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ERRATA 
Changes in italics for plain text and underlined for bold text. 

Executive Summary 
 
Page 10 , 1.0 Major Findings, 1st paragraph, to read: 
Major findings are summarized below.  Some of the findings are based on the committee’s 
analytical work and others are findings of the Town’s consultant, Woods Hole Group (WHG).  The 
WHG final report1 to the town discusses their findings in detail. 
 
Page 10 , 1.1, to read: 

1.1 Based on data in the MEP Pleasant Bay report and water quality data collected from 
2000 to 2008 and analyzed by the committee, the committee found that nitrogen 
levels in most of the Orleans portion of Pleasant Bay have been dropping for 22 
years.  Little Pleasant Bay and Meetinghouse Pond nitrogen levels have been 
dropping since 2000 when water quality monitoring first began.  Nitrogen levels in 
Pah Wah Pond have also decreased, particularly since 2006.  These water bodies 
make up approximately 80% of the Orleans Pleasant Bay estuary.                                                                                                       
The nitrogen levels in most of these waters now meet or are below the DEP 
maximum specifications.  In the case of Meetinghouse Pond the trend in the pond and 
its sentinel station indicate that DEP specifications may be met by 2012. Sewering of 
the watershed surrounding these may not be necessary. See illustration 1 below. 
 
80% of the Orleans Pleasant Bay waters (shown in blue) meet or are soon 
expected to meet DEP specs and may not need the sewering that is 
currently planned.   This may reduce the cost of remediating Pleasant Bay 
by tens of millions of dollars.  

 
Page 11, 1.2 to read: 

In addition, the committee’s analysis of water quality data shows that nitrogen levels in 
Arey’s and Lonnie’s ponds have been slowly rising since the year 2000. 

 

                                                
1 Peer Review (Independent Technical Review) of The Massachusetts Estuaries Project Report on the Pleasant 
Bay System, FINAL REPORT, Woods Hole Group, Inc., June 2009 
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Page 11,  1.3 add the following two sentences to the first paragraph: 
The bias in septic nitrogen loading is based on work by the committee and the fertilizer 
loading bias is based on work done by a consultant for the Pleasant Bay Water Resource 
Alliance.  The omission of nitrogen loss terms and biases in benthic flux and ocean nitrogen 
were identified by WHG. 

 
Page 12, 1.8 1st sentence to read: 

WHG pointed out that SMAST did not present a nitrogen mass balance in the MEP 
Pleasant Bay Report.   

 
Page 12, 1.9 to read: 

MEP System specifications of 0.16mg/L for eelgrass and 0.21mg/L for benthic 
animals drive the entire system cost but WHG found no evidence or case studies 
supporting the specifications or showing that achievement is critical to habitat 
restoration.   
 

Page 12, additional note regarding items 1.5 and 1.7 
Although he has not provided any empirical evidence, Dr. Teal has told Woods Hole Group 
that he continues to feel that the SMAST nitrogen threshold concentrations will bring about 
recovery of the benthonic habitats.  Dr. Teal had an opportunity to present data or case 
studies supporting his feeling in the WHG draft report, in Addendum 1 to the WHG draft 
report and in the WHG final report; the only evidence he presented related to situations 
involving loss of habitat as a result of point source discharges of raw sewage and recovery of 
eelgrass when the raw sewage discharge ceased.  One of his examples was from the 
Chesapeake watershed; sewage at 10 million gallons per day had been discharged into a 
small river over a long period of time.  The sewage included high BOD and nitrogen at 30 to 
40 mg/l.  When the discharge of sewage ceased, eelgrass recovered.  On May 7, 2009, Dr. 
Teal2 had a further opportunity to present empirical evidence; the topic was discussed at 
length including the Chesapeake example and Dr. Teal clearly admitted that he could provide 
no evidence of benthonic habitat recovery in situations comparable to Pleasant Bay.   
Dr. Teal also referred to recent (2008 National Park Service survey) diminishment of eelgrass 
abundance and density in northern portions of Little Pleasant Bay and stated that this is 
consistent with an increase in nitrogen loading.  The National Park Service survey noted that 
eelgrass had diminished in some areas of Little Pleasant Bay and increased in abundance and 
density in other areas.  Furthermore, the area of diminishment referred to by Dr. Teal is near 
Namequoit Point and the water quality data for Namequoit Point (2000 to 2008) shows that 
nitrogen levels have been decreasing for at least the 9 years sampling period.   
 
 

                                                
2 WHG Presentation (Video Recording) Part 3 – Mr. Kirk Bosma and Dr. John Teal, Time 01:12:00 to 01:35:00 
(Bibliography item 119) 
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FINDINGS: SECTION II: FINDINGS CONCERNING NITROGEN 
CONCENTRATIONS IN PLEASANT BAY FROM 2000 TO 2008  
 
Page 18,  last sentence of the 2nd paragraph to read: 

In fact, some of the sampling stations have met, or may meet, in the near future, the 
DEP water quality specifications. 
 

Page 20,1st full paragraph to read: 
Data for a couple of the kettle ponds also show declining concentrations of bioactive nitrogen.  
Data for Meetinghouse Pond are presented in Figure 2.  The April 2007 Breach in the Nauset 

Spit opposite Minister’s Point continues to have an effect on the decreasing nitrogen 
concentration in the water column in Meetinghouse Pond, based on results from the sentinel 
station (sampling at PBA-16 was discontinued in 2006 and WMO-10 has been designated the 
sentinel station in the area).  The statistical trend line shows an intersection with the DEP 
specification in 2012, and a statistical analysis of the data prior to the 2007 breach also points 
to achievement of the specification in 2012.  

 
Page 20, Corrected Meetinghouse Pond chart: 

June 10, 2009 P. R. Ammann

PBA16 Mtghouse Pond Bioactive N Data

Data Source:  Pleasant Bay Resource Management Alliance
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Pages 19 to 22, FINDINGS: SECTION II: FINDINGS CONCERNING 
NITROGEN  
CONCENTRATIONS IN PLEASANT BAY FROM 2000 TO 2008 

Clarification:  The notes on Figures 1 through 5 should say: “Data Source:  Pleasant Bay 
Resource Management Alliance”.  The Pleasant Bay Resource Management Alliance is 
the source only for the water quality data used in the charts.  The charts were 
prepared by the committee. 

END OF ERRATA
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Forward 
 
Background 
 
In late 2007 Paul Ammann and Ed Daly had recently finished up serving as consecutive 
chairmen of the design and construction phases of Orleans’ new town hall.  Word of a new 
project that was a major project for the Town costing over a hundred million dollars caught 
their attention.  From initial inquiries with the Wastewater Management Steering Committee 
and their engineer of Wright-Pierce of Topsham Maine, it was learned that there had been no 
formal peer or technical review of the State DEP design requirements.  Additionally it was 
noted that the Town of Orleans had in late 2005 requested that a peer review be done on 
the University of Massachusetts’ “Linked Model”.  That peer review was never executed due 
to legal issues concerning proprietary rights claimed by the University of Massachusetts. 
 
Messrs Ammann and Daly went to the Wastewater Management Steering Committee and 
the Board of Selectmen in June of 2008 and recommended that a peer review be performed. 
The Board of Selectmen unanimously agreed and provided funding for such a review. The 
Selectmen appointed a committee of seven members with relevant engineering, scientific and 
academic backgrounds. One member of the Wastewater Management Steering Committee 
was selected to provide continuity. The biographic sketches of the seven members are 
provided in the Appendix of this report. 
 
A peer review is an independent process used widely in industry, medicine and academia. It is 
usually done by members with scientific or professional backgrounds skilled in the art of the 
work being reviewed.  It is a process that should not be interfered with by those who may 
have a stake in the outcome.  The members must be free to independently examine 
questions that arise from their study of the work being reviewed.  The goal is to ensure 
objectivity of the peer review. Those whose work is being reviewed are always excluded 
from the review process. 
 
There were objections to the formation of the peer review committee by those who 
thought it might erode confidence in work that had been done over many years on various 
boards in town. It was made quite clear by the Committee that we would have nothing to say 
about the CWMP prior to or during the Town Meeting in October 2008. We have kept our 
word and at no time took a position as a committee on the CWMP. We assured the 
Selectmen we would work quietly and in parallel with the ongoing CWMP campaign. 
 
We volunteered to work on the peer review and began the process with no agenda or 
preconceived conclusions. We all share a commitment: 

1. to serve our community; 
2. to apply our scientific and technical knowledge and experience to assist the 
Orleans in addressing environmental and wastewater issues; 
3. to ensure that we preserve and maintain the natural beauty of Orleans and 
its natural waters;  
4. and, to ensure that, in doing so, we spend taxpayer monies in the most 
effective manner. 
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Committee Work 
 
The Selectmen’s Charge to the new Committee was to independently review the University 
of Massachusetts School of Marine Science and Technology Report on Pleasant Bay that was 
published in May 2006. 
 
On September 15, 2008, the committee met for the first time. Paul Ammann was elected 
Chairmen, Ed Daly was elected Vice Chairman and Ron Collins was elected Secretary. 
 
Review assignments to subcommittees were established based on scientific background and 
experience of individual members. Each subcommittee analyzed their section of the report.  
The final subcommittee reports, with full Committee approval, were published on the Town 
of Orleans Website for public inspection. 
 
The efforts of these section reports was also instrumental in establishing key areas for an 
independent review by an outside qualified consulting firm, or firms. The three areas of focus 
were: 

1. Benthic Flux Nitrogen and Its Measurement 
2. Hydrodynamic and Water Quality Modeling 
3. Benthonic Issues and Eelgrass Health 

 
An RFP was prepared by the Committee and Town Administration yielded five proposals 
from excellent companies across the country. 
 
The Woods Hole Group of Falmouth Mass. was awarded a contract in early 2009 for all 
three topics.  The work of Woods Hole Group has been integrated with that of the  
committee. 
 
Results of the Committee Studies were presented to the DEP and UMASS on June 10, 2009.  
These same findings were also provided to the Orleans Finance Committee on June 25, 2009 
and to the Board of Selectmen on July 1, 2009. 
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Preface 
 
The members of the Wastewater Validation and Design Committee are all dedicated to the 
preservation of high water quality in Orleans estuaries and harbors. Everyone in Orleans lives 
on or near the water.  We all want our children and future generations to enjoy the waters 
that we hold so dear. 
 
The key to preserving our waters is to scientifically understand changes taking place in our 
natural water systems, identify the root causes of any deterioration in water quality and to seek 
cost effective solutions to the problems.  That has been our mission on this committee. 
 
The project plan before us in Orleans Comprehensive Wastewater Plan is projected to be 
completed over the next 20 years at 2008 costs which may be more than a hundred and fifty 
million dollars.  It is absolutely essential to know exactly what the problem is before risking that 
kind of capital investment; we must ensure that any project provides a cost effective solution to 
a well defined problem.  To proceed without proper evaluation of the problem could lead to 
unnecessary expenditures. 
 
The best potential for success is to make sure the definition of the problem is well understood 
before implementing a solution.  The Town of Orleans has an opportunity right now to use the 
best aspect of adaptive management by confirming or correcting, as needed, the SMAST design 
requirements before committing to a solution and a project scope. 
 
An aggressive approach to proceeding in hopes of obtaining low interest or zero-interest loans 
should be carefully considered.  If we do not resolve uncertainties in the scope of the project 
before beginning any design work, any benefit that may result from obtaining low interest or 
zero-interest loans may well be negated by the increased costs to correct design requirements 
after design work has begun.  It is always expensive to make changes after design is started. 
 
