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INTRODUCTION  
 

On October 14, 2015, the New Hampshire Department of Environmental Services (NHDES) released the 

Draft 2014 303(d) List of impaired waters for public comments. Downloadable copies of the draft list 

were made available on the NHDES website for review 

(http://des.nh.gov/organization/divisions/water/wmb/swqa/index.htm). Public comments were 

accepted through the close of business on December 11, 2015. In addition to posting at multiple 

locations on the NHDES website, direct notification by email was sent to nearly 1,500 stakeholders 

including but not limited to: 

 

Federal agencies 

State agencies in New Hampshire and abutting states 

Municipal officials 

DPW Directors of the MS4 Communities 

County Conservation Districts 

Regional Planning Commissions 

Non-profit interest groups 

Volunteer monitoring groups 

New England Interstate Water Pollution Control Commission 

University of New Hampshire 

 

The following sections contain the comments received, NHDES’s responses to comments, and 

supporting information. The sections are organized as follows: 

 

A. Response to Public Comment (Note: This section contains NHDES’s responses to all of the 

comments received. The responses are organized by reference number. A reference number 

refers to a specific section of a comment letter in Section B.)  

 

B. Public Comment on the Draft 2014 303(d) List of Impaired Waters (Note: This section contains 

the full text of all comments received. Each individual comment in the letters has been assigned 

a reference number. The responses in Section A are organized by reference number.) 

 

C. Comments received on the October 14, 2015 Draft and their attachments are on the 

department's FTP site; 

1. Go to this address using a web browser: 

ftp://pubftp.nh.gov/DES/wmb/WaterQuality/SWQA/2014/Draft_303d_Comments/ 

2. At the login window, click on the box in the lower left hand corner labeled “Login 

Anonymously.” 

3. The user name will then be automatically filled in with the word “Anonymous.” 

4. Type in your email address in the “Email Address” block. 

5. Then click on the “Log On” button. 

 

 

Table 1. Comment letters received by NHDES and the designated comment letter number. 

COMMENTER RECEIVED COMMENT # 

Toby Stover, EPA Region 1 Dec. 7, 2015 #1 
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COMMENTER RECEIVED COMMENT # 

Don Witherill, Maine Dept. of Environmental Protection Dec. 10, 2015 #2 

Ralph Abele, EPA Region 1 Dec. 11, 2015 #3 

John B. Storer, City of Rochester Dec. 11, 2015 #4 

Tom Irwin, Conservation Law Foundation Dec. 11, 2015 #5 

Robert J. Robinson, City of Manchester Dec. 11, 2015 #6 

Robert R. Lucic, City of Dover 
Dec. 11, 2015 #7 

Robert R. Lucic, Great Bay Municipal Coalition Dec. 11, 2015 #8 

Terry Desmarais, City of Portsmouth Dec. 11, 2015 #9 

 

C. Comments received on the February 3, 2017 changes to the Draft and their attachments are 

on the department's FTP site; 

1. Go to this address using a web browser: 

ftp://pubftp.nh.gov/DES/wmb/WaterQuality/SWQA/2014/Draft_303d_Comments_201

70203-Changes/ 

2. At the login window, click on the box in the lower left hand corner labeled “Login 

Anonymously.” 

3. The user name will then be automatically filled in with the word “Anonymous.” 

4. Type in your email address in the “Email Address” block. 

5. Then click on the “Log On” button. 

 

Table 2. Comment letters received on the February 3, 2017 changes to the Draft by NHDES and the designated 

comment letter number. 

COMMENTER RECEIVED COMMENT # 

John B. Storer, City of Rochester Feb. 23, 2017 #10 

Dean Peschel on the behalf of Great Bay Municipal Coalition Feb. 24, 2017 #11 

Tom Irwin, Conservation Law Foundation  Feb. 24, 2017 #12 

Ricardo Cantu, OspreyOwl Environmental, LLC on the behalf of the City of 

Nashua and on the behalf OspreyOwl Environmental, LLC 

Feb. 24, 2017 #13 

Ralph Abele, EPA Region 1 Mar. 3, 2017 #14 
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A.  RESPONSE TO PUBLIC COMMENT ON THE OCTOBER 14, 2015 DRAFT 

 

RESPONSE TO COMMENT #1: Toby Stover, EPA Region 1 

 

DES RESPONSE to 1- 1 

 

NHDES understands the importance of nutrients in river systems and that excess nutrient can be 

detrimental to aquatic ecosystems. The Cocheco and Salmon Falls Rivers are areas that NHDES is 

watching closely. That close watch includes participating in the Total Maximum Daily Load (TMDL) 

revisions being undertaken by the state of Maine. NHDES will consider such conditions in the 

development of the 2016 Draft 303(d). 
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RESPONSE TO COMMENT #2: Don Witherill, Maine Dept. of Environmental Protection 

 

DES RESPONSE to 2- 1 

NHDES appreciates the confirmation from Maine Dept. of Environmental Protection that the Portsmouth Harbor 

assessment zone should be listed as impaired due to eelgrass loss and wishes to make one clarification. 

 

As described and shown in the October 14, 2015 Technical Support Document (NHDES, 2015); 

“The historical extent of eelgrass in this assessment zone was 227.7 acres from the 1948, 1962, 1980, 

and 1981 datasets. The median current extent of eelgrass in 2011-2013 is 68.5 acres, which is a decrease 

of 58.2%. Since 1990, the trend in eelgrass cover in this assessment zone is a loss of 35.9%. The 

thresholds for impairment are either loss of more than 20% of the historic extent of eelgrass or a recent 

trend of greater than 20% loss.” 

The Estuarine Bioassessments (eelgrass) assessment for Portsmouth Harbor maintains its impaired status on the 

Draft 2014 303(d). 

 

Figure 1. Eelgrass cover in Portsmouth Harbor. 

 
 

The clarification lies in that NHDES proposed the delisting of total nitrogen to insufficient information-potentially 

not supporting for the assessment zone. While total nitrogen was proposed for delisting from the assessment 

zone, no change has been proposed for the assessment status for Estuarine Bioassessments (eelgrass). 

Additional discussion is provided in Table 5. 
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RESPONSE TO COMMENT #3: Ralph Abele, EPA Region 1 

 

DES RESPONSE to 3- 1 

 

In their comments, EPA made reference to their Technical Support Document which provided EPA’s rationale for 

the September 24, 2015 approval of New Hampshire’s 2012 303(d) (USEPA, 2015). Further, EPA questioned 

whether New Hampshire’s administrative record provided an adequate basis for the proposal not to list certain 

Great Bay Estuary segment/impairment combinations for total nitrogen.   

 

NHDES recognizes the concerns raised by EPA regarding the proposed delistings and values the subsequent 

conversations that occurred. From those discussions it is clear that NHDES cannot make a non-assessment 

where data is readily available and assessments were previously completed and approved through the 303(d) 

process. From those discussions and the 2012 303(d) Approval (USEPA, 2015) it is clear that NHDES must have a 

clear and rational basis to delist any waterbody segments. 

 

A distinction in language is needed. While indeed the Great Bay Estuary in showing, “all of the classic signs of 

eutrophication, including increasing nitrogen concentrations” (NHDES, 2015), not all segments of the estuary are 

showing all of the classic signs of eutrophication. As such, NHDES cannot make a non-assessment where data is 

readily available and assessments were previously completed and approved through the 303(d) process, each 

assessment zone is assessed individually based on the data for that zone. 

 

SMAST 2003 (Howes, Samimy, & Dudley, 2003) has been cited by numerous commenters from the Great Bay 

Municipal Coalition to USEPA in their approval of New Hampshire’s 2012 303(d). The authors of SMAST 2003 

(Howes, Samimy, & Dudley, 2003) describe an integrated evaluation of multiple parameters that is used to make 

a final classification of an overall eutrophication condition within an assessment area. 

 “The proposed threshold approach by the Estuaries Project will use multiple indicators ranging from 

chemical and physical indicators to community (biological) features. It is certain that on occasion, 

various indicators will recommend different habitat classifications. When this situation occurs, the 

present approach is to weight the biological community indicators or key structuring indicators over 

some of the more variable indicators. For example, the documented rapid loss of eelgrass, rise of 

macroalgae and periodic oxygen depletion would be stressed over water column chlorophyll levels 

suggestive of Excellent Quality Habitat. The general procedure at present is to weight those factors that 

are more integrative of the environment over those which are more variable and therefore may not be 

adequately captured by monitoring.” (Howes, Samimy, & Dudley, 2003) 

In light of the comments regarding SMAST 2003 (Howes, Samimy, & Dudley, 2003), NHDES has applied that 

methodology to help inform a final determination for total nitrogen in those assessment zones in which the 

draft 2014 303(d) considered an assessment zone under construction ( ) and those zones proposed for the 

delisting of total nitrogen. (Also see responses 4- 6, 8- 3, and 8- 6) 

 

The final NHDES “Technical Support Document for the Great Bay Estuary Aquatic Life Use Support Assessments, 

2014 305(b) Report/303(d) List” provides a complete record of NHDES’ decisions for the final 2014 303(d). Below 

we summarize those decisions regarding the final assessment for the proposed changes to the Squamscott River 

North (Table 3), assessments that were considered under construction on the draft ( ) (Table 5), and the status 

of waters proposed for the delisting of total nitrogen (Table 4). 
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Table 3. Comparison of the Final 2012, Draft 2014, and Final 2014 assessment for the Aquatic Life designated use in the 

Squamscott River North and proposed changes between 2012 and 2014. Assessment category definitions are provided in 

section 3.1.3 and 3.1.5 of the 2014 CALM. 

Assessment 

Zone Cycle 

Dissolved 

Oxygen 

(% Sat) 

Estuarine 

Bioassessments 

(eelgrass) 

Water Clarity 

(Light 

Attenuation 

Coefficient) Overview 

Squamscott 

River North 

2012 2-M 5-P 5-P While the 1948 map is rough enough that we 

cannot say that precisely 42 acres of eelgrass were 

present, its presence was clearly documented. 

Combined with the application of the Eelgrass Site 

Selection Model (Short et. al. 2002) and a 

rudimentary suitability evaluation of temperature 

and salinity leads one to conclude that eelgrass 

should be present. Taken in totality, there is 

insufficient evidence to remove the 2012 “Estuarine 

Bioassessment” impairment. As such, the 

impairment for “Estuarine Bioassessments” and 

“Water Clarity (Light Attenuation Coefficient)” have 

been retained on the 2014 final 303(d).  

 

Additional eelgrass discussion has been provided in 

response 5- 3. 

Draft 2014 5-M 3-PNS 3-PNS 

Final 2014 5-M 5-P 5-P 

 

Table 4. Comparison of the Final 2012, Draft 2014, and Final 2014 total nitrogen assessment where total nitrogen was 

under construction in the Draft 2014 303(d). Assessment category definitions are provided in section 3.1.3 and 3.1.5 of 

the 2014 CALM. 

Assessment Zone Cycle 

Total 

Nitrogen Overview 

Lamprey River 

South 

2012 5-P The median total nitrogen from 2008 through 2013 was 1,055 ug/L (n=1). New 

Hampshire is no longer comparing ambient total nitrogen data to the total 

nitrogen numeric indicators used in the 2012 assessment as translators for the 

narrative water quality criteria. From the limited available grab samples (none 

since 2008) for dissolved oxygen concentration and saturation the site appears to 

meet the dissolved oxygen criteria. The calculated 90
th

 percentile chlorophyll-a in 

this assessment zone cannot be calculated due to the presence of only one 

measured value in since 2008 (22 ug/L). The available data for chlorophyll-a 

indicates concentrations greater than the criteria, although only one sample exists 

(22 ug/L). The eelgrass beds have been eliminated. The median light attenuation 

coefficient was not calculated due to no samples collected in the 2008 through 

2013 period in this assessment zone, however, both the upstream and 

downstream assessment zones are impaired due to the poor light attenuation 

coefficient. This assessment zone is generally characterized by its lack 

eutrophication indicator data. What it lacks in local data it makes up for in data 

from neighboring assessment zones. The upstream Lamprey River North 

assessment zone has extensive datasets demonstration impairments due to high 

chlorophyll-a and severely depleted dissolved oxygen. The downstream Great Bay 

assessment zone has marginally chlorophyll-a and dissolved oxygen due to the 

severely poor condition coming out of the Squamscott River assessment zone as 

well as degraded eelgrass, poor light transmittance, and evidence of macroalgae. 

Taken in totality, there is insufficient evidence to remove the 2012 total nitrogen 

impairment. As such, the impairment for nitrogen has been retained. 

 

Draft 2014 
 

Final 2014 5-M 
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Great Bay 

2012 5-M The median total nitrogen from 2008 through 2013 was 391 ug/L (n=62) when 

considering just the stations in the middle of Great Bay; and 410 ug/L (n=176) 

when including the boundary stations GRBSQ and GRBAP.  New Hampshire is no 

longer comparing ambient total nitrogen data to the total nitrogen numeric 

indicators used in the 2012 assessment.  Per the court settlement (Docket No. 

2013-0119), NHDES has agreed to revert to using the narrative water quality 

criteria, which requires the use of an integrated evaluation. This assessment zone 

has not demonstrated dissolved oxygen exceedences at station GRBGB in the 

middle of Great Bay. However, when considering all sampling stations of Great 

Bay there are areas in the southwest that likely exhibit poor dissolved oxygen. 

Likewise, the calculated 90
th

 percentile chlorophyll-a in this assessment zone is 8.9 

ug/L (n = 249) which is just below the threshold described in the CALM. 

Chlorophyll-a experiences peak concentrations annually from 10-69 ug/L in the 

south western area. The eelgrass beds are degraded and the available light 

attenuation (median=1.180 m^-1 (n=173)) is poor. For shallow systems, it is 

expected that changes in macroalgae will precede changes in phytoplankton 

(McGlathery, Sundbäck, & Anderson, 2007) (Valiela, et al., 1997), as appears to be 

occurring in the Great Bay assessment zone. There is evidence that macroalgae is 

impacting eelgrass and changing the species composition and diversity in Great 

Bay. Using data from Great Bay (Pe’eri, et al., 2008), NHDES determined that 

macroalgae mats had replaced nearly 5.7% of the area formerly occupied by 

eelgrass in Great Bay in 2007 (NHDES, 2009) and that replaced area has not been 

recolonized by eelgrass.  Some of the loss of eelgrass in the intertidal zone is 

consistent with smothering by macroalgae. The foremost authority on macroalgae 

for this estuary, Dr. Arthur C. Mathieson, commented on the draft 2012 303(d) 

that he remains concerned about the macroalgae and epiphyte conditions in 

Great Bay (Mathieson A. , 2012). Some of the classic indicators of nutrient 

eutrophication are present in this assessment zone and total nitrogen remains 

elevated in portions of the assessment zone.  As the discussion above illustrates, 

there is a clear nutrient “signature” in the data.  It is less clear, at this time, 

whether the response datasets demonstrate sufficient power to determine that 

the eutrophication effects on designated uses can be attributed to total nitrogen 

alone.  Given that uncertainty, impairment is not warranted under New 

Hampshire’s narrative standard.  As such, this assessment zone has been assessed 

as Insufficient Information – Potentially Not Supporting (3-PNS) for total nitrogen. 

Draft 2014  

Final 2014 3-PNS 

Cocheco River 

2012 5-P The median total nitrogen from 2008 through 2013 was 600 ug/L (n=9). New 

Hampshire is no longer comparing ambient total nitrogen data to the total 

nitrogen numeric indicators used in the 2012 assessment as translators for the 

narrative water quality criteria. This assessment zone experiences occasional 

dissolved oxygen concentrations below 5 mg/L, however, those apparent 

exceedences are very short in duration and not frequent. The chlorophyll-a 

concentration 90th percentile was 36.5 ug/L (n = 14) and a maximum reading of 

45 ug/L. Although the probe based chlorophyll-a data (not used in the median 

above) was qualified as “estimated” per EPA, due to poor correlation between 

probe and extracted chlorophyll-a grab sample data, the relative biomass is valid 

and demonstrates that chlorophyll-a biomass can be very high depending upon 

the timing of the tide cycle. For shallow systems, it is expected that changes in 

macroalgae will precede changes in phytoplankton (McGlathery, Sundbäck, & 

Anderson, 2007) (Valiela, et al., 1997), which appears to be occurring in the 

Cocheco River.  Some of the classic indicators of nutrient eutrophication are 

present in this assessment zone and total nitrogen remains elevated.  As the 

discussion above illustrates, there is a clear nutrient “signature” in the data.  It is 

less clear, at this time, whether the response datasets demonstrate sufficient 

power to determine that the eutrophication effects on designated uses can be 

attributed to total nitrogen alone.  Given that uncertainty, impairment is not 

Draft 2014 
 

Final 2014 3-PNS 



Response to Public Comment on the Draft 2014 Section 303(d) List of Impaired Waters  

13 of 228 

warranted under New Hampshire’s narrative standard.  As such, this assessment 

zone has been assessed as Insufficient Information – Potentially Not Supporting 

(3-PNS) for total nitrogen. 

 

For this assessment zone; 

Additional discussion of chlorophyll-a is in responses 4- 5 & 4- 6. 

Additional discussion of dissolved oxygen is in response 4- 8. 

Additional discussion of total nitrogen is in response 4- 9. 

 

 

Table 5. Comparison of the Final 2012, Draft 2014, and Final 2014 total nitrogen assessment where total nitrogen was 

proposed for delisting in the Draft 2014 303(d). Assessment category definitions are provided in section 3.1.3 and 3.1.5 of 

the 2014 CALM. 

Assessment 

Zone Cycle 

Total 

Nitrogen Overview 

Little Bay 

2012 5-M The median total nitrogen from 2008 through 2013 was 390 ug/L (n=78). New Hampshire is 

no longer comparing ambient total nitrogen data to the total nitrogen numeric indicators 

used in the 2012 assessment as translators for the narrative water quality criteria. Although 

based on only grab samples, the measurements in this assessment zone do not demonstrate 

dissolved oxygen concentration exceedences and there were occasional grab samples at or 

below 75 percent saturation. The calculated 90
th

 percentile chlorophyll-a in this assessment 

zone is 8.9 ug/L (n = 95) and a maximum reading of 16.5 ug/L. Like dissolved oxygen, 

chlorophyll-a is marginally better than the indicator. The eelgrass beds are severely 

degraded (86.3% reduction from historic) and the available light attenuation (median=0.948 

m^-1 (n=60)) is poor. For shallow systems, it is expected that changes in macroalgae will 

precede changes in phytoplankton (McGlathery, Sundbäck, & Anderson, 2007) (Valiela, et 

al., 1997), as appears to be occurring in the Great Bay Estuary. At this time there are some 

of the classic indicators of nutrient eutrophication present in this assessment zone and Total 

Nitrogen remains elevated. However, there are insufficient response datasets leading to the 

determine that eutrophication by total nitrogen is alone is not known to be strong enough 

to warrant impairment under New Hampshire’s narrative standard. As such, this assessment 

zone has been assessed as Insufficient Information – Potentially Not Supporting (3-PNS) for 

total nitrogen. 

 

Draft 

2014 
3-PNS 

Final 

2014 
3-PNS 

Bellamy River 

2012 5-P The median total nitrogen from the very limited 2008 through 2013 data was 557 ug/L 

(n=3). New Hampshire is no longer comparing ambient total nitrogen data to the total 

nitrogen numeric indicators used in the 2012 assessment as translators for the narrative 

water quality criteria. The limited current grab samples for dissolved oxygen concentration 

(2008 - 2010) indicate that this assessment zone meets the water quality criteria. However, 

there are no data to evaluate dissolved oxygen percent saturation. The scarcity of data for 

this assessment zone is also reflected in the three chlorophyll-a samples collected from 2008 

through 2013. While there are only three light attenuation measurements from 2008 

through 2013 they were 0.807, 1.235, and 1.613 m^-1, all of which are indicative of poor 

light transmittance. Eelgrass has been absent from this assessment zone since 1981 with 

small reoccurrence in 2004 (0.8 acres). No sampling efforts have taken place to evaluate the 

extent of epiphytes and macrophytes. This assessment zone is generally characterized by its 

lack of eutrophication indicator data. There are not sufficient datasets to determine that 

eutrophication by total nitrogen is alone is not known to be strong enough to warrant 

impairment under New Hampshire’s narrative standard. As such, this assessment zone has 

been assessed as Insufficient Information – Potentially Not Supporting (3-PNS) for total 

nitrogen. 

