluated for precision, 
accuracy, representativeness, completeness, comparability, and sensitivity in accordance with 
the “Region I, EPA-New England Data Validation Functional Guidelines for Evaluating 
Environmental Analyses.”  The evaluation process will include a review of the following, as 
appropriate: 

 Sample holding times,  

 Sample preservation methods,  

 Method preparation blanks,  

 Laboratory duplicates, 

 Matrix Spikes (MS) and/or Matrix Spike Duplicates (MSD)3, 

 Laboratory Control Samples (LCS) and/or Laboratory Control Sample Duplicates (LCSD)3, 

 Sampling and analytical procedures, 

 Data usability,  

 Method detection limits and reporting limits, 

 Field blanks, 

                                                 
3 These data reviewed internally by labs prior to release of data 
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 Field duplicates, 

 Field splits, and 

 Performance Evaluation (PE) sample results (limited).  

During data evaluation, analytical data will be qualified as specified in Tables 4-1 through 4-4. 
A data evaluation summary report will be generated at the completion of the evaluation effort 
to document the data precision, accuracy, completeness, representativeness, and comparability; 
an assessment of the overall data usability will also be presented. Included in an appendix to 
this report will be the specific sample delivery group (SDG) evaluation reports presented in 
tabular format; an example table is provided as Table 4-5.  

4.2.1 Corrective Action 
The need for corrective action may be identified during either data evaluation or data 
assessment. Potential types of corrective action may include resampling by the field team (if 
possible) or reanalysis of samples by the subcontracted laboratory. These actions are dependent 
upon the ability to mobilize the field team and whether or not the data is necessary to meet the 
specified Data Quality Objectives. 

If a Project Team assessor identifies a needed corrective action, the Project Manager will be 
responsible for approving the implementation of the response action. Problems that may be 
attributed to laboratory quality assurance issues will be brought to the attention of the 
laboratory’s Quality Assurance Officer, who will determine what, if any, action is required. The 
laboratory QA Officer will be responsible for implementing and reporting the corrective action. 

Table 4-5: Example Data Evaluation Table for Water Quality Measurements 
  Precision Accuracy Representativeness 

Sample 
ID 

Collection 
Date/Time 

Field Dup. 
Analyses %RPD 

Perf. Eval. 
Test %R 

Holding 
Times Pres. Blanks 

R116G 10/17/14  
9:15 AM 

9% 
Acceptable 

89% 
Acceptable Acceptable Acceptable Acceptable 

 
4.3 Reconciliation with User Requirements 
One hundred percent of the analytical data from the subcontracted laboratories will be 
evaluated. The Project Team will determine which data are usable for their intended purposes, 
as defined by the Data Quality Objectives established in Section 1.4.1. This review will consist of 
the following steps: 

 Review Data Quality Objectives and sampling design, 

 Conduct preliminary data review, 

 Identify data limitations, and 

 Draw conclusions from the data. 
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The measured environmental and streamflow data will be compared to the applicable water 
quality standards for Massachusetts and Rhode Island, as appropriate. The findings of the data 
reconciliation will be presented in a data report to be developed annually at the conclusion of 
the sampling program. 



Blackstone River 2017 – 2019 QAPP 
Version 7.0, submitted for approval  

December 2019 
 

76 
 

Section 5 - References 
 
Barbour, M.T., J.B. Stribling and J.R. Carr (1995). The Multimetric Approach for Establishing 

Biocriteria and Measuring Biological Condition. Pp. 63-80. in W.S. Davis and T.P. Simon 
(eds.).Biological Assessment and Criteria: Tools for Water Resource Planning and 
Decision Making. Lewis Publishers, Boca Raton, FL. 

 
Barbour, M.T., J. Gerritsen, B.D. Snyder and J.B. Stribling (1999). Rapid Bioassessment Protocols for 

Use in Streams and Wadeable Rivers: Periphyton, Benthic Macroinvertebrates and Fish (2nd 
ed.). EPA 841-B-99-002. U.S. Environmental Protection Agency; Office of Water; 
Washington, D.C. 

 
Biggs, B. J. F. (2000). New Zealand Periphyton Guideline: Detecting, Monitoring and Managing 

Enrichment of Streams. NIWA, Christchurch, New Zealand. 124 p. 