The committee has published all of its work to date on the Town’s website. The meetings of 
the committee have been open and televised. The Town Administrator and Town Counsel have 
approved the Committee Members to work in subgroups on separable segments of the review.  
To date, we have received no technical objection to any of our findings; all of which have been 
unanimously approved by the committee.  The Committee started its investigations with no 
preconceived ideas.  The findings in this report are based on a conscientious, objective, science-
based approach.  The Committee is committed to a cost effective solution for the restoration 
of water quality in the town’s estuaries and ponds.  If presented with original data, case studies 
or other evidence that shows our findings to be incorrect, we are committed to resolving any 
issues based on objective science. 
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Executive Summary 
 
1.0 Major Findings: 

The major findings of the Committee and the Town’s consultant, Woods Hole Group, are 
as follows: 
 

1.1 Nitrogen levels in most of the Orleans portion of Pleasant Bay have been dropping 
for 22 years.  Little Pleasant Bay and Meetinghouse Pond nitrogen levels have been 
dropping since 2000 when water quality monitoring first began.  Nitrogen levels in 
Pah Wah Pond have also decreased, particularly since 2006.  These water bodies 
make up approximately 80% of the Orleans Pleasant Bay estuary. 
The nitrogen levels in these waters now meet or exceed DEP specifications.  
Sewering of the watershed surrounding embayments which meet DEP specifications 
should not be necessary. See illustration 1 below. 
 
80% of the Orleans Pleasant Bay waters (shown in blue) meet DEP specs and 
may not need the sewering that is currently planned. This may reduce the cost 
of remediating Pleasant Bay by tens of millions of dollars. 

 
 
This finding is entirely independent of the MEP Pleasant Bay Report.  It is based on 
water quality samples taken by the Pleasant Bay Resource Management Alliance from 
Pleasant Bay embayments from 2000 to 2008. All of the water quality data was used; 
none was excluded in our analysis. The finding itself is not WMV&DC  just an 
opinion, it is factual data compared to the DEP specification, which itself is 
questioned by the WMV&DC. 
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1.2 Nitrogen levels in Arey’s and Lonnie’s ponds have been slowly rising since the year 
2000.  The committee does not know why.  In Arey’s Pond the benthic flux nitrogen 
(that is the nitrogen that comes from the muddy sediment in the bottom of the 
pond) is seven times greater than the septic system nitrogen level.  In Lonnie’s Pond 
the ratio of septic nitrogen to benthic flux nitrogen is approximately 1:1.  It is 
therefore not clear that sewering will reduce the nitrogen levels in Arey’s and 
Lonnie’s ponds to improve water quality. 
 
The committee believes that the cause of the rising nitrogen in these two 
ponds needs to be better understood to determine the most effective 
remediation strategy. 
 

1.3 The mathematical model for Pleasant Bay used by the University of Massachusetts, 
called the “Linked Model”, has been used with input nitrogen loading terms that are 
possibly biased. These biases include septic nitrogen loading, fertilizer nitrogen, 
ocean nitrogen and benthic flux nitrogen; all overstate the nitrogen loading terms. In 
addition, some other loss terms are omitted including conversion to nitrogen gas 
and buried nitrogen in the sediment. 
 
Loading biases are of a significant magnitude and all overestimate the 
nitrogen loading input to the Linked Model. The resulting nitrogen 
concentration calculations are therefore highly questionable. 
 

1.4 In 2005, the Town of Orleans requested and DEP committed to a peer review of 
the “Linked Model”.  DEP has not undertaken the peer review.  The Town 
does not have a peer reviewed model to conduct confirmatory runs of candidate 
sewering scenarios to optimize the lowest cost solution. 
 
There is a complete lack of transparency into the Linked Model and its 
associated data.  Completion of the model peer review using Pleasant Bay as 
the basis is essential to ensuring that we have a reliable tool to predict the 
behavior of nitrogen in Pleasant Bay. 
 

1.5 The committee and its consultant Woods Hole Group (WHG) have found no basis 
for the claim that eelgrass habitat has been lost between 1951and 2001.  The 
restoration of eelgrass is the primary DEP basis of the required remediation project 
for Pleasant Bay. 
 
There is no reliable basis for asserting that there has been a significant decline 
in eelgrass distribution or habitat quality within Pleasant Bay over the past 
several decades. 
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1.6 The scientists at the 2009 Pleasant Bay Resource Management Alliance Symposium 
at Chatham concluded that, based on past history, there is a high probability that the 
breach will remain open and drift slowly south for the next 80 years. However, the 
US Geological Survey estimates that effects of global warming will cause the Atlantic 
Ocean level to rise between 2-5 feet over the next 90 years. 
 
The 2007 breach is not closing and continues to improve flushing of Pleasant Bay. 
Tides are higher, forcing more, clean, ocean water into the Bay and the ponds 
around the Bay. 
 
The Pleasant Bay inlet system will continue to provide enhanced flushing of 
Pleasant Bay for many decades. 
 

 
1.7 The committee and its consultant Woods Hole Group (WHG) have found no basis 

for the MEP Pleasant Bay report claim that benthic animal habitat has been degraded 
as a result of increasing septic nitrogen in the drowned kettle ponds. There is no 
historical data to support this claim. 
 
There is no reliable basis for asserting that there has been a decline in benthic 
animal habitat quality in the drowned kettle ponds of Pleasant Bay over the 
past several decades.  Thus, the SMAST nitrogen specification for restoration 
of the benthic community in kettle ponds lacks empirical support and 
therefore appears to be arbitrary. 
 

 
1.8 SMAST did not present a nitrogen mass balance in the MEP Pleasant Bay Report.  A 

total nitrogen mass balance calculation by Committee members using data from the 
MEP Pleasant Bay Report shows that the outputs of total nitrogen exceed the inputs 
on a daily basis by more than 5,000 kilograms.  This is a huge quantity of nitrogen 
(approximately 20%) that is unaccounted for.  The Pleasant Bay TMDLs                                                                    
require the towns of Chatham, Harwich, Brewster and Orleans to eliminate 46 
kilograms per day of septic nitrogen when a mass balance shows more than 5,000            
kilograms per day missing from the system material balance. 
 
Based on this finding, the SMAST linked embayment model is unlikely to 
provide a reliable basis for simulating the behavior of nitrogen in Pleasant 
Bay. 
 

1.9 MEP System Spec of 0.16mg/L for eelgrass and 0.21mg/L for benthic animals 
drive the entire system cost but are not supported by evidence or case studies 
showing that achievement is critical to habitat restoration. 
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2.0 Recommended Action Plan: 
 

2.1 In order for the Town to realize the potential cost savings of elimination of 
unnecessary sewering of the watersheds surrounding Pleasant Bay, the Pleasant Bay 
TMDLs for Orleans need to be recalculated.  The actions required in order to 
complete the TMDL recalculation are as follows: 
 

2.1.1 Arrange for SMAST to meet directly with the Validation Committee 
members, as necessary, to agree to a resolution of the committee 
findings; 

2.1.2 Conduct necessary scientific and analytical work to provide best estimate 
nitrogen inputs to the model; 

2.1.3 Conduct necessary scientific and analytical work to quantify 
denitrification (conversion to nitrogen gas) and burial pathways; 

2.1.4 Collect temperature and salinity data in Orleans kettle ponds to 
determine if they are stratified and, if they are stratified, revise the model 
to include modeling techniques to account for stratification; 

2.1.5 Conduct scientific and technical work to evaluate and understand the 
specific reasons and biogeochemical mechanisms which are causing 
nitrogen concentrations to slowly increase in Arey’s and Lonnie’s Ponds 
and to explain the cause(s) of the vastly different benthic flux to septic 
nitrogen load ratios; 

2.1.6 Based on the scientific work conducted in Arey’s and Lonnie’s Ponds, 
identify remediation solution(s) to address the specific problems found; 

2.1.7 Provide a nitrogen mass balance for Pleasant Bay; 
2.1.8 Conduct scientific and technical work showing a specific quantified 

explanation as to why the model can not be calibrated based on total 
nitrogen; 

2.1.9 Re-calibrate the revised model based on both total and bioactive nitrogen 
using dispersion coefficients consistent with the model user manual and 
guidelines; 

2.1.10 Conduct an independent peer review of the updated model using 
Pleasant Bay as the peer review basis and correct any deficiencies; 

2.1.11 Analyze and evaluate the existing Pleasant Bay water quality data for 2000 
to latest available data and determine the impact on remediation 
requirements; 

2.1.12 Recalculate TMDLs with the all of the foregoing changes incorporated in 
the model; 

2.1.13 Obtain WMO water quality data for the years 2001 to 2005 and 2007 
and 2008 and analyze. 
 

2.2 The draft CWMP should be revised to include the findings of the WMV&DC 
committee. The system design requirements for the remediation of Pleasant Bay 
contained in the present CWMP may not be correct. There is a potential for an 
immediate saving of many tens of millions of dollars by not sewering 80% of Pleasant 
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Bay. 
 

2.3 Recommendations: 
 

2.3.1 The scientists and engineers from DEP, SMAST and the WMV&DC 
should quickly convene and resolve questions raised by the committee’s 
findings. 

2.3.2 The WMV&DC, or another group of volunteers with appropriate 
scientific and engineering backgrounds should conduct a review of the 
Nauset / Town Cove and Rock Harbor reports when they are available. 
The town stands to benefit from the knowledge and understanding of the 
thousands of hours and money spent by the WMV&DC; this experience 
would permit the WMV&DC to quickly assess any problems and risks. 
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FINDINGS: SECTION 1 
 

FINDINGS CONCERNING NITROGEN INPUTS 
TO SMAST MODEL OF PLEASANT BAY 

 
SMAST created a computer model to simulate the hydrodynamics and nitrogen transport 
throughout the Pleasant Bay System.  As a component of this model, SMAST, with the 
assistance of the USGS, created watersheds that defined the groundwater flow into various 
parts of the Pleasant Bay System.  And with the help of the Cape Cod Commission, and 
departments in the Town of Orleans, SMAST estimated the nitrogen inputs into Pleasant Bay 
through groundwater and runoff.  The WMV&DC has evaluated these estimates of the various 
nitrogen inputs and concluded the following: 
 

1. Septic Discharge. In early 2009, the Committee conducted a simple analysis using a 
survey of property owners in the Arey’s Pond watershed.  It was concluded that the 
nitrogen contribution from septic systems is approximately 70 percent of the values 
calculated by the Cape Cod Commission. 
 
The nitrogen input from septic systems is based on the equivalent number of year-round 
residents.  Further SMAST, the Cape Cod Commission and DEP determined that the 
average resident generates approximately 2.7 kilograms of nitrogen per year which is 
discharged into the local residential septic system3,4,5.  Thus, it is important to have an 
estimate of the occupancy in each property on a full year basis. Orleans has a large 
senior population and a large percentage of seasonal homes.  The Committee assumed 
that generally in Orleans there is 50% year-round housing with 2.3 occupants per 
residence, and 50% seasonal housing with 6 persons for 10 weeks.  The average 
occupancy is 1.73 equivalent full time annual occupants, as shown in Table 1.  SMAST 
assumes 2.05 full time equivalent occupants6

 based on the 2000 US Census for Orleans. 
Assuming, these general conditions and the occupancy of 1.73 shown in Table 1, the 
nitrogen input from septic systems would be about 84 percent7 of the values presented 
in the MEP Pleasant Bay Report. 
 
