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Figure A.1: Map of Salem Sound Watershed Hydrography (Data from MassGiS 

and Salem Sound Coastwatch)





Part I

Part I:

The Pond Situation in Salem Sound 
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Chapter One

played  a  role  in  creating  ponds  by  damming  streams  and  

Chemical Characteristics

Chapter One:

Ponds: Characteristics, Threats, Values, 
and Uses

Characteristics of Urban Ponds
Physical Characteristics
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Chapter One

Use and Values of Urban Ponds



Chapter One

Urban Runo!

biological  problems  may  cause  a  decline  in  property  values.  

Threats to Health and Longevity
Invasive or Unwanted Species
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Chapter One

Figure 1.1: A comparison of natural state and post-development hydrologic 

conditions. (Source: Smart Growth / Smart Energy Toolkit 2007 http://www.

mass.gov/envir/smart_growth_toolkit/pages/mod-lid.html)
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Chapter One

Eutrophication



Chapter One

Figure 1.2: Simple model of eutrophication.
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Chapter Two:

Black Joe’s Pond: A Case Study in Urban 
Pond Management

Location, Condition, and Uses 

1   The pond’s name comes from Joseph Brown, an African-

American Revolutionary War veteran and resident of Marblehead, who owned 

and operated a popular tavern in the late 18th early 19th centuries (Wellinger 

2010). His wife, Lucretia Brown, was a professional baker whose “Joe Frogger” 

cookies are still a beloved tradition in Marblehead (Klein 2010). The historic 

Black Joe’s Tavern building exists today as a residence (B. Warren, pers. comm.).  
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Figure 2.1: Aerial Photograph of Black Joe’s Pond, showing in!ow and out!ow points (Images from MassGIS) 



Chapter Two

The Dispute
Figure 2.2: Photograph of Black Joe’s Pond. (Source: Mary Claire Wellinger)
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regulations,  is  germane  to  its  management.  Town-owned  
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Discussion
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disagreement  about  pond  management  practices.  In  a  way,  
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management  plan.  
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Pond Problems in Salem Sound Watershed 

Chapter Three:

Management throughout the Salem 
Sound Watershed

Conservation Commissions
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Community Responses to Pond Treatment Decisions

long-term  stormwater  management  and  education  about  
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Outside Assistance
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Watershed Associations



  20

Chapter Three

Key Observations 
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Part II

or  ecological  sensitivities  or  long-term  costs.  Municipalities  

and  environmentally  concerned  residents.  Involving  all  

  

Part II: 

Developing and Implementing an 
E!ective Pond Management Plan

management  plan  many  seem  daunting.    
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Part II

planning  options.



Chapter Four

Chapter Four:

Data Collection and Analysis
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Chapter Four

bias  towards  a  particular  solution.

monitoring  programs  to  broaden  participation,  and  maximize  

limited  resources.  Volunteer  monitoring  provides  a  cost-

in  monitoring  and  data  analysis  could  assist  conservation  

Involving Volunteers

program  may  seem  daunting  to  conservation  commissions  or  
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Chapter Four

inland  waters   in  order  to  guide  communities  in  designing,  

1   The “inland waters” category includes rivers, streams, lakes, 

ponds and wetlands. Here, we discuss the aspects pertaining to ponds.

Designing a Monitoring Program
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Establish Ownership

pond  treatments.

Identify Applicable Laws/Regulations

Building the Foundation

Take Inventory



Chapter Four

Establish Goals

poor,  post-glacial  state.

Organize and Coordinate

Assess Visitor Demographics/Uses

De"ne the Problem



Chapter Four

Train Volunteers

2

2   http://www.umass.edu/tei/mwwp/wkshdes.html.

managing  and  analyzing  data,  and  act  as  a  liaison  between  lab  

Figure 4.1  Typical project roles and lines of communication for a monitoring 

program.  Blue boxes indicate potential roles for SSCW or other watershed 

organizations.  (Adapted from Schoen 2008.)
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Chapter Four

Pond Analysis

Morphometry / Structural Features

Select Study Parameters and Methods



Chapter Four

3    

Biological Assessment

3   http://www.epa.gov/waterscience/methods/method/

bottom,  data  can  be  simultaneously  collected  on  sediment  

Water Testing
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Chapter Four

sampling  season.

Figure 4.2  Volunteers surveying for invasive plants (Source: Maine Volunteer 

Lake Monitoring Program, as pictured in The National Newsletter of Volunteer 

Monitoring, Spring 2009).
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Chapter Four

Watershed Delineation

Watershed Analysis4

4   The information in this section comes from Horsley 2009 

unless otherwise noted.



Chapter Four

assess  spatial  variations  in  pollutant  loading  and  prioritize  

Hydrologic Budgets

reasonably  accurate  estimates  can  be  made,  incorporating  

is  ideal.  

Watercourse Assessment



      35

Chapter Four

stormwater  pollution.

Soil or Sur"cial Geology Analysis

are  closely  correlated,  we  recommend  primarily  using  soil  

5

5   Soils and sur"cial geology data layers are available through 

MassGIS
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Chapter Four

Figure 4.3 Soil groups are classi"ed into hydrologic groups A,B,C 

and D based on in"ltration rates.  Small grain size and a slow 

in"ltration rate increases the soil’s runo# potential (Adapted from 

http://nesoil.com/hydrologic.html).
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Table 4.4  A table of runo# coe$cients based on land use, impervious area, hydrologic soil group, and slope (Source: 

Wisconsin Department of TrTansportation 1997).
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sources,  as  well  as  potential  increases  in  nutrient  loading  due  

sites.6

6   Chapter 21E Sites under MassDEP Tier Classi"ed Oil and/or 

Hazardous Material Sites

Land Use/ Loading Analysis
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Biological Analysis

8   http://commpres.env.state.ma.us/content/buildout.asp

  In  unsewered  areas,  

extent  allowable  under  existing  regulations  and  codes.  

7   One widely used source of in this area is Mattson and Isaac’s 

Calibration of Phosphorus Export coe$cients for Total Maximum Daily Loads of 

Massachusetts Lakes (1999).
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Chapter Five:

Choosing a Management Practice

solution.

maintenance  costs.  

Short-term: In-pond Methods
Methods to Control Nutrients

1   The term Best Management Practices (BMPs) is commonly 

used by government agencies to describe these practices.



Chapter Five

No-Management Alternative for Nutrient and Aquatic 
Plant Control

column,  is  reduced.

nutrient  control.  

Methods to Control Aquatic Plants



Chapter Five

Costs of Short-Term Treatments 

may  occur.  Algal  blooms  also  limit  rooted  plant  diversity  



Chapter Five

Domestic  on-site  wastewater  treatment,  or  septic  systems,  

Long-term: The Whole Watershed Approach

Wastewater Treatment



Chapter Five

Picking Up Pet Waste

waste  into  ponds.  

Reducing the Use of Fertilizers and Other Landscaping 
Chemicals



Chapter Five

impact  development,  yet  not  always  possible  in  urban  areas  

Controlling Stormwater Runo!



Chapter Five

biologically  treat  organic  materials  and  absorb  water  and  

appropriate  vegetation  species  can  reduce  maintenance  
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detailed  below.

Bene"ts of a Watershed Approach
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Chapter Five

2

2   More information about this program can be found on the 

EPA’s website: www.epa.gov/nps/cwact.html.

reduce  external  nutrient  loading  in  ponds.

Financial Assistance
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Community Involvement

communication  can  delay  productive  treatments  and  cultivate  
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Chapter Six

be  administered.

Chapter Six:

Project Implementation and Evaluation

Creating an Action Plan
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Chapter Six

topics2

Control of Target Species

non-target  species.  

