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Disclaimer: This plan was generated in part by AquaQAPP, a web-based application created by the
Massachusetts Bays National Estuary Partnership (MassBays). AquaQAPP generates tailored Quality
Assurance Project Plans (QAPPs) for marine and freshwater water quality and benthic monitoring efforts
in the Commonwealth of Massachusetts and is intended to assist volunteer monitoring programs in
collecting quality-assured data.

This plan does not define, or otherwise limit, the purpose for which organizations may seek to use the
plan or apply their data. A goal of the AquaQAPP project, however, is to bring more citizen science data
to decision makers, including MassBays, the Massachusetts Department of Environmental Protection
(DEP), and the Environmental Protection Agency (EPA).

Use of AquaQAPP is not required. Using AquaQAPP to document and plan for collection of quality
assured data, produces a QAPP that is considered pre-approved by DEP and which should be acceptable
to EPA, therefore agency review is not required prior to sampling. This pre-approval is valid so long as
samples are collected and analyzed in strict accordance with the QAPP generated by the application
which itself has not been significantly altered from the original output. “Not significantly altered” means
that the user has not made or will not make changes to sample collection protocols, analytical methods,
or other substantive content included in the generated QAPP. Changes such as addition of project roles
and responsibilities, or additional detail regarding data quality indicators are not considered significant
alterations.

Where new or revised methods, additional parameters, or other substantial changes are included
beyond the content generated by AquaQAPP, and a stated objective of the monitoring effort is to submit
the resulting data to DEP, DEP requires QAPP review prior to implementation. The modified QAPP can be
submitted to:

Suzanne Flint (Suzanne.Flint@mass.gov)
Bureau of Water Resources, Watershed Planning Program
Massachusetts Department of Environmental Protection
8 New Bond Street, Worcester, MA  01606

DEP retains sole discretion as to what extent the agency will use data or information produced or
resulting from use of this document.

Note that for any projects funded by their agencies, both DEP and EPA still require QAPP review prior to
sampling. Monitoring programs funded by EPA or DEP must follow agency requirements for quality
assurance, and a QAPP generated with AquaQAPP may or may not meet those requirements. QAPPs for
monitoring programs to support or influence discharge permits or TMDLs will also require additional
review. Please check with the funding agency for guidance in these cases.
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A3 Distribution List

The following individuals and their respective organizations will hold copies of the approved QAPP:

Table 1. QAPP Distribution List

Project Role Name, Organization

Project Manager Martha Morgan, Nashua River Watershed Association

Primary Contact, Field Coordinator,
Data Manager, Laboratory Manager

Jessica Veysey Powell, Nashua River Watershed Association

Project Supervisor Jennifer Keegan, Nashua River Watershed Association

QA Manager Amy Quintin, WSP USA*

MA DEP QA Coordinator Suzanne Flint, MA Department of Environmental Protection

* The QA Manager’s work under this QAPP is independent of, and not affiliated with, WSP USA.

Name: Martha Morgan

Title: Water Programs Director

Organization Nashua River Watershed Association

Address: 592 Main Street

City: Groton

State: Massachusetts Zip: 01431

Telephone: 978-448-0299 Email: martham@nashuariverwatershed.org

Name: Jessica Veysey Powell

Title: Water Quality Scientist

Organization Nashua River Watershed Association
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Address: 592 Main Street

City: Groton

State: Massachusetts Zip: 01431

Telephone: 978-448-0299 Email: JessicaVP@NashuaRiverWatershed.org

Name: Jennifer Keegan

Title: Executive Director

Organization Nashua River Watershed Association

Address: 592 Main Street

City: Groton

State: Massachusetts Zip: 01431

Telephone: 978-448-0299 Email: EAC@nashuariverwatershed.org

Name: Amy Quintin

Title: External QC Reviewer

Organization WSP USA*

Address: 100A Apollo Dr; Suite 302

City: Chelmsford

State: MA Zip: 01824

Telephone: 401-369-2480 Email: amy.quintin@wsp.com
* The QA Manager’s work under this QAPP is independent of, and not affiliated with, WSP USA.
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Name: Suzanne Flint

Title: MassDEP QA Coordinator

Organization MA Department of Environmental Protection

Address: 8 Bond St

City: Worcester

State: MA Zip: 01606

Telephone: 508-688-5062 Email: Suzanne.Flint@mass.gov

Name: Jessica Veysey Powell

Title: Primary Contact

Organization Nashua River Watershed Association

Address: 592 Main Street

City: Groton

State: Massachusetts Zip: 01450

Telephone: 978-448-0299 Email: JessicaVP@NashuaRiverWatershed.org
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A4 Program Organization and Task Responsibilities

Table 2. Project Organization and Responsibilities

Personnel name and title Project Role Responsibilities

Martha Morgan

Water Programs Director

1. Project Manager 1. Overall management of
administrative and technical
work of the monitoring
program.

Jessica Veysey Powell

Water Quality Scientist

2. Field Coordinator

3. Data Manager

4. Laboratory Manager

2. Planning and coordination of
all field monitoring. Includes
technical oversight,
preparation of field
equipment, volunteer
assignments and scheduling.
Receives samples and
delivers to the lab. Oversees
proper sample handling/
preservation and chain of
custody forms.

3. Data collection,
management, analysis and
interpretation.

4. Provide laboratory QAPP and
SOPs for attachment to the
QAPP, communicate with the
QA Manager regarding
laboratory corrective
actions, deliver corrective
action files and data reports
to the Project Manager.

Jennifer Keegan

Executive Director

5. Project Supervisor 5. Oversees all aspects of
budgeting and personnel for
the Water Monitoring
Program.

Amy Quintin

External QC Reviewer

6. QA Manager 6. Review of procedures and
data generated including
reports to ensure adherence
to QAPP. Reports any
problems to the Project
Manager, and works with
Project Manager to
document and correct any
deviations.
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Suzanne Flint

MassDEP QA Coordinator

7. MA DEP QA
Coordinator

7. Reviews External Data
submitted to the MA DEP for
QA/QC.

Jessica Veysey Powell

Primary Contact

8. Primary Contact 8. Liaison between NRWA and
DEP.

A5 Problem Definition/Background

A5.1 Problem Definition

Historically, the Nashua River watershed was widely degraded by point-source pollution, especially
mainstem portions of the river. This was most prevalent from the onset of the Industrial Revolution
through the 1970s. During this period, pollution derived primarily from sewer and industrial by-product
discharges. From the 1970s to the present, watershed water quality has improved dramatically, mostly
due to water treatment at point-source locations. Despite these significant improvements, water quality
remains impaired in multiple stretches of the watershed, as described in Appendix 19 (Nashua River
Watershed Assessment and Listing Decision Summary) of the Final Massachusetts Integrated List of
Waters for the Clean Water Act 2018/2020 Reporting Cycle. Today, the two primary sources of
water-quality degradation are stormwater (both point- and non-point source) and other forms of
non-point source pollution (e.g., agricultural runoff, septic failures). Occasional illicit point-source
discharges also occur. Climate change also threatens water quality, especially through higher water
temperatures.

Stormwater contributes multiple pollutants to watershed waters (e.g., fecal bacteria, pesticides, heavy
metals, sediment, nutrients, and hydrocarbons [e.g., TPH, PAHs]). As water flows over impervious
surfaces, it transports any pollutants on those surfaces overland and into watershed waterways.
Stormwater pollution is highest after heavy rainfall events, when stormwater volume overwhelms
municipal infrastructure, causing both stormwater and sewer water to bypass water treatment facilities
and be deposited directly into the waterways (i.e., a combined sewer overflow or CSO).

The Nashua River Watershed Association’s data over at least the last 16 years consistently show elevated
Escherichia coli (E. coli) bacteria in stream water samples after rain storms. Some of the highest levels
are found in the Cities of Leominster and Fitchburg, but quantities exceeding primary and secondary
recreational contact criteria are measured in municipalities throughout the watershed. Though Fitchburg
is in the process of remedying its CSOs, 11 CSOs remain in Fitchburg and 3 CSOs are present in Nashua,
NH. These CSOs are major contributors of bacterial and other pollutants to the watershed. Non-point
source pollution is more difficult to diagnose and locate, but can be investigated and controlled via
strategic water-quality sampling.

Stormwater and other non-point source pollutants pose a risk to human health and the environment and
can degrade both human recreational opportunities and ecosystem integrity. Fecal bacteria can cause
significant gastro-intestinal illness. Other pollutants, including ammonia (NH3), chlorine (Cl2), and
chloride (Cl-), can be toxic to humans and aquatic life when present above specific concentrations. Other
factors, like suspended solids and nutrient enrichment, can negatively impact recreation and aesthetic
value of the waters, especially when these factors lead to excessive plant and algal growth. Many of
these negative effects are exacerbated by elevated water temperatures, which increase photosynthetic
rates and toxicity of certain pollutants, decrease oxygen saturation in water, and are expected to become
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more common with climate change. The suitability of watershed waters for aquatic life generally declines
as toxic pollutant concentrations, water temperatures, and nutrient enrichment rise.

The Nashua River Watershed Association’s water-quality monitoring program is designed to both provide
a broad overview of water quality trends in the watershed through monthly sampling during the growing
season and to identify and resolve specific, targeted pollution issues as they arise.

A5.2 Problem Background

The Nashua River watershed encompasses 32 communities in north-central Massachusetts (MA) and
southern New Hampshire (NH). The watershed can be divided into five major subwatersheds:
Wachusett Reservoir watershed, North Nashua River, Nashua River mainstem, Squannacook River, and
Nissitissit River. The latter three were designated Wild & Scenic Rivers in 2019 (with the Nashua River
designated from Lancaster to the MA/NH state line). The Wachusett Reservoir was formed by the
damming of the South Nashua River in the early 1900s. The watershed is extensively monitored by the
Department of Conservation and Recreation’s Watershed Division, as the reservoir is a water supply for
greater Boston. For this reason, the Nashua River Watershed Association (NRWA) does not monitor in
this watershed upstream from the Wachusett Reservoir. The South Nashua River begins at the outlet of
Lancaster Mill Pond at the base of the Wachusett Dam. The Massachusetts Water Resources Authority
(MWRA) is mandated under an 1895 act to release just 12 million gallons per week (1.8 million gallons
per day) to the South Nashua. Discharges are, on average, higher than that (sometimes over 100 mgd),
and do not mimic natural flows (e.g., often higher summer flows than spring flows). MWRA moves water
from the Quabbin Reservoir to the Wachusett to improve water quality, and water is released to the
South Nashua. The South Nashua flows north through Clinton and Lancaster to join the North Nashua
River to form the Nashua River mainstem.

The North Nashua River begins at the confluence of the Whitman River and Flag Brook in west Fitchburg,
at the former West Fitchburg Wastewater Treatment Facility (WWTF) - closed in 2010. Nine dams and
extensive flood-control retaining walls dominate the North Nashua as it passes through the City of
Fitchburg. The City has been closing CSOs since a 2012 Consent Decree, with 11 CSOs remaining. The
river receives discharges from both the East Fitchburg and Leominster WWTFs. The river flows through
Leominster State Forest and agricultural fields before joining with the South Nashua River in Lancaster.