 
 
 
 
 
 
 

                                                
3 As the wastewater passes through a Title V septic system and into the groundwater, some of the 

nitrogen is lost, and approximately 77% or 2.1 kilograms per year ultimately enters the groundwater. 
4 Massachusetts Estuaries Project, Pleasant Bay Report, May 2006, pages 30, 32. 
5 MASSDEP Alternative Septic System Test Center at Massachusetts Military Reservation. 
6 Massachusetts Estuaries Project, Pleasant Bay Report, May 2006, pages 33. 
7 (1.73/2.05) = 84%. 
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Table I  
 

Type Housing Occupancy Percent Average 
Occupancy 

  Year-round [1] 2.30 50 1.15 

  Seasonal [2] 1.15 50 0.58 

  Total/Average             100 1.73 

[1] Assume average occupancy for Orleans of 2.3 equivalent fulltime persons per year.  
[2] 3 bedroom house; 2 persons/bedroom; 10 weeks/year. (2 x 3 x 10)/52 = 1.15 equivalent 
fulltime persons per year. 
 

The Committee’s survey of the Arey’s Pond watershed, Table 2, shows that the fulltime 
equivalent occupancy is 1.28 full time equivalent occupants, or about 62 percent of the 
value used by SMAST. The calculation is shown in the next table.  Note that this is a result 
of the fact that the survey showed that about 70 percent of the houses in the Arey’s Pond 
watershed are used seasonally and the number of persons using the property are fewer 
than 2 per bedroom and actual use is less than 10 weeks per year. 
 

Table 2 
 

Type Housing Occupancy Percent Average 
Occupancy 

  Year-round  2.46 30 0.74 

  Seasonal  0.77 70 0.54 

  Total/Average             100 1.28 

 
While this survey indicates that for Arey’s Pond area, occupancy is much lower than the 
value assumed by SMAST, it is likely that the occupancy in other watersheds may also be 
lower than 2.05. This finding will have a significant impact on the computations by the 
SMAST “linked-model” simulation of the Pleasant Bay System. 
 
2. Fertilizer Release. SMAST assumed that 20 percent of the nitrogen contained in 
fertilizers applied to lawns leached into the groundwater and then into the Pleasant Bay 
System.  A 2008 report by Petrovic8

 suggests that only 10 percent of fertilizer nitrogen 
leaches into the groundwater on Cape Cod.  This conclusion indicates that this source 
of groundwater nitrogen is only 50 percent of the values calculated and used by SMAST. 

 

                                                
8 Petrovic, A. M., Ph. D., “Report to the Pleasant Bay Alliance on the Turfgrass Fertilizer Nitrogen Leaching Rate”, 
62 East Seneca Road, 
Trumansburg, NY 14886, August 20, 2008 
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3. Benthic Flux. During warm summer months, nitrogen is introduced into the 
watercolumn from the sediments, particularly in the drowned kettle ponds, such as 
Meetinghouse and Arey’s Ponds.  Generally this form of nitrogen is collected in the 
sediments from nitrogen in the watercolumn during the cold winter months and 
released in the summer.  SMAST collected samples of sediments from various sections 
of the Pleasant Bay System and conducted laboratory experiments to measure the rates 
in which nitrogen is released into the water in warmer months; the laboratory 
measurements were used as estimates.  Dr. Cornwell, an expert working with the 
Woods Hole Group, wrote in his final report9

 that procedures used by SMAST 
overestimated the benthic flux values and that the actual values should be perhaps only 
about 70 percent of those used by SMAST in their analysis. 
 
4. Road and Roof Runoff. Rain and snowmelt from roof tops and from paved roads 
and surfaces contain small amounts of nitrogen. Although the source data on 
concentrations vary, the total quantities are relatively small; therefore we have not 
analyzed these sources in detail. 
 
5. Precipitation. Precipitation, containing small quantities of nitrogen oxides, falls 
directly on land surfaces, depositing components of acid rain.  The estimated amounts 
are small compared to the total nitrogen inputs into the Pleasant Bay system. 

 
6. Direct Precipitation. Precipitation, containing small quantities of nitrogen oxides, 
falls directly on the salt water body surfaces.  The estimated amounts are small 
compared to the total nitrogen inputs into the Pleasant Bay System.   
 

SMAST estimates of nitrogen inputs into the Arey’s Pond watershed are shown in the center 
column of next Table.  Estimates prepared by the Wastewater Management Validation & Design 
Committee are shown in the right column.  For this particular watershed, the estimated 
nitrogen input is only 64 to 66 percent of the SMAST amount.  As shown in Table 3, the septic 
and benthic flux sources are the largest nitrogen sources. 

                                                
9 Cornwell, J. C., Ph. D., “FINAL REPORT, Peer Review (Independent Technical Review)of The Massachusetts 
Estuaries Project Report on the Pleasant Bay System”, Wood Hole Group, Inc., East Falmouth MA 02536, pages 1 
– 12. 
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Table 3 
 

Source Arey’s Pond1 
(Kg/Day) 

Alternate-
Estimate2 (Kg/Day) 

Natural Background 0.47 Not Avail. 

Land Use 0.53 0.34 

     Lawn Fertilizer   0.090 

     Road and Roof Runoff   0.085 

     Natural Precipitation   0.160 

Septic Systems 0.78 0.42 to 0.58 

Atmospheric Deposition 0.18 0.13 

Total Input 1.96 0.89 to 1.05 

Benthic Flux 6.00 4.20 

Total Load 7.96 5.09 to 5.27 

Ratio Benthic to Septic 7.69 7.24  to 10.00 

 
 [1] Estimates from Pleasant Bay Report, May 2006, page ES-11 (Table ES-1a). 
 [2] Estimated by WMV&DC. 
 
 

FINDINGS: SECTION II 
 

FINDINGS CONCERNING NITROGEN CONCENTRATIONS 
IN PLEASANT BAY FROM 2000 TO 2008 

 
The MA DEP has established threshold water quality specifications for restoring the health of 
eelgrass and the benthic communities in Pleasant Bay and in the kettle ponds (e.g., 
Meetinghouse, Lonnie’s, etc). These specifications are discussed in a prior section of this report.  
In the 2004 or 2005 timeframe, SMAST calculated the nitrogen reduction requirements 
(TMDLs) for the Pleasant Bay System and its contributing watersheds. 
 
The Pleasant Bay Resource Management Alliance has collected number of water quality samples 
for SMAST in each year beginning in 2000 and continuing through 2008.  The WMV&DC has 
analyzed the resulting data and the results suggest that nitrogen concentrations in a large part 
of Pleasant Bay and contiguous kettle ponds are decreasing, not increasing as previously 
suggested to the public.  In fact, some of the sampling stations have met, or will meet in the 
near future, the DEP water quality specifications. 
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The sentinel station to observe water quality with respect to the health of eelgrass is PBA12, 
located just off Namequoit Point in Little Pleasant Bay.  The DEP specification of 0.16 mg of 
bioactive nitrogen per liter has been achieved since 2004 (5 years), as shown in Figure 1. 
 

Figure 1 
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The bioactive nitrogen concentrations are shown in the red line, and the statistical trend line 
is shown in black.  The trend line is decreasing even using just the data prior to the April 2007 
breach.  The DEP specification is shown in gold.  Again, note that the source of the data is the 
Pleasant Bay Resource Management Alliance. 
 
SMAST modeling of Pleasant Bay using tidal conditions as they were in 1986 and into 1987 
prior to the breach occurring at Chatham Light is described in Chapter IX of the MEP Pleasant 
Bay report10. The model output data estimates the bioactive nitrogen concentration at 
Namequoit Point in 1987 prior to the Chatham Light breach to be 0.279 mg/l (based on 
2005 estimated nitrogen loads).  Assuming that the 1987 septic and fertilizer nitrogen loads 
were 50% of the corresponding 2005 loads (quite likely a low estimate of the 1987 loads), the 
Namequoit Point bioactive nitrogen level in 1987 was approximately 0.26 mg/l (59% above the 
DEP specification) compared with the current, 2008 level of 0.12 mg/l (26% below the DEP 
specification).  It is clear from the modeling information that bioactive nitrogen and indeed total 

                                                
10 Massachusetts Estuaries Project, Pleasant Bay Report, May 2006, Chapter IX, page 219. 
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nitrogen have been decreasing in most areas of Pleasant Bay since 1987.  It is also clear from 
the same modeling information that, if and when the inlet configuration were to return to the 
pre-1987 configuration, even with the elimination of all septic nitrogen from 
Pleasant Bay watersheds, the Namequoit Point bioactive nitrogen concentration would be 
approximately 0.23 mg/l (45% above the DEP specification).   Zero septic nitrogen with the pre-
1987 inlet conditions would likely make the DEP specification unachievable without applying 
some alternative technology to improve water quality. Note: all of the foregoing paragraph 
assumes that the SMAST models reliably predicts the behavior of nitrogen in Pleasant Bay. 
 
Data for Meetinghouse and Paw Wah kettle ponds also show declining concentrations of 
bioactive nitrogen.  Data for Meetinghouse Pond are presented in Figure 2.  The April 2007 
Breach in the Nauset Spit opposite Minister’s Point has had a dramatic effect on the water 
quality of Meetinghouse Pond; in 2008, the concentrations of bioactive nitrogen have decreased 
significantly below the DEP threshold specification of 0.21 mg bioactive nitrogen per liter.  The 
statistical trend line shows an intersection with the DEP specification in 2008, but a statistical 
analysis of the data prior to the 2007 breach still points to achievement of  the specification in 
2011. 
 

Figure 2 
 

July 1, 2009 WMV&DC, Town of Orleans 12

PBA16 Mtghouse Pond Bioactive N Data

Source:  Pleasant Bay Resource Management Alliance
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Water quality data are shown for Pah Wah Pond in Figure 311. The impact of the 2007 
breach was evidently significant, as the bioactive nitrogen concentrations dropped to less 
than 0.15 mg bioactive nitrogen per liter, compared to the DEP threshold of 0.21 mg/liter. 
This reflects improved flushing by the waters in Little Pleasant Bay (see PBA12 data). 
 

Figure 3 
 

July 1, 2009 WMV&DC, Town of Orleans 13

PBA11 Pah Wah Pond Bioactive N Data
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11 Note: “Note: Five samples were taken in 2007 in the channel that connects Pah Wah Pond with Little Pleasant 
Bay, as compared with prior years when the samples were taken in the deepest part of the pond.  In 2008, samples 
were taken at the same location in the channel on two dates.  Subsequently, the next three samples were taken at 
the deepest part of Pah Wah Pond, as were all the samples prior to 2007.  The bioactive nitrogen concentrations 
measured in the five samples in 2008 were approximately the same independent of the sample location, and very 
similar to the five 2007 measurements.” 
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In contrast to the previous figures, data collected for Lonnie’s and Arey’s Ponds, Figures 4 and 
5, show increasing bioactive nitrogen concentrations from 2000 to 2008 (Lonnie’s Pond) or 
2006 (Arey’s Pond).  The reasons are not clearly understood, but flushing of these two kettle 
ponds would appear to be less efficient than for other water bodies describe earlier. 
 

Figure 4 
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PBA15 Lonnies Pond Bioactive N Data

-

0.05

0.10

0.15

0.20

0.25

0.30

0.35

0.40

0.45

2000 2001 2002 2003 2004 2005 2006 2007 2008

Year

C
on

ce
nt

ra
tio

n,
 m

g/
lit

er

Bioactive Nitrogen

DEP specification, 0.21 mg/liter

Source:  Pleasant Bay Resource Management Alliance

 
 
 

Figure 5 

July 1, 2009 WMV&DC, Town of Orleans 15

PBA11 Arey’s Pond Bioactive N Data

Source:  Pleasant Bay Resource Management Alliance
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RECOMMENDATIONS FOR FURTHER INVESTIGATION 
 
The review of the estimated nitrogen inputs described by SMAST in the Pleasant Bay 
Report (2006) and the review of the water quality data suggest the need for more 
information before beginning the design of the Orleans water remediation program. 
 