2   Some projects, including drawdown, herbicide/algaecide 

applications, harvesting, dredging, and managing pioneer infestations, require 

the submission of additional criteria.  Additionally, aquatic weed control 

projects where anticipated impacts are deemed minimal may qualify for a 

“limited review.” (DEP 2004)

Gaining Approval

  a  wetland  environment  must  pass  a  

approval.  Depending  on  local  regulations,  certain  treatments  

1   Activities subject to regulation under Massachusetts 

Wetlands Protection Act (M.G.L. Chapter 131 Section 40) are enumerated by 

310 CMR 10.02.  Local wetlands bylaws may include additional speci"cations.



Chapter Six

Fisheries

Wildlife Habitat

implement  more  aggressive  or  unconventional  treatments,  

Protection of Resource Areas

resource  areas,3  groundwater,  or  public  and  private  water  

Work Description

Rare Species and Other Critical Resources

5.

3   Delineated resource areas from DEP Wetland  Maps.

4   NHESP de"ned by 310 CMR 10.59

5   ORW de"ned by 314 CMR 9.00
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Chapter Six

invulnerable  to  external  political,  economic,  and  social  

Evaluation

assistance  and  credibility  to  applicants  developing  NOIs,  
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Chapter Six

will  not  be  immediately  observable,  plans  need  only  be  
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Chapter Seven

Local Government Power

term  vision  and  planning  goals  and  provides  a  rational  basis  

Chapter Seven:

Long Term Planning for Watershed 
Protection
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State Level Policy Relating to Local Land 
Use Planning

grants  municipalities  certain  regulatory  powers  related  to  
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Chapter Seven

municipalities  enact  zoning  and  subdivision  plans  consistent  

Potential Role for Salem Sound Coastwatch
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Municipal Wetlands Bylaws and Ordinances
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Chapter Seven

1   According to the Pioneer Institute, Salem has adopted 

a wetlands bylaw that extends the bu#er zone around rivers to 200 feet.  

However, the Salem Conservation Commission has not enacted any additional 

wetlands regulations despite having the authority to do so (Pioneer Institute).
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Chapter Seven

Marblehead Manchester-
by-the-Sea

Salem Beverly Danvers Peabody

   
   

   
   

   
   

   
 V

er
na

l P
oo

ls

Does the municipality have 
jurisdiction to regulate vernal 
pools that are not certi"ed by the 
state?

Yes Yes No Yes No Yes

Does the municipality’s 
jurisdiction extend to bu#er 
zones around vernal pools 
beyond what the jurisdiction 
granted in the state 
Wetlands Protection Act would 
cover?

Yes Yes No Yes No Yes

If so, what is the width of 
jurisdiction from the mean 
annual water-line of the vernal 
pool?

200 ft 200 ft N/A 100 ft N/A 200 ft

   
  I

so
la

te
d 

W
et

la
nd

s

Does the municipality regulate 
bu#er zones around isolated 
vegetated wetlands?

Yes Yes No Yes Yes Yes

 If yes, what is the size of the 
bu#er?

100 ft (100 ft) 
- isolated 
wetland must 
be a minimum 
5,000 sq ft 

N/A 100 ft 100 ft 100 ft

Table 7.1 – Local Wetlands Regulations of Municipalities in the Salem Sound Watershed (Adapted from a joint initiative of the Pioneer Institute 

for Public Policy Research and Harvard’s Rappaport Institute for Greater Boston, 2004).
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Marblehead Manchester-
by-the-Sea

Salem Beverly Danvers Peabody

   
   

  L
an

d 
Su

bj
ec

t t
o 

Fl
oo

di
ng

Does the municipality regulate 
bu#er zones around “land subject 
to !ooding”?

Yes Yes No No No Yes

Does the municipality de"ne 
“areas subject to inundation 
and !ooding” to cover greater 
potential area than the 
jurisdiction granted in 
the state Wetlands Protection Act 
would cover?

Yes Yes No No Yes Yes

   
   

 S
et

ba
ck

 
Re

gu
la

tio
ns

Does the municipality enforce 
“no build zones” within the bu#er 
zone around wetlands? If yes, 
what is the setback requirement?

Yes Yes No Yes Yes Yes

If so, what is the speci"c setback 
requirement?

* 25 ft no 
disturbance, 
* 50 ft no 
build, 
* 100 ft no 
disturbance 
(vernal pool)

*50 ft no 
disturbance 

N/A * 25 foot no 
disturbance 
* 100 foot no 
disturbance 
(vernal 
pools)

* 25 foot no 
disturbance 
* 35 foot no 
build

100 ft no 
disturbance

W
et

la
nd

s 
Ce

rt
i"

ca
tio

n 
D

el
ay Does the wetlands bylaw/

ordinance give the Conservation 
Commission the right to delay 
certi"cation of wetlands during 
dry seasons or winter months or 
for another reason?

Yes Yes No Yes Yes Yes

Table 7.1 (cont.)
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Chapter Seven

2

Low-Impact Development / Stormwater 
Regulations 

2   In this context, the term “pesticide” is meant to include both 

herbicides and algaecides.  

Municipal Pesticide Restrictions
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Chapter Seven

Flexible Zoning 

conservation  subdivision,  and  planned  unit  development  

Overlay Zoning

wetlands  protection  by  including  limitations  on  impervious  



Chapter Seven

Database  and  local  government  bylaws  and  ordinances,  



Chapter Seven

Beverly Danvers

x x x x x x

x x

x x

x x x

x x x x x

x

x x x x x

No

Table 7.2: Salem Sound Watershed Land Use Regulations
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Conclusion
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List of Acronyms

EPA Environmental Protection Agency

GEIR Generic Environmental Impact Report

GIS Geographic Information Systems

LID Low impact development

MassDEP Massachusetts Department of Environmental 
Protection

NHESP National Heritage & Endangered Species 
Program

NOI Notice of Intent

NPDES National Pollutant Discharge Elimination 
System

NRCS National Resources Conservation Service

NRWA Neponset River Watershed Association

OOC Order of Conditions

List of Acronyms

ACT Aquatic Control Technology

CPA Community Preservation Act

CPA-II Community Planning Act

CRWA Charles River Watershed Association

CSO Combined sewer over!ow

CWA Clean Water Act

DCR Department of Conservation and Recreation

DEP Massachusetts Department of Environmental 
Protection

DO Dissolved oxygen

EEA Massachusetts Executive O$ce of Energy & 
Environmental A#airs

EIS Environmental Impact Statement



List of Acronyms

USGS United States Geological Survey

WPA Wetlands Protection Act

WRC Water Resources Commission

OPM Organic Pest Management

ORW Outstanding Resource Waters

OSRD Open space residential design

PROMPT Preservation and Restoration of Marblehead 
Ponds Today

PUD Planned unit development

QAPP Quality Assurance Project Plan

SOC Superseding Order of Conditions

SSCW Salem Sound Coastwatch

TKN Total Kjeldahl nitrogen

TN Total nitrogen

TP Total phosphorus

TSS Total suspended solids



Glossary

bioretention: An engineered stormwater management 
technique designed to capture stormwater runo# before it is 
in"ltrated or discharged. Bioretention treats stormwater runo# 
through physical and biological mechanisms during in"ltration.

bu!er zone: Any area that keeps two entities separate from 
each other: as it pertains to environmental issues, a bu#er zone 
refers to the area between any development activity and a 
natural resource area including a wetland.

buildout: An area’s maximum development potential.

Charles River Watershed Association (CRWA): A watershed 
organization dedicated to the use of science, advocacy, and the 
law for the protection, preservation, and enhancement of the 
Charles River and the surrounding watershed.

chlorophyll a: Green pigment found in most plants, used to 
measure water quality with a high level indicating poor water 
quality (high algal growth and excessive nutrient content).

Clean Water Act (CWA): Passed in 1972, the CWA uses 
regulatory and non-regulatory tools to reduce pollutant 
discharges into surface receiving waters. 

