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Mister Chairman, and Members of the Committee, on behalf of the City of Portsmouth and the 

Great Bay Municipal Coalition Communities, I would like thank you for this opportunity to 

testify today. 

 

My name is Peter Hamilton Rice.  I was born in New Hampshire and I am a twice graduate of 

the University of New Hampshire with an undergraduate degree in economics and a Masters 

Degree in Civil Engineering.  I am currently the City Engineer for the City of Portsmouth and 

have been employed in this position for the last ten years. Prior to working for the City I worked 

as a consulting engineer. I am a registered professional engineer and have served on a variety of 

State water and wastewater commissions and organizations.  I have provided a copy of my 

curriculum vitae with my testimony.  I have been extensively involved in the Great Bay nutrient 

issues since 2002 representing the City’s interests. 

 



The City of Portsmouth is a small city with a population of 21,000.  Despite its small size, 

Portsmouth has “big city” infrastructure challenges.  The City owns and operates two wastewater 

treatment facilities, has over 120 miles of sewer pipe and manages twenty pumping stations.   

 

Communities such as Portsmouth want predictable, scientifically-supported, environmental 

regulations that deliver demonstrable environmental benefits.  Within such a regulatory 

framework, limited municipal resources can be secured, budgeted and invested wisely to deliver 

necessary services with the maximum environmental benefit. 

 

The City of Portsmouth has a proven track record of good environmental stewardship.  In 2007 

the City Council voted to adopt an “Eco-Municipality” designation which committed the City to 

sustainable development practices.  To that end the City has updated its land use ordinances to 

reflect low impact design requirements, has incorporated Leadership in Energy and 

Environmental Design (LEED) principals into its municipal buildings and incorporated green 

infrastructure into its municipal projects.  These efforts have been recognized through a number 

of awards including Gulf of Maine Council on the Marine Environment – Visionary Award 

2010; New England Water Works Association Water System of the Year 2011; and an American 

Society of Civil Engineers (ASCE) Outstanding Civil Engineering Achievement Award in 2010.   

 

In 2002, I assumed my predecessor’s position on the State Water Quality Standards Advisory 

Committee.  As the NH Municipal Association’s representative on this Committee I became 

involved in the Nutrient Technical Advisory Committee (TAC) for the New Hampshire Estuary 

Project which is currently the Piscataqua Regional Estuary Partnership (PREP).  The purpose of 



the TAC was to provide technical peer review on the science used to develop water quality 

standards for the estuaries of New Hampshire. .A specific focus of this Committee was whether 

and how nitrogen could be affecting Bay ecology, in particular eelgrass populations that have 

varied widely over time.  

 

In 2005, EPA directed the State to develop nutrient standards for the Estuary – this was part of a 

national effort on EPA’s part. Up until late 2008 nitrogen, although a concern, was not identified 

as the source of impacts on the Great Bay.  In particular, it was concluded, based on federally 

funded studies, that increased nitrogen levels had not caused increased algal growth and had not 

adversely impacted transparency in the Bay. I have attached with my comments presentations 

given by DES staff relative to these conclusions.  Then in 2008 there was an abrupt turn around.  

At a Water Quality Standards Advisory Committee meeting a simplified data analysis was 

presented, ignoring the previous detailed studies and reaching an opposite conclusion.  This 

incorrect analysis was supported by EPA and subsequently became the basis for setting standards 

and declaring virtually all waters in the estuary nutrient impaired. All of this occurred without 

any formal adoption in accordance with law or formal approval of the criteria by EPA as new 

water quality standards. Thus, the impacted communities had no opportunity to challenge these 

changes.  

 

This about face caused Portsmouth to reach out to other communities with wastewater treatment 

facilities to discuss the State’s water quality criteria.  The change in the State’s conclusion with 

regard to role of nutrients spelled trouble for municipalities discharging into the Great Bay 

Estuary.  The proposed criteria for nitrogen is not achievable and has be used by EPA to claim 



that nitrogen must be treated to the “limit of technology” at wastewater treatment facilities and 

that stringent stormwater treatment must also be implemented to improve water transparency.   

 

On March 15, 2010, I attended a Water Environment Federation EPA Staff briefing in 

Washington DC.  Mike Hanlon, the Director of Wastewater Management, advised attendees that 

EPA didn’t have the time or the money for science; and that EPA was going to apply the 

Chesapeake nutrient criteria program nationally.  The following day at the Congressional 

Briefing breakfast I was told by Regional Administrator Spalding that until Portsmouth and the 

other communities developed their own science, EPA would not consider communities concerns 

that millions of dollars would be misspent, delivering little to no environmental benefit.   