The Nashua River mainstem forms the core of the Bolton Flats Wildlife Management Area and the
Oxbow National Wildlife Refuge in Lancaster, Bolton, Harvard, Shirley, Ayer, and Devens. The entire
length of the Nashua River mainstem is popular for boating and fishing, and in some spots, swimming.
Ice House Dam forms an impoundment on the river in Ayer and Shirley. Numerous Army hazardous
waste sites that contain heavy metals, Volatile Organic Compounds (VOCs), Per- and polyfluoroalkyl
substances (PFAS) and other contaminants in Devens and adjacent to the river, are in various stages of
the clean-up process. The Ayer and Groton School WWTFs discharge to the river along this reach, and
the Devens WWTF discharges to the groundwater adjacent to the river. The Pepperell Dam forms a
4.3-mile impoundment on the mainstem, known as Pepperell Pond. Pepperell Pond acts as a sink for all
the nutrients from WWTFs, agricultural fields and developed areas upstream of the dam, and
experiences algal blooms and large dissolved-oxygen fluctuations.  A major infestation of aquatic invasive
water chestnut and other invasive plants exists in Pepperell Pond; these are being treated by DCR.
Pepperell WWTF discharges downstream from (north of) the dam. Residential, agricultural and forested
lands and two golf courses border the river in Pepperell and Hollis, NH, until it reaches the more densely

13 | Page



populated area of Nashua, NH. Mine Falls Dam forms another impoundment in the city of Nashua, and
Jackson Falls Dam is the last dam in downtown Nashua before the Nashua River joins the Merrimack
River on the east side of Nashua.

The Squannacook and Nissitissit Rivers wind through rural and suburban towns and agricultural fields in
southern New Hampshire and northern Massachusetts to their respective confluences with the
mainstem of the Nashua River (in Shirley/Ayer and Pepperell, respectively). The Squannacook and
Nissitissit Rivers are popular cold-water fisheries. Hollingsworth and Vose paper company holds the only
surface-water discharge permit to the rivers; it discharges to the Squannacook River.

A5.3 Previous Scientific Efforts

The Nashua River Watershed Association’s Water Monitoring Program (WMP) began in 1993. The United
States Environmental Protection Agency (US EPA) and Massachusetts Department of Environmental
Protection (MADEP) approved NRWA’s Quality Assurance Project Plan (QAPP) in 2001 and subsequent
QAPPs were approved by the MADEP, US EPA and the NH Department of Environmental Services
(NHDES) in 2007, 2012, and 2018. The number of sampling sites and field and laboratory volunteers
fluctuated yearly, but averaged about 36 sites and 47 volunteers annually during the last 18 years of
sampling (i.e., during the time span for which we have digital datafiles). The NRWA’s WMP has
historically obtained grab samples for E. coli, dissolved oxygen (DO), conductivity, and temperature from
the North Nashua, Nashua mainstem, South Nashua (downstream of the Wachusett Reservoir outlet),
Squannacook, and Nissitissit river watersheds. During the pandemic (i.e., 2020 and 2021), NRWA
temporarily discontinued DO sampling because we did not have access to a facility where we could
conduct the DO titrations. The Department of Conservation and Recreation conducts water quality
sampling in the Wachusett Reservoir subwatershed.

Sampling revealed several areas of water-quality concern. In particular, high E. coli levels are persistently
found in multiple stretches of the watershed, including in: Leominster, Fitchburg, the North and South
stems of the Nashua River; and Wekepeke Brook in Lancaster, James Brook in Groton, and Mulpus Brook
in Lunenburg. Sucker Brook in Pepperell and Nonacoicus Brook in Ayer have also had intermittent, but
repeatedly, high E. coli levels.

Similarly, several stretches showed repeated periods of low DO and temperatures that exceeded the
limits for their fisheries designations. Notable for both low DO and high temperature are the cold-water
fish resources (CFRs) of: Wekepeke Brook in Lancaster, Mulpus Brook in Lunenburg, and Catecunemaug
Brook in Shirley. Sampling from the CFRs of the Nissitissit and Squannacook Rivers, as well as Sucker
Brook in Pepperell, repeatedly produced temperatures above 20  ̊C. We also obtained repeated low DO
values from James Brook in Groton.

In 2004 and 2005, we observed low DO values in the Pepperell Pond impoundment behind the Pepperell
dam on the Nashua mainstem. NRWA attributed these DO values to massive die-offs of the invasive
water chestnut in this stretch (at one point, the species covered over 45 acres in Pepperell Pond; the
die-offs were due to natural causes). DO concentrations in Pepperell Pond were generally acceptable in
2006 through 2010, whereupon sampling in the Pond was discontinued. Improved DO concentrations in
the Pond were likely due in part to water-chestnut management efforts, which began in earnest in 2008,
and included two years of mechanical harvesting until funding was discontinued. Annual hand pulls have
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occurred since 2005. Herbicide application in Pepperell Pond, through the DCR Partnership Matching
Funds Program, began in 2018.

Similarly, we anticipate that the dam removal below Bartlett Pond on Wekepeke Brook in Lancaster,
completed in 2014 may lead to improved temperature and DO values in this portion of the watershed.
DO values since 2014 are, on average, higher than pre-2014 DO values during the growing season, but
water temperatures have yet to demonstrate a clear response to the dam removal.

NRWA also obtained grab samples for special projects on an intermittent basis to assess the potential for
nutrient enrichment and illicit discharges at locations of particular concern. The assessed parameters
included: total and ortho-phosphate, nitrate-nitrogen, ammonia-nitrogen, surfactants (i.e., anionic
detergents), and chlorine. Results indicated elevated nutrient concentrations at the time of sampling at
multiple watershed locations. For example, we found elevated total phosphorus in the North and South
stems of the Nashua River in Lancaster and Leominster in 2012-2014, and in several tributaries in
Pepperell in 2009. Similarly, we discovered elevated nitrate concentrations in several tributaries in
Pepperell and Townsend in 2009. These special-project data provided an instantaneous glimpse into
water quality and were used to pinpoint sources of excessive nutrients. Historically significant
water-quality problems are summarized on pages 180-194 and Appendix 19 (Nashua River Watershed
Assessment and Listing Decision Summary) of the Final Massachusetts Integrated List of Waters for the
Clean Water Act 2018/2020 Reporting Cycle.

In 2020, we deployed 14 continuous temperature loggers in the watershed as part of a collaborative
effort with the United States Geological Service (USGS), Trout Unlimited, and MA Fish and Game to
identify cold-water fish refugia. Finally, in 2022, as part of the Eastern Massachusetts Continuous
Conductivity Collaborative, we installed one continuous conductivity logger in each of Baker Brook and
Falulah Brooks, both tributaries to the North Nashua River. We are in the process of analyzing data from

both of these on-going projects.

A5.4 Data Gaps

NRWA’s monitoring program has created a 30-year-long dataset that describes both mean conditions
and variation in the watershed’s water quality. A main purpose of the program is to continue to provide
baseline water-quality data for the watershed. Consequently, when significant deviances from typical
water-quality values arise, NRWA can flag and help rectify potential problems. Gaps in this baseline data
inhibit our ability to identify potential problems.

One gap in NRWA’s data is the lack of DO data from 2020 to 2021. To address this, NRWA restored DO
sampling to our water monitoring program in 2022.

A second gap is the lack of E. coli bacteria testing at numerous informal, but popular swimming areas in
the watershed. To address this, in 2022, we initiated a supplemental E. coli sampling program, for which
we sampled E. coli at seven swimming areas across three MA towns, once every two weeks, from July
through August. We have funding to continue the program, with one additional sampling location, in
2023 and 2024. In these years, we will sample E. coli at eight locations every two weeks from June
through August.
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Another gap is infrequent nutrient sampling in the watershed. In MA, nutrient sampling water-quality
objectives are provided in 314 CMR 4.05(5). From this perspective, the capacity of numerous smaller
tributaries to support the various uses designated by the MA Surface Water Quality Standards (314 CMR
4.05 and 4.06) remains unassessed. Further, nutrient data for the Nashua mainstem (Assessment Unit
MA 81-05) and the South Nashua (Unit MA 81-08) are sparse. Obtaining nutrient data from the
unassessed and the mainstem / South Nashua stretches would greatly assist in developing a complete
understanding of water-quality patterns throughout the watershed. NRWA hopes to obtain funding to
collect nutrient grab samples (e.g., total phosphorus, nitrate-nitrogen, ammonia) from some of these
data-poor stretches.

Finally, grab samples allow data collection over a broad geographic area, but only provide an
instantaneous snapshot of water quality. More frequent sampling would produce a clearer
understanding of the variability and range of certain parameters throughout the year. To address this
gap, we will continue, and hope to expand, our continuous temperature and conductivity logger
programs. The conductivity logger program is described in a separate QAPP and therefore is excluded
from this QAPP text and attachments. The temperature logger program was not previously covered by a
QAPP; we hereby include it in this QAPP.

A5.5 Explanation

The NRWA has been monitoring water quality in the watershed with a talented cadre of volunteer
monitors for 30 years. The NRWA is intimately familiar with the watershed and has the institutional
memory and human capital necessary to conduct a useful and successful annual water-quality
monitoring program. The NRWA has qualified staff scientists that run the program and both devoted and
trained monitoring volunteers. The NRWA is a respected non-profit institution in the watershed to which
residents, municipalities, and other organizations look for water-quality data. Finally, we have an
extensive repository of water-quality data which we can both add to and draw upon when interpreting
future project data.

A6 Project Description and Timeline

A6.1 Project Objectives

The primary goals of the NRWA’s ongoing Water Monitoring Program are to:

● Foster stewardship in the Nashua River watershed, to promote recognition that the river is an
asset to watershed communities;

● Improve aesthetics and provide an ecologically sound river system;
● Evaluate E. coli bacteria for primary and secondary contact recreation;
● Evaluate temperature and DO for support of aquatic life (especially cold-water fisheries);
● Evaluate conductivity for potential nonpoint source pollution;
● Evaluate, for special projects, nutrient levels and other pollutants in the watershed;
● Share assessment-level data with MADEP and NHDES that are directly usable in 303(d) and

305(b) decision-making, and with USGS for habitat conservation;
● Collect baseline information and identify long-term water-quality trends;
● Identify and resolve “hotspots” for additional testing by NRWA or others;
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● Provide user-friendly data to the public, state, and local officials through presentations, an
annual report, and the internet;

● Conduct public outreach and education about water-quality threats; and
● Collaborate with public officials and stakeholders to improve water quality by promoting best

management standards and low-impact development.

We compare sample data to the Massachusetts Surface Water Quality Standards (SWQS) and the New
Hampshire Surface Water Quality Regulations and NH RSA 482-A where standards are available, and to
accepted literature standards when no state surface water quality standards are available. There are no
numerical SWQS standards for phosphorus and nitrogen. However, in 2000, the US EPA established
Ecoregional Nutrient Criteria1 as part of an effort to reduce excess nutrients in water bodies in specific
areas of the country. The Nashua River watershed is in Ecoregion XIV, Eastern Coastal Plain, Northeastern
Coastal Zone. The recommended criteria for this ecoregion are found in: Ambient Water Quality Criteria
Recommendations, Information Supporting the Development of State and Tribal Nutrient Criteria, Rivers
and Streams in Ecoregion XIV. We compare our nutrient data to the recommended nutrient criteria for
the Ecoregion. If any sample value exceeds the SWQS standards, accepted literature standards, or
Ecoregional Nutrient Criteria, we flag the sample in our dataset, and then submit the dataset (including
both flagged and unflagged data) to MADEP for consideration in its formal impairment-decision process.
Similarly, we flag data from New Hampshire that exceeds the NH criteria and share our dataset with
NHDES.