Glossary
algae: Photosynthetic and usually autotrophic organisms found 
in most habitats, ranging from single- to multi-cellular. 

alkalinity: A measure (mg/L) of a solution’s ability to neutralize 
acid.

anoxia: The state of being low in oxygen—in the case of a 
pond, low dissolved oxygen content.

anoxic water: The area of a pond in which there is low 
dissolved oxygen.

anthropogenic: Caused or produced by human activity or 
because of human in!uence.

Aquatic Control Technology (ACT): A private lake and pond 
management service based out of Sutton, MA.

bathymetry: Measurement of the depth of a pond basin.

benthic zone: The lowest level of water in a pond, includes the 
sediment surface.



Glossary

dissolved oxygen: The amount of gaseous oxygen dissolved in 
water.

drawdown: A management technique whereby a pond’s water 
level is lowered to expose unwanted aquatic vegetation

eutrophication: A process whereby water bodies receive 
excess nutrients that stimulate excessive plant and algae 
growth.

environmental impact statement (EIS): A document required 
under US environmental law that describes the positive and 
negative environmental e#ects of a proposed action and 
outlines alternative actions.

Environmental Protection Agency (EPA): Agency of the 
federal government charged with protecting human health 
and the environment by developing and enforcing regulations, 
studying environmental issues, education, and grants and 
sponsorships.

fetch: A measurement of the two most distant points on the 
pond’s shoreline. A longer fetch allows greater interaction 
between wind and the water surface, thus promoting mixing.

"rst #ush: The initial surface runo# from a storm event, 
typically the "rst ½ to 1 inch.

combined sewer over#ow (CSO): A wastewater discharge 
occurring when the volume of water in sewers designed to 
collect rainwater runo#, domestic sewage, and industrial 
wastewater in the same pipe exceeds the capacity of the sewer 
system or treatment plant.

Community Planning Act (CPA-II): Proposed state-level 
legislation that would reform statutes related to local land use 
planning by providing municipalities with new planning tools 
such as impact fees, ensuring that new zoning is consistent 
with a master plan, and removing loopholes that weaken local 
planning.

Community Preservation Act (CPA): Legislation enacted 
in Massachusetts in 2000 to help communities preserve 
open space and historic sites, create a#ordable housing, and 
recreational facilities.

conductivity: The ability to transmit electricity, sound, or heat.

conservation commission: A department of municipal 
government responsible for the preservation and protection of 
natural resources.

Department of Conservation and Recreation (DCR): An 
agency charged with protecting, promoting, and enhancing 
natural, cultural, and recreational resources.



Glossary

hydrologic budget: Accounting for the in!ow, out!ow, and 
detention of water in a given area.

hydrologic soil group: a classi"cation system developed by 
the Natural Resource Conservation Service indicating a soil’s 
moisture absorption properties 

impervious surface: Any surface that is impenetrable and does 
not allow the in"ltration of water, typically man-made surfaces 
such as roads, sidewalks, driveways, and parking lots.

invasive species: A species whose presence in an ecosystem 
is characterized by uncontrolled growth, potential to cause 
environmental and economic harm, or harm to human health.

littoral area: Area of the pond basin extending from the 
shoreline to the limit of rooted aquatic plants.

Low impact development (LID): An alternative approach to 
land development or redevelopment to manage stormwater 
through the conservation and use of natural features to protect 
water quality and conserve or restore natural hydrologic 
conditions.

macrophytes: Aquatic plants that are emergent, submergent, 
or !oating that are growing in or near water.

Generic Environmental Impact Report (GEIR): A report that 
aims to support the Commonwealth’s 1994 Policy on Lake and 
Pond Management and details management options for the 
control of aquatic plants and algae.

Geographic Information Systems (GIS): System that 
integrates hardware, software, and data for analyzing and 
displaying geographically indexed information. 

green roof: A roof that is partially or totally covered in 
vegetation designed to intercept and manage stormwater 
runo#, provide insulation, and/or create habitat.

groundtruthing: On-site veri"cation of spatial or structural 
features.

groundwater: Water that is below the soil surface, in soil pore 
spaces, or contained in fractures in the rock often withdrawn for 
agricultural, industrial, or municipal use.

home rule: The power of municipality by the authority to enact 
local legislation for the protection of the health, safety, and 
welfare of the public.

horizontal consistency: The concept that adjoining 
jurisdictions and departments within one level of government 
agree with each other.



Glossary

National Pollutant Discharge Elimination System (NPDES): 
A permit program that controls water pollution by regulating 
point sources that discharge pollutants into US waters, 
authorized by section 402 of the Clean Water Act.

National Resources Conservation Service (NRCS): Federal 
agency committed to conserving natural resources on private 
lands.

native plant species: Plant species that inhabit an area and are 
considered indigenous to that ecosystem.

Neponset River Watershed Association (NRWA): A grassroots 
501c3 organization dedicated to the protection and restoration 
of the Neponset River, its tributaries, and the surrounding 
watershed.

non-native plant species: Any species that is found to be living 
outside of its natural range, most commonly introduced to an 
ecosystem by human activity.

non-point source pollution: Contamination from di#use 
sources, often transferred by stormwater runo#.

Notice of Intent (NOI): A notice in the federal register that an 
environmental impact statement for a proposed action will be 
prepared.

Massachusetts Department of Environmental Protection 
(MassDEP or DEP): A state agency responsible for 
environmental protection and administering environmental 
laws.

Massachusetts Executive O$ce of Energy & Environmental 
A!airs (EEA): A multi-department state agency that deals with 
environmental and energy issues.

Massachusetts  Zoning Act: Enacted in 1975, allows 
municipalities under their police power to create and enact 
zoning ordinances to protect the health, safety, and welfare of 
the public.

moraine: A glacial feature made up of unconsolidated glacial 
till.

morphometry: The pond’s physical form.

National Heritage & Endangered Species Program (NHESP): 
Part of the Massachusetts Division of Fisheries and Wildlife, 
responsible for the conservation and protection of species that 
are not commercially trapped, hunted, harvested or "shed in 
the state.
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planned unit development (PUD): A development tool used 
by municipalities to encourage !exibility in zoning regulations 
to meet community density or land use goals.

point-source pollution: Contaminated discharges from 
speci"c, identi"able sources.

Preservation and Restoration of Marblehead Ponds Today 
(PROMPT): A Marblehead group comprising Black Joe’s Pond 
abutters and other residents. PROMPT wanted to chemically 
treat Black Joe’s Pond.  

Quality Assurance Project Plan (QAPP): A procedure 
developed by the EPA that documents the planning, 
implementation, and assessment procedures for a particular 
project, as well as any speci"c quality assurance and quality 
control activities.

rain garden: A depressed garden that intercepts and collects 
stormwater to facilitate treatment and in"ltration of runo#, a 
form of bioretention.

riparian zone: Vegetated areas alongside a stream or 
waterbody.

runo! coe$cient: A measure of a surface’s capacity to absorb 
precipitation.

nutrient loading: Nutrients entering an ecological system.

Open space residential design (ORSD): Method of residential 
development that conserves open space.

Order of Conditions (OOC): A legal document describing the 
ability of a development or treatment plan to meet applicable 
performance standards per the Wetlands Protection Act.

Organic Pest Management (OPM): A regulation passed by 
the Marblehead Board of Health in 2001 prohibiting the use of 
peticides on town-owned land unless a waiver is obtained.

