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FOREWORD

The original Generic Environmental Impact Report for Eutrophication and Aquatic Plant
Management in Massachusetts (GEIR) was developed based on work bywesity of
MassachusettdJMASS) team working with state agencies in the late 1990s and early 2000s. It
was then edited by Dr. Ken Wagner, who also prepared a condensed Vighsi®nactical Guide

to Lake Management in Massachuséttd Pr a c t i ¢Wagner@a04)Tthe Bractical Guide
offered more concise guidance to project proponents and conservation commissions distilled from
the GEIR. Both The Practical Guide and GEIR were submitted to the Executive Office of
Environmental Affairs(EOEA) for review underthe Massachusetts Environmental Policy Act
(MEPA) and received a Certificate from the Secretary of EOEA in 2004. These documents
characterized the Massachusetts experience with eutrophication and algae and aquatic plant control
knownat that time. The 2004 EOEA Certificate determined that projects conducted insamsord

with the GEIR guidance do not need individual review under the MEPA but still require all
applicable permits, most notably under the Wetlands Protectiofe£\), the Massachusetts
Surface Water Qualitystandards(SWQS) Act, the MassachusettSndangered Species Act
(MESA), and Chapter 91, the Public Waterfront Act. Additional permits may also be required.

With twenty years of experience following the issuance of the Certificate, the need to update the
GEIR and Practical Guide was evident and is consistent with the Certificate on the 2004 Final

GEI'R which stated that it should Aserve as a
new and innovative techniques for lake and pond management that can further reduce the potential
for environment al i DrpKarcWagner ar{d Bre David Mit¢hell gooth vatid 0 4 ) .

decades of experience in lake management in MA, were hired to develop a new guide, with
oversight from multiple environmental agencies of the Commonwealth. Each section was prepared
by Drs. Wagner and Mitchell, reviewed by the agencies, then ediaty a consenstsased
process amongst agencies to the greatest extent possible while noting differingsopiheon
necessaryA draft of the complete product was then put out for review by all interested parties,
public or private, and further revision was performed. Finally, this guide went through the MEPA
process for adoption as official guidance.

Over the last two decades, much experience has been gained with the management of algae and
aguatic plantsncludingthe development of new techniques and the registratioevoherbicides

Most of the original guidance in the GEIR and Practical Guide remains valid, but updates to
regulatory programs and the knowledge base relating tomany techniqueswere needed.
Additionally, changes irregulationshave create@dditional needs not addressed in 2004. This
documentincorporatesthis information Lastly, the proliferation of online resources is a
complicating factor, providing considerable valuable information but also many promotions and
opinion pieces that often lack proper documentation and sometimes conflict with sound guidance
found elsewhereincluding in scientific literatureless accessible to the general publibis
document provides hotlinks to appropriate information and resources.
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This guide incorporates updates to both the GEIR and Practical Guide into one hybrid document

titted i e Massachusetts Guide Algae andAquatic PlantMa nage me nt 0

fiMass APMGuided). TheMass APMGuide provides basic information about lake and watershed
ecology and key considerations aigae andaquatic plant managemerRrinciples oflake
managementespecially the underlying sciengarovide the basis for evaluating options and
restrictions for designingppropriatdake projects. Thélass APMGuide provides an updated
summary of available algae and aquatic plant management techniques, identifies relevant
regulatory considerations, and provides guidance for planning, implementation, and monitoring of
algae and aquatic plant management projects. As provided for in the 2004 EOEA Certificate, the
expectation is that if projects are conducted in a@uéwith the Mass APM Guidendividual

review under the MEPA will not be requiredthough all the other regulatory requirements remain

in full effect.

The primary differences between tMass APM Guideand the original GEIR and Practical Guide
include:

T
T
T

TheMass APM Guides designed as an editable online resource for internet access.

Hotlinks in theMass APM Guideallow readers to access factual and accurate online materials.
Emphasis is placed on the importance of a sound and comprehensive lake management plan
and how to develop one theMass APM Guide

Updated science related to lake ecol@ggrovided in thdMass APM GuideFor example, the

role of internal loading of phosphor(R) from sediment exposed to low oxygen in generating
cyanobacteria blooms is now better understood and emphasized.

TheMass APM Guidecknowledgsthe increasingly important role of climate change.

The Mass APM Guidéhas a geater focus on the management of algae and aquatic vascular
plants.

TheMass APM Guidexknowledgesthat separate guidance must be sought for other ancillary
issues, such as fishery management, dam safety, or flood control.

Regulatory requirementse consolidatethto one chapteof theMass APM Guide

The Mass APM Guideprovides tarification and distinction of those lake management
technigues deemed acceptable for use in Massachusetts versus alternative techniques either not
accepted, rarely applied, or without a sufficient track record to allow proper evaluation. Many
of those alternative techniques may be applicable and even appropriate but require additional
scrutiny.

Experience with techniques is provided within the review of each techniqueNMatseAPM

Guide rather than as a separate chapter for overall experience in the original GEIR.
Experience witlseveral techniques, includifgnactivation, circulation, and oxygenatidras
expanded greathgllowing more guidance for best results in Mass APM Guide

Forms of dredging have been covered in a single section Maks APM Guidgrather than

as separate treatments for dry, wet, and hydraulic dredging in the GEIR.

Xiii

(referre



77
78
79
80
81

82
83
84
85
86
87
88
89
90
91

92

1 Coverage of active ingredients in algaecides and herbicides registered for use in Massachusetts
as of 202sas been addeterbicides and algaecides are addressed in a single section.

1 There are changes in the guidance for how drawdowns should be conducted without MEPA
review, but an appendix is also providedheMass APM Guiddor considerations for projects
where a MEPA review may be necessary.

This new guide should serve as a useful reference for those contemplating lake projects and
regulators who must evaluate proposals for lake projects. Knowledge gaps for some techniques
and conflicts relating to meeting regulatory standards for different agency programs remain, and
this document, like the original GEIR, should be considered a living document, to be updated when
necessaryRecognize that this guide is about how to manage lakes and does not address questions
of when management is or is not appropriate. There is discussion of establishing goals in the
section on developing lake management plans, but this guide does assume that readers are looking
for guidance on how to best manage for established.gdate that any graphic or photograph
without attribution in all following document chapters is from Ken Wagner, one of the authors of
thisMass APM Guide
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1. ESSENTIAL BACKGROUND INFORMATION

This chapter is devoted generainformation on lakes that will help readers understandyjes
of lakes inMA, thefeatures othoselakes,andkey processes that affect those feataresoverall
ecological functionAn understanding of lake features and processes is essemraptr lake
management.

Lakes and Ponds inMA

Types ofLakes

The Commonwealth dflassachusettdMA) hasa large and varied inventory of lakes and ponds
estimated at over 300 waterbodiefDCR 2006). This number does not include the innumerable
beaver ponds established in the last two deéamtethe many small ornamental pormsfarm
pondscreated by property ownerfhese lakes and pondspresentmportant natural resourse
affording valuableservices such as plant and wildlife habitdlspd control, water supplies,
recreational opportunities, and aedith enjoyment. MA recognizes the special status of
approximately 23@5reat Ponds Throughout the United StatesGaeatPond is generally any
largewaterbodyheld in trust for the public gootlowever, inMA it is specifically defined as any
pond or lake that contains more than 10 acres in its natural state. Any project located in, on, over
or under the watsrof a Great Pond is within the jurisdiction Ghapter 91 of the MA General
Laws

The vast majority of lakes and pondsNIA can be broadly divided into two categories: those
created by naturgdrocessege.g., glacial activity, riverine meanders, coastal shoreline processes)
and those established by human activity (empstly dammed streams or rivers fordropower,

flood control,or water supplyor quarrie$. In many cases, the current lake basin contains an
original natural pond that was further expanded by impoundfnhentinstallation of a dam or
related water elevation control deviag)dor dredging

Whittier et al (2002) estimated that 46% of the 10,608 lakes and ponds in the North&aseUS
impoundmentsMost natural drainage lakes are found in upland areas (68%) while only 26% of
lowlands lakes are of natural origin. Comparing the two sets of waterbodies, impoundments are
typically smaller, shallower, have shorter water residence times, and are in watersheds with greater
human activityMore than half (55%) afowlands impoundments were eutrophic, accounting for
67% of eutrophic or hypereutrophic waterbodies in the Northieaatidition, impoundmentsost

greater proportions of fish and wildlife species tolerant of human disturbance, as well as greater
occurrence of nomative speciesompared tmatural drainage lakes (Whittier et al. 2002).

1 Beaver populations iMA significantly increased after the use of leghold traps to trap animals underwater was
banned in 1997 after the passage of the Wildlife Protection Act, an initiative codified as Mass. Gen. Laws Ch. 131 §
80A.

Essential Background Information Pagel-2


https://www.mass.gov/doc/massachusetts-great-ponds-list/download
https://www.mass.gov/guides/chapter-91-the-massachusetts-public-waterfront-act

125
126
127
128
129
130
131
132
133
134
135
136
137
138

139
140
141
142
143

144

145
146
147
148
149
150

151
152
153
154
155
156
157
158
159
160
161
162

In MA, there aresimilar disparities in these characteristics for lakes in upland areas versus lowland
areas due to differences in topography, soils, population, and current and historic lake use.
Regionally within the state, waterbodies oftg@rmare characteristiadriven by commonglacial

history, geology, and soilée.g., depth, hydrology, fertility of surrounding sqilpH). These
differences are summarized conceptually in the ecoregion concept (Omernik 1987). Ecoregions
denote areas of general similarity in ecosystems and in the type, quality, and quantity of
environmental resources. They often serve as a spatial framework for the research, assessment,
management, and monitoring of ecosystems and their compongms.United States
Environmental Protection AgencY$EPA) divides Massachusetts into thiegel 11l ecoregions

the Northeastern Highland@ll or parts ofBerkshire, Franklinand Hampshire counties}he
Northeastern Coastal Zof@| or parts ofEssex, Middlesex, Suffolk, Norfolk, Bristol, Plymouth,
Worcester, Hampdemnd Hampshire counties) and the AtlanticaStal Pine Barrens (some of
Plymouth and all of Barnstable, Dukes, and Nantucket coyinfieese ecoregions can be further
divided at a finer scale into 13 subregions.

Important environmental factors may vary across these ecoregions. For examples, Rohm et al,
(1995)divided Masschusetts into regions based on tytdavels in lakes. Accordingly, natural
ecological features and habitat expectations for a drainage lake in the Berl&lings Coasal

Pine Barrensmay differgreatly fromthat of a kettlehole pond on Cape Cod (Northeast Coastal
Zone) and proposed lake managengmdls andptions should reflect these inherent differences.

Coastal Plain PondsKettlehole Lakes

In MA, Coastal Plain Ponds primarly occur within the Southeast Coast and Isldxetoregion

(Sorrie 1994). There is also an inland variety in the southern part of the Connecticut River Basin.
These systemisave variable depttarehighly acidic,have naturallyjow nutrientlevels and are

fed mainly bygroundwaterand precipitatiorin sandy glacial outwashMost lack ary inlet or

outlet. They were created by stranded blocks of glacial ice over 10,000 years ago, and represent
the other end of the lake origin continuum from impoundments.

Although not all kettlehole lakes are deep to start with, some have enough depth in the center to
thermally stratify into two layers during summer. These systems are dependent on fluctuating
water levels driven by the water table that, in most years, leaves thé pbode exposed for
certain shoreline or shallovgrowing plants during the summer and autumwithout human
influence these ponds change very slowly. They support fewer rooted plants and less
phytoplankton in their natural state, but are sensitive to hunflarenced accumulation of organic
matter which gradually increases their fertility. Human influences, including wastewater disposal
in nearby soils, discharge of stormwater runoff, and agricultural uses such as poultry farms and
cranberry bogs are typically responsible for productivity problems in kettlehole l&egver,

the legacy inputs from those sources may continue to recycle even after the sources are eliminated,
particularly where oxygen near the sediment surface isdod@ ca continue to cause excessive
productivity.
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Impoundments, oWater BodiesCreated byDammingRivers/Streams

Impoundments can rangaibstatially in area and depth and in the size of tinainagearea
contributing to thenand the number of streams involv&dimentation of these impoundments
and the associatedeutrophication will depend largely on which end of the spectrum the
impoundment lieshbut most impoundmenia MA are small relative to their drainage areas and
are subject tgreater inputs of water and contaminakater quality issues may be mitigated to
some extent by more rapid flushingut a considerable portion of the incoming sediment will
remain in the impoundmenthesesmallerimpoundments can age quickly even in undisturbed
landscapes and more rapidlywatershedshat areagricultural,develoged or havewastewater
discharges.

Some mpoundmentsare large relative to their watersheds hade very longletention times and
accumulate much less sediment and nutrients ftmmsmall streams that feed them. Quabbin
Reservoir is the largeghpoundment in MA and itakes several yeafer waterto pass through

the system. The watershed is relatively undisturbed and conveys little sediment and nutrients to
the impoundmentOtis Reservoiland Lake Garfield in western MA agedso relatively large in
relation to their drainage areasd receive water from only small feeder strearfisose
impoundmentsepresent expansions from original, smaller |aKé®re is more developmeimt
thosedrainage areahan inthe Quabbin watershexhd occasional water quality issues gring
sedimentation and eutrophication are far less evident than in many smaller impoundments with
large developed watersheds.

