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APPENDIX A - 1998 DEP DWM NASHUA RIVER BASIN QA/QC REPORT

INTRODUCTION

Quality Assurance/Quality Control (QA/QC) activities were conducted as part of the DEP DWM Nashua River Basin Monitoring Survey in 1998 (Kimball 1998 sections I, II, and IV).  The QA/QC review was conducted to ensure that the collection and analysis of the monitoring data followed approved standard operating procedures (SOPs) and that data collected met data quality objectives (DQO’s).  The 1998 monitoring data subjected to this QA/QC review includes the following: discrete water samples, in-situ water quality measurements and fish tissue samples.  All discrete water sample and fish tissue monitoring data were reviewed independently by the Wall Experiment Station’s (WES) Quality Assurance Program, the Division of Watershed Management’s (DWM) Quality Assurance Officer, Assessment Coordinator, and the DWM database manager.  All in-situ water quality measurements were reviewed independently by DWM’s Hydrolab® Instrument Coordinator and Database Manager.  Data that fell outside established QA/QC acceptance criteria were investigated and may have been subject to censoring. The Quality Assurance/Quality Control appendix is divided into three sections: A.1 field and laboratory data objectives; A.2 QA/QC data; A.3 analytical methods.

A.1 Field and Laboratory QA/QC Objectives

Data collected by DWM in the 1998 Nashua River Basin Survey was subject to field and laboratory data quality objectives.  Section A.1.1 outlines the field collection objectives and laboratory quality control for discrete water samples.  Section A.1.2 includes fish tissue laboratory quality control methods and Section A.1.3 includes Hydrolab QA/QC procedures.

A.1.1
Discrete Water Sample Data


FIELD
A detailed QA/QC assessment of the four data quality objectives and additional DWM quality assurance observations for the 1998 Nashua River Basin data can be found in the 1998 QA/QC Assessment Report (MA DEP 2000).

The collection of discrete water sample analytes followed DWM Standard Operating Procedures (MA DEP 1999b).  Four field collection quality control criteria were applied to the Nashua River Basin 1998 discrete water sample data:

1.0
Sampling/Analysis Holding Time: Each analyte has a standard holding time that has been established to ensure sample/analysis integrity.  Refer to DWM Standard Operating Procedure Table 1.0 CN# 1.0 (MA DEP 1999b) for a complete listing.  If the standard holding time was exceeded, this objective is violated and data are censored.

2.0
Quality Control Sample Frequency: At a minimum, one field blank and one replicate must be collected for every ten samples by any given sampling crew on any given date. If less than one quality control sample per 10 field samples was collected, this objective is violated.

3.0 Field Blank: Field blanks were prepared at the DWM Worcester Laboratory.  Reagent grade water was transported into the field in a sample container where it was transferred into a different sample container and fixed where necessary using the same method as its corresponding field sample.   All blanks were submitted to the WES laboratory “blind”.  If the field blanks were significantly different (>2 standard deviations (Clesceri et al. 1998)) from the detection limit, this data quality objective is violated.

4.0
Field Replicate: Two independent samples were collected from the same location and as close as possible to the same time in the field.  Both samples were submitted to WES laboratory “blind”.  In order for this data quality objective to be met, the results must be:

<20% Relative Percent Difference (RPD) for method detection limits >1mg/L 

<30% RPD for method detection limits <1mg/L

LABORATORY

Discrete water sample analysis followed EPA-approved laboratory QA/QC methodologies in accordance with WES Standard Operating Procedures (MA DEP 1995). The quality of data generated at WES was determined by analyzing the results of a variety of quality control procedures including but not limited to:

Low Calibration Standards – Checks the stability of the instrument’s calibration curve. Analyzes the accuracy of an instrument’s calibration within a 5% range. 

Reference Standards  – Generally, a second source standard (a standard different from the calibration stock standard) that analyzes the accuracy of an instrument’s calibration within a 5% range.

Laboratory Reagent Blank/Method Blank (LRB) – Reagent grade water (de-ionized) extracted with every sample set to ensure that the system is free of target analytes (< MDL).

Duplicate Sample – Measures the precision (% Relative Percent Difference) of the extraction and analytical process.  The acceptable laboratory %RPD range is typically ( 25%.

Spike Sample (Laboratory Fortified Blank - LFB, Laboratory Fortified Matrix - LFM)– Measures the accuracy (% Recovery) of an analytical method.  The acceptable laboratory % recovery range is typically between 80 – 120% for LFB samples and 70 –130% for LFM discrete water samples.

The WES Laboratory is solely responsible for the administration of its Quality Assurance Program and Standard Operating Procedures.  The frequency of the laboratory’s quality control procedure was at times inconsistent with their Quality Assurance Plan (MA DEP 1995).  In these circumstances additional quality assurance procedures were used.  Refer to WES’s Quality Assurance Plan (MA DEP 1995) for specific laboratory analytical QA/QC criteria.  WES laboratory releases discrete water sample data when their established QA/QC criteria are met or the data are labeled as outside of these criteria.

A.1.2
Fish Tissue Data

Fish were collected and processed according to DWM’s Quality Assurance Project Plan (MA DEP 1999a).  Tissue preparation and analysis strictly adhered to EPA-approved laboratory QA/QC methodologies in accordance with WES Standard Operating Procedures (MA DEP 1995).  The quality of tissue data generated at WES was determined by incorporating a variety of quality control samples:

Laboratory Reagent Blank/Method Blank (LRB) – Clean clam tissue matrix extracted with every sample set to ensure that the system is free of target analytes (< MDL).

Laboratory Fortified Blank (LFB) – Clean clam tissue matrix spiked with a low concentration of target compounds.  LFB results are used to establish accuracy of system’s performance.  The acceptable laboratory % recovery range is typically 80 – 120%.

Laboratory Fortified Matrix (LFM) – Tissue matrix spiked with a low concentration of a target compound.  LFM results are used to establish accuracy of the extraction and analytical process.  The acceptable laboratory % recovery range is typically between 70 – 130% for metal analysis and 60 –140% for PCB/Organochlorine Pesticide analysis

Quality Control Standard (QCS) – A pre-spiked secondary tissue sample.  QCS results are used to establish accuracy in the extraction and test methods.  The acceptable laboratory  % recovery range is typically between 80–120%.

The WES Laboratory is solely responsible for the administration of its Quality Assurance Program and Standard Operating Procedures.  The frequency of the laboratory’s quality control procedure was at times inconsistent with their Quality Assurance Plan (MA DEP 1995).  In these circumstances additional quality assurance procedures were used.  Refer to WES’s Quality Assurance Plan (MA DEP 1995) for specific laboratory analytical QA/QC criteria.  WES laboratory releases tissue data when their established QA/QC criteria are met or the data are labeled as outside of these criteria.

A.1.3
In-situ Water Quality Analysis


Trained DWM staff members conducted in-situ measurements using a Hydrolab® Multiprobe Series 3 analyzer.  The Hydrolab® Multiprobe Series 3 analyzer measures dissolved oxygen, temperature, pH, conductivity, depth and turbidity and calculates total dissolved solids and % saturation of oxygen.  To ensure the quality of the in-situ data, the following QA/QC steps were taken:

1.0
Pre-Calibration: After each analytical probe on the Hydrolab® analyzer was calibrated, a pre-calibration check was conducted.  A low ionic standard was first analyzed to check the accuracy of the instrument.  Then an instrument check consisting of filtered de-ionized water was analyzed to check the instrument for contamination.  The instrument check criteria is based on de-ionized water that that had been stored and vented to the air for at least three days.  If the pre-calibration check achieved the criteria in Table A.1-1 then the instrument was ready for field analysis but if the pre-calibration check failed to achieve the low ionic standard criteria than the instrument was re-calibrated and a second low ionic and instrument check was analyzed.  If the instrument failed to meet the established low ionic standard criteria a second time the Hydrolab® instrument could not be used to collect data and maintenance was scheduled. Refer to the DWM Hydrolab® Standard Operating Procedure (MA DEP 1999c).

2.0
Post Survey Check: Once the Hydrolab® was returned from field sampling, a post survey check was performed to ensure that no malfunction or damage had occurred to any of the Hydrolab® probes.  The low ionic standard and the instrument check were re-analyzed.  If the post survey check achieved the established criteria in Table A.1-1, the data was deemed acceptable and was ready for the data reduction QA/QC step.  If, however, the post calibration failed to meet the criteria, the Hydrolab® Coordinator investigated the cause and recommended censoring of affected data to the Database Manager.

3.0
Data Reduction: The Hydrolab® Coordinator and Database Manager reviewed the Hydrolab® data for instability, instrument malfunction, operator technique and aberrant trends.  If any of these conditions were detected, the data was investigated and may have been recommended for censoring.  The Database Manager electronically tagged all data recommended for censoring in the database.

Table A.1-1.  Hydrolab® Multiprobe Series 3 analyzer pre and post calibration specifications.

Hydrolab® Analyte
Low-Ionic Standard
Instrument Check *

Dissolved Oxygen
Saturation Chart  (dependant on temperature & barometric pressure )

pH
6.90 ± 0.2 units**
5.6 ±0.2 units

Specific Conductance
74 ±1.5**
1.0 ±1.5

Turbidity
0.0 ±5.0
0.0 ±5.0

Temperature***
Ambient ±0.15°C
Ambient ±0.15°C

Depth
Field Calibrated ±0.45m
Field Calibrated ±0.45m

Salinity
Not Applicable
0.0 ±0.2ppt

Redox
Not Applicable
0.0±20mV  

* based on Division of Watershed Management’s filtered de-ionized water


** will vary with age:  pH rising, specific conductance dropping

*** compared to the DWM laboratory’s wall thermometer

A.2 QA/QC Data

Field blank and field replicate sampling results for the discrete water quality sampling (physico/chemical and bacteriological) are provided in Tables A.2-1 through A.2-4.  DEP DWM QA/QC water quality data is managed and maintained in the Water Quality Data Access Database. 
Laboratory QA/QC data for metals in fish tissue are provided in Table A.2-5.  Laboratory QA/QC data for organics in fish tissue are provided in Tables A.2-6 through A.2-10.
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Table A.2-1.  1998 DEP DWM Nashua River Basin instream physico-chemical QA/QC field blank data.  (All units expressed in mg/L unless otherwise specified.)


Time
Alkalinity
Hardness
Chloride
Suspended
Turbidity
Ammonia
Nitrate
Total 
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BOD5

(24hr)
 Solids
 (NTU)
Phosphorus
Phosphorus
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Field Blank Sample

81-0008
BLANK
05/27/98
**
2.0
<0.66 
<1.0
<1.0
<0.1  
<0.02
<0.02
<0.01
--  
--  

81-0015
BLANK
05/27/98
**
4.0
<0.66 
<1.0
<1.0
<0.1  
<0.02
<0.02
<0.01
--  
--  

81-0027
BLANK
06/17/98
**
3.0
<0.70 
<1.0
<1.0
--  
<0.02
<0.02
<0.01
--  
--  

81-0023
BLANK
06/17/98
12:30
3.0
<0.70 
<1.0
<1.0
--  
<0.02
<0.02
<0.01
--  
--  

81-0042
BLANK
07/21/98
**
--  
--  
--  
--  
--  
--  
--  
<0.01
--  
--  

81-0054
BLANK
07/22/98
**
--  
--  
--  
--  
--  
--  
--  
<0.01
<0.01
--  

81-0068
BLANK
07/22/98
**
3.0
<0.66 
--  
<1.0
<0.1  
<0.02
<0.02
<0.01
--  
<6  

81-0063
BLANK
07/22/98
12:20
3.0
<0.66 
--  
<1.0
<0.1  
<0.02
<0.02
<0.01
--  
<6  

81-0073
BLANK
08/11/98
10:00
--  
--  
--  
--  
--  
--  
--  
<0.01
<0.01
--  

81-0079
BLANK
08/12/98
**
--  
--  
--  
--  
--  
--  
--  
<0.01
<0.01
--  

81-0095
BLANK
08/12/98
11:25
2.0
<0.66 
--  
<1.0
<1.0  
<0.02
<0.02
<0.01
--  
<6  

81-0090
BLANK
08/12/98
12:00
2.0
<0.66 
--  
<1.0
<1.0  
<0.02
<0.02
<0.01
--  
<6  

81-0105
BLANK
09/09/98
**
<1.0
<0.66 
<1.0
<1.0
<0.1  
<0.02
<0.02
<0.01
--  
--  

81-0110
BLANK
09/09/98
11:30
<1.0
<0.66 
<1.0
<1.0
<0.1  
<0.02
<0.02
<0.01
--  
--  

81-0120
BLANK
10/07/98
**
1.5
<0.66 
<1.0
<1.0
<0.1  
<0.02
<0.02
<0.01
--  
--  

81-0125
BLANK
10/07/98
11:40
1.5
<0.66 
<1.0
<1.0
<0.1  
0.03
<0.02
<0.01
--  
--  
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** = missing/censored data          -- = no data
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Table A.2-2.  1998 DEP DWM Nashua River Basin instream physico-chemical QA/QC field replicate data.  (All units expressed in mg/L unless otherwise specified.)

Time
Alkalinity
Hardness
Chloride
Suspended
Turbidity
Ammonia
Nitrate
Total 
Dissolved 
BOD5

(24hr)
 Solids
 (NTU)
Phosphorus
Phosphorus
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NASHUA RIVER,  Station: NM21

81-0088
81-0089
08/12/98
11:50
31  
54  
--  
4.6
1.6  
0.04
2.9  
**  
--  
<6  

81-0089
81-0088
08/12/98
11:50
31  
54  
--  
3.9
1.8  
0.05
2.6  
**  
--  
<6  

Relative Percent Difference (RPD):
0.0%
0.0%
16.5%
11.8%
22.2%
10.9%
0.0%

81-0104
81-0103
09/09/98
**
37  
59  
60  
2.6
2.9  
<0.02
2.5  
0.22
--  
--  

81-0103
81-0104
09/09/98
11:56
37  
59  
61  
2.6
2.8  
<0.02
2.4  
0.22
--  
--  

Relative Percent Difference (RPD):
0.0%
0.0%
1.7%
0.0%
3.5%
0.0%
4.1%
0.0%

81-0118
81-0119
10/07/98
10:45
36  
62  
67  
1.8
2.2  
0.11
3.9  
0.25
--  
--  

81-0119
81-0118
10/07/98
10:45
37  
62  
67  
2.2
2.1  
0.11
4.0  
0.24
--  
--  

Relative Percent Difference (RPD):
2.7%
0.0%
0.0%
20.0%
4.7%
0.0%
2.5%
4.1%
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NASHUA RIVER,  Station: NM21A

81-0030
81-0029
06/17/98
**
11  
17  
21  
8.8
--  
<0.02
0.26
0.08
--  
--  

81-0029
81-0030
06/17/98
13:02
11  
17  
20  
6.8
--  
0.02
0.26
0.09
--  
--  

Relative Percent Difference (RPD):
0.0%
0.0%
4.9%
25.6%
0.0%
0.0%
11.8%
NASHUA RIVER,  Station: GROTSCH

81-0036
81-0038
07/21/98
10:20
--  
--  
--  
--  
--  
--  
--  
0.12
--  
--  

81-0038
81-0036
07/21/98
10:20
--  
--  
--  
--  
--  
--  
--  
0.11
--  
--  

Relative Percent Difference (RPD):
8.7%

81-0048
81-0050
07/22/98
**
--  
--  
--  
--  
--  
--  
--  
0.09
0.07
--  

81-0050
81-0048
07/22/98
**
--  
--  
--  
--  
--  
--  
--  
0.09
0.07
--  

Relative Percent Difference (RPD):
0.0%
0.0%
NASHUA RIVER/Pepperell Pond,  Station: OUTPEPPD

81-0071
81-0072
08/11/98
10:00
--  
--  
--  
--  
--  
--  
--  
0.09
--  
--  

81-0072
81-0071
08/11/98
10:00
--  
--  
--  
--  
--  
--  
--  
0.10
--  
--  

Relative Percent Difference (RPD):
10.5%

81-0077
81-0078
08/12/98
**
--  
--  
--  
--  
--  
--  
--  
0.09
0.03
--  

81-0078
81-0077
08/12/98
**
--  
--  
--  
--  
--  
--  
--  
0.09
0.04
--  

Relative Percent Difference (RPD):
0.0%
28.6%
** = missing/censored data          -- = no data
Table A.2-2.  Continued.  1998 DEP DWM Nashua River Basin instream physico-chemical QA/QC field replicate data.  (All units expressed in mg/L unless otherwise specified.) 

Time
Alkalinity
Hardness
Chloride
Suspended
Turbidity
Ammonia
Nitrate
Total 
Dissolved 
BOD5

(24hr)
 Solids
 (NTU)
Phosphorus
Phosphorus
NISSITISSIT RIVER,  Station: NT68

81-0066
81-0065
07/22/98
**
20  
26  
--  
1.6
1.0  
<0.02
0.10
<0.01
--  
<6  

81-0065
81-0066
07/22/98
10:16
20  
26  
--  
1.8
1.2  
<0.02
0.10
<0.01
--  
<6  

Relative Percent Difference (RPD):
0.0%
0.0%
11.8%
18.2%
0.0%
0.0%
0.0%
0.0%
SQUANNACOOK RIVER,  Station: NT60A

81-0012
81-0011
05/27/98
**
10  
14  
25  
<1.0
1.4  
0.02
0.36
0.02
--  
--  

81-0011
81-0012
05/27/98
11:08
9.0
14  
26  
<1.0
1.4  
<0.02
0.36
0.02
--  
--  

Relative Percent Difference (RPD):
10.5%
0.0%
3.9%
0.0%
0.0%
0.0%
0.0%
0.0%

81-0093
81-0094
08/12/98
11:18
12  
20  
--  
<1.0
<1.0  
<0.02
0.48
0.02
--  
<6  

81-0094
81-0093
08/12/98
11:18
12  
20  
--  
<1.0
<1.0  
<0.02
0.48
0.02
--  
<6  

Relative Percent Difference (RPD):
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

81-0108
81-0109
09/09/98
11:25
14  
20  
33  
1.0
1.2  
<0.02
0.40
0.02
--  
--  

81-0109
81-0108
09/09/98
11:25
13  
20  
33  
<1.0
1.1  
<0.02
0.47
0.02
--  
--  

Relative Percent Difference (RPD):
7.4%
0.0%
0.0%
0.0%
8.7%
0.0%
16.1%
0.0%

81-0123
81-0124
10/07/98
11:30
14  
23  
34  
<1.0
1.1  
<0.02
0.51
0.02
--  
--  

81-0124
81-0123
10/07/98
11:30
13  
23  
34  
1.0
1.2  
<0.02
0.45
0.02
--  
--  

Relative Percent Difference (RPD):
7.4%
0.0%
0.0%
0.0%
8.7%
0.0%
12.5%
0.0%
NORTH NASHUA RIVER,  Station: NN12

81-0004
81-0003
05/27/98
**
20  
35  
57  
1.6
1.7  
0.22
1.3  
0.07
--  
--  

81-0003
81-0004
05/27/98
10:34
21  
35  
56  
1.2
1.3  
0.20
1.3  
0.07
--  
--  

Relative Percent Difference (RPD):
4.9%
0.0%
1.8%
28.6%
26.7%
9.5%
0.0%
0.0%

81-0018
81-0019
06/17/98
10:40
11  
17  
25  
7.8
--  
0.04
0.27
0.08
--  
--  

81-0019
81-0018
06/17/98
10:40
11  
17  
26  
7.8
--  
0.03
0.28
0.08
--  
--  

Relative Percent Difference (RPD):
0.0%
0.0%
3.9%
0.0%
28.6%
3.6%
0.0%

81-0058
81-0059
07/22/98
10:20
28  
53  
--  
3.1
1.5  
0.08
2.2  
0.12
--  
<6  

81-0059
81-0058
07/22/98
10:20
26  
40  
--  
3.0
1.6  
0.07
2.4  
0.12
--  
<6  

Relative Percent Difference (RPD):
7.4%
28.0%
3.3%
6.5%
13.3%
8.7%
0.0%
0.0%
** = missing/censored data          -- = no data
Table A.2-3.  1998 DEP DWM Nashua River Basin instream bacteriological QA/QC field blank data.  (cfu/100mLs.)


Time
FECAL
E-COLI
ENTEROCOCCUS


(24hr)


Field Blank Sample

81-0008
BLANK
05/27/98
**
<20
<20
20

81-0015
BLANK
05/27/98
**
<20
<20
<20

81-0027
BLANK
06/17/98
**
<20
--  
--  

81-0023
BLANK
06/17/98
12:30
<20
--  
--  

81-0068
BLANK
07/22/98
**
<16
--  
--  

81-0063
BLANK
07/22/98
12:20
<16
--  
--  

81-0105
BLANK
09/09/98
**
<16
--  
--  

81-0110
BLANK
09/09/98
11:30
<16
--  
--  

81-0120
BLANK
10/07/98
**
<16
--  
--  

81-0125
BLANK
10/07/98
11:40
<16
--  
--  

** = missing/censored data          -- = no data
Table A.2-4.  1998 DEP DWM Nashua River Basin instream bacteriological QA/QC field replicate data.  (cfu/100mLs, log10 transformed.)


Time
FECAL
E-COLI
ENTEROCOCCUS


(24hr)


NASHUA RIVER,  Station: NM21

81-0088
81-0089
08/12/98
11:50
**  
--  
--  

81-0089
81-0088
08/12/98
11:50
**  
--  
--  

Relative Percent Difference (RPD):

81-0104
81-0103
09/09/98
**
1.991
--  
--  

81-0103
81-0104
09/09/98
11:56
2.301
--  
--  

Relative Percent Difference (RPD):
14.4%

81-0118
81-0119
10/07/98
10:45
2.041
--  
--  

81-0119
81-0118
10/07/98
10:45
1.991
--  
--  

Relative Percent Difference (RPD):
2.5%
NASHUA RIVER,  Station: NM21A

81-0030
81-0029
06/17/98
**
3.544
--  
--  

81-0029
81-0030
06/17/98
13:02
3.477
--  
--  

Relative Percent Difference (RPD):
1.9%
NASHUA RIVER,  Station: GROTSCH

81-0036
81-0038
07/21/98
10:20
--  
--  
--  

81-0038
81-0036
07/21/98
10:20
--  
--  
--  

Relative Percent Difference (RPD):

81-0048
81-0050
07/22/98
**
--  
--  
--  

81-0050
81-0048
07/22/98
**
--  
--  
--  

Relative Percent Difference (RPD):

** = missing/censored data          -- = no data 

Table A.2-4.  Continued.  1998 DEP DWM Nashua River Basin instream bacteriological QA/QC field replicate data.  (cfu/100mLs, log10 transformed.)


Time
FECAL
E-COLI
ENTEROCOCCUS


(24hr)
NASHUA RIVER/Pepperell Pond,  Station: OUTPEPPD

81-0071
81-0072
08/11/98
10:00
--  
--  
--  

81-0072
81-0071
08/11/98
10:00
--  
--  
--  

Relative Percent Difference (RPD):

81-0077
81-0078
08/12/98
**
--  
--  
--  

81-0078
81-0077
08/12/98
**
--  
--  
--  

Relative Percent Difference (RPD):
NISSITISSIT RIVER,  Station: NT68

81-0066
81-0065
07/22/98
**
1.820
--  
--  

81-0065
81-0066
07/22/98
10:16
1.914
--  
--  

Relative Percent Difference (RPD):
5.1%
SQUANNACOOK RIVER,  Station: NT60A

81-0012
81-0011
05/27/98
**
<1.301
<1.301
2.447

81-0011
81-0012
05/27/98
11:08
1.903
<1.301
2.204

Relative Percent Difference (RPD):
37.6%
0.0%
10.5%

81-0093
81-0094
08/12/98
11:18
**  
--  
--  

81-0094
81-0093
08/12/98
11:18
**  
--  
--  

Relative Percent Difference (RPD):

81-0108
81-0109
09/09/98
11:25
1.519
--  
--  

81-0109
81-0108
09/09/98
11:25
1.204
--  
--  

Relative Percent Difference (RPD):
23.1%

81-0123
81-0124
10/07/98
11:30
1.580
--  
--  

81-0124
81-0123
10/07/98
11:30
<1.204
--  
--  

Relative Percent Difference (RPD):
27.0%
NORTH NASHUA RIVER,  Station: NN12

81-0004
81-0003
05/27/98
**
2.415
1.301
1.301

81-0003
81-0004
05/27/98
10:34
2.556
<1.301
1.903

Relative Percent Difference (RPD):
5.7%
0.0%
37.6%

81-0018
81-0019
06/17/98
10:40
3.602
--  
--  

81-0019
81-0018
06/17/98
10:40
3.602
--  
--  

Relative Percent Difference (RPD):
0.0%

81-0058
81-0059
07/22/98
10:20
2.663
--  
--  

81-0059
81-0058
07/22/98
10:20
2.491
--  
--  

Relative Percent Difference (RPD):
6.7%
** = missing/censored data          -- = no data

Table A.2-5.  1998 DEP DWM Nashua River Basin laboratory QA/QC data for metals in fish tissue.  (Data expressed in mg/kg wet weight unless otherwise noted.)

[image: image1.wmf]Precision

Accuracy

Accuracy*

(%Recovery)

Sample ID

Analyte

Sample

Duplicate

RPD

Spike

Amount

LFM

Recovery (%)

LFB

QCS

MDL

Analytical

Method

L980608-1

Pb

<MDL

<MDL

NA

1.96

2.16

105

107

110

0.2

EPA 200.7

L980608-1

Cd

<MDL

<MDL

NA

1.96

1.87

95

90

87

0.02

EPA.200.7

L980608-1

Se

0.36

0.37

2.7%

1.96

2.58

113

98

95

0.04

EPA 200.9

L980608-1

As

<MDL

<MDL

NA

1.96

1.61

81

92

90

0.04

EPA 200.9

L980609-3

Pb

<MDL

<MDL

NA

1.99

1.85

88

107

110

0.2

EPA 200.7

L980609-3

Cd

<MDL

<MDL

NA

1.99

1.68

84

90

87

0.02

EPA.200.7

L980609-3

Se

0.39

0.41

5.0%

1.99

2.91

126

113

95

0.04

EPA 200.9

L980609-3

As

<MDL

<MDL

NA

1.99

1.85

92

92

90

0.04

EPA 200.9

L980610-3

Hg

1.1

1.3

16.7%

0.25

1.42

88

97

100

0.01

EPA 245.6

LFB – Laboratory Fortified Blank

NA – Not Applicable

LFM – Laboratory Fortified Matrix

QCS – Quality Control Sample

*see Appendix A section A.1.2. for

further details

MDL – Minimum Detection Limit

RPD – Relative Percent Difference


TableA.2-6.  AOAC Method 983.21 target analytes.  (Data expressed in µg/g wet weight.) 

ANALYTE
MINIMUM DETECTION LIMIT

PCB A1242

0.26

PCB A1254

0.37

PCB A1260

0.11

Chlordane

0.044

Toxaphene

0.11

a-BHC

0.017

b-BHC

0.014

Lindane

0.012

d-BHC

0.029

Hexachlorocyclopentadiene

0.0077

Trifluralin

0.0062

Hexachlorobenzene

0.0091

Heptachlor

0.013

Heptachlor Epoxide

0.013

Methoxychlor

1.07

DDD

0.010

DDE

0.014

DDT

0.013

Aldrin

0.0092

Table A.2-7.  1998 DEP DWM laboratory QA/QC blank data for organics in fish tissue.  

DATE ANALYZED
LABORATORY

SAMPLE NUMBER
ANALYTE



% Lipid

12/22/98
BLANK - 1
0.15

12/30/98
BLANK - 2
0.16

1/7/99
BLANK - 3
0.08

2/3/99
BLANK - 4
0.11

2/4/99
BLANK - 5
0.08

2/5/99
BLANK - 6
0.16

2/9/99
BLANK - 7
0.18

2/10/99
BLANK - 8
0.14

2/11/99
BLANK - 9
0.20

2/12/99
BLANK - 10
0.12

NOTE:  Analytes in Table A.2-6 not appearing in the above table were included in the analysis and were not detected.

Table A.2-8.  1998 DEP DWM laboratory QA/QC duplicate data for organics in fish tissue.  The analytes were extracted and analyzed according to modified AOAC 983.21 procedure for the analysis of PCBs and Organochlorine Pesticides.  (Data expressed in µg/g wet weight unless otherwise noted.)

DATE ANALYZED
LABORATORY

SAMPLE NUMBER
ANALYTE



DDE

MDL  0.014
% Lipid

12/29/98
L980381-3
<MDL
0.23


L980381-3 duplicate
<MDL
0.67


relative percent difference
NA
97.8%

2/3/99
L980445-1
0.021
0.17


L980445-1 duplicate
0.018
0.11


relative percent difference
15.4%
42.8%

2/5/99
L980538-2
<MDL
0.38


L980538-2 duplicate
<MDL
0.32


relative percent difference
NA
17.1%

2/12/99
L980610-3
<MDL
0.17


L980610-3 duplicate
<MDL
0.20


relative percent difference
NA
16.2%

NOTE:  Analytes in Table A.2-6 not appearing in the above table were included in the analysis and were not detected.

MDL - minimum detection limit

NA - not applicable

Table A.2-9.  1998 DEP DWM laboratory QA/QC lab fortified matrix and matrix spike duplicate data for organics in fish tissue.  The analytes were extracted and analyzed according to modified AOAC 983.21 procedure for the analysis of PCBs and Organochlorine Pesticides.  (Data expressed in µg/g wet weight unless otherwise noted.)

DATE ANALYZED
12/29/98
2/4/99
2/11/99
2/11/99

LABORATORY SAMPLE NUMBER
Matrix Spike

L980381-1
Matrix Spike

L980522-3
Matrix Spike 

L980609-1
Matrix Spike Duplicate

L980609-1

%LIPIDS
0.07
0.06
0.07
0.07

ANALYTE
PCB A1260

MDL  0.11
TOXAPHENE

MDL  0.11
PCB A1260

MDL  0.11
PCB A1260

MDL  0.11

Expected
0.92
0.96
0.99
0.95

LFM
0.78
0.84
1.13
0.97

Recovery (%)
85
88
114
102

NOTE:  Analytes in Table A.2-6 not appearing in the above table were included in the analysis and were not detected.