 

Complicating EPA’s apparent limited “time and money,” are the interests of Non-Governmental 

Organizations (NGOs) which appear to be having a disproportionate impact in the water quality 

process and the setting of permit limits.  I was told that the regulators were worried about the 

possible lawsuits by NGOs and they were not afraid of the municipalities.  This deference to the 

NGOs is an indication that EPA is more concerned about the policy issues than getting the 

science right and implementing cost effective solutions to protect and improve the environment.  

 

This involvement by NGOs may explain why the repeated requests for involvement of the 

Coalition Communities’ technical experts were rejected or trivialized.   

 

For example, Portsmouth was given assurances by representatives of NHDES that it would be 

allowed to participate in a formal peer review of the NHDES draft nutrient criteria to be 



organized by EPA.  Instead, Portsmouth and the other communities were excluded from the draft 

criteria peer review process at the EPA level in 2010.  This EPA peer review was a carefully 

orchestrated exercise designed to provide an appearance of scientific credibility to a 

fundamentally flawed nutrient criteria that met EPA’s policy objectives.  I have attached for the 

record correspondence relative to that process.  

 

By rejecting the public’s request for an inclusive, objective and open process, the regulators have 

delayed action which may have yielded environmental benefits in the near term.  By ignoring 

good science, the EPA’s regulatory process has set unachievable goals which will misapply 

scarce public funds while not achieving the intended goal.  Communities are forced to spend 

money on lawyers instead of science and solutions.   

 

These regulatory mandates will have a major impact on the local economy for decades to come.  

The City’s sewer users have seen their sewer rates double in the last ten years.  If limits of 

technology are mandated for Portsmouth permits, the sewer rate could be as high as $22 per 100 

cubic feet.  That means that for the average home owner their annual sewer bill would be $2,640. 

To put this in perspective, my sewer bill will be about 40% of my annual property tax bill.  

These high rates will have the unintended consequence of driving businesses to non-sewered 

communities.  The magnitude of these costs demand that the standards must be based on a proper 

scientific foundation and not policy directives. Given the 180 degree reversal on the science we 

need an objective and fair peer review.  We cannot afford to have local resources mis-allocated 

on ineffective and unnecessary measures that will have little beneficial impact on the Estuary.   

 



In summary, the Great Bay Municipal Coalition is committed to protecting and restoring the 

Great Bay but we believe the existing science does not support the regulatory decisions being 

made and should not be the basis for NPDES permits. 
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Portsmouth, New Hampshire 
 
 

Current Position: 
City Engineer, City of Portsmouth, New Hampshire. 

 
Education 

B.A., Economics, University of New Hampshire, Durham, 1985 
M.S., Civil Engineering, University of New Hampshire, Durham, 1991 

 
General Background 

Experience includes: NPDES permit negotiations, project management, preparation of State 
Revolving Fund (SRF) and State Aid Grant (SAG) applications and contract documentation, analysis 
and design of wastewater collection, treatment facilities and pumping stations; preparation of plans 
and specifications; coordination with regulatory and funding agencies; construction administration; 
and site inspection. 

 
Registration 
 Registered Professional Engineer: Maine 
 
Relevant Experience: 
 

Portsmouth, New Hampshire (2002-Present) - City Engineer Water & Sewer  
• Manage development and implementation of schedules, budgets, and manage on-site City capital 

projects. 
• Maintain compliance of EPA requirements and regulatory guidelines, performed research for 

requirements and prepared procedure manuals. 
• Provide training and mentoring for Junior Engineers 
• Manage compliance to all plans, specifications within required budget 
• Conduct project engineering work, such as studies, conceptual and preliminary design, and post-

design services. 
• Conduct data analysis, report writing, presentations, and tours to regulatory agencies and 

residents regarding City WWTP and City upgrades to water and sewer system. 
 

Portsmouth, New Hampshire- Project Engineer 
• Responsible for Preparation of the CSO Long Term Control Plan 
• Project staff management alternatives evaluation, subcontractor coordination, and oversight of 

project budget.  
• Responsible for design and management of the Wastewater Facilities Improvement projects; the 

project involved upgrades at the Peirce Island WWTP to allow for Chemically Enhanced Primary 
Clarification and improved disinfection. 