Vernal Pools or Ephemeral Ruds

Vernal pools are seasonal depressional weslavith no permanentnlet or outlet. These are
systems thahave water in the spring bdty outin most summersThey may be isolated from

other wetlands or internal to larger wetland systems. These tend to be highly productive and
naturally nutrient rich systemghat become breeding grounds for amphibiansianertebrates

during springVernal pools usually hbor no fish buttbodplain pools and ponds casasonally

have fish While these water bodies can be quite small andaheisot typicallytargets forlake
management, they are worth describing as thepmarectedin MA and areoften subjecd to
significant human impact#ctions that drain vernal pools fsagment the surrounding habitat can
have great adverse impacts thesesystems and the associated watependent specieg/hile

most traditional lake management activities focused on control of algae or rooted plants will not
be applicable to vernal pools, management plans should recognize the presence of any vernal pools
in the watershed and avoid adverse impacts.

Lakes as Dynamic Systems

Although lakes constitute an enduring geologic feature of thdavidscapemany of the lakes in
MA were created by damming flowing waters or raising dams on existing waterbdhiether
natural, humamade, or some combination of the two, lakes dynamic systems, subject to
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200 gradual natural change over time but also susceptible to rapid deterioration due to human
201 influences. These changes, both natural and anthropogenic (i.e., due to human actions), represent
202 stages i n the eutrophication process somet i me
203 Lakes may exhibit substantial resilience with respect to individual episodegr@nt loading,

204 drought, or other environmental stressors, but eutrophication is naturally-w@agnprocess

205 whereby lakes become more fertile over tane more likely to experience productivity problems

206 that threaten designated uses of the waterbody.

x@w{’;”"’“‘%

. \_ Ml‘,‘..‘:.‘—/. ;

From USEPA 1980

207

208  Figure 1. Progression of eutrophication, whereby lakes lose depth and increase in fertility.

209 Eutrophication is used in ihhdocument as synonomous with aging but the term is really best
210 defined as nutrient enrichment over time. The term "cultural eutrophication” is used to distinguish
211 Dbetween the natural eutrophication process and the human induced acceleration. For simplicity,
212 the term eutrophication in i documentis refering to cultural eutrophication throughout.
213 Eutrophicationandlake aging, is the process through which lakes become shallower and more
214  eutrophic (nutrientich) and eventually fill with sediment until they becoamaergentvetlands.

215 Natural eutrophication occurs over very long time scal®sallythousands of yearbutthe aging

216 process is not identical for all lakes. Some lakesnagieequickly, others very slowly, and natl

217 start out in the same conditidBome lakes that were formed by the glaciers no longer exist, aging
218 to wetlands, while others have changed little in 10,000 yBhuisiple processes are involveahd

219 many factors must be considered when evaluating where a lake stands on the aging continuum.
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Lakes can be subdivided into categories depending on their position along a continuum of nutrient

fertility or productivity. Nutrierdpoor lakes are termed oligotrophic, nutrieich lakes are
eutrophic, and those in between are mesotrophic. Thesalsd trophic state determinations are

approximate since many lakes do not easily fit into a particular category and lakes change over
time. Lakes can be productive in many ways including producing biomass in the water column

(i.e., floating algaealledphytoplankton)experiencinggrowth of rooted aquatic vegetation (i.e.,
macrophytes) on the bottom, and supporting fish and etaerdependentvildlife. Therefore, a

determination of trophic state

sholiasonob ns i

appropriate taassume that eutrophication usiversally undesirable. Whildense expanses of

rooted plants and algae blooms may impair many human uses of a lake, higher productivity

supports more fish and wildlif&Natural eutrophication, being a slow process, allows for biological
adaptation and adjustmeiut eutrophication brought on by human actiomaase rapid and can

have dire consequences.

Human-I nduced or Cultural Eutrophication

The rate of agingf a lakeis determined by many factors including the depth of the lake, the
nutrient richness of soils in the surrounding watershed, the size of the watershed relative to the size
of the lake, erosion rates, and human induced inputs of nutrients and other contaminants. Lakes
are therefore highly variable in specific features, and goals for the management of each can be
expected to vary as welh general,dkes created by damming of rivers tend to age more quickly.
These lakes are rarely deep to begin with, have larger watershed to lake area ratios, and are often

locatedwithin developed watersheds with higher nutrient inputs.

de

Human activity can unduly accelerate the process of lake aging or, in the case of introduced species
or pollutants, force amndesirableresponse. Uttesirableresponses include tHess of native
aguatic specie®r shifting of therelative abundance ddpecies preserds a result of acid

deposition, algal blooms resulting from excessive nutrient enrichment, and the development of a

dense monoculture @n introduced plant speciddumandriven cultural eutrophication can be
very rapid,with ecosystem changes obviameer just a fewears toadecade. While the response

can be rapid, the restoration process may take much longer. Further, it would be unrealistic to

assume that managing cultural impacts on lakes can easily reverse the aging process and/or convert
them into infertile basins of clear watéor this reason, most of what we do to manage lakes

qualifies as rehabilitation, not restoration (Co@ké5.

Importance of the Lake Setting

One of the important early advances in the field of ecdloggs the recognition of lakes as
ecosystemsAn ecosystem is a system of interrelated organisms and their phytsaralcal

environment. It forms a useful conceptual unit that can be reasonably studied and helps explain all

2 Ecology is the scientific study oflationships between component plant, animal and microbial communities and
the physical, chemical, and biological factors that shape them. Limnology is the study of freshwater ecology.
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255 or most of the characteristics of the lake. A lake is a web of interactions between hundreds of
256 biological species, chemical compounds, hydrological processes, and human Aatlarsge in

257 one part of the system will often result in chasmgeother parts of that system. They are all

258 connected.

259 The most commonly used definition of the lake ecosystem is the combination of the lake and its
260 contributingwat er shed. The watershed typically defin
261 operating as part of the hydrologic cycle (Figure 2). However, in some lakes, particularly kettlehole

262 lakes in sandy soils, the operative hydrologic watershed may be better defined by the limits of
263 groundwater flow to the lakén addition,all lakes receive atmospheric precipitation that may be

264 affected by processes far beyond the watershed boundary.

PRECIPITATION

INFILTRATION
TRANSPIRATION

Tt

Fro oy S
<

EVAPORATION = = Water Table
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265
266 Figure 2. The hydrologic cycle (from Olem and Flock 1990)

267 Most impacts on lakes can be related to characteristics of the watershed. However, deposition of
268 acidic precipitation, mercury, and other toxic air pollutants demonstrate that not everything
269 important to lakes occurs within the immediate watershed but can be imported from other regions.
270 For example, regional trends in acidification from 1990 (before implementation of the Acid Rain
271 Program) to 2019 in lakes and streams as measured by the USEPA éromgVionitoring

272 Program (https://www.epa.gov/powesector/longtermrmonitoringtemporallyintegrated

273 monitoringecosystem)sindicate significant increases in acid neutralizing capacity (ANC) and
274 base cations, both strong indicators of increasing pH ledeisever, this also means that national

275 reductions in pollutant levels due to environmental regulation (e.g., Clean Air Act, mercury
276 controls) can result in improvementMA lake conditionsashas beewbservedn the rebounding

277 pH levels of lakes over the lastreedecades
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278 Another influence at the regional level is climate change with its accompanyintelonghifts

279 in precipitation trends, strong storm frequency, drought occurrence, and temperature fluctuations.
280 These patterns transcend local watershed limits. Lake management in response to these changing
281 patterns will be challenging amaoblems induced by climate change are likely for a long time to

282 come(IPCC 2021).

283 In addition to the natural influences on a lake, lake management must also acknowledge the
284 importance of the socieconomic setting of a lake. Lakes are importautblic resource with

285 designated uses under state.lakescan bdocal economi@ssetsincreasingproperty valuend

286 the associated tax base as welbagporting various local businesseake management should

287 therefore strive to achieve a carefully considered balance between protection of natural resource
288 values and accommodation of reasonable expectations of public use and enjoyment.

289 The desire to accommodate human uses may create conflicts withinrAtliegMlatory system.

290 TheWPA provides provisions for wata@tependent uses (e.g., swimming areas, boating lanes) and
291 Chapter 91allows for docks and other structures that support human uses, but there are constraints
292 onrelated action€onflicts need to be worked out in the regulatory process aetl-aonstructed

293 management plan will seek to minimize those conflicts.

294 Key Features of Lakes

295 Watershed andShoreline

296 Watershed

297 A watershedis a defined area of landwithin which surfacewater and groundwater flows

298 dowmgradientto a hydrologic featuresuch as a river, stream, pond, lake, wetland, or estuary.
299 Precipitation falling on a watershed may create runoff that enters permanent or intermittent
300 streamspercolate into the groundwater where it may or may not interact with tributaries and the
301 lake or evaporate back into the atmosphere, either directly from surface pools or through
302 vegetation as evapotranspiratidhecipitation falling on undisturbed lamdostly percolats into

303 the groundalthough some runoff may be expectlrkecipitationlandingon hard (impervious)

304 surfaces such as roads and parkingwlis mostly enter storm drasge systemghateventually

305 dischargeinto waterbodiesThe fate of precipitation landing on agricultural land will depend on
306 the condition of that land at the time of the stoiDirect precipitation on the lake may be
307 conditioned by influences far beyond the watershed boundargmdsitof the water entering MA

308 lakes comes from the watershedaking the watershed the functional unit of evaluation and
309 managemenuith regard to a lake.

310 Watersheds vary tremendously in size. A watershedgeasonal spring freshaight be as small
311 as afew acres while those for a large river caxtendfor hundreds of miles and drain numerous
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smaller streanisin MA, 28 major river watersheds have been identified hese classifications
serve both as geographic delineatiseful for watershed management as wedlramganizational
basis forwater quality classifications

Watershed limitsvere historicallyidentified by examining the bounding topographic features and
delineating where water flows divide between two adjacent watersheds. While thigigay

done by examination of United States Geological Sef&EG S)topographical mapshecurrent
practice isby downloadingvatershed maps fro@eographic Information System (Gl&ata In

MA, watershed boundariesre among the myriad of relevant physical, environmental, and
biological mapping availableasMassGIS Data Layers This resource has greatly improved and
expedited watershed mapping and analysis as part of informed lake manageideitnally,

the USGSrovides statistics for watershed area and stream flow thidughmsStats

Assessment and mapping of watershed characteristics, including patterns of éxistinge,
hydrology, geomorphiconditions(soil and geology)and important biotic habitagsovides useful
andcomplementary informatioto the chemical, physical, and biological parameters commonly
measured by water quality monitoring prograidSEPA 2012).

Land usen the watershed should be mapped &satdriving factor in determining the hydrologic
and chemical characteristics tife receivingwaterbody Vegetated landscapesabilize soil,
recycle nutrients, retain sediments, and regulate surféak groundwater hydrologwhile
bordering iparian forests regulate temperatared input of organic matter teeadwater streams
(National Research Cound@D08). Conversely, agricultural and urbdand usesalmost always
serve as net exporters of sediment and nutrientseasing surface runoff and decreasing
infiltration to groundwatereserves

Watershed hydrology is driven by climatic processadace and subsurface characteristics, such

as topography, vegetation, and geolagyd human processes, such as water and lar{td SE€A

2012) A watershedcan consist ofa surface catchment (drainage basin) plus a subsurface
catchment. A drainage basin can be defined as the surface area that, on the basis of topography,
contributes all the runoff that passes through a given cross section of a btreantrast, cainage

that occurs via subsurface flow, controlled by hydrogeology, is called the subsurface catchment.
Groundwater can enter and exit a watershed via inflow and outflow through aquifers that extend
beyond the surface catchment.

One useful index derived from watershed delineation is the ratio of watershed areaai@dake
The greater the size of the watershed relative to thevialkeng the greater the runoff generated
and potential mobilization of sediment, nutrients, and other anthropogenic materials (e.g., salt,
pesticides) downstream to the lake. Accordingly, lakes with greater relative watershed sizes tend

3 The ConnecticuRiver watershed is tHargest in MA draining11.260 square miles of land in VT, NH, MA and
CT, about 2300 square miles of which are in MA
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to receive greater chemical loadings and generally are more productive compared to lakes with
smaller ratios.

This size of the watershed relative to the size of the le®important implications for lake
management, as water quality in lakes with greater watershed ratios will be more difficult to
improve solely through local actions at the lake since the sources of important inputs may be quite
distant and difficult to manage. The index should be considered when assessing the effectiveness
of management options suchRsnactivaton or dredging, which are unlikely to lead to lasting
improvements if significant loading of nutrients or sediment continues unabated. On the other
hand, lakes with low watershéallake areaatios may be more amenable to Hiesed restoration
treatments. While there is no definitive criterion for when this shift in watershed influence, occurs
and the volume of the lake may bBsimportantas areaa ratio of 10:1 (watershed area to lake
areg provides an approximate estimate. Lakes greatly exceeding this ratio will likely require
significantly more effort spent in watershed source controls if an improvement in downstream
water quality is to be achieved.