Outstanding Resource Waters (ORW): A classi"cation to 
protect waters of outstanding state or national recreational or 
ecological signi"cance with high water quality.

pelagic zone: The open water area of a pond, between the 
benthic (bottom) and littoral (nearest the shore).

permeable pavers: Pervious paving materials that allows the 
in"ltration of water to the soil below by allowing movement of 
water around the material.

pH: A measure of the acidity or basicity of a solution, measured 
by the molar concentration of dissolved hydrogen ions (H+)
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swale: A naturally occurring or man-made low tract of 
land. Arti"cial swales are designed for the management 
of stormwater runo#, to facilitate in"ltration, and provide 
treatment of runo#; typically vegetated. 

total Kjeldahl nitrogen: A water quality indicator that 
measures the total organic nitrogen content.

total nitrogen: A water quality indicator that measures the 
total nitrogen content including organic, ammonia nitrogen, 
nitrate, and nitrite; used a water quality indicator. 

total phosphorus: A water quality indicator that measures 
the total phosphorus content including organic and inorganic, 
dissolved and particulate forms.

total suspended solids: A water quality indicator that 
measures the total content of suspended particulate matter in 
water.

turbidity: A water quality indicator that measures the 
transparency of water, in!uenced by the presence of suspended 
particulate matter. 

United States Geological Survey (USGS): A multi-disciplinary 
science organization committed to the study of landscape, 
natural resources, and natural hazards that focuses on biology, 
geography, geology, water, and geospatial information.

Salem Sound Coastwatch (SSCW): A non-pro"t coastal 
watershed organization dedicated to the protection and 
enhancement of the environmental quality of the Salem 
Sound Watershed through education, stewardship, scienti"c 
investigation, and municipal partnering.

sedimentation: The deposition and accumulation of solid 
particulate matter including debris, sand, and silt (sediments) 
on the pond bottom therefore reducing the depth of the pond.

shoreline development: A ratio indicating the degree of 
irregularity of a lake shoreline, given as the length of the 
shoreline to the circumference of a circle whose area is equal to 
that of the lake.

stressed water basin: A basin, or sub-basin in which the 
volume of stream!ow has been reduced, or water quality of 
stream!ow or habitat factors have been degraded or impaired. 

stormwater runo!: Water !ow that occurs from precipitation 
from rain (storm events) or snowmelt. 

Superseding Order of Conditions (SOC): Legal document that 
either con"rms or alters an Order of Conditions for a proposed 
project in the case of an appeal.
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watershed: An area of land where all water either under or 
on the land drains to the same place; a bounded hydrologic 
system.

watershed association: An organization dedicated to the 
protection of a particular watershed.

watershield: A perennial, !oating-leaved aquatic plant 

Wetlands Protection Act (WPA): State legislation to protect 
wetland resources that regulates activities on lands bordering 
waters. It is administered by conservation commissions and the 
Massachusetts Department of Environmental Protection.

winterkill: The death of "sh during the winter season resulting 
from extreme cold temperatures or dissolved oxygen depletion.

urban pond: A pond in an urbanized context—that is, an area 
that is populated by humans and contains buildings, roads, 
mowed lawns, or other structures and infrastructure. For this 
report, we consider ponds in suburban environments to be 
urban ponds.

urban runo!: Surface runo# created by impervious surfaces 
associated with urban development.

vernal pool: A seasonally !ooded depressional pond or 
wetland, termed vernal because they are usually !ooded during 
spring and early summer.  

vertical consistency: The concept that local government 
plans and regulations do not con!ict with those of higher 
government.

water clarity: A measure of how much sunlight can penetrate 
the water column.

water column: The vertical distance from the bottom 
sediments to the surface of the pond; the conceptual idea of a 
vertical column of water.

Water Resources Commission (WRC): The commission 
responsible for developing and overseeing the water planning 
activities and policy in Massachusetts.
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Appendix A: 

Chronology of the Black Joe’s Pond Con#ict

4/12/2006 Craig Campbell "les a Notice of Intent (NOI) to use herbicides and algaecides on Black Joe’s Pond (BJP).

6/2/2006 Director of Public Health Wayne Attridge writes to Conservation Commission stating that town owns the pond, and is 
thus subject to the Board of Health’s Organic Pest Management (OPM) regulation.

6/8/2006 Conservation Commission is unable to verify Mr. Attridge’s claim that the town owns Black Joe’s Pond.

6/22/2006 Conservation Commission issues an Order of Conditions (OOC) with special conditions, including the requirement that 
all pond owners ("ve private abutters and the town) consent to the treatment proposed in the NOI.

6/23/2006 Mr. Attridge writes to Mr. Campbell stating at least a portion of pond is owned by town, and therefore no application 
of chemicals can be made until waiver from OPM regulations is granted from the Board of Health.

6/23/2006 Mr. Campbell requests an OPM waiver from the Board of Health on grounds that the condition of BJP represents an 
environmental emergency.

6/30/2006 Maryclaire Wellinger requests a Superseding Order of Conditions (SOC) from the Massachusetts Department of 
Environmental Protection (MassDEP) to disallow the OOC and prohibit chemicals on BJP.
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7/7/2006 Mr. Campbell requests a MassDEP SOC that would delete the OOC special condition of full owner consent.

8/8/2006 Site walk at BJP with MassDEP’s Gary Bogue.

12/6/2006 SSCW begins work on a Freshwater QAPP (Quality Assurance Project Plan).

2/1/2007 Mr. Bogue noti"es Mr. Campbell that the NOI will be sent to the Natural Heritage and Endangered Species Program 
(NHESP) for their review.

3/27/2007 Mr. Campbell on behalf of PROMPT writes to NHESP stating that they would be willing to comply with any mitigation 
measures NHESP would deem necessary.

4/4/2007 Mr. Campbell requests that the Board of Health “grant last year’s request for a waiver pursuant to the Organic Pest 
Management Regulations to permit treatment” of BJP.

4/23/2007 NHESP declares that the plan in the NOI “will not adversely a#ect the actual Resource Area Habitat of state-protected 
rare wildlife species.” Thus, the OOC would be permissible in their opinion.

5/1/2007 SSCW and others conduct the "rst Lakes and Pond survey using Department of Conservation and Recreation survey 
data sheet.

5/?/07 Salem State College (SSC) installs sediment traps and a geochemical probe to monitor pond’s water chemistry 
(temperature, pH, conductivity, etc.).

5/29/2007 Two abutters confront SSC professors and students at the pond.

6/8/2007 SSCW and others conduct the second Lakes and Pond survey using DCR survey data sheet.



Appendix A

6/12/2007 MassDEP issues a Superseding Order of Conditions (SOC), upholding the OOC and requesting that a long-term plan 
also be formed.

6/22/2007 Ms. Wellinger requests a MassDEP adjudicatory hearing in response to the SOC. 

7/16/2007 Mr. Campbell’s Motion to Dismiss the Request for an Adjudicatory Hearing, claiming that Ms. Wellinger “failed to 
demonstrate that she is a person authorized to request action” by MassDEP.

7/17/2007 Mr. Campbell writes to the Conservation Commission to say that abutters were not willing to sign a consent 
agreement with SSC but that the Conservation Commission, on behalf of the town, can proceed with study e#orts on 
the town-owned portion of BJP.

7/17/2007 SSC formally acknowledge their removal of all monitoring equipment and cession of any activities at BJP.

7/23/2007 Conservation Commission member’s letter to Chair Walter Haug expressing support for a reversal of the decision to 
allow chemicals on BJP.

7/25/2007 Ms. Wellinger’s Objections to the Motion to Dismiss the Request for and Adjudicatory Hearing.

7/26/2007 The Conservation Commissions, as an abutter and owner of over forty percent of BJP, withdraws their approval for 
herbicide application at BJP.

8/9/2007 MassDEP Order to Mr. Wellinger and Mr. Campbell to send copies of all "led papers to MassDEP’s O$ce of Appeals and 
Dispute Resolution.

8/25/2007 MassDEP’s Response to Applicant’s Motion to Dismiss asking Maryclaire Wellinger to show “cause as to why Ms. 
Wellinger’s claim should not be dismissed for lack of jurisdiction.”
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8/27/2007 Ms. Wellinger’s Clari"cations to the Objections to the Motion to Dismiss in response to MassDEP’s Response to 
Applicant’s Motion to Dismiss.