1. Septic System Discharge Rates. 
 
The Committee’s survey of the Arey’s Pond watershed suggests that SMAST 
overestimated the nitrogen contribution from the local population.  Arey’s Pond 
represents only about 8 percent of the septic nitrogen source into the Orleans 
section of the Pleasant Bay System. The three largest watershed areas are: 
Meetinghouse Pond (23%), Namequoit River (19%), and the Lower section of The 
River (18%), as shown in Table 4. The properties of these watersheds should be 
surveyed to obtain an improved estimate of the nitrogen inputs from these areas.  
The cost is estimated at $1,000 in expenses plus analytical time. 
 
2. Nitrogen Levels in Kettle Ponds. 
 
The nitrogen concentrations have been rising in Arey’s and Lonnie’s Ponds from 2000 
to 2008.  Two contributors to this observation may be (1) poor flushing from The 
River, and (2) possible stratification of the watercolumn in the pond.  If the former 
condition controls the local pond conditions, then reducing the nitrogen inputs (i.e., 
septic, fertilizer) should result in a slow decrease in nitrogen levels in the 
watercolumn. If stratification is a cause, then reducing the nitrogen inputs may not be 
sufficient. 
 
The important issue is that we do not know what is causing the increase in bioactive 
nitrogen concentrations.  Further study of at least one pond is required to address 
important requirements issues, before beginning a remedial design: 
 

a. A statistically designed experiment to measure benthic flux rates over a 
representative area of the sediments, 
b. A statistically designed experiment to sample and analyze the “fetid mud” 
sediments to determine the concentrations of nitrogen species and sulfur (and 
any other metals/compounds) that could affect the health of the benthic 
community. 
c. A carefully planned study of the stratification of the pond (salinity) and 
nitrogen and oxygen concentrations as a function of depth and location and 
the tidal cycle during periods of varying temperatures. 
d. Development of a 3-dimensional model to simulate the behavior of the 
water column and correlation with field data. 
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Table 4 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source Total Input 
(Kg N/Day)1 

Percent 

Meetinghouse Pond 21.15 23 

Namequoit River 17.83 19 

The River - Lower 16.60 18 

Pochet Neck 9.40 10 

The River - Upper 9.32 10 

Arey’s Pond 7.48 8 

Pah Wah Pond 5.57 6 

Lonnies Pond 4.26 5 

Total 91.61 100 
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FINDINGS: SECTION III 
 

FINDINGS CONCERNING BENTHONIC HEALTH 
OF PLEASANT BAY 

 
The fundamental driving force for the remediation of groundwater in Orleans that is 
discharged into Pleasant Bay is the health of benthic or bottom-dwelling organisms within the 
Bay.  It has been asserted, and it is widely assumed that habitat health within the Bay has 
declined significantly over the past several decades as a consequence of increasing 
contamination by septic effluent within the groundwater.  However, the WMV&DC has not 
been able to validate the conclusion that Pleasant Bay has suffered major or even significant 
environmental degradation resulting in the decline of benthic health or habitat quality over 
any period during the past 58 years. 
 
When considering the environmental health of Pleasant Bay it is important to understand the 
distinction between the major lagoonal embayments (such as “Big Bay” and “Little Bay”) and 
the smaller semi-isolated drowned kettles (such as Meetinghouse, Lonnie’s, Arey’s and Paw 
Wah Ponds) with their associated drainage tributaries leading in to the major embayments. 
These two distinctly different parts of the Pleasant Bay system originated differently and 
evolved with different histories over the past several thousand years. The environmental 
contrasts between the two are quite obvious, as summarized below. 

Pleasant Bay                    Lagoons & Kettles

stressed & depleted
>330 boat moorings

healthy & diverse
shellfish harvests

Benthic Fauna &
Other Factors

not significantwidespread ~50%Eelgrass

approx. 1 dayapprox. 1 dayResidence Time

comparablecomparableGroundwater N

altern. hypoxic-oxic>6 mg/l, Class SADissolved Oxygen

increases with depthlow throughoutTurbidity

high concentrationlow concentrationOrganic Matter

fetid black mudwell washed sandSubstrate

Drowned 
Kettles

Open Bays
& Lagoons

Environmental 
Attribute

 
The major benthic communities in Pleasant Bay that are believed to have been impacted most 
significantly by septic effluent are the eelgrass meadows that are widespread and abundant in 
the major lagoons, and the interstitial infauna that live within the mud on the bottom of the 
drowned kettles. The shellfish communities, which are the richest resource within the Bay, 
seem not to have been affected adversely. 
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EELGRASS HEALTH 
Although it is widely assumed that eelgrass meadows within the major embayments and 
lagoons have been adversely impacted by increasing levels of nitrogen in Bay waters, resulting 
in significant decreases in both distribution and density throughout the Bay, the WMV&DC 
has found no reliable evidence supporting this belief.  For the past 14 years eelgrass has 
inhabited approximately 50% of the subaqueous area of Pleasant Bay, a very widespread and 
healthy distribution within comparable embayments in New England.  We and our 
consultants from the Woods Hole Group agree that prior to 1995 no reliable data exist 
regarding the accurate areal distribution of eelgrass within the Bay. 
 
The assumption that presumed declines in eelgrass distribution are the result of increasing 
levels of nitrogen within the Bay is unfounded in fact.  We and the Woods Hole Group have 
found that numerous other environmental variables may be detrimental to eelgrass viability. 
Most notable among these detriments within Pleasant Bay are burial by storm and overwash 
deposits, commercial shellfish harvesting, and infection by wasting disease. 
 

The two major findings by the WMV&DC concerning eelgrass health are: 

• There is no reliable basis for asserting that there has been a significant decline 
in eelgrass distribution or habitat quality within the major embayments of 
Pleasant Bay over the past several decades. 

• There is no rational ecologic basis for ranking the relative impacts of the 
various potential causes of environmental stress on eelgrass, and claiming that 
the likely cause of presumed declines in areal distribution is septic effluent. 

 
BENTHIC INFAUNA 
As previously noted, shellfish communities within Pleasant Bay are both diverse and abundant.   
This is true not only within the major lagoons, but also around the perimeters of the 
drowned kettles and especially along their draining tributaries.  However, the central deeper 
portions of the drowned kettles have depaupered and depleted benthic communities, and 
seem not to ever have been eelgrass habitats.  As indicated in the previous table, the bottoms 
of the kettles are highly stressed habitats, characterized by organic-rich fetid mud, high levels 
of suspended sediment, and low levels of dissolved oxygen.  Consequently, they are inhabited 
principally by stress-tolerant communities of interstitial infauna with low population levels and 
low diversity. 
 
The drowned kettles are relatively impaired with their central bottoms approximating quasi 
“dead zones”.  The WMV&DC does not know if this impairment is the consequence of septic 
effluent, other influences, or intrinsically natural.  There is no basis for believing that the  
kettles are recipients of higher levels of nutrients than other parts of the Bay system, and 
their flushing rates are comparable with the major lagoons.  The drowned kettles may not be 
amenable to remediation, nor responsive to nitrogen reduction. 
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The major findings of the WMV&DC concerning the health of benthic fauna are: 

• The major lagoonal embayments within Pleasant Bay are essentially healthy 
benthonic habitats with good water quality, and rich and diverse faunal 
communities. 

• The central deeper bottoms of the drowned kettles are stressed habitats with 
poor water quality, characterized by low oxygen and high suspended sediment.  

• Whether the stressed benthonic habitats in the kettles are reflective of 
anthropogenic degradation or natural causes is an unresolved question. 

 
NUTRIENT-RELATED HEALTH 
 
The fundamental assertion of the SMAST-MEP report on Pleasant Bay is clearly stated on 
page 193:  

“It is almost certain that a primary cause of the observed eelgrass decline results from 
increasing water column nitrogen levels within these environments … eelgrass 
restoration is the primary nitrogen management goal within Pleasant Bay” 

There is no evidence of a significant documented decline in eelgrass since 1995.  
Nevertheless, the Massachusetts DEP has used the statement asserted above as the basis for 
establishing permissible threshold levels for nitrogen concentrations in various parts of 
Pleasant Bay, and these constitute the basis for establishing acceptable TMDLs of nitrogen 
discharges into Orleans’ groundwater. 
 
Neither the WMV&DC nor the Woods Hole Group has been able to document an empirical 
foundation for establishing an optimal or critical threshold for nitrogen concentrations in 
marine embayments comparable with Pleasant Bay.  Marine ecology has not identified at what 
point ecologic health-dependant nitrogen levels change from being a beneficial nutrient to a 
detrimental pollutant.  Neither the Woods Hole Group nor the Committee have found case 
studies that have shown restoration of eelgrass beds or benthic faunal communities in 
settings comparable with Pleasant Bay as a result of nitrogen concentrations having been 
reduced to the levels specified by the DEP. 
 

The major finding of the WMV&DC concerning nutrient-related health is: 

• The nitrogen threshold levels determined for Pleasant Bay have no empirical 
foundation. 
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FINDINGS: SECTION IV 

 
FINDINGS CONCERNING MODELING 

 
Variances versus Biases 
 
The Massachusetts Estuaries Project (MEP) Pleasant Bay Report12

 presents data in the form of 
estimates and measurements.  For instance, nitrogen loads (e.g. septic system sources) are 
estimated based on data such as water meter readings and assumptions about the occupancy 
of each property. Nitrogen concentrations of Pleasant Bay waters are measurements 
resulting from the application of standard laboratory analytical procedures.  Although data in 
the MEP Pleasant Bay Report is presented as specific numbers, which the reader may assume 
are known exactly, the reality is that all estimates and measurements include some variance, 
accuracy or margin of error which is associated directly to the way the estimate or 
measurement was made and the techniques used. 
 
All scientific work includes variances.  The variance indicates a range, plus or minus, over 
which the measurement or data may vary.  The Woods Hole Group (WHG) stated in our 
May 7, 2009 meeting that according to University of Massachusetts, Dartmouth, School of 
Marine Science and Technology (SMAST), the SMAST linked embayment model (hereafter 
referred to as “the model” or simply “model”) has an expected variance of plus or minus 
20%.  This means that, if random, minor errors in the data used to calibrate the model do not 
exceed 20%, the model would still be valid and within its margin of error. 
 
Biases are quite different. Biases are deviations (non-random) that are the result of a known 
or suspected error. 
 
Linked Embayment Model Reliability to Simulate Nitrogen Behavior in Pleasant 
Bay 
 
As a result of work done by Woods Hole Group and committee members, four principle 
concerns regarding the model’s reliability to simulate nitrogen behavior in Pleasant Bay have 
been identified; the first three may be symptoms of the model’s inability, as structured, to 
handle the complexity of the Pleasant Bay estuarine system and the fourth raises concerns 
regarding the biases and omissions in terms of the nitrogen inputs and outputs to the 
Pleasant Bay watercolumn system: 

1. Failure of the SMAST model to calibrate based on total nitrogen; 
2. Magnitude of the calibration factors required to achieve model calibration based 

on bioactive nitrogen; 
3. Indications of stratification of the Orleans drowned kettle ponds; 

                                                
12 Massachusetts Estuaries Project, Linked Watershed-Embayment Model to Determine Critical Nitrogen Loading 
Thresholds for the Pleasant Bay System, Orleans, Chatham, Brewster and Harwich, Massachusetts, Final Report, May 2006 
by SMAST and Massachusetts Department of Environmental Protection (DEP) 
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4. And, lack of a bona fide nitrogen mass balance (i.e. an accounting for all the 
nitrogen inputs and outputs showing that Nitrogen Inputs – Nitrogen Outputs = 0 
over some time period) in the MEP Pleasant Bay Report. 