Watershed managemeista term that describes tése environmentalise of landand water
resourcesWatershed management may include goals and processes such as reducing tise amount
of pesticides and fertilizers that wash off farm fields and into nearby waterpqitesng
environmentally sensitive areas into conservation land, or establishing appropriate zoning to guide
future developmento minimizewater quality impactdf land is available in the watershed for
conservation or protection, priority areas include: 1) critical ecological habitats; 2) aquatic
corridors; 3) undeveloped areas, such as forests; 4) buffers to separate water pollution hazards
from aquatic resources; and 5) cultural areas that sustain both aquatic and terrestrial ecosystems
(Center for Watershed Protection 2008).

Effective watershed managemepkaming is important to many aspects of lake management.
Among the various useful guidandecumentgor watershed management available from federal

and state agencies, etilassachusettsWatershedBased Plan (WBP) provides essential
information to i mprove the health and benefic

Shoreline

Lake management has historically focusedtlmprotection or rhabilitation of the quality of

habitat in openwater areas.However, there is growingecognition that restoration and
management afhorelineuplandbufferand banlkareas andearshore physical habitéte., littoral
zone)arealsocritical for supporting biota and ecological processes in laKasive shrubs and

treescanr oot deep into the soil and hold the bank
wave action andtorm impactsnd providing important wildlife and fish habit&uchplantsalso

help filternon-pointrunoff that flows offnearbydriveways and roofsalthough a substantial buffer

zone width is needed to be effective
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382 The littoral zone in avaterbodyis adjacent to the shorelirsndis generally characterized by the

383 presence afomelight at the sediment levalith the corresponding growth of partiakyibmerged

384 to fully-submerged aquatic plants. Littoral zones vary in relative size as a function of basin
385 bathymetry but often comprise a large proportionhefliottom area in shallow lakes and small

386 ponds. Littoral zone environments typically have abundant dissolved oxygen, nuameiiater

387 motion, and may have periodic intervals of submergence and exposure (i.e., land seasonally
388 inundated)The littoral zone rarely extends to water depths of 20 feete@nhand may end in

389 water as shallow as 5 feet where light penetration is limited by afgaspended sediment

390 Ecologically, the littoral zone buffers the transfer and processing of energy and material flowing
391 into the lake from watershed runoff, groundwater, or tributaaes,influences physical and

392 biological processe3he littoral zone is generally the most productive area of the lake, especially
393 interms of aquatic plants and invertebrates. In many cases, anthropogenic uses of aquatic systems
394 (e.g.,swimming, fishing, irrigation) aralsomaximal in the littoral zone.

395 Habitat quality at thehallow edge of the lake is dependent on living andlivong features such

396 as overhanging vegetation, aquatic plants, large wdeblyis brush, boulders, and rock ledges.
397 Lakes with greater and more varied shallow water habitat are typically able to greptet and

398 more diverseaquatic lifemore effectivelybecause they have many complex ecological niches.
399 The nearshoreareas are important for a variety of biotic activities including fish spawning and
400 nesting areas, turtle and amphibian overwintering in the sediment, waterfowl feeding, and
401 protectinginsect diversity.

402 Unfortunately denseshorelineresidentialdevelopmenand its accompanying secondary impacts
403 including removal ohativeshoreline bordering vegetation, alteration or removabtdiralhabitat

404 or woody debrisn shallow areas, installion ofimpervious surfaces (buildings, drivewagsd

405 even some lawngraining directly to the lakeandsealing lake borders wittbncreteor masonry

406 seawalls adversely impact these shalldwabitats with negative effects on thbirds, frogs,

407 salamanders, turtles, insects, fish and other wildlife that depend on @antganic detritugor

408 their survival. The impact of tis alteration of overall lake ecology has been documented by many
409 studies, including the National Lakes Assessm&8EPA 2012 USEPA 201Y. This study

410 repeated every five yeansdicated that in every ecoregion across the nation-steae habitat
411 condition was negativelynpacted byanthropogenic pressure&s of 2017, only 36.7% of lakes
412 in the northeast were rated as having low levels of nearshore disturGaadents of increased
413 anthropogenic disturbance were accompanied by progressive simplification of littoral and riparian
414 physical habitatin addition,the proportion of lakes with degraded nehore physical habitat was
415 equal to or greater than thatpacted byexcess nutrient@aufmann et al. 2014)

416 Freshwater shoreline management involves assessing and ipptiagte shorelines from
417 excessive development and othethaopogenic effectsplus rehabilitation where possible
418 Freshwater shoreline assessmeam includetracking shoreline change over time, determining
419 areas of concermith follow-up educaton forshoreline property ownerRevitalization programs
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and educational stewardship progesupportprivate landowners in planting native vegetation to
enhance shoreline and riparian zones, rehabilitate and maintain healthy shoreline habitat, provide
erosion protection, and improve water qualitycreased focus on protecting littoral and riparian
physical habitat through better management of-sbare anthropogenic disturbance shdddn

integral part of any lake management plannMgine and New Hampshire have active programs

to aid shorefront property owners in proper property management to limit impacts on lakes, called
LakeSmart, that could serve as models MdA.

L ake Physical Attributes

Water

Water isan essential componerior all living organisms.lts abundance and unique physical
properties are thprincipal controlling factors fothe general and spatial characteristictakés

and ponds inMA. Unlike virtually all other chemical compounds, water does not become
increasingly denser as it becomes colder. Instead, water increases in density as it is cooled until it
reachesa maximum density a4°C (39F). Upon further cooling to°C (32F), water becomes

lighter and float$o the surface until it has cooled sufficiently to freeiesent this unique physical
property lakes would freeze solid in our wintersdmanyaquaticorganisms woulehot survive
Wateralsohas a high specific heat and high latent heat of fusion; kkessare slow to thaw in

spring and slow to cool in winter, thereby providagtable thermal environment for aquatic life.
Water also vaporizes at temperatures common to our climate, producing water vapor and
continuing the hydrological cycle of precipitation, runoff and infiltration, evaporatowl
transpiration. Water is one of the best solvents available and mamgrals and chemical
compounds dissolve in iprovidng the baseline natural components of water quality

Lake basin and bathymetry

While water is thephysicalmedium of the lake, the spatial boundaries are defined by the lake
basin and its vertical extent (deptiy showrby t he | a kiemag. Thedakehbasine t r
surfacesize and shapéeterminets physicalcharacteristics such &s width and lengthlongest
dimension(fetch), shorelinelength anddevelopmentindex Thesesurfacefeaturesare easily
obtairable from traditional source(e.g., USGS topographic map) digital mappingavailable

from state agencidg.g.,MassGIS.

In contrast, Bthymetic dataprovideimportantsub surfaceinformationfor lake managemestich
asaverage and maximum depth, the volume of wated,calculation ofvater residence tim@lso
called detation time and inversely related to flushing rate, the number of times the water is
replaced in a yearBathymetry may alsprovideclues as to the origin of the Igk&ith certain
shapes and depth profiles common to kettlehole lakdsmpoundmentsThe MA Division of
Fisheries and Wildlife (MassDF\&F MassWildlife) providesbathymetric maps for manylakes

4 Bathymetric maps shothe relativedepths of laesbelow adjacenshorelinesin contrast, topographic maps show
elevation of landforms abowzalevd.
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with public accessConstruction of a bathymetric map requieekespecific surveyconducted

by taking systematic depth measurersener theentirewaterbody and then configuring contours
indicating areas of equal deptite., depth isoplethsNot every lake has such a map, but it is a
critical part of lake management planning.

Seasonal water level fluctuations, both natural (drought)ramdaninduced(e.g., drawdowns)

may alter the laksurface areand deptlover time, usually in a cyclic patter@lder bathymetric

maps may be less accurate akel basinganfill in with sediment over timalue to watershed
erosion or bulk transport of sediment during extreme storm evientbe last few decades,
conducting a lake depth survey has become much easier due to the development of inexpensive
depth findersglobalpositioningsystem (GPS)and software to automate the drawing of lake depth
isopleths Acquiring a reliable bathymetric map is an important early step in any lake management
plan.

Sediment

The bottom substratsderlying the water in the lake basiray be composed of peat, muck, clay,
sand,gravel,or rock depending on the type and age of a ldkese constituentare collectively
termedsedimentsMost lakes will have multiple types of sediment within them, usually with the
coarser material around the periphery and finer sediments offshore, a function of sediment
movement and accumulation over tinh@ke sediments, particularly the upper laydrabouta
foot, are very important in lake processes. As the ultimate depositefor organic and inorganic
materials sinking out of the water column, the bottom sediments reptésesubstrate hat
suppors bacteria, fungi, microorganismasecs, other macroinvertebrates, fisand bottom
feedingwildlife (e.g.,some waterfowl, muskrat and begv@rhe sedimentplay a critical role in
nutrient cycles including storageemineralizationyesuspensiorand regenerationThe bottom
providesthe rooting substrate for aquatic rooted vegetation (macroplaytdgjowing surfacdor
algal mats.

Sedimentsften reflecthe legacy of théype and intensity gbast and currertuman activities in

the watershedzor example, they can lbepositoriegor a variety ofanthropogenic pollutants (e.g.,
metals, pesticidegolychlorinated biphenylsPCBS9) that not onlycanadversely affect aquatic
organisms in the lake butsually provide significant technical and economiballenges with

regard to thig environmentallysaferemoval and disposaReqgulation of sediment disturbane

in MA is handled bypepartment of Environmental ProtectidgssDER and testing of sediment
quality is usually required whenever more than 100 cubic yards of sediment or related plants and
debris are expected to be removed (dredging) or disturbed as part of a lake restoration project.

Hydraulic residencdime

The average tima water molecule remains in a lake is the hydraulic residence timé&naiam
as detention timdt is equivalent to how long it would take to fill the lake if it was empty, igsd
inverse is the number of timélse water volumeof a lakecan be replaced in a yeasalled the
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flushing rateThese measures aterived fromlake bathymetry (i.e., water voluma)d the range
of inflows over time(i.e., hydrologic inputs)Many of the largr, deeper lakes in W have
hydraulic residence timesanging from months to yearge.g., the Quabbin Reservoir has a
residence time of approximately three yganghile smaller, shalloweriver impoundmentfave
short hydraulic residence times @dysto weeks Summer residence tima stratified lakes is
somewhat complicated by separation of the bottom Jdyedrdespite the smaller volume likely to
be replaced, summer flows tend to be lower and residence time tends to irResadence time
andflushing rate of a lake will often determine how a lake responds to nutrient or pollutant inputs
with longer detention or less flushing leading to greater impasidence time is important to
certain lake management techniques, such as herbicide applicatiere very short residence
time will reduce exposure of target plants amaly limit effectiveness

Thermal Stratification andMixing

Thermallayering of lakesis an important determinant of waterbody ecoldgagyeringdue to
temperaturaependent density differencesscalledthermal stratificationWith more than a few
degrees of temperature difference, mixing is retarded or even prevéitteddegree of
stratification is important to the cycling of nutrients, variability in oxygen in deeper waters,
movement of incoming water through the lake, and types of aquatic organisms that live in.the lake
Lakes can vary in the frequency mixing periodswhenthe occurrence ogqual temperature
allows the exchangdaroughout the entirevater column. Most of the deeper lakesviA have a
dimictic mixing pattern with water turnover in spring and fall although other patterns may be
possible due to lake specific characteristics of depth, climate and salinity.

Lake thermal structure is determined by several factors. Lakes receive the vast majority of their
heat at the surface from solar heating. Since watlass denseyvater floats, the water column

must have an energy input to mix that heat deiep@the water columror most lakesit iswind

and wave actiothatprovidesmixing energy. A lake exposed to strong winds Wwal well mixed

in spring anchave a cooler but thicker upper layer overlying the colder watestratifies A lake

that is well protected from the wind (e.g., topographically depressed basin and/or heavily forested
shorelinearound a small lakewill have a warrer but shallover layer at the surface with cold
water belowDeeper lakesftenhavea threelayered structure throughout the summhatconsiss

of an upper warm layer (the epilimnion), a middle transition layer (the metaliaiatha colder
bottom layer (the hypolimnionY.he point of greatest temperature change with increasing depth is
called the thermocline.

Not all lakes and ponds are stratifieé@dr many shallow M lakes, the mixed layer may extend to

the lake bottomLakes with a depth of more thahout30 feet (9 neterg will stratify and have at

least a thin hypolimnion. LakeslO feet (3 neterg deep rarely have any stable stratification,
although dense rooted plants can limit mixing and allow a significant top to bottom temperature
gradient. Lakes with depth in between 10 and 30 feet will be subject to the influences discussed
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above and may or may not be stratified during summer. Some thermal gradient isitikelgpths
>10 feet, and that gradient can be an important determinant of water quality and habitat.