• Implemented upgrades at the Pease WWTP for construction of a new septage receiving facility. 
 

Kennebunk Sewer District, Kennebunk Maine – Project Engineer 
• Managed preparation of Technically Based Local Limits for the District’s pretreatment Program. 

 
Kennebunk Sewer District, Kennebunk Maine – Project Engineer 

• Responsible for preparation of revised Sewer Use Ordinance. 
 

Berwick Sewer District-Preparation of Preliminary Design phosphorus removal system 
• Responsible for cost effective and alternative evaluation 

 
 
 
Shoals Marine Lab, Appledore Island, ME – Project Engineer 
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• Responsible for the design and construction, administration of an innovative septic treatment 
system upgrade; including an automated batch chlorination/dechlorination disinfection system. 

 
Portsmouth, New Hampshire- Pierce Island Force Main Replacement - Project Manager & Engineer 

• Responsible for preliminary, final design, construction and administration of Mechanic 
Street Pumping station Upgrade. 

• Responsible for disinfection system and evaluation study 
• Responsible for updating the City’s 201 Facilities Plan; including projection of future flows and 

load. 
• Evaluation of the City’s 4.8mgd primary treatment plant and hydraulic modeling of the City’s 

collection system. 
• Responsible for the preparation of the project specifications. 

 
Highland Village District, Northfield, New Hampshire- Project Engineer 

• Responsible for design and preparation of contract plans and specifications for a package trickling 
filter with subsurface discharge. 

 
Hampton, New Hampshire- Project Engineer 

• Responsible for the construction administration of an aeration system upgrade for a 
4.7 MGD activated sludge wastewater treatment plant. 

• Responsible for nitrification pilot study 
 
Hampton, New Hampshire- Administrative Order 

• Evaluate and recommend improvements necessary to meet new copper and ammonia limits in the 
NPDES permit. 

 
Portsmouth, New Hampshire- CSO Nine Minimum Controls Update to EPA- Project Engineer 

• Responsible for preparation of mandatory CSO update to the EPA 
 

Hampton, New Hampshire- Order Control Study 
• Prepared inventory of odor sources, review sampling results for odor sources and provided a review 

of technologies to address odors. Prepared odor control recommendations report. 
 
Newmarket, New Hampshire- User Rate Study 

• Review user rates for the Town of Newmarket and determine impact of projects need to address 
Administrative Order on the user base. 

 
Commission Participation  
• Member of SB – 70 NH Senate Commission to Study Great Bay Regional Treated Effluent 

Discharge System  
• Past Chair and Member of the State of NH Water Quality Standards Advisory Committee 
• Past Member of Nutrient Technical Advisory Committee (TAC) for the New Hampshire Estuary 

Project 
• Assistant Chair of the NH Senate Commission on Sustainable Funding for Water Infrastructure 
• Southeast Watershed Alliance – Board Member 
 
Awards  
• NEWEA - Alfred E Peloquin award for significant contributions to the wastewater field 
 
Professional Affiliations: 
Water Environment Federation 
New England Water Environment Association 
NH Water Pollution Control Association 



UNH Coastal Observing Center NHEP TAC  
December 7 2007 

Preliminary results from 
light attenuation sensors on 
the Great Bay buoy and 
hyper-spectral imagery of 
Great Bay  

Ru Morrison, UNH 
Phil Trowbridge, NH DES 
Tom Gregory, UNH 
Mike Novak, UNH 

http://ciceet.unh.edu/
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Great Bay 
Coastal Buoy 
Climatology 
Visualization 
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Plots available real time at 
http://www.cooa.unh.edu/data/
buoys/great_bay/ 
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Univariate Regression of Kd vs. 
Water Quality Parameters 
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Kd vs Chlorophyll-a Kd vs TSS Kd vs Salinity (CDOM) 

N = 184 

R2 = 0.07 

N = 176 

R2 = 0.13 

N = 209 

R2 = 0.54 

Phil Trowbridge, NHDES 
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Multivariate Regression of Kd vs. 
Water Quality Parameters 
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Multivariate Regression of Kd vs. TSS, Chla, and Salinity (CDOM) 

TSS and Salinity are significant, R2 = 0.61, n=176 

Phil Trowbridge, NHDES 
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Buoy Light Attenuation 
Measurements 

• Surface Irradiance (Hyperspectral 350 
nm – 800 nm) 