Clarke, K.R. (1993). Non-parametric multivariate analyses of changes in community structure. 
Australian Journal of Ecology. 18:117-143. 

 
Clarke, K. R. and R. M. Warwick (2001). Change in marine communities: an approach to statistical 

analysis and interpretation. Plymouth: Plymouth Marine Laboratory, 144 p. 
 
Clausen, B. and B.J.F. Biggs (1997). “Relationships between benthic biota and hydrological 

indices in New Zealand streams”. Freshwater Biology, 38, p 327 – 342. 
 
Dixit, S.S., Smol, J.P., Kingston, J.C., and D.F. Charles (1992). Diatoms –Powerful indicators of 

environmental changes. Environmental Science and Technology. 26:22-33. 
 
Massachusetts Department of Environmental Protection (2001). Blackstone River Basin 1998 Water 

Quality Assessment Report. Massachusetts Department of Environmental Protection, 
Worcester, MA. http://www.mass.gov/dep/brp/wm/wqassess.htm  

Massachusetts Department of Environmental Protection (2007). 314 CMR 4.00: Surface Water 
Quality Standards. Massachusetts Department of Environmental Protection, Division of 
Water Pollution Control, Worcester, MA. 
http://www.mass.gov/eea/agencies/massdep/water/regulations/314-cmr-4-00-mass-
surface-water-quality-standards.html 

Massachusetts Department of Environmental Protection (2008). Massachusetts Inland Volunteer 
Monitoring General Quality Assurance Project Plan (QAPP). Massachusetts Department of 
Environmental Protection, Worcester, MA. 
http://www.mass.gov/eea/agencies/massdep/water/watersheds/environmental-
monitoring-for-volunteers.html 

Massachusetts Department of Environmental Protection (MassDEP) and Beskenis, J. (2009). 
Technical Memorandum: Blackstone River Algal Biomass Measured and Chlorophyll a at Selected 
Main Stem and Impoundment Stations – 2008.  

 



Blackstone River 2017 – 2019 QAPP 
Version 7.0, submitted for approval  

December 2019 
 

77 
 

 
Massachusetts Division of Watershed Management Watershed Planning Program (2015). CN 

450.1 Massachusetts Year 2014 Integrated List of Waters – Final Listing of the Condition of 
Massachusetts’ Waters Pursuant to Sections 305(b), 314 and 303(d) of the Clean Water Act. 
Commonwealth of Massachusetts Executive Office of Energy and Environmental Affairs 
and the Massachusetts Department of Environmental Protection, 311 p.  Available via 
the MassDEP website: 
http://www.mass.gov/eea/agencies/massdep/water/watersheds/total-maximum-
daily-loads-tmdls.html 

Massachusetts Water Resources Research Center (2013). Blackstone River Water Quality 
Monitoring Program 2013 Report. University of Massachusetts, Amherst, MA, 266 p. 

Mattson, Mark (2013). Personal communication - Standard Operating Procedures: Draft 
Determining % Open Sky from Solar Exposure of Sun Path. Massachusetts Department of 
Environmental Protection, Division of Watershed Management, Worcester, MA. 

Mitchell, P. (2014). Blackstone River Watershed 2008 Benthic Macroinvertebrate Bioassessment. 
Massachusetts Department of Environmental Protection, Division of Watershed 
Management, Worcester, MA, 22 p. 

 
New England Interstate Water Pollution Control Commission (NEIWPCC), U.S. EPA, ENSR 

International, and New England States Regional Technical Advisory Team (2003). 
Collection and Evaluation of Ambient Nutrient Data for Rivers and Streams in New England – 
Data Synthesis Final Report. NEIWPCC, Lowell, MA, 100 p. 

 
Nuzzo, R.M. (2003). CN 39.2. Standard Operating Procedures: Water Quality Monitoring in Streams 

Using Aquatic Macroinvertebrates. Massachusetts Department of Environmental 
Protection, Division of Watershed Management, Worcester, MA. 