Thermal structure iseasonally dynamithroughout the yeaand exhibits an annual cycle
Beginning at ice out in early spring, all the watemr lake top to bottom, is close to the same
temperature; the density difference is sljgimid water is easily mixeidom top to bottonby spring
winds. With warmer days, théeemperaturedifference between the surface and bottom waters
increases untthermalstratification occurs iapplied energy is insufficient to prevent it, which is
almost always the case for deeper lalkégure 3).In earlyfall, solar heating declineend heat is
lost to the airat night & colder temperaturesand the upper layer begins to cool and sink.
Eventually, the lakeeaches a stage wistimilar temperatur&om top to botton(i.e., isothermal)
allowing mixing throughout the water columin winter, ice forms at the surface and inverse
stratification (col@r water perched oveool water)may be establisheahd persist untikce-out

Lake Chemical Attributes

Natural mineral content

Natural water is @omplexchemicalsolutioncontaining gases, mineral and organic substances in
the form of true solutiongdissolved phase)as well assuspended and colloidal teaals
(particulates)The composition of chemicails a lakedetermines its generptopertiesincluding
salinity, alkalinity, pH, hardness, acidityand corrosivity. Knowledge of wateichemistryis
necessary fodetermining the suitability associated witater useincluding humarwater supply
(drinking, hygiene, industrial, agricultural), recreatiomnd support of fish and wildlife
propagationThe concentrations of minerals in a lake are generally related to two main:fdetors
abundance of those minerals in the watershed and the solubility of their compounds.
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551
552 Figure 3. Influences ofphotosynthesis and espiration/decompositionprocesses omxygen
553 and nutrients in a stratified lake (after Olem and Flock, 1990)

554  Mineral substances contained in natural waters in the dissolvedirsthtde major ions that
555 determineoverallwater chenstry and account for the bulk of natural water mineral content (up to
556 95% for fresh water)The main anions contained in natural watercderide, sulfate, hydrogen,
557 bicarbonate, and carbonic acid. Thain cations arealcium, sodium, magnesium, and potassium.

558 In addition, there areninor ions occurring only under certain conditions and in very small

559 concentrationge.g., micronutrients such as cobalt, vanadium, and molybdendmptermediate

560 position is occupied by ions of hydrogen, compounds of nitrogen, phosphliorysndsilicon

561 dissolvedinwatelT hi s fisoupo of | argely invisible comp:
562 determinant of which aquatic organisms will thrive in that water and differs greatly across the

563 Commonwealth from Cape Cod to the Berkshires.

564 Dissolvedoxygen

565 Dissolved oxygen (DO) ithe measure of how much oxygen is dissolved in the waatdrisone

566 of the most important indicators of water qualD}O is essential for the survival of fish and other
567 aquatic organism®oth the level of DO in a lake and its spatial and temporal pattern of distribution
568 constitute a critical diagnostic tool to understéme health of garticular lake.
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Oxygendiffuses intothe surface of the lake from the atmosphamdinput isenhanced by the
aerating action of winé&ind wavesOxygen is also introduced intake water as ametabolic
byproduct of photosynthedis.g., fromalgae andrasculaplanty. The amount of oxygethatlake

water can hold is directly related to temperature. The colder the water, the more dissolved oxygen
can be contained(Figure 4) Conversely, a watertemperatures increaskess oxygen can be
dissolved in the wateBalinity can alsdbe an important factor in determining the amounD&

a body of water can hold; fresh water can absorb more oxygen than salflwadesser extent,
altitude also affects DO, with higher levels found at lower elevations and decreasing with
elevation.

Lake DOlevelsarereducedby two main processes: respiration and decomposiiajure 3)
Respiratiorby aquatic life usesxygen to produce energy, releasing carbon dioxide and water as
by-products. Decomposition the process by whidbacteria and fungionsume oxygen toreak
down dead organic materiatigher levels of decompositiotan lead to decreased levels of
biologically availableDO, in some cases leading to fish kills aimdpactsto other aquatic
organisms.

As part of the pesticide registration process at the federal level and the state level, product
ingredients and product formulation are comprehensively reviewed and evaluated to ensure that
the product, when used according to label instructions, is effective for the intended pest control
while not posing unreasonable risks to human health, the environment atadgeirspecies. For
products that are labeled for use in and near aquatic systems, the evaluation includes specific
assessments to address potential impacts to aquatiamgymt species. Aquatic herbicides also
undergo a special review e MA Department of Agricultural ResourceMDAR) and
MassDEP before these products are available for permitted use in Massachusetts lakes and ponds.
No products were recommended in this document that have not been approvedioy O&PA

ard MDAR.

In seasonally stratified lakes, thereofsena strong depth profile of DO in the summer with the

upper layer (epilimnion) being near saturatfoe., the maximum amount that can be dissolved in
waterfor a specifidemperatureand the bottom water (hypolimnion) having greatly reduced levels
(hypoxia)or evendevoid of measurabl®xygen(anoxig. Anoxia occurs because respiration and
decomposition at the bottom of the lakensumeall the available DOThe oxygen cano
replenished because iisolatedirom the top of the lakBy the thermal differences (density lag)er

that resist mixingand there is inadequate light to support photosynthesis in the deeperlwater

the spring and fall when the lake mixes agé#ie oxygenlevelsat the bottom of the lakget
replenishedThe oxygen demand exerted by sediment can be measured and is an important feature

in lake ecologyand is greater with increasing organic content.
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Figure 4. Relationship between oxygen saturations level and temperatune water

Loss of DO is a major impairment of lakewith multiple negative consequences. Fish and
invertebrates cannot survive without oxygen. Reduced compounds that impart taste and odor build
up when there is no oxygen to support oxidation processegher consequence of the bottom
layerof a lakebeconing anoxic (usually in summer and late winterthatchemical processes at

the sedimentvater interfacdavor the release d? from the sedimentshis enhancement of the

lake P supplycansupport increasephytoplanktorgrowth. Thisprocesss called internal loading

or recyclingfrom the sedimest(see Nutrients belgvand may be a major sourcefto lakes and

cause of algae blooms including cyanobacteria

Nutrients

Nutrients arechemical elements critical to the development of plant and animaRlifplants
need an appropriate balance of the essential major nutrients, parti¢ylaityogen(N), and
carbon(C), with additional planspecific needs for minor nutrients trace elementssuch as
silicon, iron, boronyanadiumand othersln lakes, availability of nutrients issuallycorrelated

to the overall productivity of the lak&he filimiting nutrien concepttates that whateveutrient

is in shortest supply relative to the needs of the plant will limit productiVitg.limiting nutrient
concept is one of theostimportant principles ofake management particularly in the control of
excessive algal growth and eutrophicatidowever, not all plants (including algae) have identical
nutrient needsand the concentrations of nutrients can chasgéhe limiting nutrient may change
over time and spac@&his has been called a state of dynamic equilibrium. Yet a severe shortage of
an essential nutrieman control overall productivifyand many lakenanagementechniques are
intendedto reduce nutrient inputsr availability.

The ratios of planthemicalgrowth requirementso the concentratianof nutrients in water
suggest thaP is generally thescarcest nutrient relative to plant demandmost freshwater
systemsalthoughN or trace elements can sometimes be limitilj algae and plants nedétlbut
the need for other nutrients varieserms of form and quantityr herefore P availability usually
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determines how much growth there will, behile the other nutrients determine whgpe of
phytoplanktorwill be favored for growthDiatoms need more sitim than other algae and drop
out of the phytoplankton assemblage silion becomes scarce. Green algae need more N than
most other algae and drop asg available N is used up. Cyanobacteria need minimal ailida
some forms can utilize dissolved N gas not available to other aje®jng them to become
dominant when other algae are limited

As noted above, P is the most common limiting nutrientRimput and availability tend to be
easier to control than many other nutrietitereforemaking P thdogical target of management
to control algae in lake8oth C and Nhave gaseous phases, so the atmospharmajor source
and makes them difficult or infeasible to effectively reducd.ake managers typically
compartmentalize forms d® into three categories: dissolved, particulated their sum, total
phosphorus (TPDissolvedPis readily available for uptake laygaeand, consequently, is usually
found only in low concentratioria lake waterduring the growing season. At that time, most of
the P will either be adsorbed to particles such as fine soil or clayootainedn living or dead
plant or animal cells. However, the death and decay of an orgaarsm@lea® the P in dissolved
form where it can almost instantly be taken up by other organ&sithie forms of P can rapidly
change, productity potential is generally assessed based®n

Development of a nutrient budget (loading analysis) provides insighbattothe causesnd
potential means of rehabilitatiar lake eutrophicatiorGeneration of nutrient budgets is essential
to the planning of effectiviong-termalgal control effortsNutrient budgetgstimatehe amounts
of a nutrient that are provided by sources such as natural surfaceaqugaftindwater floywnon
point source pollution,wastewater disposal systemsther humasinduced discharges,
atmospheric deposition, and wildlifer pets Nutrient budgets alsestimaé the quantity of
nutrients lostfrom the lake system by outflownd deposition to the sediments. Quantifying
nutrient loading requires assessment of the water budgesangling and analysief the
concentration of the nutrient in eactajorwaterinput.

Thequantity ofanynutrient provided by a tributary is the concentration times the volume of water
per unit time (the flow). This is called the
like a bank account, the input loads (deposits) minus the output mass (withdrawals) should equal
the total change in the mass of nutrient in the lake. Knowing the relative inputs and costs of
reducing them aids the development of a workable lake management strategy for controlling water
guality and therefore preventing algal blooms. Nutrient budgets are less useful in the control of
rooted aquatic plantince their growth is often not tightly linkednatrientconcentrations in the

water column but rather to availableutrientsin the sediment, although some higher plants do
utilize nutrientsdissolved in lake water

Internal loading refers to nutrients recycled from sediments. Internal loading may be a large source
of P to the lake in certain circumstancefen dissolved oxygen levels in bottom waters are
depleted or near zerdherate ofhypolimnetic oxygen demaris lake specific and is a product of
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669 several factorsincluding the thermal stratification structure, organic loading, community
670 respiration, and sediment oxygen demavidst values fooxygen demand, expressed on an areal
671 basis fall between 0.5 and 4.0 g#fday. With oxygen demand in excess of 1 glaay it is likely

672 that a stratified lake will experience anoxia at the sediweér interface by late summét an

673 oxygen demand in excess of 2 glday, that anoxia can occur in early summer.

674 When lake sediments become anoxic (lacking available oxygen) asdhaly doin a stratified

675 eutrophic lakeP that is normally adsorbed to iron oxides under oxygenated conditions is released
676 in dissolved form. This hypolimnetie may be returned to upper water layers during turnover or
677 even during stratificatiohy diffusion or smaller mixing eventéd/here even a little light penetrates

678 toan anoxic sedimemwater interface, algae can grow at that interface then rise in the water column
679 to form blooms.Decay of organic matter also releadesback into the overlying water.

680 Resuspended sedimemhd@bilized by wind or motorized watercraft) may rele&deack into the

681 water column. AdditonaPmay be fApumpedo fr om gdotedaduatov wat e
682 macrophytes, particularly when the plants. digernal P loading is often hard t@accurately

683 estimate. The timing of this internal loading may make it more important than its magnitude
684 suggests; internal cycling of nutrients may notdbeninantin a yearly budget but may be very

685 important during the summer stratification period, which is also the growing season.

686 Nutrient loadsare commonly determined in two primary ways: by direct measurement or by
687 estimation from various empirical relationshipsm the literature Accurate determination of a

688 nutrient load by direct measurement is monitoriivgensive, requiringfrequent seasonal

689 measurement of water flow and nutrient concentration maibr input/outputomponentst-low

690 rates are hard to determine precisely without automated equipment, especially during storm events.
691 Infrequentrain events may be importgnine large storm may provide a large percentage of the

692 nutrient inputand if unmeasured, thivad will be underestimatedsroundwater samples may be

693 difficult and/or expensive to collecand groundwater flowgan bedifficult to measure or

694 calculate.

695 In practice,tiis difficult to achieve or afford thievel of monitoring although some amount of
696 monitoring is essential to support any loading assessi@ensequently, nutrietbadsare often
697 calculatedby loading estimateshrough modeling based on land use&esearch on many
698 watersheds has provideal database o&pproximateloading factors or export coefficients
699 associated wittvarious types of land usatmospheric inputspumbers ofhumanresidentsor
700 wildlife, sedimentgurcesand other more easily measured factarsh as dischargefhe quality
701 of the nutrient budget will depend on the similarity between the study watershed aetetted
702  export coefficients derived from tis¢udiedwatersheds in the literature.

703 No method is likely to produce a very accurate estimate of the nutretit monitoring frequency

704 is low or if the watershdd land use patteris only moderately comparabte selected export
705 coefficients However, the credibility of the estimate can be substantially increased if multiple
706 methods are used and produce comparable re8gitsement among multiple models, especially
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when calibrated for the study watershed with data specific to that system, can increase confidence

in loadingestimates. Kegources ofutrients and other contaminants shouldbsesed(Figure

5).