For the informal swimming areas included in our supplemental E. coli testing program, we also share E.
coli test results with the local Boards of Health, when any result exceeds the SWQS for E. coli in
freshwater.

The relevant standards to which we compare sample results are summarized in Table 3.

1 US EPA “Ambient Water Quality Criteria Recommendations – Rivers and Streams in Nutrient Ecoregion XIV” Dec. 2000 EPA 822-B-00-022. Data based on 25th percentile for

all seasons’ data, Ecoregion XIV, subregion 59 streams.
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Table 3.  Surface Water Quality Criteria for MA and NH

Parameter MADEP
Massachusetts Surface Water Quality Standards

(314 CMR 4.00)

NHDES
New Hampshire Surface Water Quality Regulations

(Env-Wq 1700) & RSA 485-A:8
Routine Monthly Monitoring Parameters

Dissolved Oxygen (DO) Cold water fisheries: Not less than 6 mg/L
Warm water fisheries: Not less than 5 mg/L
Where natural background conditions are lower than the above criteria,
DO shall not be less than the natural background conditions.

Class B1: At least 75% of saturation, based on a daily average, and
an instantaneous minimum of at least 5 mg/l, except as naturally
occurs2,3,4.

Temperature (T) Unless naturally occurring:
Cold water fisheries: <20 °C
Warm water fisheries: <28.3°C

No numeric standard.
Class B:  Any stream temperature increase associated with the
discharge of treated sewage, waste or cooling water, water
diversions, or releases shall not be such as to appreciably
interfere with the assigned uses (i.e., fishing, swimming, other
recreation, and after adequate treatment: water supply)3.

E. coli Not to exceed 126 colony-forming units (cfu) per 100 mL, calculated as
the geometric mean of all samples collected within any 90-day or
smaller interval; and
No more than 10% of all samples shall exceed 410 cfu per 100 mL (a
statistical threshold value)

Class B: Unless naturally occurring, shall contain not more than
either a geometric mean of 126 E. coli cts/100 mL based on at
least three samples obtained over a sixty-day period, or greater
than 406 E. coli cts/100 mL in any one sample.
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Table 3 continued.

MADEP
Massachusetts Surface Water Quality Standards

(314 CMR 4.00)

NHDES
New Hampshire Surface Water Quality Regulations

(Env-Wq 1700) & RSA 485-A:8
Special Projects:    Analyses performed-by Nashoba Analytical, LLC

Total Phosphorus (TP)5 0.0238 mg/L6

Class B: None that would impair existing or designated uses,
unless naturally occurring2

Orthophosphate (ortho-PO4;

(dissolved reactive phosphate) 5

Free from nutrients in concentrations that would cause or contribute to
impairment of existing or designated uses.

Ammonia Nitrogen (NH3)
5 Criterion Maximum Concentration (CMC; µg/L)

The concentration determined using Tables 5a or 5b, as applicable, of
EPA's "Aquatic Life Ambient Water Quality Criteria for Ammonia -
Freshwater - 2013", EPA 822-R-18-002 (Ammonia Criteria, 2013)7

or

The calculated concentration using the applicable equation provided in
Appendix B of 314 CMR 4.0. However the criterion is determined, the
Standard CMC Frequency & Duration applies

Nitrate-Nitrite Nitrogen (NO3+NO2)
5 NO2 + NO3 = 0.31 mg/L6

Total Kjeldahl Nitrogen (TKN)5 0.30 mg/L6

Total Suspended Solids (TSS)5 Free from floating, suspended and settleable solids in concentrations or
combinations that would impair any use assigned to this class, that
would cause aesthetically objectionable  conditions, or that would
impair the benthic biota or degrade the chemical composition of the
bottom.

None

Illicit Discharge Detection & Elimination (IDDE) Parameters:  (Analysis performed by NRWA using US EPA Screening Kits)
MA DCR IDDE Plan Benchmark NH MS4 General Permit

IDDE Program Benchmark
Ammonia Nitrogen (NH3) > 0.5 mg/L ≥ 0.5 mg/L

Chlorine > 0.02 mg/L
(detectable levels per the 2016 MS4 Permit)

≥ 0.02 mg/L

Surfactants > 0.25 mg/L ≥ 0.25 mg/L

1 The Nashua River and its tributaries are all classified as Class B New Hampshire waters.
2 In areas identified by the New Hampshire Fish and Game department (NHF&G) as cold water fish spawning areas of species whose early life stages are buried in the gravel on
the bed of the surface water, the 7-day mean dissolved oxygen concentration shall be at least 9.5 mg/l, and the instantaneous minimum dissolved oxygen concentration shall be
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at least 8 mg/l for the period from October 1 of one year to May 14, provided that the time period shall be extended to June 30 for a specific waterbody if NHF&G determines the
extended period is necessary to protect spring spawners or late hatches of fall spawners, or both.
3 As specified in RSA 485-A:8, III, waters in a temporary partial use area established under RSA 485-A:8, II as a surface water that is receiving a combined sewer overflow
discharge shall contain not less than 5 parts per million of dissolved oxygen and shall be free from conditions inimical to aquatic life or the maintenance of aquatic life, for the
duration of the discharge and up to 3 days following cessation of the discharge;
4 Unless naturally occurring, or subject to Class A standards, surface waters within the top 25 percent of depth of thermally unstratified lakes, ponds, impoundments, and
reservoirs or within the epilimnion shall contain a dissolved oxygen content of at least 75 percent saturation, based on a daily average and an instantaneous minimum dissolved
oxygen content of at least 5 mg/l. Unless naturally occurring, the dissolved oxygen content below those depths shall be consistent with that necessary to maintain and protect
existing and designated uses.
5 All or some of these parameters may be analyzed for special projects.
6 Standard taken from: US EPA “Ambient Water Quality Criteria Recommendations – Rivers and Streams in Nutrient Ecoregion XIV” Dec. 2000 EPA 822-B-00-022.  Data based on
25th percentile for all seasons’ data, Ecoregion XIV, subregion 59 streams.
7 This US EPA publication may be located by searching by its EPA document number on MADEP's website.
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A6.2 Study Area

The NRWA study area encompasses four of the five major subwatersheds in the Nashua River watershed:
North Nashua, Nashua mainstem (including the South Nashua from the Wachusett Reservoir outlet),
Squannacook, and Nissitissit. The main tributaries to the Wachusett Reservoir (Stillwater and Quinapoxet
Rivers) are sampled extensively by the Department of Conservation and Recreation to assess
drinking-water quality and are not included in the NRWA study area.

Within the four focal subwatersheds, NRWA staff and trained volunteers conduct routine monthly
monitoring at 17 rivers and streams at approximately 30 sites in the Nashua River watershed, usually
from April through October. The number of sampling sites and of field and laboratory volunteers
fluctuate yearly as volunteers come and go, though the number of monitoring sites has tended to
increase over time. NRWA occasionally changes sampling sites to better address emergent water-quality
issues. In general, NRWA chooses sampling sites that cumulatively represent the diverse state of water
quality in the subwatersheds. Several sites focus on developed areas with impaired waters; monitoring at
these sites helps track changes in impaired status over time. Other sites are in less-developed areas
where surrounding land uses range from exurban to rural to agricultural. Sampling in these locations
helps identify new water-quality problems as they arise, pinpoint problem sources, and understand
baseline conditions of water quality in unimpaired portions of the watershed.

Following is a list of the rivers and streams that we monitored in 2022 and additional streams that were
monitored in the recent past. In 2023, we plan to re-introduce a sampling location on Unkety Brook in
Dunstable, MA, as well as add a second site on Mulpus Brook (Shirley, MA), a site on Bow Brook
(Lancaster, MA), and a site just above the confluence of the Nashua and Merrimack Rivers (Nashua, NH).

Sample Streams: 2022

Baker Brook
Catecunemaug Brook

Flint Brook

Goodridge Brook

James Brook

Monoosnoc Brook

Mulpus Brook

Nonacoicus Brook

Nod Brook

Nashua River Mainstem

North Nashua River

Nissitissit River

Reedy Meadow Brook

South Nashua River

Squannacook River

Willard Brook
Wekepeke Brook

Recently Discontinued Sample Streams
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Bowers Brook
Gulf Brook
Sucker Brook
Trapfall Brook
Unkety Brook
Walker Brook

The 14 continuous temperature loggers that NRWA installed in 2020 were distributed across several
cold-water fish resource (CFR) streams in three of the subwatersheds (i.e., the Nashua mainstem, the
Nissitissit River, and the Squannacook River). When choosing sites, we surveyed CFR streams for
particularly cold locations that might serve as fish refugia, based on landscape position and
instantaneous water-temperature (obtained with a hand-held YSI ProSolo meter [Model #626660]). We
installed five loggers in the Nashua River mainstem watershed (one in Unkety Brook and four in Mulpus
Brook); two in the Nissitissit River subwatershed (one in the Nissitissit River and one in Sucker Brook);
and seven in the Squannacook River subwatershed (two in Pearl Hill Brook and one in each of a Willard
Brook tributary, Nutting Brook, a Squannacook River tributary, a Locke Brook tributary, and Trapfall
Brook). In fall 2022, we removed three of the loggers: one from a tributary to Mulpus Brook after
determining that it was too close to another logger to provide unique data, and one each from the
Squannacook River tributary and the Locke Brook tributary (both were out of water due to drought
conditions). We also installed one new logger in the Squannacook River. In 2023, we will expand the
program to include previously unsampled portions of CFRs in these watersheds. We will choose final
sites based on in-situ data, but are considering: Reedy Meadow, Catecunemaug, Walker, Morse, Bow,
and Flint Brooks in the Nashua mainstem watershed; an upstream location in Sucker Brook in the
Nissitissit subwatershed; and Trapfall, Bayberry Hill, and Walker Brooks, and the Squannacook River
itself, in the Squannacook River subwatershed. We are particularly interested in adding sites on Reedy
Meadow, Catecunemaug, Bow, and Sucker Brooks because major land-use-change projects are proposed
in close proximity to these CFRs.

A6.3 Time Period

The Nashua River water-quality-sampling program is a long-term monitoring program in its 30th year.
This program is primarily implemented during the growing season (i.e., from April through October each
year). During this period, monthly sampling occurs at all routine sampling locations. As funding allows,
we also collect grab samples for nutrient and/or limited pollutant analysis at secondary sampling
locations (i.e., special projects; with locations determined on an as-needed basis). We selected the
growing season for three reasons: 1) human interactions with water in the watershed are most frequent,
2) streamflow is lowest and stress to aquatic life generally highest, and 3) plant growth and animal
activity in the waterways are greatest, during the growing season. Monthly sampling allows us to track
intra- and interannual changes in water quality during the growing season, while operating within the
financial constraints of our organization.