Table A.2-10.  1998 DEP DWM laboratory QA/QC lab fortified blank data for organics in fish tissue.  The analytes were extracted and analyzed according to modified AOAC 983.21 procedure for the analysis of PCBs and Organochlorine Pesticides.  (Data expressed in µg/g wet weight unless otherwise noted.)

DATE ANALYZED
12/30/98
1/7/99

LABORATORY SAMPLE NUMBER
Laboratory fortified blank #1
Laboratory fortified blank #2

%LIPIDS
0.09
0.25

ANALYTE
CHLORDANE

MDL  0.044
PCB A1242

MDL  0.26

Expected
1.85
2.0

LFM
1.69
2.2

Recovery (%)
91
110

NOTE:  Analytes in Table A.2-6 not appearing in the above table were included in the analysis and were not detected.

A.3
Analytical Methods

Discrete Water Sample Analytes


EPA Method*
SM Methods**
Other Methods 

Fecal Coliform






SM 9222D

E. Coli  MTEC






SM 9213D

Enterococcus






SM 9230C

Alkalinity







SM 2320B

Chloride (4500)






SM 4500CL-B

Hardness




EPA 200.7
SM 2340B

Turbidity





EPA 180.1


Ammonia-N




EPA 350.1


Nitrate/Nitrite-N




EPA 353.1


Phosphorus-P  (MAN)





SM 4500P-E

Suspended Solids





SM 2540D

BOD 5







SM5210 B

Fish Tissue Analytes

PCB Arochlor 1242







AOAC 983.21***

PCB Arochlor 1254








“

PCB Arochlor 1260








“

Chlordane









“

Toxaphene









“

a-BHC










“

b-BHC










“

Lindane










“

d-BHC










“

Hexachlorocyclopentadiene







“

Trifluralin









“

Hexachlorobenzene








“

Heptachlor









“

Heptachlor Epoxide








“

Methoxychlor









“

DDD










“

DDE










“

DDT










“

Aldrin










“

% Lipids










“ (modified)

Arsenic





EPA 200.9
SM 3113

Lead





EPA 200.7
SM 3120B

Selenium




EPA 200.9
SM 3113

Cadmium




EPA 200.7
SM 3120B

Mercury





EPA 245.6
SM 3112B

In-Situ Water Quality Analytes
Hydrolab® Multiprobe Series 3 analyzer (MA DEP 1999c)

* =  “Methods for Chemical Analysis of Water and Wastes”, Environmental Protection Agency, Environmental Monitoring Systems Laboratory – Cincinnati (EMSL-CI), EPA-600/4-79-020, Revised March 1983 and 1979 where applicable.

** = Standard Methods, Examination of Water and Wastewater, 20th edition

***= PCBs and Organochlorine Pesticides in Biological Tissue, AOAC Official Methods of Analysis, 1990
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APPENDIX B - 1998 DEP DWM NASHUA RIVER BASIN SURVEY REPORT 

MATERIALS AND METHODS 

The DWM began sampling in May 1998 and continued through October 1998.  The DWM sampling plan matrix is summarized in Table B1. Toxics in fish flesh were monitored in two lakes during September and October.  Sampling components at river stations included: stream discharge measurements, in-situ Hydrolab( measurements, physico-chemical and nutrient sampling, fecal coliform bacteria sampling, benthic macroinvertebrate and periphyton sampling.  In addition, special studies in four impounded river reaches included phytoplankton identifications and chlorophyll-a analyses. Synoptic surveys of lakes were conducted during July and August 1998 to coincide with the maximum extent of macrophyte growth. Each sampling component is described in the sections that follow.     
Table B1.  1998 DEP-DWM Nashua River Basin surveys sampling matrix.

SAMPLING LOCATIONS AND SEGMENT NUMBERS
STATION1
1998

 MAY
1998

 JUNE
1998

 JULY
1998

 AUGUST
1998

 SEPTEMBER
1998

 OCTOBER

Quinapoxet River benthic station approx. 175 meters downstream/north from River Street, Holden, (in locality of Canada Mills), MA81-32
QP00




Ma


Stillwater River  benthic station approx. 20 meters upstream/northwest of Crowley Road, Sterling, MA81-31
SL00




Ma


Nashua River “South Branch”, outlet Lancaster Mill Pond to Clinton WWTP, MA81-08
NS17
C,N,B,H
C,N,B,H
C,N,B,H, BOD
C,N,B,H,BOD
C,N,B,H,Ma,P1
C,N,B,H

Nashua River “South Branch”, Clinton WWTP to confluence with North Nashua River, MA81-09
NS19
C,N,B,H
C,N,B,H
C,N,B,H, BOD
C,N,B,H,BOD
C,N,B,H,Ma
C,N,B,H

Whitman River, outlet Lake Wampanoag to inlet Snows Millpond, MA81-11
NT34




P1


Snows Millpond






T

North Nashua River, outlet Snows Millpond to Fitchburg Paper Company Dam #1, MA81-01
NN01
C,N,B,H
C,N,B,H
C,N,B,H, BOD
C,N,B,H,BOD
C,N,B,H
C,N,B,H


NN03




Ma


North Nashua River, Fitchburg Paper Company Dam #1 to Fitchburg East WWTP, MA81-02
NN09
C,N,B,H
C,N,B,H
C,N,B,H, BOD
C,N,B,H,BOD
C,N,B,H,Ma,P1
C,N,B,H

Lake Whalom





T
T

North Nashua River, Fitchburg East WWTP to Leominster WWTP, MA81-03
NN10A




Ma


North Nashua River, Leominster WWTP to confluence with Nashua River, MA81-04
NN12
C,N,B,H
C,N,B,H
C,N,B,H, BOD
C,N,B,H,BOD
C,N,B,H
C,N,B,H


NN13




Ma,P1


1 Sampling did not necessarily occur at the same exact location although that which occurred in the general vicinity of the sampling station is listed together.

A=Chlorophyll-a;  AI=Integrated chlorophyll-a;  B=Bacteria (fecal coliform, E. coli);  BOD=Biochemical oxygen demand;  C=Chemistry (alkalinity, hardness, chlorides, suspended solids, turbidity);  DP=Dissolved phosphorus; H=Hydrolab( multiprobe meter (pH, dissolved oxygen, conductivity, temperature, total dissolved solids);  Ma=Macroinvertebrate kick sampling and habitat assessment;  N=Nutrients (total phosphorus, ammonia, nitrate-nitrogen);  P1=Periphyton;  P2=Phytoplankton;  Q=Stream discharge measurements;  T=Toxics in fish tissue (Cd, Pb, Hg, As, Se, % lipids, PCBs, organochlorine pesticides);  TP=Total phosphorus.

Table B1.  Continued.  1998 DEP-DWM Nashua River Basin surveys sampling matrix.

SAMPLING LOCATIONS AND SEGMENT NUMBERS
STATION1
1998

 MAY
1998

 JUNE
1998

 JULY
1998

 AUGUST
1998

 SEPTEMBER
1998

 OCTOBER

Nashua River, confluence with North Nashua River to confluence with Squannacook River, MA81-05
NM21
C,N,B,H
C,N,B,H
C,N,B,H, BOD,Q
C,N,B,H,BOD,Q
C,N,B,H,Q
C,N,B,H,Q


NM21A
C,N,B,H
C,N,B,H
C,N,B,H, BOD
C,N,B,H,BOD
C,N,B,H
C,N,B,H


ICEHSEDM


TP,DP,A,AI,H,P2
TP,DP,A,AI,H,P2




NM23B




Ma,P1



NM25A





C,N,B,S,H


NM25
C,N,B,H,Q
C,N,B,H
C,N,B,H, BOD,Q
C,N,B,H,BOD,Q
C,N,B,H,Q
Q

Squannacook River , confluence of Mason Brook and Willard Brook to Hollingsworth and Vose WWTP, MA81-18
NT60A
C,N,B,H
C,N,B,H
C,N,B,H, BOD
C,N,B,H,BOD
C,N,B,H
C,N,B,H

Squannacook River , Hollingsworth and Vose WWTP to confluence with Nashua River, MA81-19
NT61




Ma


Nashua River, confluence with Squannacook River to Pepperell Dam, MA81-06
GROTSCH


TP,DP,A,AI,H,P2
TP,DP,A,AI,H,P2




INLTPEPPD


TP,DP,A,AI,H,P2
TP,DP,A,AI,H,P2




OUTPEPPD


TP,DP,A,AI,H,P2
TP,DP,A,AI,H,P2



Nissitissit River, New Hampshire state line to confluence with Nashua River, MA81-21
NT67




Ma,P1



NT68
C,N,B,H
C,N,B,H
C,N,B,BOD
C,N,B,H,BOD
C,N,B,H,Ma,P1
C,N,B,H

Nashua River, Pepperell Dam to New Hampshire state line, MA81-07
NM29




Ma,P1



NM29A
C,N,B,H
C,N,B,H
C,N,B,H, BOD
C,N,B,H,BOD
C,N,B,H
C,N,B,H


NM30




Ma,P1


1 Sampling did not necessarily occur at the same exact location although that which occurred in the general vicinity of the sampling station is listed together.

A=Chlorophyll-a;  AI=Integrated chlorophyll-a;  B=Bacteria (fecal coliform, E. coli);  BOD=Biochemical oxygen demand;  C=Chemistry (alkalinity, hardness, chlorides, suspended solids, turbidity);  DP=Dissolved phosphorus; H=Hydrolab( multiprobe meter (pH, dissolved oxygen, conductivity, temperature, total dissolved solids);  Ma=Macroinvertebrate kick sampling and habitat assessment;  N=Nutrients (total phosphorus, ammonia, nitrate-nitrogen);  P1=Periphyton;  P2=Phytoplankton;  Q=Stream discharge measurements;  T=Toxics in fish tissue (Cd, Pb, Hg, As, Se, % lipids, PCBs, organochlorine pesticides);  TP=Total phosphorus.

NOTE:  Data was also collected as part of project 97-09/104 Numeric Biocriteria authorized under 104(b)(3) Wetlands and Water Quality Grant Program (see Appendix E of this report).  While this station is not included in this matrix, the data are presented in Table B5 and the station is depicted in Figure B2.
SURVEY CONDITIONS

Conditions prior to each survey were characterized by analyzing precipitation and streamflow data.  Two weather station precipitation gages, Kendall Reservoir #423, Holden and EOS Leominster WWTP #517, Leominster were used to determine precipitation and weather conditions in the five days prior to and on the sampling dates.  Data from these stations was provided by the DEM Office of Water Resources (MA 

DEM 1998).  Discharge (hereinafter referred to as streamflow) and duration data were obtained from three continuous USGS stream gages in the basin; North Nashua River at Fitchburg (01094400), North Nashua River near Leominster (01094500), and Squannacook River near West Groton (01096000) (Figure B1).  Streamflow statistics for the period-of-records for the USGS gages are available from USGS.  These data can be found in their Water Resources Data for Massachusetts and Rhode Island, Water Year 1998 and 1999 reports (Socolow et al., 1999 and 2000) and the Gazetteer of Hydrologic Characteristics of Streams in Massachusetts—Merrimack River Basin (Wandle and Fontaine 1984). The period of record (POR) for the discharge gages are: North Nashua River at Fitchburg; October 1972 to present, North Nashua River near Leominster; September 1935 to present, Squannacook River near West Groton; October 1949 to present.

Figure B1.  Location of gaging stations in the Nashua River Basin.

In addition to gage data, streamflow was measured at two additional stations in the Nashua River Basin by DEP-DWM personnel using Price meters (models TU3793 or GN1018) according to standard operating procedures (TSB 1989).  Data reduction and stream discharge calculations were performed at the DEP-DWM office in Worcester.

STREAM WATER QUALITY MONITORING 
The water quality sampling effort was conducted at the stations identified in Figure B2.  Sampling at these synoptic monitoring locations included in situ measurements at each station using a Scout 2 Hydrolab( multiparameter meter (water temperature, dissolved oxygen, conductivity, total dissolved solids, and pH).  Other parameters tested included: bacteria sampling (fecal coliform, E. coli, and Enterococcus),. physico-chemical variables (alkalinity, hardness, chloride, suspended solids, and turbidity), nutrient concentrations (total and dissolved phosphorus, nitrate nitrogen, and ammonia), and BOD.  


Figure B2.  Location of 1998 water quality sampling stations in the Nashua River Basin.  A station sampled in the basin by DEP DWM as part of the 104(b)3 Numeric Biocriteria project (97-09/104) is also shown.

Procedures used for water sampling and sample handling are described in the Grab Collection Techniques for DWM Water Quality Sampling, Standard Operating Procedure and the Hydrolab® Series 3 Multiprobe, Standard Operating Procedure (MA DEP 1999a and b) Basins Program Standard Operating Procedures River and Stream Monitoring (MA DEP 1989).  The Wall Experiment Station (WES), the Department’s analytical laboratory, supplied all sample bottles and field preservatives, which were prepared according to the WES Laboratory Quality Assurance Plan and Standard Operating Procedures (MA DEP 1994). Samples were preserved in the field as necessary, transported on ice to WES, and analyzed according to the WES Standard Operating Procedure (SOP). The quality control protocol that was followed for field and equipment blank samples is described in Appendix A of this report.  Both quality control samples (field blanks, trip blanks, and split samples) and raw water quality samples were transported on ice to WES on each sampling date; they were analyzed subsequently according to the WES SOP.
MACROINVERTEBRATES
Aquatic macroinvertebrates were collected from selected sites (Figure B3) within the Nashua River Watershed by kick-sampling.  Ten individual kicks taken within a 100-m reach of the selected stream were composited, representing a total sample area of 2 m2.  Collected material was transferred to a plastic jar, labeled, and preserved with denatured 95% ethanol (Appendix C).  Habitat quality was scored at each sampling location following a habitat assessment procedure modified from Plafkin et al. (1989).
Details related to sample handling, processing, and analysis are provided in the form of technical memoranda as follows:

Appendix C - author: Robert Nuzzo. Biological Assessment of Streams in the Nashua River Watershed From 1998 Data

PERIPHYTON and PHYTOPLANKTON

Periphyton was collected at nine stations along the Nashua River and its tributaries during the summer of 1998: South Branch Nashua River (NS17U), Whitman River (NT34), North Branch of the Nashua River (NN09, NN13), Nashua River (NM23B, NM29, NM30), Nissitissit River (NT67, NT68).  Phytoplankton samples were collected on July 21 and 22, 1998 at four sites: Ice House Dam Impoundment, Nashua River at Groton School, Groton, the inlet to Pepperell Pond, Pepperell and the outlet from Pepperell Pond. Phytoplankton sampling was repeated on August 11 and 12.  A technical memorandum by Joan Beskenis of DEP DWM entitled Nashua River 1998 Chlorophyll a, Phytoplankton and Periphyton Sampling is provided in Appendix D of this report.  

FISH TOXICS
The fish toxics monitoring program is a cooperative effort between three DEP Offices/Divisions, (i.e., Watershed Management, Research and Standards, and Environmental Analysis), Department of Fisheries and Wildlife Environmental Law Enforcement, and the Department of Public Health (DPH).  Fish tissue monitoring is conducted to assess the concentrations of toxic contaminants in freshwater fish, identify waterbodies where those concentrations may pose a risk to human health, and identify waters where toxic chemicals may impact fish and other aquatic life.  Fish tissue analysis has been restricted to edible fillets.  The fish toxics monitoring was designed to screen the edible fillets of several species of fish representing different feeding guilds (i.e., bottom dwelling omnivores, top-level predators, etc.) for the presence of heavy metals, PCBs and organochlorine pesticides and to assess human health risks associated with the consumption of freshwater fishes.

The characteristics of each site determine the method(s) of sample collection.  Electrofishing is performed by, maneuvering the boat through the littoral zone and shallow water habitat of the waterbody, and collecting most fish shocked.  Fish collected by electrofishing are stored in a live well filled with site water until the completion of sampling.  Trotlines are baited with nightcrawlers or shiners, set, and left overnight. Gill nets are set in various locations and checked every two hours.  Gill nets are occasionally 

Figure B3.  Location of 1998 DWM benthic macroinvertebrate sampling and fish contaminant monitoring stations sampled in the Nashua River Watershed.

set overnight.  Trotlines and gill nets set overnight are retrieved the following morning.  After removal from the live well, trotlines, or gill nets, all fish to be included in the sample are stored on ice.  In all cases, live fish, which are not included as part of the sample are released.

Uniform protocols, designed to assure accuracy and prevent cross-contamination of samples, were followed for collecting, processing and shipping fish collected.  Fish were collected via electrofishing with a Cofelt electrofishing boat and trot lines at Whalom Lake and gill nets, rod & reel, and trot line at Snows Milpond. Lengths and weights were measured and fish were visually inspected for tumors, lesions, or other anomalies.  Fish were collected from Lake Whalom (30 September/1 October) and Snows Millpond (2 October) (Figure B3) and the samples were placed in ice filled coolers and brought back to the laboratory for processing.  Scale or pectoral fin spine samples were obtained from each fish to determine the age of the fish.  Fish were filleted (skin off) on glass cutting boards and prepared for freezing.  During laboratory processing all equipment used in the filleting process was rinsed with tap water to remove slime, scales, and other fluids such as blood, then re-rinsed in deionized water before (and/or after) each sample.  Composite fillet samples targeted for metals analysis were placed in VWR 32-ounce high density polyethylene (HDPE) cups with covers.  The opposite fillets (composites) were wrapped in aluminum foil for % lipids, PCBs and organochlorine pesticide analyses.  Samples were tagged and frozen for subsequent delivery to the DEP’s Wall Experiment Station (WES).

Methods used at WES for metals analysis include the following:

Mercury is analyzed by a cold vapor method using a Perkin Elmer, FIMS (Flow Injection Mercury System) which uses Flow Injection Atomic Absorption Spectroscopy.  Cadmium and lead are analyzed using a Perkin Elmer, Optima 3000 XL ICP – Optical Emission Spectrophotometer.  Arsenic and selenium are analyzed using a Perkin Elmer, Zeeman 5100 PC, Platform Graphite Furnace, Atomic Absorption Spectrophotometer.

PCB/organochlorine pesticide analysis was performed on a gas chromatograph equipped with an electron capture detector.  Additional information on analytical techniques used at WES is available from the laboratory (MA DEP 1994). 

LAKES
A series of synoptic surveys were conducted on a total 71 lakes, ponds or impoundments (the term "lakes" will hereafter be used to include all) in the Nashua River Watershed during July and August 1998.  Thirty-six of the lakes are less than 50 acres in total surface area. The lakes surveyed in 1998 were located wholly or partly within 21 different communities and were fairly evenly distributed among them.  The total surface acreage of the Nashua Watershed lakes is 10,732.1.  Of that total, 93.0% or 9993.8 acres, was assessed during the 1998 surveys.  Designated water supplies (i.e., Class A) accounted for approximately 61% (or 6,520 acres) of the assessed acreage.
From the information gathered during these surveys, three types of assessments were made on these lakes. First, they were assessed against the criteria for use support from the Commonwealth of Massachusetts Summary of Water Quality 1998 report (MA DEP 1998a).  Next, the trophic status (level of nutrient enrichment) of each lake was evaluated.  And last, the presence of non-native aquatic and/or wetland plant species was noted.  Fish advisory information was obtained from the Department of Public Health (MA DPH July 1999).

Synoptic surveys consisted of taking observations from at least one access point on each lake (multiple access points on larger lakes).  At each lake, an attempt was made to observe the entire surface area to determine the extent of areal macrophyte cover.

At each observation site the general water quality was noted and all aquatic and wetland macrophyte species were recorded along with their general abundance and an estimate of the total percent areal coverage of all species.  Qualitative macrophyte observations were aided by conducting several hauls with a plant "rake”, which was constructed by bolting two garden rakes back-to-back, the handles cut to about half length, and then attached to about a 50' length of rope.  Each time the rake was thrown to its maximum extension and then retrieved along the lake bottom.  The rake was thrown several times in different directions from the observation site to provide more thorough coverage.

Where possible, transparency was measured using a standard 20-centimeter diameter Secchi disk attached to a rope with metric calibrations.  When Secchi disk measurements were not feasible, transparency was estimated as being above or below 1.2 meters (based on the 4 foot Secchi disk bathing beach standard).

All observations were recorded on standardized field sheets.  Assessments of trophic status and use impairment were made on site.  Later, the assessments and supporting information were entered into the US EPA Water Body System database.  Data on the presence of non-native plants were entered into a separate database intended for linking to the Massachusetts Geographic Information System (MassGIS).

RESULTS

SURVEY CONDITIONS
To fulfill the assessment guidance, information on precipitation (MA DEM 1998, Table B2) and stream discharge (DWM data, Table B3) (Socolow et al. 1999 and 2000, Table B4) were analyzed to estimate hydrological conditions during the water quality sampling events.  This review was conducted to estimate the streamflow condition in relation to the 7-day, 10-year (7Q10) low flow.  Additionally, this review was used to determine whether the fecal coliform bacteria data were representative of “wet” or “dry weather” sampling conditions.  
With the single exception of June 1998, the flows during the sampling events were below average monthly conditions.  The June 1998 flows even exceeded the monthly average for the period of record (POR) as reported in Socolow et al. (1999).  Flows on the North Nashua River and Nashua River were three times higher than the monthly POR and the Squannacook River was four times higher than the monthly POR.  Survey conditions are described below for each DWM sampling event reviewed for the assessment.

USGS Gage 01096500 is located in East Pepperell, MA immediately downstream of a powerplant, which regulates flow.  Data from this gage while included in Table B4 is not included in the following survey condition summaries and if used should be interpreted with caution. 

 27 May 1998:  This survey was conducted during and following relatively dry weather (Table B2).  Streamflows (Table B4) were below the monthly averages for May 1998 and above the period of record for each USGS streamflow gage (01094400, 01094500, 01096000).  Discharges on the North Nashua River were three to six times higher than the 7-day, 10-year (7Q10) low flow estimates (USGS 1998).  Similarly the Squannacook River discharge was nine times higher than the low flow estimates (Table B4). Data collected during this survey are interpreted as being representative of dry weather conditions.

17 June 1998:  Daily precipitation at the Leominster gage ranged from 0.15 inches on the sampling date to 2.10 inches four days prior to the water quality sampling event (Table B2, Figure B4.).  Similar precipitation patterns were also recorded at the Kendall Reservoir Station #423 (Table B2).  As detailed in Table B4 the flow at the USGS gages responded to the precipitation events.  Increases in flow in the North Nashua River are depicted in Figure B4, a and b, and increases in flow in the Squannacook River are depicted in Figure B4, c, with storm event effects reaching the downstream flow gages at progressively later dates.  Following the storm event, flows began decreasing, but had not yet reached the monthly average by the sampling date.  Discharges on the North Nashua River were approximately 30-66 times higher than the 7-day, 10-year (7Q10) low flow estimates (USGS 1998).  The Squannacook River responded similarly with a flow approximately 119 times higher than the low flow estimates (Table B4). The data (interpreted with caution) are considered as being representative of wet weather conditions.

21-22 July 1998:  Surveys were conducted during and following relatively dry weather (Table B2). Streamflows were below the monthly averages for July 1998 and below the period of record for each gage (Table B4).  Discharges at stream gages ranged from 1.7 to 4.4 times higher than the 7Q10 low flow estimates (USGS 1998).  Data collected during this survey are interpreted as being representative of dry weather conditions.

11 August, 1998:  This survey was conducted during and following relatively dry weather with only 0.15 inches of rain recorded at the Leominster gage on the sampling date(Table B2). Streamflows were generally below the monthly averages for August 1998 and below the period of record for each gage (Table B4).  Discharges at stream gages were approximately two times higher than the 7Q10 low flow estimates (USGS 1998).  Data collected during this survey are interpreted as being representative of dry weather conditions.

12 August, 1998: Precipitation was recorded at the Leominster gage on the sample date as well as on the previous day, 1.31 inches and 0.15 inches, respectively (Table B2, Figure B5).  Field crews also noted rain on these days.  As detailed in Table B4 and depicted in Figure B5, a and b, the flow at the USGS gages in the North Nashua River responded to the precipitation event.  The rain event appeared to be localized to the North Nashua River area because although there was an increase in flow on the Squannacook River it doesn’t appear as significant as the response at the North Nashua River gage (Figure B5, c).  Discharges at stream gages were approximately four to seven times higher than the 7Q10 low flow estimates (USGS 1998). Streamflows were generally below the monthly averages for August 1998 and below the period of record for each gage (Table B4). The data are considered being representative of wet weather conditions.

9 September 1998:  This survey was conducted during and following relatively dry weather (Table B2). Streamflows were generally below the monthly averages for September 1998 and below the period of record for each gage (Table B4).  Discharges at the stream gages were approximately one to two times higher than the 7Q10 estimates (USGS 1998). Data collected during this survey will be interpreted as being representative of dry weather conditions.

7 October, 1998:  Although 0.80 inches of rain were recorded at the Leominster station (Table B2) on the sampling date, no precipitation was recorded for the preceding five days.  Streamflows were generally below the monthly averages for October 1998 and below the period of record for each gage (Table B4). Discharges at the stream gages were approximately one to two times higher than the 7Q10 estimates (USGS 1998). Data collected during this survey will be interpreted as being representative of dry weather conditions.

Table B2.  1998 MA DEM Precipitation Data Summary (MA DEM 1998).

Nashua River Basin Survey 

Precipitation Data Summary (reported in inches of rain)









Survey Dates
5 Days Prior
4 Days Prior
3 Days Prior
2 Days Prior
1 Day Prior
Sample Date









Kendall Reservoir Station, Holden  # 423









5/27/98
0.0
0.0
0.0
0.0
0.0
0.0

6/17/98
0.89
2.25
0.40
0.20
0.41
0.85

7/21/98
0.0
0.0
0.0
0.0
0.09
0.0

7/22/98
0.0
0.0
0.0
0.09
0.0
0.01

8/11/98
0.19
0.0
0.0
0.0
0.0
0.02

8/12/98
0.0
0.0
0.0
0.0
0.02
0.18

9/9/98
0.0
0.0
0.04
0.24
0.0
0.0

10/7/98
0.0
0.0
0.0
0.0
0.0
0.05









EOS Leominster WWTP, Leominster  # 517









5/27/98
0.0
0.0
0.0
0.0
0.0
0.0

6/17/98
0.70
2.10
1.05
0.20
0.18
0.15

7/21/98
0.0
0.05
0.0
0.0
0.0
0.0

7/22/98
0.05
0.0
0.0
0.0
0.0
0.0

8/11/98
0.0
0.0
0.0
0.0
0.0
0.15

8/12/98
0.0
0.0
0.0
0.0
0.15
1.31

9/9/98
0.0
0.0
0.08
0.15
0.0
0.06

10/7/98
0.0
0.0
0.0
0.0
0.0
0.80

Table B3.  1998 DEP DWM Nashua River Basin stream discharge measurements.


Time
Collecting
Sampling 
Velocity 
Discharge 

(24hr)
 Agency
Technique
(fps)
(cfs)
NASHUA RIVER


Station: NM25

Description: downstream (north) off Route 2A bridge,  Ayer/Shirley

05/27/98
12:10
DEP
Teledyne Gurley PriceAA
0.77
349   e

07/22/98
10:45
DEP
Teledyne Gurley PriceAA
0.37
146  

08/12/98
9:15
DEP
Teledyne Gurley PriceAA
0.27
110  

09/09/98
9:40
DEP
Teledyne Gurley PriceAA
0.19
74.5  

10/07/98
10:22
DEP
Teledyne Gurley PriceAA
0.30
114   e
NASHUA RIVER


Station: NM21 

Description: downstream (north) off tank bridge (accessed from Oxbow National Wildlife Refuge off Still River Road, 

Harvard),  Harvard/Lancaster

07/22/98
13:30
DEP
Teledyne Gurley PriceAA
0.30
92.5  

08/12/98
12:00
DEP
Teledyne Gurley PriceAA
0.27
78.0  

09/09/98
13:00
DEP
Teledyne Gurley PriceAA
0.15
39.7  

10/07/98
13:30
DEP
Teledyne Gurley PriceAA
0.14
36.3  
      e = flow estimated see field sheet for details
Table B4.  1998 USGS Flow Data Summary (Socolow et al. 1999 and 2000). 
Nashua River Basin Survey 

USGS Flow Data Summary  (reported in cfs)










Survey Dates
5 Days

Prior
4 Days

Prior
3 Days

Prior
2 Days

Prior
1 Day

Prior
Sample Date
Monthly Mean
POR* Monthly Mean

North Nashua River at Fitchburg, MA. (Provisional 7Q10 = 8.846 cfs (USGS 1998))

Gage #01094400








5/27/98
89
85
78
72
67
59
194
147

6/17/98
73
282
1160
767
794
584
304
96.1

7/21/98
43
41
39
31
32
31
65.9
47.0

7/22/98
41
39
31
32
31
31
65.9
47.0

8/11/98
20
20
18
14
13
18
19.4
47.8

8/12/98
20
18
14
13
18
67
19.4
47.8

9/9/98
10
9.2
7.7
9.2
12
11
12.7
41.6

10/7/98
13
10
8.9
9.1
10
12
48.7
79.9

North Nashua River at Leominster, MA. (Provisional 7Q10 = 32.788 cfs (USGS 1998))

Gage #01094500








5/27/98
161
148
136
128
120
108
379
246

6/17/98
123
742
2090
1420
1210
999
546
164

7/21/98
78
73
69
62
59
59
124
90.2

7/22/98
73
69
62
59
59
58
124
90.2

8/11/98
72
66
51
45
43
49
55.2
81.0

8/12/98
66
51
45
43
49
163
55.2
81.0

9/9/98
37
35
33
36
40
37
42.2
86.8

10/7/98
38
39
36
35
37
37
98.1
116

Squannacook River at West Groton, MA. (Provisional 7Q10 = 6.525 cfs (USGS 1998))

Gage #01096000








5/27/98
95
87
78
71
65
60
196
149

6/17/98
65
189
1000
1460
712
782
330
83.3

7/21/98
43
39
37
33
30
29
63.5
37.3

7/22/98
39
37
33
30
29
29
63.5
37.3

8/11/98
18
20
20
19
17
18
23.5
29.2

8/12/98
20
20
19
17
18
29
23.5
29.2

9/9/98
14
14
13
13
14
13
13.7
30.8

10/7/98
9.5
9.8
10
11
11
11
28.1
54.4

Nashua River at East Pepperell, MA. (Provisional 7Q10 = 45.968 cfs (USGS 1998))

Gage #01096500








5/27/98
693
570
571
510
431
415
1091
734

6/17/98
532
607
2470
3850
3950
3320
1488
492

7/21/98
263
280
261
250
247
243
427
255

7/22/98
280
261
250
247
243
187
427
255

8/11/98
82
104
296
189
112
79
170
215

8/12/98
104
296
189
112
79
136
170
215

9/9/98
118
118
117
115
162
223
122
232

10/7/98
111
133
253
246
86
225
303
318

* Period of Record     

STREAM WATER QUALITY MONITORING 
The Hydrolab in-situ results are provided in Table B5.  Discrete water sampling data includes physico-chemical (Table B6) and bacterial data (Table B7).  DEP DWM water quality data is managed and maintained in the Water Quality Data Access Database.