Particulates

Particulates may be inorganic or organic in nature, typically cdeéis@ny object larger than 0.45

thousandths of a millimeter. This is functionally determined by filtering a water sample and
separating the liquid (dissolved materials) from that retained by the filter (particulates). Larger
particles will typically not stay suspended in water for lomgile smaller particles such as fine
clays may settle very slowly or not at all. Colloids are fine particles with almost the same density
as water thatanremain suspendemimost indefinitely Larger or heavier particles such as algae,
bacteria, aquatic animals and silt will eventually settle to the bottom, although some of these may

actively swim or possess flotation devices to counter the

Atmosphere
Watershed Runoff

Wildlife

Groundwater ‘Internal Re o

effects of gravity.

Discha rges@

|

Figure 5. Sources of nutrients and other contaminants to lakes

Toxic pollutants

Lakes, particularly those with urban watersheds, may be subject to inputs of various toxic

pollutants that can pose concernsdquatic life recreationand drinking water potabilityThese
inputs are usually derived from runoff or groundwatssociated witlturrent or past industrial

usesor waste disposal in the watershedrnalyalso enter lakeas a result of agricultural activities

or via atmospheric depositioManytoxic pollutantsa d h e
dissoled in waterand since many ofil egacy o0

re, or As or diaying
cdegnatieapoorlynifaan al, gshey can

persist in the sedimeifdr years, long after they are no longer detectabtbéenoverlyingwater.
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Many of these toxic pollutants also bioaccumuldgteough the food chain resultirfiyst in
contamination of lower aquatic life anthen biomagnifying up the food chain leading to
problematic concentrations ibirds, gamefish, and human3herefore, é¢sting of sediments
suspected of harboring toxic contaminaatan essential and required step in determining options
for their removal and disposal in an environmentally safe marfhemmples described here
include heavy metal$?CBs, organochlorine pesticidepplyaromatic hydrocarbon®AH), and

per and polyluoroalkyl substance@FAS)

Heavy metalsrewidely distributedoxic environmental pollutasfound in lakesThe term heavy
metal refers to any metallic chemical elem@netal or metalloid) witha relatively high density
Trace amounts of certaireavy metals (e.gcobalt (Co)copper(Cu), iron (Fe), manganese (Mn),
nickel (Ni), selenium(Se) andzinc (Zn)) are importantas micronutrient$or plant metabolism
and a few ar@ssentiafor humanmetabolism at low concentratiobsit becometoxic at higher
concentrationsOther heavy metalfiave no essential biotic function and ppsgentially serious
toxic concernsincluding arsenic (As)cadmium (Cd), chromium (Crjmercury (Hg), and lead
(Pb). Past and current sources$ these elementsiclude arsenicused inwood preservatiorr
pesticids, @admiumused inpigments, batteriegnd plastics chromiumused insteel, chrome
plating, dyes and pigmentdleather and wood preservatjonercuryused inthermometerand
light bulbs andleadusedin gasoline, paint, pipes, ammuniti@andbatterieJUSEPA 2023).

Heavy metals can enter a lake or water sufypiy industrial and consumer wasggyricultural or
urbanrunoff, air pollution, or from acidic raiteaching materials from watershsdils.In some

lakes, overuse of copper sulfate as an algaecide or atsesed herbicides bded to elevated

levels in the sediments. Heavy metals are generally not very soluble in water and are more likely
to bind with organic materials and settle out. Where industrial pollution or urban storm runoff is
currently or historically present, heavy metal concentrations can be quite Hogh.much
interaction these metal accumulations have wébimentdwelling organisms or the overlying
water and its inhabitants has been the stibjezonsiderable study and dehatéth highly variable
resultsmostly as a consequence of site specific factors

Because heavy metals are not degraded or destroyed in naturehatreeythe potential to
bioaccumulateMercury concentrations increase rapidly through the food chain and have led to
toxic concerngor higher trophic level predators as well as hum’.issuesish consumption
advisories for mercury and other bioaccumulative contaminants (e.g., pesticides and PCBs) to
advise citizens regarding safe consumption levels.

PCB and organochlorine pesticides are occasionally found as legacy contaminants in sediments in
lakes although theienvironmental levels are generally on the decliREB are synthetic
lipophilic chemical compoundthat had widespread use as insulation flladsl lubricantsn

5 Bioaccumulation is defined as the increase of contaminant concentrations in aquatic organisms following uptake
from the ambient environmental medium.
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764 electrical transformers and building materials and are common contaminants at former industrial
765 sites or in older landfillsSThey tend to enter the environment through improper storage or disposal.

766 Organochlorine pesticidesith former widespread use includéhlorodiphenyl trichloroethane

767 (DDT) and its primary metabolite, dichlorodiphenyl dicloroethene (DBEjJhexachlorobenzene

768 (HCB). Because of toxicity and bioaccumulatiooncerns use of PCB and DDT and other

769 organochloride pesticides was banned in tBAUI the 1970sHowever, PCB and organochlorine

770 pesticides can still persist in lake sediments, particularly those in urban watersheds with historic
771 use of those substancé&creening or testing of lake sediments for these substances is a common
772  requirementf the permitprocesdgor sediment removal and disposal activities.

773 PAH are a group of over 100 different chemicals that are formed during the incomplete burning of
774 coal, oil and gas, garbage, or other organic substaRéé$enter the air mostly as releases from
775 volcanoes, forest fires, burning coal, and automobile exh@Ast.generated from these sources
776 can bind to or form small particles in the &AH enterlakesthrough discharges from industrial

777 and wastewater treatment plawotsby atmospheric depositioSince nost PAHare not easily

778 soluble inwater, they bind strongly with organic substances agitlesto thebottom sediments

779 Screening or testing of lake sediments for these substances is a common reqoirdmeeetmit

780 process fosediment removal and disposal activities.

781 PFAS are a family of chemicals used since the 1950s to manufacturerstagtant, water
782 resistant, and nestick products and certain firefighting foam. Thegdely used, long lasting
783 chemicals break down very slowly over tilued have been coinédf or ever .Thdyareni cal s
784  considered aemerging contaminant of national concérasting has shown thRFASarewidely

785 found inlakes and reservoirs inM(MassDEP 2024and nationwideBecause of their widespread
786 use(e.g., foodpackaging nonstick cookware, aterresistant clothingand materials, leaning

787 products personal care products and cosmetipants, varnishes, and sealgn@nd their

788 persistence in the environmentany PFAS are present at low levels in the environragntell

789 asin the blood of people and animaBcientific studies have shown that exposure to some PFAS
790 in the environment may be linked to harmful health effects in humans and animedgigation

791 of the magnitude and risk implication of PFAS contamination is the subjectgdiong research.
792  Currently, the Mis®EP requires testing fonumerouschemicals in all public drinking water
793 systems and has set a combined limit for the six most concéthi§ chemicalsat 20 parts per
794 ftrillion.

795 Lake Biological Attributes

796 Bacteria

797 Bacteriaareby farthe most abundaaind diversgroup of organisms in a lake apldy the central
798 role in decomposing organic matter into its inorganic components which are then rethieled.
799 occupy an incrediblyariedset of habitats, metabolic pathways, and functional interconnections
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800 with the organic and inorganic carbon fracioDue to thistaxonomic and functionaliversity,
801 this documentannotfully describe their rolgbut a brief overviews provided

802 Bacteriamay be fredloating in the water column, attached to a substrateburied in the

803 sediments. Many are aerobic, requiring oxygen for the conversion of organic material to inorganic
804 forms and energywhile others are anaerobic, using other chemical pathways to derive energy.
805 One such group, the sulfate reducing bacteria, is instrumental in converting inorganic mercury to
806 the highly toxic organic form, methyl mercury, as a byproduct of their gr@etteria also help

807 mediate the conversion of organic nitrogen initmavailable formsuch as ammounm or nitrate

808 Some bacteria are photosynthetic (e.g., cyanobacteria, also callegréxdume algaepnd are

809 discussed separately below.

810 Some bacteri@ancreate human health problems or have proven to be useful indicators of the
811 likely presence of threats to human hedftbr exampleEscherichia colis usually an innocuous

812 bacterium found irthe intestiral tract, but its abundance in a lake indicatlkat sewage, septic

813 inputs or other fecal contaminanése present, signalinge potential for the transfer of bacterial

814 and viral disease®©ther sources of bacterial contamination in lakes arise from animal sources
815 such as pet wasta waterfowl excretionGiardia and Cryptosporidium pathogenic protozoans,

816 can be transmitted from any waisitooded animal to watend may be indicated by fecal bacteria

817 presencePathogenic organisms, bacteria, and viruses are of particular concern in lakes and
818 reservoirs used as a source of potable supply or for contact recreation. In the case of potable
819 supplies, modern water treatment processes, including disinfection, ensure thauwgalied to

820 the human population should have minimal contamination, but protection of water sources is still
821 warranted.

822 Algae

823 Algae areprimary producers consistimgostly of microscopic plants that may bariouslyfree-
824 floating (phytoplankton)attached to a substragach as rooted macrophytes (periphytonform
825 onsedimentgalgal mats)Theyvary greatly incell size and mape singlecelled omulti-cellular.

826 Importantly, eaclgroup has particular characteristics thtect their value to the food web and
827 may impact lake water qualitpepending on the taxonomic systems, as many agat4ef

828 algae can be recognizeoutthree major groups recognized on the basis of pigment differences
829 and three additional minor groups represeate than 90% of the algae we encounter in MA lakes
830 (Figure 6).Brief descriptions of the important groups are given below.

831 Blue-greenalgae (cyanobactediare evolutionary intermediates between heterotrophic bacteria
832 and algaeThe term cyanobacteria is generally preferred, but algae include a wide range of
833 organisms that represent a challenge for unified classificatigae are defined as any organism
834 without a vascular system that contains chlorophyAs cyanobacteria contain chlorophgllas

835 well as other photosynthetic pigments, they are alytey bluegr eens can use
836 atmospheridN gas that is dissolved in the water. Accordingly, a shortagevafable Nin the
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water may give nitrogefixing cyanobacteriaa competitive edge in growth. Within the

cyanobacteria, there are many species with adaptations that allow them to persist and thrive in the
summer plankton, including higher thermal tolerance, flotation through cellular gas pockets, and
gelatinous sheaths and large particle sizes that make them inedible to many grazers (i.e.,

zooplankton).

For most lakes, cyanobactedaeea yearround component of the phytoplankton community. This

includes many fAhealthyo

| a k ean recome apusrdaetwmasm,

Ho we\

minimally mixed nutrientrich surface waters that receive a lot of sunlight. In high concentrations

they can form nuisance blooms, caudiogtuations in pH and oxygetaste and odor problems
or even toxicity. The most common problem types includiécrocystis, Aphanizomenom,
Dolichospermum(formerly Anabaengy and Planktothrix but there are dozens of other

cyanobacteria that can become abundant in lakes.

Mostcyanobacteria cgoroduce toxinshatcan cause iliness in humans, pktgstock,waterfowl,

and other animals that come in contact with the algeenly through ingestion but possibly by

skin contact or inhalatiotdowever, toxin production does not always occur, even if possible toxin
producers are present; there is no way to know for sure that toxins are present without directly
testing for them. There are simple field kits to assess a few of the more common toxins, but
complete testing is an expensive laboratory endeavor. The probability of toxins being present at a
hazardous level even when the water is obviously discolored by a cyanobacteria bloom is not high
(Lindon and Heiskary 2009, Graham and Jones 2009, Bigham et al. 2009, USEPA 2012), but
blooms present risk and windblown accumulations near shore and surface scums represent the
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Note: Algae cells can range in size from <10 um to >200 um

858 and images above are not at the same magnification
859 Figure 6. Major types of freshwater algae
860
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861 greatest risk. There are other algae that can produce toxins but nearly all are rare in MA. As a
862 result, when Harmful Algae Blooms (HAB) are documented in MA, they almost always involve
863 cyanobacteria.

864 Toxic blooms can Kkill livestock and pets that drink the wegegns of a toxic bloom may include
865 dead fish, waterfowl, or othevaterdependenanimalsor sudden, unexplained sickness or death
866 of pets or livestockespecially ifcyandacteria aréound onmoutrs, legs, or feetExposureby

867 humango high levels ottyanobacteriand their toxins can cause diarrhea, nausea or vomiting
868 skin, eye or throat irritatigrand allergic reactions or breathing difficulti¢#tuman death from
869 exposure to cyanobacteria is very raredmume toxins attack the liver and others affect the nervous
870 system, so serious reactions are posdilaeal health departments are the primary point of contact
871 for reportingblooms and/or toxins in recreational waterbodiBise MA Department of Public
872 Health (Mas®PH) advisedocal health departmentsgarding testingndposts lists of lakewith

873 cyanobacteriabloom advisories MassDEP maintains a website foranobacteriainformation

874 andadditional information can be found on therth American Lake Management Society
875 online cyanobacteria resource.