Additional sampling occurs outside of the growing season as funding allows. We are in the second year
of using continuous (i.e., year-round) data loggers to sample surface-water temperature at 13-14
locations suspected to be cold-water refugia for fish (with new sites to be added in 2023). This is a
long-term project that will last as long as equipment is viable. The purposes of this sampling are to
assess whether locations have year-round temperatures that can support cold-water fish assemblages
and to assess how temperatures, and thus potential habitat, vary through time.
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In a separate project, covered under a different QAPP (i.e., the Eastern Massachusetts Water Quality
Monitoring Collaborative), we are using continuous data loggers to sample conductivity at two locations
during two distinct time periods each year, starting in 2022. The first period is from June through
September (to capture conductivity during low flow conditions); the second is from January through
March (to capture conductivity during winter runoff). We sample conductivity as a proxy for chloride, a
pollutant derived largely from deicers applied during winter months. This project will continue as long as
equipment remains viable. In 2023, we will add four additional conductivity loggers, pending funding.
We will install two loggers where road salt is heavily used, and the other two in locations where large
developments are proposed adjacent to sensitive CFR streams.

A6.4 Parameters

During routine monthly sampling, volunteers use a multi-parameter meter to measure the conductivity
and temperature of stream water. On rare occasions (e.g., if a probe is broken), volunteers use a liquid
thermometer to measure temperature. Volunteers also obtain stream-water samples for E. coli and DO
testing and analyze these samples at the Nashua River Watershed River Resource Center, in Groton, MA.
Volunteers use the Colilert® 24 Testing System (SM 9223B) for E. coli testing, and Winkler titration with a
digital titrator (SM 4500-O) for DO.

As funding permits for special projects, we also collect water samples to be analyzed for the following
parameters by Nashoba Analytical LLC (Certification #: M-MA1118):

Parameter Method

•     Total phosphorus: EPA 200.7
•     Ortho-phosphate: SM 4500 P
•     Ammonia-nitrogen: SM4500-NH3
•     Nitrate-nitrite nitrogen: EPA 300.0
•     Total Kjeldahl nitrogen: HACH 10242
•     Total suspended solids: SM 2540D

As funding permits for special projects, NRWA staff analyze stream water in-situ for Illicit Detection and
Elimination Program parameters using US EPA Screening Kits as follows:

Parameter Method

•     Ammonia-nitrogen: Hach Brand Ammonia Test Strips
•     Chlorine: Hach Pocket Colorimeter
•     Surfactants: Methylene Blue Active Substances Test Kit (CHEMetrics

K-9400)

For continuous temperature monitoring, NRWA staff secure HOBO TidbiT MX Temp 400 (MX2203)
temperature loggers in the stream water column (as described in the attached Standard Operating
Procedure for continuous temperature logger program) and download data from the loggers using the
HOBOconnect app, at the beginning of the summer season in May, and again in October.
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Justification for each sampled parameter is included in Table 4.

Table 4. Justification of sample parameters
Parameter Justification for Parameter

Routine Monthly Monitoring:

Dissolved Oxygen Determine the amount of oxygen available for aquatic life.
Temperature Determine habitat suitability for aquatic life; evaluate whether the waterbody meets

or exceeds MA cold / warm water fishery standards.
Conductivity Evaluate the presence of dissolved or suspended materials in the water column that

may affect aquatic life, habitat, aesthetics, and recreational use.
Escherichia coli (E. coli) Evaluate health risks associated with recreational use of the waterbody.

Appearance Determine whether factors like color and odor detrimentally affect aesthetics,
recreation, or light penetration. Flag possible pollution releases for investigation.

Special Projects only:
Total Phosphorus (TP) Determine total phosphorus concentration in water. Phosphorus is a rate-limiting

nutrient; small concentrations can cause rapid algae and aquatic plant growth. Total
phosphorus includes all forms of phosphorus in the water.

Ortho-phosphate
(dissolved reactive phosphate)

Determine fraction of total phosphorus that is soluble or bioavailable, and thus
potential for phosphorus-driven algal and plant blooms.

Total Kjeldahl Nitrogen (TKN) Use to calculate total nitrogen. TKN = NH3 + organic N.
Nitrate-nitrogen (NO3)
Nitrite-nitrogen (NO2)
Ammonia-nitrogen (NH3)
Total Nitrogen (TN)

Determine concentrations of bioavailable nitrogen (i.e., NO3, NO2, and NH3) and total
nitrogen. Total nitrogen (TN) =  NO3 + NO2 + NH3+ organic-N = NO3 + NO2 + TKN.
Excess nitrogen can indicate non-point source pollution and/or sewage pollution and
can cause excessive plant and algal growth.

Ammonia- nitrogen (NH3) Evaluate presence of sewage or septic sources. Ammonia can be toxic to aquatic life.
Surfactants Determine presence/ absence of detergents in wash water entering storm drains.

Detergent presence may indicate illicit discharge into water.
Total Chlorine Detect chlorinated municipal wastewater or tap water. Chlorine can be toxic to

aquatic life. Chlorine presence may indicate illicit discharge into water.
Total Suspended Solids Measure quantity of particles ˃ 2 microns in the water (i.e., suspended solids).

Suspended solids can impair the water’s aesthetic or aquatic-life-habitat values.

A6.5 Data Users

We typically share sampling results with volunteer monitors, local officials, MADEP, NHDES, US EPA, local
civic groups, and with the general public on the NRWA web site. NHDES typically uses the NRWA data to
formulate their annual Volunteer River Assessment Program (VRAP) water-quality report. MADEP
typically uses NRWA data to develop assessment reports. Both NRWA and MADEP have used
water-quality results to identify areas requiring further study. We also share continuous
temperature-logger data with the USGS EcoSheds program (https://www.usgs.gov/apps/ecosheds/#/).

A6.6 Site-Selection Rationale
We selected monthly sampling locations that were geographically dispersed across the watershed to gain
a broad understanding of water quality across our study area. Using monitoring data from previous
years, we then identified specific stretches of waterways that were of concern due to prior impairment,
and located several sampling sites within these stretches. This allows us to track pollutant/pollution
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trends in these areas of concern.

Within the constraints of funding and volunteer participation, we maximize the number of monitoring
locations each year. We collect one set of samples from each location each month because this gives us
high-quality instantaneous data for each location, while maximizing the number of locations and still
operating within logistical constraints. For special projects, we collect one set of samples per location per
date, but we may return on multiple dates to collect additional single grab samples, as dictated by the
specific needs of the special project.

For the temperature-logger program, we selected initial sites in CFR streams that we expected to have
cold water temperatures year-round. To identify potential sites, we surveyed CFR streams on-foot,
searching for niches and springs that had cold water temperatures, as identified by a hand-held YSI
ProSolo meter (Model #626660). For loggers to be installed in 2023, we will similarly survey CFR streams
on-foot, but will focus surveys on CFRs stretches that do not currently contain a temperature logger and
whose water quality will potentially alter when major proposed land-use changes are enacted. This
purposive logger-site selection allows us to specifically identify locations that have the capacity to
support cold-water fish assemblages year-round. Available funding determines the number of logger
sites.

For more information on sampling rationale, see the section on “Representativeness” as a Data Quality
Indicator, below.

A6.7 Map of Area and Sampling Sites

A map with labeled sampling locations is included as an attachment. The map includes a legend, scale,
and compass direction.

Table 5. Sampling Locations

Location ID Location Name Latitude/Longitude
BB2678 Baker Brook_John Fitch_Fitchburg 42.57456 / -71.77503
CT0012 Catecunemaug Brook_Lovell St_Shirley 42.54153 / -71.63716
FT0290 Flint Brook_French Mill Rd_Hollis 42.72643 / -71.55629
JB0960 James Brook_Bates Land_Groton 42.597562 / -71.569347
MN0223 Monoosnoc Brook_Whitney Carriage Parking

Lot_Leominster
42.52733 / -71.7545

MU0647 Mulpus Brook_Brockelman Property_Lunenburg 42.59686 / -71.67374
NB1947 Nonacoicus Brook_Shirley St Bridge_Ayer 42.55944 / -71.59669
ND0007 Nod Brook_at Bridge_Groton 42.62846 / -71.5868
NM0140 Nashua Mainstem_Main St Bridge_Nashua 42.76339 / -71.46664
NM0200 Nashua Mainstem_Technology Park_Nashua 42.76337 / -71.47674
NM0875 Nashua Mainstem_Mine Falls Park_Nashua 42.74929 / -71.50587
NM2928 Nashua Mainstem_US side Rte 119 Bridge_Pepperell 42.62658 / -71.59361
NM4010 Nashua Mainstem_Filter Bed Rd East_Devens 42.56695 / -71.60695
NM4426 Nashua Mainstem_Hospital Rd_Shirley 42.54101 / -71.63349
NM6274 Nashua Mainstem_Still River Depot Rd_Harvard 42.49567 / -71.62671
NN0547 North Nashua River_Pellecchia @ Rt 70_Lancaster 42.48132 / -71.685054
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Location ID Location Name Latitude/Longitude
NN1864 North Nashua River_488 Main St bridge_Leominster 42.53965 / -71.74244
NN2657 North Nashua River_Riverfront Park_Fitchburg 42.581424 / -71.797643
NT0082 Nissitissit River_US mouth Lomar Park_Pepperell 42.67298 / -71.56696
NT1255 Nissitissit River_Bohannon Bridge_Brookline 42.7169 / -71.65061
RM0240 Reedy Meadow Brook_Shawnee Rd_Pepperell 42.67078 / -71.56258
SQ0356 Squannacook River_Rt 225 Bridge_Groton 42.602924 / -71.62763
SQ1329 Squannacook River_DS from Shepard's auto_Townsend 42.652 / -71.6707
SQ1788 Squannacook River_off of Elm Circle_Townsend 42.663 / -71.70859
WB0457 Willard Brook_US Damon Pond_Ashby 42.66176 / -71.79301
WE0034 Wekepeke Brook_DS Rt 117_Lancaster 42.48853 / -71.71398
WB0456 Willard Brook_In Damon Pond_Ashby 42.662057 / -71.791165
CT0425 Catecunemaug Brook_Catecunemaug Rd_Shirley 42.55433 / -71.67327
GR4770 Goodridge Brook_North Main St_Clinton 42.43554 / -71.68446
SN2462 South Nashua River_High St Bridge_Clinton 42.432518 / -71.679793
JB0200 James Brook_Smith St/Old Ayer Road_Groton 42.5849 / -71.5723
NT0418 Nissitissit River_Prescott St_Pepperell 42.69184 / -71.590463
HealdPd Heald Pond_Pepperell 42.68192 / -71.61676
SQBlckRk Squannacook River_Black Rock_Townsend 42.67411 / -71.70816
SQ1895 Squannacook River_Adams Dam_Townsend 42.66607 / -71.70973
SQ1012 Squannacook River_Bertozzi WMA_Groton 42.63435 / -71.65793
NM3386 Nashua River_Nashoba Paddler_Groton 42.60592 / -71.59821
NM3120 Nashua River_Fitch bridge_Groton 42.66843 / -71.63453
Wbtrib 49 Willard Brook trib_off Piper RD_Ashby 42.66486 / -71.83717
LOCK58 Locke Brook_Locke Rd_Ashby 42.70055 / -71.79552
TFBT59 Trapfall Brook_Harris Rd_Ashby 42.69268 / -71.82624
UK46 Unkety Brook_off Adams Rd_Dunstable 42.66539 / -71.52948
NuttB51 Nutting Brook_Bertozzi WMA_Groton 42.63579 / -71.64949
MUL53 Mulpus Brook_Cowdry Nature Preserve_Lunenburg 42.59959 / -71.68091
MULtrib54 Mulpus Brook US trib_Peabody Cons Area_Lunenburg 42.61714 / -71.73999
MULUPS57 Mulpus Brook_Upstream Peabody Conserv Area_Lunenburg 42.61715 / -71.73985
Sart 47 Sucker Brook Trib_Sartelle property spring_Pepperell 42.67817 / -71.60816
Niss55 Nissitissit WMA_off Brookline St_Pepperell 42.69718 / -71.60485
Mul
mouth56