 

Draft 

2014 
3-PNS 

Final 

2014 
3-PNS 

Upper 2012 5-P The median total nitrogen from 2008 through 2013 was 454 ug/L (n=53). New Hampshire is 
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Piscataqua River Draft 

2014 
3-PNS 

no longer comparing ambient total nitrogen data to the total nitrogen numeric indicators 

used in the 2012 assessment as translators for the narrative water quality criteria. While the 

Dissolved oxygen data shows that this assessment zone experiences short duration 

concentrations below the 5 mg/L criteria, they do not support an impairment determination 

for DO.  The 24 hour average dissolved oxygen percent saturation did not fall below 75% in 

the available dataset. The calculated 90th percentile chlorophyll-a in this assessment zone is 

7.2 ug/L (n = 73) and a maximum reading of 24.5 ug/L. Although the probe-based 

chlorophyll-a data (not used in the median above) collected from the UPR stations was 

qualified as “estimated” per EPA, due to poor correlation between probe and extracted 

chlorophyll-a grab sample data, the relative biomass is valid and shows large spikes in 

chlorophyll-a under certain conditions. The grab sample-based light attenuation 

(median=1.330 m^-1 (n=53)) is quite poor suggesting strong resuspension in the system.  

For shallow systems, it is expected that changes in macroalgae will precede changes in 

phytoplankton (McGlathery, Sundbäck, & Anderson, 2007) (Valiela, et al., 1997), as appears 

to be occurring in the Great Bay Estuary.  The foremost authority on macroalgae for this 

estuary, Dr. Arthur C. Mathieson, commented on the draft 2012 303(d) that he remains 

concerned about the macroalgae and epiphyte conditions in Great Bay (Mathieson A. , 

2012). At this time there are some of the classic indicators of nutrient eutrophication 

present in this assessment zone and Total Nitrogen remains high. However, there are 

insufficient response datasets to determine that the eutrophication by total nitrogen alone 

is not known to be strong enough to warrant impairment under New Hampshire’s narrative 

standard.  As such, this assessment zone has been assessed as Insufficient Information – 

Potentially Not Supporting (3-PNS) for total nitrogen.  

Final 

2014 
3-PNS 

Portsmouth 

Harbor 

2012 5-M The median total nitrogen from 2008 through 2013 was 266 ug/L (n=56). New Hampshire is 

no longer comparing ambient total nitrogen data to the total nitrogen numeric indicators 

used in the 2012 assessment as translators for the narrative water quality criteria. In the 

continuous data (2008-2013) there was only one day that had a documented exceedance of 

the dissolved oxygen concentration and percent saturation criteria. The chlorophyll-a data 

indicates that this assessment zone meets the chlorophyll-a indicator to protect dissolved 

oxygen. The eelgrass beds are severely degraded. The available light attenuation data 

(median=0.600 m^-1 (n=41)) appears inadequate for the 3 m restoration depth but may be 

reflective the Total Suspended Solids (TSS) load from the Portsmouth WWTF. While total 

nitrogen is elevated above the estimated offshore total nitrogen concentration of 200 ug/L, 

the data suggest that Portsmouth Harbor total nitrogen is decreasing. At this time there are 

some of the classic indicators of nutrient eutrophication present in this assessment zone 

and total nitrogen remains elevated. However, there is insufficient power in the response 

datasets to determine that eutrophication by total nitrogen is alone is not known to be 

strong enough to warrant impairment under New Hampshire’s narrative standard. As such, 

this assessment zone has been assessed as Insufficient Information – Potentially Not 

Supporting (3-PNS) for total nitrogen. 

 

Draft 

2014 
3-PNS 

Final 

2014 
3-PNS 

Little 

Harbor/Back 

Channel 

2012 5-M The median total nitrogen from the limited data covering 2008 through 2013 was 465 ug/L 

(n=4). New Hampshire is no longer comparing ambient total nitrogen data to the total 

nitrogen numeric indicators used in the 2012 assessment as translators for the narrative 

water quality criteria. From grab samples only, the dissolved oxygen concentration data in 

this assessment zone attains standards however there are no usable percent saturation data 

available. The limited chlorophyll-a data suggests that this assessment zone would meet 

chlorophyll-a indicator to protect dissolved oxygen. The eelgrass beds are less than half their 

historic extent. The limited available light attenuation data (median=1.046 m^-1 (n=2)) is 

inadequate for the 3 m restoration depth. This assessment zone is generally characterized 

by its lack eutrophication indicator data. Overall, there is insufficient power in the response 

datasets to determine that eutrophication by total nitrogen is alone is not known to be 

strong enough to warrant impairment under New Hampshire’s narrative standard.  As such, 

this assessment zone has been assessed as Insufficient Information – Potentially Not 

Supporting (3-PNS) for total nitrogen. 

Draft 

2014 
3-PNS 

Final 

2014 
3-PNS 
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Table 6. Portsmouth Harbor evaluating results utilizing the 2003 SMAST methodology (Howes, Samimy, & Dudley, 2003). Blocks highlighted gray best describe the indicator 

evaluation category. 

Indicator Current status of Portsmouth 

Harbor Assessment Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

Eelgrass The historical extent of eelgrass in 

this assessment zone was 227.7 

acres from the 1948, 1962, 1980, 

and 1981 datasets. The median 

current extent of eelgrass in 2011-

2013 is 68.5 acres, which is a 

decrease of 58.2%. Since 1990, the 

trend in eelgrass cover in this 

assessment zone is a loss of 35.9%. 

“Eelgrass beds are present” “eelgrass is not present (it 

would still be considered SA 

water body if historical 

records document that 

eelgrass was present in the 

past or, in the case of 

insufficient documentation, 

if potential conditions are 

such that eelgrass should be 

present)” 

“Eelgrass is not sustainable” “absence of eelgrass” 

Macroalgae Burdick et al. (Burdick, Mathieson, 

Peter, & Sydney, 2016) noted that, 

“Monitoring results from 2014 show 

high levels of cover of nuisance 

green and red algae (Ulva and 

Gracilaria, respectively) at all sites 

except near the mouth  of the 

Estuary.” The Burdick et al. (Burdick, 

Mathieson, Peter, & Sydney, 2016). 

The mouth of the estuary site is 

Four Tree Island, approximately 1 

mile upstream from the Little 

Harbor/Back Channel Assessment 

Zone. 

“macroalgae is generally 

non-existent but in some 

cases may be present” 

“and macroalgae is not 

present or present in limited 

amounts even though a 

good healthy aquatic 

community still exists” 

“macro-algae accumulations 

occur in some regions of the 

embayment.” 

“macroalgal accumulations” 

Benthic 

animal 

diversity and 

shellfish 

The area has never been considered 

a major resource. Detailed benthic 

animal diversity has not been 

quantified. Areas of scallops remain. 

Mussel populations have been 

disappearing. No historical 

perspective.  

 

“benthic animal diversity 

and shellfish productivity 

are high” 

“there is generally a shift 

away from suspension 

feeding to moderate depth 

deposit feeders” 

“is loss of diverse animal 

communities and 

replacement by smaller, 

shorter-lived animals of 

intermediate burrowing 

capabilities. Shellfisheries 

may shift to more resistant 

species.” 

“loss of diverse benthic 

animal populations” 

 

“benthic communities are 

dominated by shallow 

dwelling opportunistic 

species (e.g. Capitella, 

Streblospio, Solemya, etc). 

Chlorophyll-a The calculated 90
th

 percentile 

chlorophyll-a in this assessment 

zone is 3.2 ug/L (n = 52) and a 

maximum reading of 5.2 ug/L. 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“phytoplankton blooms 

raise chlorophyll a levels to 

around 10 µg/L.” 

“The level of nitrogen 

related to Significant 

Impairment supports large 

phytoplankton blooms 
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Indicator Current status of Portsmouth 

Harbor Assessment Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

(chlorophyll a of  

approximately 20 µg/L)” 

Total Nitrogen The median total nitrogen from 

2008 through 2013 was 266 ug/L 

(n=56). 

“The CCC [Cape Cod 

Commission] and BBP 

[Buzzards Bay Project] 

thresholds are <0.34 mg N/L 

and <0.39 mgN/L, 

respectively.” 

“nitrogen levels are in the 

0.39 - 0.50 range” 

* >0.40 to 0.70 mg/L “systems that are 

“Eutrophic”, 0.60/0.70 mg 

N/L” 

Dissolved 

Oxygen 

 

 

This assessment zone has datalogger 

and grab measurements for 

dissolved oxygen concentration 

covering 2008 through 2013. Only 

one sample appears to fall below 5 

mg/L. (Figure 3) 

“oxygen levels are generally 

not less than 6.0 mg/l with 

occasional depletions being 

rare (if at all)” 

 

(as measure by lowest 20% 

of readings) 

“oxygen levels are generally 

not less than 5.0 mg/l with 

depletions to <4 mg/L being 

infrequent” 

 

(as measure by lowest 20% 

of readings) 

“Oxygen levels generally do 

not fall below 4 mg/L” 

“periodic hypoxia” 

* SMAST (Howes, Samimy, & Dudley, 2003) “Within West Falmouth Harbor eelgrass loss was lost at nitrogen levels about 0.4 mg N/L. Eelgrass within the Great, Green, 

and Bournes Pond systems is generally lost also at the ca. 0.40 mg N/L level, which is at the SA/SB boundary. The generally high resource quality of SB waters for 

shellfish, finfish, recreation and aesthetics is generally maintained to the 0.50 mg N/L level. However, in areas of these systems where nitrogen levels exceed 0.5 mg 

N/L, animal communities decline and macroalgal accumulations begin to effect aesthetic quality. These systems tend to be relatively consistent and still maintain many 

resource values between 0.50 – 0.70 mg N/L.” 
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Figure 2. Portsmouth Dissolved Oxygen. 

 

Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ unless. Available older data is provided for context. See the 2014 

CALM for addition details. 

DO mg/L Std. = Dissolved oxygen concentration daily minimum water quality criteria. 

DO mg/L Ind. MAGEX = Magnitude of exceedence indication for dissolved oxygen concentration. 

DO-PPM-24HR-MIN-CP = 24 hour minimum dissolved oxygen from a datalogger deployed during the summer critical period. 

DO-PPM-24HR-MIN-NCP = 24 hour minimum dissolved oxygen from a datalogger deployed outside of the summer critical period. 

DO-PPM-GRAB-CP = Grab samples of dissolved oxygen collected during the summer critical period. 

DO-PPM-GRAB-NCP = Grab samples of dissolved oxygen collected outside the summer critical period. 
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Table 7. Little Harbor/Back Channel evaluating results utilizing the 2003 SMAST methodology (Howes, Samimy, & Dudley, 2003). Blocks highlighted gray best describe the 

indicator evaluation category. 

Indicator Current status of Little 

Harbor/Back Channel Assessment 

Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

Eelgrass The historical extent of eelgrass in 

this assessment zone was 68.8 

acres from the 1948, 1962, 1980, 

and 1981 datasets. The median 

current extent of eelgrass in 2011-

2013 is 31.6 acres, which is a 

54.1% decrease. Since 1990, the 

trend in eelgrass cover in this 

assessment zone is a loss of 

33.4%. 

“Eelgrass beds are present” “eelgrass is not present (it 

would still be considered SA 

water body if historical 

records document that 

eelgrass was present in the 

past or, in the case of 

insufficient documentation, 

if potential conditions are 

such that eelgrass should be 

present)” 

“Eelgrass is not sustainable” “absence of eelgrass” 

Macroalgae Burdick et al. (Burdick, Mathieson, 

Peter, & Sydney, 2016) noted 

that, “Monitoring results from 

2014 show high levels of cover of 

nuisance green and red algae 

(Ulva and Gracilaria, respectively) 

at all sites except near the mouth  

of the Estuary.” The Burdick et al. 

(Burdick, Mathieson, Peter, & 

Sydney, 2016). The mouth of the 

estuary site is Four Tree Island, 

approximately 0.5 miles upstream 

from the Little Harbor/Back 

Channel Assessment Zone. 

“macroalgae is generally 

non-existent but in some 

cases may be present” 

“and macroalgae is not 

present or present in limited 

amounts even though a 

good healthy aquatic 

community still exists” 

“macro-algae accumulations 

occur in some regions of the 

embayment.” 

“macroalgal accumulations” 

Benthic 

animal 

diversity and 

shellfish 

The area has never been 

considered a major resource. 

Detailed benthic animal diversity 

has not been quantified. 2005 

survey for ACOE dredge found few 

bivalvia but many polychaeta and 

oliiochaeta (ACOE, 2005). No 

historical perspective.  

 

“benthic animal diversity 

and shellfish productivity 

are high” 

“there is generally a shift 

away from suspension 

feeding to moderate depth 

deposit feeders” 

“is loss of diverse animal 

communities and 

replacement by smaller, 

shorter-lived animals of 

intermediate burrowing 

capabilities. Shellfisheries 

may shift to more resistant 

species.” 

“loss of diverse benthic 

animal populations” 

 

“benthic communities are 

dominated by shallow 

dwelling opportunistic 

species (e.g. Capitella, 

Streblospio, Solemya, etc). 

Chlorophyll-a The calculated 90
th

 percentile 

chlorophyll-a in this assessment 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“phytoplankton blooms 

raise chlorophyll a levels to 

“The level of nitrogen 

related to Significant 
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Indicator Current status of Little 

Harbor/Back Channel Assessment 

Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

zone cannot be calculated due to 

the presence of only four 

measured values since 2008 (0.8 

to 3.9 ug/L).  

around 10 µg/L.” Impairment supports large 

phytoplankton blooms 

(chlorophyll a of  

approximately 20 µg/L)” 

Total Nitrogen The median total nitrogen from 

the limited data covering 2008 

through 2013 was 465 ug/L (n=4). 

“The CCC [Cape Cod 

Commission] and BBP 

[Buzzards Bay Project] 

thresholds are <0.34 mg N/L 

and <0.39 mg N/L, 

respectively.” 

“nitrogen levels are in the 

0.39 - 0.50 range” 

* >0.40 to 0.70 mg/L “systems that are 

“Eutrophic”, 0.60/0.70 mg 

N/L” 

Dissolved 

Oxygen 

 

 

This assessment zone has only 

grab sample measurements for 

dissolved oxygen concentration 

and those measurements were 

only collected up through 2010. 

The available data indicates that 

this assessment zone typically 

exceeds 6 mg/L dissolved oxygen 

with occasional dips that remain 

over 5 mg/L. ( 

Figure 3) 

“oxygen levels are generally 

not less than 6.0 mg/l with 

occasional depletions being 

rare (if at all)” 

 

(as measure by lowest 20% 

of readings) 

“oxygen levels are generally 

not less than 5.0 mg/l with 

depletions to <4 mg/L being 

infrequent” 

 

(as measure by lowest 20% 

of readings) 

“Oxygen levels generally do 

not fall below 4 mg/L” 

“periodic hypoxia” 

* SMAST (Howes, Samimy, & Dudley, 2003) “Within West Falmouth Harbor eelgrass loss was lost at nitrogen levels about 0.4 mg N/L. Eelgrass within the Great, Green, 

and Bournes Pond systems is generally lost also at the ca. 0.40 mg N/L level, which is at the SA/SB boundary. The generally high resource quality of SB waters for 

shellfish, finfish, recreation and aesthetics is generally maintained to the 0.50 mg N/L level. However, in areas of these systems where nitrogen levels exceed 0.5 mg 

N/L, animal communities decline and macroalgal accumulations begin to effect aesthetic quality. These systems tend to be relatively consistent and still maintain many 

resource values between 0.50 – 0.70 mg N/L.” 



Response to Public Comment on the Draft 2014 Section 303(d) List of Impaired Waters  

21 of 228 

 

Figure 3. Little Harbor/Back Channel Dissolved Oxygen. 

 

Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ unless. Available older data is provided for context. See the 2014 

CALM for addition details. 

DO mg/L Std. – Dissolved oxygen concentration daily minimum water quality criteria. 

DO mg/L Ind. MAGEX – Magnitude of exceedence indication for dissolved oxygen concentration. 

DO-PPM-GRAB- CP = Grab samples of dissolved oxygen collected during the summer critical period. 

DO-PPM-GRAB- NCP = Grab samples of dissolved oxygen collected outside the summer critical period. 
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RESPONSE TO COMMENT #4: John B. Storer, City of Rochester 

 

DES RESPONSE to 4- 1 

This section contains opening remarks by the City of Rochester. References to portions of the Draft 2014 303(d) 

are discussed in the responses below.  

 

DES RESPONSE to 4- 2 

Rochester incorporates by reference the comments provided by the Great Bay Municipal Coalition seen in 

comments set #8.  

 

DES RESPONSE to 4- 3 

NHDES recognizes the City of Rochester’s concerns over permitting work and the assessment process. However, 

the assessment process has no control over permitting efforts. 

 

DES RESPONSE to 4- 4 and 7- 6 

The impairment designation originated from poor dissolved oxygen saturation in grab samples at station 12-CCH 

in 2000, 2001, and 2002 during low flow periods (<0.3 cfsm).  Those earlier poor dissolved oxygen periods were 

confirmed by a 2007 datalogger deployed one mile upstream of 12-CCH at station 13-CCH at somewhat higher 

flows than the original impairment samples (0.05 to 0.30 cfsm verses 0.15 to 0.35 cfsm) (Figure 4). Although not 

measured at as low flow as the earlier low DO readings, the water temperature in 2007 was warmer (>20C). 

Continuous dataloggers are the most appropriate method to evaluate the 24 hour dissolved oxygen saturation 

criteria. 

 

The more recent dataset (i.e. since 2007) includes few samples collected under similar flow and thermal 

conditions to those that resulted in low dissolved oxygen saturation in 2000, 2001, 2002 and 2007. The data 

collected since 2007 includes only eight grab samples collected early in the day and no datalogger records. Of 

those eight samples only two were collected under low to moderately low flows and warm water conditions 

(Figure 4). While the recent data looks promising, it is insufficient to warrant impairment removal.  

 

For the removal of the impairment, ideally a multiday datalogger should be deployed at station 12-CCH and 13-

CCH under warm (>20
o
C), low flow conditions (<0.1 cfsm at USGS gage 01072800). 

 

The CALM outlines procedures whereby a minimum of ten samples should be collected in the summer period for 

dissolved oxygen precisely for the reasons above. That is, in a random sampling program, the higher waterbody 

stress conditions are not often measured. If a smaller dataset were collected, and that dataset could be shown 

to be collected under the higher waterbody stress conditions, the ten days of data requirement is flexible. 
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Figure 4. Cocheco River (NHRIV600030608-03) Dissolved oxygen saturation data, associated river flow, preceding 

precipitation, and water temperature. 
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Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ 

unless. Available older data is provided for context. See the 2014 CALM for additional details. 

DO-PERC-24HR-MEAN-CP = 24 hour mean dissolved oxygen satueration from a datalogger deployed during the summer critical 

period. 

DO-PERC-GRAB-CT-CP = Grab samples of dissolved oxygen saturation during the early morning hours of the summer critical period. 

DO-PERC-GRAB-CT-NCP = Grab samples of dissolved oxygen saturation during the early morning hours of the summer critical period. 

DO-PERC-GRAB-NCT-CP = Grab samples of dissolved oxygen saturation not in the early morning hours of the summer critical period. 

DO-PERC-GRAB-NCT-NCP = Grab samples of dissolved oxygen saturation not in the early morning hours and outside the summer 

critical period. 

 

DES RESPONSE to 4- 5 

The impairment listing of the tidal Cocheco River (NHEST600030608-01) for the impact of excess chlorophyll-a 

impacts on the primary contact recreation designated use was first on the 2010 303(d) and is not a “…new 

listing…” As such, to remove the impairment not only must NHDES demonstrate that an impairment does not 

exist, but that the current samples were collected under the same or more water quality limiting conditions as 

past exceedences of the indicator. Exceedences of the 20 ug/L indicator have been episodic and at times severe 

even when considering the long gaps in the sampling efforts. It should be noted that much of the older data is 

collected under higher inflow and/or lower temperature conditions than those that resulted in high chlorophyll-

a. It is the higher temperature and dry (low inflow) conditions that have been demonstrated to trigger the 

episodic high chlorophyll-a concentration as described in NHDES’ 2014 Technical support document (NHDES, 

2015), 

“Although the probe based chlorophyll-a data (not used in the median above) collected from station CR1 

(2012) was qualified as “estimated” per EPA, due to poor correlation between probe and extracted 

chlorophyll-a grab sample data, the relative biomass is valid and shows severe spikes in chlorophyll-a. 