11/23/2007 MassDEP’s O$ce of Appeals and Dispute Resolution’s Decision on Applicant’s Motion to Dismiss and Order to Show 
Cause and to File Notice of Appearance by Ms. Wellinger.

5/15/2008 Mr. Campbell’s Objection to Ms. Wellinger’s Motion to Dismiss. 

6/27/2008 MassDEP’s Final Decision that the SOC cannot be complied with since local bylaw permits have lapsed.

6/10/2009 Mr. Campbell’s request a 3-year extension of the OOC.

6/11/2009 MassDEP’s Ruling on Motion to Dismiss denies Mr. Campbell’s Motion to Dismiss following a Status Conference.

6/12/2009 Conservation Commission denies Mr. Campbell’s request for an extension because of a procedural error.  

7/27/2009 Mr. Campbell writes to Conservation Commission with signatures of all private, landowning abutters consenting to the 
chemical treatment of BJP.

8/13/2009 The Conservation Commission votes to reinstate its approval for one time application of chemicals.

2/23/10 &
3/15/2010

MassDEP Hearing.

4/2/2010 Recommended Final Decision upholding the original OOC.
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Appendix B:

Recommended Parameters for Pond Analysis
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Bathymetric Pro"le

Manual or 
electronic depth 
measuring device 
and GPS unit

Pond depth a#ects the distribution of aquatic macrophytes and rate of mixing.  
Used to calculate a number of areal characteristics including  surface area, 
maximum depth, shoreline length, shoreline development, fetch, and littoral 
area.

Sediment Depth Sediment probe
A pond’s life span is largely determined by the rate at which sediment 
accumulates on its bottom.

Outlet Structure Visual assessment

Outlet structure type and !ow control mechanisms should be assessed to 
determine their suitability for management options that require the capacity to 
regulate out!ow.

W
at

er
 

Te
st

in
g Site Location

Sighting landmarks To maintain consistency, sampling locations should be carefully recorded so that 
monitors can "nd the site on subsequent visits.GPS

Water Clarity

Secchi Disk with 
viewscope

Clarity is a simple and e#ective indicator of water quality and is used to estimate 
trophic state because of its in!uence on plankton and algae production, as well 
as the distribution depth of aquatic macrophytes.Transparency Tube
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Parameter Method Importance

W
at

er
 Te

st
in

g 
(c

on
t.)

Temperature
Thermometer and 
calibrated line

Thermocline depth and temperature di#erential determine the extent of vertical 
mixing and the water’s capacity to hold dissolved oxygen.

Dissolved Oxygen 
(DO) SM 4500-O1

The decomposition of organic matter and higher water temperature deplete DO 
levels, creating unfavorable and potentially lethal conditions for pond organisms.

Total Suspended 
Solids (TSS)

SM 2540D1 or EPA 
160.22

High amounts of suspended particles in the water column can decrease 
light penetration, thereby decreasing the amount of oxygen released by 
photosynthesis. Other deleterious e#ects include reducing habitat suitability for 
insects and "sh, increasing water temperature, and releasing nutrients and other 
pollutants.

pH SM-4500-H1
pH levels a#ect the solubility of chemicals and their availability in the water 
column.  Organisms exhibit varying tolerances to changes in pH.

Alkalinity SM 2320-B1
Alkalinity is a measure the pond’s bu#ering capacity, or its ability to maintain a 
constant pH in the presence of acidic inputs.

Conductivity SM-2510-B1

Dissolved salts introduced to the water through geological processes or 
pollution increase its conductivity.  Values outside of the acceptable range can 
a#ect plant and animal physiology.

Total Phosphorus 
(TP)

SM 4500-P1 or EPA 
365 (.1, .2 or .3)2

Phosphorus is often the limiting nutrient for algae and aquatic plant growth in 
freshwater systems and is used to estimate trophic state.

Chlorophyll a SM 10200 H1

Chlorophyll a provides an indirect measure of algae abundance in the pond 
and can be used to estimate trophic state.  High algae levels decrease dissolved 
oxygen levels, light penetration, and mixing.
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Parameter Method Importance

W
at

er
 Te

st
in

g 
(c

on
t.) Total Nitrogen (TN)

SM 4500-N B1 
SM 4500-N C1

Nitrogen stimulates the growth of algae and aquatic plants.  Since nitrogen is  
often the limiting nutrient in estuarine ecosystems, ponds that drain into these 
areas should be closely monitored for nitrogen output.

USGS WRIR 03-
4174 (Method 
I-4650-03)3

Total Kjeldahl 
Nitrogen (TKN)

EPA 351 (.1, .2, .3 
or .4)2

The sum of organic nitrogen and ammonia nitrogen.
SM 4500-Norg B1 
SM 4500-Norg C1

Algal Toxins

Microscopic 
identi"cation; 
Quicktube 
Microcystin kits 
can be used to test 
for microcystin Algal blooms may release toxins harmful to humans and aquatic organisms.

Bi
ol

og
ic

al
 A

ss
es

m
en

t Macroinvertebrates Kick net sampling Assess biodiversity and presence of indicator species.

Invasive Species 
Identi"cation Visual, grab

Invasive plants can colonize rapidly and quickly become the dominant species in 
the pond ecosystem, reducing its ecological and recreational value.

Aquatic Plant 
Survey Visual, grab

The distribution and abundance of aquatic plants in the pond provides an 
indicator of overall health and habitat quality.

Algae Identi"cation
Grab or depth 
integrated Management techniques vary for di#erent algal species.
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Appendix C:

Recommended Components of a Watershed Analysis 

Parameter Data / Methods Purpose

H
yd

ro
lo

gi
ca

l A
na

ly
sis

Watershed Delineation
Topographic data and 
groundtruthing Determine land area that contributes runo# to the pond.

Watercourse Assessment
Topographic data and 
groundtruthing

Identify and characterize sources of in!ow and destination of 
out!ow.

Hydrologic Budget

-Annual precipitation data
-Watershed area
-Evapotranspiration
-Withdraws
-Wastewater Imports/Exports

Calculate total annual !ow of water entering and leaving the 
watershed and account for any net gains or losses.

Soil or Sur"cial Geology 
Analysis

-NRCS soil surveys 
-USGS sur"cial geology maps
-slope data

-Runo# coe$cients for various 
surface types

Soil type or sur"cial geology, in addition to the presence 
of wetlands and impervious surfaces, determine relative 
contributions of surface and groundwater !ow into the pond.
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Parameter Data / Methods Purpose

N
ut

rie
nt

  L
oa

di
ng

 
An

al
ys

is

Pollutant Point Sources Field observation / Inquiry
Identify any wastewater or industrial discharges inside the 
watershed.

N
ut

rie
nt

 L
oa

di
ng

 A
na

ly
sis

 
(c

on
t)

La
nd

 U
se

Historic

Historic land use maps and 
orthographic images
Inquiry

Examine potential sources of attenuated nutrient and 
pollutant release from past land uses, septic systems, 
hazardous waste disposal sights, and wastewater discharges.

Present
Loading coe$cients for various 
land uses

Estimate total nutrient input from the watershed and the 
relative contributions from existing land uses.

Future 
Buildout

-Zoning laws and lot size 
speci"cations

-Loading coe$cients for various 
land uses

Estimate potential increase in nutrient loading if all available 
land were developed to the maximum extent allowable under 
existing regulations and codes.

Bi
ol

og
ic

al
 

An
al

ys
is

Bank/Riparian Zone 
Assessment

Qualitative description or 
relative point system

Evaluate the bank’s susceptibility to erosion and the condition 
of the riparian zone.