• Subsurface Irradiance (1.1 m) 
• FLNTUS  – Chlorophyll and Turbidity 
• FLCDS  – CDOM 

And much more…… 



UNH Coastal Observing Center NHEP TAC  
December 7 2007 

Over 9000 data points so to this year 
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Kd(PAR) = 0.3561 + 0.0083.CDOM + 0.0152.Chl + 
0.0737.NTUS 

r2 = 0.94, N=3371 

Provisional Buoy relationship –PAR 
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Buoy – Spectral Attenuation 
Gallegos, 2001 
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Contributions 
to Kd(PAR) 
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Turbidity = 10(1.03 + 0.087.Wind - 0.041.Salinity) 

r2 = 0.75, N=207 

Sources of Variability - turbidity 
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Sources of Variability - CDOM 
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Sources of variability - chlorophyll 

Chlorophyll-a (mg / m3) 
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Sources of variability - chlorophyll 

NO3 = 19.0 - 1.59.Chl-a  

r2 = 0.90, N = 69 
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Spatial 
variability 

• EPA grant with NHEP 
• Expand results from 

Great Bay Buoy with 
hyperspectral imagery 

• SpecTIR collected 
imagery (2 flights 
between end of July and 
end of October) 

• Grab samples and spatial 
survey underneath with 
multiple partners 
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Flow thru data 



UNH Coastal Observing Center NHEP TAC  
December 7 2007 



UNH Coastal Observing Center NHEP TAC  
December 7 2007 



UNH Coastal Observing Center NHEP TAC  
December 7 2007 



UNH Coastal Observing Center NHEP TAC  
December 7 2007 

How much light does eelgrass 
need? 

Median survival 
depth = 1.72 m 

 

Median Kd(PAR) = 
0.88 m-1 

Median survival 
depth = 2.31 m 
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Summary of Light Availability and 
Light Attenuation Factors for the 

Great Bay Estuary

Phil Trowbridge, P.E.
NHEP Coastal Scientist

February 14, 2007

Water Quality Target

• Eelgrass viability is the target for numeric 
nutrient criteria development

• Factors affecting eelgrass
– Light through water (water quality)
– Light to leaf (epiphytes, macroalgae)
– Disease

Focus on light through water as a first step
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Measured Bulk Light Attenuation 
Through Water in Great Bay
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n = 70
Median Kd = 1.01 m-1

Mean Kd = 1.19 m-1

n = 41
Median Kd = 0.58 m-1

Mean Kd = 0.56 m-1

n = 108
Median Kd = 2.17 m-1

Mean Kd = 2.45 m-1

Predicted Depth Range for Eelgrass 
based on Measured Kd

• Piscataqua River/Portsmouth Harbor
– Z= -1.2 to -2.6 m, Delta = 1.4 m

• Great Bay/Adams Point
– Z= -0.9 to -1.5 m, Delta = 0.6 m

• Tributaries
– None (Zmin>Zmax)

Assumes light requirement of 22% of surface light field 
for eelgrass survival and no effect of leaf epiphytes.  
Depth datum is MTL.
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Measured Depth Range for Eelgrass in 
Great Bay

• Merged 2004 eelgrass 
coverage with 
bathymetry

• Percentiles of eelgrass 
depth (MTL)
– 95th:  0.21 m
– 75th: -0.64 m
– 50th: -0.90 m
– 25th: -1.19 m
– 5th:  -2.33 m

MLW

MTL

Factors Influencing Light Attenuation

• Phytoplankton (chlorophyll-a)
• Suspended sediments/turbidity
• Colored dissolved organic matter (CDOM)
• Water itself (assumed to be constant)

Assumption: If eelgrass viability is changing, one of 
these factors must also be changing.
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Chlorophyll-a Trends at Adams Pt
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Composition of Suspended Solids
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18 Year Record
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TSS Trends at Adams Point

Spring Bloom (Feb-May) Fall Bloom (Aug-Dec)
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Turbidity Trends in Great Bay
Turbidity - Percent of measurements >25 NTU
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Turbidity Trends
Turbidity - Percent of measurements >25 NTU
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because it is 
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conservatively 
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seawater.
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Univariate Regression of Kd vs. Water 
Quality Parameters
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Multivariate Regression of Kd vs. 
Water Quality Parameters
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Multivariate Regression of Kd vs. TSS, Chla, and Salinity (CDOM)
TSS and Salinity are significant, R2 = 0.61, n=176
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CDOM Observations

• CDOM accounts for ~50% of the light 
attenuation in Great Bay.