Table B5.  1998 DEP DWM Nashua River Basin, in-situ hydrolab data.


Time
Measurement 
Temp
pH 
Cond 
TDS 
DO 
SAT 
Turb 

(24hr)
Depth (m)
(°C)
(SU)
(uS/cm)
(g/l)
(mg/l)
(%)
(NTU)


NASHUA RIVER “South Branch"

Station: NS17,  Mile Point: 28.4

Description: approximately 540 yards upstream/east of Route 110, Clinton.  Sampled from western shore.  (10 yards 

upstream of Clinton WWTP outfall)

81-0005
05/27/98
11:12
0.3  
14.4  
6.8  
149
0.10
9.2 
88
--

81-0020
06/17/98
11:17
<0.3  
16.3  
6.5  
174
0.1
6.4 
64
--

81-0060
07/22/98
11:21
0.4  
20.5  
6.8  
159
0.1
6.8 
74
--

81-0086
08/12/98
10:58
<0.3  
20.0  
6.8  
148
0.09
6.6 
71
**

81-0101
09/09/98
11:01
<0.3  
16.5  
6.9  
140
0.09
8.6 
88
--

81-0116
10/07/98
10:13
0.5  
8.7  
6.9  
138
0.09
9.8 
81
--


NASHUA RIVER “South Branch"

Station: NS19,  Mile Point: 26.6

Description: approximately 15 yards upstream/south of Bolton Road, Lancaster.  Wade in sample.

81-0006
05/27/98
11:46
0.6  
16.4  
7.0  
176
0.1
9.3 
94
--

81-0021
06/17/98
11:48
0.8  
16.6  
6.4  
92
0.06
4.4 
45
--

81-0061
07/22/98
11:42
0.7  
22.1  
7.1  
190
0.1
7.3 
82
--

81-0087
08/12/98
11:21
0.4  
20.5  
7.0  
206
0.1
7.7 
84
2

81-0102
09/09/98
11:25
0.3  
16.9  
7.1  
212
0.1
8.6 
89
--

81-0117
10/07/98
10:27
0.7  
10.2  
7.1  
208
0.1
9.9 
85
--

NASHUA RIVER

Station: NM21,  Mile Point: 20.7

Description: approximately 35 yards downstream/north of tank bridge accessed from Still River Road, Harvard.  

Sampled from east bank, from boat launch.

81-0007
05/27/98
12:26
0.4  
17.0  
6.8  
237
0.2
8.2 
83
--

81-0022
06/17/98
12:37
0.6  
17.3  
6.4  
113
0.07
6.5 
67
--

81-0062
07/22/98
12:11
1.0  
23.1  
7.0  
288
0.2
6.7 
77
--

81-0088
08/12/98
11:53
0.5  
22.0  
7.1  
350
0.2
7.1 
80
4

81-0103
09/09/98
11:56
0.6  
17.6  
7.2  
384
0.2
8.4 
88
--

81-0118
10/07/98
10:47
0.9  
9.3  
7.1  
400
0.3
9.7 
82
--

NASHUA RIVER

Station: NM21A,  Mile Point: 18.1

Description: upstream/south at Jackson Road bridge, Harvard.  Sampled from southwestern bank or from bridge if bank 

access flooded.

81-0014
05/27/98
12:27
0.8  
16.9  
6.6  
225
0.1
** 
**
5

81-0029
06/17/98
13:04
<0.3  
18.0  
6.3  
111
0.07
6.8 
71
**

81-0070
07/22/98
12:12
1.0  
23.2  
7.0  
283
0.2
6.6 
76
--

81-0097
08/12/98
12:27
0.9  
22.0  
6.8  
322
0.2
6.7 
75
--

81-0112
09/09/98
12:44
<0.3  
17.9  
6.9  
360
0.2
7.8 
82
--

81-0127
10/07/98
09:20
<0.3  
10.4  
6.8  
395
0.3
9.4 
82
**

NASHUA RIVER/Ice House Pond

Station: ICEHSEDM,  Mile Point: 15.6

Description: approximately 90 yards upstream/southwest of Ice House Dam, Harvard.  Sampled to catch flow before it 

split to dam and ice house structure.

81-0040
07/21/98
09:02
<0.3  
22.9  
6.8  
278
0.2
7.2 
82
11

09:11
1.0  
22.6  
6.8  
278
0.2
7.2 
82
10

09:18
2.0  
22.5  
6.8  
278
0.2
7.1 
80
11

81-0052
07/22/98
12:26
0.4  
23.5  
6.8  
276
0.2
7.6 
88
13

81-0082
08/12/98
12:44
0.5  
22.6  
6.8  
304
0.2
6.3 
71
--

12:49
1.8  
22.6  
6.8  
305
0.2
6.3 
71
--
** = censored data,  -- = no data 
Table B5.  Continued.  1998 DEP DWM Nashua River Basin, in-situ hydrolab data.

Time
Measurement 
Temp
pH 
Cond 
TDS 
DO 
SAT 
Turb 

(24hr)
Depth (m)
(°C)
(SU)
(uS/cm)
(g/l)
(mg/l)
(%)
(NTU)


NASHUA RIVER

Station: NM25,  Mile Point: 12.9

Description: downstream/north at Route 2A, Shirley/Ayer.

81-0013
05/27/98
11:40
1.1  
17.1  
6.7  
229
0.1
8.8 
89
**

81-0028
06/17/98
12:21
0.5  
17.6  
6.3  
114
0.07
7.6 
78
12

81-0069
07/22/98
11:29
1.4  
22.3  
7.0  
283
0.2
7.4 
84
--

81-0096
08/12/98
11:48
1.2  
22.1  
6.8  
309
0.2
7.3 
82
--

81-0111
09/09/98
12:04
0.3  
17.9  
6.9  
353
0.2
8.0 
84
--

NASHUA RIVER

Station: NM25A,  Mile Point: 12.9

Description: approximately 50 yards upstream/south of Route 2A bridge, Shirley/Ayer.

81-0126
10/07/98
12:21
0.4  
12.2  
7.0  
293
0.2
10.1 
91
**

NASHUA RIVER

Station: GROTSCH,  Mile Point: 11.2

Description: off of center of floating warf at Groton School boat house, east of Route 111, Groton.

81-0036
07/21/98
10:18
0.3  
22.2  
6.8  
258
0.2
6.4 
72
5

10:27
0.8  
22.2  
6.8  
258
0.2
6.4 
72
5

81-0048
07/22/98
11:20
0.5  
22.7  
6.8  
255
0.2
6.3 
72
9

11:27
1.0  
22.6  
6.8  
255
0.2
6.3 
72
9

11:34
1.5  
22.6  
6.8  
254
0.2
6.3 
72
9

81-0075
08/11/98
12:10
0.4  
23.6  
6.9  
262
0.2
6.5 
76
--

12:16
1.6  
23.5  
6.9  
262
0.2
6.4 
75
--

81-0081
08/12/98
11:58
0.4  
22.9  
6.9  
278
0.2
6.4 
74
--

12:04
1.8  
22.9  
6.9  
278
0.2
6.4 
73
--

NASHUA RIVER/Pepperell Pond

Station: INLTPEPPD,  Mile Point: 7.5

Description: approximately 75 yards upstream/north of Route 111/119 and west of Nod Road, Groton.  (upstream/north 

of boat launch)

81-0034
07/21/98
11:39
<0.3  
23.6  
6.8  
256
0.2
6.8 
79
10

11:45
1.5  
23.4  
6.8  
256
0.2
6.7 
78
10

11:52
4.2  
23.4  
6.8  
256
0.2
6.6 
77
10

81-0046
07/22/98
10:10
0.5  
23.6  
6.8  
257
0.2
7.0 
81
5

10:18
1.9  
23.4  
6.8  
256
0.2
6.8 
79
4

10:24
3.7  
23.4  
6.8  
257
0.2
6.8 
78
4

81-0074
08/11/98
11:05
0.4  
23.5  
6.9  
254
0.2
7.0 
81
--

11:12
2.0  
23.5  
6.9  
255
0.2
7.0 
81
--

11:18
4.0  
23.4  
6.9  
254
0.2
6.7 
78
--

81-0080
08/12/98
11:14
0.5  
23.3  
6.8  
254
0.2
6.6 
77
--

11:22
4.7  
23.3  
6.8  
254
0.2
6.5 
75
--

NASHUA RIVER/Pepperell Pond

Station: OUTPEPPD,  Mile Point: 3.6

Description: approximately 180 yards upstream/south of Main Street, Pepperell.  (approximately 45 yards 

downstream/north of boat launch)

81-0031
07/21/98
13:05
<0.3  
26.4  
7.4  
236
0.2
10.5 
128
12

13:12
2.0  
25.0  
7.0  
236
0.2
8.5 
101
11

13:19
3.5  
24.5  
6.7  
234
0.1
5.6 
66
11

81-0044
07/22/98
09:05
<0.3  
26.2  
7.4  
241
0.2
10.0 
122
4

09:15
1.5  
25.8  
7.2  
241
0.2
9.4 
115
4

09:25
2.6  
24.9  
6.7  
239
0.2
5.9 
70
4

81-0071
08/11/98
10:02
0.5  
25.3  
7.5  
270
0.2
9.9 
119
--

10:09
2.6  
25.3  
7.5  
272
0.2
9.8 
118
--

10:16
5.0  
21.3  
6.6  
268
0.2
<1.0 
<1.0 
--

81-0077
08/12/98
09:59
0.4  
24.9  
7.5  
274
0.2
9.7 
115
--

10:17
2.5  
24.5  
6.9  
277
0.2
6.6 
78
--

10:10
5.0  
21.3  
6.6  
273
0.2
<1.0 
<1.0 
--

** = censored data,  -- = no data 
Table B5.  Continued.  1998 DEP DWM Nashua River Basin, in-situ hydrolab data.

Time
Measurement 
Temp
pH 
Cond 
TDS 
DO 
SAT 
Turb 

(24hr)
Depth (m)
(°C)
(SU)
(uS/cm)
(g/l)
(mg/l)
(%)
(NTU)

NASHUA RIVER

Station: NM29A,  Mile Point: 2.8


Description: approximately 1/2 mile downstream/east from covered bridge at Groton Street, Pepperell.  Sampled from 

southern shore approximately 20 yards upstream/east of abandoned railroad track.

81-0009
05/27/98
10:12
0.4  
18.6  
6.7  
195
0.1
7.9 
83
4

81-0024
06/17/98
10:01
<0.3  
17.7  
6.4  
101
0.06
9.3 
97
**

81-0064
07/22/98
09:46
0.4  
26.0  
7.2  
242
0.2
7.9 
96
--

81-0091
08/12/98
10:25
<0.3  
24.5  
7.2  
278
0.2
** 
**
--

81-0106
09/09/98
10:24
<0.3  
21.1  
7.1  
306
0.2
8.0 
89
--

81-0121
10/07/98
10:22
0.4  
13.9  
7.1  
299
0.2
9.3 
87
13

NISSITISSIT RIVER

Station: NT68,  Mile Point: 0.9


Description: approximately 35 yards downstream/east of Mill Street, Pepperell.  Sampled from south bank.

81-0010
05/27/98
09:37
<0.3  
17.3  
6.9  
82
0.05
9.0 
92
3

81-0025
06/17/98
10:29
0.4  
17.1  
6.3  
45
0.03
8.9 
91
9

81-0092
08/12/98
10:00
0.5  
22.8  
7.1  
112
0.07
8.1 
92
--

81-0107
09/09/98
10:55
<0.3  
18.2  
7.1  
112
0.07
9.3 
98
--

81-0122
10/07/98
10:44
<0.3  
9.6  
7.0  
110
0.07
11.3 
96
11
SQUANNACOOK RIVER

Station: NT60A,  Mile Point: 4.6


Description: off the west side of Townsend Road (directly across from Candice Lane), Groton.  Wade in sample.

81-0011
05/27/98
11:08
0.8  
16.1  
6.3  
124
0.08
8.6 
85
3

81-0026
06/17/98
11:36
0.5  
15.8  
5.8  
53
0.03
8.7 
87
10

81-0067
07/22/98
10:56
1.1  
22.7  
6.6  
145
0.09
7.0 
81
--

81-0093
08/12/98
11:18
0.6  
22.4  
6.4  
161
0.1
6.7 
76
--

81-0108
09/09/98
11:32
<0.3  
18.3  
6.4  
165
0.1
6.9 
73
--

81-0123
10/07/98
11:29
0.3  
10.2  
6.4  
162
0.1
8.2 
71
12
NORTH NASHUA RIVER

Station: NN01,  Mile Point: 19.5


Description: approximately 60 yards downstream/east of Route 31 bridge, Fitchburg.  Sampled from northern bank.

81-0001
05/27/98
09:09
0.4  
18.1  
7.1  
166
0.1
9.1 
94
--

81-0016
06/17/98
09:26
0.4  
16.8  
6.6  
106
0.07
9.4 
96
--

81-0056
07/22/98
09:13
0.6  
25.8  
7.4  
171
0.1
7.8 
95
--

81-0083
08/12/98
09:26
<0.3  
23.7  
7.4  
189
0.1
8.0 
93
1

81-0098
09/09/98
09:14
<0.3  
15.9  
7.3  
203
0.1
9.7 
97
--

81-0113
10/07/98
08:58
0.3  
8.4  
6.8  
251
0.2
10.9 
90
--
NORTH NASHUA RIVER

Station: NN09,  Mile Point: 13.7


Description: approximately 15 yards upstream/north of Falulah Road bridge, Fitchburg.  Sampled from eastern bank.

81-0002
05/27/98
09:50
0.4  
17.6  
6.9  
233
0.1
9.8 
101
--

81-0017
06/17/98
10:03
0.6  
16.6  
6.6  
111
0.07
9.3 
94
--

81-0057
07/22/98
09:52
0.5  
24.4  
7.1  
301
0.2
8.3 
98
--

81-0084
08/12/98
09:56
<0.3  
22.6  
7.0  
394
0.3
8.0 
91
**

81-0099
09/09/98
09:50
<0.3  
17.0  
7.0  
531
0.3
9.4 
97
--

81-0114
10/07/98
09:24
0.5  
10.4  
6.9  
513
0.3
11.2 
97
--
NORTH NASHUA RIVER

Station: NN12,  Mile Point: 7.2


Description: approximately 65 yards downstream/east of Route 190 bridge, Lancaster.  Sampled from southern bank.

81-0003
05/27/98
10:34
0.4  
16.4  
6.9  
280
0.2
9.4 
94
--

81-0018
06/17/98
10:42
1.2  
16.7  
6.7  
132
0.08
9.0 
92
--

81-0058
07/22/98
10:26
0.6  
22.3  
7.0  
358
0.2
7.5 
85
--

81-0085
08/12/98
10:22
0.4  
21.7  
7.0  
455
0.3
6.7 
76
7

81-0100
09/09/98
10:24
<0.3  
17.4  
7.1  
469
0.3
8.3 
86
--

81-0115
10/07/98
09:47
0.6  
11.3  
6.9  
527
0.3
9.6 
85
--

WHITMAN RIVER1

Station: WM18WHI,  Mile Point: 0.5


Description: Westminster, off the south side of South Ashburnham Road approximately 200 meters west (upstream) of 

Route 2A.


BC-0025
10/02/96
15:29
<0.3  
15.8  
6.5  
134
0.09
9.4 
93
6
** = censored data,  -- = no data 


1 Data collected as part of 104(b)3 Numeric Biocriteria  project (97-09/104).
Table B6.  1998 DEP DWM Nashua River Basin, instream physico/chemical data.  All units in mg/L unless otherwise noted.

Time
Alkalinity
Hardness
Chloride
Suspended
Turbidity
Ammonia
Nitrate
Total 
Dissolved 
BOD5

(24hr)
 Solids
 (NTU)
Phosphorus
Phosphorus
 NASHUA RIVER “South Branch"

Station: NS17,  Mile Point: 28.4

Description: approximately 540 yards upstream/east of Route 110, Clinton.  Sampled from western shore.  (10 yards upstream of Clinton WWTP outfall)

81-0005
05/27/98
11:12
21  
34  
23  
<1.0
0.73
<0.02
0.50
0.02
--  
--  

81-0020
06/17/98
11:15
24  
30  
23  
13  
--  
0.74
0.86
0.37
--  
--  

81-0060
07/22/98
11:15
22  
40  
--  
<1.0
0.80
<0.02
0.37
0.02
--  
<6  

81-0086
08/12/98
10:55
20  
35  
--  
2.0
1.1  
<0.02
0.35
0.02
--  
<6  

81-0101
09/09/98
11:01
19  
32  
21  
1.8
1.5  
<0.02
0.09
0.03
--  
--  

81-0116
10/07/98
10:10
20  
35  
21  
<1.0
0.89
<0.02
0.39
0.02
--  
--  

 NASHUA RIVER “South Branch"

Station: NS19,  Mile Point: 26.6

Description: approximately 15 yards upstream/south of Bolton Road, Lancaster.  Wade in sample.

81-0006
05/27/98
11:46
28  
32  
22  
1.8
1.9  
0.03
2.1  
0.31
--  
--  

81-0021
06/17/98
11:45
21  
27  
12  
3.4
--  
0.12
0.61
0.19
--  
--  

81-0061
07/22/98
11:45
33  
36  
--  
2.9
1.6  
<0.02
1.0  
0.32
--  
<6  

81-0087
08/12/98
11:30
29  
36  
--  
1.4
1.3  
0.02
2.1  
0.47
--  
<6  

81-0102
09/09/98
11:25
31  
36  
25  
2.4
2.1  
0.56
3.1  
0.65
--  
--  

81-0117
10/07/98
10:23
34  
39  
27  
1.0
1.8  
0.02
2.1  
0.53
--  
--  
NASHUA RIVER

Station: NM21,  Mile Point: 20.7

Description: approximately 35 yards downstream/north of tank bridge accessed from Still River Road, Harvard.  Sampled from east bank, from boat launch.

81-0007
05/27/98
12:26
20  
34  
45  
1.2
2.4  
0.04
1.4  
0.10
--  
--  

81-0022
06/17/98
12:30
11  
17  
20  
4.4
--  
<0.02
0.26
0.10
--  
--  

81-0062
07/22/98
12:10
22  
47  
--  
3.2
1.6  
<0.02
1.8  
0.12
--  
<6  

81-0088
81-0089
08/12/98
11:50
31  
54  
--  
4.6
1.6  
0.04
2.9  
**  
--  
<6  

81-0089
81-0088
08/12/98
11:50
31  
54  
--  
3.9
1.8  
0.05
2.6  
**  
--  
<6  

81-0104
81-0103
09/09/98
**
37  
59  
60  
2.6
2.9  
<0.02
2.5  
0.22
--  
--  

81-0103
81-0104
09/09/98
11:56
37  
59  
61  
2.6
2.8  
<0.02
2.4  
0.22
--  
--  

81-0118
81-0119
10/07/98
10:45
36  
62  
67  
1.8
2.2  
0.11
3.9  
0.25
--  
--  

81-0119
81-0118
10/07/98
10:45
37  
62  
67  
2.2
2.1  
0.11
4.0  
0.24
--  
--  
 ** = missing/censored data          -- = no data 

Table B6.  Continued.  1998 DEP DWM Nashua River Basin, instream physico/chemical data.  All units in mg/L unless otherwise noted.



Time
Alkalinity
Hardness
Chloride
Suspended
Turbidity
Ammonia
Nitrate
Total 
Dissolved 
BOD5

(24hr)
 Solids
 (NTU)
Phosphorus
Phosphorus
NASHUA RIVER

Station: NM21A,  Mile Point: 18.1

Description: upstream/south at Jackson Road bridge, Harvard.  Sampled from southwestern bank or from bridge if bank access flooded.

81-0014
05/27/98
12:27
20  
33  
45  
1.0
2.3  
0.05
1.2  
0.08
--  
--  

81-0030
81-0029
06/17/98
**
11  
17  
21  
8.8
--  
<0.02
0.26
0.08
--  
--  

81-0029
81-0030
06/17/98
13:02
11  
17  
20  
6.8
--  
0.02
0.26
0.09
--  
--  

81-0070
07/22/98
12:12
33  
46  
--  
2.6
2.0  
<0.02
1.6  
0.11
--  
<6  

81-0097
08/12/98
12:27
30  
51  
--  
2.5
2.1  
0.06
2.2  
0.16
--  
<6  

81-0112
09/09/98
12:40
38  
57  
63  
2.8
3.6  
<0.02
2.2  
0.18
--  
--  

81-0127
10/07/98
9:15
38  
60  
65  
3.4
3.4  
0.02
3.0  
0.18
--  
--  
NASHUA RIVER/Ice House Pond

Station: ICEHSEDM,  Mile Point: 15.6

Description: approximately 90 yards upstream/southwest of Ice House Dam, Harvard.  Sampled to catch flow before it split to dam and ice house structure.

81-0040
07/21/98
8:55
--  
--  
--  
--  
--  
--  
--  
0.11
--  
--  

81-0052
07/22/98
**
--  
--  
--  
--  
--  
--  
--  
0.16
0.05
--  

81-0076
08/11/98
1:00
--  
--  
--  
--  
--  
--  
--  
0.13
0.08
--  

81-0082
08/12/98
**
--  
--  
--  
--  
--  
--  
--  
0.15
0.08
--  
NASHUA RIVER

Station: NM25,  Mile Point: 12.9

Description: downstream/north at Route 2A, Shirley/Ayer.

81-0013
05/27/98
11:40
23  
36  
43  
1.6
2.3  
0.05
1.1  
0.08
--  
--  

81-0028
06/17/98
12:22
12  
18  
20  
5.2
--  
<0.02
0.20
0.08
--  
--  

81-0069
07/22/98
11:29
32  
50  
--  
2.2
1.7  
0.05
1.1  
0.10
--  
<6  

81-0096
08/12/98
12:00
35  
53  
--  
1.8
1.7  
0.06
1.7  
0.16
--  
<6  

81-0111
09/09/98
12:00
39  
56  
55  
1.8
2.3  
0.02
2.3  
0.20
--  
--  
NASHUA RIVER

Station: NM25A,  Mile Point: 12.9

Description: approximately 50 yards upstream/south of Route 2A bridge, Shirley/Ayer.

81-0126
10/07/98
12:20
37  
51  
48  
1.6
3.1  
0.08
1.5  
0.12
--  
--  
** = missing/censored data          -- = no data 
Table B6.  Continued.  1998 DEP DWM Nashua River Basin, instream physico/chemical data.  All units in mg/L unless otherwise noted.


Time
Alkalinity
Hardness
Chloride
Suspended
Turbidity
Ammonia
Nitrate
Total 
Dissolved 
BOD5

(24hr)
 Solids
 (NTU)
Phosphorus
Phosphorus
NASHUA RIVER

Station: GROTSCH,  Mile Point: 11.2

Description: off of center of floating warf at Groton School boat house, east of Route 111, Groton.

81-0036
81-0038
07/21/98
10:20
--  
--  
--  
--  
--  
--  
--  
0.12
--  
--  

81-0038
81-0036
07/21/98
10:20
--  
--  
--  
--  
--  
--  
--  
0.11
--  
--  

81-0048
81-0050
07/22/98
**
--  
--  
--  
--  
--  
--  
--  
0.09
0.07
--  

81-0050
81-0048
07/22/98
**
--  
--  
--  
--  
--  
--  
--  
0.09
0.07
--  

81-0075
08/11/98
12:00
--  
--  
--  
--  
--  
--  
--  
0.15
0.12
--  

81-0081
08/12/98
**
--  
--  
--  
--  
--  
--  
--  
0.15
0.11
--  
NASHUA RIVER/Pepperell Pond

Station: INLTPEPPD,  Mile Point: 7.5

Description: approximately 75 yards upstream/north of Route 111/119 and west of Nod Road, Groton.  (upstream/north of boat launch)

81-0034
07/21/98
11:50
--  
--  
--  
--  
--  
--  
--  
0.10
--  
--  

81-0046
07/22/98
**
--  
--  
--  
--  
--  
--  
--  
0.11
0.09
--  

81-0074
08/11/98
11:00
--  
--  
--  
--  
--  
--  
--  
0.11
0.08
--  

81-0080
08/12/98
**
--  
--  
--  
--  
--  
--  
--  
0.13
0.09
--  
NASHUA RIVER/Pepperell Pond

Station: OUTPEPPD,  Mile Point: 3.6

Description: approximately 180 yards upstream/south of Main Street, Pepperell.  (approximately 45 yards downstream/north of boat launch)

81-0031
07/21/98
1:00
--  
--  
--  
--  
--  
--  
--  
0.10
--  
--  

81-0044
07/22/98
**
--  
--  
--  
--  
--  
--  
--  
0.10
0.04
--  

81-0071
81-0072
08/11/98
10:00
--  
--  
--  
--  
--  
--  
--  
0.09
--  
--  

81-0072
81-0071
08/11/98
10:00
--  
--  
--  
--  
--  
--  
--  
0.10
--  
--  

81-0077
81-0078
08/12/98
**
--  
--  
--  
--  
--  
--  
--  
0.09
0.03
--  

81-0078
81-0077
08/12/98
**
--  
--  
--  
--  
--  
--  
--  
0.09
0.04
--  
** = missing/censored data          -- = no data 
Table B6.  Continued.  1998 DEP DWM Nashua River Basin, instream physico/chemical data.  All units in mg/L unless otherwise noted.


Time
Alkalinity
Hardness
Chloride
Suspended
Turbidity
Ammonia
Nitrate
Total 
Dissolved 
BOD5

(24hr)
 Solids
 (NTU)
Phosphorus
Phosphorus
NASHUA RIVER

Station: NM29A,  Mile Point: 2.8

Description: approximately 1/2 mile downstream/east from covered bridge at Groton Street, Pepperell.  Sampled from southern shore approximately 20 yards 

upstream/east of abandoned railroad track.

81-0009
05/27/98
10:12
20  
31  
36  
<1.0
3.5  
0.10
0.58
0.08
--  
--  

81-0024
06/17/98
10:01
12  
17  
18  
6.4
--  
0.03
0.15
0.09
--  
--  

81-0064
07/22/98
9:46
33  
42  
--  
2.4
4.1  
<0.02
0.76
<0.01
--  
<6  

81-0091
08/12/98
10:26
30  
45  
--  
2.9
1.2  
0.06
0.93
0.08
--  
<6  

81-0106
09/09/98
10:25
63  
49  
50  
2.4
5.3  
0.02
1.1  
0.09
--  
--  

81-0121
10/07/98
10:22
3.6
50  
51  
2.2
2.8  
0.05
1.2  
0.09
--  
--  
NISSITISSIT RIVER

Station: NT68,  Mile Point: 0.9

Description: approximately 35 yards downstream/east of Mill Street, Pepperell.  Sampled from south bank.

81-0010
05/27/98
9:37
17  
19  
11  
1.2
1.3  
<0.02
0.09
0.02
--  
--  

81-0025
06/17/98
10:29
9.0
11  
5.0
2.7
--  
<0.02
<0.02
0.02
--  
--  

81-0066
81-0065
07/22/98
**
20  
26  
--  
1.6
1.0  
<0.02
0.10
<0.01
--  
<6  

81-0065
81-0066
07/22/98
10:16
20  
26  
--  
1.8
1.2  
<0.02
0.10
<0.01
--  
<6  

81-0092
08/12/98
10:01
20  
26  
--  
<1.0
<1.0  
<0.02
0.10
0.01
--  
<6  

81-0107
09/09/98
10:50
22  
25  
15  
<1.0
0.73
<0.02
0.06
0.02
--  
--  

81-0122
10/07/98
10:44
21  
26  
16  
<1.0
1.1  
<0.02
0.08
0.01
--  
--  
SQUANNACOOK RIVER

Station: NT60A,  Mile Point: 4.6

Description: off the west side of Townsend Road (directly across from Candice Lane), Groton.  Wade in sample.