Those spikes were most pronounced when low tide (maximum freshwater signal and maximum water 

temperature) occurred at midday to late afternoon (maximum photosynthesis duration period) and when 

freshwater inflow was at a minimum (0.23 – 0.10 cfsm) (minimum dilution of upstream loading). Under 

those conditions, the high nutrient water sloshing back and forth in the Cocheco River had the optimum 

conditions to sustain a large phytoplankton biomass.” 

It is those higher temperature and dry (low inflow) conditions that bring the greatest number of residents and 

tourists to the water for recreational purposes and they respond to the conditions they meet on the day of their 

visit, not to the average condition over a year. In this way, the instantaneous concentration of chlorophyll-a is 

important as it relates to recreation (also see response to comment 4- 7). 
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Figure 5. Tidal Cocheco River (NHEST600030608-01) chlorophyll-a samples. 

 
Notes: 

The chlorophyll-a indicator threshold shown in the graphic above is to protect the swimming designated us (i.e. primary contact 

recreation).  

“Current” Line for 2014 - Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ 

unless. Available older data is provided for context. See the 2014 CALM for addition details. 

CHLA-GRAB-CP = Chlorophyll-a samples collected during the summer critical period. 

CHLA-GRAB-NCP = Chlorophyll-a samples collected and outside the summer critical period. 

 

Further, exceedences of the indicator before 2008 were all corrected for pheophytin yielding an artificially low 

indicator of the visual impact of the chlorophyll-a blooms. The 20 ug/L indicator is a visual threshold. The visible 

light spectrum for humans is 400-750nm. Peak chlorophyll-a light absorption occurs at 430 nm (violet-blue) and 

663 nm (red), which is why it appears green. Pheophytin principally enhances the absorption at 407 nm (violet) 

adding an additional green hue to the water and slightly at 510 and 535 nm (cyan-green) blocking some of the 

green hue. As the commenter’s cited reference notes, “Pheophorbide a and pheophytin a, two common 

degradation products of chlorophyll a, can interfere with the determination of chlorophyll a because they 

absorb light and fluoresce in the sample region of the spectrum as does chlorophyll a [emphasis added].”   In 

their response to a bloom, the eyes of the recreating public make no distinction between active components of 

chlorophyll-a and its degradation products.  

 

 

DES RESPONSE to 4- 6 

The comments from the City of Rochester purport that the July 2012 and 2013 continuous chlorophyll 

dataloggers overestimate the chlorophyll-a concentrations during their deployments. The comment included 

only a subset of the datalogger/grab paired samples. When NHDES looked at the full suite of paired samples in 

2012 (Figure 6), we see that in most cases in the Cocheco River the datalogger is underestimating chlorophyll-a 

and in general there is no discernable pattern. Exploring the 2013 paired samples (Figure 7) one is first struck 

that there is only a single Cocheco River pair in July 2013 and by the lack of chlorophyll concentration range in 

the 2013 pairs when compare to 2012 (Figure 6 vs Figure 7). The claim of datalogger overestimation is not 

supported by the existing data. 
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Figure 6. Paired chlorophyll-a for dataloggers and chlorophyll from dataloggers at the 2012 EPA sites on the Upper 

Piscataqua River (UPR) and tidal Cocheco River (CR). 

 
 

Figure 7. Paired chlorophyll-a for dataloggers and chlorophyll from dataloggers at the 2013 EPA sites on the Upper 

Piscataqua River (UPR) and tidal Cocheco River (CR). 

 
 

Accuracy of the datalogger aside, the City of Rochester comments that the dataloggers demonstrate low levels 

of chlorophyll-a in the Cocheco River. From the valid grab sample data in this assessment zone the calculated 

median is 9 ug/L, the 90
th

 percentile is 36.5 ug/L chlorophyll-a (n = 14) and there is a peak of 45 ug/L. The City of 

Rochester calculated a median chlorophyll-a of 7 ug/L and 90
th

 percentile of 18 ug/L from the 2012 and 2013 

dataloggers, however, plots of the data (Figure 8 and Figure 9) for four stations (Figure 10) show consistent 

chlorophyll peaks well over 20 ug/L.  
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Figure 8. 2012 tidal Cocheco River chlorophyll-a datalogger at stations CR1, CR3, CR5, and CR7. 

 
 

Figure 9. 2013 tidal Cocheco River chlorophyll-a datalogger at stations CR1, CR3, CR5, and CR7. 
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Figure 10. 2012/2013 tidal Cocheco River datalogger stations CR1, CR3, CR5, and CR7. 

 
 

Applying the SMAST 2003 (Howes, Samimy, & Dudley, 2003) methodology (see 3- 1) to either the grab sample or 

datalogger chlorophyll-a data to the tidal Cocheco River assessment zone data, places the tidal Cocheco River 

into the “Significantly impaired” category (Table 8). 

 

Table 8. Tidal Cocheco River as seen through the lens of SMAST 2003. Blocks highlighted gray best describe the indicator 

evaluation category.  

SMAST 2003 Category for Chlorophyll-a Description of Category for SMAST 2003Text 

Current chlorophyll-a status of Tidal Cocheco 

River 
The calculated 90

th
 percentile chlorophyll-a in this assessment zone is 36.5 

ug/L and the median is 9 ug/L (n = 14).  

 

Excellent to Good health “chlorophyll-a levels are in the 3 to 5 µg/L range” 

SMAST 2003, Good to Fair Health “chlorophyll-a levels are in the 3 to 5 µg/L range” 

SMAST 2003, Moderately Impaired Health “phytoplankton blooms raise chlorophyll a levels to around 10 µg/L.” 

SMAST 2003, Significantly Impaired Health “The level of nitrogen related to Significant Impairment supports large 

phytoplankton blooms (chlorophyll a of  approximately 20 µg/L)” 

 

 

DES RESPONSE to 4- 7 

The City of Rochester asserts that the chlorophyll-a indicator to protect the swimming designated use is 

inappropriate. The indicator used (20 ug/L chlorophyll-a) for 305(b)/303(d) assessments has been in place since 

2004. The chlorophyll-a (20 ug/L) is an aesthetic indicator, not a health indicator to identify a threshold at which 

toxic blooms become likely as the commenter’s World Health Organization (WHO) threshold is based upon.  

 

As a maximum value observed over a typical annual cycle Bricker et. al. (Bricker, Clement, Pirhalla, Orlando, & 

Farrow, 1999) considered 20 ug/L to be “high” chlorophyll-a. More recently, the National Coastal Condition 
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Assessment of 2010 data (USEPA, National Coastal Condition Assessment 2010, 2015) uses 20 ug/L as the break 

between Fair and Poor (the lowest rating). When NHDES started using the 20 ug/L indicator one of the points of 

consideration was the chlorophyll-a concentrations that we traditionally observed in New Hampshire’s 

estuaries. NHDES evaluated all of the available coastal data and found that only 1% of the probabilistically 

collected data and only 3% of all data exceeded 20 ug/L. Indeed, 20 ug/L chlorophyll-a is a rare occurrence 

(Table 9). 

 

Table 9. New Hampshire estuarine chlorophyll-a data addressed in cosideration of an indicator to protect the swimming 

designated use for the 2004 assessment cycle.  

Dataset N Min Mean Median Max 
Percent of 

samples >20 ug/l 

All NH Estuarine Data 

(1988-2003) 
1,040 0.0 4.3 2.3 160.3 3% 

NCA Probabilistic Data  

(2000-2001) 
76 0.7 4.5 3.2 20.1 1% 

 

In evaluating all of the chlorophyll-a data used as “current” data for the 2014 assessment (2008 through 2013), 

we see a similar distribution (Table 10) except that all metrics have increased. As this is not the probabilistic 

network and there has been added focus on the high nitrogen sections of the estuary in recent years, this 

suggests that samples exceeding 20 ug/L are still quite uncommon. 

 

Table 10. Great Bay estuary estuarine chlorophyll-a data considered “current” for the 2014 assessment cycle.  

Dataset N Min Mean Median Max 
Percent of 

samples >20 ug/l 

All Great Bay Estuary 

Grab sample Data  

(2008-2013) 

766 0.1 7.4 3.0 233.8 6% 

 

The City of Rochester includes references to Stow et. al. (Stow, Roessler, Borsuk, Bowen, & Reckhow, 2003) and 

VDEQ (VDEQ, Technical Report: Chlorophyll a Numerical Criteria for the Tidal James River, 2005) claiming that 

“…chlorophyll-a in the 20-40 ug/L range are compatible with full use attainment (Stow and others, 2003; VDEQ, 

2005).” Two points are germane here. First, both thresholds are in reference to the aquatic life designated use. 

Second, regarding the Stow et. al. (Stow, Roessler, Borsuk, Bowen, & Reckhow, 2003) study, it is of the Neuse 

River estuary in North Carolina where 40 ug/L chlorophyll-a is used as a level not to be exceeded per the North 

Carolina 303(d) listing methodology to protect the aquatic life use support which in fact reads, “Not greater than 

40 µg/l for lakes, reservoirs, and other waters subject to growths of macroscopic or microscopic vegetation” 

(NCDWR, 2015). Regarding VDEQ (VDEQ, Technical Report: Chlorophyll a Numerical Criteria for the Tidal James 

River, 2005), the comments appear to have pulled the highest proposed concentration for the tidal-fresh 

portions of the James River, while the segments of the James River, more hydrologically comparable to the 

Great Bay estuary, the mesohaline and polyhaline, were proposed at 10 ug/L chlorophyll-a (Table 11 in (VDEQ, 

Technical Report: Chlorophyll a Numerical Criteria for the Tidal James River, 2005)). 

 

It may be helpful to define the concentration at which increased chlorophyll-a is considered a bloom, which is 

what VDEQ (2005) did in order to reduce the likelihood of harmful algae blooms (HABs). To protect against HABs 

occurring at a chlorophyll-a concentration of 25-30 ug/L in single samples, VDEQ (VDEQ, Technical Report: 

Chlorophyll a Numerical Criteria for the Tidal James River, 2005) proposed an average chlorophyll-a of 10 ug/L 

(Table 11 in (VDEQ, Technical Report: Chlorophyll a Numerical Criteria for the Tidal James River, 2005)). The 

2008-2013 average chlorophyll-a of the tidal Cocheco River is 10.9 ug/L (n=14), which includes grab samples up 
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to 45 ug/L chlorophyll-a (Figure 11), and there are likely much higher concentrations if one considers the 

datalogger records of 2012 and 2013 (Figure 8 and Figure 9 respectively). 

 

Figure 11. Tidal Cocheco River (NHEST600030608-01) chlorophyll-a data, representative river inflow, and preceding 

precipitation and temperature. 

 

 

 
Notes: 

The chlorophyll-a indicator threshold shown in the graphic above is to protect the swimming designated us (i.e. primary contact 

recreation).  

“Current” Line for 2014 - Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ 

unless. Available older data is provided for context. See the 2014 CALM for addition details. 
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CHLA-GRAB-CP = Chlorophyll-a samples collected during the summer critical period. 

CHLA-GRAB-NCP = Chlorophyll-a samples collected and outside the summer critical period. 

 

The comments by the City of Rochester make a broad claim without references that the chlorophyll-a targets to 

protect recreational uses of nine states are seasonal averages and in the range of 15-30 ug/L. Investigation of 

those nine states’ methodologies places the comment into three categories; assessment methodology 

completely contrary to claim, assessment methodology absent, and assessment methodology claim reasonably 

substantiated. 

 

The assessment methodology is completely contrary to the commenters claim regarding Wisconsin, Kansas, and 

Texas. 

Wisconsin - The Wisconsin approach (WDNR, 2015) to the recreational use is similar to the NHDES 

approach.  

“The protocol was changed to better reflect actual impairments of recreational uses, and to 

better capture the variability of chlorophyll in lakes. The protocol now uses the percent of days 

during the sampling season that a lake experiences nuisance algal blooms as its benchmark for 

assessments. Nuisance algal blooms are defined as exceeding 20 ug/L chlorophyll a. This was 

defined based on user perception surveys conducted in Minnesota. For deep lakes, the 

impairment threshold is 5% of days of nuisance algal blooms during the sampling season. For 

shallow lakes, the impairment threshold is 30% of days of nuisance algal blooms during the 

sampling season.” 

Kansas – The Kansas approach (KDHE, 2016) is two tiered, using a chlorophyll-a concentration of 12 ug/L 

average or 12 ug/L in one or more sample in the last two years.  

“For lakes not listed in 2014 for eutrophication, if the lake has a designated use of primary 

contact recreation but is not an active public water supply and the overall chlorophyll a average 

concentration is greater than 12 ppb [ug/L] or if the chlorophyll a concentration is greater than 

12 ppb [ug/L] for more than one sample since 2000 and one of the excursions has been 

obtained during the two most recent sampling dates, list in Category 5.” 

Texas – The Texas approach (TDEQ, 2015) to chlorophyll-a is similar to the NHDES approach but has a 

lower threshold. Texas’ assessment is not specifically tied to the recreation designated use but rather an 

overall “general use” and further a binomial count of individual samples greater than 11.6 ug/L 

chlorophyll-a is applied.  

“A concern for water quality is identified if the screening level is exceeded greater than 20 

percent of the time using the binomial method, based on the number of exceedances for a given 

sample size (see Appendixes A and B).”  

Per the methods described in the Texas listing methodology, all of the Great Bay Estuary assessment 

zones would be considered estuarine waters. The estuarine screening level (set at the 85
th

 percentile 

of all data) is 11.6 ug/L (Texas CALM Table 3.10 (TDEQ, 2015) & personal correspondence)  

 

The commenter’s claimed assessment methodology is absent in Maryland, Virginia, and Arizona. 

Maryland – No such methodology to protect the "water contact sports" (i.e. swimming) designated 

use.  ( (MDE, 2014) & personal correspondence) 

Virginia – No such methodology to protect Virginia’s “Recreation (swimming) Use” (VDEQ, 2014) Listing 

Guidance, Table 1 & personal correspondence). 

Arizona – This is a state that has a substantially different geological landscape than New Hampshire. 

While it is somewhat true that Arizona has a chlorophyll-a criteria in law (Arizona Title R18-11-108.03, 

Effective January 31, 2009), that section was not approved by USEPA R9, nor are those criteria used in 

305(b)/303(d) assessments (communication with AZDEQ staff). For “Full Body Contact” (i.e. swimming) 

the range of chlorophyll-a averages used in the unapproved rules in lakes is from 10 to 30 ug/L, 

however, based on the total phosphorus values associated to these chlorophyll-a, it is clear that the 
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hydrology and geology of Arizona is nothing like that of New Hampshire and has a target range that 

starts at nearly twice the concentration of our most eutrophic lakes.   

 

The commenter’s claimed assessment methodology is reasonably substantiated in Oregon, Minnesota, and 

West Virginia. 

Oregon – Partially correct. Oregon uses an average chlorophyll-a concentration in stratified lakes of 10 

ug/L, and a 15 ug/L threshold in unstratified lakes, reservoirs, rivers, and estuaries. This pair of 

thresholds is intended to cover many designated uses; Water Contact Recreation, Aesthetics, Fishing, 

Water supply, and Livestock watering (ODEQ, 2011).  

Minnesota – Partially correct. The summer average chlorophyll-a of less than 3 ug/L to less than 30 ug/L 

is used as a threshold depending upon region, waterbody class, and designated use. It is worth noting 

that at a chlorophyll-a concentration of 30 ug/L, the assessment target requires a secchi disk depth of 

only 0.7 meters (MPCA, 2014).  

West Virginia – Partially correct. While the assessment methodology in West Virginia’s Integrated 

Report does not specify a designated use, it does require that the average chlorophyll-a in cool water 

lakes shall be less than 10 ug/L and less than 20 ug/L in warm water lakes. Although unspecific, personal 

communications with West Virginia Department of Environmental Quality staff reveal that the criteria 

are “…intended to protect the aquatic life and water contact recreation designated uses...” (WVDEP, 

2015) 

 

 

DES RESPONSE to 4- 8 

The City of Rochester asserts that the tidal Cocheco River (NHEST600030608-01) should be assessed as fully 

supporting for dissolved oxygen instead of Insufficient Information – Potentially Not Supporting (3-PNS). 

 

The category known as 3-PNS, Insufficient Information – Potentially Not Supporting, is not an impairment 

category and therefore Rochester’s comment is not a 303(d) comment.  

 

The City of Rochester points out that only one of 88 dissolved oxygen percent saturation daily averages were 

less than 75 percent. NHDES points out that due to the overgrowth and photosynthesis in the tidal Cocheco 

River there were multiday periods when dissolved oxygen percent saturation remained super-saturated and was 

regularly greater that 150 percent of the saturation concentration. 
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Figure 12. 2012 Tidal Cocheco River (NHEST600030608-01) dissolved oxygen percent saturation. 

 
 

The available data indicates periods of time where dissolved oxygen in the tidal Cocheco River falls under 5 mg/L 

and clearly illustrates how poor basic grab sample data can be at documenting the dissolved oxygen regime of a 

waterbody (Figure 13). In light of the limited frequency, duration, and magnitude of those dips below the water 

quality criteria as well as recognition that WWTFs in the watershed are activity reducing total nitrogen loads to 

the waterbody, NHDES determined that the low dissolved oxygen measurements do not rise to the severity that 

warrants and impairment but that those measurements are cause for concern. 

 

Figure 13. Tidal Cocheco River (NHEST600030608-01) dissolved oxygen concentration summary data. 
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DES RESPONSE to 4- 9 

The City of Rochester states that the tidal Cocheco River (NHEST600030608-01) should not be listed as impaired 

for total nitrogen. The final 2012 303(d) identified this assessment unit as impaired for total nitrogen and, the 

draft 2014 assessment listed it as “under construction.” 

 

NHDES must have a rational basis to remove an impairment. As discussed in response to Comment 3- 1 (Table 

4); at this time there are some of the classic indicators of nutrient eutrophication present in this assessment 

zone and total nitrogen remains very high. In line with the indicators, there is a high total nitrogen load in the 

Cocheco River when compared across the Great Bay Estuary (Figure 14). However, there is insufficient power in 

the response datasets and the assessment methodology for total nitrogen has changed leading to the 

determination that eutrophication by total nitrogen is alone is not known to be strong enough to warrant 

impairment under New Hampshire’s narrative standard. Further, NHDES is confident that in the years ahead, 

total nitrogen in the tidal Cocheco River will drop even lower as the loading is reduced and those reductions will 

be documented as improvements in the ambient system conditions. As such, this assessment zone has been 

assessed as Insufficient Information – Potentially Not Supporting (3-PNS) for total nitrogen. 

 

See responses to 3- 1, 4- 5, 4- 6, 4- 7, and 4- 8 for additional discussion. 

 

Figure 14. Annual measured total nitrogen concentration at the Great Bay Estuary head of tide dams. 

 
 

 

 

DES RESPONSE to 4- 10, 4- 9 

Rochester commented that NHLAK600030602-03 (Rochester Reservoir) should not be listed for cyanobacteria. 

The original impairment is based on microscopic identification conducted on a bloom that revealed “abundant” 

anabaena. NHDES is delighted to find out that Rochester is conducting cyanobacteria screening sampling, would 

like to see the information they reference, and would like to know more about their sampling protocols. Not all 

cyanobacteria produce surface blooms. As such, the location and timing of the sampling is critical. Some 

cyanobacteria will reside deeper in the water column and rise up in the evening hours. A daytime surface grab 
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would miss these species. The current indicator of 77,000 cyanobacteria cells/100mL does not necessarily relate 

well to the colony forming units per milliliter (cfu/mL) described in the ALGE-BART cells information 

(http://www.hach.com/asset-get.download.jsa?id=7639982861). Some cyanobacteria produce filaments while 

others are free floating individuals that do not form colonies. Ultimately species identification and enumeration 

is needed to determine the likelihood of toxicity. While NHDES appreciates the comments and is comforted to 

find out that Rochester is conducting cyanobacteria screening sampling, additional information is needed before 

a delisting is justified. 

 

Rochester commented that because NHLAK600030602-03 (Rochester Reservoir) has clearly posted no 

trespassing signage and fishing, boating, swimming, or other activities by the pubic are not allowed, the 

impairment should be removed. The Clean Water Act requires that States include recreation in and on the water 

as well as protection and propagation of fish, shellfish and wildlife in the list of designated uses for all water 

bodies. Removal of a designated use can only be done after a use attainability analysis in accord with 40 CFR 

Part 131 and not part of 40 CFR Part 131 indicates that designated use “X” can be removed to protect 

designated use “Y.” 

 

NHDES is confident that the watershed protection measures Rochester has been putting in place for 

NHLAK600030602-03 (Rochester Reservoir) when combined with more detailed sampling information will result 

in the removal of the cyanobacteria impairment in an upcoming assessment cycle. 