Shoreline Species and 
Habitat Survey Field observation

Create a record of the organisms that utilize the shoreline 
ecosystem.
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In-Pond Methods to Control Nutrients
Hydraulic Controls: Diversion

Appendix D:

Methods for the Management of 
Eutrophication

al.

1   Eutrophication and Aquatic Plant Management in 

Massachusetts: Final Generic Environmental Impact Report; authored by 

Mark D. Mattson and Paul J. Godfrey while employed at the Water Resources 

Research Center at the University of Massachusetts, Regina A. Barletta and 

Allison Aiello, also of the Water Resources Research Center, and revised by 

Kenneth J. Wagner of ENSR International, an environmental consulting "rm. 

This document was published by: the Commonwealth of Massachusetts; the 

Executive O$ce of Environmental A#airs; the Department of Environmental 

Protection; and the Department of Conservation and Recreation.
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Downstream  degradation  and  increased  turbidity  may  impact  

Hypolimnetic or Selective Withdrawal

 

Hydraulic Controls: Dilution and #ushing
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Arti"cial Circulation and Aeration

Phosphorus Precipitation and Inactivation
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Dredging

dangerous  green  species.  
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Removal of Bottom Feeding Fish

clarity  due  to  decreased  water-sediment  interactions,  and  

prior  to  dredging,  including  a  nutrient  budget,  biological,  

Bacterial Additives
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Methods to Control Aquatic Plants
Drawdown
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Harvesting

to  reduce  long-term  plant  density  substantially,  and  is  not  
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Benthic Barriers

barriers  can  be  solid  or  porous,  and  are  negatively  buoyant,  

Biological Controls

additives,  and  plant  interactions  are  all  biological  controls  
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problems.

Herbicides and Algaecides



Appendix D

treatment  can  be  determined  and  implemented.

impacts  on  non-target  species.  Application  dosage  and  rate  
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Dyes and Surface Covers
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residents  are  present.

Filtration

Dredging

Flooding
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Settling Agents

Sonication



Appendix D



Appendix E

Appendix E:

Aeration Techniques

Method Procedure Advantages Disadvantages Cost

La
ye

r A
er

at
io

n

Oxygen is added to the system 
at speci"c depth layers. It acts 
as a mixing force, preventing 
hypolimnetic anoxia by making 
more oxygen available to 
bacteria during decomposition.

E#ectiveness can be 
increased by adding 
phosphorus binders.

Layer aeration does not 
disrupt strati"cation. 

E#ective in recovering 
cold-water habitat where 
anoxia is problematic

Treatment becomes ine#ective 
when ceased.

Thin ice in winter. 

Facilities needed to house 
equipment.

Noise.

Need for Maintenance.

All-inclusive costs 
are estimated to 
be about $500-
3000 per acre 
for circulation 
systems.

Costs include 
materials (e.g., 
oxygen and 
equipment) and 
operating costs.

Appendix E
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Method Procedure Advantages Disadvantages Cost

H
yp

ol
im

ne
tic

 A
er

at
io

n Fu
ll-

Li
ft

 S
ys

te
m

Hypolimnetic water is 
transported to the surface by 
compressed air or electric- 
or wind-powered pumps. 
The water is aerated then 
piped back down into the 
hypolimnion to maintain 
separation of the newly aerated 
waters from the epilimnion.

Does not disrupt 
strati"cation in the 
system.

Reduces the anoxic zone 
in the hypolimnion.

Treatment becomes ine#ective 
when ceased.

Thin ice in winter. 

Facilities needed to house 
equipment.

Noise.

Need for Maintenance.

All inclusive costs 
are estimated to 
be about $500-
3000 per acre 
for circulation 
systems.

Costs include 
materials (e.g., 
oxygen and 
equipment) and 
operating costs

Pa
rt

ia
l-L

ift
 S

ys
te

m

Air is pumped into a 
submerged chamber, which 
then allows for the transfer of 
oxygen into deeper waters. 
The newly oxygenated waters 
are released back into the 
hypolimnion.

No interference with 
pond use or aesthetics 
because of the 
submerged chamber 
system.

Does not disrupt 
strati"cation in the 
system.

Reduces the anoxic zone 
in the hypolimnion.

Treatment becomes ine#ective 
when ceased.

Thin ice in winter. 

Facilities needed to house 
equipment.

Noise.

Need for Maintenance.
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Appendix F:

Phosphorus Precipitation and Inactivation Techniques

Method Procedure Advantages Disadvantages Cost

Al
um

in
um

 C
om

po
un

ds

Alum added to the pond 
forms an aluminum 
hydroxide precipitate 
(!oc). The !oc binds to 
phosphorus, removing it 
from the water column 
and forming an insoluble 
aluminum phosphate 
compound that settles out 
and cannot be consumed by 
algae. (Fisheries and Habitat 
2003).

Binds to phosphorus under 
a wide range of pH and 
oxygen levels, including 
anoxia.

The aluminum phosphate 
compound collects 
suspended particles from 
the water column and carries 
them to the pond !oor, 
leaving the water clearer 
(Fisheries and Habitat 2003).

Application provides 
no refuge for 
organisms in the 
water column in 
surface application.

Aluminum lowers 
the pH oh the 
treated pond.

Aluminum can be 
toxic to "sh if not 
added in the proper 
amount.

Cost is dependent on the 
form of alum used, dosage, 
area treated, and method of 
application. 

Costs range from $280-700 
per acre (Fisheries and Habitat 
2003).
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Method Procedure Advantages Disadvantages Cost

Iro
n 

Co
m

po
un

ds

Iron compounds form 
hydroxides that bind 
phosphorus making the 
nutrient unavailable for algal 
intake.

E#ective in well aerated 
systems.

No negative long-term 
impacts.

Bene"cial impacts on water 
quality.

Not e#ective in 
anoxic conditions, in 
which unstable !oc 
will dissolve and re-
release phosphorus 
into the water 
column.

Long-term e#ects 
on non-target 
organisms are not 
known.

Relatively inexpensive, however 
higher doses are needed.

Costs will be greater 
because iron treatments are 
recommended in conjunction 
with aeration systems.

Ca
lc

iu
m

 
Co

m
po

un
ds

Calcium compounds form 
carbonates and calcium 
hydroxides that form !oc. 
The !oc precipitates in and 
sinks to the bottom of the 
pond, removing phosphorus 
from the water column.

Calcium is highly soluble. Only e#ective in 
ponds with high pH 
values.

Average of $200 per acre.

N
itr

at
e 

Co
m

po
un

ds

Nitrates are injected directly 
into surface sediments. They 
maintain a high oxidation-
reduction potential and 
enhance the ability for 
naturally occurring iron to 
bind phosphorus particles.

Excessive algal growth is not 
expected in ponds where 
phosphorus is the main algal 
growth control factor.

Nitrogen to phosphorus 
ratio is increased.

Not a widely used 
technique.

Can displace oxygen 
molecules in 
hemoglobin.

Expensive, largely due to the 
cost of injecting the chemical 
into the sediments.
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Appendix G:

Chemical Treatments

Method Procedure Advantages Disadvantages Cost

2,
4-

D

Systematic herbicide: 
absorbed by roots, 
leaves, and shoots, 
disrupts cell division 
throughout the plant.

Selective.

Acts in 5-7 days, to 2 weeks 
(Madsen 2000).

Relatively low application 
rates.

Inexpensive (Madsen 
2000).

Public perception (Madsen 
2000).

Short-term solution.

The cost of herbicide 
treatments are highly 
dependent on the chemical 
used, volume and area of 
the pond to be treated, 
application strategy, and 
distance from the applicator.

Costs range from $50-2,000 
per acre including costs for 
monitoring programs.

Fl
ou

rid
on

e

Systematic 
herbicide: inhibits 
carotene synthesis, 
therefore the plant 
is unable to produce 
carbohydrates 
necessary for life.

Low toxicity to 
invertebrates, "sh, other 
aquatic life, and humans.