81-0012
81-0011
05/27/98
**
10  
14  
25  
<1.0
1.4  
0.02
0.36
0.02
--  
--  

81-0011
81-0012
05/27/98
11:08
9.0
14  
26  
<1.0
1.4  
<0.02
0.36
0.02
--  
--  

81-0026
06/17/98
**
5.0
7.5
9.0
2.6
--  
<0.02
0.04
0.05
--  
--  

81-0067
07/22/98
10:56
12  
19  
--  
<1.0
1.0  
<0.02
0.43
<0.01
--  
<6  

81-0093
81-0094
08/12/98
11:18
12  
20  
--  
<1.0
<1.0  
<0.02
0.48
0.02
--  
<6  

81-0094
81-0093
08/12/98
11:18
12  
20  
--  
<1.0
<1.0  
<0.02
0.48
0.02
--  
<6  

81-0108
81-0109
09/09/98
11:25
14  
20  
33  
1.0
1.2  
<0.02
0.40
0.02
--  
--  

81-0109
81-0108
09/09/98
11:25
13  
20  
33  
<1.0
1.1  
<0.02
0.47
0.02
--  
--  

81-0123
81-0124
10/07/98
11:30
14  
23  
34  
<1.0
1.1  
<0.02
0.51
0.02
--  
--  

81-0124
81-0123
10/07/98
11:30
13  
23  
34  
1.0
1.2  
<0.02
0.45
0.02
--  
--  
 ** = missing/censored data          -- = no data

Table B6.  Continued.  1998 DEP DWM Nashua River Basin, instream physico/chemical data.  All units in mg/L unless otherwise noted.


Time
Alkalinity
Hardness
Chloride
Suspended
Turbidity
Ammonia
Nitrate
Total 
Dissolved 
BOD5

(24hr)
 Solids
 (NTU)
Phosphorus
Phosphorus
NORTH NASHUA RIVER

Station: NN01,  Mile Point: 19.5

Description: approximately 60 yards downstream/east of Route 31 bridge, Fitchburg.  Sampled from northern bank.

81-0001
05/27/98
9:09
7.5
15  
40  
1.0
1.2  
<0.02
0.03
0.01
--  
--  

81-0016
06/17/98
9:25
7.0
10  
23  
1.4
--  
<0.02
0.05
0.08
--  
--  

81-0056
07/22/98
9:10
10  
17  
--  
1.7
1.5  
<0.02
<0.02
0.02
--  
<6  

81-0083
08/12/98
9:20
12  
18  
--  
<1.0
1.5  
<0.02
0.03
0.02
--  
<6  

81-0098
09/09/98
9:15
13  
20  
48  
1.0
1.5  
<0.02
<0.02
0.02
--  
--  

81-0113
10/07/98
8:55
15  
26  
62  
<1.0
0.58
<0.02
0.09
<0.01
--  
--  
NORTH NASHUA RIVER

Station: NN09,  Mile Point: 13.7

Description: approximately 15 yards upstream/north of Falulah Road bridge, Fitchburg.  Sampled from eastern bank.

81-0002
05/27/98
9:50
18  
30  
45  
1.4
1.5  
0.20
0.34
0.02
--  
--  

81-0017
06/17/98
10:00
8.0
13  
23  
6.8
--  
0.02
0.10
0.06
--  
--  

81-0057
07/22/98
9:45
25  
47  
--  
3.0
1.6  
0.03
0.47
0.05
--  
<6  

81-0084
08/12/98
9:55
34  
65  
--  
2.9
2.1  
0.13
0.76
0.04
--  
<6  

81-0099
09/09/98
9:50
44  
87  
77  
1.4
2.3  
0.05
0.66
0.03
--  
--  

81-0114
10/07/98
9:20
43  
99  
76  
1.0
1.8  
0.17
0.64
0.02
--  
--  
NORTH NASHUA RIVER

Station: NN12,  Mile Point: 7.2

Description: approximately 65 yards downstream/east of Route 190 bridge, Lancaster.  Sampled from southern bank.

81-0004
81-0003
05/27/98
**
20  
35  
57  
1.6
1.7  
0.22
1.3  
0.07
--  
--  

81-0003
81-0004
05/27/98
10:34
21  
35  
56  
1.2
1.3  
0.20
1.3  
0.07
--  
--  

81-0018
81-0019
06/17/98
10:40
11  
17  
25  
7.8
--  
0.04
0.27
0.08
--  
--  

81-0019
81-0018
06/17/98
10:40
11  
17  
26  
7.8
--  
0.03
0.28
0.08
--  
--  

81-0058
81-0059
07/22/98
10:20
28  
53  
--  
3.1
1.5  
0.08
2.2  
0.12
--  
<6  

81-0059
81-0058
07/22/98
10:20
26  
40  
--  
3.0
1.6  
0.07
2.4  
0.12
--  
<6  

81-0085
08/12/98
10:20
37  
63  
--  
5.1
2.5  
0.39
3.0  
0.18
--  
<6  

81-0100
09/09/98
10:24
42  
69  
77  
2.6
2.7  
0.32
2.5  
0.14
--  
--  

81-0115
10/07/98
9:45
40  
76  
92  
1.4
2.1  
0.25
4.6  
0.07
--  
--  
 ** = missing/censored data          -- = no data

Table B7.  1998 DEP DWM Nashua River Basin bacteria data.  Units in cfu/100 mLs.

Time
FECAL
E-COLI
ENTEROCOCCUS

(24hr)
 NASHUA RIVER “South Branch"

Station: NS17,  Mile Point: 28.4

Description: approximately 540 yards upstream/east of Route 110, Clinton.  Sampled from western shore.  (10 yards 

upstream of Clinton WWTP outfall)

81-0005
05/27/98
11:12
80
<20
<20

81-0020
06/17/98
11:15
9,000
--  
--  

81-0060
07/22/98
11:15
480
--  
--  

81-0086
08/12/98
10:55
**  
--  
--  

81-0101
09/09/98
11:01
130
--  
--  

81-0116
10/07/98
10:10
82
--  
--  
 NASHUA RIVER “South Branch"

Station: NS19,  Mile Point: 26.6

Description: approximately 15 yards upstream/south of Bolton Road, Lancaster.  Wade in sample.

81-0006
05/27/98
11:46
200
20
60

81-0021
06/17/98
11:45
16,000
--  
--  

81-0061
07/22/98
11:45
800
--  
--  

81-0087
08/12/98
11:30
**  
--  
--  

81-0102
09/09/98
11:25
280
--  
--  

81-0117
10/07/98
10:23
82
--  
--  
NASHUA RIVER

Station: NM21,  Mile Point: 20.7

Description: approximately 35 yards downstream/north of tank bridge accessed from Still River Road, Harvard.  

Sampled from east bank, from boat launch.

81-0007
05/27/98
12:26
<20
<20
80

81-0022
06/17/98
12:30
1,000
--  
--  

81-0062
07/22/98
12:10
210
--  
--  

81-0088
81-0089
08/12/98
11:50
**  
--  
--  

81-0089
81-0088
08/12/98
11:50
**  
--  
--  

81-0104
81-0103
09/09/98
**
98
--  
--  

81-0103
81-0104
09/09/98
11:56
200
--  
--  

81-0118
81-0119
10/07/98
10:45
110
--  
--  

81-0119
81-0118
10/07/98
10:45
98
--  
--  
NASHUA RIVER

Station: NM21A,  Mile Point: 18.1

Description: upstream/south at Jackson Road bridge, Harvard.  Sampled from southwestern bank or from bridge if bank 

access flooded.

81-0014
05/27/98
12:27
40
<20
60

81-0030
81-0029
06/17/98
**
3,500
--  
--  

81-0029
81-0030
06/17/98
13:02
3,000
--  
--  

81-0070
07/22/98
12:12
170
--  
--  

81-0097
08/12/98
12:27
**  
--  
--  

81-0112
09/09/98
12:40
98
--  
--  

81-0127
10/07/98
9:15
120
--  
--  
** = missing/censored data          -- = no data

Table B7.  Continued.  1998 DEP DWM Nashua River Basin bacteria data.  Units in cfu/100 mLs.

Time
FECAL
E-COLI
ENTEROCOCCUS

(24hr)
NASHUA RIVER

Station: NM25,  Mile Point: 12.9

Description: downstream/north at Route 2A, Shirley/Ayer.

81-0013
05/27/98
11:40
60
20
260

81-0028
06/17/98
12:22
2,000
--  
--  

81-0069
07/22/98
11:29
1,200
--  
--  

81-0096
08/12/98
12:00
**  
--  
--  

81-0111
09/09/98
12:00
250
--  
--  
NASHUA RIVER

Station: NM25A,  Mile Point: 12.9

Description: approximately 50 yards upstream/south of Route 2A bridge, Shirley/Ayer.

81-0126
10/07/98
12:20
49
--  
--  
NASHUA RIVER

Station: NM29A,  Mile Point: 2.8

Description: approximately 1/2 mile downstream/east from covered bridge at Groton Street, Pepperell.  Sampled from 

southern shore approximately 20 yards upstream/east of abandoned railroad track.

81-0009
05/27/98
10:12
560
<20
60

81-0024
06/17/98
10:01
180
--  
--  

81-0064
07/22/98
9:46
16
--  
--  

81-0091
08/12/98
10:26
**  
--  
--  

81-0106
09/09/98
10:25
820
--  
--  

81-0121
10/07/98
10:22
82
--  
--  
NISSITISSIT RIVER

Station: NT68,  Mile Point: 0.9

Description: approximately 35 yards downstream/east of Mill Street, Pepperell.  Sampled from south bank.

81-0010
05/27/98
9:37
100
20
880

81-0025
06/17/98
10:29
2,000
--  
--  

81-0066
81-0065
07/22/98
**
66
--  
--  

81-0065
81-0066
07/22/98
10:16
82
--  
--  

81-0092
08/12/98
10:01
**  
--  
--  

81-0107
09/09/98
10:50
49
--  
--  

81-0122
10/07/98
10:44
49
--  
--  
SQUANNACOOK RIVER

Station: NT60A,  Mile Point: 4.6

Description: off the west side of Townsend Road (directly across from Candice Lane), Groton.  Wade in sample.

81-0012
81-0011
05/27/98
**
<20
<20
280

81-0011
81-0012
05/27/98
11:08
80
<20
160

81-0026
06/17/98
**
1,000
--  
--  

81-0067
07/22/98
10:56
33
--  
--  

81-0093
81-0094
08/12/98
11:18
**  
--  
--  

81-0094
81-0093
08/12/98
11:18
**  
--  
--  

81-0108
81-0109
09/09/98
11:25
33
--  
--  

81-0109
81-0108
09/09/98
11:25
16
--  
--  

81-0123
81-0124
10/07/98
11:30
38
--  
--  

81-0124
81-0123
10/07/98
11:30
<16
--  
--  
** = missing/censored data          -- = no data
Table B7.  Continued.  1998 DEP DWM Nashua River Basin bacteria data.  Units in cfu/100 mLs.

Time
FECAL
E-COLI
ENTEROCOCCUS

(24hr)
NORTH NASHUA RIVER

Station: NN01,  Mile Point: 19.5

Description: approximately 60 yards downstream/east of Route 31 bridge, Fitchburg.  Sampled from northern bank.

81-0001
05/27/98
9:09
<20
<20
220

81-0016
06/17/98
9:25
2,000
--  
--  

81-0056
07/22/98
9:10
260
--  
--  

81-0083
08/12/98
9:20
**  
--  
--  

81-0098
09/09/98
9:15
3,300
--  
--  

81-0113
10/07/98
8:55
150
--  
--  
NORTH NASHUA RIVER

Station: NN09,  Mile Point: 13.7

Description: approximately 15 yards upstream/north of Falulah Road bridge, Fitchburg.  Sampled from eastern bank.

81-0002
05/27/98
9:50
280
<20
60

81-0017
06/17/98
10:00
3,000
--  
--  

81-0057
07/22/98
9:45
3,100
--  
--  

81-0084
08/12/98
9:55
**  
--  
--  

81-0099
09/09/98
9:50
1,700
--  
--  

81-0114
10/07/98
9:20
460
--  
--  
NORTH NASHUA RIVER

Station: NN12,  Mile Point: 7.2

Description: approximately 65 yards downstream/east of Route 190 bridge, Lancaster.  Sampled from southern bank.

81-0004
81-0003
05/27/98
**
260
20
20

81-0003
81-0004
05/27/98
10:34
360
<20
80

81-0018
81-0019
06/17/98
10:40
4,000
--  
--  

81-0019
81-0018
06/17/98
10:40
4,000
--  
--  

81-0058
81-0059
07/22/98
10:20
460
--  
--  

81-0059
81-0058
07/22/98
10:20
310
--  
--  

81-0085
08/12/98
10:20
**  
--  
--  

81-0100
09/09/98
10:24
1,000
--  
--  

81-0115
10/07/98
9:45
330
--  
--  
 ** = missing/censored data          -- = no data
MACROINVERTEBRATES
Results from DEP DWM’s 1998 benthic macroinvertebrate studies in the Nashua River Basin are presented in Appendix C  Biological Assessment of Streams in the Nashua River Watershed From 1998 Data, author: Robert Nuzzo. 

PERIPHYTON and PHYTOPLANKTON

Results from DEP DWM’s 1998 periphyton and phytoplankton sampling are presented in Appendix D of this report as a technical memorandum by Joan Beskenis entitled Nashua River 1998 Chlorophyll a, Phytoplankton and Periphyton Sampling.

FISH TOXICS
Fishes from Snows Millpond and Lake Whalom were analyzed for toxic contaminants in 1998 as part of a survey of the Nashua River Watershed.  Results (MA DEP 1998b) are presented in Table B8. The goal of the sampling effort was to screen resident fishes for PCBs, organochlorine pesticides, and selected metals (As, Cd, Hg, Pb, and Se). 

Table B8.  1998 DEP DWM fish toxics monitoring data for Snows Millpond, Fitchburg/Westminster and Lake Whalom, Lunenburg.  Results (mg/kg wet wt.) are from composite samples of fillets with skin off.

[image: image2.wmf]Sample

ID

Collection

Date

Species

Code

1

Length

(

cm)

Weight

(

gm)

Composite

Sample ID

(

laboratory

sample #)

Cd

Pb

Hg

As

Se

% Lipids

PCB

(µ

g/g)

Pesticides

(µ

g/g)

Snows Millpond, Fitchburg/Westminster

SMP98-1

10/2/98

LMB

41.2

870

SMP98-2

10/2/98

LMB

36.5

640

98044

(L980609-1)

<0.02

<0.2

0.33

<0.04

0.33

0.06

ND

ND

SMP98-3

10/2/98

YB

31.1

440

SMP98-4

10/2/98

YB

31.3

500

SMP98-5

10/2/98

YB

29.5

380

98045

(L980609-2)

<0.02

<0.2

0.04

<0.04

0.29

0.42

ND

ND

SMP98-6

10/2/98

WS

46.5

1140

SMP98-7

10/2/98

WS

47.0

1200

SMP98-8

10/2/98

WS

45.0

1000

98046

(L980609-3)

duplicate

<0.02

<0.02

<0.2

<0.2

0.27

--

<0.04

<0.04

0.39

0.41

0.57

ND

ND

Lake 

Whalom, 

Lunenburg

WLF98-1

9/30/98

LMB

38.0

700

WLF98-2

9/30/98

LMB

34.7

600

WLF98-3

9/30/98

LMB

37.7

740

98039

(L980608-1)

duplicate

<0.02

<0.02

<0.2

<0.2

0.25

--

<0.04

<0.04

0.36

0.37

0.13

ND

ND

WLF98-4

9/30/98

YP

20.5

100

WLF98-5

9/30/98

YP

19.5

80

WLF98-6

9/30/98

YP

17.8

50

98040

(L980608-2)

<0.02

<0.2

0.12

<0.04

0.47

0.24

ND

ND

WLF98-7

9/30/98

B

19.7

160

WLF98-8

9/30/98

B

17.8

110

98041

(L980608-3)

<0.02

<0.2

0.10

<0.04

0.37

0.23

ND

ND

WLF98-9

10/1/98

YB

28.5

300

WLF98-10

10/1/98

YB

26.8

250

WLF98-11

10/1/98

YB

26.3

220

98042

(L980608-4)

<0.02

<0.2

0.18

<0.04

0.24

2.3

ND

ND

WLF98-12

10/1/98

YP

23.5

130

WLF98-13

10/1/98

YP

23.1

120

98043

(L980608-5)

<0.02

<0.2

0.13

<0.04

0.42

0.04

ND

ND

1

Species

bluegill (B)

Lepomis 

macrochirus

2

Sample Type    (All samples were fillets with skin off.)

largemouth bass (LMB)

Micropterus 

salmoides

Composite (C)

white sucker (WS)

 

Castomus 

commersoni

Individual (I)

yellow bullhead (YB)

Ameiurus 

natalis

yellow perch (YP)

Perca 

flavescens

ND - not detected or the analytical result is at or below the established detection limit (MDL).  See Appendix A for MDL.


Snows Millpond was sampled using gill nets and rod and reel on 2 October 1998. At Lake Whalom, electrofishing was conducted on 30 September 1998 and trotlines were set overnight and picked up on 1 October 1998. Where possible, fish selected for analysis (Table B8) represented species and sizes desired by the angling public for consumption, as well as from different feeding guilds (i.e., top level predator, invertivore, omnivore).  

As detailed in Table B8 three species of fish, largemouth bass (Micropterus salmoides), yellow bullhead (Ameiurus natalis) and white sucker (Catostomus commersoni) were collected from Snows Millpond, and four species, largemouth bass, yellow perch (Perca flavescens), bluegill (Lepomis macrochirus), and yellow bullhead (Ameiurus natalis) were collected from Lake Whalom. Composite samples of each species were analyzed for metals (As, Cd, Pb, Hg and Se), PCBs, and organochlorine pesticides.

Table B8 lists species, length, and weight data for the individual fish as well as the analytical results.  Cadmium, lead, and arsenic were below method detection limits (MDLs) in the edible fillets of all samples analyzed.  Selenium was detected in all samples analyzed ranging from 0.24 to 0.47 mg/kg wet weight.  Mercury in edible fillets ranged between 0.04 and 0.33 mg/kg wet weight at Snows Millpond and between 0.10 and 0.25 mg/kg wet weight at Lake Whalom. 

Based on the results of the mercury analysis in fish tissue from these two waterbodies, (using a trigger level of 0.5 mg/kg wet weight Hg) DPH has determined that mercury does not pose a significant risk in either of these waters.

PCBs and pesticides were below detection in all samples analyzed.

LAKES
Lake synoptic survey results (MA DEP 1998c) are presented in Table B10
TABLE B10.  DWM summer 19981 Nashua River Basin Lake Survey data.

LAKE, LOCATION
PALIS #
SIZE

(Acres)
TROPHIC

STATE
OBSERVATIONS,

Objectionable Conditions

 Ashby Reservoir2, Ashby
81001
86
U
Occasional stands of emergents around shore

 Asnebumskit Pond2, Paxton
81002
34
u
Non-native plants (Ls, Pa), 

Bare Hill Pond, Harvard
81007
321
u
Non-native plants (Ls, Mh); very dense emergent, floating and submergent plant cover (south inlet 100% & north cove 100%) 

Bartlett Pond2, Leominster
81009
24
e
Very dense emergent, floating and submergent plants cover both arms at northern end

Bixby Reservoir, Townsend
81010
21
e
Cattail islands have filled in NW section; SW section apparently entirely filled; 90% lake surface covered by floating, emergent and submergent plants 

Chaffin Pond2, Holden
81017
102
H
Non-native plants (Ls, Cc), 100% covered with floating, emergent and submergent plants; bottom not visible 

Coachlace Pond (Big Pond), Clinton
81019
31
u
Non-native plants (Ls, Pa); floating vegetation in southwest corner; occasional stands of emergents elsewhere 

Coon Tree Pond, Pepperell
81168
29
E
East shore with encroaching strands of cattail; eastern arm and southern cove filled with floating plants, ~25% of center of pond covered with floating plants

Crocker Pond, Westminster
81025
96
u


Dawson Pond2, Holden
81028
22
e
Non-native plants (Ls, Cc, Mh); Floating plants cover all of west coves

Eagle Lake2, Holden
81034
84
e
Non-native plants (Mh), 80-90% surface covered with floating or submergent plants

East Washacum Pond2, Sterling
81035
188
u
Many dead snails; Non-native plants (Ls); 25+ducks observed

Fall Brook Reservoir2, Leominster
81038
88
u
4 loons observed; Excellent clarity, essentially no visible beds other than low growing “carpet” of small submergents

Fitchburg Reservoir2, Ashby
81043
150
u


1  Wachusett Lake survey was conducted 8 August 1995 and Wachusett Reservoir survey was conducted 16 August 1996. 

2  indicates Class A Public Water Supply  waterbody or tributary thereto (all others are Class B)

INFORMATION CODES:  

PALIS # - Pond and Lake Identification System code number (Ackerman 1989 and MA DEP 2000)

Trophic State - E = Eutrophic, H = Hypereutrophic, U = Undetermined. 

Non-native Plants - Cc = Carbomba caroliniana,  Ls = Lythrum salicaria, Mh = Myriophyllum heterophyllum, 

Ms = Myriophyllum spicatum, Pc = Potamogeton crispus, Pa = Phragmites australis, Tn = Trapa natans

TABLE B10.  Continued.  DWM summer 19981 Nashua River Basin Lake Survey data.
LAKE, LOCATION
PALIS #
SIZE

(Acres)
TROPHIC

STATE
OBSERVATIONS,

Objectionable Conditions

Flannagan Pond, Ayer
81044
87
e
Non-native plants (Ls, Cc, Mh, Pc); Encroaching vegetation from south of east basin; east basin 90% covered with very dense submergent, emergent, floating vegetation; central section 20% covered; northwest portion of west basin 75% covered with floating plants; southwest cove 75% covered

Fort Pond, Lancaster
81046
78
u


Grove Pond, Ayer
81053
67
e
Non-native plants (Ls, Cc, Mh, Pc); Slight oily sheen, tires, “tent pyramids” deployed in water, most of pond very dense floating vegetation and flowers of submergents

Harbor Pond, Townsend
81054
46
u
Emergents encroaching along shores; floating plants ~50 feet out along north shore; upper end of pond with very dense floating; ~30% of entire surface covered by dense aquatic plants 

Haynes Reservoir2, Leominster
81055
54
U
A few stands of emergents around shore

Heald Pond, Pepperell
81056
28
e
Non-native plants (Ls); ~30% of entire surface covered with dense plants; lake proper about half covered from north to south; perimeter of floating leaf plants along south shore

Hickory Hills Lake (Dickinson Reservoir), Lunenburg
81031
314
u
Moderate blue-green turbidity; moderate algal bloom

Hy-Crest Pond2, Sterling
81060
104
u
Moderate blue-green algae observed; occasional stands of emergents around pond 

Kendall Reservoir2, Holden 
81062
164
u
Scattered dense beds of Myriophyllum sp., possibly M. heterophyllum, below the surface at the dam (north end), 

Lake Samoset, Leominster 
81116
44
u
Moderate turbidity; non-native plants (Mh); infrequent stands of emergents around most of pond; very dense cattail stands in southwest end of west arm and south end of east arm, also floating plants in south end of east arm 

Lake Shirley, Lunenburg
81122
354
e
Slight to moderate turbidity; blue-green algae bloom; non-native plants (Cc), 100% of surface covered with floating and submergent plants in isolated southwest cove

Lake Wampanoag, Ashburnham/Gardner
81151
224
u
Occasional stands of emergents along shore; in southwest cove very dense cover near shore, very dense cover along eastern shore 

Lake Whalom, Lunenburg
81154
96
u
Northeast cove at Prospect St. inlet choked with plants; non-native plants (Ls, Mh, Ms, Pc) 

1  Wachusett Lake survey was conducted 8 August 1995 and Wachusett Reservoir survey was conducted 16 August 1996. 

2  indicates Class A Public Water Supply  waterbody or tributary thereto (all others are Class B)

INFORMATION CODES:  

PALIS # - Pond and Lake Identification System code number (Ackerman 1989 and MA DEP 2000)

Trophic State - E = Eutrophic, H = Hypereutrophic, U = Undetermined. 

Non-native Plants - Cc = Carbomba caroliniana,  Ls = Lythrum salicaria, Mh = Myriophyllum heterophyllum, 

Ms = Myriophyllum spicatum, Pc = Potamogeton crispus, Pa = Phragmites australis, Tn = Trapa natans

TABLE B10.  Continued.  DWM summer 19981 Nashua River Basin Lake Survey data.
LAKE, LOCATION
PALIS #
SIZE

(Acres)
TROPHIC

STATE
OBSERVATIONS,

Objectionable Conditions

Lancaster Millpond, Clinton
81065
18
u
Non-native plants (Ls); No dense plant cover observed

Lincoln Pond, Ashburnham
81070
31
u
Dark dissolved organics; substantial “bog/marsh” perimeter, encroaching around entire perimeter, hard to tell from original shoreline

Long Pond, Ayer
81073
59.3
u
Pond has either been drained or partially filled in, lower 2/3 of pond reduced to channel; upper end of pond has encroaching emergents and floating plants 

Lovell Reservoir2, Fitchburg
81074
34
u
Water level down 10 feet from top of rip rap; no emergent, floating, or submergent plants noted

Lower Crow Hill Pond, Princeton
81026
14
u
Some encroaching vegetation in southwestern arm

Maple Spring Pond2, Holden
81077
38
e
Non-native plants (Ls), perimeter of emergents and floating leaf vegetation around all but northwest shore

Massapoag Pond, Lunenburg
81080
64
u
Encroaching emergent plants all around perimeter 

Meetinghouse Pond2, Westminster
81083
155
u
No dense plant beds, except small low growing submergents 

Mirror Lake, Harvard
81085
29
u
No obvious plant beds

Morse Reservoir2, Leominster 
81086
13
u
Water level down ~5 feet, No obvious plant beds

Muschopauge Pond2, Rutland
81089
64
u
Non-native plants (Ls, Pa); No obvious plant beds 

Notown Reservoir2,  Leominster
81092
237
u
No obvious plant beds

Paradise Pond2, Princeton
81097
61
u
Southeast cove and much of north end with very dense vegetation

Partridge Pond (Ellis Pond, Smith Pond), Westminster
81098
24.7
e
Excessive brown turbidity; occasional floating leaf beds along shoreline; south end (particularly coves) dense to very dense floating plants, except in center

Pepperell Pond, Pepperell/Groton
81167
296
H
Excessive turbidity; non-native plants (Cc, Pc, Tn)

Pierce Pond, Leominster
81101
25
u
Northwest arm mostly covered with very dense plants; other dense patches scattered

Pine Hill Reservoir2, Holden/ Paxton/ Rutland
81102
345
u
Observed from a distance; no dense plant beds obvious 

Plow Shop Pond, Ayer
81103
29
e
Too far away to determine water quality; tent pyramids deployed in pond; non-native plants (Ls, Cc); 75% of surface covered with aquatic plants

Quinapoxet Reservoir2, Holden/ Princeton
81108
261
U
Viewed from a distance; low water level, non-native plants (Ls); no obvious plant beds

1  Wachusett Lake survey was conducted 8 August 1995 and Wachusett Reservoir survey was conducted 16 August 1996. 

2  indicates Class A Public Water Supply  waterbody or tributary thereto (all others are Class B)

INFORMATION CODES:  

PALIS # - Pond and Lake Identification System code number (Ackerman 1989 and MA DEP 2000)

Trophic State - E = Eutrophic, H = Hypereutrophic, U = Undetermined. 

Non-native Plants - Cc = Carbomba caroliniana,  Ls = Lythrum salicaria, Mh = Myriophyllum heterophyllum, 

Ms = Myriophyllum spicatum, Pc = Potamogeton crispus, Pa = Phragmites australis, Tn = Trapa natans

TABLE B10.  Continued.  DWM summer 19981 Nashua River Basin Lake Survey data.
LAKE, LOCATION
PALIS #
SIZE

(Acres)
TROPHIC

STATE
OBSERVATIONS,

Objectionable Conditions

Robbins Pond, Harvard
81111
15
e
Algal mats and oil sheen present; Non-native plants (Ls, Pc); very dense submergent and floating plants around most of perimeter

Rockwell Pond, Leominster
81112
10
e
Moderate turbidity; non-native plants (Ls); very dense plant growth along southeast shore near dam; occasional patches and stands of submergent and emergent plants elsewhere

Round Meadow Pond, Westminster
81114
54
e
Moderate brown turbidity; submerged aquatic came up black; non-native plants (Ls); southeast end of pond has very dense floating and emergent beds; occasional dense patches floating plants in lake; frequent stands of emergents out to 20 feet along the perimeter 

Sandy Pond, Ayer
81117
69
u
Non-native plants (Ls); frequent emergent beds around perimeter and occasional patches of floating plants covering less than 10% of surface

Sawmill Pond, Westminster/ Fitchburg
81118
59.3
e
Unable to observe open water; non-native plants (Ls, Mh); entire lake surface covered with emergent, floating, or submergent plants 

Scott Reservoir2, Fitchburg
81119
35
u
Few patches of emergents 

Snows Millpond, Fitchburg/ Westminster
81127
32.1
e
Tires and trash in water; submergent, floating, and emergent plants very dense in coves in western end and along north shoreline

South Meadow Pond (East Basin), Clinton
81129
37
e
Moderate turbidity; non-native plants (Ls), floating and submergent plants very dense in southwest corner

South Meadow Pond (West Basin), Clinton/Lancaster
81165
34
e
Moderate turbidity; oily sheen observed; non-native plants (Ls); plants very dense in southwest arm

Spectacle Pond (Big Spectacle Pond), Lancaster
81132
58
u
Occasional patches of floating and emergent vegetation in southwestern lobes 

Streeter Pond2, Paxton
81136
18
e
100% of pond surface covered with emergent, floating, or submergent plants; no real development, could be natural successional pond

Stuart Pond2, Sterling
81137
39
e
Moderate turbidity; non-native plants (Mh); 100% of pond surface covered with dense floating, emergent, and submergent plants

Stump Pond2 Holden
81171
27
E
Non-native plants (Mh), 100% of pond covered with dense emergent, floating, and submergent plants 

The Quag2, Sterling
81170
32
e
very dense plants cover all but eastern most part of pond

1  Wachusett Lake survey was conducted 8 August 1995 and Wachusett Reservoir survey was conducted 16 August 1996. 

2  indicates Class A Public Water Supply  waterbody or tributary thereto (all others are Class B)

INFORMATION CODES:  

PALIS # - Pond and Lake Identification System code number (Ackerman 1989 and MA DEP 2000)

Trophic State - E = Eutrophic, H = Hypereutrophic, U = Undetermined. 