 

 

DES RESPONSE to 4- 11 

Rochester commented that impairments should be removed when the data is greater than 5 years old. NHDES is 

sympathetic to this concern. The CALM text applies to what the Clean Water Act requires in instances where 

older data indicates impairment. Removal of an impairment requires the collection of adequate new data under 

similar or more limiting conditions indicating support. All data and all knowledge of changes in the stressors to a 

system are considered when deciding whether a waterbody is kept as impaired or shown as fully supporting a 

particular indicator.  

 

One way to think about this process is the metaphor of an automobile inspection. If a car fails inspection due to 

bald tires, that failure (i.e. impairment) remains until it is demonstrated that the car has good tires. This requires 

both the fix (new tires) and the documentation of that fix (re-inspection). Like Rochester, NHDES would also like 

to have information about both the improved conditions and new monitoring data in order to remove 

impairments based on old data.  

 

 

DES RESPONSE to 4- 12 

City of Rochester comments on EPA’s approval of New Hampshire’s 2012 303(d). Comments are noted but not 

as part of the 2014 draft 303(d). 

 

DES RESPONSE to 4- 13 

Closing remark, no comments necessary. 
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RESPONSE TO COMMENT #5: Tom Irwin, Conservation Law Foundation 

 

 

DES RESPONSE to 5- 1 

This section contains opening remarks by the Conservation Law Foundation. References to portions of the Draft 

2014 303(d) are discussed in the responses below.  

 

 

DES RESPONSE to 5- 2 

A distinction in language is needed. While indeed the Great Bay Estuary in showing, “all of the classic signs of 

eutrophication, including increasing nitrogen concentrations” (NHDES, 2015) not all segments of the estuary are 

showing all of the classic signs of eutrophication. As such, not all assessment zones warrant total nitrogen 

impairment designations, each assessment unit is assessed individually based on the data for that unit. (see 3- 

1). 

 

The Conservation Law Foundation objects to the proposed total nitrogen delistings and the assessment units 

marked as “assessment unit methodology under development” for total nitrogen, commenting that ceasing to 

apply the thresholds from the 2009 methodology is not sufficient cause. In fact, the 2009 methodology was 

intended as a translator for the narrative nutrient criteria found in Env-Wq 1700. While those thresholds are in 

the range of others found in the region, NHDES determined that the statistical methods to determine those 

particular values should not be applied to the estuary as a whole. As such, a weight of evidence approach to the 

narrative criteria on each individual assessment zone is the appropriate assessment methodology at this time. 

 

The Conservation Law Foundation further commented that NHDES should not delist total nitrogen impairments 

while it is in the process of determining new assessment approaches. As discussed in the Technical Support 

Document (NHDES, 2015) and the response to comment 3- 1, not all segments of the estuary are showing all of 

the classic signs of eutrophication and NHDES cannot make a non-assessment where data is readily available and 

assessments were previously completed and approved through the 303(d) process. New Hampshire has a 

narrative standard for nitrogen and while NHDES would like more data in some locations, there is overall a 

wealth of data in some zones of the Great Bay Estuary. As discussed in the Technical Support Document (NHDES, 

2015) in some zones there is insufficient power in the response datasets and the assessment methodology for 

total nitrogen  has changed leading to the determination that eutrophication by total nitrogen is alone is not 

known to be strong enough to warrant impairment under New Hampshire’s narrative standard.   
 

 

DES RESPONSE to 5- 3 

The Conservation Law Foundation objects to the removal of the estuarine bioassessments and water clarity 

impairments from the Squamscott River – North assessment zone. In the 2012 assessment cycle, this 

assessment zone was listed as impaired for “Estuarine Bioassessments” (i.e. a lack of eelgrass) based on the 

1948 survey (Krochmal, 1949) that indicated that roughly 42 acres of eelgrass were present. The Water Clarity 

(i.e. a high Light Attenuation Coefficient) impairment is contingent upon the Estuarine Bioassessments (eelgrass) 

impairment and measure poor Water Clarity. 

 

Related to the 1949 Krochmal thesis maps (Krochmal, 1949) regarding Eelgrass and subsequent conversion of 

that dataset to a GIS layers, Odell et al (Odell, Eberhardt, Burdick, & Ingraham, 2006) stated, 

“A 1949 University of New Hampshire M. Sc. thesis by Stanley Krochmal, contained a carefully drawn 

eelgrass map that was scanned and rectified to the NHHD 1:24,000 shoreline data. Polygons with 

density codes were traced onscreen from this image. The original map closely matches modern 

hydrology data …” 
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and  

“Krochmal was likely using primarily shore based methods at low tide and the absence of eelgrass beds 

from deeper areas on his maps should be interpreted accordingly.” 

 

The areas of the Squamscott River North assessment zone that appeared to have had eelgrass were described as 

either, ““P” for present is meant to show isolated patches of zostera” or “S” for scattered should be interpreted 

to mean one quarter of available area being covered” (Krochmal, 1949). The dividing line between the scattered 

(25%) and present (patches) is at roughly the midpoint of the Squamscott River North assessment zone. In terms 

of temperature and salinity suitability as compared to the 2008 to 2013 data, this makes sense. From the 

datalogger at the north end of the assessment zone, GRBSQ, 87% of the salinity measurements were 10 ppt or 

higher and only 2% were less than 5 ppt. Again from the GRBSQ datalogger, 95% of the daily medians were 25
o
C 

or lower. At the south end of the assessment zone there are no dataloggers but from the 200 measurements 

between 2008 and 2013, the temperature and salinities, while less than ideal, could support eelgrass. From 

GRBCL and 01-SQM, both by Chapman’s Landing, 60 percent of the salinity measurements were 10 ppt or higher 

and 26% were less than 5 ppt. Again from the GRBCL and 01-SQM, 87% of the daily temperature medians were 

25
o
C or lower. Finally, Figure 15 shows the 2011 output of the Eelgrass Site Selection Model (Short, Davis, Kopp, 

Short, & Burdick, 2002) analysis for the Squamscott River as one piece of evidence that was used to justify 

splitting the Squamscott River assessment zone at Chapman’s Landing to EPA and drop eelgrass as an 

attainment goal in the southern segment. The Eelgrass Site Selection Model (Short, Davis, Kopp, Short, & 

Burdick, 2002) factors in bathymetry, historic and current eelgrass, water quality data, sediment type, and wind 

to identify the possible habitat.  
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Figure 15. Output of the Eelgrass Site Selection Model (Short et. al. 2002) for the 2011 Squamscott River assessment zone 

split which occurred for the 2012 assessments. 

 
 

While the 1948 map is too rough to determine that precisely 42 acres were present, its presence was clearly 

documented. Combined with a rudimentary suitability evaluation of temperature, salinity, and the application of 

the Eelgrass Site Selection Model (Short, Davis, Kopp, Short, & Burdick, 2002), one must conclude that eelgrass 

could be present. Taken in totality, there is insufficient evidence to remove the 2012 “Estuarine bioassessments” 

impairment. As such, the impairments for “Estuarine bioassessments” and Water Clarity (i.e. a high Light 

Attenuation Coefficient) have been retained on the 2014 final 303(d). 

 

 

DES RESPONSE to 5- 4 

Closing remarks, no response needed. 
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RESPONSE TO COMMENT #6: Robert J. Robinson, City of Manchester 

 

DES RESPONSE to 6- 1 

Opening materials by the City of Manchester. NHDES agrees that timeliness is important and will publish a final 

list as soon as possible.   

 

DES RESPONSE to 6- 2 

The City of Manchester includes 12 pages of comments on the 2012 Section 305(b) and 303(d) Surface Water 

Quality Report from their consultant OspreyOwl Environmental, LLC. These comments were reviewed to 

determine if any of the content related directly to waterbodies and impairments on the 2014 Draft 303(d) that 

was provided for review. No such content was identified in pages 1 to the middle of page 11. No response is 

necessary. 

 

DES RESPONSE to 6- 3 

In the middle of page 11 of comments on the 2012 Section 305(b) and 303(d) Surface Water Quality Report by 

OspreyOwl Environmental, LLC for the City of Manchester there is a reference to the 2014 Draft 303(d). These 

comments from the middle of page 11 through page 12 (the end of the consultants comment letter) make no 

arguments for the listing or delisting of any waterbodies. No response is necessary. 

 

DES RESPONSE to 6- 4 

The City of Manchester included a copy of the comments that were previously submitted on the Draft 2014 

CALM. Comments specifically related to the Draft 2014 CALM were previously responded to and available on 

NHDES’ website at http://des.nh.gov/organization/divisions/water/wmb/swqa/2014/index.htm.  

The comments on the Draft 2014 CALM were reviewed to determine if any of the content related directly to the 

2014 Draft 303(d) that was provided for review. 

 

DES RESPONSE to Portions of 6- 5, 6- 6, and 6- 10 

In portions of these contents, Manchester cites their 2009-2010 aluminum study and contends that: 

a) (6- 5) Aluminum levels in the  Merrimack River are below the  criteria when river flow is at or 

below three times the 7Q10 flow at Goffs Falls (USGS gage 01092000); 

b) (6- 5) Aluminum in the river increases as flow increases which is likely due to the resuspension 

of particulate matter originating from chemical weathering in the White Mountains; 

c) (6- 6) The aluminum from the White Mountains is natural; and 

d) (6- 10) The aluminum criterion is met in the Merrimack River when river flow is at or below 

6000 cfs at Goffs Falls (USGS gage 01092000). 

 

Collectively, these comments may be interpreted as questioning the validity of the Aquatic Life Use Support 

impairment to the Merrimack River segment known as NHRIV700060803-14-02. The Draft 2014 303(d) NHDES 

fully utilized the data collected as part of the 2009-2010 Aluminum study. NHDES agrees that the aluminum 

concentration tends to increase as flow increases (Figure 16). However, since aquatic life exists in Merrimack 

River at all flow levels, the criteria still applies.  
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Figure 16. Merrimack River station (10-MER) aluminum grab samples as a function of flow at the Merimack River at Goffs 

Falls gage. 

 

 

The chronic criterion is based on a four-day average condition.  The 2009-2010 aluminum study was designed to 

capture samples once a day for four consecutive days once a month for a full year.  When the four-day average 

acid soluble aluminum is compared to the water quality criterion, the criterion is exceeded in four of the 12 

mouths of the study (Figure 17). 

Figure 17. Merrimack River station (10-MER) four day average aluminium concentration as a function of four dat average 

flow at the Merimack River at Goffs Falls gage. 

 
 

Even accounting for only the Acid Soluble portion of Aluminum, the Merrimack still exceeds the Aluminum 

criteria.  

 

Elevated aluminum can be the result of stormwater runoff from paved areas with the primary sources being 

auto body corrosion and atmospheric deposition. Addition aluminum is often added to facilitate phosphorus 
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removal from wastewater and from the treatment of drinking water.  Further, the chemical weathering in the 

Merrimack River watershed is driven by pH, and that pH has been reduced due to the ongoing impacts of fossil 

fuel consumption.  As such, neither the low pH in parts of the watershed, nor the elevated aluminum caused by 

increased chemical weathering can be considered completely natural phenomenon. The commenter is reminded 

that waste water treatment plant effluent limits are set by EPA in NPDES permitting not thought the assessment 

process. 

 

DES RESPONSE to Portions of 6- 5, 6- 6, and 6- 10 as well as all of 6- 7, 6- 8, 6- 9, and 6- 11 through 6- 27 

These comments were previously addressed in the NHDES Response to comments on the Draft 2014 CALM and 

are available on NHDES’ website: http://des.nh.gov/organization/divisions/water/wmb/swqa/2014/index.htm 
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RESPONSE TO COMMENT #7: Robert R. Lucic, City of Dover 

 

 

DES RESPONSE to 7- 1 

Opening materials by the City of Dover. No response needed. 

 

DES RESPONSE to 7- 2 

NHDES notes that the City of Dover incorporates by reference the comments made by the Great Bay Municipal 

Coalition addressed under comment set #8.  

 

DES RESPONSE to 7- 3 

The City of Dover supports the NHDES decision to delist several assessment units for total nitrogen and for other 

units until assessment units delay final assessment until such time as a new approach is determined. NHDES 

appreciates the support, and the delisting issue is addressed in Response 3- 1. 

 

DES RESPONSE to 7- 4 

See response to 4- 11. 

The remaining comments are part of the 2014 draft 303(d). 

 

DES RESPONSE to 7- 5 

The City of Dover incorporates by reference the City of Rochester comments discussed under the responses to 

comments 4- 5 to 4- 9. 

 

DES RESPONSE to 7- 6 

See the response to 4- 4 

 

DES RESPONSE to 7- 7 

See response to 4- 11 

 

The Sawyer Mill Dam (NHIMP600030903-02) was added to the list of impairments during the 2008 assessment 

cycle. All samples for the site have been collected at station 05-BLM (n=60). Episodic high chlorophyll-a 

concentrations, sometimes twice the indicator threshold, have occurred largely in years of low flow and 

following dry periods (Figure 18). Only some of the data collected in 2006 and 2007 appear to have occurred 

under the low flow conditions seen in 2001 and 2002. The 2006 sample of 15 ug/L chlorophyll-a was not during 

low flow but rather during very warm conditions. It is unfortunate that sampling at the site ceased in 2008 (See 

response to 4- 11) as it appeared that the peak concentrations were declining up to that point. Additional 

sampling should occur at 05-BLM under low flow and warm conditions to determine if that apparent decline in 

peak concentrations has continued. 
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Figure 18. Sawyers Mill on the Bellamy River (NHIMP600030903-02) chlorophyll-a, representative river flow, and 

preceding precipitation and temperature. 

 

 

 
Notes: 

The chlorophyll-a indicator threshold shown in the graphic above is to protect the swimming designated us (i.e. primary contact 

recreation).  

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ 

unless. Available older data is provided for context. See the 2014 CALM for additional details. 

CHLA-GRAB-CP = Chlorophyll-a samples collected during the summer critical period. 

CHLA-GRAB-NCP = Chlorophyll-a samples collected and outside the summer critical period. 

 

 

The Sawyer Mill Dam (NHIMP600030903-02) was added to the list of impairments for bacteria to protect the 

swimming designated use during the 2004 assessment cycle. Samples for the site have been collected at stations 

04B-BLM and 05-BLM and exceedences of both the grab sample criteria and geometric mean criteria occurred at 

the latter. While exceedences have occurred under a variety of flow conditions, most have occurred after rainfall 



Response to Public Comment on the Draft 2014 Section 303(d) List of Impaired Waters  

44 of 228 

events (Figure 19). The City of Dover noted that a great deal of cross-connection removal work has been 

completed and it is unfortunate that sampling at the site ceased in 2008 (See response to 4- 11) as it would be 

helpful to have data to document the success of that work by the City. Additional sampling needs to occur at 05-

BLM to document the work and remove the impairment. 

 

The City of Dover noted that other samples have been collected at the site from 2008 to 2013. It is worth noting 

that the monitoring that has occurred since 2008 has been not been by NHDES but rather by the Volunteer River 

Monitors and the UNH Tidal Tributary monitoring program to whom we are quite grateful. 

Figure 19. Sawyers Mill on the Bellamy River (NHIMP600030903-02) bacteria samples, representative river flow, and 

preceding precipitation and temperature. 
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Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ 

unless. Available older data is provided for context. See the 2014 CALM for addition details. 

E.COLI-GEO-CP = Escherchia coli geometric mean calculated from samples collected during the summer critical period. 

E.COLI-GEO-NCP = Escherchia coli geometric mean calculated from samples collected outside the summer critical period. 

E.COLI-GRAB-CP = Escherchia coli grab samples collected during the summer critical period. 

E.COLI-GRAB-NCP = Escherchia coli grab samples collected outside the summer critical period. 

 

 

DES RESPONSE to 7- 8 

See response to 4- 11 

 

The Knox Marsh / Bellamy River assessment unit (NHRIV600030903-08) was added to the list of impairments for 

bacteria to protect the swimming designated use during the 2002 assessment cycle. Samples for the site have 

been collected at stations 07-BLM, 07K-BLM, and 08-BLM which experienced exceedences of both the grab 

sample criteria and geometric mean criteria, primarily driven by the 07-BLM site.  While exceedences have 

occurred under a variety of flow conditions, most have occurred after rainfall events (Figure 20). In recent years, 

the grab sample threshold has not been exceeded but the geometric mean threshold has been exceeded.  

Additional sampling needs to occur at 07-BLM after rainfall events. 
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Figure 20. Bellamy River (NHRIV600030903-08) bacteria samples, representative river flow, and preceding precipitation. 
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Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ 

unless. Available older data is provided for context. See the 2014 CALM for addition details. 

E.COLI-GEO-CP = Escherchia coli geometric mean calculated from samples collected during the summer critical period. 

E.COLI-GRAB-CP = Escherchia coli grab samples collected during the summer critical period. 

E.COLI-GRAB-NCP = Escherchia coli grab samples collected outside the summer critical period. 

 

DES RESPONSE to 7- 9 

See response to 4- 11 

 

The Garrison Brook assessment unit (NHRIV600030903-13) was added to the list of impairments for bacteria to 

protect the swimming designated use during the 2008 assessment cycle based on a series of severe exceedences 

in 2006 after rainfall events (Figure 21). As the City of Dover noted, they partnered with NHDES for an outreach 

campaign after pet waste was identified as a primary source of bacteria. To remove the impairment and make 

this a true success story, follow-up monitoring needs to occur after rain events at the same location as the 

original bacteria exceedences. 

 

Figure 21. Garrison Brook (NHRIV600030903-13) bacteria samples, representative river flow, and preceding precipitation 

and temperature. 

 



Response to Public Comment on the Draft 2014 Section 303(d) List of Impaired Waters  

48 of 228 

 

 

 
Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ 

unless. Available older data is provided for context. See the 2014 CALM for addition details. 

E.COLI-GEO-NCP = Escherchia coli geometric mean calculated from samples collected outside the summer critical period. 

E.COLI-GRAB-CP = Escherchia coli grab samples collected during the summer critical period. 

E.COLI-GRAB-NCP = Escherchia coli grab samples collected outside the summer critical period. 

 

 

DES RESPONSE to 7- 10 

See response to 4- 11 
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NHDES does not have authority over the regulatory actions of the EPA MS4 permit. NHDES does appreciate any 

information about efforts to improve water quality that could be used to eventually make the case for delisting 

once data is collected that shows that criteria are met. 

 

DES RESPONSE to 7- 11 

Dover’s comment here is in regards to the CALM’s definitions of independent samples, not the draft 303(d) List. 

NHDES takes great care to ensure that only the best and highest quality data are used for assessment purposes.    

 

DES RESPONSE to 7- 12 

Dover’s comment here is in regards to the CALM, not the draft 303(d) List. Thank you for identifying this typo, it 

has been corrected. 

 

DES RESPONSE to 7- 13 

The remaining comments are a copy of those submitted as Robert R. Lucic on the behalf of the Great Bay 

Municipal Coalition. (See response to comment set #8) 
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RESPONSE TO COMMENT #8: Robert R. Lucic, Great Bay Municipal Coalition 

 

The first six pages of the Great Bay Municipal Coalition (GBMC) comments (8- 1 to 8- 9) broadly focus on the 

Great Bay, Little Bay, an undefined portion of the Piscataqua River, and Portsmouth Harbor. These comments 

were reviewed to determine if any of the content related directly to the 2014 Draft 303(d) that was provided for 

review.  

 

To clarify, while NHDES has proposed the removal of the total nitrogen impairment from select segments of the 

Great Bay Estuary, it is not the case that total nitrogen has been removed as a cause of impairment from the 

entirely of the Great Bay Estuary (8- 2). 

 

In section (8- 2), the GBMC emphasizes a modified quote from NHDES’s 2015 impairment removal document  

which is purported to describe the context for the nitrogen impairments from previous assessment cycles. The 

supposed quote removes the first five words (bolded below) thereby altering the meaning. The unadulterated 

quote reads; 

“However, they [the reviewers] concluded that the NHDES 2009 report did not adequately 

demonstrate that nitrogen is the primary factor causing eelgrass decline in the Great Bay Estuary 

because the report did not explicitly consider all of the other important, confounding factors in 

developing relationships between nitrogen and the presence of eelgrass.” (NHDES, 2015)  

When the GBMC removed the first five words (bolded above) of the quote, one is made to believe that the 

statement is the opinion of NHDES when in fact it is an explanatory statement summarizing the opinion of a 

third party. 