Slow plant die o# reduces 
the potential for rapid 
negative water quality 
impacts.

Broad spectrum.

Long contact period, more 
e#ective in slow !owing systems 
(Madsen 2000).

Acts in 30-90 days (Madsen 
2000).

Most expensive treatment.

Costs range from $50-2,000 
per acre including costs for 
monitoring programs.
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Method Procedure Advantages Disadvantages Cost

G
ly

ph
os

at
e

Systematic herbicide: 
prevents plant from 
synthesizing protein 
to produce new 
plant tissue. It is most 
e#ective in controlling 
emergent and 
!oating vegetation.

Widely used (Madsen 
2000).

Few label restrictions 
(Madsen 2000).
 
Acts rapidly, 7-10 days, up 
to 4 weeks (Madsen 2000).

Broad spectrum.

Slow action (Madsen 2000).

Short-term solution.

Localized decrease in dissolved 
oxygen and increase in 
suspended solids as plant 
matter decays.

Costs range from $50-2,000 
per acre including costs for 
monitoring programs.

Co
pp

er
 C

om
pl

ex
es

Contact herbicide. Least expensive treatment 
(Madsen 2000).
Acts rapidly, 7-10 days, up 
to 4-6 weeks.

Broad spectrum.

Not biologically active in 
sediments, but does not 
biodegrade.

Several factors in!uence 
e#ectiveness (e.g., alkalinity, 
dissolved solids content, water 
temperature, suspended 
matter).

Reapplication necessary.

Costs range from $50-2,000 
per acre including costs for 
monitoring programs.
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Method Procedure Advantages Disadvantages Cost

D
iq

ua
t 

di
br

om
id

e

Contact herbicide: 
interferes with 
photosynthesis.

Acts rapidly, 7-10 days 
(Madsen 2000).

Widely used for 
macrophyte control in 
Massachusetts.

Broad spectrum.

Does not a#ect underground 
root systems (Madsen 2000).

Not as e#ective in !owing 
systems.

Costs range from $50-2,000 
per acre including costs for 
monitoring programs

En
do

th
al

l

Contact herbicide: 
inhibits oxygen for 
respiration.

Acts rapidly, 7-14 days 
(Madsen 2000).

Broad spectrum.

Does not a#ect underground 
root systems (Madsen 2000).

More e#ective as a localized 
treatment.

Rapid plant decay negatively 
a#ects water quality.

Costs range from $50-2,000 
per acre including costs for 
monitoring programs

Tr
ic

lo
py

r Systematic herbicide: 
disrupts growth 
processes by 
preventing synthesis 
of plant-speci"c 
enzymes.

Selective.
Acts in 5-7 days, up to 2 
weeks.

Not approved for use in 
Massachusetts until 2004 
(Mitchell 2007).

Toxicity depends on formulation.

Costs range from $50-$2,000 
per acre including costs for 
monitoring programs.
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Appendix H:

Harvesting Techniques

Method Procedure Advantages Disadvantages Cost

H
an

d-
pu

lli
ng

“Weeding the 
Garden”:
Snorkeler or diver 
selectively pulls 
unwanted plants on 
an individual basis. 
The process can be 
aided by tools or 
collection devices.

Highly selective 
technique.

Ideal for small 
patches or 
assemblages.

Highly labor intensive.

Repetition is likely to be needed 
to ensure complete removal or 
targeted species.

Plant fragments need to be 
removed to limit regrowth.

Short-term turbidity.

Not practical for large or dense 
assemblages.

These e#orts are often carried 
out by volunteers. 

Cost estimates range from 
$150-300 per acre if the target 
species is sparse and as high as 
$500 per acre or more for dense 
assemblages.
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Method Procedure Advantages Disadvantages Cost

Su
ct

io
n 

H
ar

ve
st

in
g

Provides a 
conveyance system 
for plants pulled 
by divers, therefore 
allowing for faster 
hand harvesting. 
Plants can also be 
removed directly 
using suction.

Hand harvesting 
process can be 
accelerated.

Utility of hand 
harvesting can be 
extended for denser 
assemblages.

Can decrease 
biomass over time.

Less intense yearly 
upkeep than the 
initial harvest.

Direct plant removal is dependent 
on skill of operator.
E#ectiveness is largely a function 
of the collection system; plant 
fragments need to be collected to 
reduce plant grow-back.
Short-term turbidity and sediment 
suspension may occur.
Disturbance of non-target species is 
expected. Timing is crucial; suction 
harvesting can remove "sh eggs 
or have a negative impact on "sh 
spawning areas.

Cost estimates are in the 
$7,000-8,000 per acre range 
and can be higher if equipment 
is not tested and perfected 
prior to use.
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Method Procedure Advantages Disadvantages Cost

Cu
tt

in
g

“Mowing the Lawn”:
A blade of some 
kind severs the 
location of growth 
and the plant from 
the remaining root 
portion. Collection 
in small boats or 
nets may remove the 
plant fragments from 
the water column 
to reduce potential 
for regrowth. Plant 
fragments may be 
ground to minimize 
viable fragments 
after cutting if no 
collection occurs

Weed disposal is not 
usually problematic; 
farmers can use the 
weeds as mulch or 
fertilizer and the dry 
bulk is small.

E#ective in the 
short-term by 
providing relief from 
invasive plants and 
removing nutrients 
and organic matter.

E#ective way to 
provide open water 
for many acres that 
otherwise would 
have no recreational 
value.

No signi"cant 
negative long-term 
impacts.

Regrowth is expected and can be 
rapid, negating the bene"ts of 
cutting in just a few weeks.

Not a very selective technique, non-
targeted species may be harmed.

Nutrients may be released as plants 
decay, and the consumption of 
oxygen during decomposition 
contributes to an anoxic zone and 
to eutrophication.

Slow process.

Spread of invasive species into 
newly cleared areas is possible.

Costs range from $350-550 per 
acre, including trucking and 
disposal. Costs can range to 
$1,000-5,000 per acre for very 
high plant densities.

Costs of mechanical harvesting 
projects are inversely 
proportional to the size of 
the project, as "xed costs for 
permitting and mobilization are 
spread over the total project.
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Method Procedure Advantages Disadvantages Cost

Ro
to

til
lin

g/
Ro

to
va

tio
n

Cultivation 
equipment, typically 
a barge-like machine 
with a hydraulically 
operated tillage 
device, tears up 
roots. It can be 
lowered to depths 
of 10-12 feet or 
can be used after a 
drawdown.

This technique 
is appropriate 
where severe weed 
infestations exist.

Physical disturbance of bottom 
sediments, including the removal 
of plants that provide habitat 
for benthic organisms, and the 
resuspension and redistribution of 
"nd sediments.

Invasive species that are able to 
recolonize from plant fragments 
may have a competitive advantage 
after rotovation.

The density of the macrophyte 
growth, substrate type, and size 
of the treatment area are the 
main factors in!uencing the 
cost of this treatment.

Costs range from $2,000-
4,000 per acre for submergent 
operations, and $6,000-10,000 
for emergent growths, large 
!oating mats, and dense root 
masses.

H
yd

ro
ra

ki
ng

The tines of a rake 
are pulled through 
the sediments to rip 
out thick root masses 
and associated 
sediment and debris. 
The machinery is 
tillage equipment—
the equivalent of 
a !oating backhoe 
out"tted with a rake.

Can be e#ective in 
removing thick root 
masses (ex: water 
lily), !oating islands, 
and subsurface 
obstacle (ex: 
submerged stumps, 
logs).

Immediate removal, 
so e#ective in the 
short-run; could 
provide relief from 
target species for 
3-5 years if applied 
properly

Not very selective; non-target 
species will be harmed.

Not e#ective for plants that can 
regrow from fragments.

Growth of other plants in the raked 
areas could cause another invasive 
situation depending on which 
species becomes dominant during 
regrowth phases.