 
Pleasant Bay – A Complex Estuarine System 
 
Pleasant Bay is the largest and most complex of all the estuarine systems evaluated in the 
MEP program which includes 89 estuaries in southeastern Massachusetts. It consists of large, 
shallow lagoons connected to drowned kettle ponds, which may be relatively deep, by a 
system of rivers and other small waterways. 
WHG acknowledged that the SMAST methodology may be adequate for many of the 
estuarine systems in Massachusetts.  However, WHG identified three major uncertainties 
that suggest that, due to the size and complexity of the Pleasant Bay estuarine system, the 
SMAST model may not reliably predict the behavior of nitrogen in Pleasant Bay.   
 

1. Model Calibration Failure.  Woods Hole Group stated that SMAST calibrated 
their model and established nitrogen threshold concentrations based on total 
nitrogen for all of the approximately 33 estuarine systems for which final reports 
have been issued to date.  The MEP Report for Chatham estuaries13

 states that, for 
the Bassing Harbor system, the model encountered “difficulties” in the calibration 
process when using total nitrogen as a basis for the calibration process. SMAST 
switched to calibration using bioactive nitrogen; the explanation14

 provided by 
SMAST lacks transparency and shows that SMAST lacks a full understanding of 
nitrogen species15

 in Pleasant Bay. 
 
The failure of the SMAST model to calibrate based on total nitrogen is alarming 
and the lack of an adequate explanation of the failure causes additional concern. 
 
Only for Pleasant Bay, SMAST used bioactive nitrogen as the basis for model 
calibration and for establishing threshold nitrogen concentrations. Neither the 
Wastewater Management Validation & Design Committee nor Woods Hole 
Group understands why the change was made. 
 

2. Magnitude of Calibration Factors. In order to calibrate the SMAST model, a set of 
6753 calibration factors, technically referred to as ‘dispersion coefficients’, must 
be determined such that the model outputs, in nitrogen concentration terms, 
closely match the observed nitrogen concentrations measured in Pleasant Bay 
water quality samples.  Model reliability is extremely sensitive to changes in the 

                                                
13 Massachusetts Estuaries Project, Linked Watershed-Embayment Model to Determine Critical Nitrogen 
Loading Thresholds for Stage 
Harbor, Sulphur Springs, Taylors Pond, Bassing Harbor, and Muddy Creek, Chatham, Massachusetts, Final 
Report, December 2003 by 
SMAST and DEP, p. 173 
14 MEP Pleasant Bay Report (Ref 2), p. 228. 
15 Appendix: Water Quality Nitrogen Components 
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calibration factors as cited by WHG16.  “A sensitivity analysis was conducted by 
Howes et al.17

 (2001) for certain parameters in the MEP linked model. The 
sensitivity analysis revealed that by far the most sensitive parameter in the overall 
linked model approach was the dispersion coefficients assigned in the water 
quality modeling. The Howes et al. (2001) sensitivity assessment found that by 
changing the dispersion values used in the calibrated model by 2 times or -0.5 
times the selected value could change the predicted nitrogen concentration 
anywhere from -19 to +93% depending on the location in the estuary. Therefore, 
even a small change in the dispersion coefficients would have a significant impact 
on the predicted nitrogen levels.” 
 
Although Dr. Howes showed that doubling the factor produced a huge change in 
the nitrogen concentrations, SMAST used calibration factors that are nearly 10 
times18 the recommended values. This may be a symptom of the model 
encountering difficulty with the complexity of Pleasant Bay. WHG has stated that 
the unusual calibration factors introduce an uncertainty which exceeds the 
model’s plus or minus 20% variance.  
 

3. Stratification of Drowned Kettle Ponds. WHG reported that the linked model is 
probably adequate as applied to the main basins of Pleasant Bay; they are relatively 
shallow and appear to be vertically well mixed.  SMAST measured temperature 
and salinity profiles in some of the Chatham sub-embayments to show that they 
were not stratified.  No such measurements were done in the Orleans saltwater 
ponds.  WHG evaluated temperature and salinity profiles made in 2001 by Horne 
and Horne19

 for Arey’s pond and concluded that it is stratified. WHG told us that 
failure of the SMAST model to account for pond stratification introduces a bias in 
the model exceeding the model’s plus or minus 20% variance. 
 
According to the MEP Pleasant Bay Report20, the MEP linked embayment model 
approach “includes a 2D or 3D embayment circulation model depending on the 
embayment structure.”  So, had SMAST gathered data on salinity and temperature 
in the Orleans kettle ponds and identified the stratification as WHG did, they had 
3D model modules, that according to WHG, SMAST could have easily employed 
to model the stratified ponds. 
 

4. Lack of a Nitrogen Balance.  WHG pointed out the lack of a bona fide nitrogen 
mass balance in the MEP Pleasant Bay Report as a cause for concern. A basic 
scientific principle is the law of conservation of mass. This principle requires that, 

                                                
16 Hole Group, Final Report, Peer Review (Independent Technical Review) of The Massachusetts Estuaries 
Project Report on the Pleasant Bay System, June 2009 
17 Howes, Brian L, John S. Ramsey, and Sean W. Kelley. 2001. Nitrogen Modeling to Support Watershed 
Management: Comparison of Approaches and Sensitivity Analysis. October 2000-October 2001. 
18 Woods Hole Group, Final Report to Orleans (Ref 5), p. ES-12 
19 Horne, G.S. and C.F. Horne. 2001. Reconnaissance Hydrography of the Upper Reaches of Little 
Pleasant Bay, Orleans, MA: Report to the Pleasant Bay Resource Management Alliance. 
20 MEP Pleasant Bay Report, p. 7 
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over some period of time (i.e. a day or a year), if the nitrogen concentration does 
not change, the quantity of nitrogen going into the water column must equal the 
quantity of nitrogen leaving the water column.   
 
Of further concern regarding the lack of a mass balance by SMAST is the omission 
of significant nitrogen loss pathways in the SMAST analysis. In other words, 
SMAST failed to include all the pathways by which nitrogen leaves the Pleasant Bay 
system.  This will be addressed in detail later. 
 
All of the quantities discussed here are in terms of total nitrogen.  According to 
the water quality data provided in the MEP Pleasant Bay Report, the Pleasant Bay 
waters contain roughly 39,000 kg of nitrogen at mid-tide. At high tide the nitrogen 
is approximately 50,000 kg and at low tide there would be about 28,000 kg in the 
bay waters. 
 
Each day approximately 23,300 kg of nitrogen enters Pleasant Bay.  This includes 
89 kg of septic nitrogen (less than 0.4%) plus nitrogen from fertilizer and all other 
sources.  Of the 23,300 kg, more than 99% is from natural sources (i.e. rainfall and 
Atlantic Ocean tidal waters). Using the SMAST model, the only loss pathway 
identified is tidal flow leaving the bay and passing into the Atlantic Ocean.  This 
output of nitrogen is roughly 28,400 kg per day. So, according to the data in the 
MEP Pleasant Bay Report, roughly 5,100 kg/day more nitrogen leaves Pleasant Bay 
waters than goes into Pleasant Bay waters. The system can not lose 5,100 kg/day. 
This is a huge number; more than 20% of all the nitrogen loads going into the bay 
daily. 
 
This violates the law of conservation of matter and raises the question of how 
reliable can a model be that is based on data which does not satisfy the most basic 
of scientific principles. WHG seems to have had good reason to be concerned 
about the lack of a nitrogen mass balance in the MEP Pleasant Bay Report. 

 
Summary: Linked Embayment Model Reliability. Based on the findings, the SMAST linked 
embayment model is unlikely to provide a reliable basis for simulating the behavior of 
nitrogen in Pleasant Bay. 
 
Nitrogen Inputs to the SMAST Linked Embayment Model 
 
In our meeting on June 10, 2009, Mr. Eichner (SMAST) stated that MEP makes conservative 
estimates of nitrogen loadings.  This contradicts the MEP Pleasant Bay Report21

 which says 
that MEP uses “realistic ‘best-estimate’ nitrogen loadings.”   

                                                
21 MEP Pleasant Bay Report, p. 7 
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Biases in the SMAST Total Present Load.  The SMAST linked embayment model has the 
following nitrogen inputs to the Pleasant Bay watercolumn: 

1. Septic systems 
2. Fertilizers 
3. Rainfall (impinging on land area of the Pleasant Bay watershed) 
4. Road and roof runoff 
5. Rainfall (impinging on the surface of Pleasant Bay itself) 
6. Benthic flux (nitrogen exchange between the watercolumn and the 

sediment (sand, mud or other materials at the bottom of the water  
column)) 

7. Natural background 
8. Atlantic Ocean tidal water 

 
Inputs 1 to 6 are included in the SMAST Total Present Load22

 and for all of Pleasant 
Bay estuary system totals 397.4 kg/day. 
 

Through work done by WHG and the committee, we have identified biases in the SMAST 
Present Total Load components as follows: 
 

1. Septic system nitrogen load. The Wastewater Management Validation & Design 
Committee conducted a demographic survey of the Arey’s Pond watershed areas 
and found that SMAST septic nitrogen loading may be overstated by 20 to 40%.  
The demographic survey showed that residents knew well the dwelling occupancy 
levels during periods matching the water use data employed by SMAST.  The 
survey also shows that the assumptions and commonly used “thumb’ rules of the 
SMAST analysis may not fit the population structure and residential property use 
of Orleans. 
 

2. Fertilizer nitrogen load. Petrovic23, in a study conducted for the Pleasant Bay 
Alliance, has shown that the SMAST fertilizer loads may be overstated by 50%. 
 

3. Benthic flux nitrogen load.  Laboratory benthic flux measurements were 
conducted in the absence of illumination and therefore, do not include the 
denitrification by benthic microalgae which takes place in light. In addition, the 
SMAST “benthic flux” data is not true benthic (or solute) flux but includes an 
unquantified component related to settling of particulate organic nitrogen (PON). 
The unquantified PON component adds to the lack of transparency.  However, 
based on the WHG results, it is estimated that the SMAST benthic flux nitrogen 
loadings may be overstated by 30 to 40%. 

 
Note that each one of the biases (1) exceed the +/- 20% variance of the SMAST modeling 
system; (2) are not random; and (3) are overstatements of nitrogen loads.  The impact of the 
biases on the SMAST Total Present Load of 397.4 kg/day is that it the total present load may 

                                                
22 MEP Pleasant Bay Report, Executive Summary, Table ES-1. 
23 Report to the Pleasant Bay Alliance on the Turfgrass Fertilizer Nitrogen Leaching Rate, A.M. Petrovic, August 
2008. 
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be 262 to 300 kg/day or 66 to 75% of the SMAST estimate and this does not account for 
nitrogen pathway losses that were not considered by SMAST. 
 
Nitrogen Losses Omitted by SMAST. 
 
