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Research Goals - Overall

1. Assess shellfish harvest nitrogen 
removal

2. Estimate value of N sequestration
3. Analyze shellfish production and 

restoration benefits and costs
4. Gather stakeholder input on shellfish 

production and restoration

Presenter
Presentation Notes
This is, once again, a multi-faceted project. We have four overarching research goals, and unlike most PSI projects, they delve more into social science.
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Research Goals – This presentation

1. Assess shellfish harvest nitrogen 
removal

2. Estimate value of N sequestration
3. Analyze shellfish production and 

restoration benefits and costs
4. Gather stakeholder input on shellfish 

production and restoration

Presenter
Presentation Notes
This is, once again, a multi-faceted project. We have four overarching research goals, and unlike most PSI projects, they delve more into social science.
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Motivation

“Excess loadings of nitrogen and 
phosphorus, commonly referred to as 
nutrient pollution, are one of the most 
prevalent causes of water quality 
impairment in the United States”

- US EPA, 40 CFR Part 13, 2009

Presenter
Presentation Notes
The significance of this project speaks to my personal goal in presenting this information to you. I wanted to take the opportunity of this annual conference to keep you all in the loop on the progress of this project because the social implications may impact how you frame your research, make business decisions, or attempt to influence political processes.
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Motivation

Mississippi  dead zone
More than 30 years after the passage of the Clean Water 
Act, in 2008 the Gulf hypoxic zone was the second 
largest on record – 20,720 square kilometers – bigger 
than the State of Massachusetts.”

Image source: http://www.epa.gov/msbasin/photolibrary.htm

- Mississippi 
River and Gulf 
of Mexico 
Watershed 
Nutrient Task 
Force

Presenter
Presentation Notes
“…hypoxia forms every summer off the coasts of Louisiana and Texas and threatens to change the biology and economic productivity of the region. The Mississippi-Atchafalaya River Basin (MARB), which encompasses both the Mississippi and the Atchafalaya River Basins, is the third largest in the world, after the Amazon and Congo basins. Parts or all of 31 states plus two Canadian provinces drain into the Mississippi River, totaling 41% of the contiguous United States and 15% of North America. 
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Motivation

Florida - EPA’s pending numeric nutrient 
criteria

“Federal numeric nutrient criteria for Florida surface 
waters will cause … Florida municipal wastewater 
treatment utilities will spend an estimated $24.4 to 
$50.7 billion in capital costs for additional treatment 
facilities and incur an estimated $0.4 to $1.3 billion 
dollars per year in additional operating costs”

- Florida Water Environment Assoc. 
letter to Florida Gov Crist re EPA’s numeric nutrient 
standards for Florida surface waters



8

Motivation

Chesapeake Bay – nutrient reduction targets

• Nutrient control actions reduced the amount of 
nitrogen entering the Bay annually to about 283.5 
million pounds

• To achieve Bay water 
quality standards, models 
estimate nitrogen needs to 
be reduced to about 200 
million pounds a year. 

- Alliance for the 
Chesapeake Bay, Bay Journal, 
Oct 2009

Presenter
Presentation Notes
State and federal agencies in October took the first step toward setting what they hope will be the final nutrient reduction targets for the Chesapeake Bay. 
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Motivation

Chesapeake Bay – nutrient reduction targets

$8.3 billion would be needed in 
capital to reduce WWTP N loads 
to 3.0 mg/L – Chesapeake Bay 
Foundation, 2002

Presenter
Presentation Notes
State and federal agencies in October took the first step toward setting what they hope will be the final nutrient reduction targets for the Chesapeake Bay. 
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Motivation – the Study Area

South Puget Sound -
WWTPs contributed 
a significant percent 
of the DIN load.
– South Puget Sound 
Dissolved Oxygen Study, 
Dec 2008

Presenter
Presentation Notes
State and federal agencies in October took the first step toward setting what they hope will be the final nutrient reduction targets for the Chesapeake Bay. 
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Motivation

Study question How much N do shellfish 
sequester?  

And what is the replacement cost 
of N removed by shellfish?

Image source:  http://www.lottonline.org/plant.htm#

?????