876 In contrasta group within theChrysophyta(golden algaeknown as diatomsisually forns an

877 important part of the food chamnd rarely caugs problems in recreational lakeShese algae

878 construct silica shells of many shapes with intricate markings. Despite their glass shells, these
879 algae are easily eaten by small aquatic animals called zooplankton. Common planktonic diatoms
880 include Asterionella Fragilaria, Tabellaria, Aulacoseiraand Cyclotella Other chrysophytes

881 include forms thalive in shells that look like wine glasses or spiny coats with whipping flagella
882 to move them about. Some of these chrysophytes can cause taste and odor problems in drinking
883 water reservoirs but are rarelgignificantproblem in recreational lakeSlany golden algae can

884 consume bacteria armatganic compounds, acting more like animals than plants, and allowing
885 survival under very low light conditions where photosynthesis is limDeatoms and golden

886 algae can be found at any time of year but tend to be dominant in cold water.

887 Green algae (Chlorophytapnstitutean incredibly diverse group ranging from singkdled to

888 complex multicellular organisms on the main evolutionary line to vascular plants. They are
889 important constituents in the food chain, but some spacgdifficult to ingest or digest ammén

890 cause blooms in eutrophic lakes. They generally prefer a higher ratiméfthancyanobacteria

891 Many filamentous green algae form mats that carpet the bottom, form clouds in the water
892 column, or accumulate around macrophytédats can trap gases ande to the surfacavith

893 windblown accumulabn along shoreThe Charophyta, recently split off from the Chlorophyta
894  but with similar pigmentation and cell wall compositiamclude taxa likeCharaandNitella that

895 grow attached to sediment and behave more like vascular plants than algae.

896 The dinoflagellates (Pyrrophyta) tend to be less abundant than the above groupsdiattirees
897 dominant in freshwater.dtnedinoflagellates cause harmful algal blooms in marine environments
898 but freshwater forms are not known to be toxiinoflagellatesare often associated with high
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organic content waterand occasionally ingesbacteriaor other organic particlefor nutrition.
Because all are motile, they can often dramatically change their position in the water column to
take advantage of localitrient or lightconditions

Euglenoids are another mostly flagellated group that share pigment compsisitilamity with

the green algae but make use of organic particles and dissolved compounds more like the
dinoflagellatessome chrysophyteand cryptomonads. They can form surface scums that vary in
color from green to red, and at high abundance are normally indicators of very poor water quality.
Cryptomonads are small flagellates the make excellent zooplankton food; they are ubiquitous but
rarely abundantOther algal groupsi.e., red and brown algaeye rare in freshwater lakes and
occurmainly in marine environments

Knowi ng which species is in Abl oomo can helop
certaincyanobacteriaften bloom wherfr is abundant and nitrate ssarcebecause they can fiX

from dissolvedjas Internal loading from sediments almost always has a low N:P ratio and tends

to foster cyanobacteria blooms. Where the cyanobacteria responsible for a bloom are buoyant
forms that have gas pockets in their cells, there is a high potential that growth iratidbed
sedimemwater interface or near the thermoclife diatoms tend to prefer times of high mixing,
cooler temperatures and higher silica availabildygnditions foundn lakesat spring and fall
turnover.Summer diatom blooms are likely to indicate strong mixing evbtany dinoflagellates

and euglenoidprefer water with above average organtontent so a shift to those algae may
signalincreaseabrganic inputs

When sediments that tend to be nutrect occur inshallowenough water wheilght penetrates

to the bottomalgaeform bloomsin the water columiby initially growing at the sedimeniater
interfaceand therrising into the water column. Thisieans that even lakes with relatively low
concentrations oP and N in the upper waters can be susceptible to algae blobary
cyanobacteria are particularly adapted to this growth namdkmany filamentous green algae

apply this modeActively swimming forms of golden algae and dinoflagellates can also descend

to the sedimentvater interface to acquire nutrients and mapavard to get more light.egacy

inputs of nutrients harbored by sediment are therefore of great management interest in otherwise
Aicleano | akes.

The dynamics of the thermal, liglkgnd nutrient regimes in lakesuse shifting environmental
conditions thattause a fairly predictable pattern in the seasonal succession ofjagptkin
northern temperatakes(Figure7), but there may bgearto-year deviations from this pattern for
any particular lake due to climatic variation or other factors

Typically, springconditionsfavor diatomsand golden algaerhich may become very abundant

but usually do not cause severe impacts on human use, although some species cause taste and odor
problems in drinking water reservoirs and can clog filtBngring thermal stratification, green

algae ofterdominate but they may be replaced byanobacteriat higher temperatures, lower
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inorganic Nconcentrations, and high pBiatomsand goldensend to dominatagainin autumn
but summer cyanobacteria may persist. Winter ice cover limits photosynthesis and overall algal

Diatoms Greens yanobacteria Diatoms

Relative abundance

1 ] ] 1 ] 1
J F M A M J J A S8 O N D J
Figure 7. Seasonabkuccession ophytoplankton (after Olem and Flock 1990)

abundance; diatoms and goldens tend to domibatecyanobacteria can persist as well.
Alternative sequences or biomass peaks are possldeunction of disturbance, including high
flushing rates, erratic nutrient or organic matter inputs, drought, or aberrant temperature swings

Because there are so many species of algaajaactificationrequires considerable expertise,
limnologists have developed surrogate measures of algal biomass. One of these is to measure the
primary photopigmenthat all algae share, chlorophgl Chlorophylta can be estimated
relatively easilyby several techniques, including probes that utilize fluorescétmaever the
correspondence between the amount of chlorophyll and the actual biomass of algae is variable.
Not all algal species have equal amounts of chlorophyll per unit valummssand the amount

of chlorophyll in each species varies with the nutritional health of the cells. Nevertheless,
chlorophyll has become a useful measure for lake management.

A second, related measure of algal biomass is Secchi disk transparency. It involves lowering a
black and white disk into the water and recording how far down it remains visible (Bgure
Visibility has been reasonably welbrrelatedo chlorophyl| at least where nealgal turbidity is

low, and the measurement is easy to makecchi transparency readings can be made by
volunteers with very little training and provide a l@astmeans to track algal abundance. Use of

a viewing tubehat extends just below the water surface is aduis@timinate interference from
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957 waves or sun glarthat could inducevariation not due to alga&et this relatively simple tool
958 provides a valuable surrogate for more complex algae measurements.

959

960
961 Figure 8. Measurement of Secchi diskransparency (Olem and Flock 1990)

962 Aquatic Macrophytes

963 Aquatic macrophytegre large aquatic plants, easily visible to the naked eye. In shallow lakes with
964 soft bottoms, the vast majority of lakes imMMplantsare often abundant. Macrophytes may be
965 rootedin sedimentor freefloating, although most are rooted (Figde They may also be

966 submergent, emergent, or floatitgpved. There are many taxonomic grquque thesefunctional

967 categories are often the most useful for understandexyophyte problesiand determining an

968 appropriate management strate@yithin each category many species may look similar as their
969 growth habit responds to common lake conditidms there are ecological differences that warrant
970 proper identification There are many plant identification guides availabteluding the MA

971 Department of Conservation and RecreatidagsDCR MA -specificplant quide.

972 Agquatic invasive species include some of the most troubleptants(Table 1) and it is important

973 to properly identify all plant species in a lake when considering management. For example, a
974 drawdown may reduce densities of Eurasian watermiltdyriophyllum spicatun but may

975 increase densities of spiny naidthf{as minojy based on their overwintering strategies (vegetative
976 vs. seeds). Plant species protected uniderESA will require special consideration when

977 present.
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Figure 9. Typical aquatic plant zones inlakes andponds (From Kishbaugh et al. 1990)

Rooted aquatic plants typically grow from a root system embedded in the bottom sediment. Unlike
algae, they derive most of their nutrients from the sediments, similar to terrestrial plants, but they
may be able to absorb nutrients from the water column as well. Because they need light to grow,
they cannot exist where the lake bottom is not exposed to sufficient light. The part of a lake where
light reaches the bottom is called the photic or littoral zone. For many plants, nutrients in the
sediments may be in excess and growth is limited by light, particularly during early growth when
the plant is small and close to the bottom. Emergent plants solve the light problem by growing out
of the water, but that limits them to fairly shallow depths. Fiesting plants are not limited by

light, except in cases of sedhading when growths are dense, but these plants cannot use the
sediments as a source of nutrieatsl must depend on nutrients in the water colulRimally,
floating-leaf plants have attempted to achieve the pessible situatiomy having their roots in

the sediment and leaves at the surface, but they still have depthaliditend t@row at water
depthsntermediate to emergent and submergent forms

MA is highly susceptible to introductions of noative macrophyte species, also refert@ds
nonindigenous speciedr aquatic invasive species (AI$) book on AIS in MA(Wong 2023)
coversboth plants and animals in detail, including potential control methbdsrtunately many
(althoughnot all) of the planthave high nuisance potentiélnlike the natural biota and even the
nornnative biota introduced more than a hundred yearsraggeindigenous nuisance plartiave

few if any local biological controlsand are often invasive pests that can totally dominate and
depress or evesliminate native populations. Thégve beemntroduced in a variety of unwitting
ways, most notably through the aquarium and horticulture traidlesubsequertansferamong
lakes by boatthat are not cleaned or sanitized betwesas in differentlakes Waterfowlcan also

act agmportant vectors.
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Introduced nofnative species canegatively impact or even replatealthy native aquatic
communites and produce economically and recreationally severe impacts even though no other
change has occurred in the watersiadnany situations where a noative species has been
introduced, a near monoculture of that species develops, reducing recreational utility and habitat
value.MA maintains a list oprohibited plants that may not bérought inb MA, only a subset

of whichare aquatic anknown tocreate nuisance conditiomsMA to date (Table 1).

Table 1. Introduced aquatic plant species known to create nuisance conditions in
Massachusetts

Scientific Name Common Name
Cabomba caroliniana Fanwort

Egeria densa Brazilian elodea
Hydrilla verticillata Hydrilla

Lythrum salicaria Purple loosestrife
Myriophyllum aquaticum Parrotfeather
Myriophyllum heterophyllum Variableleaf watermilfoil
Myriophyllum spicatum Eurasian watermilfoil
Najas minor Spiny naiad
Nelumbonucifera Asian or IndiarLotus
Nymphoides peltatum Yellow floating heart
Phragmites australis Common eed grass
Potamogeton crispus Curly leaf pondweed
Trapa natans Water chestnut
Utricularia inflata Swollen bladderwort

Rapid expansion of introduced speciemimny lakes in M\ and other statdsas severely impacted

otherwisehealthy lakes. Within just a few years, a small patcanohtroduced species can grow
to fill acres othe lake within the photic zoneften filling the water column or covering the lake
surface

While an overabundance of native species and diminution of desired uses can be managed over
time, the initial detection of an introduced speabsuldtriggerimmediate action if eradication

is to be achieved.he quicker the response, the smaller the degree of intervention needed to protect
the environment. It may be difficult to impossible to actually eradicate an invasive species once it
becomes established, but the probability of achieving and maintaining control is maximized
through early detection and rapid response. There are many guidance documents at the federal and
state level outlining planning and strategies for detection and rapid responses to invasive
outbreaks.Information and regulations regardirmpntrol of nuisance invasive specieare
availableas well as théqguatic Invasive Species Assessment and Management Paeveloped

for water supply reservoirs.
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MasDEPdeveloped a database of roative (i.e., introduced) aquatic plants based on surveys in
199394. The database does not represent a comprehensive listing of all lakes witinen
species but is considered representative of conditions at the time. Of the 320 lakes surveyed, 64%
had nonnative species. The most commonly observedmadive species in these surveys were
Myriophyllum (watemilfoil, actually 3 speci@sCabomba(fanwort) andLythrum (loosestrife).
MassDEP and MassDCR are working on an updated datdhdseis not yet publicly avéable.

Contact the Lakes and Ponds Program within MassDCR to report a possible invasiveaspecies
check to see if your waterbody is known to haibgasive species

Some species not found in the 320 surveyed l&kes before 199%re known from M lakes
now, most notablyHydrilla and Myriophyllum aquaticunfound n Cape Cod lale All of the
species listed in Table 1 have been founti as of 208, when MasBCR staff updated the
earlier survey (see Appendix VI of the GBIRVhile a few populatios of invasive species have
been eradicatedhé¢ frequency of most has increased since the 1994 ligtivedJSGSmaintains
a list of non-indigenous aquatic species in the ited States (US)with distribution maps and
general abundance designations

In general, a healthy native plant community is considered desindihim a lakeecosystem

Where the sediment is suitable and light penetrates, rooted planitsewitably grow. Thus, te
guestion is not whether or not rooted plants will be present in most lakes, but rather what types
and at what densi®/A diverse assemblage of species indigenous to thepaoeales valuable
habitatandwill not necessarilycreatenuisanceconditions Invasive speciebBave a tendency to
dominate the plant community as a consequence of competitive superiority and/or low loss rates
to herbivores (plant eaters).