Nitrogen loss pathways omitted by SMAST include the following: 

1. Microbial denitrification, adsorption and other natural processes that attenuate 
nitrogen in the vadose zone and the groundwater; 

2. Denitrification (conversion to inert nitrogen gas) at the sediment watercolumn 
interface; 

3. And, burial of nitrogen containing materials in sediment that removes them 
from the system. 

 
Nitrogen Attenuation in the Vadose Zone and the Groundwater.  Valiela et al24

 and 
Thoms et al25

 have challenged long held assumptions in the scientific and management 
community, that nitrogen, particularly as nitrate, travels great distances in 
groundwater without attenuation or loss.  By measurement at West Falmouth 
Harbor, Thoms et al24

 have shown nitrate removal by processes such as microbial 
denitrification and adsorption reduce wastewater nitrogen loads by 56% or more 
between the point of introduction to the soil and entry into the marine embayment.  
Valiela’s nitrogen loading model, which has been employed in Cape Cod estuarine 
systems including Waquoit Bay, similarly accounts for processes such as denitrification 
and includes approximately 74% attenuation of septic nitrogen in its transport from 
the receiving tank to the embayment. 
 
Nitrogen attenuation in the vadose zone and groundwater by denitrification, 
adsorption and other natural processes was not considered in the SMAST model or 
analysis. 
 
Denitrification at the Sediment-watercolumn Interface.  Ammoniacal nitrogen and 
nitrates are converted to nitrogen gas by microbial activity at the ediment 
watercolumn interface. This nitrogen loss pathway was not considered by SMAST. 
 
Burial of Nitrogen Containing Materials. Some nitrogen containing materials become 
buried in the sediment and unavailable to the watercolumn. This nitrogen loss 
pathway was not considered by SMAST. 
 

Dr. Jeffrey Cornwell, Woods Hole Group, stated that denitrification and burial may be very 
important pathways for nitrogen to leave the Pleasant Bay system. 
 
These three nitrogen loss pathways are all net overstatements of the nitrogen inputs to the 

                                                
24 John W. Brawley,, Glynnis Collins, James N. Kremer, Chi-Ho Sham and Ivan Valiela, J Environ Qual 29:1448-
1461 (2000) 
25

 T. Thoms, A. E. Giblin, and K. H. Foreman, Biol. Bull. 205: 242–243. (October 2003) 
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Pleasant Bay watercolumn.  By their omission, the quantity of nitrogen going into the water 
has been overstated. 
 
A rough estimate of impact of the omissions of the three loss pathways on the SMAST Total 
Present Load of 397.4 kg/day, when combined with the previously discussed biases, is that it 
the total present load may be in the range of 222 to 300 kg/day or 56 to 75% of the SMAST 
estimate. 
 
Bias in the Nitrogen Input from Atlantic Ocean Tidal Water.  WHG has stated26: “The 
background nitrogen concentration in the Atlantic Ocean region offshore of Pleasant Bay was 
set at 0.094 mg/L based on data collected at station PBA-17A in the summer of 2005.  This 
value was calculated on a single summer of data,…   Considering MEP requires a minimum of 
three years of baseline field data within the estuary in order to be simulated in the linked-
model approach, and multi-year averages are used for model-data comparisons, it would be 
reasonable that the background levels should also be sampled over multiple years.  Although 
the data may not have been available at the time of the report, bioactive nitrogen 
concentrations observed at the same station (PBA-17A) and analyzed by SMAST during the 
summers of 2006 and 2007 were 0.079 mg/L and 0.071 mg/L, respectively.” 
 
Thus the nitrogen load in Atlantic Ocean tidal water may be overstated by about 20%. 
 
Summary of Nitrogen Loading Biases and Omissions.  The Wastewater Management 
Validation & Design Committee has identified biases in four of the SMAST nitrogen inputs 
and omission by SMAST of three important nitrogen loss pathways (outputs).  Each is 
significant in its own right and each is an overstatement of the nitrogen loadings to Pleasant 
Bay. 
 
These findings mean that the nitrogen loadings and nitrogen outputs from the Pleasant Bay 
system used by SMAST are highly unlikely to be representative of the actual nitrogen sources 
and losses in Pleasant Bay.  Since the SMAST loadings were those used to calibrate the 
SMAST linked embayment model, this means that the calibration is highly unlikely to be valid 
and the use of the model for simulation of nitrogen is unlikely to be valid. 
 

                                                
26 Woods Hole Group, Final Report to Orleans (Ref 5), p.46 
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Appendix A 
 

GLOSSARY OF DEFINITIONS, ACRONYMS AND UNITS 
 
ACDP - Acoustic Doppler Current Profiler 
 
ACEC – Area of Critical Environmental Concern (Massachusetts State government 
designation for environmentally sensitive areas) 
 
Activated Sludge - An aerobic, biological wastewater treatment process which uses the 
metabolic reactions of microorganisms to treat effluent. 
 
Aerobic – Condition where free oxygen is present (also referred to as oxic) 
 
Anaerobic – Condition where free oxygen is not present or is unavailable (also referred to 
as anoxic) 
  
 
Advection - transport with a moving fluid (e.g. nitrogen from septage systems is filtered 
through the vadose zone to the water table; ground water transports the nitrogen seaward 
by advection.) 
 
Algae Blooms - A growth of algae resulting from excessive nutrient (nitrogen or 
phosphorus) levels or other physical and chemical conditions that enable algae to reproduce 
rapidly. The overgrowth of algae can form scums and mats, and reduce the amount of oxygen 
as they decay. 
 
Anoxic - chemical or biological process proceeding without oxygen; also referred to as 
anaerobic 
 
Anthropogenic – Of, relating to, or resulting from the influence of human beings on nature. 
 
Aquifers – Geologic formations (rock, sand, or gravel) that are saturated and sufficiently 
permeable to yield significant quantities of water. 
 
Attenuate – Reduce the force or amount or magnitude. 
 
Benthic – Occurring at the bottom of the sea or lake (e.g., benthic organisms). 
 
Benthic Flux - the process of soluble chemicals (e.g. chemical compounds containing 
nitrogen) being transferred out of or into the bottom of aquatic systems. More specifically, 

benthic flux (sometimes referred to as internal recycling) represents the transport of 

dissolved chemical species across the solid-liquid interface at the bottom of aquatic 

systems. The flux of solutes can be either positive (into the water column from the 
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sediment) or negative (out of the water column into the sediment) and can vary over 

multiple temporal and spatial scales. 

 
Benthic Infauna – organisms (animal) living in the sediment on the bottom of salt or fresh 
water systems (e.g. rivers, lakes, ponds, bays, seas) 
 
Benthic Regeneration – The regrowth of organisms on lake or sea floors. 
 
Benthonic – of or related to the sediment material at the bottom of the water column. 
 
Best Management Practices (BMPs) – or Best Practices are practices or methods 
accepted to be the best currently available in terms of the costs and benefits involved.  
 
Biodiversity – Biological diversity in an environment as indicated by the numbers of 
different species of plants and animals.  A sustained high level of biodiversity indicates a stable 
ecological system. 
 
Biological Assimilation – The process in which nourishment (nutrients) is absorbed into 
living tissue.  Nitrogen is bioassimilated by photoplankton using photosynthesis. 
 
Biological Mediated Denitrification or Biologically Mediated Denitrification - The 
removal of nitrogen (nitrates, nitrites) via natural (microbial) processes resulting in the 
release of nitrogen gas into the air. 
 
Biomass – A measure of the amount of living matter per unit area or volume of habitat. 
 
Biota - A community of plant and animal organisms.(also referred to as flora and fauna) 
  
Bioactive N - DIN + PON 
 
BOD - Biochemical Oxygen Demand: a measure of water quality reflecting the rate of 
oxygen uptake by micro-organisms in the water column; expressed in mg/L  
  
BoH - Board of Health. 
 
CCC  - Cape Cod Commission 
 
Cluster System – A wastewater collection and treatment system where two or more 
facilities, but less that an entire community, is served. 
 
CMR – Code of Massachusetts Regulations. 
 
Combined Sewer Overflow (CSO) – A sewer pipe or system through which both 
sanitary wastewater and stormwater flows. During significant precipitation events, 
stormwater is mixed with sanitary flow.   
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Critical Resource Area – Localities that have been judged to be essential to the ecological 
well-being of the environment. They are subject to protection under MGL c. 1 
 
Cultural eutrophication – The accelerated aging process of waterbodies resulting from 
human sources of nutrients that stimulate the growth of aquatic plants and lead to the 
depletion of dissolved oxygen. 
 
CWA - Federal Clean Water Act. 
 
CWMP – Comprehensive Wastewater Management Plan 
 
CZM – Massachusetts Office of Coastal Zone Management.  
 
DEP - Department of Environmental Protection, Massachusetts State Government 
 
Deposition – The process by which pollutants absorbed by the atmosphere are released to 
land or water through precipitation or wind. 
 
Depuration - Process of flushing toxins from shellfish before they are sold by holding them 
in tanks of clean water for a fixed amount of time. 
 
DIN - dissolved inorganic nitrogen (e.g. nitrate and nitrite) 
  
DO or D.O.  - dissolved oxygen 
  
DON - dissolved organic nitrogen 
  
DOS - dissolved oxygen saturation: Usually expressed in ppm or mg/l, it is the maximum 
quantity of oxygen that will dissolve in water at a specific temperature.  Dissolved oxygen 
saturation in seawater is strongly dependent on salinity and temperature.  %DOS is the 
percentage of the oxygen saturation level in a specific sample. 
 
Down Gradient - The direction that ground water flows; similar to “downstream” for 
surface water. Under gravitational force, ground water flows "down" from a higher level to a 
lower level.  
 
Ecosystem – The system of living organisms that interact with one another and their 
physical environment, functioning as an ecological unit. 
 
Effluent – Treated or untreated wastewater from a treatment facility or unit (e.g. septic 
system) that is discharged into the environment. 
 
Effluent Trading – Strategies/tools to reduce problem pollutants in rivers and streams, 
lakes, estuaries, and coastlines. Trading allows a wastewater treatment plant, factory, or 
other facilities that discharge waste into a waterbody to purchase controls of a particular 
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pollutant elsewhere in the watershed, instead of installing tighter controls for that pollutant 
at the plant or factory. 
 
Embayment – A bay or a conformation resembling a bay.  
 
EOEA – The Executive Office of Environmental Affairs. 
 
EPA – The United States Environmental Protection Agency. 
 
Estuary – Partially enclosed body of water that consists of fresh and saltwater where the 
tide meets the river’s current. (see embayment) 
 
Eutrophication – A waterbody’s natural aging process due to enrichment in dissolved 
nutrients that stimulate the growth of aquatic plant life, usually resulting in the depletion of 
dissolved oxygen. 
 
Euxinic - region of restricted circulation and stagnant or anaerobic conditions. 
 
Flushing Rates – The time it takes for an entire volume of water in  system to be 
exchanged, usually expressed in days or years. 
 
GIS  -  Geographic Information System  (PB/MEP report refers to MassGIS (used for land 
use analysis and other) also Cape Cod Commission GIS “system”) 
 
GPD – Gallons Per Day. 
 
Ground Water – Water below the land surface in a saturated zone. 
  
Ground Water Discharge Permit Program – 314 CMR 5.00 establishes that discharges 
of pollutants to the ground waters of the Commonwealth will be regulated by DEP pursuant 
to MGL c.21, § 43, and that the outlets for these types of discharges and the treatment works 
associated with these discharges also be regulated by DEP. 
 
Habitat – An environment in which plants and animals live, feed, find shelter, and reproduce. 
  
Holding Time - Amount of time needed in a septic tank to allow for some decomposition 
of solids. 
 