Mulpus Brook_Near mouth/Route2A WMA_Shirley 42.57562 / -71.61678

LPB48 Lower Pearl Hill Brook Spring_Townsend 42.67059 / -71.75591
SQOT52 Squannacook River trib_Townsend 42.67885 / -71.74292
UPBk50 Pearl Hill Brook Upper_Townsend 42.65293 / -71.76077
SQBtzGS Squannacook River_Bertozzi WMA USGS Gauge_Groton 42.63405 / -71.6580
JB0121 James Brook_Route 111 Bridge / Pumping

Station_Ayer/Shirley
42.57945 / -71.5886
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A6.8 Anticipated Schedule

Table 6. Program Schedule

Activity J F M A M J J A S O N D

Sample Water Quality X X X X X X X

Train volunteer water-quality
monitors

X

Analyze data X X X X

Write and disseminate reports X X X

Gather equipment X X X

A7 Data Quality Objectives

Our data-quality objectives are four-fold:

1) Collect baseline data on watershed water-quality. This allows us to document variability in
water quality across years and seasons and to observe temporal water-quality trends.

2)   Identify significant deviations from typical water-quality patterns, alerting us to potential
water-quality problems in the watershed.

3)   Provide assessment-level data to the MA Department of Environmental Protection’s
Watershed Planning Program and the NH Department of Environmental Services Volunteer
River Assessment Program, to assist with impairment decisions under the federal Clean
Water Act, as appropriate.

4)   Inform the public (including volunteers, municipal boards, land trusts, and citizens) about
water-quality trends and problems, to encourage watershed stewardship and resolve
pollution issues.

Requirements for ensuring that the data are useable for their intended purpose (that is, are of suitable
quality) include accuracy, precision, representativeness, comparability, and completeness. When these
requirements are met, the final data product is technically defensible. Data elements for this project are
discussed in terms of the appropriate Data Quality Indicators, defined as:
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Accuracy: The extent of agreement between a measured
value and the true value of interest.

Precision: The extent of mutual agreement among
independent, similar, or related measurements.

Representativeness: The extent to which measurements represent
true systems.

Comparability: The extent to which data from one study can be
compared directly to similar studies.

Completeness: The measure of the amount of data acquired
versus the amount of data required to fulfill the
statistical criteria for the intended use of the data.

The Data Manager evaluates precision, accuracy and completeness of the data as soon after the
sampling event as possible and implements corrective actions to rectify problems as needed. Possible
corrective actions for data that do not meet Data Quality Objectives (DQOs) include:

1)  Resampling of the questionable sample, if possible;
2)  Using data, but “flagging” it and detailing potential problems using result-qualifier codes;
3)  Rejecting / censoring individual samples and excluding them from final data analysis;
4)  Rejecting all data from a site or date and, possibly, recommending selecting a new site, parameters

sampled, and/or methods used.

NRWA staff correct any problems arising from deviations from field-sampling or laboratory-processing
protocol prior to the next sampling event. NRWA staff detail all data problems, solutions, and limitations
in a final Quality-Control (QC) report.

Our most commonly used Result-Qualifier Codes are listed in Table 7.

Table 7. Result Measure Qualifiers

Result Measure Qualifier Code Description
BRL Below reporting limit
FPP Sample field preparation problem
IDL Instrument detection limit, less than
J Estimated: The analyte was positively identified and the

associated numerical value is the approximate
concentration of the analyte in the sample

LAC No result reported, lab accident
LBF Lab failed, sample not analyzed
NPNF Normal protocol not followed
QC Quality control problems
R Rejected: the sample results are unusable due to the

quality of the data generated because certain criteria
were not met. The analyte may or may not be present in
the sample

RC See result comment
RPO % RPD outside of acceptable limits
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SUS Result value is defined as suspect by data owner

We summarize DQOs in Tables 8.1 - 8.4.

A7.1 Precision

We assess precision by calculating the degree of agreement among samples or repeated probe readings
for both field-sampling procedures (e.g., field duplicates) and laboratory procedures (e.g., laboratory
replicates, specifically split samples). The duplicate samples or probe readings are taken from water that
is collected approximately simultaneously, so that conditions are essentially the same across samples.
Except for DO and water temperature, we assess precision by calculating the Relative Percent Difference
(RPD) between duplicate samples/readings. RPD is calculated as:

        𝑅𝑃𝐷 =  
𝑋

1
−𝑋

2| |
𝑋

1
+𝑋

2( )/2 * 100

where

RPD = Relative Percent Difference (as %)
|X1 -X2|= Absolute value (always positive) of X1 – X2
X1 = Original measurement
X2 = Duplicate measurement

For DO and water temperature, we use the absolute difference between duplicate results as our
measure of precision.

During routine monthly sampling, we check field-sampling-procedure precision, by having volunteer
monitors collect duplicate field samples or take duplicate field measurements for at least 10% of
samples. We send out a field-duplicate schedule to all volunteer monitors at the beginning of the season
which describes when and where each will collect duplicate samples. Each month, we give those
volunteers who have been assigned to collect a field duplicate for that month an extra set of sample
bottles. The Volunteer Manual details how to collect the duplicate samples. Volunteers also take
duplicate readings with Hanna Conductivity / Temperature testers (or a liquid thermometer, if a
temperature probe is unavailable).

To check laboratory precision, laboratory volunteers analyze repeat samples (i.e., laboratory replicates)
of 10% of the DO and E. coli samples, respectively, analyzed in the laboratory each sampling day.

For special project nutrient and TSS samples, NRWA personnel collect field duplicates of one sample per
parameter per sampling day.

For temperature loggers, NRWA staff collect a duplicate water-temperature reading using a YSI ProSolo
multimeter (Model #626660) from the same height in the water column as the logger is situated, at the
following times: when each logger is deployed, every month during the growing season, and at the start
and end of each growing season. NRWA staff calculate RPD for the logger program, by comparing the
multimeter duplicate readings to the logger data, linking (and comparing) data obtained at identical
times across each source.
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Precision DQOs can be found in Tables 8-1 to 8-3.

A7.2 Accuracy

Accuracy describes how close a reported result is to a true or expected value and the degree to which
bias is avoided or minimized. We evaluate in-house field and laboratory accuracy using performance
evaluation samples and blank samples. We also use robust volunteer training to promote accuracy.

For routine, monthly testing, the number of field blanks tested each month for E. coli analysis is
equivalent to at least 10% of the total samples collected that month. To create blank samples for bacteria
sampling, we give volunteers an extra set of sterile sample bottles that they fill with distilled water at the
sampling site. In the lab, we test these blank field samples in the same way as the regular field samples.
Field blanks indicate whether monitors contaminated the samples during sampling. We also run two
laboratory blanks for each batch of coliform bacteria samples processed to ensure contamination of lab
equipment has not occurred. We expect field and lab blanks to produce no E. coli colonies. If blanks are
contaminated (i.e., produce E. coli colonies), we may reject the given batch of E. coli analyses. Finally, at
the start of each batch of IDEXX reagents (used for E. coli testing), we run performance evaluation
samples for three bacterial groups: E. coli, Klebsiella sp., and Pseudomonas sp. These samples are
provided by the IDEXX corporation; our results are compared to the acceptable ranges provided for each
by IDEXX.

For routine conductivity and water-temperature testing, volunteers use Hanna Instruments Conductivity /
Temperature Testers (or a liquid thermometer, if a digital probe is unavailable) to record readings in situ.
NRWA staff or volunteers calibrate each Hanna Tester prior to and after sampling each month, using a
known 1413 microSiemens/cm (µS/cm) calibration solution and calculate meter accuracy against these
calibration values. Temperature readings of the Hanna meters is checked for accuracy with a
NIST-calibrated thermometer.

NRWA uses routine conductivity testing as a screening tool, but conducts more rigorous instrument
calibration (i.e., pre and post sampling) for special projects and temperature-logger data. Specifically,
NRWA staff calibrate a YSI ProSolo Multiparameter Water Quality Meter (Model #626660) before and after
special-project testing and temperature-logger duplicate readings, comparing meter conductivity readings
to both a 0 and 1000 microSiemens/cm (µS/cm) calibration solution (for special projects only), and meter
temperature readings to a NIST-calibrated liquid thermometer. NRWA calculates
special-project-conductivity and temperature accuracy for both pre- and post-sampling. Annually, NRWA
sends the YSI ProSolo meter to the parent company for maintenance and calibration.

For temperature-logger accuracy, NRWA staff use the HOBOconnect app to calculate each logger’s drift
across each year, as compared to the hand-held meter duplicate readings. NRWA staff evaluate data
accuracy based on the “Accuracy Ratings” included in Table 8-4. Additionally for temperature loggers and
starting in 2023, NRWA staff will assess logger accuracy by comparing logger temperature to a
NIST-calibrated thermometer in the lab, before and after each logger is deployed. (See the attached
temperature-logger SOP).

To assess the accuracy of routine, monthly DO samples, we use QC DO samples (i.e., performance
evaluation samples), specific to the Winkler Method, purchased from UMass Amherst Environmental
Analysis Lab (EAL). Each monitoring day, we test these QC samples prior to testing the field samples and
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then again after all the field samples have been analyzed. To “pass” a QC sample, analysts need to obtain
DO values that are within 10% of the expected value for dissolved oxygen in the QC sample, as disclosed
by the EAL.

For samples analyzed at an off-site laboratory, we follow the accuracy policy and procedures provided by
the certified analytic laboratory’s QAPP or SOP, which generally rely on performance evaluation
standards. For Illicit Discharge and Detection sampling, we use the accuracy standards established by the
US EPA for their IDDE detection kit. Depending on the analyte, specific accuracy objectives can be
concentration-based (e.g. +/- 0.010 mg/l @ < .05 mg/l and + /- 20% @ > .05 mg/l), or defined in terms of
percent recovery percentages (e.g. 80-120 % recovery of matrix spike/PE sample).

For special project nutrient and TSS samples, we collect field blanks from each of the sites on a rotating
basis to check for contamination in the bottles and/ or from the collection methods. At least one blank is
collected each sampling day. For the blanks, NRWA staff use a second set of sample bottles, prepared in
the same way the regular sample bottles are prepared at the analytic laboratory. We pour distilled water
into each of the blank sample bottles.

Accuracy DQOs can be found in Tables 8.1-8-4.