• Light attenuation by CDOM is a more 
complicated process than the “nitrogen > 
phytoplankton > shading model” (Roulet and 
Moore, 2006, Nature).

• Need changes to buoy instrumentation to 
build better regression equations.

Factors Influencing Water Quality

• Nutrient concentrations / limiting nutrients
• Nutrient loads
• Suspended sediment loads
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Nitrogen Concentrations 
in Great Bay (2000-2005)
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Phosphorus Concentrations 
in Great Bay (2000-2005)
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Dissolved Nitrogen and Phosphorus 
Seasonal Trends
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Silica to Nitrogen Molar Ratio 
in Great Bay 2004-2005
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Great Bay and Upper Piscataqua River Estuary
Total Nitrogen Loads in tons N per year

WWTFs, 373.37, 
34.0%

Tributaries, 540.59, 
49.3%

NPS Direct 
Discharge, 135.70, 

12.4%

Atmospheric, 27.90, 
2.5%

Groundw ater, 
19.30, 1.8%

Nitrogen Loads to the 
Great Bay Estuary

Total N load

1,097 tons/yr

1.1 tons/yr/sq. mile

7 lb/person/yr

Data Source: NHEP

Nitrogen Sources in the
Great Bay Watershed

N in Food, 
35%

N in Atm 
Deposition, 

40%

N in Fertilizer, 
20%

N in 
Feed/Crops, 

5%

From: 
Driscoll et al. 

(2003) 
Bioscience
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Nitrogen Yield from Watersheds
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Nitrogen Yield from Watersheds

• Overall nitrogen yield for Great Bay 
watershed was 3.9 kg/ha/yr.

• Albemarle-Pamlico Study (1992)
– TN yield for forest was 2.3 kg/ha/yr 
– TN yield for developed land was 7.5 kg/ha/yr 
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Sediment Loads

Sediment Loads from GB Tributaries (2002-2005)
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Sediment Load Trends

TSS Loads from Coastal Watersheds
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Lamprey River          9%
Oyster River            32%
Salmon Falls River  27%

*Differences not statistically significant

Trends in Mean TSS Loads Trends in Annual Streamflow
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Note: The measured load for the Cocheco River was 8,000 lb/day. 
The WWTF loads are all much smaller than the river loads.
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Observations

• Measured Kd values accurately predict eelgrass 
presence/absence.

• The best predictor of Kd was CDOM (salinity).  
• Obvious water quality trends were not apparent.
• Phosphorus is the limiting nutrient during winter-

spring. Nitrogen is the limiting nutrient in summer-
fall.

• Sediment yields were highest for the Oyster River 
watershed.

Questions

• If CDOM is the major factor in attenuation, 
how is it related to nutrients and human 
processes in the watersheds?

• Is epiphytic growth on eelgrass a significant 
factor?

• How do you deal with the probable effects of 
macroalgae? 

• Are sediment loads relevant?
• Where do we go from here?
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Environmental Indicator Reports 

• Reviewed by NHEP staff and Technical Advisory 

Committee 

 

• Represents current scientific consensus 



State of the Estuaries Report 

• Summary of 12 key indicators 

• Additional indicators included 

as “side bars” 

• Latest report in 2003  

• Next version will be released 

in October 2006 

• October 27, 2006 Conference 



Nitrogen Trends  

• Q: Have nitrogen concentrations in Great Bay 
changed significantly over time?  

 

• A: Yes. Comparisons to historical data show that 
dissolved inorganic nitrogen concentrations have 
increased in Great Bay by 59% in the past 25 years. 
During the same period, suspended solids 
concentrations increased by 81%, although there are 
some questions about the appropriateness of the 
comparison. Trends over the past 15 years since the 
current monitoring program began are equivocal, 
with increasing trends evident at only a few stations 
for a few parameters.  
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1988 1994 2000 2006
YEAR

0

10

20

30

40

50

R
E

S
U

LT
1988 1994 2000 2006

YEAR

0

10

20

30

40

50

R
E

S
U

LT

Nitrogen, Dissolved Inorganic

1988 1994 2000 2006
YEAR

0.0

0.1

0.2

0.3

0.4

0.5

0.6

C
on

ce
nt

ra
tio

n 
(m

g/
L)



• Any increase in nitrogen concentrations has 
apparently not resulted in increased 
phytoplankton blooms.  The only increasing 
trend for chlorophyll-a was observed at a 
station with very low concentrations already.  
Moreover, a probabilistic survey of the 
estuary in 2002-2003 found only 1.6% of the 
estuary to have chlorophyll-a concentrations 
greater than 20 ug/L.  