 

 

DES RESPONSE to Comments on the Great Bay and Little Bay Assessment Zones 

Assessments are conducted by assessment zones, and, in some cases, a water quality sampling station that 

exists at the boundary of two assessment units is used in the assessment of both zones. Such is the case with the 

use of the Adams Point sampling station which is part of the overall datasets for both the Great Bay and Little 

Bay assessment zones. As the GBMC used the data for the Adams Point sampling station, often without 

reference to the specific assessment zone, NHDES has addressed those comments in the context of both the 

Great Bay and Little Bay assessment zones. 

 

Chlorophyll–a (8- 3) 

The GBMC raised the idea of using the SMAST methodology (Howes, Samimy, & Dudley, 2003) to evaluate 

chlorophyll-a. Although an interim report, the SMAST methodology (Howes, Samimy, & Dudley, 2003) remains a 

key element of the Massachusetts Estuary Project methods and continues to be cited by the primary author 

right up through there November 2015 report “Linked Watershed-Embayment Model to Determine Critical 

Nitrogen Loading Thresholds for the New Bedford Inner Harbor Embayment System, New Bedford, MA (Updated 

Final Report)” (Howes, et al., 2015).While the GBMC partially applied the method, subsequent to the comments, 

NHDES has fully applied the SMAST methodology as described in responses 3- 1 and 8- 6. Here we consider 

GBMC’s partial application of the SMAST methodology.  

 

The SMAST methodology (Howes, Samimy, & Dudley, 2003) is described by the authors as an integrative 

evaluation of multiple parameters to determine an overall eutrophication condition. As demonstrated in Table 

10, the GBMC has greatly simplified the SMAST methodology by ignoring the bloom concentrations (Howes, 

Samimy, & Dudley, 2003). Further by using only the data from the cleanest boundary of Great Bay, the overall 

chlorophyll-a condition is unrealistic. The calculated 90
th

 percentile chlorophyll-a in this assessment zone is 8.9 

ug/L and the median is 3.1 ug/L (n = 249). However, the annual peak concentrations range from 10-69 ug/L in 

the southwest area. Finally, it must be clear that even though the SMAST methodology (Howes, Samimy, & 

Dudley, 2003) would likely consider chlorophyll-a impaired, NHDES currently considers chlorophyll-a to be 
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marginally fully supporting (category 2-M) since Great Bay is so large and the severely poor conditions are on 

the margin. 

  

In regards to Little Bay, the calculated 90
th

 percentile chlorophyll-a in this assessment zone is 8.9 ug/L, the 

median is 2.9 ug/L (n = 95), and a maximum reading of 16.5 ug/L.  Even though the SMAST methodology (Howes, 

Samimy, & Dudley, 2003) might consider chlorophyll-a impaired (Table 12), NHDES currently considers 

chlorophyll-a to be marginally fully supporting (category 2-M) in Little Bay.  
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Table 11. Great Bay evaluating results utilizing the SMAST 2003 methodology (Howes, Samimy, & Dudley, 2003). Blocks highlighted gray best describe the indicator 

evaluation category. 

Indicator Current status of Great Bay 

Assessment Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

Chlorophyll-a The calculated 90
th

 percentile 

chlorophyll-a in this assessment 

zone is 8.9 ug/L and the median is 

3.1 ug/L (n = 249). Annual peak 

concentrations range from 10-69 

ug/L in the southwest area. 

 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“phytoplankton blooms 

raise chlorophyll a levels to 

around 10 µg/L.” 

“The level of nitrogen 

related to Significant 

Impairment supports large 

phytoplankton blooms 

(chlorophyll a of  

approximately 20 µg/L)” 

 

Table 12. Little Bay Bay evaluating results utilizing the SMAST 2003 methodology (Howes, Samimy, & Dudley, 2003).. Blocks highlighted gray best describe the indicator 

evaluation category. 

Indicator Current status of Great Bay 

Assessment Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

Chlorophyll-a The calculated 90
th

 percentile 

chlorophyll-a in this assessment 

zone is 8.9 ug/L, the median is 2.9 

ug/L (n = 95) and a maximum 

reading of 16.5 ug/L.  

 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“phytoplankton blooms raise 

chlorophyll a levels to around 

10 µg/L.” 

“The level of nitrogen 

related to Significant 

Impairment supports large 

phytoplankton blooms 

(chlorophyll a of  

approximately 20 µg/L)” 
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Water Clarity (8- 4) 

The GBMC commented that chlorophyll-a causes only a minor impact on water clarity in Great Bay. In making 

that statement, they reference the predictive equation developed by (Morrison, Gregory, Pe’eri, McDowell, & 

Trowbridge, 2008) for a particular date in 2007. NHDES agrees that chlorophyll-a is only one factor that limits 

light penetration and, to that end, has assessed chlorophyll-a as marginally full-supporting in Great Bay. None 

the less, existing clarity is inadequate for the growth of eelgrass in the deeper waters of Great Bay.  

 

 

Nitrogen Concentration (8- 5) 

GBMC provides a discussion of nitrogen based on the 1988-2012 DIN and 2003-2013 TN as measured at Adams 

Point. Given that Adams Point divides and provides data to the assessment calculations of both the Great Bay 

and Little Bay assessment zones, NHDES will consider the discussion in the context of those two assessment 

zones. 

 

Adams Point is at the better flushed end of Great Bay and provides 70 of the 179 total nitrogen values collected 

in Great Bay between January 1, 2008 and December 13, 2013 (the date of the data pull for the 2014 

assessment). Solely using the Adams Point data to evaluate total nitrogen Great Bay is an oversimplification of 

the range of total nitrogen conditions. 

 

The commenter has attempted to tie the limited total nitrogen data at Adams Point to the long term data for 

Dissolved inorganic Nitrogen (DIN) at Adams Point. However, DIN is rapidly taken up by plants and is also rapidly 

converted to other forms of nitrogen in the estuarine system complicating the trend analysis.  Macroalgae is one 

plant that rapidly takes up DIN, so in fact, if lower DIN exists, macroalgae may be the cause. Further, Adams 

Point is far from the major sources of DIN to the system. In fact, the 2013 SOE goes on to say that,  

“In other areas of the estuary besides Great Bay, some trends for total nitrogen and other forms of 

nitrogen have been observed. Increasing trends for total nitrogen and total dissolved nitrogen were 

apparent in the Squamscott River, while decreasing trends for DIN were observed in the Oyster River.” 

(PREP, 2013)  

It should be noted that the Town of Durham has been working diligently to reduce the loading from their WWTF 

and improved operations are in the works for Newmarket and Exeter. 

 

NHDES applauds the projected reductions in nitrogen to the Great Bay Estuary, however, projected reductions in 

a pollutant are not grounds for impairment removal. Like any assessed water quality parameter, confirmation of 

ambient water quality post-implementation is necessary. 

 

 

Compared to Other Estuaries (8- 6) 

New Hampshire is no longer comparing ambient total nitrogen data to the total nitrogen numeric indicators 

used in the 2012 assessment as translators for the narrative water quality criteria. While total nitrogen 

thresholds for other estuaries may be instructive, one must carefully evaluate the intent, geography, and 

analysis conditions of those thresholds. The GBMC cited the total nitrogen thresholds of four studies to conclude 

that the dissolved inorganic nitrogen and total nitrogen in Great Bay Estuary would be considered good to 

excellent. The GBMC does not specify which part of the estuary they think should be compared here, however, 

leading up to this comment they provide the dissolved inorganic nitrogen and total nitrogen data for Adams 

Point. As Adams Point is the dividing line between Great Bay and Little Bay, NHDES has interpreted this 

comment to apply to those two assessment zones. Table 13 provides a breakdown of the references GBMC 

provided, the comment, and NHDES’ evaluation of those references as well as others from applicable studies in 

the region. 
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Table 13. Papers cited by GBMC referencing possible total nitrogen  thresholds, the GBMC claims, and NHDES evaluation of those papers. 

GBMC Cited Publications GBMC Comment Text NHDES Evaluation 

SMAST 2003  

(EPA also cites SMAST 2003 in 

their 2012 303(d) approval 

Technical Support Document, 

Attachment A, pg 11) 

 

GBMC - “Based on the results of 

studies conducted on nearby 

estuaries in Massachusetts (SMAST 

2003), the concentration of DIN/TN 

in the Great Bay Estuary would be 

considered good to excellent (0.30 - 

0.39 mg/L), and not a threat to 

eelgrass.” (GBMC 2014 Draft 303(d) 

comment) 

 

The authors describe an integrated evaluation of multiple parameters that is 

used to make a final classification of an areas nutrient health (see Table 14 

and  

Table 15). In NHDES’ view, using the SMAST 2003 methodology, most 

indicators of the Great Bay assessment zone fall into their “Moderately 

Impaired” category. Regarding only the nitrogen component of SMAST (2003), 

total nitrogen  equal to 300 to 390 ug/L is in both the “Excellent to Good” as 

well as the “Good to Fair” categories and is only one of the parameters 

considered in making a final health evaluation.  

 

The Great Bay assessment zone median total nitrogen from 2008 through 

2013 was 391 ug/L (n=62) (the upper bound) when considering just the 

stations in the middle of Great Bay; and 410 ug/L (n=176) (above the upper 

bound) when including the boundary stations GRBSQ and GRBAP. The station 

most descriptive of the southwestern portion of Great Bay has a total 

nitrogen concentration of 651 ug/L (n=44) (well above the upper bound).  

Great Bay would not be considered “good to excellent” (Table 14). 

 

The Little Bay assessment zone median total nitrogen from 2008 through 

2013 was 379 ug/L (n=79) (near the upper bound) which is principally driven 

by the Adams Point data. The nine samples not collected at Adams Point have 

a median of 444 ug/L (above the upper bound). Little Bay total nitrogen would 

be considered on the edge of “good to excellent” but the other parameters of 

the integrated evaluation need to be considered ( 

Table 15). 

 

*Benson et al 2013 Fig 2 GBMC - “This study found healthy 

eelgrass populations existed at 

approximately 0.40 mg/L TN [400 

ug/L] while significant degradation 

of eelgrass populations occurred at 

approximately 0.60 mg/L TN [600 

ug/L] (Benson et al., 2013, Figure 2)” 

(GBMC 2014 Draft 303(d) comment) 

From the publication abstract (Benson, Schlezinger, & Howes, 2013), “Field 

surveys indicated that eelgrass survival required bottom light 100 mE/m2/s 

and healthy eelgrass existed where tidally-averaged total nitrogen was less 

than 0.34 mg/L, equivalent to a mid-ebb tide water-column total nitrogen of 

<0.37 mg/L.” [emphasis added]  By that measure, Great Bay and Little Bay 

total nitrogen is worse than that required for health eelgrass. 

 

“Combining all of the transplant survival data, the percent eelgrass survival 
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GBMC Cited Publications GBMC Comment Text NHDES Evaluation 

was inversely related to the level of total nitrogen (TN) at the transplant 

location, such that as TN concentration increases, the eelgrass transplant 

survival decreases (Table 2). Sites with >75% transplant success had average 

TN levels of 0.39 mg/L.” (Benson, Schlezinger, & Howes, 2013) [emphasis 

added]  By that measure, Great Bay total nitrogen is high enough to diminish 

eelgrass transplant and regrowth success and Little Bay conditions are 

marginal to successful eelgrass reestablishment. 

 

*Wazniak et al 2007, Table 1 GBMC - “Based upon this study, 

healthy seagrass populations were 

associated with TN <0.55 mg/L while 

degraded seagrass populations 

occurred at 0.65-1.00 mg/L. TN 

(Wazniak et al, 2007,Table 1)” 

(GBMC 2014 Draft 303(d) comment) 

 

The area addressed by (Wazniak, et al., 2007) was the Maryland coastal bays 

that span from Delaware, through Maryland and into Virginia on the Atlantic 

side of the Delmarva Peninsula some 400 miles south of Great Bay. The study 

did not say less than 550 ug/L total nitrogen equals healthy seagrasses but 

rather less than 550 ug/L total nitrogen was “Better than seagrass objective” 

(Wazniak, et al., 2007) for the study. From a management perspective, it is 

not appropriate to set an attained goal at a level that outright degrades 

eelgrass such as the 650 ug/L total nitrogen. The break point used in Wazniak 

et al.(2007) was not based on an evaluation of existing data but rather, 

“based on literature values for seagrass habitat requirements (Dennison et al. 

1993, Stevenson et al. 1993, Valdes-Murtha 1997, Lea et al. 2003)” (Wazniak 

et al 2007). It should be further noted that the areas in the study that had the  

highest percent seagrass cover also had the lowest chlorophyll-a, the best 

dissolved oxygen, and the lowest total nitrogen, yet these areas top out at 

77% seagrass cover. From such condition one might surmise that their chosen 

thresholds were not low enough to provide for a fully healthy system as 23% 

if the cover has been lost. Little can be gathered from the ambiguous 

threshold used by Wazniak et. al. (2007). 

 

*Gurbisz & Kemp, 2014 GBMC - “A more recent study of 

Chesapeake Bay in 2014 observed 

that despite elevated nutrient 

concentrations, SAV in the 

Susquehanna Flats, a broad and 

shallow northern region of the bay, 

increased significantly from 2001-

2010 (Gurbisz & Kemp, 2014). 

During this period, TN and DIN 

None of the submerged aquatic vegetation (SAV) in the study were eelgrass 

Zostera species and most of the other noted species largely inhabit 

freshwater. In fact the authors did not even analyze salinity because the 

values around the SAV bed were generally <1.0 ppt (Gurbisz & Kemp, 2014). 

 

When the SAV beds were strongly regrowing from 1999-2008, they were 

significantly correlated with; 

• - Flow, (R
2
=0.76, p=0.002) 

• - TSS, (R
2
=0.75, p=0.021) 
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GBMC Cited Publications GBMC Comment Text NHDES Evaluation 

concentrations averaged 1.5 and 1.2 

mg/L, respectively.” (GBMC 2014 

Draft 303(d) comment) 

• - Kd, (R
2
=0.61, p=0.013) 

• + Secchi, (R
2
=0.61, p=0.13)  

• + Temp (R
2
=0.67, p=0.007)   

• - TP (R
2
=0.67, p=0.007)  

and not significantly correlated with, 

• - TN (R
2
=0.20, p=0.223),  

• - N load (R
2
=0.00, p=0.941),  

• - DIN (R
2
=0.14, p=0.313), or  

• + PN (R
2
=0.00, p=0.975). 

The fact that nitrogen was not the controlling nutrient and not a significant 

variable in this study further illustrates that the system was more freshwater 

and less estuarine in nature. Little can be gathered from the total nitrogen 

concentrations reported by Gurbisz and Kemp (2014). 

 

**Howes et al. 2013 No GBMC comment. The GBMC did 

not bring up this study. 

For the Massachusetts Estuaries Project, Howes et. al. (Howes B. , Samimy, 

Schlezinger, & Eichner, 2013) found that there was an absence of eelgrass 

within the Wild Harbor inner basin areas above 354 ug/L total nitrogen and in 

the outer basin areas high quality eelgrass was lowered when total nitrogen 

exceeded 304 ug/L. They found that these thresholds were consistent with 

presence and loss of eelgrass in other southeast Massachusetts estuaries. By 

this measure, the degradation of eelgrass in Great Bay and Little Bay would be 

anticipated and regrowth would be difficult at current total nitrogen 

concentrations. 

 

***SMAST 2006-2015 No GBMC comment. The GBMC did 

not bring up these studies. 

For the Massachusetts Estuaries Project, the School for Marine Science and 

Technology (UMass-Dartmouth) has produced total nitrogen targets to 

protect eelgrass habitat in 28 estuarine systems along the Cape and Islands. 

The total nitrogen target median from those studies is 375 ug/L. Parts of 

Great Bay are unfortunately well above the common threshold found to 

protect eelgrass in our neighboring estuaries while other parts of Great Bay 

and Little Bay are just a bit above the common Massachusetts Estuaries 

Project target. 

 

*The commenter provided the reference as noted in the table (Benson et al 2013 Fig 2; Wazniak et al, 2007, Table 1; Gurbisz & Kemp, 2014) without full 

citation in the references leading NHDES to surmise the exact reference. 
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** (Howes B. , Samimy, Schlezinger, & Eichner, 2013) The GBMC did not cite this study but as a study in a nearby estuary documenting total nitrogen 

thresholds to protect eelgrass the study was deemed suitable. 

*** SMAST = School for Marine Science and Technology (UMass-Dartmouth). The GBMC did not cite these studies but as studies in a suite of nearby 

estuaries documenting total nitrogen thresholds to protect eelgrass, the studies were deemed suitable. The reports are downloadable from 

http://www.mass.gov/eea/agencies/massdep/water/watersheds/the-massachusetts-estuaries-project-and-reports.html  
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As described in the draft 2014 TSD, the final assessment on the Great Bay assessment zone is not a simple case. 

The GBMC raised the idea of using the SMAST methodology (Howes, Samimy, & Dudley, 2003) to say that the 

Great Bay is in “Excellent to Good condition” by citing the chlorophyll-a concentration at Adams Point, the more 

flushed and arguably the clean edge of Great Bay assessment zone. Pulling a single indicator out of the 

integrated evaluation is an inappropriate use of their methodology. While the GBMC partially applied the 

method, subsequent to the comments, NHDES has fully applied the SMAST methodology as described in 

responses 3- 1. The text from SMAST 2003 describes an integrated evaluation of the eutrophication indicators 

that is used to make a final classification of an areas nutrient health. Evaluating the Great Bay and Little Bay 

assessment zones considering all of the indicators within the 2003 SMAST methodology (Howes, Samimy, & 

Dudley, 2003) NHDES sees a less than healthy condition assessment. 

 

In Great Bay (Table 14) and Little Bay (  
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Table 15), there are cases where it is difficult to place a particular indicator into a single evaluation group for the 

integrated evaluation.  The blocks highlighted gray in Table 14 and   
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Table 15 describe the best indicator evaluation for the Great Bay and Little Bay assessment zones.  

 

Within the Great Bay assessment zone, most of the indicators span between “Good to Fair Health” to 

“Moderately Impaired Health” and several indicators fall to “Significantly Impaired Health.” Using the full 2003 

SMAST methodology (Howes, Samimy, & Dudley, 2003) as an integrated evaluation tool, NHDES finds further 

evidence that Great Bay is degraded due to excess total nitrogen. 

 

For Little Bay (  
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Table 15), fewer of the indicators span multiple categories. Some span between “Good to Fair Health” to 

“Moderately Impaired Health” and several indicators fall to “Significantly Impaired Health”. Using the full 2003 

SMAST methodology (Howes, Samimy, & Dudley, 2003) as an integrated evaluation tool, NHDES finds further 

evidence that Little Bay is degraded due to excess total nitrogen. 
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Table 14. Great Bay evaluating results utilizing the 2003 SMAST methodology (Howes, Samimy, & Dudley, 2003). Blocks highlighted gray best describe the indicator 

evaluation category. 

Indicator Current status of Great Bay 

Assessment Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

Eelgrass The historical extent of eelgrass in 

this assessment zone was 2,130.7 

acres from the 1948, 1962, 1980, 

and 1981 datasets. The median 

current extent of eelgrass in 2011-

2013 is 1,598.4 acres, which is a 

25.0% decrease. Since 1990, the 

trend in eelgrass cover in this 

assessment zone is a loss of 

21.5%. 

“Eelgrass beds are present” “eelgrass is not present (it 

would still be considered SA 

water body if historical 

records document that 

eelgrass was present in the 

past or, in the case of 

insufficient documentation, 

if potential conditions are 

such that eelgrass should be 

present)” 

“Eelgrass is not sustainable” “absence of eelgrass” 

Macroalgae Using data from Pe’eri, et al. 

(Pe’eri, et al., 2008), DES 

determined that macroalgae mats 

had replaced nearly 5.7% of the 

area formerly occupied by 

eelgrass in Great Bay in 2007 

(NHDES, 2009). Dr. Arthur C. 

Mathieson’s comments on the 

draft 2012 303(d) framed the 

macroalgae and epiphyte 

condition well when he wrote 

(Mathieson A. , 2012), 

“Extensive ulvoid green 

algae (Ulva spp.) or “green 

tides (Fletcher, 1996) have 

begun to dominate many of 

these estuarine areas during 

the past 15-20 years, 

particularly within Great Bay 

proper (Nettleton et al. 

2011). Such massive blooms 

of foliose green algae can 

entangle, smother and 

cause the death of eelgrass 

(Zostera marina) within the 

low intertidal/shallow 

“macroalgae is generally 

non-existent but in some 

cases may be present” 

“and macroalgae is not 

present or present in limited 

amounts even though a 

good healthy aquatic 

community still exists” 

“macro-algae accumulations 

occur in some regions of the 

embayment.” 