Holocene - (Originating from the Greek holos for “whole” or “entire”) Geologic epoch 
which began about 10,000 years ago; some suggest that we have recently begun 
the Antropocene epoch (originating from the Greek anthropos for “mankind”). 
 
Hydrodynamic Model -  in our case, a model of a natural water system (e.g. Pleasant Bay 
estuary) describing the flow of water during a tidal cycle (tidal prism) in terms of quantity 
(cubic meters), direction and velocity (meters per second) for the purposes of quantifying the 
behavior of nutrients (e.g. nitrogen) in terms of residence times and flushing efficiency in the 



WMV&DC Page 39 of 59 August 2, 2009 

system.  A hydrodynamic model which accurately describes water flows is an essential tool to 
understanding the impact of nutrient management actions on water quality and ecosystem 
health. 
 
hypoxic - chemical or biological proceeding with limited oxygen; oxygen deficient conditions 
 
Infaunal  - sediment dwelling animals 
 
Infiltration - Downward movement of water through soil. 
 
Innovative/Alternative (I/A) Systems - Advanced on-site wastewater treatment and 
disposal systems that provide additions or alternatives to one or more of the components of 
a conventional system while providing at least an equivalent degree of environmental and 
public health protection. I/A systems are becoming more widely used, particularly for cost-
effective upgrades of failing systems on difficult sites that cannot accommodate a conventional 
system. I/A technologies also are used for enhanced treatment to reduce nitrogen in nitrogen 
sensitive areas. 
 
Integrated Water Resources Management Planning – Process to evaluate all technical 
and management aspects of water and wastewater resources needed for ecological and 
human health and develop a strategy to meet these needs. 
 
Interim Wellhead Protection Areas (IWPA) – Applicable to public water systems using 
wells or wellfields that lack DEP-approved Zone IIs. The IWPA is a half-mile radius measured 
from the well or wellfield for sources whose approved pumping rate is 100,000 gallons per 
day or greater. 
 
Invasive Species – Aggressive and spreading plants or animals that do not naturally occur in 
a specific area and whose introduction may cause economic or environmental harm. 
 
Kg/day – kilograms per day (one kilogram is equals to 2.2 pounds) 
 
Linked-Model - SMAST linked watershed-embayment model 
 
Local Residence Time - Average time for water to migrate from a point in a sub-
embayment to a point outside the sub-embayment. 
 
Mass Balance – Standard engineering and scientific calculations based on the law of 
conservation of mass; a quantitative accounting for all of the material (e.g. nitrogen) going 
into or out of a system (e.g. the waters of Pleasant Bay).  The material entering or leaving the 
system may be in the form of a gas, liquid or solid.  
 
Massachusetts Clean Waters Act – MGL c.21, § 26-53, which prohibits the discharge of 
pollutants to waters of the Commonwealth without a permit, unless exempted by regulation. 
 
MDC - Massachusetts Metropolitan District Commission. 
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Mean High Water – A tidal datum. The mean of all the high water heights observed over 
the National Tidal Datum Epoch (see National Tidal Datum Epoch). 
 
Mean Low Water - A tidal datum. The mean of all the low water heights observed over 
the National Tidal Datum Epoch. (see National Tidal Datum Epoch). 
 
MEP – Massachusetts Estuaries Project. 
 
MEPA – Massachusetts Environmental Policy Act. 
 
Mesotrophic (p 9 ¶3) characterized by a medium level of productivity of carbon compounds 
(e.g. algal) and moderate nutrient impact.  Systems characterized by high carbon productivity 
are referred to as eutrophic. 
 
Mg/L – Milligrams Per Liter. (also mg/l) 
 
MGD – Million Gallons Per Day. 
 
MGL – Massachusetts General Laws. 
 
Mitigate – To take corrective action to eliminate pollution or reduce its impact. 
 
MPN - Most probable number. 
 
  
NAVD - North American Vertical Datum, 1988 
 
NGVD - National Geodetic Vertical Datum; NGVD 29 refers to the NGVD of 1929 
 
National Pollutant Discharge Elimination System (NPDES) - A federal permit 
program established in 1972 by the Federal Water Pollution Control Act, known as the 
Clean Water Act. NPDES regulates the discharge of pollutants into waterbodies. 
Massachusetts is not authorized to administer the NPDES program. 
 
National Tidal Datum Epoch - The 19-year period adopted by the National Ocean 
Service as the official time segment over which tide observations are taken and reduced to 
obtain maen values for mean low water and mean high water. 
 
Natural Attenuation – Using a naturally occurring system (wetland or pond) to reduce the 
amount of nitrogen impact on an estuary. 
 
NEIWPCC – The New England Interstate Water Pollution Control Commission. 
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Nitrate – Component of fertilizer. Considered a broad indicator of the contamination of 
groundwater. The nitrogen species in marine systems that is most responsible for 
eutrophication. Nitrate = NO3    
 
Nitrite – A salt or ester of nitrous acid. An intermediate oxidation state of nitrogen, 
between nitrate and ammonia. Nitrite = NO2   
 
Nitrogen Cycle – Continuous cyclic progression of chemical reactions in which 
atmospheric nitrogen is compounded, dissolved in rain, deposited in the soil, assimilated and 
metabolized by bacteria and plants, and returned to the atmosphere by organic 
decomposition. 
 
Nitrogen Loading - The input of nitrogen to estuaries and embayments from natural and 
anthropogenic sources. 
 
Nitrogen Threshold - Maximum amount of nitrogen that an estuary or embayment can 
assimilate without adversely changing its character and use. Also known as the critical 
nitrogen limit. 
 
Nonpoint Source – Pollution from many diffuse sources that is carried to surface waters by 
runoff or ground water. Nonpoint source pollution is typically caused by sediment, nutrients, 
and organic and toxic substances originating from land-use activities and/or the atmosphere. 
 
NSFC – National Small Flows Clearing House. 
 
Nutrient Sink – Waterbodies/wetlands that hold nutrients in the water column or in the 
sediments, making them either temporarily or permanently unavailable for biological 
processes. 
 
Nutrient Trading - Strategies/tools to reduce problem pollutants in rivers and streams, 
lakes, estuaries, and coastlines. Trading allows a wastewater treatment plant, factory, or 
other facilities that discharge waste into a waterbody to purchase controls of a particular 
pollutant elsewhere in the watershed, instead of installing tighter controls for that pollutant 
at the plant or factory. 
 
Nutrients – Any substance required by plants and animals for normal growth and 
maintenance e.g., nitrogen and phosphorus. 
 
Nitrogen analyses: 
            DIN: dissolved inorganic nitrogen (e.g. nitrate and nitrite) 
            DON: dissolved organic nitrogen 
            PON: particulate organic nitrogen 
            TON: total organic nitrogen 
            Total N:  Total nitrogen consisting of DIN + PON + DON 
            Bioactive N: DIN + PON 
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Off-Line - Stormwater treatment systems designed to retain a standing volume of 
stormwater to allow for a physical settling of suspended particles and for other biological and 
chemical treatment processes to occur. 
 
On-Line - Stormwater treatment systems designed to treat stormwater at a designated flow 
rate. The retention time in these systems is very short. 
 
On-Site Treatment and Disposal System – A natural system or mechanical device used 
to collect, treat, and discharge or reclaim wastewater from an individual dwelling without the 
use of community-wide sewers or a centralized treatment facility. It includes a septic tank and 
a leach field. 
 
Organic pollutants – Carbon-based pollutants such as proteins, carbohydrates, and fats 
and oils, present in wastewater. 
  
Orthophosphate: PO4 
 
Oxic - chemical or biological process using oxygen (indicates abundant available oxygen); also 
referred to as aerobic 
 
Pathogen – An agent such as a virus, bacterium, or fungus capable of causing disease. 
 
Pleasant Bay Water Resource Management Alliance also referred to as The 
Pleasant Bay Alliance 
  
Plug flow - the velocity of the fluid is assumed to be constant across any cross-section of 
the system; plug flow in a river or estuary means that the water is unidirectional and of 
 constant speed anywhere across the water body 
 
POC - particulate organic carbon 
 
Point Source – Pollution from discernable, confined, and concrete conveyances, including 
but not limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, 
rolling rock, concentrated animal feeding operation, vessel or other floating craft from which 
pollutants are or may be discharged. This term does not include return flows from irrigation 
agriculture. 
 
Pollutants – Any element or property of sewage, agricultural, industrial, or commercial 
waste, runoff, leachate, heated effluent, or other matter in whatever form, and whether 
originating at a point or nonpoint source, that is or may be discharged, drained, or otherwise 
introduced into any sewage system, treatment works, or waters of the Commonwealth. 
 
Pollution Trading – A regulatory tool that allows pollution sources to reallocate 
responsibilities for pollution reduction among themselves and find the most cost-effective 
reduction measures in order to meet regulatory requirements. 
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PON - particulate organic nitrogen 
 
POTW – Publicly Owned Treatment Works. 
 
ppm – Parts Per Million.  
 
ppt  - parts per thousand (certainly not parts per trillion) 
 
Recharge – The return of water to an underground aquifer by natural or artificial means. 
 
Remediation – Corrective action taken to eliminate pollution or reduce its impact. 
 
Residence Times – The average time required for a particle of water or pollutant to 
migrate through an estuary. 
 
RFP  - request for proposal 
 
Rotating Biological Contactor (RBC) - Wastewater treatment technology that uses 
bacteria grown on partially submerged plates to treat effluent. 
 
SMAST - School of Marine Science and Technology, University of Massachusetts at 
Dartmouth 
 
Salinity – The measure of the salt content of water (often expressed in ppt (parts per 
thousand) 
  
SD - Secchi disc depth, an indirect measure of water clarity, reflecting suspended matter 
(turbidity) (predominantly sediment or plankton, strongly affected by sampling variables) 
 
Sediment – Mineral and organic material that settles from suspension in the water column. 
 
Senescence - advanced aging process 
 
Septic tank – A buried tank designed to receive and pretreat wastewater from individual 
homes by separating settleable and floatable solids from wastewater. A component of an on-
site wastewater treatment and disposal system. 
 
Sequencing Batch Reactor (SBR) - Wastewater treatment technology in which aeration 
and clarification are carried out sequentially in the same tank. 
 
Sessile - Describing a marine or freshwater organism that is permenantly attached to 
another surface. 
 
Sewage – The water-carried human or animal wastes from residences, buildings, industrial 
establishments, or other places, together with such ground water infiltration and surface 
water as may be present. 
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SMAST – The University of Massachusetts School of Marine Science and Technology. 
 
Soil Absorption System (SAS) – System of trenches, chambers, pits, fields, or beds, and 
distribution lines that receives effluent from a septic tank and transmits it to the soil for 
treatment in a biological mat and subsequent disposal to the underlying soils. 
 
State Revolving Fund (SRF) – This program assists towns, cities, and wastewater districts 
in the financing of water pollution abatement projects. There are two types of funding 
through this program: the Clean Water and Drinking Water State Revolving Fund grants 
(CWSRF and DWSRF). The clean water fund supports low interest loans to help 
communities build/upgrade wastewater facilities. The drinking water fund supports low 
interest loans to help communities build/upgrade water treatment systems. 
 
Sub-embayment - Cove within an embayment. 
 
Surface Water - All waters other than ground waters within the jurisdiction of the 
Commonwealth, including, without limitation, rivers, streams, lakes, ponds, springs, 
impoundments, estuaries, wetlands, coastal waters and vernal pools. 
 
System Residence Time - Average time for water to migrate through an entire estuarine 
system. 
 