Chlorophyll-a
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• The total nitrogen load to the estuary in 

2002-2004 was determined to be between 

1,005 and 1,097 tons/year. This estimate is 

30% lower than modeled values from the 

USGS SPARROW model.  



Watersheds for Nitrogen Load
Great Bay-Dir. Discharge

Great Bay-Tributaries

Piscataqua-Dir. Discharge
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Great Bay and Upper Piscataqua River Estuary

Total Nitrogen Loads in tons N per year

WWTFs, 281.79, 
28%

Tributaries, 540.59, 
54%

NPS Direct 
Discharge, 135.70, 

13%

Atmospheric, 27.90, 
3%

Groundw ater, 
19.30, 2%

Without 
WWTFs in 
Piscataqua 

River 
 

1,005 tons/yr 

With 50% of 
WWTFs in 
Piscataqua 

River 
 

1,097 tons/yr 

Great Bay and Upper Piscataqua River Estuary

Total Nitrogen Loads in tons N per year

WWTFs, 373.37, 
34.0%

Tributaries, 540.59, 
49.3%

NPS Direct 
Discharge, 135.70, 

12.4%

Atmospheric, 27.90, 
2.5%

Groundw ater, 
19.30, 1.8%



Correlations between N Load and 

Land Use in Watersheds 

Total N Load NPS N Load
Population 0.943 0.922

Watershed Area 0.947 1.000
Developed 0.951 0.975
Agriculture 0.854 0.922

Forest 0.941 0.998
Wetlands 0.897 0.954

Open Water 0.934 0.987
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Dissolved Oxygen 

• Q: How often do dissolved oxygen levels in 

the estuary fall below State standards? 

 

• A: Dissolved oxygen in the tidal tributaries 

often falls below 75%.  This occurs most often 

in the Lamprey River. Dissolved oxygen in 

Great Bay and Portsmouth Harbor always 

meets standards. 



DOVER

LEE DURHAM

NEWMARKET

EXETER

NEWFIELDS

GREENLAND

N
E
W

IN
G

T
O

N

MADBURY

     E
A

S
T

K
IN

G
S

T
O

N

K
E
N

SIN
G

T
O

N

HAMPTON

   FALLS

SEABROOK SOUTH

HAMPTON

HAMPTON

 NORTH

HAMPTON

STRATHAM

   NEW

CASTLE

P
O

R
T

S
M

O
U

T
H

RYE

ROLLINSFORD

#Y
#Y

#Y

#Y

#Y

#Y GRBSF

GRBOR

GRBSQ

GRBCMLGRBGB
GRBLR

Maine

Massachusetts



Number of Summer Season Days in 2002-2004 

with Daily Average Dissolved Oxygen <75%

0

10

20

30

40

50

Great Bay Portsmouth
Harbor

Squamscott
River

Lamprey
River

Oyster River Salmon Falls
River

D
a
y
s

(0%) (0%) (1%)

(56%)

(15%)

(11%)

Numbers in parentheses are the percent of daily average DO measurements <75%



Eelgrass Distribution 

• Q. Has eelgrass habitat in Great Bay changed 

over time? 

 

• A. Yes. Eelgrass coverage in the Great Bay has 

been declining since 1996 except for one good 

year in 2001. Between 1992 and 2003, the 

eelgrass biomass in Great Bay declined by 

71%.  



Eelgrass Coverage (1986-2003) 
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Eelgrass in Great Bay 1990-2003 



Dense eelgrass in GB 1990-2003 



Trends in Eelgrass Biomass 

Eelgrass biomass in Great Bay (1992-2003)
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Summary 

• Dissolved inorganic nitrogen has increased by 59% 
over the past 25 years. 

• More recent trends in DIN are equivocal.  

• No evidence for elevated chlorophyll-a.  

• Low dissolved oxygen limited to tributaries 

• Eelgrass has been declining for 10 years. Nitrogen 
load estimates are 30% lower than SPARROW, and 
are correlated with population and land area. 
WWTFs account for 28-34% of the load. 
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