Non-native Plants - Cc = Carbomba caroliniana,  Ls = Lythrum salicaria, Mh = Myriophyllum heterophyllum, 

Ms = Myriophyllum spicatum, Pc = Potamogeton crispus, Pa = Phragmites australis, Tn = Trapa natans

TABLE B10.  Continued.  DWM summer 19981 Nashua River Basin Lake Survey data.
LAKE, LOCATION
PALIS #
SIZE

(Acres)
TROPHIC

STATE
OBSERVATIONS,

Objectionable Conditions

Unionville Pond2, Holden
81143
19
e
Non-native plants (Pa, Ms) southwest cove; north and south shores covered with very dense emergent and submerged plants 

Upper Crow Hill Pond, Westminster
81169
5
e
very dense submergent plants covering about 50% of surface 

Vinton Pond, Townsend
81145
16
u
Water very clear; occasional floating leaf patches and emergent stands 

Wachusett Lake1, 2, Westminster/Princeton
81146
129
u
No extensive plant beds impairing uses

Wachusett Reservoir1, 2 West Boylston/ Boylston/ Sterling/ Clinton
81147
3952
u
No water quality observations available; non-native plants (Mh)

West Wauschaum Pond2, Sterling
81153
111
u
Occasional stands of emergents around shore 

White Pond, Lancaster/ Leominster
81155
47.7
e
Little water area visible; marsh area on west and south shore; non-native plants (Mh); about 75% of pond surface covered with floating, submergent, and emergent plants 

Whitmanville Reservoir, Ashburnham/Westminster
81109
107
u
 High density of floating, submergent, and emergent plants at northwest end and in west (central) cove

Winnekeag Lake (Rices Reservoir), Ashubrunham
81157
118
u
No obvious plant beds impairing lake

Wright Pond [west basin], Ashby
81159
21
U
Encroaching bog/marsh vegetation around most of pond (out to ~100 feet; out to center from eastern shore)

Wyman Pond (Grassy Pond), Westminster
81161
200
e
Slight to moderate turbidity; slight to moderate algal bloom; non-native plants (Mh), dense submergents and floating in several coves along west and south side

1  Wachusett Lake survey was conducted 8 August 1995 and Wachusett Reservoir survey was conducted 16 August 1996. 

2  indicates Class A Public Water Supply  waterbody or tributary thereto (all others are Class B)

INFORMATION CODES:  

PALIS # - Pond and Lake Identification System code number (Ackerman 1989 and MA DEP 2000)

Trophic State - E = Eutrophic, H = Hypereutrophic, U = Undetermined. 

Non-native Plants - Cc = Carbomba caroliniana,  Ls = Lythrum salicaria, Mh = Myriophyllum heterophyllum, 

Ms = Myriophyllum spicatum, Pc= Potamogeton crispus, Pa = Phragmites australis, Tn = Trapa natans
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Biological Assessment of Streams in the Nashua River Watershed From 1998 Data

introduction

In an effort to appraise the biological health of the Nashua River watershed, the Massachusetts Department of Environmental Protection (DEP)/Division of Watershed Management (DWM) collected samples of benthic macroinvertebrate communities in wadable streams across the watershed.  The description of the sampling locations appears in Table C1, and the distribution of the locations through the watershed is shown in Figure C1.  Of the 14 sampling locations, 10 have been sampled in previous years.  To the extent possible, given differences in methods and taxonomic effort, results were examined for signs of improvement in aquatic life conditions.

methods

Sampling and processing procedures are described in detail in the benthos monitoring SOP (Nuzzo 1999) but a brief description is given here.  A 100 m reach of stream at each location was sampled by kicking bottom substrates in riffle habitats to dislodge resident invertebrates and capture them in a 500 μm mesh kick-net.  Ten kicks in squares approximately 0.46 m x 0.46 m were composited for a total sample area of about 2 m2.  Samples were preserved in the field with denatured 95% ethanol, then brought to the DWM lab for processing.  Before leaving the sample reach, habitat qualities were scored using a modification of the evaluation procedure in Plafkin, et al. (1989).  A copy of the habitat evaluation form appears in Appendix A, Table C-A1; habitat metadata were recorded on forms similar to those in Table C-A2.

Processing entailed distributing a sample in pans, randomly selecting grids within the pans, and sorting specimens from the other materials in the sample until approximately 100 organisms (±10%) were extracted.  Specimens were identified to genus or species as allowed by available keys, specimen condition, and specimen maturity.  Taxonomic data were analyzed using a modification of Rapid Bioassessment Protocol III (RBP III) metrics and scores (Plafkin, et al. 1989).  The modifications were: substitution of “reference site affinity” (RSA) for the Community Loss Index and elimination of the shredder/total ratio (no separate leaf-pack material was collected).  The reference site affinity metric is a modification of Percent Model Affinity (Novak and Bode 1992).  Instead of using the model’s percentages for Oligochaeta, Ephemeroptera, Plecoptera, Trichoptera, Coleoptera, Chironomidae, and other, these percentages were taken from the reference site data.  The RSA score is then calculated as:

100 – (Σ δ x 0.5)

where δ is the difference between the reference percentage and the sample percentage for each taxonomic grouping.  RSA percentages convert to RBP III scores as follows: <35% receives 0 points; 2 points in the range from 35 to 49%; 4 points for 50 to 64%; and 6 points if ≥65%.


Figure C1.Map of the Nashua River watershed showing aquatic macroinvertebrate sample collection locations.

results and discussion 

Composite habitat scores were used as a way of comparing the overall habitat quality between reference sites and examined sites, and thus weighted the importance of habitat as a determinant in any differences detected between the two sites.  The scores were also useful in characterizing habitat degradation.  The best possible score for the habitat assessment is 200; the closer to that score, the more optimal the habitat is considered to be for benthos and fishes adapted to riffle-dominated streams.  Deficiencies indicated by the scores for the individual habitat categories often can help identify cases of habitat degradation and the causes.  The comparative habitat scores and RBP III metrics scores are shown in Table C2.  The list of benthos taxa from each site can be found in Appendix B, Table C-B1.  The RSA results are shown in Appendix B, Tables C-B2 and C-B3, and the habitat score break-down in Table C-B4.

1998SL00—Stillwater River, Sterling, MA

Habitat

The Stillwater River is one of two major tributaries to Wachusett Reservoir at the Thomas Basin.  The site sampled (SL00)  was just upstream from Crowley Road in Sterling, MA.  This represented a relatively undeveloped catchment within the Nashua watershed and thus was expected to provide a reference as to what aquatic macroinvertebrate communities within the watershed would look like under least disturbed conditions.  The drainage is, of course, not without human influence.  Areas upstream from SL00 are subject to light residential development, agricultural activities, and road run-off.

Though these attributes made it a good choice for reference purposes, SL00 presented the best habitat for applying the RBP III methodology and yet it was somewhat less than optimal.  The methodology is best suited to wadable, riffle-dominated streams with coarse substrates.  The sample reach had adequate riffles, though they were somewhat restricted.  The substrates were dominated by cobble and gravel, but sand appeared to account for about 30% of the bottom substrate—with moderate accumulations of sandy deposits throughout the reach.  There was evidence of erosion and bank instability, becoming severe at the top of the reach, where the river was in proximity to Crowley Road.  The steep embankments along the north side of the reach also had areas of moderate erosion, but the banks were judged to be moderately stable overall.

Fish cover was very good, especially near the top of the reach.  There was a relatively undisturbed natural meander, and the reach encompassed shallow riffles, as well as deep and shallow pools.  Many dace (Rhinichthys sp.) could be seen in the pools.

Attached algae were not observed at the time of sampling.  About half the reach had macrophyte coverage.  The dominant types were mosses, Myriophyllum sp. (Water Milfoil), Sparganium sp. (Bur Reed), Callitriche sp. (Water Starwort), and Nasturtium officianale (Water Cress).  The riparian zone was largely forested, mostly with Pinus strobus (White Pine), Quercus spp. (oaks), and Acer spp. (maples); Kalmia latifolia (Mountain Laurel) was the most prominent shrub, with the presence of Vitis sp. (grapes) notable as well.  Herbaceous cover included grasses, Solidago sp. (Goldenrod), Eupatorium sp. (Joe-pye Weed), Lobelia cardinalis (Cardinal Flower), and ferns.  The vegetated riparian zone on the north side was 18 m or more.  Along the south side the buffer narrowed to virtually no vegetated zone at the top of the reach where it ran along the road.

The overall habitat score for this site was 150.

Benthos

The assemblage of benthic macroinvertebrates collected from SL00 had the highest taxa richness (38) of any of the Nashua watershed sites, and distribution among the taxa was fairly even (greatest presence was 12% of the total).   The Hilsenhoff biotic index (HBI) was 4.10, the lowest for any of the stations in this watershed  (for the HBI, low value = low pollution stress).  The EPT value was 14, a little lower than might be expected from a reference stream, but it was still the second highest from this watershed survey. The other metrics generally had values commonly encountered for reference samples.

1998QP00—Quinapoxet River, Holden, MA

Habitat

The Quinapoxet River is the second major tributary to the Thomas Basin of Wachusett Reservoir.  A sampling location upstream from downtown Holden had been sought because it was believed to offer one 

Table C2.  RBP data summary for 1998 benthic macroinvertebrate samples from the Nashua River watershed.  Data from the Stillwater River are used for reference for all sites.  In addition, the last two columns of the second page of the table show a comparison with NS19 scored against NS17 as the upstream reference.

STATION #
1998SL00
1998QP00
1998NN03
1998NN09
1998NN10A
1998NN13
1998NS17
1998NS19

STREAM


Stillwater 

River
Quinapoxet

River
North Nashua

River
North Nashua

River
North Nashua

River
North Nashua

River
Nashua

River
Nashua

River

HABITAT SCORE

(percent of reference)
150

(100%)
181

(>100%)
142

(95%)
166

(>100%)
166

(>100%)
181

(>100%)
121

(81%)
113

(75%)

TAXA RICHNESS

(percent of reference : score)
38


(6)
34

(89%
6)
25

(66%
4)
19

(50%
2)
14

(37%
0)
19

(50%
2)
28

(74%
4)
21

(55%
2)

BIOTIC INDEX

(percent of reference : score)
4.10


(6)
4.24

(97%
6)
5.37

(76%
4)
5.55

(74%
4)
5.28

(78%
4)
5.44

(75%
4)
5.28

(78%
4)
5.50

(75%
4)

EPT INDEX 

(percent of reference : score)
14


(6)
17

(>100%
6)
11

(79%
2)
4

(29%
0)
8

(57%
0)
8

(57%
0)
11

(79%
2)
9

(64%
0)

EPT/CHIRONOMIDAE

(percent of reference : score)
1.06


(6)
2.19

(>100%
6)
1.50

(>100%
6)
1.43

(>100%
6)
2.88

(>100%
6)
1.61

(>100%
6)
1.12

(>100%
6)
2.82

(>100%
6)

SCRAPERS/FILT. COLL.

(percent of reference : score)
0.84


(6)
0.30

(36%
4)
0.30

(36%
4)
0.02

(2%
0)
0.50

(60%
6)
0.60

(71%
6)
0.23

(27%
2)
0.09

(11%
0)

[FILT. COLL./TOTAL]

(not scored)
0.35
0.45
0.58
0.64
0.37
0.36
0.48
0.71

% CONTRIBUTION (dominant)

(score)
12


(6)
17


(6)
20


(4)
28


(4)
17


(6)
27


(4)
12


(6)
21


(4)

RSA—%

(score)
100


(6)
74


(6)
65


(6)
52


(4)
55


(4)
59


(4)
69


(6)
59


(4)

Total Score 

42

40

30

20

26

26

30

20

Percent of Reference
100
95
71
48
62
62
71
48

Impact Category
Reference
nonimpacted
slightly
moderately
slightly
slightly
slightly
moderately

Table C2.  (Continued).  RBP data summary for 1998 benthic macroinvertebrate samples from the Nashua River watershed.  Data from the Stillwater River are used for reference for all sites.  In addition, the last two columns of this the second page of the table show a comparison with NS19 scored against NS17 as the upstream reference.

STATION #
1998SL00
1998NM23B
1998NM29
1998NM30
1998NT61
1998NT67
1998NT68
1998NS17
1998NS19

STREAM


Stillwater 

River
Nashua River
Nashua River
Nashua River
Squannacook

River
Nissitissit 

River
Nissitissit 

River
Nashua River
Nashua River

HABITAT SCORE

(percent of reference)
150

(100%)
142

(95%)
130

(87%)
184

(>100%)
136

(91%)
151

(>100%)
139

(93%)
121

(100%)
113

(93%)

TAXA RICHNESS

(percent of reference : score)
38


(6)
20

(53%
2)
21

(55%
2)
28

(74%
4)
19

(50%
2)
36

(95%
6)
29

(76%
4)
28


(6)
21

(75%
4)

BIOTIC INDEX

(percent of reference : score)
4.10


(6)
5.47

(75%
4)
5.64

(73%
4)
5.02

(82%
4)
4.66

(88%
6)
4.71

(87%
6)
4.79

(86%
6)
5.28


(6)
5.50

(96%
6)

EPT INDEX 

(percent of reference : score)
14


(6)
9

(64%
0)
5

(36%
0)
10

(71%
2)
9

(64%
0)
12

86%
4)
14

(100%
6)
11


(6)
9

(82%
4)

EPT/CHIRONOMIDAE

(percent of reference : score)
1.06


(6)
3.08

(>100%
6)
0.47

(44%
2)
1.88

(>100%
6)
2.13

(>100%
6)
0.70

(66%
4)
3.09

(>100%
6)
1.12


(6)
2.82

(>100%
6)

SCRAPERS/FILT. COLL.

(percent of reference : score)
0.84


(6)
0.05

(6%
0)
0.09

(11%
0)
0.21

(25%
2)
0.47

(56%
6)
0.69

(82%
6)
0.06

(7%
0)
0.23


(6)
0.09

(39%
4)

[FILT. COLL./TOTAL]

(not scored)
0.35
0.56
0.55
0.54
0.55
0.28
0.73
0.48
0.71

% CONTRIBUTION (dominant)

(score)
12


(6)
24


(4)
17


(6)
9


(6)
24


(4)
9


(6)
26


(4)
12


(6)
21


(4)

RSA—%

(score)
100


(6)
58


(4)
56


(4)
65


(6)
75


(6)
78


(6)
60


(4)
100


(6)
67


(6)

Total Score 

42

20

18

30

30

40

30

42

34

Percent of Reference
100
48
43
71
71
95
71
100
81

Impact Category
Reference
moderately
moderately
slightly
slightly
nonimpacted
slightly
Reference
Non-slightly


of the best opportunities for a “least disturbed” watershed reference.  Upon our reconnaissance in August of 1998, however, we discovered that not a drop of water flowed from the Quinapoxet Reservoir into the dry riverbed.  Farther downstream at Mill Street, Holden, there was still little water, leaving 75% or more of the bed substrates exposed.  The first site encountered that had both a sufficient amount of water and suitable habitat was downstream from the lower (more downstream) River Street crossing in Holden.

This site offered excellent instream habitat.  Water depth varied from about 0.2 m up to about 0.5 m. Deep and shallow pools were present but the reach was dominated by well developed riffles and runs of varying depths. The bottom substrates were a good mix of boulder, cobble, and gravel.  Instream fish cover was also excellent.  In fact, nearly all habitat considerations scored in the optimal range.  The overall habitat score was 181.

There was little instream vegetation: all of it mosses.  There were no visible signs of algal growth but the slippery film on the surface of boulders and cobbles indicated the presence of periphyton.  Trees in the riparian buffer zone were Tsuga canadensis (Hemlock), Pinus sp. (Pine), Quercus sp., and Acer sp.  The most prominent shrub was Kalmia latifolia.  Mosses and ferns dominated the herbaceous layer and the stream bank areas.

Benthos

Taxa richness at this station was 34 and the EPT index was 17—the highest EPT value from any of these survey sites.  Though the HBI was slightly higher than at the reference (SL00) it was still comparable.  The overall RBP score rated this site as nonimpacted.

In spite of being downstream from an urbanized area this site appeared to have very good water quality as well as excellent habitat.  

1998NS17—Nashua River, Clinton, MA

Habitat

This sampling location was on the Nashua River downstream from Wachusett Reservoir.  It was chosen as the upstream half of a pair of sites intended to bracket the impacts from the Massachusetts Water Resource Authority’s (MWRA’s) Clinton wastewater treatment plant (WWTP).  The channel was relatively straight, with only a gentle sinuosity that may be the normal flow pattern or may be indicative of minor past channel alterations.  Remnants of bridge abutments on each side of the river provided evidence of past influences that likely altered channel character; and two well-worn pairs of bike tracks on opposing banks indicate activities that are currently influencing channel morphology.  

Flow tended to be swift over a fairly uniform, shallow depth throughout the sample reach.  The bottom substrates were marginally optimal, with gravel and sand accounting for about half of the composition and the other half being of cobble size or larger.  Sediment deposition affected about 30% of the bottom in the sample reach.  Instream cover for fish barely scored as marginal.  The overall habitat score was 121.

Vegetation instream covered about 40% of the reach.  Recorded for rooted vegetation were Sparganium sp., Potamogeton sp. (Pond Weed), and Callitriche sp.  Attached algae were present: some long filamentous greens and some highly branched filamentous types (identified in the lab as Ulothrix sp. and Batrachospermum sp., respectively).  The riparian zone of both banks was no more than 6 m deep and showed no signs of recent disturbance other than the aforementioned bike crossings.  Beyond the thin buffer of trees and shrubs were fields/pastures; the one on the east looked as if it may have been mowed earlier in the summer.  Rhamnus cathartica (Buckthorn), Betula populifolia (Gray Birch), and Acer saccharinum (Silver Maple) were among the trees in the riparian zone.  Alnus sp. (Alder), Cornus sp. (Dogwood), Vitis sp., and Spiraea latifolia (Meadow sweet) comprised the shrub layer.  The herbaceous layer included Onoclea sensibilis (sensitive fern), Lythrum salicaria (purple loosestrife), Carex stricta, and other Carex spp. (sedges).

Benthos

Nearly every metric applied to the benthos data from NS17 was lower than for the reference.  In spite of this, the distribution was fairly even (most abundant taxa ≤12% of total).  The total RBP score indicated that this site is slightly impacted.  The difference in habitat quality between this site and the reference could account for most of the difference in the RBP score.  Potential exists, however, for impacts from an upstream cooling water discharge and NPS contamination.

This reach was also sampled in 1993 (labeled as NS17U) to serve as the upstream bracket on the MWRA/Clinton WWTP.  In 1985 (Johnson, et al. 1990) the upstream sample reach was approximately 200 to 300 m farther downstream.  (This is bound to be a point of confusion because NS17 in 1998 and NS17U in 1993 were comparably located.  In 1993 (Nuzzo, et al. 1997) and 1985 NS17 was used for a location ca. 200 m downstream from the current location of the discharge; but prior to a treatment plant upgrade completed in 1992 it was upstream from the discharge).  In Table C3 the 1993 and 1985 RBP scores for the upstream monitoring site (1993NS17U and 1985NS17) are compared against the 1998 upstream data (1998NS17).  From this comparison it appears there is little difference in the indicators of aquatic community health except that the EPT index from the 1998 data set is nearly twice as high as in 1993, and almost three times higher than in 1985—a hopeful sign of improving instream conditions.

1998NS19—Nashua River, Lancaster, MA

Habitat

This site was the downstream half of a bracket around the MWRA/Clinton WWTP.  The sample reach was located upstream from Bolton Road in Lancaster, about 2.5 km downstream from the effluent discharge.  Though a location closer to the discharge was desired, finding suitable habitat was problematic.  Even at Bolton Road the riffle habitat was marginal, but was most comparable to the habitat at NS17.  

While this site had better developed riffles than NS17 the substrates were again roughly 60% sand and gravel; only about 20% was cobble.  There were no indications of channel alteration, but extensive areas of deposition revealed bottom instability over half, or more, of the reach.  The reach was littered with tires and other trash.  There was a small pile of refuse in the middle of the reach, but for most of the trash no source was immediately evident in the vicinity.  Fish cover was limited and mostly provided by snags of fallen trees or large tree limbs, or by the many tires present.  The overall habitat score was 113.

Instream vegetation was limited to patches of Callitriche sp. and Potamogeton sp.  Much of the herbaceous cover in the riparian zone occurred along the low muddy margins of the river.  About 75% of the streambank area was covered with plants including Carex sp., Leersia oryzoides (Rice Cut-grass), Peltandra virginica (Arrow Arum), Boehmeria cylindrica (False Nettle), Bidens sp. (Beggar-ticks), Lythrum salicaria, and Onoclea sensibilis.  The upper banks were mostly covered with shrubs and trees.  Among the shrub cover was Rhus radicans (Poison Ivy), Rhamnus cathartica, and Vitis sp.  The tree components of the riparian zone included Acer saccharinum (Silver Maple), A. rubrum (Red Maple), and Platanus occidentalis (Sycamore).  The width of the vegetated riparian zone was pretty good for the most part.  On the north side of the river, however, the zone of undisturbed vegetation between the river and a corn field was about 12 m or less, and there were obvious signs of runoff and erosion.  

Benthos

Every metric except the ratio of EPT:chironomid abundances scored low when compared to the watershed reference site (SL00).  At that, the high EPT abundances were mostly due to three species of the filter-feeding hydropsychid caddisflies. The overall RBP score rated this site as Moderately Impacted.  When compared against the station used as the upstream bracket (NS17) of the MWRA/Clinton WWTP, NS19 scores as Non-slightly Impacted (Table C2).

When compared against the downstream monitoring site data from 1993 (1993NS17) and 1985 (1985NS19) it would appear that there has been substantial improvement in the health of these aquatic communities.  In Table C3 this is particularly evident in the large difference in most metrics between the 1998NS19 and 1985NS19 datasets.  Of particular note is the change from no EPT taxa in 1985 to nine in 1998, and the drop in the HBI from 7.07 in 1985 to 5.50 in 1998.  These are indications of improvements in water quality in the segment between the Clinton WWTP and the confluence with the North Branch.  The habitat scoring system was not in use in 1985, however, so it must be acknowledged that there may have been differences in habitat qualities that account for at least some of the improvement in the metrics results.  While it is unlikely that this is the case, differences in water depth and discharge can make a difference in the availability of suitable habitat and, consequently, the assemblage of organisms capable of colonizing the reach.

1998NN03—North Branch Nashua River, Fitchburg, MA

Habitat

This station was located in the North Branch Nashua River downstream from the bridge to Mill #9 in Fitchburg.  This was downstream from the city’s westerly WWTP, several impoundments, and a section of the river that historically had received waste from several paper mills.  Immediately upstream from the Mill #9 bridge is a breached dam that has left much of the bottom of the former impoundment exposed.  Much of this sediment appears to be layers of paper sludge.

The sample reach had enough gradient to create good riffle/run habitat.  Bottom substrates were roughly 80% cobbles and boulders, 20% sand and gravel.  The water column was only slightly turbid and there was no buildup of apparent paper waste, as had been recorded during surveys in past years.  Channel alteration was obvious here.  Among other things, there was a parallel channel between the sample reach and Westminster Street.  This channel was dead-ended at the upstream end, separated from the main channel by a long peninsula of large rocky material, and connected with the main channel just below the sample reach.  The side-channel had stagnant water in it on our visit and probably functions as a settling basin for road run-off.  Stable fish cover in the sample reach was provided by the larger rocky material and some fallen trees, but was somewhat limited.  The overall habitat score was 142.

Filamentous algae and mosses were noted in the reach, but coverage was sparse.  The vegetative protection of the banks was pretty good and provided mostly by trees and ferns and to a much lesser extent by shrubs.  Tree species recorded were Quercus rubra (Red Oak), Acer rubrum, and Fraxinus americana (White Ash).  Shrubs observed were Ilex verticillata (Winterberry), Cornus sp. (Dogwood), Cephalanthus occidentalis (Buttonbush), and Vitis sp.  Some Carex sp. was also observed.

Benthos

Five of the seven RBP metrics lost points relative to the reference station.  The largest point loss was on the EPT index.  The overall RBP score categorized the site as: Slightly Impacted.  

Referring back to 1985 data for this site it would appear that a dramatic improvement has taken place.  This is evident in nearly all of the metrics, but perhaps most striking is the increase in the EPT index from zero to 11 and in the drop in the HBI from 7.08 to 5.37.  As with NS19, the lack of habitat scoring data makes it impossible to weight the importance of any differences in habitat qualities between the two years that may have existed.

1998NN09—North Branch Nashua River, Fitchburg, MA

Habitat

NN09 was downstream from Falulah Road, downstream from downtown Fitchburg, yet upstream from the Fitchburg easterly WWTP.  The channel was about 12 m wide, two thirds of which was shallowly submerged, with little or no perceptible current; the other third carried most of the volume, creating riffles ranging in depth up to about 0.75 m.  The bottom substrates were mostly cobbles.  Little more than 10% of the reach had useful, stable fish cover.  The stream banks were judged to be moderately stable, in part due to rip-rap stabilizing portions of the banks.  There were small areas of erosion, however, and evidence of surge overflow trailing down the embankment to the water’s edge from a sewer manhole cover.  The overall habitat score was 166.  

There were no rooted plants observed instream, but patches of algae were present.  Among these were long streamers of the filamentous green alga, Mougeotia sp., and several species of diatoms (long chains of Fragilaria sp., Synedra sp., and undetermined small pennates).  The vegetative protection of the banks was very good and the width of the vegetated riparian zone was 18 m or more.  The riparian zone was mostly wooded and included Catalpa speciosa (Catalpa), Robinia pseudoacacia (Black Locust), Betula papyrifera, Fraxinus sp., Acer rubrum, Salix spp. (willows), and Platanus occidentalis.  The only shrub 

Table C3.  Summary of RBP scores for three years of samples bracketing the Clinton WWTP.  Upstream stations are compared against the 1998 upstream site (1998NS17) and downstream sites are compared against the 1998 downstream site (1998NS19).

Station 
1998NS17
1993NS17U
1985NS17

1998NS19
1993NS17
1985NS19

Nashua River @:
Upstream from

Clinton WWTP 
Upstream from

Clinton WWTP 
Upstream from

Clinton WWTP 

Bolton Rd.,

Lancaster
Downstream from

Clinton WWTP
Bolton Rd.,

Lancaster

Habitat Score
121
140
Not scored 

113
143
Not scored

Taxa Richness

(% of Ref. . . . score)
28

(100
6)
29

(>100
6)
22

(79
4)

21

(100
6)
19

(90
6)
9

(43
2)

Biotic Index

(% of Ref. . . . score)
5.28

(100
6)
5.59

(94
6)
6.44

(82
4)

5.50

(100
6)
5.45

(>100
6)
7.07

(78
4)

EPT Index

(% of Ref. . . . score)
11

(100
6)
6

(55
0)
4

(36
0)

9

(100
6)
5

(56
0)
0

(0
0)

EPT/Chironomidae

(% of Ref. . . . score)
1.12

(100
6)
0.95

(85
6)
1.03

(92
6)

2.82

(100
6)
3.89

(>100
6)
0

(0
0)

SC/FC

(% of Ref. . . . score)
0.23

(100
6)
0.09

(39
4)
0.58

(>100
6)

0.09

(100
6)
0.05

(56
6)
0

(0
0)

[FC/Total]

(not scored)
0.48
0.34
0.22

0.71


0.63
0.01

% Contribution (dominant)

(score)
12

(
6)
17

(
6)
19

(
6)

21

(
4)
27

(
4)
21

(
4)

RSA

(score)
Ref.

(
6)
94%

(
6)
65%

(
6)

Ref.

(
6)
81%
(
6)
32%

(
0)

Total Score

42

34

32


40

34

10

% of Ref.

100

81

76


100

85

25

Impact Category
Ref.
Non.
Slightly

Ref.
Non.
Moderately

Reference:
1998NS17
1998NS17
1998NS17

1998NS19
1998NS19
1998NS19

recorded was Cephalanthus occidentalis.  Among the herbaceous growth was false bamboo or knotweed (a species of Polygonum sp.),  Eupatorium sp., Lythrum salicaria, Impatiens sp. (Jewel Weed), and Phalaris arundinacea (Reed Canary Grass).

Benthos

With the exception of EPT:chironomid abundance ratio the performance of all the metrics resulted in point reductions.  The preponderance of EPT individuals was nearly all accounted for by three species of filter-feeding hydropsychid caddisflies.  The EPT index, in fact, was only four—the lowest of any of the stations sampled.  Also notable, the total richness was only half that of the reference and the HBI was the second-highest encountered during this watershed survey.  Inasmuch as the habitat at this site scored better than that for the Stillwater River reference station (1998SL00), the assessment result was surely related to water quality and not habitat deficiencies.  The overall RBP score was: Moderately Impacted.

1998NN10A—North Branch Nashua River, Leominster, MA

Habitat

Located just downstream from Route 2 in Leominster, and about 1.3 km downstream from the Fitchburg Easterly WWTP, the water at this site had a grey turbidity and carried sewage odors.  There was a swift current over large rocky substrates dominated by boulders and cobbles.  Depth was variable in the riffles; pools tended to be shallow.  The banks were judged to be moderately stable, with some evidence of scour taking place at high water.  Cover for fish was adequate but available in less than 50% of the reach.  The overall habitat score was 166.

There were no rooted aquatic plants observed in the sample reach.  The slipperiness of the rocks indicated the presence of thin-film periphyton but no easily collected accumulations were seen.  The vegetative protection of the banks was quite good.  The riparian zone of both banks was wooded and included trees such as Platanus occidentalis, Acer saccharinum, Populus sp. (Aspen), and Catalpa speciosa; the most apparent shrub was Cornus sp.  The understory included false bamboo (a Polygonum sp.), some hydrophilic grasses, and sparse coverage of low herbaceous growth (not determined).