“macroalgal accumulations” 
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Indicator Current status of Great Bay 

Assessment Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

subtidal zones (pers. obs. A 

C Mathieson). They 

primarily represent annual 

populations that can also 

regenerate from residual 

fragments buried in muddy 

habitats.” 

and 

“Extensive epiphytic 

growths of seaweeds on 

eelgrass (Zostera marina) 

have also occurred during 

the past 15-20 years, 

particularly within Great Bay 

proper (pers. obs. A C 

Mathieson). These 

epiphytes, which are mostly 

filamentous red algae and 

colonial diatoms, may 

completely cover the fronds 

of eelgrass, limiting the 

host's growth and 

photosynthesis and 

compromising its viability.” 

Burdick et al. (Burdick, Mathieson, 

Peter, & Sydney, 2016) noted 

that, “Monitoring results from 

2014 show high levels of cover of 

nuisance green and red algae 

(Ulva and Gracilaria, respectively) 

at all sites except near the mouth  

of the Estuary.” The Burdick et al. 

(Burdick, Mathieson, Peter, & 

Sydney, 2016) study included 

several sites within Great Bay. 

Benthic 

animal 

diversity and 

shellfish 

Detailed benthic animal diversity 

has not been quantified. Oyster 

populations have crashed. 

“benthic animal diversity 

and shellfish productivity 

are high” 

“there is generally a shift 

away from suspension 

feeding to moderate depth 

deposit feeders” 

“is loss of diverse animal 

communities and 

replacement by smaller, 

shorter-lived animals of 

intermediate burrowing 

“loss of diverse benthic 

animal populations” 

 

“benthic communities are 

dominated by shallow 
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Indicator Current status of Great Bay 

Assessment Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

capabilities. Shellfisheries 

may shift to more resistant 

species.” 

dwelling opportunistic 

species (e.g. Capitella, 

Streblospio, Solemya, etc). 

Chlorophyll-a The calculated 90
th

 percentile 

chlorophyll-a in this assessment 

zone is 8.9 ug/L and the median is 

3.1 ug/L (n = 249). Annual peak 

concentrations range from 10-69 

ug/L in the southwest area. 

 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“phytoplankton blooms 

raise chlorophyll a levels to 

around 10 µg/L.” 

“The level of nitrogen 

related to Significant 

Impairment supports large 

phytoplankton blooms 

(chlorophyll a of  

approximately 20 µg/L)” 

Total Nitrogen Great Bay exhibits a range of total 

nitrogen conditions. The median 

total nitrogen  from 2008 through 

2013 was 391 ug/L (n=62) when 

considering just the stations in the 

middle of Great Bay; and 410 ug/L 

(n=176) when including the 

boundary stations GRBSQ and 

GRBAP.  The total nitrogen in the 

southwest area is 651 ug/L (n=44). 

“The CCC [Cape Cod 

Commission] and BBP 

[Buzzards Bay Project] 

thresholds are <0.34 mg N/L 

and <0.39 mgN/L, 

respectively.” 

 

“nitrogen levels are in the 

0.39 - 0.50 range” 

* >0.40 to 0.70 mg/L “systems that are 

“Eutrophic”, 0.60/0.70 mg 

N/L” 

Dissolved 

Oxygen 

 

 

This assessment zone has not 

demonstrated dissolved oxygen 

exceedences at station GRBGB in 

the middle of Great Bay. 

However, when considering all 

sampling stations of Great Bay 

there are areas in the southwest 

that experience very poor 

dissolved oxygen, although not 

reaching outright hypoxia (< 2 

mg/L). (Figure 22 & Figure 23) 

 

“oxygen levels are generally 

not less than 6.0 mg/l with 

occasional depletions being 

rare (if at all)” 

 

(as measure by lowest 20% 

of readings) 

“oxygen levels are generally 

not less than 5.0 mg/l with 

depletions to <4 mg/L being 

infrequent” 

 

(as measure by lowest 20% 

of readings) 

“Oxygen levels generally do 

not fall below 4 mg/L” 

“periodic hypoxia” 

* SMAST (Howes, Samimy, & Dudley, 2003) “Within West Falmouth Harbor eelgrass loss was lost at nitrogen levels about 0.4 mg N/L. Eelgrass within the Great, Green, 

and Bournes Pond systems is generally lost also at the ca. 0.40 mg N/L level, which is at the SA/SB boundary. The generally high resource quality of SB waters for 

shellfish, finfish, recreation and aesthetics is generally maintained to the 0.50 mg N/L level. However, in areas of these systems where nitrogen levels exceed 0.5 mg 

N/L, animal communities decline and macroalgal accumulations begin to effect aesthetic quality. These systems tend to be relatively consistent and still maintain many 

resource values between 0.50 – 0.70 mg N/L.” 
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Figure 22. Great Bay Dissolved Oxygen. 

 

Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ unless. Available older data is provided for context. See the 2014 

CALM for addition details. 

DO mg/L Std. = Dissolved oxygen concentration daily minimum water quality criteria. 

DO mg/L Ind. MAGEX = Magnitude of exceedence indication for dissolved oxygen concentration. 

DO-PPM-24HR-MIN-CP = 24 hour minimum dissolved oxygen from a datalogger deployed during the summer critical period. 

DO-PPM-24HR-MIN-NCP = 24 hour minimum dissolved oxygen from a datalogger deployed outside of the summer critical period. 

DO-PPM-GRAB- CP = Grab samples of dissolved oxygen collected during the summer critical period. 

DO-PPM-GRAB- NCP = Grab samples of dissolved oxygen collected outside the summer critical period. 
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Figure 23. Great Bay Dissolved Oxygen without stations GRBAP and GRBSQ. 

 

Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ unless. Available older data is provided for context. See the 2014 

CALM for addition details. 

DO mg/L Std. = Dissolved oxygen concentration daily minimum water quality criteria. 

DO mg/L Ind. MAGEX = Magnitude of exceedence indication for dissolved oxygen concentration. 

DO-PPM-24HR-MIN-CP = 24 hour minimum dissolved oxygen from a datalogger deployed during the summer critical period. 

DO-PPM-24HR-MIN-NCP = 24 hour minimum dissolved oxygen from a datalogger deployed outside of the summer critical period. 

DO-PPM-GRAB- CP = Grab samples of dissolved oxygen collected during the summer critical period. 

DO-PPM-GRAB- NCP = Grab samples of dissolved oxygen collected outside the summer critical period. 

 

 

  

(without GRBAP & 

GRBSQ) 
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Table 15. Little Bay evaluating results utilizing the 2003 SMAST methodology (Howes, Samimy, & Dudley, 2003). Blocks highlighted gray best describe the indicator 

evaluation category. 

Indicator Current status of Little Bay 

Assessment Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

Eelgrass The historical extent of eelgrass in 

this assessment zone was 252 acres 

from the 1948, 1962, 1980, and 1981 

datasets. The median current extent 

of eelgrass in 2011-2013 is 34.6 

acres, which is a decrease of 86.3%. 

There is no significant trend in 

eelgrass cover in this assessment 

zone since 1990. The thresholds for 

impairment are either loss of more 

than 20% of the historic extent of 

eelgrass or a recent trend of greater 

than 20% loss. 

“Eelgrass beds are present” “eelgrass is not present (it 

would still be considered SA 

water body if historical 

records document that 

eelgrass was present in the 

past or, in the case of 

insufficient documentation, 

if potential conditions are 

such that eelgrass should 

be present)” 

“eelgrass is not sustainable” “absence of eelgrass” 

Macroalgae Dr. Arthur C. Mathieson’s comments 

on the draft 2012 303(d) framed the 

macroalgae condition in the Little 

Bay assessment zone well when he 

wrote (Mathieson A. , 2012), 

“The“guanotrophic” green alga 

Prasiola stipitata suddenly 

appeared in the upper intertidal 

zone near Dover Point [the 

eastern end of Little Bay]. It 

represents a disjunct open 

coastal taxon that is usually 

found in high intertidal bird 

roockeries with large quantities 

of guano. During the mid 1980's 

it was not recorded inland from 

Fort Constitution on the 

Piscataqua River (Mathieson 

and Hehre, 1986; Mathieson 

and Penniman, 1986), and its 

sudden appearance correlates 

with the “recent” transfer of 

Dover's sewage discharges from 

the Cocheco River to the 

“macroalgae is generally 

non-existent but in some 

cases may be present” 

“and macroalgae is not 

present or present in 

limited amounts even 

though a good healthy 

aquatic community still 

exists” 

“macro-algae 

accumulations occur in 

some regions of the 

embayment.” 

“macroalgal accumulations” 
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Indicator Current status of Little Bay 

Assessment Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

Piscataqua River/Little Bay 

area.” 

and 

“The Asiatic red alga Gracilaria 

vermiculophylla was recently 

introduced to the GBES 

(Nettleton et al. submmitted) 

and is causing even greater 

macroalgal blooms than the 

“green tide” seaweeds. In 

contrast to Ulva it is a perennial, 

long-lived taxon that is more 

tolerant to desiccation than the 

native species G. tikvahiae. As a 

consequence it now forms 

extensive wind rows 1-2 feet 

deep within the low intertidal 

and subtidal zones of many 

Little and Great Bay sites (pers. 

obs. A C Mathieson). Like Ulva 

spp. its massive blooms can 

entangle, smother and cause 

the death of eelgrass within the 

low intertidal/shallow subtidal 

zones.” 

Burdick et al. (Burdick, Mathieson, 

Peter, & Sydney, 2016)note that, 

“Monitoring results from 2014 show 

high levels of cover of nuisance 

green and red algae (Ulva and 

Gracilaria, respectively) at all sites 

except near the mouth  of the 

Estuary.” The Burdick et al. (Burdick, 

Mathieson, Peter, & Sydney, 2016) 

study included several sites within 

Little Bay. 

 

Benthic 

animal 

diversity and 

Detailed benthic animal diversity has 

not been quantified. Oyster 

populations have crashed. 

“benthic animal diversity 

and shellfish productivity 

are high” 

“there is generally a shift 

away from suspension 

feeding to moderate depth 

“is loss of diverse animal 

communities and 

replacement by smaller, 

“loss of diverse benthic 

animal populations” 
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Indicator Current status of Little Bay 

Assessment Zone 

SMAST 2003, Excellent to 

Good health 

SMAST 2003, Good to Fair 

Health 

SMAST 2003, Moderately 

Impaired Health 

SMAST 2003, Significantly 

Impaired Health 

shellfish deposit feeders” shorter-lived animals of 

intermediate burrowing 

capabilities. Shellfisheries 

may shift to more resistant 

species.” 

“benthic communities are 

dominated by shallow 

dwelling opportunistic 

species (e.g. Capitella, 

Streblospio, Solemya, etc). 

Chlorophyll-a The calculated 90
th

 percentile 

chlorophyll-a in this assessment zone 

is 8.9 ug/L, the median is 2.9 ug/L (n 

= 95) and a maximum reading of 

16.5 ug/L.  

 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“chlorophyll-a levels are in 

the 3 to 5 µg/L range” 

“phytoplankton blooms 

raise chlorophyll a levels to 

around 10 µg/L.” 

“The level of nitrogen 

related to Significant 

Impairment supports large 

phytoplankton blooms 

(chlorophyll a of  

pproximately 20 µg/L)” 

Total 

Nitrogen 

The median total nitrogen  from 

2008 through 2013 was 379 ug/L 

(n=78). 

“The CCC [Cape Cod 

Commission] and BBP 

[Buzzards Bay Project] 

thresholds are <0.34 mg 

N/L and <0.39 mg N/L, 

respectively.” 

 

“nitrogen levels are in the 

0.39 - 0.50 range” 

* >0.40 to 0.70 mg/L “systems that are  

Eutrophic”, 0.60/0.70 mg 

N/L” 

Dissolved 

Oxygen 

 

 

The Little Bay assessment zone has 

only grab sample measurements for 

dissolved oxygen concentration and 

those measurements have been 

collected up through 2013. In recent 

years, there have been several 

samples below 6 mg/L but remaining 

over 5 mg/L. (Figure 24) 

 

“oxygen levels are generally 

not less than 6.0 mg/l with 

occasional depletions being 

rare (if at all)” 

 

(as measure by lowest 20% 

of readings) 

“oxygen levels are generally 

not less than 5.0 mg/l with 

depletions to <4 mg/L being 

infrequent” 

 

(as measure by lowest 20% 

of readings) 

“Oxygen levels generally do 

not fall below 4 mg/L” 

“periodic hypoxia” 

* SMAST (Howes, Samimy, & Dudley, 2003) “Within West Falmouth Harbor eelgrass loss was lost at nitrogen levels about 0.4 mg N/L. Eelgrass within the Great, Green, 

and Bournes Pond systems is generally lost also at the ca. 0.40 mg N/L level, which is at the SA/SB boundary. The generally high resource quality of SB waters for 

shellfish, finfish, recreation and aesthetics is generally maintained to the 0.50 mg N/L level. However, in areas of these systems where nitrogen levels exceed 0.5 mg 

N/L, animal communities decline and macroalgal accumulations begin to effect aesthetic quality. These systems tend to be relatively consistent and still maintain many 

resource values between 0.50 – 0.70 mg N/L.” 
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Figure 24. Little Bay Dissolved Oxygen. 

 

Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ unless. Available older data is provided for context. See the 2014 

CALM for addition details. 

DO mg/L Std. = Dissolved oxygen concentration daily minimum water quality criteria. 

DO mg/L Ind. MAGEX = Magnitude of exceedence indication for dissolved oxygen concentration. 

DO-PPM-GRAB- CP = Grab samples of dissolved oxygen collected during the summer critical period. 

DO-PPM-GRAB- NCP = Grab samples of dissolved oxygen collected outside the summer critical period
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Evaluation of eelgrass decline (8- 7, 8- 2) 

 

The GBMC contends that water transparency (that is, clarity as measured by the light attenuation coefficient Kd) 

cannot be contributing to the loss of eelgrass because they believe the shallow areas have been losing eelgrass 

faster than the deep areas (comment 8- 7). It would appear that the GBMC came to this conclusion by a visual 

interpretation of the annual eelgrass maps. While visual interpretations can be good, this conclusion required 

many assumptions about the depth regime of a relatively large waterbody. One of the assumptions is that the 

spatial resolution and orthorectification of the eelgrass data is suitable to overlay on the bathymetry data. There 

have been no statistical tests of that assumption. Another assumption is that the eyeball approach to spatial 

analysis is accurate. In order to test this second assumption, NHDES used GIS mapping to evaluate the 

distribution of the 1990 to 2013 eelgrass data against the 2009 50 foot bathymetry grid in ArcGIS (see Section  

C.   GREAT BAY EELGRASS DEPTH ANALYSIS). Once the depth information was compiled for each of the eelgrass 

mapping years, the depths were summarized into three depth regimes. These depth regime categories were 

derived by updating Table 9 from the 2009 DES Report (NHDES, 2009) to include more recent data for light 

attenuation from 2008-2013.  Table 9 (NHDES, 2009) uses a method from Koch (Koch, 2001) to estimate the 

minimum (Zmin) and maximum (Zmax) depths for eelgrass survival, assuming that 22% of incident light is 

required for survival (USEPA, 2003). From the light attenuation and eelgrass depth analysis, three depth ranges 

are relevant to evaluate the impact of the measured light attenuation. The eelgrass within a given year was 

categorized into three depth regimes; Intertidal (0 to 1m below MTL), Sub-tidal zone with acceptable light 

anticipated (1 to 1.3m below MTL), and Sub-tidal zone with unacceptable light anticipated (> 1.3 m below MTL).  

 
That analysis clearly shows that there has been a 31 percent loss of eelgrass from the sub-tidal zone with 

unacceptable light anticipated (Figure 25), a 10 percent loss of eelgrass from sub-tidal zone with acceptable light 

anticipated, and a 25 percent loss of eelgrass from the intertidal zone. The visual interpretation reported in the 

GBMC comment is contrary to this NHDES analysis. The eelgrass growing in the deep sub-tidal zone with 

unacceptable light (greater than 1.3 meters below MTL) shows a greater rate of decline than either the intertidal 

or shallow sub-tidal zone with acceptable light. The slope of the regression line for the deep depth zone (>1.3 

meters below MTL) is a loss of 29.4 acres/year, approximately three time greater than in the other two depth 

zones.  Further, the deep zone has the greatest percent loss over time. The fact that eelgrass has been lost most 

rapidly from the deep sub-tidal waters illustrates that eelgrass in Great Bay is sensitive to water clarity, and 

water clarity can be quantified using the light attenuation coefficient (Kd) for photosynthetically active radiation 

(Short, Burdick, & Kaldy, 1995).  Figure 25 indicates that as light penetration degrades, eelgrass area diminishes 

more rapidly in deeper areas of the bay. The second greatest zone of loss is from the intertidal zone which 

illustrates shallow water sediment resuspension and the smothering/displacement impact of the macrophytes 

as corroborated by the proliferation documented by Mathieson (Mathieson A. , 2012), Nettleton et. al. 

(Nettleton, Neefus, Mathieson, & Harris, 2011), and Burdick et. al. (Burdick, Mathieson, Peter, & Sydney, 2016). 
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Figure 25. Great Bay eelgrass depth regime evaluation. 

 

 

Table 16. Great Bay eelgrass depth regime trends statistics, 1990-2014. 

Depth Regime 

<1m below MTL, 

Intertidal zone. 

1 to 1.3m below MTL, 

Shallow Sub-tidal zone 

with acceptable light. 

> 1.3m below MTL, 

Deep Sub-tidal zone 

with unacceptable light. 

Regression Significance (p) 2.17E-05 1.15E-03 5.42E-07 

Regression Coefficient R
2
 0.57 0.39 0.69 

Trend Significance (p) 2.17E-05 1.15E-03 5.42E-07 

Trend Slope (acres/year) -9.1 -8.6 -29.4 

Trend Slope 

(Percent change 1990-2014) 
-25.0% -10.0% -30.9% 

 

In comment 8- 2 GBMC cites the NHEP 2006 report which stated that eelgrass population changes from 1990 to 

2003 could not be related to water quality. In fact, that reports said, “The observed changes in eelgrass cannot 

be linked directly to a water quality trend [emphasis added] in Great Bay, …” (NHEP, 2006). Data requirements 

for relating multiple trends are much higher since it is not uncommon for sudden shifts in ecological conditions 

to occur after prolonged periods of subtle environmental changes ( (Scheffer, Carpenter, Foley, Folke, & Walker, 

2001), (van der Heide, et al., 2007)) and prolonged periods of loading. The 2006 report is only part of the 

picture, the NHEP Environmental Indicators Report: Water Quality Indicator explicitly documents the increasing 

trend in total suspended solids (TSS) (NHEP, Environmental Indicator Report: Water Quality Indicator, 2006). The 

2006 NHEP State of Our Estuaries report also stated that, “Eelgrass is sensitive to water quality, especially water 

clarity” (NHEP, 2006). Indeed, eelgrass is being lost from all depth regimes of Great Bay. Poor water column 

transparency drives deep edge losses. Those eelgrass losses and TSS increases documented back in 2006 (NHEP, 

Environmental Indicator Report: Water Quality Indicator, 2006) and repeated in the 2013 Estuaries Report 

(PREP, 2013) have resulted in a shallow area that becomes very turbid every time the tide changes, which limits 

light in the shallows and deposits detritus on eelgrass leaves impacting eelgrasses ability to grow. This is further 
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exacerbated by smothering by macroalgae. The combined stresses kill some portion of the eelgrass population 

and in its absence the whole system is that much less capable of stabilizing the sediment on each shift of the 

tide. 

 

 

DES RESPONSE to Comments on the Impairments in an undefined portion of the Piscataqua River (8- 4) 

 

The GBMC commented that phytoplankton is not a major driver of light availability in the Piscataqua River by 

showing chlorophyll-a and Kd measurements at station NH-0057A (Comment 8- 4). While the GBMC comment is 

general to the Piscataqua River, the river is divided into three Assessment Zones spanning 10 miles; an Upper 

reach and two Lower reaches (North and South). The Lower assessment zones are not considered impaired due 

to light attenuation; Lower Piscataqua River-North is assessed as Insufficient Information – Potentially Not 

Supporting and Lower Piscataqua River-South is assessed as Insufficient Information – Potentially Attaining 

Standards. The referenced station, NH-0057A, is on the Upper Piscataqua River near the Dover wastewater 

discharge and that is the only Piscataqua segment considered impaired. The impairment is based on 53 available 

light attenuation measurements made between 1/1/2008 (the vertical blue line in Figure 26) and 12/5/2013, 

which illustrates that only on rare occasions is there a survivable quantity of light for eelgrass (Figure 26). The 

current Median Kd is 1.330 m
-1

 and eelgrass is completely lost. The restoration depth driven Kd for the Upper 

Piscataqua River is 0.75 m
-1

. 
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Figure 26. Upper Piscataqua River light attenuation (Kd) and eelgrass cover over time. 