A7.3 Representativeness

Representativeness describes how well measurements from a subset of sites truly reflect conditions
across all sites in a group. NRWA uses several approaches to establish representativeness.  We collect
samples in areas that represent the main flow or column of each waterbody, to the extent possible
without endangering volunteers. We assume that the main flow represents water conditions in the
waterbody at that location. To minimize influence from the surface or bottom of the water column, we
collect all samples 6-12 inches below the water surface (or mid-depth where water is less than 6 inches
deep), upstream from the sampler (if sampler is in the water).

Additionally, for routine monthly sampling, we collect samples from diverse types of sites:

1. Recreational contact (e.g., swimming, boating);
2. Trend sites, chosen to represent locations where long-term data collection is desired;
3. Reference sites, located upstream of known impact areas, or a relatively unimpacted

subwatershed.
4. Impact sites, located directly downstream from impacts. Impact sites are generally the sites

where WWTFs, development, and impervious surfaces may be having an impact on water
quality; and,

5. Integrator sites, representing conditions at tributary confluences.

Across these sites, we select sampling locations and survey times that should ensure that the samples
taken represent typical field conditions at the time and location of sampling.

For special projects (e.g., nutrient sampling), we choose sampling locations and times that we expect are
representative of the site-specific impacts of illicit connections or stormwater discharges.
Representativeness is less of a concern for the temperature-logger program because NRWA strives to
select sites that have year-round cold-water temperatures, a characteristic which intentionally
differentiates these sites from many others in the watershed.
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A7.4 Comparability

We assure that collected data is comparable across sites and years, and useable by other organizations, by
using accepted state and federal sampling and analysis protocols, and documenting methods, analyses,
sampling sites, times, dates, and sample storage and transfer techniques. In particular, for DO, we collect
each sample in a 60 ml Wheaton bottle, fix the sample in the field, use the Winkler method to analyze DO
in the laboratory, and use performance evaluation samples to assess quality control (see Accuracy section
for more details). To enhance temporal comparability, NRWA strives to keep sampling and analysis
methods consistent, and to keep a subset of mainstem sampling sites the same, over time.

A7.5 Completeness
Completeness is the ratio of the number of valid sample results to the total number of results planned
for collection. The Data Manager and Project Manager assess the completeness of the data generated
against the project goals. Following completion of the sampling, analysis, and data review, the percent
completeness is calculated and compared to the project objectives stated in below using the following

equation: %𝐶 =  𝑁
𝑇 * 100

where

%C = Completeness (as %)
N = Number of usable results
T = Targeted number of samples planned

If the goal is not met, data gaps require evaluation to determine the effect on the intended use of the
data. Sample re-analysis, analysis of archived material, and/or re-collection of the sample may be
appropriate depending on criticalness of the missing data, logistical constraints, cost, and schedule.

In a typical year, NRWA judges our routine monthly monitoring program to be complete / successful if at
least 85% of the planned samples per sampling season are collected, analyzed, and determined to meet
DQOs. Typically, we sample from 30 to 45 sites in the Nashua River watershed, once per month, from
April through October; and strive to collect samples from each site for 6 of the 7 sampling dates (i.e.,
85% completeness). In 2022, however, the sampling season ran from May through October. Our 2022
completeness goal was to collect samples from each of our sites for 5 of the 6 sampling dates (i.e., 83%
completeness).

We consider our temperature-logger data to be complete if at least 90% of the anticipated number of
samples are collected, analyzed, and determined to meet DQOs.

.
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Table 8-1: Data Quality Objectives: Routine Monthly Monitoring (conducted by NRWA staff and volunteers)

Parameter Where
Analyzed

Method or
Instrument

Units Detection/
Reporting

Limit

Accuracy Precision
(RPD)

%
Completeness*

Approximate
Range

Dissolved
Oxygen (DO)

NRWA
River
Resource
Center

Standard
Methods

4500-O

Winkler
Titration with
Digital Titrator

mg/L 1a +/- 10% of QC
standard

+/- 1.0 mg/l  difference between
field duplicates and between lab
replicates, respectively

85 1.0-20.0

Conductivity In situ Multiparameter
probe

μS/cm 10b +/- 5% of known QC
standard

+/- 20% between field duplicates 85 0-5,000

Temperature
(T)

In situ Multiparameter
probe

Liquid
thermometer

°C 0.5b

0.1 b

+/- 1.0 °C  between
meter/thermometer
and NIST-calibrated
thermometer

+/-1.0  ̊C between field duplicates 85 0-60.0

0-50.0

E. coli NRWA
River
Resource
Center

Colilert® 24
Testing System;
Standard
Methods SM
9223B

Most
Probable #
of col./100

mL

<1c blanks and negatives
show no colonies,
positives show
colonies as specified
on IDEXX certificate
of analysis

For field & lab duplicate data,
either:

For raw data:

+/- 50 MPN/ 100 mls

Or:

For log10 transformed  data:

<30%RPD (<50 MPN/ 100 mls)

<20% RPD (50-500 MPN/ 100 mls)

<10%RPD (500-5000 MPN/ 100 mls)

<5%RPD (>5000 MPN/ 100 mls)

85 <1 – 100,000
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*Typical completeness target = 85%. Target for 2022 was 83% (due to a delayed start to the 2022 sampling season).
a Laboratory reporting limit.
b Instrument detection limit.
c Method detection limit.
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Table 8-2: Data Quality Objectives: Special Projects (analyses by Nashoba Analytical, LLC)

Parameter Where
Analyzed

Method or

Instrument

Units Method
Detection Limit

Quantitation
Limit

Accuracy Precision %
Completeness

Approximate

Range

Total Phosphorus
(TP)*

Nashoba
Analytical,
LLC

EPA 200.7 mg/L P 0.006 0.01 80-120%
recovery for QC
std.

</= 30 % RPD 100 0.01-1.0

Orthophosphate

(dissolved reactive
phosphate)*

Nashoba
Analytical,
LLC

SM 4500 P mg/L P 0.009 0.01 80-120%
recovery for QC
std.

</= 30 % RPD 100 0.01-1.0

Ammonia Nitrogen
(NH3)*

Nashoba
Analytical,
LLC

SM
4500-NH3

mg/L N 0.05 0.10 80-120%
recovery for QC
std.

</= 30 % RPD 100 0.10-10.0

Nitrate-Nitrite
Nitrogen
(NO3+NO2)*

Nashoba
Analytical,
LLC

EPA Method
300.0

mg/L N 0.04 0.05 80-120%
recovery for QC
std.

</= 30 % RPD 100 0.05- 10.0

Total Kjeldahl
Nitrogen*

Nashoba
Analytical,
LLC

HACH 10242 mg/L N 0.357 1.0 80-120% TKN
recovery for QC
std.

</= 30 % RPD 100 1.0-16.0

Total Suspended
Solids*

(TSS)

Nashoba
Analytical,
LLC

SM 2540D

 

mg/L 1 1 75%-125%
recovery for QC
std.

+/- 1.0 or
25% RPD
whichever is
higher

100 0.0-500.0

*All or some of these parameters may be analyzed for special projects.
1 US EPA “ew” Dec. 2000 EPA 822-B-00-022.  Data based on 25th percentile for all seasons’ data, Ecoregion XIV, subregion 59 streams.
NA: Not Applicable.
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Table 8-3: Data Quality Objectives: Illicit Discharge Detection & Elimination (tests done by NRWA staff using US EPA Screening Kits)

Parameter Where

Analyze

d

Method or Instrument Units Threshold Levels/

Single Sample

Reporting

Limit

Approximate

Range

Accuracy Precision

Ammonia
(NH3)

In situ Ammonia Test Strips (Hach
Brand)

mg/L >0.5mg/L 0.25
mg/L

0-10 mg/L +/- ½ color
standard
increment

<30% Field
dup. RPD

Chlorine In situ Field Meter (Hach Pocket
Colorimeter II)

mg/L > Reporting
Limit

0.02
mg/L

0-2 mg/L Colorimeters
checked for
accuracy by US EPA

<30% Field
dup. RPD

Surfactants In situ Methylene blue active
substances (MBAS) Test Kit
(CHEMetrics K-9400)

mg/L >0.25mg/L 0.25
mg/L

0-3 mg/L +/- ½ color
standard
increment

<30% Field
dup. RPD

1 Reporting Limit is the first quantifiable value.

Table 8-4: Data Quality Objectives: Continuous Water Temperature Loggers* (sampled and analyzed by NRWA staff)

Drift Amount

Accuracy Ratings

(based on logger drift)

Excellent:

< ± 0.5 °C

Good:

± 0.5 - 1.0  °C

Fair:

± 1.1-2.0 °C

Poor (Qualified)

± 2.1 – 3.0 °C

Unacceptable (Censored)

> ± 3.1 °C

Accuracy

(of hand-held meter used for precision

calculation)

+/- 1.0 °C  between

hand-held meter and

NIST-calibrated thermometer

Precision (RPD) +/-2.0  ̊C between logger

and hand-held meter

Completeness 90%

Approximate Range 0 -50.0 °C

*HOBO TidbiT MX Temp 400 (MX2203)
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A8 Training Requirements

NRWA provide training on all aspects of project-data collection and management to project participants
and document training events—including trainer(s), dates of training, and subject matter—in a Training
Log (sample attached).

All members of the project team are required to attend training/workshops appropriate to the type of
monitoring they will conduct. The Field Coordinator ensures that volunteers receive appropriate training
by organizing and conducting workshops (securing the services of expert trainers as needed) and/or
arranging for volunteers to be trained at workshops held by other qualified personnel or organizations.
All volunteers receive annual refresher training refreshers following their initial training.

The Field Coordinator documents the names of all training participants on a Training Check-in Form
(attached), with documentation in a final report.

The Field Coordinator enters training data into the project database and records the following
information: subject matter (i.e., what type of monitoring and procedures are covered), training course
title, type of training materials, date and agenda, name and qualification of trainers, and names of
participants trained. Volunteers are trained in monitoring protocols and how to document pertinent
environmental data for the evaluation site.

A9 Documentation and Records

A9.1 Documentation

Initially monitors record all data, except for temperature-logger data, onto paper data forms. NRWA staff
subsequently enter these data into an electronic datasheet, saved on computer storage media. NRWA
staff upload digital temperature-logger data from the loggers to an electronic device and then transfer
these data to computer storage media. The table below details record-handling procedures for this
project, including the content of the final Data Quality Report.

Table 9. Record Handling Procedures

Activity Details

Document Control NRWA staff collect the field- and laboratory-data forms on
sampling day and check the forms for completeness and
legibility. The Data Manager is responsible for storing the
field- and laboratory-data forms, and for storing and
reviewing chain-of-custody forms and laboratory reports
generated for special-project sampling. Nashoba Analytical,
LLC, sends these laboratory reports to the NRWA
electronically.

The Data Manager, or data-entry volunteers, enter the data
from field- and laboratory-data forms and laboratory reports
into an electronic spreadsheet. Both the Data Manager and
Project Manager review all data for DQO compliance and
data validation. This occurs within four weeks of sampling
for routine monthly monitoring and special projects, and
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Activity Details

within 14 weeks of the season’s final data-download for
temperature loggers.

The Field Coordinator is responsible for training volunteers
in data collection and documentation, and data entry. The
Data Manager retains all updated versions of the QAPP and
is responsible for distribution of the current version of the
QAPP to project personnel.