Benthos

This station had the lowest richness (less than half that of the reference) of any of the sites in this watershed survey and a greatly reduced EPT index.  The contribution of the most abundant taxon (17%) was indicative of a fairly even distribution, but hydropsychid caddisflies (filter feeders, three species) dominated the assemblage (37%).  The emphasis on filter feeding may be indicative of a high loading of suspended solids.  The overall RBP score category was: Slightly Impacted.  

Both the comparison of raw metric values and the scores relative to the respective references (the Stillwater River in 1998 and the Whitman River in 1985) show evidence of improved water quality since the 1985 biomonitoring was conducted.  Based on the 1985 data (Johnson, et al. 1990) the assessment indicated the reach was slightly to moderately impacted.  While the total richness was higher in the 1985 analysis, the EPT index was only half of what was encountered in 1998.  Also notable was the higher ratio of scrapers to filtering collectors seen in the 1998 data.  Though these observations are encouraging, the differences are small and the comparisons are weakened somewhat by the lack of a common reference.  Nevertheless, it is worth noting that habitat characteristics have been fairly consistent in this reach between each of the sampling events, irrespective of any differences in discharge there may have been.  This reach has always provided ample riffle habitat with coarse substrates and adequate depth.

1998NN13—North Branch Nashua River, Lancaster, MA

Habitat

The sample reach was located upstream from the closed bridge that served a former section of Ponakin Road west of Route 70 at Ponakin Mill.  The water was turbid and had a sewage odor.  The reach was dominated by fast-flowing water.  The bottom substrates were about 40% boulders, 30% cobble/gravel, and 30% sand.  The channel was about 25 m wide and depths ranged from 0.25 m to 0.5 m.  The stability of the banks was very good, with no evidence of erosion or any readily apparent indications of nonpoint sources of pollution.  The available cover for fish was very good.  The overall habitat score was 181 (the highest score recorded in this survey).

Instream vegetation was limited to mosses and thin-film periphyton.  Trees in the riparian zone included Platanus occidentalis, Acer saccharinum, and Acer rubrum.  The only shrubs noted were Cornus sp. and Lonicera tartarica (Tartarian Honeysuckle).  Except for false bamboo (a Polygonum sp.) there was no herbaceous cover to speak of.  

Benthos

At this site, too, the richness was merely half that of the reference station, in spite of a much better habitat score.  The relatively high HBI, low EPT index, and moderate dominance by a single taxon resulted in a score in the range for Slightly Impacted.

1998NM23B—Nashua River, Shirley/Ayer, MA

Habitat

This station was downstream from a railroad bridge and along side of McPhearson Road, Ayer, MA (the river is the boundary between Shirley and Ayer).  The water was turbid and had sewage odors.  There were well developed riffles and runs but the pools tended to be somewhat restricted.  Water depth ranged from about 0.25-0.5 m.  The cobble-dominated bottom substrates were excellent for benthic invertebrate populations.  The channel was about 40 m wide along this stretch.  Bank stability was marginal, with signs of moderate to heavy erosion.  There were obvious signs of nonpoint source pollution in the form of runoff from McPhearson Road in the vicinity of the railroad bridge.  Stable fish cover was available in about half of the sample reach.  The overall habitat score was 142.

Aquatic macrophytes were well established throughout this reach.  Lemna sp. (Duckweed) was present floating at the water’s surface.  The many rooted macrophytes included: Isoetes sp., P. crispus and other Potamogeton spp., Sparganium sp., Elodea sp. (Water-weed), Myriophyllum spp., Callitriche sp., and Peltandra virginica.  The riparian buffer between McPhearson Road and the river was very narrow, covered  mostly by Rhus radicans.   There was other shrubby cover—Viburnum dentatum (Arrow-wood) and Cornus sp.—and a few scattered trees—Acer saccharinum, A. rubrum, and Betula sp.  In the herbaceous layer Glyceria sp. and Carex sp. were present along with Bidens sp., Lythrum salicaria, and Onoclea sensibilis.  At the opposite edge of the river there was a sparsely vegetated margin against steep, high, sandy banks.  About 30% of this bank had obvious areas of erosion.  At the top of the bank was a meadow and woods.

Benthos

Every metric except the EPT:chironomid ratio scored poorly against the reference.  While EPT individuals were much more plentiful than chironomids the EPT index was relatively low. The overall RBP score category for this site was: Moderately Impacted.

1998NT61—Squanacook River, Shirley/Groton, MA

Habitat

A major tributary to the Nashua River, the Squanacook River enters the Nashua downstream from NM23B at the point where Shirley, Groton, and Ayer come together.  The Squanacook is a relatively low gradient stream with several impounded sections as it makes its way through Townsend and along the Shirley/Groton line.  NT61 was a short (ca. 200 m), steep section of the river downstream from the dam at Route 225.  There were well developed riffles over cobble-dominated substrates.  The water depth was shallow throughout.  This segment ran between steep, high slopes.  There was evidence of moderate to heavy erosion.  Stable cover for fish was limited.  The overall habitat score was 136.

The only instream vegetation observed were occasional growths of mosses.  In the riparian zone the trees Carya sp. (Hickory) and Acer rubrum were present.  The shrubs recorded were Rhamnus cathartica, Hammamelis virginiana (Witch hazel), Ilex verticillata (winterberry), and Vitis sp.  There was very sparse coverage in the understory by hydrophilic grasses, Urtica sp. (Nettle), and Osmunda regalis (Royal fern). 

Benthos

The richness in this sample was only half that of the reference station, and the EPT index was reduced enough that it scored zero.  There was slight hyperdominance by a filter-feeding caddisfly and more than half of the assemblage was filter-feeders.  This is not unexpected, however, because the sampling location was directly downstream from an impoundment and filter-feeding caddisflies are often abundant in such situations.  The overall RBP score rated this site: Slightly Impacted.

1998NM29—Nashua River, Pepperell, MA

Habitat

This sample reach was immediately downstream from the Groton Street covered bridge in East Pepperell, MA.  It was also downstream from the Pepperell Pond dam and the Pepperell Paper Company effluent discharge.  The water column within the sample reach was so densely turbid as to be nearly opaque.  By walking upstream, however, it was readily apparent that the water upstream from the Pepperell Paper discharge was reasonably clear.  Because of the mid-stream injection of the effluent, the turbidity was evenly mixed across the width of the river by the time it passed under the bridge.  The water had a rich organic, fishy odor.  

The reach was dominated by well developed riffles and runs flowing over coarse substrates, mostly cobble and boulder.  The steepness of both embankments contributed to their instability and susceptibility to erosion, but this was exacerbated by disturbances within the riparian buffer zone that reduced or nearly eliminated bank vegetative protection.  In particular, a horse farm on one bank has left the upslope areas nearly devoid of vegetative cover and the effects of runoff were obvious both over the slope of the bank and instream.  Fish cover was available only in about 25% of the sample reach.  The overall habitat score was 130.

The diatom Melosira sp. was collected from rocks instream.  A sample of moss in the reach revealed that it was serving as substrate for several species of microbes: the diatoms Fragilaria sp., Synedra sp., and some undetermined pennates; the greens Pediastrum sp.,  Cosmarium sp., and Scenedesmus sp.; the blue green Lyngbya sp.; and undetermined fungal hyphae.  Lemna sp. and Wolfia sp. were present on the water’s surface.  The other macrophytes recorded were Potamogeton sp., Myriophyllum sp.  The vegetation in the 18 m riparian buffer zone was sparse but included Acer saccharinum, A. rubrum, and the shrub, Cornus sp.  In the herbaceous layer were Carex sp., hydrophilic grasses, and Lythrum salicaria.  

Benthos

This site had the highest HBI (5.64), and the second lowest EPT index (5).  The distribution among taxa appeared to be fairly even, with the most abundant taxon accounting for 17% of the assemblage; all other metrics scored low.  This site had the lowest overall RBP score (18; 43% of the reference) from this watershed survey.  It’s rating was: Moderately Impacted.

1998NT67—Nissitissit River (Prescott St.), Pepperell, MA

Habitat

The Nissitissit River is the last large tributary to enter the Nashua River before its confluence with the Merrimack River.  The Nissitissit drains parts of Mason, Brookline, and Hollis, NH and most of Pepperell, MA west of the Nashua River.  The Nissitissit empties into the Nashua less than a kilometer downstream from the Groton Street bridge and upstream from the Pepperell municipal WWTP.  NT67 was about 3 km downstream from the state line (about 300 m downstream from Prescott Street) and offered good riffle habitat with lots of cobble.  The water depth was shallow throughout.  The water column was clear and there was no evidence of erosion or nonpoint sources of pollution along the reach.  Availability of fish cover was limited.  The overall habitat score was 151.

Bank stability was very good and the banks were well protected with vegetation.  Both banks were wooded and offered a buffer of undisturbed vegetation in excess of 18 m.  The mixed stand of trees included Acer rubrum, Quercus rubra, Carpinus caroliniana (Hornbeam), and Pinus strobus.  Shrubs recorded at this site were Ilex verticilata, Viburnum dentatum, and Vitis sp.  Grasses and herbs in the riparian zone included Carex sp., Leersia oryzoides, Lobelia cardinalis, Hypericum sp. (St. John’s-wort), Sium sp. (Water-parsnip), Thelypteris palustris (Marsh fern), and Osmunda regalis.  Aquatic vascular plants instream or at the margins were Mimulus sp. (Monkey-flower), Myosotis sp. (Forget-me-not), Sparganium sp., Nasturtium sp., Eleocharis sp., Callitriche sp., Potamogeton sp., and Elatine sp. (Waterwort).

Benthos

All metrics scored well except for the two related to EPT taxa.  The assemblage was remarkably evenly distributed, with no taxon making up more than 9% of the total.  The overall RBP score was: nonimpacted.

1998NT68—Nissitissit River (Mill St.), Pepperell, MA

Habitat

This site was approximately 3 km downstream from NT67 in a more residentially developed section of Pepperell and with the parking lot of an oil loading facility abutting a portion of one stream bank.  The substrates were mostly cobble.  The reach had a good sequence of alternating riffles and pools, mostly shallow, with deep riffles present but quite restricted.  There was moderate erosion along one of the banks and it was recognized that the parking lot of the oil company was a potential nonpoint source of pollution.  Fish cover was available in less than 30% of the reach.  The overall habitat score was 139.

One bank was stable, with little evidence of erosion or bank failure, with good vegetative protection, and with a buffer zone of undisturbed vegetation that was about 15 m or so.  The other bank had many areas of erosion, only about 80% of the bank benefited from vegetative protection, and the vegetative buffer zone was only about 10 m wide.  On the list of woody vegetation observed were Acer rubrum, Platanus occidentalis, Ilex verticilata, Cephalanthus occidentalis, Vitis sp., and Cornus sp.  In the understory or the more open areas were Phalaris arundinacea, Carex stricta, Lobelia cardinalis, Eupatorium sp., and Thelypteris palustris.
Benthos

The most striking aspect of this assemblage was the very high percentage of filter-feeders, leading to a very low ratio of scrapers to filtering collectors.  Slight hyperdominance and reduced richness relative to the reference also accounted for point losses.  The overall rating from the RBP score was: Slightly Impacted.  Relative to its upstream counterpart (NT67), however, the metrics were quite comparable.  But even in this comparison the preponderance of filtering collectors skewed the assemblage enough to result in a rating of slightly impacted.

1998NM30—Nashua River, Hollis, NH

Habitat

The final sampling location on the Nashua River was downstream from Route 111 in Hollis, NH.  The channel was approximately 35 m wide, and because the eastern half was too deep, sampling was conducted in the western half of the channel.  The substrate encountered here was about half bedrock and nearly all the rest being accounted for by cobble and boulder (no appreciable amounts of sand and gravel).  There was quite a variety of water depth and velocity combinations through this reach.  Bank stability generally appeared good though there was slight evidence of erosion and there was the potential of NPS pollution from road run-off and adjacent lawns on one bank.  Instream cover for fish was regarded as excellent, provided by plenty of deeper water areas with large boulders and rock outcroppings.  The overall habitat score was 184 (the highest recorded in this watershed survey).

The banks were generally well protected with vegetation.  The vegetated buffer zone was greater than 18 m on one bank but only about 15 m on the other.  Woody cover in the buffer zone included Acer saccharum (Sugar Maple), Pinus strobus, Cornus sp., Alnus sp. (Alder), and Cephalanthus occidentalis.  Phalaris sp., Bidens sp., and Lythrum salicaria were found providing the grass/herbaceous cover.

In spite of the dominance of rock substrates Elodea sp. and Myriophyllum sp. were recorded in this reach.  The duckweeds Lemna sp. and Wolfia sp. could be seen on the water’s surface.  Some floating aggregates  of algae were found as well as attached filamentous forms.  These were later identified in the laboratory as the green algae Ulothrix sp. and Spirogyra sp.

Benthos

No taxon contributed more than 9% of the assemblage, indicating a very even distribution of individuals among the taxa.  All other metrics, however, lost points for poor performance against the reference.  The overall RBP rating for this station was: Slightly Impacted.  For the most part the RBP results from 1998 looked very similar to those from 1985 (Johnson, et al. 1990), with perhaps some metrics suggesting a slight improvement in conditions.  

conclusions and recommendations

The RBP data suggest little has changed in the Nashua River and its tributaries since 1985 except in the MWRA/Clinton WWTP bracket.  There is evidence that some improvement in aquatic community health 

may be taking place downstream from the treatment plant.  Though the 1998 RBP comparison of the downstream station (1998NS19) to the reference (1998SL00) indicates moderate impacts downstream from the WWTP, there is a 25% difference in the habitat scores.  This could be enough of a factor to change the interpretation of the outcome from moderately impacted to slightly impacted.  In fact, when comparing 1998NS19 to 1998NS17 (the upstream half of the bracket on the WWTP) the resulting rating of non-slightly impacted implies little additional impact to the river between the two.  Attributing at least a portion of the detected impact to habitat influences is not intended to dismiss significance of the impact but to suggest that management efforts may need to be directed toward habitat protection/restoration.  At least some of the habitat limitations, however, may be due to the inherent nature of the soils and the shallow slope of the river (less than 3 m in 2 km) from the WWTP to the confluence with the North Nashua River. 

Three other sites were rated moderately impacted: 1998NN09, 1998NM23B, and 1998NM29.  These sites all had habitat scores comparable to the reference site.  For these sites, then, pollution stressors likely outweigh habitat factors.  The combined effects of effluents and urban runoff may be responsible for the poor result at 1998NN09.  Sewage odors and extreme turbidity were suggestive of wastewater effluent impacts at stations 1998NM23B and 1998NM29, but nonpoint source influences may also play a substantial role.

With the exception of 1998QP00 and 1998NT67, all the remaining study sites had RBP scores categorizing them as slightly impacted.  For these sites other data, or perhaps additional biomonitoring data, will need to be considered to help determine the need for, and priority for corrective actions.

Based on benthos data collected in 1977, Bilger and Travis (1978)  provided characterizations of many of the same Nashua River watershed sites sampled in 1998.  Contrasting these data and descriptions with current results demonstrates how far water quality in the watershed has come.  The most striking changes were at NN03 and NS19.  In 1977 NN03 had “. . . a slime covered bottom . . . “ and the benthic community was predominantly chironomids.  In 1998 this same site was characterized as having only sparse algal coverage and no obvious sludge deposits.  Its EPT index was 11 (versus 1 in 1977), EPT individuals were in greater abundance than chironomids (whereas in 1977 it was mostly chironomids), and total richness was more than three times greater than in 1977 (25 versus 7).  Similarly, NS19 was described from 1977 field observations as having greyish color and having a septic odor.  In 1998 field notes recorded good water clarity and no odors.  Worms and chironomids dominated the assemblage in 1977 and there were no EPT taxa present; in 1998 there were no worms in the RBP samples, the EPT index was 9, EPT abundances exceeded chironomid abundance, and total richness was 21.  Evidence of improvements in segments represented by NN10/10A, NS17, and NM30 can also be found—mostly as shifts from chironomid dominated assemblages to more diverse ones—when the 1977 data are contrasted with those from 1998.  So while the 1998 biomonitoring assessment identifies problem areas within the watershed, a comparison of these assessment results to the ones from 1977 demonstrates that pollution abatement efforts  (treatment plant upgrades, NPDES permit limits, etc.) have achieved a great deal in 20 years; and the conditions within the watershed should be expected to continue so long as diligent efforts are made to further pollution abatement.  This may call for greater attention to nonpoint source pollution, but without sacrificing vigilance on the point sources.
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Table C-A1.  Habitat scoring forms used with RBP sampling.
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Investigator(s)

Reference Site

River Basin

Stream Name

Saris #

Describe Site Location:


Protocols for Wadable Riffle/Run Prevalent Streams: those in moderate to high-gradient landscapes that sustain water velocities of approximately 30 cm/sec or greater.  Natural streams have substrates primarily composed of coarse sediment particles (i.e., gravel or larger) or frequent coarse particulate aggregations along stream reaches.
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HABITAT PARAMETER

OPTIMAL

Suboptimal

Marginal

Poor

1. Instream Cover

     (Fish)

A mix of snags, submerged

logs, undercut banks,

rubble, or other stable

habitat in greater than 50%

of the sample area

30-50% of area with a mix

of stable habitat; adequate

habitat for maintenance of

populations

10-30% of area with a mix

of stable habitat; habitat

availability less than

desirable; substrate

frequently disturbed or

removed.

Less than 10% of area with

a mix of stable habitat; lack

of habitat is obvious;

substrate unstable or

lacking.

SCORE

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

2. Epifaunal Substrate

 (in sampled area only)

Well-developed riffle and

run; riffle is as wide as

stream and length extends

two times the width of

stream; abundance of

cobble.   (Boulders

prevalent in headwater

streams).

Riffle is as wide as stream

but length is less than two

times width; abundance of

cobble; boulders and gravel

common.

Run area may be lacking;

riffle not as wide as stream

and its length is less than 2

times the stream width;

gravel or bedrock prevalent;

some cobble present.

Riffles or runs virtually

nonexistent; bedrock

prevalent; cobble lacking.

SCORE

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

3. Embeddedness

 (riffles/runs)

Gravel, cobble, and boulder

particles are 0-25%

surrounded by fine

sediment.

Gravel, cobble, and boulder

particles are 25-50%

surrounded by fine

sediment.

Gravel, cobble, and boulder

particles are 50-75%

surrounded by fine

sediment.

Gravel, cobble, and boulder

particles are more than

75% surrounded by fine

sediment.

SCORE

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

4. Channel Alteration

Channelization or dredging

absent or minimal; stream

with normal pattern.

Some channelization

present, usually in areas of

bridge abutments; evidence

of past channelization, i.e.,

dredging, (greater than past

20 y) may be present, but

recent channelization is not

present.

New embankments present

on both banks; and 40 to

80% of stream reach

channelized and disrupted.

Banks shored with gabion

or cement; over 80% of the

stream reach channelized

and disrupted.

SCORE

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

5. Sediment Deposition

Little or no enlargement of

islands or point bars and

less than 5% of the bottom

affected by sediment

deposition.

Some new increase in bar

formation, mostly from

gravel, sand or fine

sediment;

5-30% of the bottom

affected; slight deposition in

pools.

Moderate deposition of new

gravel, sand or fine

sediment on old and new

bars; 30-50% of the bottom

affected; sediment deposits

at obstructions,

constrictions, and bends;

moderate deposition of

pools prevalent.

Heavy deposits of fine

material, increased bar

development; more than

50% of the bottom

changing frequently; pools

almost absent due to

substantial sediment

deposition.

SCORE

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0


Table C-A1.  Continued.  Habitat scoring forms used with RBP sampling.
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[image: image5.wmf]CATEGORY

HABITAT PARAMETER

OPTIMAL

Suboptimal

Marginal

Poor

6. Velocity-Depth

Combinations

·

 

slow deep

·

 

fast deep

·

 

slow shallow

·

 

fast shallow

(frequency of riffles or

bends)

All 4 velocity/depth

patterns present

.

Occurrence of riffles

relatively frequent; ratio of

distance between riffles

divided by width of the

stream <7:1 (generally 5 to

7); variety of habitat is key.

In streams where riffles are

continuous,  placement of

boulders or other large,

natural obstructions is

important.

Only 3 of 4 velocity/depth

patterns present

 (i.e., slow

[<0.3 m/s]-deep [>0.5 m];

slow-shallow; fast-deep;

fast-shallow).  Occurrence

of riffles infrequent;

distance between riffles

divided by the width of the

stream is between 7 to 15.

Only 2 velocity/depth

patterns present

; usually

lacking deep areas.

Occasional riffle or bend;

bottom contours provide

some habitat; distance

between riffles divided by

the width of the stream is

between 15 to 25.

Dominated by one

velocity/depth pattern

.

Generally all flat water or

shallow riffles; poor habitat;

distance between riffles

divided by the width of the

stream is a ratio of >25.

SCORE

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

7. Channel Flow Status

Water reaches base of both

lower banks, and minimal

amount of channel

substrate is exposed.

Water fills >75% of the

available channel; or <25%

of channel substrate is

exposed.

Water fills 25-75% of the

available channel, and/or

riffle substrates are mostly

exposed.

Very little water in channel

and mostly present as

standing pools.

SCORE

20

19

18

17

16

15

14

13

12

11

10

9

8

7

6

5

4

3

2

1

0

8. Bank Vegetative

Protection

 (score each

bank)

Note: determine left or right

side by facing downstream.

More than 90% of the

streambank surfaces

covered by naturally

occurring vegetation,

including trees, understory

shrubs, or nonwoody

macrophytes; vegetative

disruption through grazing

or mowing minimal or not

evident; 

almost all plants

allowed to grow naturally

.

70-90% of the streambank

surfaces covered by

naturally occurring

vegetation, but one class of

plants is not well-

represented; 

disruption

evident but not affecting

full plant growth

 potential

to any great extent; more

than one-half of the

potential plant stubble

height remaining.

50-70% of the streambank

surfaces covered by

vegetation; 

disruption

obvious

; patches of bare

soil or closely cropped

vegetation common; less

than one-half of the

potential plant stubble

height remaining.

Less than 50% of the

streambank surfaces

covered by vegetation;

disruption of streambank

vegetation is very high

;

vegetation has been

removed to

5 centimeters or less in

average stubble height.

SCORE

(LB)

Left Bank

10

9

8

7

6

5

4

3

2

1

0

SCORE

(RB)

Right

Bank

10

9

8

7

6

5

4

3

2

1

0

9. Bank Stability (score

each bank)

Banks stable; evidence of

erosion or 

bank failure

absent or minimal

; little

potential for future

problems.  <5% of bank

affected.

Moderately stable;

infrequent, small areas of

erosion mostly healed

over

.  5-30% of bank in

reach has areas of erosion.

Moderately unstable; 30-

60% of bank in reach has

areas of erosion; 

high

erosion potential during

floods

.

Unstable; many eroded

areas; 

"raw" areas

frequent along straight

sections and bends

;

obvious bank sloughing;

60-100% of bank has

erosional scars.

SCORE

(LB)

Left Bank

10

9

8

7

6

5

4

3

2

1

0

SCORE

(RB)

Right

Bank

10

9

8

7

6

5

4

3

2

1

0

10.  Riparian Vegetative

Zone Width 

(score each

bank riparian zone)

Width of 

riparian zone >18

meters

; human activities

(i.e., parking lots, roadbeds,

clear-cuts, lawns, or crops)

have not impacted zone.

Width of 

riparian zone 12-

18 meters

; human activities

have impacted zone only

minimally.

Width of 

riparian zone 6-

12 meters

; human activities

have impacted zone a great

deal.

Width of 

riparian zone <6

meters

: little or no riparian

vegetation due to human

activities.

SCORE

(LB)

Left Bank

10

9

8

7

6

5

4

3

2

1

0

SCORE

(RB)

Right

Bank

10

9

8

7

6

5

4

3

2

1

0

TOTAL

SCORE
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Table C-A2.  Biomonitoring field data recording forms similar to those used for the Nashua River watershed survey.
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[image: image8.wmf]Investigator(s)

Start Time

End Time

River Basin

Stream Name

Saris #

RECONNAISSANCE

HABITAT

INVERTEBRATE

FISH

FLOW

WATER QUALITY

ALGAE

Describe Site Location:

STREAM CHARACTERIZATION

·

 

Subsystem Classification

·

 

Stream type

__ Tidal

__ Coldwater

__ Lower Perennial

__ Warmwater

__ Upper Perennial

__ Intermittent

RIPARIAN ZONE/INSTREAM FEATURES

·

Surrounding Land Use

·

Local Water Erosion

·

 

Estimated Stream Width ______

m

________m

_____% Forest

__ None

_____% Field/Pasture

__ Slight

·

 

Estimated Stream Depth

_____% Agriculture

__ Moderate

Riffle

         

________m

_____% Residential

__ Heavy

Run

________m

_____% Commercial

Pool

         

________m

_____% Industrial

·

 

High Water Mark

 ______m

_____% Other

______________________

·

 

Velocity

·

 

Dam Present

   __ Yes __ No

________ m/sec at deployment

·

 

Local Watershed NPS Pollution

________ m/sec at recovery

__ No evidence

·

 

Channelized

   __ Yes __ No

__ Some potential

sources

·

 

Estimated Fish Reach Length

_____m

__ Obvious

sources

·

 

Canopy Cover

 ________%

SEDIMENT/SUBSTRATE

·

 

Odors

·

 

Deposits

·

 

Oils

·

 

Are the undersides of stones 

not

 deeply embedded black?

__ Normal/None

__ None

__ None

__ Yes

__ Anaerobic

__ Paper fiber

__ Slight

__ No

__ Chemical

__ Sand

__ Moderate

__ Petroleum

__ Sawdust

__ Profuse

__ Sewage

__ Sludge

__ Relict shells

__ Other_______

__ Other________

__ Other __________


[image: image9.wmf]INORGANIC SUBSTRATE COMPONENTS

WATER QUALITY

% Composition in

Sampling

Substrate

Diameter  (

Minshall 1984)

Area

Reach

·

 

Temperature _____

O

C

·

Water Odors

Bedroc

k

k

______ %

______ %

·

 Specific Conductance 

____

__ Normal/None

Boulder

>256mm (10in)

______ %

______ %

·

 Dissolved Oxygen _____

__ Chemical

Cobble

64-256mm (2.5-10in)

______ %

______ %

·

 pH _____

__ Fish

Pebble

16-64mm (0.6-2.5in)

______ %

______ %

·

 Turbidity _____

__ Petroleum

Gravel

2-16mm (0.1-0.6in)

______ %

______ %

·

 hydrolab H2O No. ______

__ Sewage

Sand

0.06-2mm (gritty)

______ %

______ %

·

 hydrolab SRV3 No. _____

__ Other  _________

Silt

0.004-0.06mm

______ %

______ %

·

 Other

____________________

Clay

<0.004mm (slick)

______ %

______ %

·

 

Water Surface Oils

·

Turbidity

 (if not measured)

ORGANIC SUBSTRATE COMPONENTS

__

 

None

__

 

Clear

Substrate

Detritus

Characteristic

% Comp in Sampling Reach

__ Flecks

__

 

Slightly turbid

__ Globs

__

 

Turbid

Detritus

Sticks, wood, coarse plant materials

(CPOM)

______ %

__ Slick/Sheen

__

 

Opaque

Muck-mud

Black, very fine organic (FPOM)

______ %

·

 

Water Color __________________

Marl

Grey, shell fragments

______ %
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Table C-A2.  Continued.  Biomonitoring field data recording forms similar to those used for the Nashua River watershed survey.
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[image: image11.wmf]Investigator(s)

River Basin

Stream Name

Describe Site

Location

·

Weather

Conditions

storm

(heavy rain)

rain

(steady rain)

showers

(intermittent)

clear/sunny

% cloud cover

Now

__

__

__

__

______%

Past 24 hours

__

__

__

__

______%

·

 

Has there been heavy rain in the past 7 days?

·

 

How were samples collected?

__ Yes      __ No

__ wading      __ from bank      __ from boat

·

 

Riparian vegetation   

(18 meter buffer)

Record the dominant species present.

·

 

Aquatic Vegetation 

 

(coverage within reach: _____%)

Record percent composition (should add up to 100%); record the dominant

species present.

_______% trees

_______% rooted emergent

_______% shrubs

_______% 

rooted submergent

_______% grasses

_______% 

rooted floating

_______% herbaceous

_______% 

free floating

_______% 

mosses

·

 

Algae

  

(coverage within reach: _______%)

·

 

Number of algae samples taken:

  __________

color

substrate

microhabitat

forms

green

brown

other

rock

wood

plant

other

pool

riffle

other

__ 

filamentous

__

__

__

__

__

_____%

_____%

__ 

flock

__

__

__

__

__

_____%

_____%

__ 

thin film

__

__

__

__

__

_____%

_____%

__ 

other

___________

__

__

__

__

__

_____%

_____%

Submerged

Riffles

Snags

Stream Banks

Macrophytes

Other

·

 

Number of jabs/kicks

taken in each habitat type:

·

 

Percent Habitat Types:

_______%

_______%

_______%

_______%

_______%

·

 

Site/location map  

(Draw a map of the site and indicate the areas sampled.)
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General comments:


[image: image13.wmf]Date  __________________                           

Station  ___________________________________________


Table C-B1.  List and counts of benthic macroinvertebrates in 100-organism subsamples from Nashua River watershed biomonitoring stations.  Samples were collected in September 1998 at SL00—Stillwater River @ Crowley Rd., Sterling; QP00—Quinapoxet River @ River Rd., Holden; NN03—North Nashua River @ Mill #9, Fitchburg; NN09—North Nashua River @ Falulah Rd., Fitchburg; NN10A—North Nashua River @ Rte. 2, Leominster; NN13—North Nashua River @ Ponakin Mill, Lancaster; NS17—Nashua River @ MWRA-WWTP (upstream), Clinton; NS19—Nashua River @ Bolton Rd., Lancaster; NM23B—Nashua River @ RR bridge on McPhearson Rd., Ayer/Shirley; NM29—Nashua River @ covered bridge, Pepperell; NM30—Nashua River @ Rte. 111, Hollis, NH; NT61—Squannacook River @ Rte. 225, Shirley/Groton; NT67—Nissitissit River @ Prescott St., Pepperell; NT68—Nissitissit River @ Mill St., Pepperell.