 

 
 

The GBMC rationale as to why phytoplankton as represented by chlorophyll-a is not a major driver of eelgrass 

loss is derived from the extrapolation of a single survey conducted in Great Bay proper (i.e. (Morrison, Gregory, 

Pe’eri, McDowell, & Trowbridge, 2008)) to the chlorophyll-a measured at station NH-0057A, which is in the 

Upper Piscataqua River.  
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This assessment zone historically had eelgrass growing in both the shallows and some in deeper habitat. For an 

eelgrass restoration depth of 2 m, the light attenuation coefficient threshold is 0.75 m
-1

, far clearer than the 

recent median of 1.330 m
-1

 (n=53). NHDES agrees that chlorophyll-a is only one of the factors that results in 

degraded light reaching eelgrass but it is nonetheless a factor. As seen in the tidal Cocheco River datalogger 

deployments (response 4- 6), the spikes in the datalogger records (Figure 27 and Figure 28) for stations UPR2, 

UPR4, UPR6, and UPR8 (Figure 30) indicate that the periodically high grab samples (up to 24 ug/L in 2012)(Figure 

29) are accurate and their frequency and extent are likely underestimated by the grab samples alone. Some of 

the other human enhanced factors that influence light attenuation are TSS loads from WWTFs, turbid 

stormwater runoff from developed lands, and the resuspension that material which is exacerbated by the lack of 

eelgrass.  

 

Figure 27. Upper Piscataqua River chlorophyll-a datalogger at stations UPR2, UPR4, UPR6, and UPR8. 
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Figure 28. 2013 Upper Piscataqua River chlorophyll-a datalogger at stations UPR2, UPR4, UPR6, and UPR8. 

 

Figure 29. Upper Piscataqua River grab sample chlorophyll-a data. 
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Figure 30. 2012/2013 Upper Piscataqua River datalogger stations UPR2, UPR4, UPR6, and UPR8. 

 
 

 

DES RESPONSE to Comments on the Impairments in the Portsmouth Harbor Assessment Zone 8- 8 

 

At 8- 8, the GBMC comments on the impaired eelgrass cover in Portsmouth Harbor stating that the water is of 

excellent quality. This would be true but for the poor light availability, as explained in the 2014 Draft Technical 

Support document, 

“Median=0.600 m^-1 (n=41). For an eelgrass restoration depth of 3 m, the light attenuation coefficient 

threshold is 0.5 m^-1. This assessment zone historically had eelgrass growing in both the shallows and 

deeper habitat making the 3m restoration depth a valid target. Further, a review of the location of the 

deep edge of the eelgrass suggests that the maximum depth of eelgrass survival is not as deep as it was 

in the past. Due to the proximity of the Portsmouth WWTF, this assessment zone may be experiencing a 

large portion of light diminishment from the large TSS load out of the discharge. Therefore, the impaired 

(5-M) listing from the 2012 303d list has been retained.” 
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Figure 31. Portsmouth Harbor light attenuation (Kd) and eelgrass cover over time. 
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DES RESPONSE to Comments on the Impairments on the 2014 Consolidated Assessment and Listing 

Methodology 

 

The Great Bay Municipal Coalition (GBMC) comments include 11 pages of comments on the 2014 Consolidated 

Assessment and Listing Methodology (8- 10 to 8- 21). These comments were reviewed to determine if any of the 

content related directly to waterbodies and impairments on the 2014 Draft 303(d) that was provided for review.  

 

DES RESPONSE to Comments on the Impairments in the Cocheco River (8- 13) (perhaps they meant the 

Piscataqua River and Portsmouth Harbor?) 

 

The GBMC commented in section 8- 13 about the low readings in the datalogger set for the Cocheco River citing 

a report by Jones and Gregory December 15, 2013 (Jones & Gregory, 2013). The study cited sampled locations in 

the Upper Piscataqua, Lower Piscataqua and Portsmouth Harbor Assessment Zones, not the Cocheco River.  As 

such, the NHDES response pertains to the sites on the Piscataqua River. The comments by the GBMC are based 

upon a preliminary dataset for which there was considerable subsequent correspondence between the 

researchers, GBMC, and NHDES that some of the data should not be used. The report by Jones and Gregory 

(2013) does not illustrate the final state of the data as it was loaded into the Environmental Monitoring 

Database (EMD) and subsequently used in the draft 2014 assessment process. In fact, the Jones and Gregory 

December 15, 2013, report (Jones & Gregory, 2013) stated, “Decisions to censor data were not discussed with 

the clients, so we made note of questionable data and provided the full database, and interpretations that 

included all data” and despite this wording, invalid data were included in the interpretations by the GBMC. 

Subsequent to the Jones and Gregory December 15, 2013 memo, NHDES identified in a June 4, 2014 memo, a 

number of technical issues that needed to be addressed before the data could be uploaded to the EMD (Wood, 

2014). Jones and Gregory then replied on September 26, 2014 (Jones & Gregory, 2014) having applied the 

appropriate corrections. The final corrections to the dataset enabled NHDES to upload the entire dataset into 

the EMD and mark the erroneous data invalid as described in the NHDES memo to GBMC, Jones, and Gregory on 

October 9, 2014 (Wood, 2014). That final corrected dataset was then used in the draft 2014 assessment. 

Further, neither the Cocheco River nor Upper or Lower Piscataqua River or Portsmouth Harbor areas are 

currently listed as impaired for dissolved oxygen.  

 

 

DES RESPONSE to 8- 10 to 8- 20 

The GBMC includes several pages of comments on the Draft 2014 CALM. Comments specifically related to the 

Draft 2014 CALM were previously responded to and available on NHDES’ website; 

http://des.nh.gov/organization/divisions/water/wmb/swqa/2014/index.htm. The comments on the Draft 2014 

CALM were reviewed to determine if any of the content related directly to the 2014 Draft 303(d) that was 

provided for review. No such content was identified in pages therefore no response is necessary. 

 

 

DES RESPONSE to 8- 21 

GBMC references, no comment necessary. 

 

 

DES RESPONSE to 8- 22 

The GBMC included 8- 22 as backup materials for their other comments. NHDES makes no separate comment on 

this document nor the validity of the material included. 
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RESPONSE TO COMMENT #9: Terry Desmarais, City of Portsmouth 

 

DES RESPONSE to 9- 1 

NHDES notes that the City of Portsmouth incorporates by reference the comments made by the Great Bay 

Municipal Coalition addressed under comment set #8.  

 

DES RESPONSE to 9- 2 

The City of Portsmouth supports the NHDES decision to delist several assessment units for total nitrogen and for 

other units until assessment units delay final assessment until such time as a new approach is determined. 

NHDES appreciates the support, and the delisting issue is addressed in Response 3- 1. 

 

DES RESPONSE to 9- 3 

The City of Portsmouth suggests that the State allocate additional water quality sampling and analysis resources. 

NHDES agrees that more data would be helpful. 

 

Also see response to 4- 11 

 

DES RESPONSE to 9- 4 

See response to 4- 11 

 

The City of Portsmouth’s comments expressed concern that the overall age of the bacteria data used for North 

Mill Pond (NHEST600031001-10). Further, the City of Portsmouth notes that CSO abatement work has been 

completed and an effectiveness evaluation is under way. NHDES awaits the outcome of effectiveness evaluation 

and looks forward to the final report. Such a report will be a great success story for the City and tool for 

subsequent bacteria delisting of the waterbody. 

 

The City also questioned the NHDES notes from previous assessment cycles anticipating some follow-up 

sampling by NHDES Watershed Assistance Section (319 Program) staff as related to a discharge of untreated 

human waste; 

“2010: Water quality data indicates impairment and discharges of untreated human waste still remain. 

RL - PM8400 [sampling station ID], Major source was being worked on Late Fall 2009, followup sample 

has not been done yet, waiting for construction  to finish, should be complete now and followup 

sampling will be done Feb 2010.” 

NHDES was unable to allocate resources to sample this location since 2010. 

(see also the response to 9- 3) 

 

Note that the impairment to this assessment unit was based on high bacteria measurements at stations ALB-1 

ALB -2, ALB- 3, and NH05-0236A, not just the apparent illicit discharge at the PM8400 station. As part of a future 

delisting effort, those stations (ALB-1 ALB -2, ALB- 3, and NH05-0236A) should be sampled under the same or 

more water quality limiting conditions as the original sampling condition. Evaluation of the older data reveals 

that exceedences occurred under both high and low inflow periods and under both rain event and dry periods. 

As such, resampling should occur under a range of weather and flow conditions. 

 

NHDES would be happy to work out the details of an appropriate monitoring plan with the City of Portsmouth. 
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Figure 32. North Mill Pond (NHEST600031001-10) bacteria samples, representative river flow, preceding precipitation, 

and preceding temperature. 
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Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ 

unless. Available older data is provided for context. See the 2014 CALM for addition details. 

ENTEROCOCCUS-GEO-CP = Enterococcus geometric mean calculated from samples collected during the summer critical period. 

ENTEROCOCCUS-GEO-NCP = Enterococcus geometric mean calculated from samples collected outside the summer critical period. 

ENTEROCOCCUS-GRAB-CP = Enterococcus grab samples collected during the summer critical period. 

ENTEROCOCCUS-GRAB-NCP = Enterococcus grab samples collected outside the summer critical period. 

 

 

DES RESPONSE to 9- 5 

The sampling station used in the assessment process is 05-BER, Berrys Brook at Sagamore Ave Bridge. 05-BER 

was sampled by the NHDES Ambient Rivers Monitoring Program up through 2007 at which time funding was 

reduced and sampling at that station stopped. Resampling of 05-BER and additional bracketing work to help 

detect the source areas would be a wise management decision but one for which there is no current funding 

source. Evaluation of the older data reveals that exceedences occurred under both high and low inflow periods 

and under both rain event and dry periods. As such, resampling should occur under a range of weather and flow 

conditions. 

 (see also the response to 9- 3) 
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Figure 33. Berry’s Brook (NHRIV600031002-10) bacteria samples, representative river flow, and preceding precipitation. 
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Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ 

unless. Available older data is provided for context. See the 2014 CALM for addition details. 

E.COLI-GEO-CP = Escherchia coli geometric mean calculated from samples collected during the summer critical period. 

E.COLI-GEO-NCP = Escherchia coli geometric mean calculated from samples collected outside the summer critical period. 

E.COLI-GRAB-CP = Escherchia coli grab samples collected during the summer critical period. 

E.COLI-GRAB-NCP = Escherchia coli grab samples collected outside the summer critical period. 

 

 

DES RESPONSE to 9- 6 

The City of Portsmouth commented that the listing data for Sagamore Creek (NHRIV600031001-03) do not rise 

to a frequency of criteria exceedences that should result in impairment. 

 

Based on Portsmouth’s cited measurements, it is not clear if the correct data was evaluated by the City of 

Portsmouth. Based on the data available to NHDES (and the public via the NHDES online mapping tool) for 

Sagamore Creek (NHRIV600031001-03), all data is from station 05-SAG (Sagamore Creek at Peverly Hill Road). 

On a pure percentage of samples, there do not appear to be many exceedences. However, the examination of 

exceedences in the context of rain in the previous three days yields a different conclusion. All exceedences 

follow rain events and most rain events lead to criteria exceedences. 05-SAG was sampled by the NHDES 

Ambient Rivers Monitoring Program up through 2007 at which time funding was reduced and sampling at that 

station stopped. Resampling of 05-SAG and additional bracketing work to help detect the source areas following 

rain events would be a wise management decision but one for which there is no current funding source.  (see 

also the response to 9- 3) 
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Figure 34. Sagamore Creek (NHRIV600031001-03) bacteria samples, representative river flow, preceding precipitation, 

and preceding temperature. 
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Notes: 

“Current” Line for 2014 = Per the methodology outlined in the CALM, all data from this referenced data is considered ‘current’ 

unless. Available older data is provided for context. See the 2014 CALM for addition details. 

E.COLI-GEO-CP = Escherchia coli geometric mean calculated from samples collected during the summer critical period. 

E.COLI-GEO-NCP = Escherchia coli geometric mean calculated from samples collected outside the summer critical period. 

E.COLI-GRAB-CP = Escherchia coli grab samples collected during the summer critical period. 

E.COLI-GRAB-NCP = Escherchia coli grab samples collected outside the summer critical period. 
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B.   RESPONSE TO PUBLIC COMMENT ON THE FEBRUARY 3, 2017 CHANGES  

RESPONSE TO COMMENT #10 (on Feb. 3, 2017 Changes): John B. Storer, City of Rochester 

 

DES RESPONSE to 10- 1 

This section predominantly contains opening remarks by the City of Rochester, the exception being their 

inclusion of footnote1. The commenter disagrees with the term “delisting” to describe the new assessment 

status of certain assessment zones for total nitrogen. This is the appropriate term because the methodology for 

assessment has changed. The 2012 listings were appropriate to the methodologies available at the time. Since 

that time, the use of numeric translators for total nitrogen has been discontinued because a peer review 

(Bierman, Diaz, Kenworthy, & Reckhow, 2014) determined that the development of those translators failed to 

take confounding variables in account (also see (NHDES, 2015) ). The 2014 assessment methodology yields, in 

some cases, a different result than the 2012 assessment methodology, thus, NHDES has proposed to “delist” 

(per 40 CFR 130.7(b)(6)) those assessment zones for total nitrogen based on the new methodology (also see 

response to 12- 3).      

 

DES RESPONSE to 10- 2 

This section summarizes the City of Rochester’s major comments on the Cocheco River. See Response to 4- 5, 4- 

6, 4- 9, 11- 7, and 11- 12.    

 

DES RESPONSE to 10- 3 

This comment includes several helpful suggestions regarding the Cocheco River for NHDES to take into 

consideration. The final document has been changed to reflect many of these suggestions. The commenter also 

recommends that the total nitrogen status be changed from the proposed category Insufficient Information-

Potentially Not Supporting to Category 1 - Attaining all designated uses and no use is threatened. This would be 

inappropriate given the measured peak chlorophyll-a measurements, high total nitrogen levels in the water, 

occasionally low dissolved oxygen concentration, and determination from the 2014 peer review that nitrogen is 

an important factor in the health of the estuary, if not the primary factor. While the peer reviewer concluded 

that the analysis was not sufficiently robust enough to set a single total nitrogen number for the estuary, they 

repeatedly stated that nitrogen is an important factor in the health of the estuary (Bierman, Diaz, Kenworthy, & 

Reckhow, 2014). 

 

• Pg 12, Kenworthy, “…empirical research and modelling studies published in the scientific literature 

clearly demonstrate that one of the primary symptoms of nitrogen over-enrichment and eutrophication 

in seagrass systems is the overgrowth of micro- and macroalgae on the leaves of seagrasses (Ralph et al. 

2007)” 

• Pg 12, Kenworthy, “Eelgrass beds exposed to eutrophication typically exhibit symptoms which include 

high epiphyte loading.” 

• Pg 18 Bierman, “Yes, it [nitrogen as related to presence/absence of eelgrass] is an important factor. It is 

one of the primary factors, not the sole primary factor.” 

• Pg 18 Diaz, “Yes, overall nitrogen is an important factor for eelgrass growth, but in the context of 

numeric nitrogen criteria it is the concentration of nitrogen that disrupts the balance of primary 

producer species that are known to negatively interact with eelgrass (Neckles et al. 1993). With 

increasing nutrients there is a shift in primary producers from perennial macroalgae and seagrasses 

toward a dominance of ephemeral macroalgae, epiphytes and phytoplankton (Neckles et al. 1993, 

Cloern 2001).” 

• Pg 26 Diaz, “While declining seagrass in favor of macroalgae or phytoplankton is an all too common 

response from nutrient driven eutrophication (Burkholder et al. 2007), a causal link between eelgrass 

and macroalgae in Great Bay is not clear.” 
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• Pg 26 Kenworthy, “It is well documented that the proliferation of ephemeral macroalgae (e.g., Gracilaria 

and Cladophora spp) from nitrogen enrichment can negatively affect the distribution and abundance of 

seagrasses in general (McGlathery et al. 2007), and eelgrass in particular (Valiela et al. 1992, Short and 

Burdick, 1996, Hauxwell et al. 2001, Hauxwell et al., 2003).” 

• Pg 48 Reckhow, “Scientific knowledge indicates a causal linkage between TN and DO, due to the growth 

and decomposition of algae.  

• Pg 54, Kenworthy, First of all, there is compelling scientific evidence that eutrophication of estuaries and 

coastal embayments and loss of eelgrass can be caused by either the loading or delivery of high 

concentrations of different forms of inorganic, organic, and total nitrogen (e.g., Taylor et al. 1995, Short 

et al. 1995, Short and Burdick 1996, Kemp et al. 2004, Burkholder et al. 2007, Krause-Jensen et al. 2008, 

Vaudry et al. 2010, Latimer and Rego 2010, Benson et al. 2013). Several of these studies also make a 

direct link between nitrogen concentrations, nitrogen loading and water transparency. Likewise, 

eliminating point source wastewater discharges and reducing nitrogen loading reversed eelgrass losses 

in a shallow coastal embayment on Long Island Sound, Ct (Vaudry et al. 2010). Lending credence to the 

argument that nitrogen management can improve water quality conditions (e.g., water transparency) 

for the protection and restoration (Dennison et al. 1993, Krause Jensen et al. 2008, Vaudry et al. 2010). 

• Pg 54 Kenworthy, “DES was correct in considering measurements of water transparency, because it is a 

very important symptom of eutrophication and one of several factors controlling eelgrass distribution 

and abundance.” 

• Pg 60 Bierman, “A caveat to my answer is that improvements in water quality/ecological health in Great 

Bay Estuary can only be obtained by controlling nutrient loads, not by simply setting numeric nutrient 

criteria.” 

• Pg 62 Kenworthy, “There is compelling scientific information that has identified this [addressing nitrogen 

management and resource protection] problem in many coastal ecosystems, including Great Bay (see 

citations noted in my responses above).” 

 

 

DES RESPONSE to 10- 4 

This section summarizes the City of Rochester’s major comments on Great Bay. 

See Responses 5- 2, 8- 7, 12- 3, 11- 7, 11- 8, 11- 9 and 11- 11.   

 

DES RESPONSE to 10- 5  

This comment includes several suggestions regarding the Great Bay. See response to 10- 3, and 11- 7, 11- 8, 11- 

9, 11- 10, and 11- 11.  The commenter agrees with the NHDES proposed total nitrogen categorization of 

Insufficient Information – Potentially Not Supporting.    

 

DES RESPONSE to 10- 6  

This section contains closing remarks, attachment list, and references. No response necessary. 
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RESPONSE TO COMMENT #11 (on Feb. 3, 2017 Changes): Dean Peschel on the behalf of Great Bay 

Municipal Coalition 

 

DES RESPONSE to 11- 1 

The Great Bay Municipal Coalition demands that the “claim of ongoing impairment caused by total nitrogen … 

must be removed from the 303(d) record.” In the 2014 assessment, NHDES has not claimed that the Great Bay 

or the Cocheco River assessment zones are impaired for total nitrogen. There is nothing to remove since NHDES 

did not make any such statements.     

 

DES RESPONSE to 11- 2 

This comment includes many inaccuracies. Staff have neither ignored expert opinions nor abused any scientific 

knowledge. There are multiple responses throughout this document to the issues described in the comments 

that clearly respond to all of the expert opinions. Finally, NHDES is not responsible for mandating nutrient 

reductions. The role of NHDES is to determine the status of the waterbodies relative to water quality standards, 

not to require any management actions.    

 

DES RESPONSE to 11- 3 

The commenter notes that NHDES determined that no total nitrogen impairment exists in the Great Bay 

assessment zone, then suggests that NHDES has determined otherwise. NHDES does not imply in any way that 

the Great Bay assessment zone is impaired for total nitrogen. On the contrary, NHDES has described in detail 

that the evidence is not strong enough to determine that it is impaired. See also response to 12- 3. 