Data Generation The NRWA Water Monitoring Program generates the
following records (note that all records are stored in the
project file, except for sample labels, which are used and
then discarded):

Primary data records: field- and laboratory-data forms,
sample labels, chains-of-custody (COC), laboratory data
reports, instrument calibration and maintenance logs,
training logs, and training check-in sheets

Secondary data records: sampling and QC data
spreadsheets, corrective action reports, QC validation
report, and final project report

The Field Coordinator creates and maintains blank field- and
laboratory-data forms, sample labels, instrument calibration
and maintenance logs, training logs, and training check-in
sheets.

For routine, monthly monitoring, volunteer teams are
responsible for completing a field-data form at each
sampling location and attaching sample labels to each
sample bottle. The volunteer monitors then deliver the
forms with the samples to the River Resource Center (i.e.,
the NRWA laboratory) on the Saturday morning of monthly
monitoring.

For special projects, NRWA staff complete COC forms for
nutrient and TSS sampling. A Nashoba Analytical, LLC
representative signs the COC forms when NRWA staff
relinquish the samples to the laboratory. Nashoba Analytical,
LLC processes special-project samples and sends laboratory
data reports to the NRWA electronically.

For temperature-loggers, NRWA staff complete field-data
forms and upload logger data to a hand-held storage device,
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Activity Details

in-situ. Staff then transfer data from the hand-held device to
a computer.

The Data Manager enters raw data into an Excel
spreadsheet, prepares the QC-validation and final-project
reports, and uploads data spreadsheets to the US EPA’s
Water Quality Exchange (WQX) website. The Project
Manager and QA Manager review the data spreadsheet, QC
validation report, and final project report. The Data Manager
and Project Manager work together to store project records
and upload temperature-logger data to the USGS EcoSheds
website (in addition to the WQX site).

Data Quality Report The final project report includes the following components:
DEP-approved project QAPP with attachments, summary of
corrective actions, secondary-data table, and quality-control
report.

Both the Data Manager and the Project Manager
independently evaluate project data, compare Data Quality
Indicators (DQIs) to DQOs, flag data that fall outside of
acceptable ranges or are otherwise suspicious, and qualify
flagged data as appropriate. Suspicious data include, but are
not limited to: contaminated blanks, QC samples that do not
meet accuracy or precision DQOs, and samples obtained
using incorrect sampling procedure or analysis protocol. See
Table 7 for Result Measure Qualifier codes.

The Data Manager produces a summary of corrective
actions, which describes all steps taken to identify and
correct suspect data. The Data and Project Managers detail
their data evaluations in a joint quality-control report. To
create this report, they compare current and historical data
to assess validity, use pre- and post-monitoring meter
calibration data to assess field readings, and review both the
corrective-action report and the calculated differences
between Data Quality Indicators and Objectives. Ultimately,
the Data Manager and Project Manager collaboratively
evaluate whether DQOs are attained, finalize data
qualifications, and assess whether DQOs remain
appropriate. The QA Manager, an external reviewer, reviews
the corrective-action and quality-control reports, and
monitoring data. The QA Manager then issues a separate
statement detailing any final corrective actions that must be
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Activity Details

taken to qualify the data and/or adjust the project protocol.

Reporting Format NRWA sends a tabular summary of sampling results,
presented in pdf format as a color-coded river “Report Card,”
to volunteer monitors each month with a descriptive
summary of the results. NRWA publicizes data in various
additional formats to local stakeholders including: on
NRWA’s website, in local papers, and oral presentations.

Status, final, and QA reports generated by the Water
Monitoring Program are in digital format (e.g., Word). NRWA
enters raw data into an Excel template and uploads the data
to US EPA’s Water Quality eXchange portal. NRWA also
uploads Excel-formatted data from the temperature-logger
project to USGS’s EcoSheds data portal.

Records Storage Field- and laboratory-data sheets, COCs, and training records
are archived by month and year and stored at the NRWA
office in a three-ring binder and/or file cabinet. These
records are kept for at least 7 years. NRWA stores electronic
data spreadsheets and reports in the Cloud and maintains a
back-up copy of these files on a computer hard drive.
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Section B. Fresh Water/Water Quality Data Generation and Acquisition

B1 Sampling Design

NRWA staff and trained volunteers conduct routine monthly monitoring at 17 rivers and streams, at
approximately 30 sites in the Nashua River watershed, from April through October. Monitoring occurs on
the third Saturday of each month from 7 am to 9:00 am. Each monitoring team receives a kit with
monitoring forms, equipment and supplies. Monthly monitors collect conductivity measurements in situ
with pocket meters and temperature measurements with pocket meters or thermometers. At each
monitoring location, they collect one E. coli grab sample in a sterile plastic bottle and one DO grab
sample in a glass Wheaton bottle. (DO samples are “fixed” in the field). Volunteer monitors also record
site characteristics, observations, weather, and sometimes digital photos of the sample site.

Volunteers deliver the E. coli and DO samples to the NRWA’s River Resource Center by 9:30 am.
NRWA-trained lab volunteers, with oversight by NRWA staff, conduct sample analyses. We use IDEXX
Colilert reagents and Quanti-Tray equipment to analyze E. coli bacteria samples and the Winkler titration
method to analyze DO samples.

NRWA staff conduct special projects occasionally as funding is available or as need arises. Special
projects typically consist of two types: (1) collecting nutrient samples for analysis by a certified
commercial lab (Nashoba Analytical, LLC in Ayer, MA [MA laboratory ID #: M-MA1118]), and (2) Illicit
Discharge and Detection (IDDE)/ Bacterial Source Tracking. The latter analyses are conducted on-site by
NRWA staff using equipment loaned from US EPA.

Nutrients analyzed as part of a special project may include total phosphorus, dissolved reactive (ortho)
phosphate, total Kjeldahl nitrogen (TKN), ammonia, nitrate and nitrite nitrogen, and total nitrogen. Table
4 details the potential sampling parameters for special projects and the justification for those
parameters. NRWA staff collect nutrient samples as prescribed by the specific analytic method noted for
each type of nutrient analysis (Table 8-2).

We primarily collect IDDE samples in urban areas. Previously, NRWA applied for and received a loaned
US EPA stormwater kit. The equipment from US EPA includes a YSI EC300 meter for temperature,
conductivity and salinity; a Hach® Pocket Colorimeter™ II for total chlorine; Hach® ammonia test strips
(0-6.0 mg/L); Hach® DPG Reagent Powder Pillows, 10 mL; and CHEMetrics K-9400 for surfactants.

For both routine monthly sampling and special projects, we generally select monitoring locations to fulfill
two purposes: 1) provide water quality data across the breadth of the watershed, and 2) target pollutant
sources in areas of concern. Site selection was purposive, rather than based on statistical representation.
Selection also depends on the number and location of monitoring volunteers. For these reasons,
monitoring locations can vary over time.

For the temperature-logger program, NRWA staff install loggers in CFR streams at locations that we
expect to be cold-water habitat (based on landscape position and instantaneous water-temperature
readings). These loggers collect water-temperature data year-round. NRWA staff download data from the
loggers at the beginning and end of the growing season and analyze data on a yearly basis. NRWA has 12
loggers installed (as of the end of 2022) and will be adding four new loggers in 2023. In part, the new
loggers will be strategically located to help us understand how proposed land-use-changes projects
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impact CFR water quality.

Attachments to this QAPP include updated Standard Operating Procedure (SOPs) for: E. coli and DO
testing; temperature-logger installation and use; and IDDE field testing/ screening done with the US EPA
loaned equipment for surfactants, ammonia and total chlorine. The attachments also include NRWA’s
Volunteer Manual, which details standard routine field-collection methods for DO, conductivity, and
temperature; field, laboratory, and calibration datasheets; the volunteer liability form; and manuals for
the YSI ProSolo multimeter meter (Model #626660) and the Hanna pocket meters.

B2 Sample Collection Methods and Locations

For routine, monthly monitoring, volunteers collect grab samples and obtain direct measurements using
electronic instruments in the field. NRWA staff collect continuous-temperature data using in-situ data
loggers. The details of the sampling design are described in the table below.
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Table 10. Freshwater Field Sampling Location Summary

ID Parameter - Method Frequency

BB2678

CT0012

CT0425

FT0290

GR4770

JB0200*

JB0121

JB0960*

MN0223

MU0647

NB1947

ND0007

NM0140

NM0200

NM0875

NM2928

NM4010

NM4426

NM6274

NN0547

NN1864

NN2657

NT0082

NT1255

RM0240

SN2462

SQ0356

SQ1329

SQ1788

WB0456

WB0457

WE0034

Conductivity - conductivity meter

Dissolved oxygen - SM 4500-O

E. coli - SM 9223-B

Temperature - multi-parameter probe meter

Temperature – thermometer (as needed)

Appearance (color  odor)

Monthly

(April through October)
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ID Parameter - Method Frequency

NT0418

HealdPd

SQBlckRk

SQ1895

SQ1012

NM3386

NM3120

E. coli - SM 9223-B

Twice per month

(June through August)

UK46

NuttB51

MUL53

MULtrib54

MULUPS57

Sart 47

Niss55

Mul mouth56

LPB48

SQOT52

UPBk50

SQBtzGS

Wbtrib 49

Temperature_continuous logger Every 15 minutes.

BB2678

CT0012

CT0425

FT0290

GR4770

JB0200

JB0121

JB0960

MN0223

MU0647

NB1947

ND0007

NM0140

NM0200

NM0875

NM2928

NM4010

Ammonia-N - SM 4500-NH3

Nitrate-Nitrite-N = EPA 300.0

Total Kjeldahl nitrogen = HACH 10242

Orthophosphate - SM 4500-P

Total phosphorus - SM 4500-P

Total suspended solids - SM 2540-D

As needed for special projects#
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ID Parameter - Method Frequency

NM4426

NM6274

NN0547

NN1864

NN2657

NT0082

NT1255

RM0240

SN2462

SQ0356

SQ1329

SQ1788

WB0456

WB0457

WE0034

Ammonia-N - SM 4500-NH3

Nitrate-Nitrite-N = EPA 300.0

Total Kjeldahl nitrogen = HACH 10242

Orthophosphate - SM 4500-P

Total phosphorus - SM 4500-P

Total suspended solids - SM 2540-D

As needed for special projects#

* Sites were sampled in 2022 until the stream went dry. In 2023 and onwards, these sites will not be sampled. Site
JB02121 will be sampled in their stead.

# Nutrient samples may be taken at any of these sites, or at alternative sites, as dictated by special-project needs.

Timing is also dictated by special-project needs.

B3 Data Management

NRWA staff ensure data quality-control at several stages. Data generation and handling are described
below in Section B10; see Section A9 for recording handling and storage procedures.

B3.1 Process and Procedures

Project Planning

The NRWA’s routine monthly monitoring program is 30 years old. It has a well-established project-design
and protocols. The NRWA does re-evaluate the project design annually, however. NRWA staff
electronically document any significant changes in design and protocol (e.g., new sampling sites) in a
text-based or spreadsheet software program. Any major deviations are submitted to MADEP as part of a
revised QAPP. The temperature-logger program is relatively new, but NRWA follows the annual-review
and documentation procedures, described for routine monitoring, during logger-project planning.