 
Plafkin, J.L., M.T. Barbour, K.D. Porter, S.K. Gross and R.M. Hughes (1989). Rapid Bioassessment 

Protocols for Use in Streams and Rivers: Benthic Macroinvertebrates and Fish. EPA/444/4-89-
001. Assessment and Watershed Protection Division, U.S. Environmental Protection 
Agency, Washington, D.C. 

 
Porter, S.D. (2008). Algal attributes: An autoecological classification of algal taxa collected by the 

National Water-Quality Assessment Program. U.S. Geological Survey Data Series 329, 
http://pubs.usgs.gov/ds/ds329/. 

 
Rees, P., and Helmers, B. (2017). Blackstone River Water Quality Monitoring Program 2017 

Scope of Work, Massachusetts Water Resources Research Center, UMass Amherst, 
Amherst, MA, 47 p. 

 
Rhode Island Department of Environmental Management (2015). State of Rhode Island 2014 

303(D) List of Impaired Waters—Final. Providence, RI, 59 p. Available on-line: 
http://www.state.ri.us/dem/pubs/303d/303d14.pdf  



Blackstone River 2017 – 2019 QAPP 
Version 7.0, submitted for approval  

December 2019 
 

78 
 

Ryder, D.S., R.J. Watts, E. Nye, and A. Burns (2006). “Can flow velocity regulate epixylic biofilm 
structure in a regulated floodplain river?”, Marine and Freshwater Research, 57 (1), p 29-36. 

 

Stevenson, R.J. and L.L. Bahls (1999). Periphyton Protocols. In: Barbour, M.T., Gerritsen J., Snyder, 
B.D. and Stribling, J.B., (eds.). Rapid bioassessment protocols for use in streams and 
wadeable rivers- periphyton, benthic macroinvertebrates, and fish (2nd ed.). Washington 
D.C., U.S. Environmental Protection Agency, Office of Water, EPA 841-B-99-002, pg. 6-1 
to 6-22. 

UMass and CDM Smith (2005). Quality Assurance Project Plan for Blackstone River Watershed 
Assessment Study. Available upon request. 

 
UMass and CDM Smith (2008). Blackstone River HSPF Water Quality Model Calibration Report. 

Available upon request. 
 
UMass and CDM Smith (2011). Blackstone River HSPF Water Quality Model Calibration Report 

Addendum. Available upon request. 
 
UMass and CDM Smith (2011). Blackstone River HSPF Model Validation Report. Available 

upon request. 
 

UMass and CDM Smith (2015). 2014 - 2016 Quality Assurance Project Plan for Blackstone River 
Watershed Assessment Study. Available upon request. 

 

Upper Blackstone Water Pollution Abatement District (2013). Upper Blackstone River Water 
Quality Study: 2013. Upper Blackstone Water Pollution Abatement District, Millbury, 
MA, 2 p. 

U.S. Environmental Protection Agency Region 1 (1988). Laboratory Data Validation Functional 
Guidelines for Evaluating Environmental Analyses. Boston, MA. 

U.S. Environmental Protection Agency Region 1 (1996). Region I, EPA-New England Data 
Validation Functional Guidelines for Evaluating Environmental Analyses. U.S. EPA-New 
England Region I, Quality Assurance Unit Staff, Office of Environmental Measurement 
and Evaluation, Boston, MA. 61 p. 

U.S. Environmental Protection Agency (2000). Ambient Water Quality Criteria Recommendations, 
Information Supporting the Development of State and Tribal Nutrient Criteria: Rivers and 
Streams in Nutrient Ecoregion XIV. EPA 822-B-00-022. U.S. EPA, Office of Water, 
Washington, DC. 

U.S. Environmental Protection Agency (2001). EPA Requirements for Quality Assurance Project 
Plans. EPA QA/R-5. Washington, DC. 



Blackstone River 2017 – 2019 QAPP 
Version 7.0, submitted for approval  

December 2019 
 

79 
 

Wagner, R.J., Boulger, R.W., Jr., Oblinger, C.J., and Smith, B.A. (2006). Guidelines and Standard 
Procedures for Continuous Water-Quality Monitors: Station Operation, Record Computation, 
and Data Reporting. United States Geological Survey Techniques and Methods 1-D3.  