 

DES RESPONSE to 11- 4  

See response in 3- 1, 8- 3, 8- 6 

The commenter has misunderstood the way in which NHDES is employing the SMAST methodology. NHDES is 

not relying on the SMAST approach to reach any conclusions regarding Great Bay total nitrogen assessment 

status, and NHDES agrees that to use it for that purpose would be inappropriate. SMAST results are shown 

merely for context. The Massachusetts Bays are the closest estuaries to New Hampshire for which nutrient 

criteria have been developed and used for assessment purposes. Given their close proximity, it is appropriate to 

consider the approach. In addition, as noted in Response 3- 1, SMAST was considered based on previous 

comments from both this commenter and from others. That said, the placement of the SMAST analysis within 

the assessment summary appears to be confusing, so it has been removed from the summary but remains as 

part of the response to comments.    

 

DES RESPONSE to 11- 5 

The commenter incorrectly claims that NHDES has determined that total nitrogen is the cause for eelgrass 

decline in the Great Bay assessment zone. NHDES makes no such claim. The commenter provides a data graph 

for Adams Point ostensibly to describe that total nitrogen levels are low and declining. This chart is misleading 

for two primary reasons. First, as noted in Response 8- 5, Adams Point is located at the extreme edge of the 

Great Bay assessment unit, and, in fact, the actual sampling point is located in Little Bay. This data would be the 

“cleanest” (best mixed) part of Great Bay and not indicative of the whole assessment zone. Second, the 

commenter implies a trend but shows no trend line or statistical analysis of the data. In addition, the chart 

included data outside the time period of this 2014 303(d) assessment. 

 

DES RESPONSE to 11- 6 

The commenter incorrectly claims that NHDES has determined that the Great Bay assessment zone is impaired 

for dissolved oxygen. In fact, NHDES has determined that dissolved oxygen either meets water quality standards 

or may meet water quality standards. The NHDES statements about poor dissolved oxygen in the southwest part 

of the Great Bay are substantiated by data from the Squamscott River, which outlets into that part of Great Bay. 
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The Squamscott River is impaired for dissolved oxygen. The sampling location for the Squamscott River is on the 

border of the Great Bay assessment zone (also see response to 8- 5). Given that the water quality does not 

change instantly from one assessment zone to the next, it logically stands to reason that part of the Great Bay 

zone also receives low dissolved oxygen water. Once again, this is merely a statement to point out that despite 

the generally healthy dissolved oxygen levels in Great Bay assessment zone, there remain some reasons to be 

concerned. These observations bolster the point of the assessment, that despite some potentially nutrient-

related effects, there is not enough data to determine that total nitrogen is impairing aquatic life use in the 

Great Bay assessment zone. 

 

DES RESPONSE to 11- 7 

The commenter seems to imply that NHDES claims that chlorophyll-a is impacting water clarity in the Great Bay 

assessment zone. NHDES did not make that assertion. Per the CALM, NHDES is utilizing a weight of evidence 

approach based on the independent eutrophication variables identified in Section 9. As noted in response to 12- 

3, NHDES looked at each of those variables and if another eutrophication variable other than eelgrass and light 

attenuation were impaired, then total nitrogen was clearly implicated. Otherwise, again as noted in other 

responses, the documentation of some effect does not necessarily rise to the level of impairment unless there is 

clear and convincing evidence to the contrary.  In the case of the Great Bay assessment zone, NHDES did not find 

that clear and convincing evidence exists and determined that that no total nitrogen impairment exists.  

 

DES RESPONSE to 11- 8 

The commenter raises an interesting point about available light attenuation. As noted both in the quotes by staff 

and other experts, it is unlikely that eelgrass in the shallow areas of the Great Bay assessment zone are much 

impacted by the documented low light availability by the poor water transparency. This is true because the 

eelgrass leaves are often at the water’s surface at low tide. Whether the same phenomena are true in deeper 

areas of Great Bay is speculative, as noted in Response 8- 7. Based on the data presented in the draft 303(d) list 

and comments received on the list, NHDES does not, at this time, have robust information linking total nitrogen 

to light attenuation or eelgrass loss in the Great Bay assessment zone. It should be noted that the amount of 

chlorophyll-a data is limited in its temporal (mainly grab samples) and spatial (most grab samples are taken at 

relatively well-mixed locations) extent, which vastly complicated the analysis. Finally, the commenter appears to 

be making the case that the entirety of system-wide poor light condition is a completely natural phenomena. 

Aside from algal issues, given the trends in total suspended solids (TSS) at the head-of-tide sampling stations 

(PREP, 2013), it is unlikely that humans do not play at least some role in light attenuation.   

 

DES RESPONSE to 11- 9 

The commenter notes that no studies “have demonstrated macroalgae are causing a significant loss of eelgrass 

in this system.” NHDES does not contest this statement. The issue at hand is, “What is significant?” NHDES 

identified a study that showed that 5.7% of eelgrass had been replaced by macroalgae and eelgrass has not 

returned to that area (Figure 35). NHDES made no statement that amount was considered significant. The 

deposition quotes provided by the commenter focus on the Squamscott, Lamprey, and Piscataqua Rivers not on 

the Great Bay assessment zone, and thus are irrelevant. Finally, as noted in the response to 12- 3 and other 

responses above, NHDES does not claim that total nitrogen is making such changes in macroalgae as to render it 

an aquatic life use impairment. The issue of macroalgae is addressed because it is part of the weight of evidence 

approach documented in the CALM at 9i. NHDES identified all of the evidence that could potentially be used to 

determine the impairment of Item 9e Macroalgae Indicator. NHDES determined that the evidence was not 

robust enough to determine impairment. In order to reduce confusion over this issue, NHDES has changed some 

of the language relative to macroalgae as it relates to the Great Bay assessment zone.    
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Figure 35. Eelgrass (purple) 2004 to 2013 overlayed with areas mapped as macroalgae in 2007 (green). 
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DES RESPONSE to 11- 10 

Given the nature of the narrative standard for nutrient impact to aquatic life, expert opinions and judgment are 

often necessary to make a final determination. Dr. Mathieson is the foremost authority on macroalgae for this 

estuary. He has over 50 years of experience and observations. His statements are considered in the analysis to 

be important and worthy of consideration. Dr. Arthur C. Mathieson’s comments on the draft 2012 303(d) 

framed the epiphyte condition when he wrote,  

 “Extensive epiphytic growths of seaweeds on eelgrass (Zostera marina) have also occurred during the past 15-20 

years, particularly within Great Bay proper (pers. obs. A C Mathieson). These epiphytes, which are mostly 

filamentous red algae and colonial diatoms, may completely cover the fronds of eelgrass, limiting the host's 

growth and photosynthesis and compromising its viability.” 

 

However, there is not enough evidence to suggest that epiphyte growth is wholly related to nutrient levels. 

Given this concern, but lack of data about epiphytes, the language has been removed from the assessment 

status description, but supports the notion of a nitrogen “signature.”    

 

DES RESPONSE to 11- 11 

Statements about nitrogen levels in the past are highly speculative (also see 8- 5). Total nitrogen data has only 

been collected since 2003, and that data does not show a significant trend. That said, it is clear that the 

communities around Great Bay are making strides in reducing the nitrogen effluent from their wastewater 

treatment plants. During the time that the total nitrogen data were collected (2003-2013) for this assessment, 

the only plants that were making reductions were Rochester and Durham. Since that time, the Dover (2015) 

facility began making reductions and we expect that, with time, the reductions from the Newmarket (2017), 

Exeter (2018) and Portsmouth (2019) facilities will present themselves in the data. The commenter suggests that 

NHDES should determine that the assessment status for Great Bay should be Insufficient Information-Potentially 

Not Supporting. NHDES agrees with this total nitrogen conclusion. 
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DES RESPONSE to 11- 12 

See also Responses 4- 5, 4- 6, 4- 9 

The primary comment about the Cocheco River Assessment Zone is about the use of SMAST. Please see 

Response 11- 4 above. As noted there, the discussion of SMAST will be clarified and remains in the response to 

comments. NHDES disagrees with the commenter’s assertion that the final assessment status of this assessment 

zone should be “fully supporting” for total nitrogen. There are many reasons, as articulated in the draft, to be 

concerned and that additional study is needed before making that determination (also see response to 10- 3).  
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RESPONSE TO COMMENT #12 (on Feb. 3, 2017 Changes): Tom Irwin, Conservation Law Foundation 

 

 

DES RESPONSE to 12- 1 

This section contains opening remarks by the Conservation Law Foundation (CLF). No response is necessary. 

 

DES RESPONSE to 12- 2 

The commenter agrees with the changes to the Lamprey River-South assessment zone.  No response is 

necessary. 

 

DES RESPONSE to 12- 3 

See Response 5- 2.    

The commenter asserts that the draft 303(d) demonstrates that total nitrogen is causing an aquatic life use 

impairment. NHDES notes that total nitrogen is higher than background and that a nitrogen “signature” is 

apparent, however, this does not demonstrate an impairment of aquatic life use in this assessment unit as a 

result of total nitrogen. The fact the nitrogen exists and may have documented effects in a waterbody does not 

automatically mean that the waterbody is impaired. The narrative criteria for nutrients (Env-Wq 1703.14(b))   

states,  

“Class B waters shall contain no phosphorus or nitrogen in such concentrations that would impair any 

existing or designated uses, unless naturally occurring.”    

The CALM clearly describes that for total nitrogen assessments, “The assessment zone appropriate weight of 

evidence shall apply.” (Indicator Part 9i, p. 69). NHDES has determined that the weight of evidence does not 

support impairment given that the only other impairments per the CALM from Indicator Parts 9a-9h (pp. 66-69) 

are eelgrass loss and light attenuation. At this time, there is no direct numeric linkage between eelgrass loss and 

total nitrogen, or between light attenuation and total nitrogen. Therefore, the required linkage between 

nutrient concentration and impairment of a designated use has not been established. 

 

NHDES determines that an impairment exists for total nitrogen when eelgrass is impaired and at least one other 

eutrophication criteria (DO saturation, DO concentration or chlorophyll-a) is also impaired. The language in the 

CALM has been clarified on this point. The commenter notes that epiphytes have been identified anecdotally as 

a potential issue and that macroalgae has also been documented as present in the system. Again, the 

documentation of these issues is not robust enough to determine if these observed effects are:  a) great enough 

to impair aquatic life use, and b) related to excess total nitrogen in the waterbody. For these reasons, NHDES has 

determined that not enough data exists to link total nitrogen to those effects. However, there remains the 

potential that it could be happening which is why the assessment zone has been assessed as Insufficient 

Information – Potentially Not Supporting.   

 

The commenter also makes the statement that NHDES cannot use the “court settlement” as a reason for de-

listing. The commenter has misread this as a rationale. NHDES is not using the court settlement as a reason for 

delisting, we are merely noting that since that settlement occurred, a different methodology for assessing total 

nitrogen is being employed. Changing methodology is a rationale for delisting (also see response to 10- 1). In 

fact, EPA’s database for tracking assessments includes in its delisting reason codes, “according to new 

assessment method.” The previously employed numeric thresholds where shown by a peer review (Bierman, 

Diaz, Kenworthy, & Reckhow, 2014) to be scientifically unsupportable for not taking confounding variables into 

account, and thus have been withdrawn until there is a better understanding of those variables. NHDES agrees 

with the commenter that the peer review also found that total nitrogen plays an important role in the health of 

the estuary (see response to 10- 3), however, we do not have robust enough data at this time to set numeric 

thresholds to determine how much total nitrogen is necessary to cause an aquatic life impairment. 
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DES RESPONSE to 12- 4 

The commenter makes essentially the same points about the Cocheco River as the Great Bay assessment zone.   

Please see response to 12- 3. 

 

DES RESPONSE to 12- 5 

This section contains closing remarks and attachments. No response necessary. 
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RESPONSE TO COMMENT #13 (on Feb. 3, 2017 Changes): Ricardo Cantu, OspreyOwl Environmental, 

LLC on behalf of the City of Nashua and on behalf of OspreyOwl Environmental, LLC 

 

DES RESPONSE to 13- 1 and 13- 2 

Ricardo Cantu of OspreyOwl Environmental, LLC provided two sets of comments. One set on the behalf of the 

City of Nashua and a second set on the behalf OspreyOwl Environmental, LLC. All of the comments relate to 

waterbodies other than the three for which comments were solicited. No response is necessary. 
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RESPONSE TO COMMENT #14 (on Feb. 3, 2017 Changes): Ralph Abele, EPA Region 1 

 

DES RESPONSE to 14- 1 

Ralph Abele on behalf of EPA Region 1 provided a late comment acknowledging the changes made by NHDES, 

the request for public comments, and EPA’s intent to review the information as part of their obligation to 

approve or disapprove NHDES’ final decision. No response is necessary. 
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C.   GREAT BAY EELGRASS DEPTH ANALYSIS  

 

 

MEMORANDUM 

 

 

To: Ken Edwardson, DES 

  

From: Matthew A. Wood, DES 

 

Date: April 15, 2016 

 

Re: Great Bay Eelgrass Depth Analysis 
 

 

Purpose 

 

The purpose of this memorandum is to document the results of a depth analysis conducted on mapped eelgrass 

beds in Great Bay between 1990 and 2013, using 2009 bathymetry data collected by UNH.   

 

Bathymetry Data Acquisition  

 

Per the University of New Hampshire (UNH) metadata, bathymetry data was gathered for research purposes by 

the UNH, Center for Coastal and Ocean Mapping.  Bathymetric surveys were conducted over a five month period 

in 2009using a combination of three survey vessels equipped with single beam echosounders and differential 

GPS receivers.  Two systems were mounted off the port railing of 16-17 foot, flat-bottomed Carolina Skiffs with 

20 or 50 Hp outboard motors.  The echosounders were 50/200 khz dualfreq, one a Knudson 320BP and the 

other an Odom CV-200 each sampled at 20 hz.  The onboard GPS receivers were Trimble 5700 sampled at 1 hz 

RTK with transmitted corrections originated from a base station located on the rooftop of Jackson Estuarine 

Laboratories (JEL).  The data were collected at 20 hz and processed using the Hypack software suite.  The third 

system was the Coastal Bathymetry Survey System (CBASS), consisting of a dual-transducer 192 khz single beam 

echosounder sampled at 17 hz, Sokkia 2300 GPS receiver (and base station also located on the JEL rooftop) post-

processed at 5 hz, and custom navigation, data acquisition, and processing system (Lippmann and Smith, 2009).  

Surveys were intermittently conducted by the three vessels from June-November 2009 along prescribed 

transect lines separated by 25-100 meters, as well as orthogonal cross lines separated by 300 m.  Inter-

comparisons between filtered survey data from all three systems showed a mean offset of less than 3 cm and 28 

cm RMS differences for all overlapping data within a 0.5 m horizontal radius when the time between data points 

was less than 1 day. 

 

For questions related to the data acquisition or to request a copy of the bathymetry dataset contact Chris Nash, 

DES Shellfish Program Coordinator at (603) 559-1509.  

 

 

GIS Processing of Bathymetry and Eelgrass 

 

Bathymetry 

The 2009 UNH bathymetry points were converted to a 50-foot point grid as follows: 

 

1. Converted the 2009 Great Bay bathymetry GIS file (points) from meters referenced to Mean Lower Low 

Water (MLLW) to feet referenced to Mean Tidal Level (MTL).  Both the original dataset and the 
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converted values are referenced to datum for station 8423898, Fort Point NH 

(http://tidesandcurrents.noaa.gov/datums.html?id=84238980).  

2. Using ArcGIS 3D Analyst, a Triangulated Irregular Network (TIN) was created of the bathymetry.   

3. The TIN was then converted to a raster using a 50 foot cell size.  

4. The raster was then converted to points in order to derive a cell centroid with a particular depth tied to 

it. 

 

Functionally, the processing took depth measurements that were irregularly spaced throughout Great Bay 

and made them symmetrical through a process that included averaging depths between the original 

observation points (Figure 1 both panels). 

 

Eelgrass Depth 

DES used the aforementioned bathymetry dataset to derive eelgrass depths in Great Bay proper for 1990 

through 2013.  The steps for determining eelgrass depth included the following: 

 

The bathymetry points derived as described above were used to intersect each of the 1990 - 2013 eelgrass 

GIS files.  This process produced an array of depths where eelgrass was mapped in a particular year (Figure 1 

lower panel). 
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Figure 1:  Visualization of process to convert raw depth points to equally spaced depths 

(green is eelgrass). 
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Charting Eelgrass Depth Data Over Time 

 

Once the depth information was compiled for each of the mapping years, the depths were 

summarized into three depth regimes.  These categories were derived by updating Table 9 from 

the 2009 DES Report (“Numeric Nutrient Criteria for the Great Bay Estuary”) with more recent 

data for light attenuation from 2008-2013.  This table uses a method from Koch (2001) to 

estimate the minimum (Zmin) and maximum (Zmax) depths for eelgrass survival, assuming that 

22% of incident light is required for survival (EPA, 2003) (Table 1). 

 

Table 1: Estimate of the minimum and maximum depths for eelgrass survival. 

Assessment Zone 
Kd (m

-1
) Depth (m MTL) 

 
N Median Zmin Zmax Zmin-Zmax 

GREAT BAY 173 1.18 -1.00 -1.3 0.3 

 

From the light attenuation and eelgrass depth analysis, three depth ranges are relevant to evaluate the 

impact of the measured light attenuation. 

 

1. Less than 1 meter below MTL – Intertidal zone. 

2. Between 1 and 1.3 meters below MTL – Sub-tidal zone with acceptable light anticipated. 

3. Greater than 1.3 meters below MTL – Sub-tidal zone with unacceptable light 

anticipated. 

 

Because each depth point represents the centroid of a 50 foot cell, the data could be converted to an 

acreage value.  This was accomplished by counting the number of points in each depth category.  That 

count was then multiplied by the square footage (2,500 ft
2
) and then converted to acres.  Those 

acreages were then plotted by year (Figure 2) and regression analyses were conducted (summarized in 

Table 2). 

 

  Table 2: Great Bay eelgrass depth regime trend statistics, 1990 to 2013. 

Depth Regime 
<1m below MTL, 

Intertidal zone 

1 to 1.3m below MTL, 

Sub-tidal zone with 

acceptable light 

anticipated 

> 1.3m below MTL, 

Sub-tidal zone with 

unacceptable light 

anticipated 

Regression Significance (p) 2.17E-05 1.15E-03 5.42E-07 

Regression Coefficient R
2
 0.57 0.39 0.69 

Trend Significance (p) 2.17E-05 1.15E-03 5.42E-07 

Trend Slope (acres/yr) -9.1 -8.6 -29.4 

Trend Slope 

(Percent change 1990-2014) 
-25.0% -10.0% -30.9% 
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Figure 2: Acres of eelgrass in Great Bay over time in depth regimes relative to 2009 based bathymetry. 
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D.   PUBLIC COMMENT ON THE DRAFT 2014 SECTION 303 (D) LIST 

 

 

COMMENT #1: Toby Stover, EPA Region 1 

 

 

1- 1 
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COMMENT #2: Don Witherill, Maine Dept. of Environmental Protection 

 

 
  

 

         

2- 1 
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COMMENT #3: Ralph Abele, EPA Region 1 
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COMMENT #4: John B. Storer, City of Rochester 
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COMMENT #5: Tom Irwin, Conservation Law Foundation 
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COMMENT #6: Robert J. Robinson, City of Manchester 
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COMMENT #7: Robert R. Lucic, City of Dover 

 

 

7- 1 

 

7- 2 

 

7- 3 



 

Page 155 of 228 

 

 

7- 4 

 

7- 5 

 

 

7- 6 



 

Page 156 of 228 

 

 

7- 7 

 

7- 8 

 

7- 9 



 

Page 157 of 228 

 

 

7- 10 

 

7- 11 

 

7- 12 



 

Page 158 of 228 

 

   … 

See Comment set #8 
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COMMENT #8: Robert R. Lucic, Great Bay Municipal Coalition 
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COMMENT #9: Terry Desmarais, City of Portsmouth 
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COMMENT #10 (on Feb. 3, 2017 Changes): John B. Storer, City of Rochester 
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COMMENT #11 (on Feb. 3, 2017 Changes): Dean Peschel on the behalf of Great Bay Municipal 

Coalition 
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COMMENT #12 (on Feb. 3, 2017 Changes): Tom Irwin, Conservation Law Foundation 
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COMMENT #13 (on Feb. 3, 2017 Changes): Ricardo Cantu, OspreyOwl Environmental, LLC on 

the behalf of the City of Nashua and on the behalf OspreyOwl Environmental, LLC 
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COMMENT #14 (on Feb. 3, 2017 Changes): Ralph Abele, EPA Region 1 

 

14- 1 
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