Taxon/Metrics
FFG1
TolVal2
SL00
QP00
NN03
NN09
NN10A
NN13
NS17
NS19
NM23B
NM29
NM30
NT61
NT67
NT68

Amnicola grana
SC
5









3





Laevapex fuscus
SC
7







3







Physidae
GC
8









1





Gyraulus parvus
SC
8









1





Pisidiidae
FC
6
5







2
14
2
1



Nais alpina
GC
8






1








Nais communis
GC
8




1

2





1


Pristinella osborni
GC
10






2





1


Lumbriculus variegatus
GC
5
2


1









2

Crangonyx sp.
GC
6


1



2








Hydrachnidia
PR
6







1
2



1
1

Baetidae
GC
4


1



3
2


9
1
2
2

Acentrella sp.
SC
4










3




Acerpenna sp.
GC
5
1














Baetis sp. (cerci only)
GC
6







1
8






Baetis sp. (short term. fil.)
GC
6





6









Baetis sp. (subeq. Term.)
GC
6




18


3
9



2


Baetidae (cerci only)
GC
6


2



2




1



Baetidae (subeq. Term.)
GC
6
1
2
3



1




1



Attenella sp.
GC
1







2





2

Eurylophella sp.
GC
2
1
2



1
3








Serratella sp.
GC
2

2




1








Heptageniidae
SC
4

2













Stenonema sp.
SC
3
3

13

2
2
11
2
3

7
3
4
1

Isonychia sp.
GC
2
1
1










4
2

Leptophlebiidae
GC
2

2













Paraleptophlebia sp.
GC
1
3














Coenagrionidae
PR
9


4












Gomphidae
PR
5












1


Chloroperlidae
PR
1
1














Perlidae
PR
1

1













Acroneuria sp.
PR
0
1
1










1


Neoperla sp.
PR
3











1



Corydalus sp.
PR
4










1


1

Nigronia sp.
PR
0
3
1













Brachycentrus sp.
FC
1








6
3
1




Micrasema sp.
SH
2

1













Glossosomatidae
SC
0







1







Glossosoma sp.
SC
0
1



5
1






3
3

Hydropsychidae
FC
4






2
1


2




Cheumatopsyche sp.
FC
5
1
4
1
29
12
3
7
18
2
7
2
2



Hydropsyche sp.
FC
4




6

3


2
9




Hydropsyche alhedra1
FC
5

5













Hydropsyche betteni2
FC
6



6
5
2
7
19
26


3

11

Hydropsyche betteni gr.
FC
6

2
17







3




Hydropsyche bronta1
FC
6

2











5

Hydropsyche morosa gr.
FC
6
4

5
21


2



7




Hydropsyche sparna1
FC
6

18


13
26

12
14


6

11

Hydropsyche valanis
FC
6










1




Hydropsyche venularis
FC
4












1


Hydropsyche walkeri1
FC
5




2




4


7


Macrostemum zebratum
FC
3










1
8
1
1

Agraylea sp.
GC
8








2

1




Hydroptila sp.
GC
6


1










2

Leucotrichia sp.
SC
6



1











Leucotrichia pictipes
SC
6




12
17









Leptoceridae
PR
4
2














Oecetis sp.
PR
5













1

Setodes sp.
GC
2






1








Limnephilidae
SH
4
1














Limnephilus sp.
SH
4






1
1







Psilotreta sp.
SC
0












1


Chimarra sp.
FC
4
6
2
8



2

7
8
3
23
2
27

Dolophilodes sp.
FC
0

2













Nyctiophylax sp.
PR
5












1
1

Lype diversa
GC
2















Psychomyia sp.
GC
2


1












Rhyacophila sp.
PR
1


1









2
2

Rhyacophila carolina gr.
PR
1
6
9













Rhyacophila fuscula gr.
PR
1

1













Neophylax sp.
SC
3


1












Microcylloepus pusillus
GC
3
1














Optioservus sp.
SC
4
6











8
1

Oulimnius latiusculus
SC
4
1
6









1
2


Promoresia sp.
SC
2


1












Promoresia tardella
SC
2
13
6













Stenelmis sp.
SC
5
6

1


1




1
20



Psephenus herricki
SC
4
2










1



Atherix sp.
PR
4











1



Stilobezzia sp.
PR
6













1

Einfeldia sp.
GC
9









1





Microtendipes pedellus gr.
FC
6
1

2
3


2


1


1


Microtendipes rydalensis gr.
FC
6












5


Phaenopsectra sp.
SC
7


1






1





Polypedilum sp.
SH
6






1








Polypedilum aviceps
SH
4
1
3









7
2
1

Polypedilum flavum
SH
6


3
9
2



2
16
5
1



Robackia sp.
GC
4












1


Stenochironomus sp.
GC
5








1






Tanytarsini
FC
6



1











Micropsectra dives gr.
GC
7
1
1









1



Rheotanytarsus sp.
FC
6









1



1

Rheotanytarsus distinctissimus gr.
FC
6
4
2

1


2





2
2

Rheotanytarsus exiguus gr.
FC
6
10
8
4
2

2
6
9
1
12
3
10
5
14

Sublettea coffmani
FC
4



2

2

1







Tanytarsus sp.
FC
6
3

19



12
4

1
2

2
1

Pagastia sp.
GC
1





2









Orthocladiinae
GC
5
1


2


2

1
1





Cardiocladius sp.
PR
5

1

9
18
21









Corynoneura sp.
GC
4

1








1




Cricotopus sp.
SH
7


1


1









Cricotopus annulator
SH
7



2
5
2






3


Cricotopus bicinctus
GC
7



1

1
1

3
6
1

4


Cricotopus triannulatus
SH
7





2









Cricotopus vierriensis
SH
7


1



2
3
2
2





Cricotopus/Orthocladius sp.
GC
7





1









Eukiefferiella sp.
GC
6

3





1







Lopescladius sp.
GC
4












5
1

Nanocladius sp.
GC
7





1









Nanocladius rectinervis
GC
7










1




Nanocladius (P.) branchicolus
GC
3















Orthocladius sp.
GC
6



1






1

1


Parametriocnemus sp.
GC
5
2
1




3





1


Rheocricotopus sp.
GC
6
1

1
1


1
1
3



2


Synorthocladius sp.
GC
6
2









2




Thienemanniella sp.
GC
6

2

1


1
1
6
1
1


1

Tvetenia bavarica gr.
GC
5
1
2





1







Tvetenia vitracies gr.
GC
5
1
3
3
4
1
1


6
1
7
4
4
1

Tanypodinae
PR
7






1








Ablabesmyia sp.
PR
8


1












Conchapelopia sp.
PR
6
3


1


7
1




5


Pentaneura sp.
PR
6













1

Thienemannimyia sp.
PR
6









7
2

1


Hemerodromia sp.
PR
6
2
3

4
1

3
2

2
1

4
1

Simulium sp.
FC
5
4





3

4

5


4

Simulium fibrinflatum
FC
6










9




Simulium nyssa
FC
5










1




Simulium tuberosum complex
FC
4

2













Simulium vittatum complex
FC
9










1




Antocha sp.
GC
3

1



2






1


Paradelphomyia sp.
PR
5
1














TOTALS


110
105
97
102
103
97
100
90
110
96
96
96
94
105

HBI


4.10
4.24
5.37
5.55
5.28
5.44
5.28
5.50
5.47
5.64
5.02
4.66
4.71
4.79

Richness


38
34
25
19
14
19
28
21
20
21
28
19
36
29

EPT


14
17
11
4
8
8
11
9
9
5
10
9
12
14

EPT/Chironomidae


1.06
2.19
1.50
1.43
2.88
1.61
1.12
2.82
3.08
0.47
1.88
2.13
0.70
3.09

SC/FC


0.84
0.30
0.30
0.02
0.50
0.60
0.23
0.09
0.05
0.09
0.21
0.47
0.69
0.06

FC/Total


0.35
0.45
0.58
0.64
0.37
0.36
0.48
0.71
0.56
0.55
0.54
0.55
0.28
0.73

%Dom.


12%
17%
20%
28%
17%
27%
12%
21%
24%
17%
9%
24%
9%
26%

RSA


Ref.
74%
64%
52%
55%
59%
66%
59%
58%
61%
70%
75%
77%
58%

1
FFG is the functional feeding group assignment used for each taxon in conducting the RBP analysis: FC = filtering collector; GC = gathering collector; PR = predator; SC = scraper; SH = shredder.

2
The TolVal column shows the pollution tolerance value used for each taxon in calculating the Hilsenhoff Biotic Index (HBI).  Tolerance values run from 0 (very pollution intolerant) to 10 (very pollution tolerant).

Table C-B2.  Relative proportion of major taxonomic groups in benthos samples from the 1998 Nashua River watershed bioassessment and the calculated percent affinity to the reference station (SL00).
Actual sample proportions:
















Reference
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION

GROUP
SL00 
QP00
NS17
NS19
NN03
NN09
NN10A
NN13
NM23B
NM29
NM30
NT61
NT67
NT68

OLIGOCHAETA
0.06
0.00
0.05
0.00
0.00
0.01
0.01
0.00
0.00
0.00
0.00
0.00
0.02
0.02

EPHEMEROPTERA
0.09
0.10
0.21
0.11
0.19
0.00
0.19
0.09
0.18
0.00
0.20
0.06
0.13
0.07

PLECOPTERA
0.02
0.02
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.01
0.01
0.00

TRICHOPTERA
0.19
0.44
0.25
0.58
0.36
0.56
0.53
0.51
0.52
0.25
0.31
0.44
0.19
0.42

COLEOPTERA
0.26
0.11
0.00
0.00
0.02
0.00
0.00
0.01
0.00
0.00
0.01
0.23
0.11
0.01

CHIRONOMIDAE
0.28
0.26
0.41
0.24
0.37
0.39
0.25
0.37
0.23
0.53
0.27
0.24
0.47
0.22

OTHER
0.09
0.07
0.08
0.07
0.06
0.04
0.01
0.02
0.07
0.22
0.21
0.02
0.07
0.27

Total
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

















δ from Reference:

















STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION
STATION

GROUP

QP00
NS17
NS19
NN03
NN09
NN10A
NN13
NM23B
NM29
NM30
NT61
NT67
NT68

OLIGOCHAETA

0.06
0.01
0.06
0.06
0.05
0.05
0.06
0.06
0.06
0.06
0.06
0.04
0.04

EPHEMEROPTERA

0.01
0.12
0.02
0.09
0.09
0.10
0.00
0.09
0.09
0.11
0.03
0.04
0.02

PLECOPTERA

0.00
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.02

TRICHOPTERA

0.25
0.06
0.39
0.17
0.37
0.34
0.31
0.33
0.06
0.12
0.25
0.00
0.23

COLEOPTERA

0.15
0.26
0.26
0.24
0.26
0.26
0.25
0.26
0.26
0.25
0.03
0.16
0.25

CHIRONOMIDAE

0.02
0.13
0.04
0.09
0.11
0.03
0.09
0.05
0.25
0.01
0.04
0.19
0.06

OTHER

0.02
0.01
0.02
0.03
0.05
0.08
0.07
0.02
0.13
0.12
0.07
0.02
0.18

Σ δ

0.52
0.61
0.81
0.71
0.96
0.89
0.81
0.84
0.87
0.69
0.49
0.45
0.81

1-(Σ δ x 0.5)

0.74
0.69
0.59
0.65
0.52
0.55
0.59
0.58
0.56
0.65
0.75
0.78
0.60

% affinity

74
69
59
65
52
55
59
58
56
65
75
78
60

SCORE

6
6
4
6
4
4
4
4
4
6
6
6
4

Table C-B3.
Relative proportion of major taxonomic groups in benthos samples collected in 1998 from the Nashua River at stations bracketing the MWRA/Clinton wastewater treatment plant.  Percent affinity to the upstream station (NS17) calculated for the downstream station (NS19) is also shown.
Actual sample proportions:




Reference
STATION

GROUP
NS17 
NS19

OLIGOCHAETA
0.05
0.00

EPHEMEROPTERA
0.21
0.11

PLECOPTERA
0.00
0.00

TRICHOPTERA
0.25
0.58

COLEOPTERA
0.00
0.00

CHIRONOMIDAE
0.41
0.24

OTHER
0.08
0.07

TOTAL
1.00
1.00





( from Reference:





STATION

GROUP

NS19

OLIGOCHAETA

0.05

EPHEMEROPTERA

0.10

PLECOPTERA

0.00

TRICHOPTERA

0.33

COLEOPTERA

0.00

CHIRONOMIDAE

0.17

OTHER

0.01

Σ δ

0.66

1-(Σ δ x 0.5)

0.67

% affinity

67


SCORE
6

Table C-B4.  Summary of habitat scores at 1998 macroinvertebrate sampling locations.


Description
SL00
QP00
NS17
NS19
NN03
NN09
NN10A
NN13
NM23B
NM29
NM30
NT34
NT61
NT67
NT68

Bank Stability-Left Bank
7
9
7
5
10
10
10
9
5
3
9
10
10
9
9

Bank Stability-Right Bank
8
9
8
6
8
8
8
9
6
5
9
9
9
9
2

Bank Vegetative Protection-Left Bank
9
10
8
7
10
10
9
10
9
2
9
10
9
9
10

Bank Vegetative Protection-Right Bank
9
9
8
5
10
9
9
10
9
5
8
10
6
9
7

Channel Alteration
19
17
13
20
11
15
15
18
16
14
15
20
15
15
16

Channel Flow Status
15
16
19
9
16
16
16
19
18
19
19
13
12
16
13

Embeddedness
18
19
11
7
17
19
18
17
10
13
20
15
12
14
17

Epifaunal Substrate
15
20
16
11
16
19
18
19
20
17
18
15
20
17
16

Frequency of Riffles
13
18
7
15
10
16
15
19
16
17
20
12
7
10
14

Instream Cover
16
19
6
8
8
6
14
17
15
10
20
16
8
9
9

Riparian Vegetative Zone Width-

Left Bank
5
7
3
5
5
10
10
9
9
1
10
10
9
10
7

Riparian Vegetative Zone Width-

Right Bank
9
9
3
10
5
9
8
9
1
6
7
10
3
10
4

Sediment Deposition
7
19
12
5
16
19
16
16
8
18
20
6
16
14
15

Total Score
150
181
121
113
142
166
166
181
142
130
184
156
136
151
139

APPENDIX D – 1998 DEP DWM BIOLOGICAL MONITORING TECHNICAL MEMORANDUM:
Chlorophyll a, Phytoplankton and Periphyton 
Prepared by: 
Joan Beskenis, Division of Watershed Management

Date:  

March 22, 2000

Subject:  
Nashua River 1998 Chlorophyll a, Phytoplankton and Periphyton Sampling
Introduction

During the summer of 1998, representatives from the Division of Watershed Management and DEP-CERO participated in various aspects of biological and water quality sampling as part of the larger “Year 2” information and data gathering effort in the Nashua River watershed.  Four sites along the main stem Nashua River were selected for a comprehensive analysis of factors affecting the dissolved oxygen dynamics in the water column.  This information was to be used for the proper calibration and verification of a water quality simulation model.  During two separate survey weeks, personnel from the USEPA New England Regional Laboratory (NERL) deployed continuous read-out oxygen sensors and data loggers for a period of three days, thus providing information pertaining to the diel oxygen patterns resulting from algal community photosynthesis and respiration, benthic demand, and other factors.  At the same time, DEP mobilized a special sampling crew to obtain water samples from those same four sites for chlorophyll analysis and phytoplankton counts, and to measure in situ the dissolved oxygen concentration at several depths throughout the water column. In addition to the impoundment studies described above, periphyton sampling was performed in the wadable segments of the mainstem Nashua River and selected tributaries in conjunction with macroinvertebrate sampling and habitat assessment. 

Phytoplankton/Chlorophyll a Results

General comments can be made regarding the qualitative assessment of the algae present in the reach of the Nashua River extending from the Ice House Dam Impoundment in Shirley to the outlet of Pepperell Pond in Pepperell.  Phytoplankton samples were collected on July 21 and 22, 1998 at four sites: Ice House Dam Impoundment, Nashua River at Groton School, Groton, the inlet to Pepperell Pond, Pepperell and the outlet from Pepperell Pond.  This sampling was repeated on August 11 and 12.  Two types of algal samples were collected: 1) a grab sample which was collected at approximately 0.5 m below the surface of the water, and 2) integrated algal samples which were collected at most locations and on most dates.  These samples were collected by lowering a weighted ½ -inch inner diameter plastic tube down to just off the bottom, pinching the top closed, and then opening the tube and emptying the contents into a clean, plastic jar. This was repeated until the desired volume was obtained.  Care was taken to avoid collecting sediment in the sample.  This depth-integrated sample, collected from the entire photic zone, is representative of the entire phytoplankton community; whereas the grab sample is selective for those organisms that are found close to the surface.  This may or may not be representative of the algal community species composition.   

Both the grab and integrated (IA) chlorophyll sample analyses from the July and August surveys are presented in Table D1.  The IA samples always exhibited slightly higher chlorophyll values than did the grab samples.  Chlorophyll a values ranged from a low of 1.12 mg/m3 measured on July 22, 1998 at the Groton School to a high of 10.14 mg/m3 at the outlet from Pepperell Pond, measured on that same date.  This pattern was repeated in the August sampling.  At that time Groton School again had the lowest value (2.38 mg/m3) while the outlet from Pepperell Pond was 19.6 mg/m3.

In addition to the chlorophyll analysis, samples were examined to provide information on the algal community composition, which could provide evidence of excessive nutrient enrichment or other water quality problems.  Nevertheless, at the time of the sampling in July and August there were no algal blooms evident, and little or no blue-green algae were present at any of the sampling sites (Table D2). This suggests that nutrients, in combination with other environmental factors, were not causing excessive algal growth.  The green algae were represented by several more planktonic genera in August than in July. The dominance of the green algae in the outlet from Pepperell Pond, along with the elevated chlorophyll values, would contribute to the classification of this reach of the river as mesotrophic.  

Table D1.  Nashua River Chlorophyll a (mg/m3)-1998.

lab #
sample #
date
location
chlorophyll a (mg/m3)

10
81-0045IA
7/22/98
Outlet Pepperrell Pond
10.14

11
81-0046A
7/22/98
Inlet Pepperrell Pond
2.66

12
81-0047IA
7/22/98
Inlet Pepperrell Pond
3.5

13
81-0048A
7/22/98
Groton School
1.12

14
81-0049IA
7/22/98
Groton School
1.54

15
81-0050A
7/22/98
Groton School-duplicate
1.12

16
81-0052A
7/22/98
Ice House Dam
5.79

26
81-0077A
8/12/98
Outlet Pepperrell Pond
19.6

28
81-0080A
8/12/98
Inlet Pepperrell Pond
3.22

30
81-0081
8/12/98
Groton School
2.38

32
81-0082A
8/12/98
Ice House Dam
3.22

33
81-0082IA
8/12/98
Ice House Dam
3.64

33D
81-0082CA
8/12/98
Lab duplicate
3.78

The stations exhibiting higher flow velocities (i.e., Groton School and Ice House Dam Pond) had fewer green algal genera and more diatoms and flagellated genera present (Table D2).   This assemblage characterizes a lotic environment that is subjected to organic enrichment. Not anticipated was the dominance of “sewage fungus” at the Groton School site in August.  Sewage fungus was also found at Ice House Dam Pond along with Euglena sp. and Scenedesmus sp.  These genera are commonly found in areas of organic enrichment.  Some fibers that looked like paper waste were present in the sample as well.

Periphyton Results

Periphyton was collected at nine stations along the Nashua River and its tributaries during the summer of 1998.    Samples were collected by personnel from DEP-DWM-Worcester in conjunction with sampling for macroinvertebrates as well as habitat assessment.  In most cases, the riffle habitat was sampled in an area with an open or partially open canopy, and often in the same reach as the macroinvertebrate sampling.  Periphyton samples were collected by scraping substrates into a glass vial filled with sample water.  They were put on ice and transported back to the microscopy lab in Worcester (DEP-DWM) for identification.  The vial was shaken to get a uniform sample before subsampling.  If filamentous algae comprised most of the sample they were removed first, identified separately and then the remainder of the sample was examined.  An Olympus BH2 compound microscope with Nomarski optics was used for identifications.  Slides were typically examined under 200 x power. Information gathered was qualitative; only the dominant algal genera were identified.  Observations concerning vegetative cover were recorded on the field sheets.  This information was used in conjunction with information on the predominant taxa to provide a qualitative assessment of water quality and habitat within each reach.

Current DWM field collection methods do not allow for the quantitative assessment of algal cover.  Any indication of the extent of algal cover in a particular reach is based on an estimate made during the habitat assessment.  Areas with extensive algal growth are certainly identified in this manner, but areas with cryptic algal genera may be overlooked.  This does limit the usefulness of the data; therefore, the analysis is limited to general comments regarding a particular site. Furthermore, this analysis does not take into effect the changes that occur seasonally in the algal communities. Results of the periphyton community assessment can be found in Table D3.
Table D2. Nashua River Phytoplankton-Sampling Results for July 21-22 and August 11-12, 1998.

Class
Algal Type/Genus
Stations/Sample Type



Outlet 

Pepperrell

 Pond
Inlet 

Pepperrell 

Pond
Groton

 School
Ice House Dam

 Pond



integrated
grab
integrated
integrated
grab
integrated

Cyanophyceae
Blue-greens








Lyngbya

August





Bacillariophyceae
Diatoms







centric
Cyclotella

August






Melosira
August
August
July
August

August


ui* Centric diatom
August


July



pennate
Asterionella








Synedra

August






Fragilaria

August
July
August




Tabellaria





August


Navicula





August


Cocconeis





August


Stauroneis


August

July



ui Pennate




July
August

Chlorophyceae
Greens








Scenedesmus
August




August


Oocystis
July / August
August






Gloeocystis
July / August







Sphaerocystis

August
July / August
July




Ankistrodesmus
August


August




Chlamydomonas
August
August


July
August


Dictyosphaerium

August






Platydorina
August







Pediastrum

August



August


Pandorina
August







Volvox
August
August






Haematococcus

August






ui Green flagellates
August

August





ui Coccoid green

August
August


August

Chrysophyceae
Golden-browns








Uroglenopsis

August






Chrysococcus
August







ui Golden-browns
August
August


July


Dinophyceae
Dinoflagellates








Ceratium
August

August





ui Dinoflagellates
August




August

Xanthophyceae
ui Flagellates







Euglenophyceae
Euglena
August
August

August

August


unpigmented euglenoids


July
July




ui Euglenoids
August

August
August

August

Cryptophyceae
Cryptomonas





August

"sewage fungus"




August



* ui – unidentified

Table D3.  Nashua River Periphyton from stations sampled in September 1998.
Date
Station/Location
Habitat
Algal class and genera

1-Sep-98
NT34   Whitman River-upstream from Rte 2A, Fitchburg
pool-run
Chlorophyceae-Spirogyra




Bacillariophyceae-Fragilaria

1-Sep-98
NN09   North Branch Nashua River, downstream Fallulah Rd., Fitchburg
shallow pools
Chlorophyceae-Mougeotia




Bacillariophyceae-Synedra




Bacillariophyceae-

ui pennate

3-Sep-98
NN13   North Branch Nashua River, downstream from Ponakin Mill, Lancaster
riffle
Chlorophyceae-flecks of compressed green algae

3-Sep-98
NS17U    South Branch Nashua River-upstream from MWRA, Clinton
riffle
Rhodophyceae-Batrachospermum




Chlorophyceae-Ulothrix

2-Sep-98
NT67   Nissitissit River downstream from Prescott Rd., Pepperell
riffle
Chlorophyceae-Spirogyra

2-Sep-98
NT68   Nissitissit River downstream from Canal St., Pepperell
riffle
Chlorophyceae-Spirogyra




Chlorophyceae-Rhizoclonium

3-Sep-98
NM23B   Nashua River approximately one mile downstream from Leominster Rd.and just downstream of railroad bridge, Shirley/Ayer
riffle
Chlorophyceae-Ulothrix

2-Sep-98
NM29   downstream from Covered Bridge, Pepperell
riffle
Bacillariophyceae-Melosira




Moss




Bacillariophyceae-Fragilaria




Bacillariophyceae-ui pennate




Bacillariophyceae-Synedra




Chlorophyceae-Pediastrum




Chlorophyceae-Cosmarium




Clhlorophyceae-Scenedesmus Chlorophyceae-Scenedesmus




Cyanophyceae-Lyngbya




fungal mycelia

2-Sep-98
NM30   Nashua River downstream from Rte 111, Hollis, New Hampshire
riffle/pool
Chlorophyceae-Spirogyra




Chlorophyceae-Ulothrix

Nashua River Periphyton Observations by Location

The South Branch Nashua River (NS17U) algal community was different from other locations.  This station, located upstream from the MWRA sewage treatment plant in Clinton, receives hypolimnetic water 

from the Wachusett Reservoir.  The water quality characteristics and/or water temperatures apparently differ from other streams.  The red alga-Batrachospermum sp. is found at sites exhibiting cool water temperatures, lower light levels and, often, lower nutrient regimes.  

The Whitman River was sampled at station NT34, which is located upstream from Route 2A in Fitchburg.  There was no evidence of nonpoint sources of pollution; however, there were vast amounts of Spirogyra sp. present, which is often indicative of the presence of elevated levels of nutrients. Likewise, substrates were covered with a floc of the diatom Fragilaria sp., another taxon typically associated with abundant nutrients.

Station NN09 on the North Branch of the Nashua River is subjected to obvious sources of nonpoint source pollution from both commercial and industrial development.  This was noted on the habitat assessment field sheet.  The water column was slightly turbid and exhibited a “sewage” type smell.  Comments on the habitat assessment sheet stated that there was 0% vegetative cover although a brown substance covered the cobbles (this was likely the naviculoid diatoms that were present in large numbers in the sample).  Apparently, free floating drift algae (tangles of the green algae Mougeotia sp. and Ulothrix sp.) were found in the shallow pools along the left bank.  

The North Branch of the Nashua River was sampled again at Ponakin Mill, Lancaster (NN13).  The habitat here was different from others in that very fast riffles were present.  The qualitative algal sample only had flecks of a compressed green alga.  The field sheets describe a thin layer of slippery periphyton on the rocks, which was probably diatoms.  Moss was also prevalent at this station although none was present in the sample collected.

Habitat assessment at the main stem Nashua River station NM23B revealed an area with obvious sources of nonpoint-source pollution.  Field staff observed that there was a sewage odor and that the water was very turbid.  No comments were made about the presence of surface films at this partly shaded reach, but microscopic observation revealed the presence of some Ulothix sp. and lots of bacteria were present.  This station is also located just below the confluence with the South Branch which receives the effluent from the MWRA WWTP.   

The Nashua River station (NM29), located downstream from the Covered Bridge, Pepperell, was described on the habitat field sheet as potentially receiving nonpoint source runoff from a nearby horse farm.  The water column was described as turbid and opaque.  Although the periphyton sample did not indicate an impacted algal community, the light transparency might have been impaired thereby reducing algal habitat. The other algae in the sample were planktonic and were basically filtered out of the water column by the abundant growth of moss on the river bottom .  Genera such as Pediastrum, Cosmarium, and Scenedesmus are all found in lentic conditions and likely spill out from Pepperell Pond.

A site on the Nissitissit River (NT67) located downstream from Prescott Rd. in Pepperell, is classified as a cold water fishery and did not support a distinctive periphyton community.  This partially shaded station contained shallow riffles with some Spirogyra present, as well as some rooted emergent macrophytes; no mention was made on the field sheet of the percent of vegetative cover, so it is assumed that nuisance amounts were not found.

Green filamentous algae, in this case Rhizoclonium and Spiroyra predominated downstream at station NT68 on the Nissitissit River.  Field notes state that this location had only a small amount of filamentous algae as well as sparse growth of aquatic vascular plants.  Although there was a potential source of pollution from an adjacent oil company, there was no evidence of problems in the stream.

The main stem Nashua River was also sampled at station NM30, located in Hollis, New Hampshire at Route 111.  Spirogyra sp. and Ulothrix sp. dominated the periphyton.  This main stem station has bedrock outcrops, deep riffles and pools. When it was sampled in 1985, the dominant drift algae in the pools was a different green, Hydrodictyon sp.  Fortunately, this nuisance alga was not found during the 1998 sampling.  An estimate of the percentage of the reach with vegetative cover  (60%) was included on the field sheet. This was composed of Elodea and Myriophyllum sp. (rooted submergents), and free-floating Lemna and Wolfia.  In addition to algae, moss covered the rocks.

Discussion

Physical and biological disturbances of periphyton and other aquatic communties may be indicated by changes in both biomass and species composition.  Biggs (1996) describes three temporal patterns of biomass distribution that can be distinguished among streams: 1) relatively constant disturbance, low biomass, 2) cycles of accrual and sloughing; and 3) seasonal cycles.  The relatively constant, low biomass can occur as a result of frequent disturbance.  In the summer of 1998, flooding was not a frequent phenomenon so this type of disturbance was minimal.  During periods of extended flow stability (i.e., 4-10 weeks), the accumulation of biomass can occur (Douglas,1958).  This “accrual and sloughing”  pattern was a likely phenomenon at the Nashua River sites visited in 1998.  During periods of relative flow stability, populations of filamentous algae, such as Spirogyra, which are otherwise vulnerable to flooding, can increase.  This may have been the situation exhibited at one or two Nashua River stations, in particular NM30, on the main stem, and NT34 on the Whitman River.  Station NT 34 contained both stable (50 % cobble) and unstable (50% sand and gravel) substrates. This station scored very poorly in the habitat assessment for embeddedness (6 out of 20 points).  During higher flow periods it is likely that scouring of the surfaces would occur at this site; however, during the period sampled, long filamentous strands of algae were able to build up.  Also of consideration at these sites is the level of nutrients available for algal growth.  Periphyton communities are often dominated by erect stalked diatoms and/or filamentous green algae when the level of disturbance is low to medium and nutrients are medium to plentiful as found at station NN09 (Biggs, 1996). Biomass also builds up under these conditions.  It is conjectured that grazing by fish and macroinvertebrates cannot keep up with algal growth.  In these situations long filamentous growths of algae can occur on stable substrates and/or flocs of diatoms can cover all substrates. 