Field Data

For each routine sampling event, volunteers use a standardized field-data form to record data about the
samplers’ names, date, time, site conditions, weather, field measurements, and equipment used. NRWA
staff use a similar field-data form to record site data for the temperature-logger program, with the
following additional parameters included: time of logger redeployment, Bluetooth status, logger
condition, battery level, and whether data was downloaded from the logger. We include copies of these
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two data forms and the Volunteer Manual (for routine monitoring) as attachments.

For routine monitoring, volunteers also affix pre-printed labels (that include the site ID and a brief site
description) to each sample container. Volunteers fix DO samples in the field according to the method
described in the Volunteer Manual. They place E. coli and DO samples on ice in a cooler and transport
the samples and field-data forms to the NRWA laboratory. NRWA staff check the field-data forms for
legibility and completeness while volunteers are present on sampling day.

For special projects, NRWA obtains prepared sample bottles from Nashoba Analytical LLC. NRWA staff
fills out the bottle labels at each sampling site, with information about the site ID and sampling date and
time. NRWA staff then complete a COC for the samples, which includes additional sample information
(e.g., sampler ID, analytic tests required). NRWA staff then deliver the samples and the COC to Nashoba
Analytical, LLC. Both parties sign the COC when samples are accepted at the laboratory.

Laboratory Data

For routine monitoring, E. coli and DO samples are processed in the NRWA laboratory. Laboratory
volunteers and/or NRWA staff use standardized laboratory-data forms to record analytic results, for each
respective parameter. Laboratory personnel also record the date, time, personnel ID , and any processing
notes on these data forms. Copies of blank laboratory-data forms are included as attachments.

Nashoba Analytical, LLC processes special project samples and sends the results electronically to the
NRWA. There are no laboratory data associated with the temperature-logger program or with routine,
monthly monitoring of water temperature and conductivity.

Meter-Calibration Data

Before and after each routine-monitoring or temperature-logger sampling event, NRWA staff or
laboratory volunteers calibrate the in-situ probes using a known standard for conductivity and an
NIST-calibrated thermometer for temperature. NRWA staff/volunteers record calibration results in a
paper notebook that is kept at the NRWA laboratory.

Data Entry and Assessment

The Data Manager, Project Manager, or data-entry volunteers input the field, laboratory, and calibration
data into an Excel spreadsheet. Next, for 100% of the data, the Data Manager compares the raw data to
the spreadsheet entries to ensure accuracy. After QC validation (i.e., comparing DQOs to DQIs), the Data
Manager uploads relevant data to the US EPA’s Water Quality Exchange portal (using the US EPA’s
spreadsheet template) and also uploads the continuous temperature data to the USGS’s Ecosheds portal.

The Data Manager analyzes the data from the spreadsheets using Excel and the R statistical program,
supplementing NRWA data with other available data as needed (e.g., National Oceanic and Atmospheric
Association [NOAA] weather data). The Data Manager will specifically use MassBays’ MassWateR R
package to help visualize and analyze data.

Data Storage and Retrieval
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NRWA archives field- and laboratory-data sheets, COCs, and training records by month and year and
stores records at the NRWA office in a three-ring binder and/or file cabinet. NRWA keeps these records
for at least 7 years. NRWA stores electronic data spreadsheets and reports in the Cloud and maintains
back-up copies of these files on a computer hard drive. The data will also be stored in and available from
the US EPA’s WQX database; temperature-logger data will also be stored in the USGS’s Ecosheds
database.

B3.2 Data Handling

For routine monitoring, field volunteers fill in field-data sheets by-hand to record temperature and
conductivity data and site conditions. They also record the date and site ID on sample bottles by-hand.
Similarly, laboratory volunteers and NRWA staff record DO and E. coli analytic results by-hand on
laboratory-data sheets; and write meter-calibration results by-hand in the laboratory notebook. NRWA
staff check the field- and laboratory-data forms, and sample-bottle labels for legibility and completeness
while volunteers are present on sampling day.

NRWA staff also periodically survey field and laboratory volunteers to determine if they are adhering to
quality-control sampling procedures. NRWS staff conduct surveys visually in-situ and verbally ex-situ, as
warranted. Surveys include evaluating if volunteers are properly:

● Entering the stream (i.e., approach the sampling location from downstream);
● Sequencing samples (i.e., obtaining samples in this order: E. coli, conductivity, temperature,

DO, and finally, nutrients and TSS [if sampled]);
● Maintaining sterility of E. coli bottles (i.e., keeping fingers out of the bottle and cap, avoiding

scum on the water);
● Filling the DO bottle entirely (to avoid air bubbles)
● Fixing DO samples (e.g., using the correct reagent sequence, agitating samples);
● Rinsing sample bottles (i.e., three times each, except for bottles with preservative);
● Obtaining nutrient samples (i.e., not rinsing sample bottles that contain preservatives); and
● Taking water temperature and conductivity (i.e., allowing probe time to stabilize in-situ).

NRWA staff also conduct a visual check to make sure volunteers have the following items each time they
deliver samples to the laboratory:

● Completed field datasheet;
● Labeled sample bottles;
● Adequate ice to cool samples; and
● Adequate cooler or other conveyance for samples.

When NRWA staff observe a problem with field-sampling procedure, they work with the volunteers to
correct the problem via in- and ex-situ re-training. The Data Manager flags any data compromised by the
problem and discusses the problem in the final QC report.

For special project samples, the analytic laboratory (typically Nashoba Analytical, LLC) emails the analytic
results directly to NRWA staff. The Data Manager performs an initial review of the data to ensure it is
complete and within acceptable ranges.

The Data Manager and/or data-entry volunteers enter the data into Excel spreadsheets. Following initial
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data entry, the Data Manager compares the entries on the paper datasheets and the spreadsheets to
ensure data-entry accuracy, and then reviews the data to identify outliers, omissions, or other aberrant
values. Within three days of identifying questionable data, the Data Manager, Project Manager, and field
volunteers communicate, as appropriate, to resolve flagged data issues (i.e., accept, reject, or qualify
data). The Data Manager documents final decisions about questionable data in the data spreadsheet and
the final QC report.

The Data Manager then conducts a formal analysis, comparing data values to quality-control objectives
and summarizes this analysis in the final QC report. Data review and QC analysis occur monthly during the
monitoring season. The Data Manager will use MassBays’ MassWateR R package to prepare the final QC
report, which is generated at the end of the monitoring season.

NRWA uses blind DO standards, mailed from the UMass EAL, to assess quality control of NRWA DO testing.
NRWA staff titrate a sample of the blind EAL standard and check the obtained results against the EAL’s
known value for the standard. If the QC check “fails”, the laboratory equipment is checked and
recalibrated and a new blind sample is titrated. This sequence continues until an acceptable “pass” result
is obtained. Laboratory volunteers re-run the EAL samples to ensure they get a “pass” result, but are not
told the correct DO values before they run the analysis. The same sequence is followed as outlined above
until the volunteer obtains a “passing” QC result. Field samples are held until the QC checks are within the
acceptable range. If the acceptable range cannot be met, the field samples are run, but the data is flagged
to reflect that the laboratory accuracy check was not met. Laboratory staff titrate an additional sample of
the EAL standard at the end of the day. If the result is not within the acceptable range, the data previously
recorded are flagged.

During data analysis, the NRWA also uses high-quality data generated by trusted external sources, as
needed. For example, the NRWA downloads weather data from NOAA’s National Centers for
Environmental Information. Typically, the NRWA downloads such data in a digital format and transfers it to
an Excel spreadsheet as needed. After the data is in a spreadsheet, the Data Manager compares data in
the spreadsheet to the original source to ensure an accurate transfer occurred.

Data-handling procedures for the temperature-logger program are similar to those used for routine
monitoring, except as described here. While NRWA staff fill in field-data sheets by-hand, they use a smart
electronic device and the HOBOconnect app to download logger data from the logger to the hand-held
electronic device. If a suitable connection is available, they also upload logger data to the Cloud, while
in-situ (or as soon as a suitable connection becomes available).

B3.3 Management Requirements

NRWA formats data to comply with the US EPA’s Water Quality Exchange (WQX) database requirements.
After assessing data for quality control, NRWA uploads data to the WQX database. NRWA additionally
formats and reviews temperature-logger data for, and uploads the data to, the USGS’s Ecosheds
database. NRWA stores digital data on the Cloud, on a computer hard drive, and after uploading, in the
WQX and (for continuous-temperature data) the Ecosheds databases.
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List of Attachments

1. Map of Sampling Locations

2. Routine Monthly Monitoring Program
a. Blank Laboratory Datasheets

i. Dissolved Oxygen Winkler Method
ii. E. coli with Colilert

b. Blank Field Sampling Datasheet

c. Volunteer Liability Form

d. Volunteer Manual
e. Training Forms

3. Standard Operating Procedures (SOPs)
a. Dissolved Oxygen
b. E. coli with Colilert
c. Illicit Discharge Detection and Elimination (formerly Bacterial Source Tracking SOP

i. Ammonia Using Ammonia (Nitrogen) Hach
ii. Chlorine with Hach Pocket Colorimeter

iii. Detergents using Detergents CHEMets
d. Continuous Temperature Loggers SOP

i. Continuous-Temperature Logger Monitoring Equipment Checklist

ii. Continuous-Temperature Logger Calibration Datasheet

iii. Hand-held Multimeter Calibration Datasheet

iv. Continuous-Temperature Logger Monitoring Field Datasheet

v. HOBO TidbiT MX Temp 400 (MX2203) Logger Manual

vi. HOBOconnect User’s Guide

4. Additional Manuals

a. YSI ProSolo Multimeter Manual

b. Hanna DiST Pocket Meter Manual
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ATTACHMENT 1: Map of Sampling Locations
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ATTACHMENT 2a: Monthly Monitoring Program Blank Laboratory Datasheets
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ATTACHMENT 2b: Monthly Monitoring Program Blank Field Sampling Datasheets
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ATTACHMENT 2c: Monthly Monitoring Program Volunteer Liability Form
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ATTACHMENT 2d: Monthly Monitoring Program Volunteer Manual
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ATTACHMENT 2e: Monthly Monitoring Program Training Forms
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ATTACHMENT 3a: Dissolved Oxygen Standard Operating Procedure (SOP)
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ATTACHMENT 3b: E. coli with Colilert SOP
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ATTACHMENT 3c: Illicit Discharge and Detection Elimination (IDDE) SOP

Including:

• Ammonia Using Ammonia (Nitrogen) Hach

• Chlorine with Hach Pocket Colorimeter

• Detergents using Detergents CHEMets
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ATTACHMENT 3d: Continuous Temperature Loggers SOP

Including:

• Continuous-Temperature Logger Monitoring Equipment Checklist

• Continuous-Temperature Logger Calibration Datasheet

• Hand-held Multimeter Calibration Datasheet

• Continuous-Temperature Logger Monitoring Field Datasheet

• HOBO TidbiT MX Temp 40 (MX2203) Logger Manual

• HOBOconnect User’s Guide
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ATTACHMENT 4: Additional Manuals

Including:

• YSI ProSolo Multimeter Manual

• HannaDiST Pocket Meter Manual
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