Zimmerman, M.J., M.C. Waldron, and L.A. DeSimone (2015). Nutrient, Suspended Sediment, and 
Trace Element Loads in the Blackstone River Basin in Massachusetts and Rhode Island, 2007 to 
2009. U.S. Geological Survey Scientific Investigations Report 2015-5026. Prepared in 
cooperation with the Massachusetts Department of Environmental Protection.  

Zimmerman, M.J. and K.W. Campo. 2007. Assessment of data for use in the development of nutrient 
criteria for Massachusetts rivers and streams. U.S. Geological Survey Scientific 
Investigations Report 2007-5022, 44 p. 

 
 


	2019 Blackstone Final Report
	Acknowledgements
	Table of Contents
	List of Figures
	List of Tables
	List of appendices
	1.0 Introduction
	2.0 Background
	3.0 Blackstone Water Quality Sampling Program
	3.1 Overview
	3.2 Sampling Dates and Data Collected

	4.0 Sampling Season Environmental Conditions
	4.1 Precipitation and Air Temperature
	4.2 Streamflow Conditions
	4.3 Environmental Conditions Summary

	5.0 Upper Blackstone Effluent
	6.0 Sampling Season Data for 2019
	6.1 Flow Conditions on Routine Sampling Days
	6.2 Routine Monitoring Data
	6.2.1. Total Phosphorus
	6.2.2. Total Nitrogen
	6.2.3. Chlorophyll-a
	6.2.4. Flow-weighted concentration trend analysis
	6.2.5. Field Water Quality Measurements
	6.2.6. Continuous Water Quality Monitoring
	6.2.7. Data Quality Objectives


	7.0 Summary and Discussion
	8.0 Future Work
	9.0 References

	2019 Blackstone Final Report Appendix
	2019 Blackstone Report Appendix ABC
	2019 Sampling Season Report
	APPENDIX
	Appendix A: Additional Tables
	Appendix B:  Additional Figures
	Appendix C: Multimeter Comparisons


	DO_Correction_Assessment_Report Clean
	In-Situ Temperature and Dissolved Oxygen Monitoring: Blackstone River, June – November 2019
	Overview
	Meter Locations and Sampling Data
	Field Notes from Meter Deployment and Data Observations

	Data Correction Procedures
	Calibration and Fouling Assessment
	Final Corrected Data

	Discussion
	Figures


	2019_Field _Sampling_Plan_with_Appendices
	2019_Field _Sampling_Plan_Final
	1.0 Historical Overview
	2.0 Objectives for 2019 Monitoring
	3.0 Nutrient Sampling
	3.1 Nutrient Sampling Locations & Rationale
	3.2 Nutrient Parameters, Methods, and Detection Limits
	3.3 Sampling Collection Details
	General Sample Collection
	Chlorophyll-a Sample Collection
	Field Filtering for Dissolved Nutrients
	Field Blanks
	Equipment Blanks
	Field Duplicates
	Field Splits
	Performance Tests
	Sample Processing
	Preparation of Lab Blanks
	Sample Preservation
	Filtering for Chlorophyll-a
	Chain of Custody
	Sample ID Nomenclature


	4.0 Field Water Quality Measurements
	5.0  Schedule
	6.0 Quality Assurance
	7.0 Team Organization and Contact Information
	8.0 References

	2019 Blackstone Field Sampling Plan Appendices
	Blackstone 2018 FSP Appendices.pdf
	Appendix A - FSP 2018
	Appendix A_2017 Sampling Site Details

	Appendix B - FSP 2018
	0 - Appendix B Cover Page
	4 - Field Sampling Sampling  Bottles
	5 - Sampling Checklist Supplies and Forms
	8 - UBWPAD – UMass Sampling Coordination Checklist
	9 - sample volumes 2018
	10 - EquipmentProblem Report Sheet
	13 - Field Change Request Sheet
	14 - Personnel Training and Certification

	Appendix C compiled - FSP 2018
	1 - Appendix C_ Cover sheet

	Appendix D compiled - FSP 2018
	0 - Appendix D Cover Sheet

	Appendix E - Measurement Performance Criteria 2018
	Appendix E Cover Sheet
	Appendix E - Measurement Performance Criteria v2 2017