Conclusions and Recommendations

There is some indication of excess nutrients and low/medium hydrologic disturbance in this basin.  Drought conditions for the past several years have certainly affected adversely many of our rivers, allowing the concentration of many pollutants in depositional zones and reducing scouring events.  Many stations that were evaluated in the habitat assessment indicated that nonpoint sources of pollution were in evidence.  An effort should be made to remove these sources and to monitor improvements through the evaluation of changes in the algal community, biomass and percent cover.
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APPENDIX E - DEP 1999 GRANT AND LOAN PROGRAMS
Excerpted from the DEP/DWM World Wide Web site, http://www.state.ma.us/dep/brp/wm/wmpubs.htm#other ‘1999 Grant and Loan Programs - Opportunities for Watershed Planning and Implementation’. 
604(b) WATER QUALITY MANAGEMENT PLANNING GRANT PROGRAM

This grant program is authorized under the federal Clean Water Act Section 604(b) for water quality assessment and management planning.   604(b) projects in the Nashua River Watershed include:

104(b)(3) WETLANDS AND WATER QUALITY GRANT PROGRAM

This Grant Program is authorized under Wetlands and Clean Water Act Section 104(b)(3) of the federal Clean Water Act. The Water Quality proposals received by DEP under this National Environmental Performance Partnership Agreement (NEPPA) with the U.S. Environmental Protection Agency is a results oriented approach that will focus attention on environmental protection goals and the efforts to achieve them. The goals of the NEPPA are to: 1) achieve clean air, 2) achieve clean water, 3) protect wetlands, 4) reduce waste generation, and 5) clean up waste sites.

· 98-03/104 SMART Monitoring for Capacity Building. This project will use the Nashua River Watershed for a demonstration of “SMART” monitoring.  SMART monitoring (Strategic Monitoring for River Basin Teams) is a collection of low cost and no-cost methods for building the capacity of EOEA Watershed Teams for water quality monitoring. 

· 97-09/104 Numeric Biocriteria. This project is designed to address two issues relating to the current Biocriteria Pilot Study; specifically, to evaluate subecoregion difference in stream biota, if any, and formulate the biological indicators (fish and macroinvertebrates) that are essential to assess conditions and monitor changes in streams.  Study expects to establish reference streams in 5 of the 13 Massachusetts Ecological Subregions.  The study streams are located in the Connecticut, Westfield, Chicopee, Millers and Quinebaug River Basins.
A brief overview of this sampling effort in the Chicopee River Basin include: 

Subecoregion
Candidate Reference Stream
Station
Benthic Macroinvertebrate
Fish Population
Insitu Hydrolab Measurements

Worcester Monadnock Plateau
Whitman River
WM18WHI
2 October 1996
2 October 1996
2 October 1996

MA DEP DWM.  2000.  Open file.  Massachusetts Department of Environmental Protection, Division of Watershed Management, Worcester, MA.

319 NONPOINT SOURCE GRANT PROGRAM

This grant program is authorized under Section 319 of the CWA for implementation projects that address the prevention, control, and abatement of nonpoint source (NPS) pollution. In order to be considered eligible for funding projects must: implement measures that address the prevention, control, and abatement of NPS pollution; target the major source(s) of nonpoint source pollution within a  watershed/subwatershed; have a 40 percent non-federal match of the total project cost (match funds must meet the same eligibility criteria as the federal funds); contain an appropriate method for evaluating the project results; address activities that are identified in the Massachusetts NPS Management Program Plan.

RESEARCH AND DEMONSTRATION GRANT PROGRAM

The Research and Demonstration Program (R&D) is authorized by section 38 of Chapter 21 of the Massachusetts General Laws and is funded by proceeds from the sale of Massachusetts bonds. Specifically, the R&D Program was established to enable the Department to conduct a program of study and research and demonstration relating to water pollution control and other scientific and engineering studies “...so as to insure cleaner waters in the coastal waters, rivers, streams, lakes and ponds of the Commonwealth.”

SOURCE WATER AND TECHNICAL ASSISTANCE/LAND MANAGEMENT GRANT PROGRAM

The Source Water Protection Technical Assistance/Land Management Grant Program provides funds to

third party technical assistance organizations that assist public water suppliers in protecting local and regional ground and surface drinking water supplies.

WELLHEAD PROTECTION GRANT PROGRAM

The Wellhead Protection Grant Program provides funds to assist public water suppliers in addressing wellhead protection through local projects and education.

CLEAN WATER STATE REVOLVING LOAN FUND (SRF) PROGRAM

The Massachusetts State Revolving Fund for water pollution abatement projects was established to provide a low-cost funding mechanism to assist municipalities seeking to comply with federal and state water quality requirements. The SRF Program is jointly administered by the Division of Municipal Services of the Department of Environmental Protection and the Massachusetts Water Pollution Abatement Trust. Each year the Department solicits projects from Massachusetts municipalities and wastewater districts to be considered for subsidized loans, which are currently offered at 50% grant equivalency (approximates a no-interest loan). In recent years the program has operated at an annual capacity of $150 to $200 million per year, representing the financing of 40 to 50 projects annually. The SRF Program now provides increased emphasis on watershed management priorities. A major goal of the SRF Program is to provide incentives to communities to undertake projects with meaningful water quality and public health benefits and which address the needs of the communities and the watershed.

COMMUNITY SEPTIC MANAGEMENT PROGRAM

The enactment of the Open Space Bond Bill in March of 1996 provided new opportunities and stimulated new initiatives to assist homeowners with failing septic systems. The law appropriated $30 million to the DEP to assist homeowners. The Department will use the appropriation to fund loans through the Massachusetts Water Pollution Abatement Trust. The fund will provide a permanent state/local administered revolving fund to assist income-eligible homeowners in financing necessary Title 5 repairs. Working together, the DEP and the Trust have created the Community Septic Management Program to help Massachusetts’ communities protect threatened ground and surface waters while making it easier to comply with Title 5. This loan program offers three options from which a local governmental unit can choose.

MASSACHUSETTS DRINKING WATER STATE REVOLVING FUND PROGRAM 

The Massachusetts Drinking Water State Revolving Fund (DWSRF) provides low-cost financing to help community public water suppliers comply with federal and state drinking water requirements. The DWSRF Program’s goals are to protect public health and strengthen compliance with drinking water requirements, while addressing the Commonwealth’s drinking water needs. The Program incorporates affordability and watershed management priorities. The DWSRF Program is jointly administered by the Division of Municipal Services of the Department of Environmental Protection (DEP) and the Massachusetts Water Pollution Abatement Trust (Trust). This month, DEP will solicit projects from Massachusetts municipalities and community water systems (with at least 15 residential connections) to be considered for subsidized loans. The current subsidy level is equivalent to a 50% grant, which approximates a no-interest loan. The Program will initially operate with approximately $50 million in financing capacity. For calendar years 1998 through 2003, up to $400 million may be available through the loan program.

APPENDIX F – NPDES and WMA TABLES

TABLE F1.  Nashua River Watershed - Municipal, Institutional & Industrial WWTPs

Permittee
NPDES #
Issuance
Flow
Treatment
Special Notes

Municipal






Fitchburg West
MA0101281
11/2/2000
10.5
AWT; NH3N & TP
99% paper wastes 

Fitchburg East
MA0100986
9/30/1992
12.4
AWT; NH3N & TP
CSO controls required; soon to be reissued 2000

Leominster
MA0100617
7/28/2000
9.3
AWT; NH3N & TP
-

MWRA-Clinton
MA0100404
9/27/2000
3.01
AWT; NH3N & TP
new TP limit; co-permittee w/ Clinton & Lancaster for sewer system

Ayer
MA0100013
7/28/2000
1.79
2ndry & TP
Potential regional w/ Devens

Pepperell
MA0100064
9/11/1995
0.705
2ndry
To be reissued in 2001

Industrial/

major






Pepperell Paper Co.
MA0005185
9/28/1995
BOD = 347 kg/day; TSS = 436 kg/day
-
Avg. Q = 1.5 MGD

Hollingsworth & Vose, Groton
MA0004561
9/11/1995
BOD =240 lbs/day; TSS = 570 lb/day
-
Avg. Q = 2.2 MGD

Industrial/

minor






Alden Research, Holden
MA0028801
9/17/1985
0.1 MGD
-
Hydraulic testing

Holden Trap Rock, Holden
MA0020320
9/5/1995
0.482 MGD
Settling pond
Gravel operation; non-contact cooling water

Simonds Industries, Fitchburg
MA0022896
1/12/1993

modified 2/25/1994
0.49 MGD
-
Non-contact cooling water

Indeck Pepperell Power, Pepperell
MA0032034
9/26/1995
0.13 MGD
TSS = 30 mg/l
Cooling tower blowdown

P.J. Keating, Co., Lancaster
MA0003689
6/10/1996
Monitor
TSS = 20 mg/l
Quarry operation; gravel washing, storm water runoff

Institutional






Groton School, Groton
MA0033324
2/14/1992
-
2ndry
-

St. Benedict Center, Harvard
MA0028444
4/17/1985
0.01 MGD
2ndry
Retreat center & bakery

River Terrace Healthcare, Lancaster
MA0025763
9/11/1995
0.006 MGD
2ndry
Heathcare/

Retirement home

Note:

1. 2ndry = secondary treatment; BOD/TSS = 30 mg/l monthly average; no metals or ammonia limits

2. CSO = combined sewer overflows; also 9 minimum controls implemented and long-term control strategy being developed/developed/implemented

3. IPT = industrial pre-treatment program required as part of NPDDES permit

Table F2.  List of WMA registered and permitted average annual water withdrawals in the Nashua River Basin (Levangie 2000).  

Permit
Registration
PWSID
Name
Registered

Volume

(mgd)
20 Year

Permitted

Volume

(mgd)
Source 
G or S
Well/Source Name
Source name

(if known)
Withdrawal location

9P221127001

2270000
Shirley Water District

0.31
270-03G
G
Patterson Well
Catacoonamug Brook
Shirley

9P21109701


Munksjo Paper Decor, Inc.
0
1.08
01s
S
Water Intake Station

Fitchburg

9P21115301


The BFGoodrich Company

0.12

G
BFG Well #1

Leominster

9P221127001

2270000
Shirley Water District

0.31
270-02G
G
Catacunemaug Well
Catacoonamug Brook
Shirley

9P21101901
21101901
2019000
Ayer DPW-Water Division
0.82
1.18
019-01G
G
Grove Pond Well #1
Bowers Brook
Ayer

9P21101901
21101901
2019000
Ayer DPW-Water Division
0.82
1.18
019-02G
G
Grove Pond Well #2
Bowers Brook
Ayer

9P221101903
21101903
2019001
Devens Commerce Center
1.35
3.45
019A05G
G
Grove Pond Well
Bowers Brook
Fort Devens

9P221101903
21101903
2019001
Devens Commerce Center
1.35
3.45
019A01G
G
Patton Well
Bowers Brook
Fort Devens

9P221101903
21101903
2019001
Devens Commerce Center
1.35
3.45

S
C-1
Bowers Brook
Fort Devens

9P221101903
21101903
2019001
Devens Commerce Center
1.35
3.45
019A03G
G
McPherson Well
Bowers Brook
Fort Devens

9P221101903
21101903
2019001
Devens Commerce Center
1.35
3.45
019A02G
G
Sheboken Well
Bowers Brook
Fort Devens


21103401
2034004
International, Inc.
0.12
0
001
G
Well #1
Nashua River
Bolton


21103401
2034004
International, Inc.
0.12
0
003
G
Well #3
Nashua River
Bolton


21103401
2034004
International, Inc.
0.12
0
002
G
Well #2
Nashua River
Bolton

9P21103901
21103902
2039000
Boylston Water District
0.19
0.11

G
Well #2
Wachusett Reservoir
Boylston

9P21103901
21103902
2039000
Boylston Water District
0.19
0.11

G
Well #1
Wachusett Reservoir
Boylston

9P21103901
21103902
2039000
Boylston Water District
0.19
0.11
039-03G
G
Well #3
Wachusett Reservoir
Boylston


21106402
MWRA
MDC/MWRA 
126.12
0

S
Wachusett Aqueduct

Clinton


21106402
MWRA
MDC/MWRA  
126.12
0

S
Cosgrove Aqueduct

Clinton


21109701

Custom Papers Group, Inc.
1.06
0

S
Sawmill Pond

Fitchburg


21109701

Custom Papers Group, Inc.
1.06
0

G
Well #1

Fitchburg


21109702

Simonds Cutting Tools
0.26
0

G
Well #7

Fitchburg


21109702

Simonds Cutting Tools
0.26
0

G
Well #8

Fitchburg


21109702

Simonds Cutting Tools
0.26
0

G
Well #6

Fitchburg


21109702

Simonds Cutting Tools
0.26
0

G
Well #5

Fitchburg


21109702

Simonds Cutting Tools
0.26
0

G
Well #2

Fitchburg


21109702

Simonds Cutting Tools
0.26
0

G
Well #1

Fitchburg


21109702

Simonds Cutting Tools
0.26
0

G
Well #3

Fitchburg


21109702

Simonds Cutting Tools
0.26
0

G
Well #4

Fitchburg


21109703

P.J. Keating Company
1.52
0

G
Well #3

Lunenburg


21109703

P.J. Keating Company
1.52
0

G
Well #2

Lunenburg


21109703

P.J. Keating Company
1.52
0

G
Well #1

Lunenburg


21109703

P.J. Keating Company
1.52
0

S
C-1

Lunenburg


21109704

Oak Hill Country Club*
0.11
0

G
Oak Hill Well

Fitchburg

*  indicates average withdrawal over less than 365 days
G – ground water
S – surface water 
PWS – Public Water Supply

Table F2.  Continued.  List of WMA registered and permitted average annual water withdrawals in the Nashua River Basin (Levangie 2000).

Permit
Registration
PWSID
Name
Registered

Volume

(mgd)
20 Year

Permitted

Volume

(mgd)
Source 
G or S
Well/Source Name
Source name

(if known)
Withdrawal location


21109705

Intercontinental Recycling Corp.
5.2
0

S
Snow Mill Pond Csp

Fitchburg


21109705

Intercontinental Recycling Corp.
5.2
0

S
Snow Mill Pond #8 Mill

Fitchburg


21109706
2097000
Fitchburg Water Department
6.19
0
097-07S
S
Overlook Reservoir
Falulah Brook
Fitchburg


21109706
2097000
Fitchburg Water Department
6.19
0
097-02S
S
Scott Reservoir
Falulah Brook
Fitchburg


21109706
2097000
Fitchburg Water Department
6.19
0
097-01S
S
Meetinghouse Reservoir
Flag Brook
Westminster


21109706
2097000
Fitchburg Water Department
6.19
0
097-05S
S
Falulah Reservoir
Falulah Brook
Fitchburg


21109706
2097000
Fitchburg Water Department
6.19
0
097-03S
S
Wachusett Lake
Flag Brook
Westminster


21111501
2115001
West Groton Water District
0.27
0
2115001-01G
G
Tubular Wellfield
Squannacook River
West Groton


21111502

Hollingsworth & Vose Company
2.42
0

S


West Groton


21113401

Busy Bee Nursery*
0.13
0

S
Busy Bee Nursey Pond A

Holden


21113401

Busy Bee Nursery*
0.13
0

S
Busy Bee Nursey Pond B

Holden


21113403

Holden Hills Country Club*
0.09
0

G
Well #1

Holden (Jefferson)


21113403

Holden Hills Country Club*
0.09
0

S
PUMP HOUSE

Holden (Jefferson)

9P21113401
21113404
2134000
Holden Water Department
1.15
0.3
134-01S
S
Muschopauge Pond
Quinapoxet River
Rutland

9P21113401
21113404
2134000
Holden Water Department
1.15
0.3
134-03G
G
Mill Street Wells
Quinapoxet River
Holden

9P21113401
21113404
2134000
Holden Water Department
1.15
0.3
134-04G
G
Mason Road Wells
Quinapoxet River
Holden

9P21113401
21113404
2134000
Holden Water Department
1.15
0.3
134-01G
G
Spring Street Well
Quinapoxet River
Holden

9P21113401
21113404
2134000
Holden Water Department
1.15
0.3
134-02G
G
Quinapoxet Wells
Quinapoxet River
Holden


21113406

R.J. Paquette
0.3
0

S
C-1

Holden


21113406

R.J. Paquette
0.3
0

G
Well #1

Holden


21113407

Holden Sand and Gravel Company*
0.01
0

S
Pond #1

Holden


21114701
2147000
Lancaster Water Department
0.53
0

G
Station #2
North Nashua River
Lancaster


21114701
2147000
Lancaster Water Department
0.53
0

G
Station #1
North Nashua River
Lancaster

*  indicates average withdrawal over less than 365 days
G – ground water
S – surface water 
PWS – Public Water Supply

Table F2.  Continued.  List of WMA registered and permitted average annual water withdrawals in the Nashua River Basin (Levangie 2000).

Permit
Registration
PWSID
Name
Registered

Volume

(mgd)
20 Year

Permitted

Volume

(mgd)
Source 
G or S
Well/Source Name
Source name

(if known)
Withdrawal location


21115302
2153000
Leominster DPW-Water Division
4.94
0
153-04S
S
Wachusett Reservoir

Clinton


21115302
2153000
Leominster DPW-Water Division
4.94
0
153-03S
S
Distributing Reservoir
Monoosnoc Brook
Leominster


21115302
2153000
Leominster DPW-Water Division
4.94
0
153-05S
S
No Town Reservoir
Monoosnoc Brook
Leominster


21115302
2153000
Leominster DPW-Water Division
4.94
0
153-04G
G
Well 110 S.E. Corner
Wekepeke Brook
Leominster


21115302
2153000
Leominster DPW-Water Division
4.94
0
153-05G
G
Well 120 S.E. Corner
Wekepeke Brook
Leominster


21115302
2153000
Leominster DPW-Water Division
4.94
0
153-01S
S
Fall Brook Reservoir
Fall Brook
Leominster


21115302
2153000
Leominster DPW-Water Division
4.94
0
153-03G
G
Well 160 S.E. Corner
Wekepeke Brook
Leominster


21115303

Gove Farm*
0.04
0

S
FARM POND

Leominster

9P21116201
21116201
2162000
Lunenburg Water District
0.29
0.25
162-01G
G
WELL #1
Catacoonmug Brook
Lunenburg

9P21116201
21116201
2162000
Lunenburg Water District
0.29
0.25
162-03G
G
WELL #3
Catacoonmug Brook
Lunenburg

9P21116201
21116201
2162000
Lunenburg Water District
0.29
0.25
162-04G
G
WELL #4
Catacoonmug Brook
Lunenburg

9P21116201
21116201
2162000
Lunenburg Water District
0.29
0.25

G
Hickory Hills Well
Mulpus Brook
Lunenburg

9P21116201
21116201
2162000
Lunenburg Water District
0.29
0.25
162-05G
G
WELL #5
Catacoonmug Brook
Lunenburg

9P21116201
21116201
2162000
Lunenburg Water District
0.29
0.25
162-02G
G
WELL #2
Catacoonmug Brook
Lunenburg


21116202

J.M. Golf Inc.*
0.42
0

S
Pond 2- Maplewood CC

Lunenburg


21116202

J.M. Golf Inc.*
0.42
0

S
Pond 3- Maplewood CC

Lunenburg


21116202

J.M. Golf Inc.*
0.42
0

S
Pond 1-Maplewood CC

Lunenburg


21122802
2228000
Paxton Water Department
0.27
0
228-01S
S
Asnebumskit Reservoir
Quinapoxet River
Paxton


21123201

Pepperell Paper Company, Inc
1.5
0

S
C-1 James River

Pepperell

9P221123201
21123202
2232000
Pepperell Water Department
0.74
0.56
232-01G
G
Jersey Street Well #1
Nashua River
Pepperell

9P221123201
21123202
2232000
Pepperell Water Department
0.74
0.56
232-02G
G
Bemis Road Well
Nissitissit River
Pepperell

9P221123201
21123202
2232000
Pepperell Water Department
0.74
0.56
232-03G
G
Jersey Street Well #2
Nashua River
Pepperell


21124101

Wachusett Mountain Associates*
0.23
0

G
WELL #3

Princeton


21124101

Wachusett Mountain Associates*
0.23
0

G
WELL #1

Princeton


21124101

Wachusett Mountain Associates*
0.23
0

S
POND #2

Westminster


21124101

Wachusett Mountain Associates*
0.23
0

G
WELL #2

Princeton


21124101

Wachusett Mountain Associates*
0.23
0

S
SNOW POND #1

Princeton

*  indicates average withdrawal over less than 365 days
G – ground water
S – surface water 
PWS – Public Water Supply

Table F2.  Continued.  List of WMA registered and permitted average annual water withdrawals in the Nashua River Basin (Levangie 2000).

Permit
Registration
PWSID
Name
Registered

Volume

(mgd)
20 Year

Permitted

Volume

(mgd)
Source 
G or S
Well/Source Name
Source name

(if known)
Withdrawal location


21124102

Justice Hill, Inc.*
0.09
0

G
WELL #5

Sterling


21124102

Justice Hill, Inc.*
0.09
0

G
WELL #4

Sterling


21124102

Justice Hill, Inc.*
0.09
0

G
WELL #3




21124102

Justice Hill, Inc.*
0.09
0

G
WELL #2

Sterling


21124102

Justice Hill, Inc.*
0.09
0

G
WELL #1

Sterling

9P21125701
21125701
2257000
Rutland Water Department
0.26
0.11
257-01S
S
Muschopauge Reservoir
Quniapoxet R.
Rutland


21128201

Thompson Gardens*
0.01
0

S
Ball Brook

Sterling

9P21128201
21128202
2282000
Sterling Water Works
0.4
0.23
05G
G
Well #5
Stillwater River
Sterling

9P21128201
21128202
2282000
Sterling Water Works
0.4
0.23
282-02G
G
Pumping Station #2
Stillwater River
Sterling

9P21128201
21128202
2282000
Sterling Water Works
0.4
0.23
04G
G
Well #4
Stillwater River
Sterling

9P21128201
21128202
2282000
Sterling Water Works
0.4
0.23
282-01G
G
Pump Sta 1-Rte 2 Well
Stillwater River
Sterling

9P21128201
21128202
2282000
Sterling Water Works
0.4
0.23
03G
G
West Sterling Well #3
Stillwater River
Sterling


21128203

Christian M. Kristoff Jr.
3.42
0







21129901
2299001
Witches Brook Water Company
0.26
0
229A02G
G
Well #2-Witches Brook Co
Squannacook River
Townsend


21129901
2299001
Witches Brook Water Company
0.26
0
299A01G
G
Well #1-Witches Brook Co.
Squannacook River
Townsend


21129902
2299000
Townsend Water Department
0.5
0
299-01G
G
Main Street Station #1
Squannacook River
West Townsend


21129902
2299000
Townsend Water Department
0.5
0
299-02G
G
Cross Street Station #2
Squannacook River
Townsend


21132101
2321000
West Boylston Water District
0.56
0
321-05G
G
Pleasant Valley Well
Wachusett Reservoir
West Townsend


21132101
2321000
West Boylston Water District
0.56
0
321-01G
G
Oakdale Well

Oakdale


21132101
2321000
West Boylston Water District
0.56
0
321-04G
G
Lee Street #4 Well
Quinapoxet River
West Boylston


21132102

Wachusett Country Club*
0.04
0

S
Wachusett Country Club

West Boylston

9P21133201
21133201
2332000
Westminster Water Department
0.24
0.32
332-01S
S
Meetinghouse Pond
Flag Brook
Westminster


21133202

Westminster Golf Course, Inc.*
0.33
0

S
BURNT MILL POND

Westminster


21134801
2348000
Worcester DPW
9.85
0

S
KENDALL RES
Quinapoxet River Subbasin
Holden


21134801
2348000
Worcester DPW
9.85
0

S
Pine Hill Res 
Quinapoxet River Subbasin
Holden


21134801
2348000
Worcester DPW
9.85
0

S
QUINAPOXET RES
Quinapoxet River
Holden


V21103901

Mt. Pleasant Country Club*
0.03
0

S
SURFACE INTAKE

Boylston


V21113402

Reed Plastics Corporation
0.08
0

G
Well #2

Holden


V21113402

Reed Plastics Corporation
0.08
0

G
Well #1

Holden


V21122801

Cournoyer Vegetable Farm
0.15
0

S
Reservoir #1

Paxton


V21122801

Cournoyer Vegetable Farm
0.15
0

S
Spring #1

Paxton


V21122801

Cournoyer Vegetable Farm
0.15
0

S
Cournoyer, Lawrence

Paxton


V21122801

Cournoyer Vegetable Farm
0.15
0

S
Cournoyer, Lawrence

Paxton

*  indicates average withdrawal over less than 365 days
G – ground water
S – surface water 
PWS – Public Water Supply
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Figure B4.  Flow and precipitation data for the Nashua River Basin during the period of 6/12/98 through 6/17/98.  Flow data from USGS gages.  Precipitation data from Leominster station # 517.
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Figure B5.  Flow and precipitation data for the Nashua River Basin during the period of 8/7/98 through 8/12/98.  Flow data from USGS gages.  Precipitation data from Leominster station # 517.
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Table C1.  Description of sampling locations for 1998 Nashua River watershed benthos monitoring.





STATION CODE�
DESCRIPTION�
�
1998SL00�
Stillwater River upstream from Crowley Road, West Boylston, MA�
�
1998QP00�
Quinapoxet River downstream from River Street, Holden (Canada Mills), MA�
�
1998NS17�
Nashua River upstream from MWRA-Clinton WWTP, Clinton, MA�
�
1998NS19�
Nashua River upstream from Bolton Road, Lancaster, MA�
�
1998NN03�
North Nashua River downstream from Mill #9 bridge, Fitchburg, MA�
�
1998NN09�
North Nashua River downstream from Falulah Road, Fitchburg, MA�
�
1998NN10A�
North Nashua River @ Searstown Mall (just downstream from Rte. 2), Leominster, MA�
�
1998NN13�
North Nashua River @ Ponakin Mill (upstream from closed bridge east of Ponakin Rd. dead-end), Lancaster, MA�
�
1998NM23B�
Nashua River downstream from McPhearson Road railroad bridge, Ayer/Shirley, MA�
�
1998NT61�
Squannacook River downstream from Route 225, Shirley/Groton, MA�
�
1998NM29�
Nashua River downstream from covered bridge, Pepperell, MA�
�
1998NT67�
Nissitissit River downstream from Prescott Street, Pepperell, MA�
�
1998NT68�
Nissitissit River downstream from Canal Street, Pepperell, MA�
�
1998NM30�
Nashua River downstream from Route 111, Hollis, NH�
�
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Sample







ID







Collection







Date







Species







Code







1







Length







(cm)







Weight







(gm)







Composite







Sample ID







(laboratory







sample #)







Cd







Pb







Hg







As







Se







% Lipids







PCB







(µg/g)







Pesticides







(µg/g)







Snows Millpond, Fitchburg/Westminster







SMP98-1







10/2/98







LMB







41.2







870







SMP98-2







10/2/98







LMB







36.5







640







98044







(L980609-1)







<0.02







<0.2







0.33







<0.04







0.33







0.06







ND







ND







SMP98-3







10/2/98







YB







31.1







440







SMP98-4







10/2/98







YB







31.3







500







SMP98-5







10/2/98







YB







29.5







380







98045







(L980609-2)







<0.02







<0.2







0.04







<0.04







0.29







0.42







ND







ND







SMP98-6







10/2/98







WS







46.5







1140







SMP98-7







10/2/98







WS







47.0







1200







SMP98-8







10/2/98







WS







45.0







1000







98046







(L980609-3)







duplicate







<0.02







<0.02







<0.2







<0.2







0.27







--







<0.04







<0.04







0.39







0.41







0.57







ND







ND







Lake Whalom, Lunenburg







WLF98-1







9/30/98







LMB







38.0







700







WLF98-2







9/30/98







LMB







34.7







600







WLF98-3







9/30/98







LMB







37.7







740







98039







(L980608-1)







duplicate







<0.02







<0.02







<0.2







<0.2







0.25







--







<0.04







<0.04







0.36







0.37







0.13







ND







ND







WLF98-4







9/30/98







YP







20.5







100







WLF98-5







9/30/98







YP







19.5







80







WLF98-6







9/30/98







YP







17.8







50







98040







(L980608-2)







<0.02







<0.2







0.12







<0.04







0.47







0.24







ND







ND







WLF98-7







9/30/98







B







19.7







160







WLF98-8







9/30/98







B







17.8







110







98041







(L980608-3)







<0.02







<0.2







0.10







<0.04







0.37







0.23







ND







ND







WLF98-9







10/1/98







YB







28.5







300







WLF98-10







10/1/98







YB







26.8







250







WLF98-11







10/1/98







YB







26.3







220







98042







(L980608-4)







<0.02







<0.2







0.18







<0.04







0.24







2.3







ND







ND







WLF98-12







10/1/98







YP







23.5







130







WLF98-13







10/1/98







YP







23.1







120







98043







(L980608-5)







<0.02







<0.2







0.13







<0.04







0.42







0.04







ND







ND







1







Species







bluegill (B) 







Lepomis macrochirus







2







Sample Type    (All samples were fillets with skin off.)







largemouth bass (LMB) 







Micropterus salmoides







Composite (C)







white sucker (WS)







 Castomus commersoni







Individual (I)







yellow bullhead (YB) 







Ameiurus natalis







yellow perch (YP) 







Perca flavescens







ND - not detected or the analytical result is at or below the established detection limit (MDL).  See Appendix A for MDL.