In theory, a native assemblage will be more baladoedothe presence of competition and native
controlling agents (e.g., herbivoresjowever,under certain conditionspme native species can
become a nuisancexpanding into areas either not previously colonized or at one time occupied
by other native species. Such imbalances can lead to nuisance corslitbreslense coverage

by water lilies Nymphaear Nuphal) or watershield Brasenig. Submergent growths some
native pondweedgPotamogetonor coontail Ceratophyllum can becomeery dense expand

into the upper water colummand become nuisances to boaters or swimmasrsvell as
compromising habitat value for some aquatic faudative plant communities may therefore
require management to remain in balagrespecially where human impacts on lakegehmmade

them more susceptible to@ssive plant growth (e.g., sediment injputs

While the management of introduced species often focuses on eradication (which is itself a very
difficult task), management of indigenous species with nuisance potential tends to favor control
only to the extent necessary to restore balamagpen selected areas for watlependent uses

(e.g., swimming, boating)This may require ongoing maintenance, and it is generally true that
rooted plant management is likely to require repetitive actions over a prolonged time period for
both native and nenative aquatic plants.
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Zooplankton

Zooplanktorare tiny invertebrates that swim in the water column, eating algae or each other. There
are four major groups, ti@adocera, Copepoda, Rotifera and ProtqEogure10), in decreasing

order of typical sizebut there are other less common groups that could be important in any given
lake. Protozoans are the smallest zooplankton, rarely exceedingniOitheter (mm) (100
micrometers ym)) for individual organisms, although colonial forms can be larger. Rotifers are
slightly larger than most protozoans, tending to range from 0.1 to 0.4 mm. Copepods and
cladocerans are larger, with small forms mostly in the 0.3 to 0.5 mm range and larger forms
sometimes exceeding 3 mm.

As manyzooplanktersarefilter feeders, size matters greatly, as filtering capacity is related to the
cube of body length. Consequently, a dolzege cladocerans such Raphniain a quart of lake
water can filter outall edible algae in a day, whilever 2000 rotifers of typical size@ould be
needed tdilter that same water volume. And what is edible is largely related to particle size, with
larger cladocerans able to consume much larger particles than most other zooplankton.

All four groups have ecological value, and most zooplankton assemblages contain some members
of each group, but cladocerans and copepods are responsible for the vast majority of algae
consumption and are the best source of food for small fish. Larger zooplankton represent more
energy in a single packet for those small fish, maximizing the energetics of feeding. Therefore, an
abundant zooplankton assemblage dominated by cladocerans and copepods, and especially one
dominated by the cladocer@®aphnia(the most impactful grazer in open water), tends to provide

the clearest water possible and supports more small fish.

Some algae, including many cyanobacteria, form larger filaments or colonies that are difficult for
zooplankton to consume, and an overfertilized lake will often grow more algae than even the most
desirable zooplankton assemblage can consume, so the control exercised by zooplankton on algae
has limits. Additionally, the feeding of small fish on zooplankton, especially in early summer after
most youngof-theyear fish have hatched, will tend to be size selective and will depress the
abundance of larger zooplankt@idall et al. 1976) Some fish, including alewife and shad, are

very effective feeders and can greatly depress zooplankton mean size and abundance. As an
intermediate link in the food chain, zooplankton are subject to many biological influences in
addition to physical (e.g., flushing) and chemical (e.g., dissolved oxygen) factors that may limit
abundance.

Assessment of zooplankton involves collection with a fine net and microscopic examination. One
might observe larger zooplankton swimming in a jar of water pulled from the lake, but a
concentrated sample is needed for a proper analysis. But just because they are not readily visible
does not mean they are not important; zooplankton are a critical link in the food web and
knowledge of zooplankton community composition and abundance yields information valuable in
lake management.
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Note: Zooplankion can range in size from <100 um for Protozoans to >3 mm for some
Copepods and Cladocerans. The images above are not at the same magnification

Figure 10. Examples of major zooplankton groups in lakes

There are several invasive zooplankton that can be found in lakes and ponds in surrounding states
and provincedut arenot yet known from MA For example, the spiny water flddythotrephes

spp.) is a nomative predaceous cladoceran that eats the highly desbaplaia It has a long

tail spine that often catches on fishing lines anibiged by fishermen.

Benthic macroinvertebrates

Benthic macroinvertebrates are small invertebrates that live on or in the substrate of lakes and their
tributaries. The majority ahdividualsarelikely to beinsect larvagbut there are many nansect

groups among the benthic macroinvertebratesect groups that are often abundant in lake
sediment include wide variety of flylarvae Dipterg, dragonflies and damselflies (Odonata),
mayflies (Ephemeroptera), caddisflies (Trichoptet@jous beetles (Coleoptera), and true bugs
(Hemiptera).Nor-insect groups that are often abundant include sii@iéstropoda) mussels
(Bivalvia), crayfish (Decapodand freshwater shrimp (Amphipodéaeeches (Hirundinea) are of
concern to many human lake users.

Collectively, benthic macroinvertebrates are an important source of food for fish and other aquatic
life, support neighboring terrestrial ecosystems, and provide other critical ecosystem services that
ultimately benefit human$nails consume algal slimes that form on rocks and plahéstypes

of macroinvertebrates present will be@mplex function of water qualitgedimentfeatures, the

plant community, and the abundance of organisms that feedenebratege.g., many fishsome

birds, muskraty. Consequentlythe value ofbenthic macroinvertebrates as indicators is

Essential Background Information Pagel-35


https://www.epa.gov/national-aquatic-resource-surveys/indicators-benthic-macroinvertebrates

1137
1138

1139
1140
1141
1142
1143
1144
1145
1146
1147
1148
1149
1150
1151

1152

1153
1154
1155
1156
1157
1158

1159
1160
1161
1162
1163
1164
1165
1166
1167
1168

1169
1170
1171
1172
1173
1174

substantial,reflecting overall waterbody conditioby close and varied relationsisipwvith
environmental and biological factors.

There are both invasive and stéisted (protected) benthic macroinvertebratesst being
mollusks. Asian clams and Chinese mystery sraiésnonrnative speciethat continue to expand

in MA. Zebra musselare invasive buhave been found only in Laurel Lake and the Housatonic
River in the Berkshires to dat®any other Berkshire lakes are susceptible to invasiarebya
mussels which can cover rocky substratat mooring lines and dockilings, and alter lake
ecology by their feeding and excretighirecentbook on AlS in MA(Wong 2023)covers these
species in detail, including control metho@giagga mussels, closely related to zebra mussels,
have not been found in MA as of 2023tate listed species are protected under the MESA, which
is administered by theNatural Heritage Endangered Species Progr&MiESP within
MassWildlife. Multiple species of freshwater musselsd snailsare protected in M under
MESA, as well as some dragonflies, damselflies, and other sfeat spend their larval stage in
lakesor surrounding shoreline vegetatiddihowledge of the benthic invertebratemmunity of a
lake is therefore important when planning lake management activities.

Fish

There are rmare than 4&pecies of fislioundin MA lakes, ranging from the small and stasted

bridle shiner to the large and introduced common daigh are often classified ecologically as
herbivores (eating plants), planktivores (eating zooplankton and possibly some algae), benthivores
(eating benthic invertebrates), or piscivores (eating other fish), but a fish can make use of more
than one food group and often does over the course of its life cycle. Most fish start out eating
zooplankton and progress to larger prey as they grow.

There are very popular fisheries for mdisy speciesn MA, fromtroutgrown in state hatcheries
andstockedas adults specifically for recreational purposes to warmwater speciés¢jkenouth

and smallmouth baspjckere| and several speciesllectivelyreferred to as panfisithere are

few lakes that syprt selfsustaining populations of coldwater fish (i.e., Quabbin and Wachusett
Reservoirs)as most stratified lakes have surface water that is too warm and bottom water that has
too little oxygenduring summerCoastallakes and ponds are important to anadromous species
like alewife and bluebackerringthatreturn from the ocean to spawn in lak€kese specigsan

be major ecological factors in accessillees consumingmostzooplanktem and limiting grazing

on algaebut providing a valuable food bafe predatory gamefisiwhen juveniles leave the lake

at the end of summer, they become a major food resource in the ocean.

Almost all fish species thaise the littoral zone of lakes and ponds benefit from the proper balance
of aquatic vegetatioand other habitat likevoody materiafor food and sheltehe habitat needs

and ecology of fish species varies substantially, so knowing which fish are present invdl lake
be important to planning lake management activifiéggssWildlife maintainsa databasef fish
species presencédditional data may be available directly from MassWildlifighich maintains
records offish surveys.
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1175 Fish distribution is greatly influenced bymperature and oxygeteterminingwhich species will

1176 be present and where in the lake they will be folthdnan influencénas also beeimportant in

1177 the distribution of fish among M lakes.Historically, fish were frequently moved among lakes
1178 and various experimental introductions were conducted, but the stocking of any vertebrate species
1179 requires a permit and is subject to review by Mésdife. Consultation with MassWildlife is

1180 recommended if there is any question about the fish resources of a target lake.

1181 Reptiles

1182 Reptiles such as snakes and turtitize MA lakes but are less diverse or abundant than in more
1183 southern climateNorthern water snakes, painted turtles, and snapping turtles are among the most
1184 common species obsed, but there are many other less common reptile species associated with
1185 MA lakes or surrounding wetlandsthiattravel through lakes, some protected under MES4. |,

1186 Bl a n di n gnértherntedbreltied aaqter). Reeeared sliders have been introduced to many
1187 water bodies. Manyeptile speciesverwinter in or near lakes, necessitating consideration where
1188 winter drawdown is conducted. Reptiles breed in riparian and upland areas moving between a lake
1189 tothe breeding area and back agaimich is an important consideration in watershed and shoreline
1190 managemeniAs MassWildlife has responsibility for all vertebrate resources of a lake, consultation
1191 s advised where there are any questions about reptile resources of a target lake.

1192 Amphibians

1193 Amphibians such as frogs and newts/e at least one obligate aquatic stage in their life and tend
1194 to spend most of their life in or very close to wa@reen frogs, American bullfrog, and eastern
1195 newts are probably the most commonly encountered amphibians in MA lakes, with spring peepers
1196 and gray treefrogs found in surrounding wetlanidsee main lakeamphibiansoverwinter under

1197 water, making water level fluctuation®xygen statusand sediment features important
1198 considerationsOther amphibians, such as wood frogs or tree frogs, use waterbodies mainly for
1199 breedingand prefer fishless lakes or vernal pools, so there is likely less interaction with lake
1200 management activities, but spring acassill a concern.

1201 Frog abundance has varied considerablihe northern USA in recent decades and causes have
1202 included disease, habitat degradation, and predation. As with refgitgserature conditions are

1203 not as favorable for amphibians in northern climates, but there are still numerous amphibians in
1204 and around M lakes.Consultation with MassWildlife is recommended if there is any question
1205 about the amphibian resources of a target lake.

1206 Water dependent birds

1207 Some birds are highly dependent on lakes for fand some for shelteMany bird species,

1208 including ducks, geeseswans,herons,grebes,kingfishers,loons and eagledave at least a

1209 seasonal presence orANBkes.Some of these species are yeaind residents (most ducks, geese,

1210 swans, eagles) and others are seasonal residents (loons), while others may use lakes as stopover
1211 points during migration for rest and feeding. Mute swans have expanded outside their native range
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and compete with our resident swaBesth herbivorous and carnivorous species of birds find food
in lakes with types of plants and abundance of small fish as key determinantsvaflilbeof a
lake as a feeding area. Relatively few birds remaM~Atlakes for the winterand those that do
(e.g., eagles) often change their dubien ice restricts access to the lake.

Although some birds will dive to substantial depths in search of food farage in the shallowest

parts of lakes, so activities in the nearshore zone will have the greatest influence en water
dependent bird population§oo much or too little vegetation can be a factorywaf aswater

clarity and the species/form of aquatic plasisoreline stability and vegetation features, including
downed trees or other perching points over the water, can greatly affect habitat value and should
be considered in lake management projé&aisdeveloped waterbodies, extenddeederingawns

attract Canadgeese and greatly increasemanwildlife conflict as well as addingutrient loads

to the lake.

Water dependent mammals

Some mammals are tightly associated with aquatic hahiatading beaver, muskrat, ottend

mink. Many other mammals come to tlake edgeto drink or feed (e.g., deer, raccooi)ost

remain in or near the lake during winter. Food includes vegetation, invertebrates, aBtdisr

may involve burrows or lodges (e.g., muskrat, beaver) with subsurface entryways. Water levels
are therefore an integral part of the ecology of many of these sp&gss and density of
vegetation and water clarity will affect habitat value.

The presence of ast of the watedependent mammals are enjoyed by human lake useihebut

habits of beavers can create conflicts and management of beavess imd/been found necessary

to avoid flooding and damage to treesar the lakeVarious engineering solutions intended to
prevent damming have been devised and permitted trapping is sometimes used to reduce beaver
populationsYet beaver create habitat for many plants, invertebrates, and wildlgensodegree

of tolerance igncouraged by fish and wildlife agenciBgaver and muskrat depend on predictable
water elevations in the fall and winter to survive the cold weather and can be impacted by winter
drawdowns.