	Bulk_Sample_Collection_DataSheet-2019.pdf
	Sheet1

	Labels_Bulk_Samples.pdf
	Collection Date/Time: ____________________
	Collection Date/Time: _________________
	UBWPAD2
	W1258
	W1779 
	 W1242
	W0767
	W1779-FB 
	W0680-FS
	W0680-EB
	 W1242

	COC EAL LAB.pdf
	Sheet1

	COC UMassD 0.pdf
	Sheet1

	COC UMassD 0.7.pdf
	Project Information

	COC UB LAB.pdf
	Sheet1

	COC NBC BOTH FOR RI.pdf
	Sheet1

	COC UMassD 0.pdf
	Cover Sheet

	Appendix F.pdf
	Blackstone River Water Quality Monitoring Program
	CONDUCTIVITY
	SOP-UB-007
	Overview
	2. Meter Calibration
	3.0  Measurement Protocol
	Meter Calibration Form - DO.pdf
	Sheet1

	River pH meters calibration record.pdf
	Jan-Apr


	Blackstone River Field Sampling Sheet .pdf
	Sheet1

	Blackstone River Field Sampling Sheet RI .pdf
	Sheet1



	Upper Blackstone QAPP_2017_2019_Final
	Preface
	Section 1 - Project Management
	1.1 Project/Task Organization
	1.1.1 Study Authority
	1.1.2 Team Organization

	1.2 Problem Definition and Background
	1.2.1 Study Background
	1.2.2 Study Purpose
	1.2.3 Description of Existing Conditions

	1.3 Task Description
	1.3.1 Study Area
	1.3.2 Field Sampling Program

	1.4 Quality Objectives and Criteria
	1.4.1 Data Quality Objectives
	1.4.2 Measurement Performance Criteria

	1.5 Special Training and Certification
	1.6 Documents and Records
	1.6.1 QAPP Distribution and Version Control
	1.6.2 Data Reporting and Retention


	Section 2 - Data Generation and Acquisition
	2.1 Sampling Process Design (Experimental Design)
	2.1.1 Study Area Definition
	2.1.2 Field Monitoring Activities
	2.1.3 Adequate Conditions for Sampling

	2.2 Sampling Methods
	2.2.1 Sample Collection, Preparation, and Decontamination Procedures
	2.2.2 Sampling SOP Modifications
	2.2.3 Sampling/Measurement System Failure Response and Corrective Action

	2.3 Sample Handling and Custody
	2.3.1 Sample Labeling
	2.3.2 Chain-of-Custody Procedures
	2.3.3 Sample Handling and Packaging
	2.4.1 Laboratory Analytical Methods
	2.4.2 Periphyton and Diatom Enumeration
	2.4.3 Periphyton and Water Column Chlorophyll a Determination
	2.4.4 Field Parameter Measurement Methods
	2.4.5 In Situ Meter Measurement Methods

	2.5 Quality Control
	2.5.1 Field Sampling Quality Control Checks
	2.5.2 Field Measurements Quality Control Checks
	2.5.3 Laboratory Quality Control Check

	2.6 Instrument/Equipment Testing, Inspection, and Maintenance
	2.6.1 Field Instruments and Equipment
	2.6.2 Laboratory Instruments

	2.7 Instrument/Equipment Calibration and Frequency
	2.7.1 Field Instruments and Equipment
	2.7.2 Laboratory Instruments/Equipment

	2.8 Inspection and Acceptance of Supplies and Consumables
	2.9 Non-Direct Measurements
	2.10 Data Management
	2.10.1 Data Recording, Handling, and Tracking


	Section 3 - Assessment and Oversight
	3.1 Assessments and Response Actions
	3.1.1 Field Audits
	3.1.2 Laboratory Audits
	3.1.3 Audit Reporting and Corrective Action

	3.2 Reports to Management

	Section 4 - Data Validation and Usability
	4.1 Data Review, Verification, and Validation
	4.1.1 Data Loggers (2019 Addendum)

	4.2 Verification and Validation Methods
	4.2.1 Corrective Action

	4.3 Reconciliation with User Requirements

	Section 5 - References