Tidal Flushing – The exchange of water from an estuarine system to the waterbody into 
which it empties. 
 
Total Maximum Daily Load (TMDLs) – The greatest amount of a pollutant that a 
waterbody can accept and still meet water quality standards for protecting public health and 
maintaining the designated beneficial uses of those waters for drinking, swimming, recreation, 
and fishing. 
 
Turbidity – A measure of soil or organic particles that cloud the water and do not allow 
light rays to pass through. 
  
Tidal prism - volume of water (cubic meters) moving in and out of an estuary during the 
tidal cycle 
 
Tidal harmonics -  For information on tidal harmonic constituents like M2, NOAA site has 
definitions http://tidesandcurrents.noaa.gov/harmonic_cons_defs.html 
  
TON - total organic nitrogen 
  
Total N -  Total nitrogen consisting of DIN + PON + DON 
  
TN - Total nitrogen 
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TP - total pigment, contributed by and reflective of phytoplankton standing populations; (this 
should correlate negatively with SD and positively with DIN) 
  
USGS or U.S. Geological Survey - United States Geological Survey (U.S. government 
agency in Department of Interior) 
 
Vadose zone - unsaturated soil between the surface of the earth and the water table 
(ground water) 
  
Water Column – The open-water environment, as distinct from the bed or shore, that 
may be inhabited by marine or fesh water organisms. 
 
Water Quality – Pertaining to the presence and amount of pollutants in water. 
 
Wetlands Protection Act (WPA) – MGL c. 131, § 40. Under the provisions of the Act, 
no person may remove, fill, dredge, or alter certain resource areas without first filing a 
Notice of Intent and obtaining an Order of Conditions. The Act requires that the Order 
contain conditions to contribute to the following interests: protection of public and private 
surface and ground water supply, flood control, storm damage prevention, prevention of 
pollution, protection of fisheries, land containing shellfish, and protection of wildlife habitat. 
 
WMV&DC - Orleans Wastewater Management Validation & Design Committee 
 
Woods Hole Group, Inc.  or WHG – environmental science consultant group contracted 
by Orleans to investigate specific aspects of the MEP Pleasant Bay Report. 
 
WWTF - Waste Water Treatment Facility 
 
WWTP – Wastewater Treatment Plant. 
 
Zone II – That area of an aquifer that contributes water to a well under the most severe 
pumping and recharge conditions that can be anticipated. See 310 CMR 22.00 for a more 
detailed regulatory definition: http://www.state.ma.us/dep/brp/dws/files/310cmr22.pdf 
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Appendix B 
 

THE WASTEWATER MANAGEMENT VALIDATION & DESIGN 
COMMITTEE 

Biographical Sketches 
 
Paul Ammann, Chairman:  Mr. Ammann holds B.S. and M.S. degrees in Chemical 
Engineering from the Massachusetts Institute of Technology.  He worked in industry 
approximately 25 years, and subsequently as a consultant, and was a licensed professional 
engineer in the Commonwealth of Massachusetts until his retirement. 
In positions with major companies and as a consultant he has been responsible for 
conceptualizing, designing, testing, and implementing technologies involving pollution control; 
hazardous waste handling and remediation; and metallurgical and chemical processes.   As a 
consultant, he has concentrated his work in the environmental area to include the analysis of 
policies, technologies, and costs associated with the cleanup of hazardous waste sites.   He 
has assisted companies in structuring research and development efforts, and aided 
policymakers in assessing the cost implications of various regulatory scenarios.  Mr. Ammann 
also has worked with companies and their legal counsel and legal committees in connection 
with settlement and litigation matters at Superfund sites. 
 
Ed Daly, Vice Chairman:  Mr. Daly, a missile guidance engineer, holds a B.S. in Electrical 
Engineering and a M.S. in Electrical and Electronic Engineering from Northeastern University 
and is a graduate of the Raytheon Executive Management Program.  Prior to retiring to Cape 
Cod, Mr. Daly served as the major program manager for Raytheon’s Saudi Arabian program 
in which position he was responsible for deployment of Hawk and Patriot missile air defense 
systems, including all supporting logistics facilities for training, maintenance depots, housing 
bases for employees, a major medical facility, and a desalination plant on the Red Sea.  Earlier 
in his career, Mr. Daly served as Raytheon Laboratory manager for the design of the Patriot 
missile, including oversight of the flight test program at White Sands Missile Range in New 
Mexico, and as a missile guidance engineer for AVCO where he was responsible for the 
design of telemetry equipment for the Minuteman and Titan ICBM missiles.  He holds two 
registered U.S. patents and has been published in several professional journals. 
 
Ron Collins: Mr. Collins serves as construction project manager for the Town of Orleans in 
which position he is responsible for budget and cost forecasting; task scheduling; scope of 
work changes; requisition and change order approval; and project closeout.  In that role, he 
has overseen the renovation of the Orleans Town Hall and Police Department, and the Lots 
Hollow Road reconstruction, among other initiatives.  Prior to assuming his current position 
with Orleans, Mr. Collins held senior project design and management positions for several 
multi-million-dollar construction programs both in the United States and Europe, including 
expansion of a semiconductor manufacturing facility in San Antonio, Tex.; upgrading and 
retrofitting a semiconductor manufacturing facility in Kokomo, Ind.; construction of a 
semiconductor manufacturing facility in Rousset, Fr.; and the construction of a new diagnostic 
production facility in Falmouth, Mass.  Mr. Collins holds a B.S. in Civil Engineering from the 
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Wentworth Institute of Technology and has completed course work towards an M.S. degree 
at the Worcester Polytechnic Institute. 
 
Jeffrey Eagles:  Mr. Eagles retired to Cape Cod in 2002 following 20 years of service in the 
semiconductor industry with the BOC Group, a multinational industrial gas company, where 
he marketed, and managed the sale and servicing of gases, vacuum pumps, and a range of 
chemical processing equipment used to convert highly toxic gases to safe byproducts.  In 
addition to BOC assignments in the U.S., Mr. Eagles also lived and worked in Taiwan, Japan, 
and the United Kingdom during that period.  Prior to joining BOC, Mr. Eagles served as 
project control manager for a Raytheon Company petrochemical plant construction project 
in Alberta, Can.  As a commissioned Naval Officer during the 1970s, Mr. Eagles served in 
Admiral H.G. Rickover’s headquarters engineering organization, where he was responsible 
for environmental and waste treatment aspects related to radioactive materials generated on 
U.S. Navy submarines, surface ships; and shipyards and land-based facilities, including two 
commercial electrical power generating plants.  Mr. Eagles earned a B.S in Chemical 
Engineering from Tufts University and an S.M. in Hydrogeochemical Engineering from 
Harvard University, School of Engineering and Applied Science.  He also holds an M.B.A. from 
Harvard University. He completed all course work toward an M.S. in Nuclear Engineering 
while on duty with the U.S. Navy.  
 
Greg Horne:  Dr. Horne received his Ph.D. in geology from Columbia University in 1968. 
He joined the faculty of Wesleyan University in 1970, and two years later initiated one of the 
first undergraduate programs in environmental sciences in the United States at Wesleyan as 
an outgrowth of the university’s traditional geology department.  Over the next 30 years, Dr. 
Horne spearheaded the development of that program with a primary focus on coastal marine 
science.  As an adjunct of that work, he developed and implemented a vigorous research 
program on the Connecticut River estuary, the largest estuary in New England, and served as 
director of the Essex Marine Laboratory in Essex, Conn.  Dr. Horne also collaborated with 
colleagues at the West Indies Laboratory at St. Croix, USVI, on the ecology of Caribbean 
coral reefs.  He served for 20 years as an officer on the Board of Control of the Connecticut 
Experiment Station in New Haven, Conn., that state’s major environmental facility. He has 
published the results of his research with the Connecticut River estuary and Long Island 
Sound in peer-reviewed scientific journals on the topics of tidal circulation; estuarine  
hydraulics; sediment transport; coastal erosion; salt marsh evolution; sea level change; and 
Quaternary coastal development.  Dr. Horne retired to the Cape in 2000, and has since 
focused his interests on the health of Pleasant Bay. 
 
Sims McGrath: Mr. McGrath is a managing partner with the design/build firm HMD 
Architects LLC, where he is responsible for business development and project management. 
He also owns a decorating and home furnishings firm and is the sole proprietor of a Lower 
Cape residential services business.  Mr. McGrath has been active in Orleans Town 
government for many years, having served on several key boards and committees, the Board 
of Health, Wastewater Management Plan Steering Committee, and Planning Board, among 
these.  An Orleans resident since 1984, he is a graduate of Syracuse University.  Mr. 
McGrath resigned from the Wastewater Management Validation & Design Committee in 
March 2009 following his election to the Orleans Board of Selectmen. 
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Judith Scanlon:  Ms. Scanlon, a marine biologist, has been a member of numerous Orleans 
boards and committees charged with overseeing environmental issues for the Town, 
including the Wastewater Management Steering Committee; Conservation Commission; and 
the Shellfish and Waterways Advisory Committee.  As a member of the Orleans Marine and 
Freshwater Water Quality Task Force, she has participated in the Town’s Pleasant Bay water 
quality sampling program.  In her professional career, Ms. Scanlon worked for nine years as a 
researcher with Battelle Ocean Sciences; a fisheries technician with National Oceanic and 
Atmospheric Administration (NOAA); a guest investigator for the Woods Hole 
Oceanographic Institution; and director for Environment, Occupational Safety & Health for 
Suffolk University.  She currently owns and manages Lakefarm Gardens, a small farm in 
Orleans. Ms. Scanlon holds a B.A. in marine biology from Roger Williams University. 
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Appendix C 

Analysis Of Requirements For Remediation Of The Pleasant Bay System 
      

 

Present 
controllable 

watershed load  
(kg/day) 

Percent 
controllable 
watershed 

reductions (%) 

Present 
required 

reductions 
(kg/day) 

Unnecessary 
reductions 

(kg/day) 

Remaining 
implementation 

(kg/day) 

Meetinghouse 
Pond                   6.20  83 5.15 5.15  
The River - Upper                   2.77  37 1.02 1.02  
The River - Lower                   3.88  37 1.44 1.44  
Lonnies Pond                   2.44  33 0.81  0.81 
Areys Pond                   1.30  29 0.38  0.38 
Namequoit River                   2.74  37 1.01  1.01 
Pah Wah Pond                   1.86  61 1.13  1.13 
Pochet Neck                   8.42  51 4.29 4.29  
Little Pleasant 
Bay                   8.13  28 2.28 2.28  
      

Totals                37.74  46 17.51 14.18 3.33 

 
Possible decrease in remediation in Pleasant Bay 

System: 81% 19% 
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Appendix D 

 

Water Quality Nitrogen Components 

 

 

DON = amino acids, amines, urea  
  (relatively non-supportive of 
  phytoplankton in shallow  
  Estuaries) 
 
PON = nearly all living or dead  
  phytoplankton – this is  
  nitrogen contained in the 
  organism structure 
 
DIN = NO3, NO2 , NH4

+ (nitrate, nitrite 
  and ammoniacal forms) 
 
 
 
 
Total Nitrogen = [Bioactive Nitrogen] + DON = DIN + PON + DON 
 
Bioactive Nitrogen = DIN + PON 
 
 
 
DON = dissolved organic nitrogen ( primarily products of fermentation or decay of 
organic matter 
 
PON = particulate organic nitrogen 
 
DIN = dissolved inorganic nitrogen 
 

Bioactive  
Nitrogen 

Total 
Nitrogen 
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