Costs range from $2,000-4,000 
per acre, yet are expected to be 
higher if subsurface obstacles 
are prevalent and hard to 
remove.
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Appendix I:

Dredging Techniques

Method Procedure Advantages Disadvantages Cost

D
ry

 E
xc

av
at

io
n

The pond is drained as much 
as possible and sediments are 
dewatered by pumping and/
or gravity. Sediments are then 
removed using conventional 
excavation machinery (e.g., 
backhoes, draglines, bulldozers).

Thorough sediment removal 
and complete reconstructing 
of the pond !oor is possible.

Lowered nutrient levels.

Increased water clarity.

More stable dissolved oxygen 
levels and pH possible after 
dredging.

Very long-term results 
possible.

Negative impacts to 
non-mobile and water-
dependent species in 
short-term.

Not e#ective in reducing 
algal blooms if nutrient 
sources are primarily 
external.

Sediments need to be 
properly disposed of after 
dredging.

Signi"cant habitat and 
ecosystem disruption.

The cost of dredging 
is dependent on the 
size of the project and 
is mainly a function of 
the volume of material 
removed.

Averages is about 
$10 per cubic yard of 
material removed and 
can run as low as $7 
or as high as $20 per 
cubic yard.

The high cost of 
dredging is often 
prohibitive. 
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Method Procedure Advantages Disadvantages Cost

W
et

 E
xc

av
at

io
n The pond is not drained or there 

is partial drawdown. Excavation 
of wet sediments occurs using 
bucket dredges on cranes 
or amphibious excavators. 
Sediment-laden water is stored 
until dewatering occurs.

E#ective in restoring 
degraded habitats.

Lowered nutrient levels.

Very long term results.

Variable water quality 
caused by increased 
turbidity and sediment 
resuspension.

In!ows must be rerouted 
and out!ow and in!ow 
must be balanced.

see above

H
yd

ra
ul

ic

Equipment is used to loosen 
sediment that is then pumped 
in the form of a slurry (80-
90% water, 10-20% sediment) 
through a pipeline to a 
disposal site. At the disposal 
site, the sediment is allowed 
to settle out, with or without 
augmentation and the excess 
water is released back into the 
waterway.

Pond habitat is maintained 
throughout the process, 
minimizing the impact on 
non-target organisms.

Gradual recolonization is 
expected and post-dredging 
biota is often preferred; 
resultant conditions might be 
inhospitable to pre-existing 
biota.

Minimal impacts from 
turbidity, limited nutrient 
release during transport 
makes this an e#ective 
technique in ponds with 
highly organic sediments.

E#ective long-term solution.

Benthic organisms are 
negatively a#ected.

Improper treatment 
of removed water can 
increase nutrient levels 
when released back into 
the waterway.

Risk to the !ora and 
fauna in the disposal or 
containment site is high.

see above
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Method Procedure Advantages Disadvantages Cost

Pn
eu

m
at

ic

Air pressure is used to pump a 
sediment-heavy slurry (50-70% 
solids) out of the pond. The 
sediments are separated out 
and treated.

E#ective long term solution.

Favored when water control 
in the water body is limited or 
large subsurface obstructions 
exist.

Increased turbidity.

Nutrients are released 
into the water column as 
sediments are removed.

Risk to the !ora and fauna 
at the containment or 
disposal site is high.

Failure to properly 
treat slurry could lead 
to problems with 
contamination.

see above
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Method Procedure Advantages Disadvantages Cost

Re
ve

rs
e 

La
ye

rin
g

Sediments are not removed 
from the pond. Sandy substrate 
is pumped up by hydraulic 
jetting over the top layer of 
pond muck, therefore burying 
the nutrient rich layers of 
sediment and reducing the 
release of nutrients into the 
water column. The cavity left by 
the pumped sediments is "lled 
in as the bottom sediments 
settle.

Retards eutrophication 
by reducing the release of 
nutrients into the water 
column.

Restores the lake bottom to 
its original sediment type.

Allows for a more diverse 
plant and animal community.

Benthic or non-mobile 
organisms may be 
buried under the sandy 
substrate.

Minimal and temporary 
increase in turbidity.

Does not increase pond 
depth.

Does not remove 
contaminated layers or 
organic sediment.

Long-term e#ects are not 
well-known.

see above
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Appendix J:

Low Impact Development Practices

Low Impact 
Development 
Practice/Feature 

Procedure Cost Considerations

Bu#er strips and 
swales

Surface over!ow passes through vegetated strips 
of swales, decreasing the velocity of the runo#, and 
trapping and "ltering out some of the pollutants. 
Water that in"ltrates through the strips will get 
the bene"t of physical and biological treatment. 
Slope and vegetation choices are important in the 
design, implementation, and e#ectiveness of these 
methods (Mattson 2004).

Inexpensive to build and maintain, however may 
require cleaning and replanting. Approximately a few 
dollars per square foot of bu#er, about $20-50 per 
linear foot swale (Mattson 2004).

Minimization 
of impervious 
surfaces; 
Permeable pavers

Reducing impervious surface area reduces the 
amount of pollutants transported into the receiving 
waters and also reduces the velocity of the runo#, 
allowing more time for large particulates to settle 
out (Mattson 2004). Permeable pavers may be used 
in place of asphalt or concrete. 

Cost considerations depend on the paving surface 
chosen. For example, grass pavers require replanting 
and maintenance; and paving stones may require 
material replacement over time. Most permeable 
pavers will require regular vacuum sweeping or 
hosing to keep the surface from clogging (Claytor and 
Horsley 2007).

Bioretention and 
Rain Gardens 

Bioretention areas capture stormwater runo# and 
facilitate in"ltration into the groundwater system 
with the added bene"ts of physical and biological 
treatment. These areas can be incorporated into 
existing or required landscaping and can be very 
aesthetically pleasing (Claytor and Horsley 2007).

Cost considerations include vegetation, soil "ll, 
and maintenance depending on the area of the 
bioretention cell and rain garden (Claytor and Horsley 
2007).
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Rooftop Runo# 
Mitigation 

The aim of rooftop runo# mitigation is to reduce the 
amount of stormwater runo# reaching impervious 
surfaces such as driveways. Methods include 
landscaping around areas where rooftop runo# is 
observed (rain gardens), redirecting gutters onto 
permeable surfaces, Drywells, cisterns, or rain 
barrels can also be used to capture and temporarily 
store water (Claytor and Horsley 2007).

Costs include vegetation and "ll for a rain garden 
approach to rooftop runo# mitigation strategy, or 
costs for gutter extensions to redirect runo#, cistern or 
rain barrels for storage (Claytor and Horsley 2007).

Tree Planting Increased tree planting, or conservation of existing 
trees, increases nutrient uptake, provides shading, 
provides habitat, and provides bank stabilization 
(Claytor and Horsley 2007).

Costs include purchasing new trees to be planted, or 
inventory and planning prior to  any construction to 
preserve existing trees (Claytor and Horsley 2007).

Green Roofs Rain gardens are “rooftop areas that have been 
landscaped with grasses, shrubs and, in some cases, 
trees” (Claytor and Horsley 2007). Green roofs o#er 
insulation bene"ts, as well as natural habitat and 
runo# storage until uptake by plants can occur.

Costs for green roofs include vegetation, soil "ll, and 
also depends on climate and the type of roof chosen. 
Extensive green roofs have a shallow soil foundation 
and do not generally incorporate pedestrian 
access, while intensive green roofs are designed 
for pedestrian access and have “deep soil layers to 
provide for complex planting schemes” (Claytor and 
Horsley 2007). Initial costs range from $8-20 per 
square foot for extensive, and $15-20 per square 
foot for intensive green roofs. Costs for maintenance 
and irrigation should also be considered (School of 
Freshwater Sciences 2010).
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