Presenter
Presentation Notes
State and federal agencies in October took the first step toward setting what they hope will be the final nutrient reduction targets for the Chesapeake Bay. 
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Study Area

Puget Sound

Oakland Bay
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Simplified Shellfish and Nitrogen Cycle

Phytoplankton, Other Microbiota, and 
Detritus

Shellfish
Filter 
Feeding

Excretion and Burial in Sediments

Excretion and Resuspension

Removal through 
Harvest

Slide courtesy of Peter Steinberg, Herrera Environmental Consultants 
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Shellfish Nitrogen Cycle

• Shellfish remove nitrogen from the water 
column
– How much becomes resuspended or buried is difficult 

to measure
• Deterministic modeling suggests nitrogen burial in 

sediments under shellfish beds may be a flux twice as 
large as nitrogen removal through harvest (Brigolin et 
al 2009)

– Nitrogen removal through shellfish harvest is more 
easily quantified
• This study focuses on nitrogen removal through 

harvest
• Looking at other nitrogen sequestration would require 

more input assumptions and data (e.g. growth 
kinetics)

Slide courtesy of Peter Steinberg, Herrera Environmental Consultants 

Presenter
Presentation Notes
Controlled studies show filtration rates of up to 1 liter/hour by Manila clam (Sorokin and Giovanardi 1995)
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Nitrogen Removal in Shellfish Harvest

• Variables that need to be known
– Mass of shellfish harvested each year
– Mean nitrogen concentration  in shellfish

• A study in Henderson Inlet is being conducted to 
look at shellfish nitrogen concentrations by 
species and season

• In the meantime, a shellfish nitrogen 
concentration of 1 percent of harvested mass was 
assumed based on the literature (Rice 2001; Ojea 
et al. 2004; Linehan et al. 1999). 

Slide courtesy of Peter Steinberg, Herrera Environmental Consultants 
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Initial Results

• Herrera’s estimates N removal at harvest is 
11.7 MT/year (~25,800 lbs) in Oakland Bay

• What is the replacement cost to remove 
~25,800 lbs of N?

• It depends -
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Engineering Cost - LOTT

• Pre 1994
– Nitrogen (TIN) annual average load of 18 mg/L

• Nitrogen Removal Upgrade – 1994
– Nitrogen related costs were approximately $37 million
– TIN load decreased to an annual average of 4.0 mg/L
– Life cycle $7.56/lb N removed

• Process Control Improvements Project – anticipated 
2017
– Nitrogen related costs estimated at $25 million.
– TIN loads expected to decrease to approximately 2.25 

mg/L
– Life cycle $25.26/lb N removed

Source: Personal Communication with Karla Fowler, LOTT
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Marginal Cost of N Removal

Source: Chesapeake Bay Foundation, 2002
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N removal technology costs

Unit Cost 
Source / Case Study Life-Cycle Unit 

Cost Capital O&M 
Relevant Design Criteria 

 $/lb of TN 
removed 

$/lb of TN 
removed 

$/lb of TN 
removed 

Capacity (MGD) 
Post-Project N Concentration (mg/L) 

City of Shelton (c)     

Planned 2010 upgrade $2.99 $2.99 Not 
available 

3.3 average MGD 
10.0 mg/L N removes 365,000 lbs N 

LOTT (d)     

1994 Upgrade $7.56 $7.56 Not 
available 

10 average MGD  
4.0mg/L n removes approx 426,449 lbs N 

Planned 2017 Upgrade $25.24 $25.24 Not 
available 

16.2 average MGD 
2.25mg/L N removes approx 86,356 lbs N 

Sources: Personal communications with John Ozga, City of Shelton and Allan Maas, Parametrix, 2009, (d) Personal communication with Karla Fowler, 
LOTT, 2009 and 2008 Annual LOTT Capacity Report 

 

LOTT and City of Shelton
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Estimates of Annual Value of Replacement 
Cost to Remove 25,800 lbs of N

• City of Shelton, (3.3 MGD, $1.25M to 10.0 mg/L 
for a 365,000lb N reduction)

– $77,142 annually 
–

• EPA Study range
– $37,668 annually (Kalispell, MT - 3.0 MGD, $4.3M to 

10.6 mg/L for a 258,000lb N reduction)

– to $99,846 annually (The Fiesta Village, FL (3.2 
MGD, $13.2M to 1.7mg/L for a 303,000lb N reduction)
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Estimates of Replacement Cost of N 
Sequestered by Shellfish

• LOTT estimates
– 1994 upgrade (18.0 MGD, $37.0M from 

18.0mg/L to 4.0 mg/L)
– $195,058 annually
–
– 2017 planned upgrade (18.0 MGD, 

$25.0M to 2.25 mg/L)  $651,708 annually
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Conclusion and Extensions

• Conclusion-
– WWTP face increase marginal cost of N 

removal
– As the last mg/L of N is being removed it 

may be economical to look for creative 
alternatives, like taking $650,000 annually 
to expand shellfish harvest – myriad of 
other benefits too

• Extensions
– The Henderson Inlet study will help inform 

the timing of N sequestration
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Thank you
Susan Burke, ENTRIX
sburke@entrix.com

Removal through 
Harvest
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