Key Factors Affecting Lake Condition

The many features of lakes described previopsbyide dversity to lakes in M. Somefeatures

and processes tend to égpeciallyimportant in determining the conditon of a lake, and these are
described briefly belowThere is overlap with the features described above, but here we consider
the actual impact of the feature or process on lake ecology and managbioeatl lakes are
created equal anavb adjacent lakes can be very different as a result of variation in these factors.

Bathymetry

The maximum depth and depth contours of a lakelikély determine if it thermally stratifies,
has multiple basingr more readily accumulates soft sedimiarthe littoral zone Thelength of
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the shoreline (more or less round vs highly sinuous with coves and penjingililasfluence
habitat access, and nearshaetivities. The relative area and volume of the upper water layer
(epilimnion) and lower water layer (hypolimnigf)any,will be a function of bathymetry. Having

a reliable bathymetric magnd information on water volume ahgdraulicresidence timéHRT)

is essentiato evaluate different management scenanmasticularly since HRT is a parameter

frequently used when modeling lake trophic state.

Watershed to Lake Area Ratio

The ratio of the area of the watershed to the area of thWakg has great influence on system
hydrologyand contaminant loadindg.argeW:L ratiosindicate higher flushing ratésecall that

this is the inverse of residence timeahich in turn affect water qualitgontaminant loading, and

the time it takes to raise or lower the water level if theoaiiet controlW:L ratios of <10 usually

lead todetention times long enough to allow most input contaminants to have full effect and be
ultimately trapped in the sedimemost kettlehole lakes have low W:L rati®¥:L ratios >50:1

will usually translate intdaster flushing and shorter detentiomaximizingwater quality variation

and the influence of watershed runoff on the lake; many impoundments have high W:andtios
even with minimal human activities in the watershed, water quality impacts can be expketed
influence of the watershed at.L ratios in between 10 and 5@ll largelydepend on the volume

of the lake and thievel of development or agriculture in the watershed.

Watershed Geology and Soils

Geology is the mother of all ecosysteficn e r ocky par't

of

the eart hos

area will have a large, lortgrm influence orsoils and vegetatiohe mix of elements present in
rock determinenanyfeatures of overlying soils as they weathed greatly influences the pH and
mineral content of wateiThe split betweersedimentary and igneous rocks creates substantive
differences that influence the development of biological communities. Terrestrial vegetation will
vary with soils that in turn vary with geology amdll influence system hydrology and water

quality.

Overlaid onregional geology is the influence of glaciers. Glacial activity moved rock and soill
created many lakes, and determined the topography of mudiA ofVhile technically separate
from geologythe interaction of glaciers and geology set the stagkerconditions in M\ and

creates major differences in lakes across the Commonwealth.

Watershed Development

The settlement of M by mostly European immigrants drastically changed the landscape and is
responsible fomany of the lakes as we know them through dam construction. Farming and
residential/commercial development, with attendant transportation corridors, greatly enhances the
movement ocontaminants from the land to lakes. Runoff is the main transport mechanism, but
movement through groundwater aad can also be significant and is impacted by human
activities Conversion from natural cover to human usesiore than about 10% of the watershed
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area is likely to cause detectable changes in water qualitgergdiopment or agriculture at more

than about 30% of the watershed area is likely to cause distinct deterioration of lake conditions
(CWP 2003, Coles et al. 2004, Bellucci et al. 2068)man uses of watersheds tend to increase
nutrient loading by tenfold or more, while application of best management practices rarely
achieve a reduction of more than 500@sgood 2017Clary et al. 202Dand the cosbf control

can be very high (USEPA 2013Yluch can be done to reduce impacts from development and
agriculture, butimpactscannot be avoided or eliminateéd most casesA variety of online
resources are available for understandiagershed influenssand management needscluding

the MassDEP_watershed planning programand MA Watershed Coalition programs The

North American Lake Management Society also provides guidangeafershed planning

Addition of New Species

The introduction of a new species to a lakéentionally or not, can result in major changes in
lake condition. This is most apparent with invasions byindigenous aquatic specjeshereby

native species are displaced dmohan uses amegativelyimpacted. Zebra mussels, Eurasian or
variableleafwatermilfoil, and fanwort are examples of invasive species with major consequences
for lakes and lake users once establishatioducedspecies can also carry diseses or parasites
that can negatively impact native speci&gen species native to a region can cause problems when
introduced to a lake where they were not previously predémdt species of ater lilies and
bladderwortare example plants, native toAvbut able to cover large portions of shallow lakes
when introducedSpecies of crayfish, native or not, can reshape the biological community through
impacts on other invertebrates and plaNist every introduced species has substantial negative
impacts, and some may even provide some benefits, but active introduction of any species is not
allowed without a thorough process of study, review, and required approvals by applicable
permitting agenciesMassDEP, MassWildlife, MassDCR, and MDAR have responsibilities
related to spees introductions to the statee-patrioting extirpatedspeciesandmoving species
between systemsConsulation and appropriate permitting should ocdwefore any such
introductions are made

Internal Loading

The ghost of past inputs can come back to haunt a Gtk@aminants entering the lake from the
watershed may pass throutfie lake or may be converted into some other form of lesser concern,
but many contaminants wind up in the sediment of the lake. Some are relativelghaemmay or

may not impact sediment dwellers or feeders and do rentex the water column. However, the
important plant nutrier accumulates in sediment, often in organic mattéoand to iron. Decay

of organic matter will gradually releaBealthough where there is oxygen twill often be bound

to iron, calcium, or aluminunand precipitate back to the sedimérdn is the dominant binder in
most MA lakes, although calcium is abundant in Berkshire lakes aluminum is naturally
common in a few lakes
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Where there is not enough oxygen to support aerolmobial activities, shifts occur that utilize
alternativeelectron acceptorsgnd sediment chemistry is changed. Under anadsoa, and P
dissociate and resolubilizejth theP becoming available to algae at the sedinveater interface

or in the water column if there is upward transpirough water withnadequate oxygen or
binders presenSomeN is also released from the sediment, but the ratiN td P is low and

favors cyanobacteria that can utilize dissoldegisand the available.Pf enough light penetrates

to the sediment surface, algae will grow there and potentially rise in the water column later to form
blooms. IfPand Nmove upward in an anoxic hypolimnion to a point where light is adequate

depth layers of algae can form (called metalimnetic blooms) and those may reach the surface in a
subsequentixing event.

The release d? from surficial sediments can be a major sodoc@lgae and occurs mostly during
summer when temperature and other conditions are most favorable for algae Matershed

loading feeds the internal P lqadften over a period of decades or long&then conditions
becomefavorablefor internal releasethis P inpt often sets up a cycle of excess productivity,
greater organic matter deposition, faster or more extensive oxygen loss, and increasing internal
loading that may thelpecome the dominant P source. Control of watershed loading will not reverse
that process and addressing the internal load becomes essgmiaieioting algae blooms.

Climate Change

There is no denying climate changed a human role in;ibne can have a healthy debate over
specificcauses and corrective negtst the data clearly show that temperataneswarmer and
variability is higher [PCC 2021) creating a number of problems for lakes and lake uSaesges

in precipitation pattern are problemattausing greater impact by flood and drought conditions

for many lakesHigher inputs of solids, nutrients, bacteria, and other contaminants can be expected
with more intense storms. It is not so much the small increase in average temperature that causes
problems as the greater variability in temperatprecipitationand many relatednvironmental
features.

Warmer temperaturegicrease growth rates for most organisms daebr cyanobacteria
Cyanobacteria can survive over the greatest range of temperature, from under the ice to hot springs
but the chemical nature of their food storage gives themetabolic advantage in warmer water

and they tend to dominate at temperatgrester than abo@5°C. Even if cyanobacteria do not
become dominant, warmer water will accelerate the growth rateyadlgae present and may lead

to increased biomass if those algae are not conswitied the food webResponse time in grazer
populations tends to lag well behind that for algae subject to enhanced growth corshtimase

blooms are expected during prolonged warm periods.

Greater temperature accelerates decomposition and increases oxygen deoatantilly
increasing the internal loading discusgedviously While water deeper in a lake will almost
always be colder than the water at the surface, small increases in tem @ thieisedimenivater
interfacecan be particularly detrimental, fostering greater oxygen demand and faster achievement
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of low oxygen conditions that then allow release &fdPh sedimentThat P can migrate upward

in the water column to the point where oxygen is presentlods reactions that inactivate P
(usually reccombination with iron also released from the sedimeog}ibly allowing uptake by

algae where low oxygen conditions are extensive and extend upward to where there is even a small
amount of light. However, many algae are capable of growth at the seduaientinterface,
utilizing released P before it ever gets into the water column. Green algal mats and many types of
cyanobacteria, alhreats to lake ecology and human uses, are particularly adept at this growth
mode. The green algal mats trap their own photosynthetic gases and those from decomposing
organic sediment to rise in the water column while the blémming cyanobacteria tend to
produce gas pockets within cells and rise synchronausyupper waters to rapidly form blooms.
Consequently, small increases in temperahaa@ the sedimenvater interface can have much
larger impacts on algae abundance throughout the lake.

A lengthening growing season translates into more rooted plants in the photic zone of the
waterbody.Rooted plants may start growing earlemnd remain later in the year, expanding
coverage with the increased growing season and increasing maximum deresitpnversion of
inorganic nutrients taken up from sediment through roots into organic f@safts in more
organic matter settling to the bottpincreased oxygen demand, and potentially more nutrients in
the water column to fuel growth of algae and higher plants not rooted in the sediiment.
eutrophication process is therefore accelerated by climate change.

More intense storms will increase Rpaint source pollution loadingnoving more material off
impervious surfaces and causing greater erosion in stoeatormwaterchannels The higher
water load may cause increased flushing of lakes, potentially limiting immeadiateantimpacts

but also causing additional issues with flood impa&tportion of theincreasednputs will settle

in the lake, gradually decreasing depth and building reserves of nutrients, metals, hydrocarbons,
and other contaminants that can negatively impact lake quality andvesetime Extended dry
periods or more severe drouglen lower water levels and allow greater impact by sediment
water interactions such as the internal loading noted ala®vevell as exposing lake bottpm
reducinghabitatandcompromising lake access by foot or baatwer inflows associated with dry
periods will also allow the sun to he&maininglake waterto a greater degree, leading to the
temperaturenduced impacts noted above.

No action we can take will reverseetblimatetrend quickly implementation of all recommended
measures on a global scale would not reverse climate change for a century or more (IPCC 2021).
Lake management will have to addrgssater external and internal nutrient loadiaghigher
frequency of extreme events and conditions, warmer temperauace8uctuating water levels to
maintain desired@nd designated lake usé¥otective watershed management, enhanced runoff
storage and processing capacity, minimizatioR availability, maximization of oxygen in lakes,

and a variety of rooted plant control methods are all likely to be needed to offset climate change
impactson lakes The increased variability in temperature and precipitation over gireatly
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1398 complicats management and increagmtenial costs, as planning mustidress greater extremes
1399 (e.g, maximum detention needandincorporateflexibility (e.g., treatmehon demand).
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2. LAKE MANAGEMENT PLANNING

This chapter provides information on the planning process for lake manag@aening needs,
programs, anthe overall procesare addressedpproaches to predicting outcomes are discussed.
The importance of monitoring to support planning and later plan adjustment is emphasized.

The Lake Management Plan

A lake management plan (LMBRgts goals for the management of the lake, defines specific
objectives intended to achieve those goals, and guides the selectiom@achentation of
potentiallycomplexand interactie management techniques.LMP will lay out the steps to be

taken, the order of application, target locations, and monitoring needs to track progress and allow
adjustment of the LMP for success. While the regulatory process in MA does not require a LMP
to obtain permits,development of a LMP is highly recommendéat any protective or
rehabilitative action taken on a lakewide or watershed scale and will make the permitting process
easier Where cooperation of agencjéswns,institutions,landownersand other stakeholdeis
neededdevelopmenodf a LMP facilitates input and educatidhatfosterscooperation angossibly
funding.

A LMP is particularly valuable where there are multiple and potentially competing interests at a

lake and where the watershed covers multiple jurisdictions, complicating any proposed action. The
process of developing a LMP may not resolve all conflicts or achieve complete cooperation, but it

will offer opportunity for understanding and compromise and can develop support for ongoing
management programs. Small projects like controlling excessive vegetation in a public swim area,
repairing an existing boat ramp, or stabilizi |
a complete LMP, but should fit into an overall LMP and the existence of the LMP should ease the
regulatory path for such smaltale actions.

Elements of a Lake Management Plan

The LMP represents the assimilation of all the assessment and evaluation steps into one
understandable written document describing itergy goals for the lake and ways to achieve those
goals, along with their ecological and financial consequef¢ben devising a LMP, elements to
consider include:

U Problem Statement List issuesandproblems that should be addressed. Why is management
action under consideration, and what previous reports, data, historic management actions and
past recommendations support this need?

U Management Goals:Get public input from all stakeholders to provide a concise statement of
goals, desired future uses and preferred characteristics. Goals should be specific, measurable,
realistic, feasible, and, to the extent possible, should balance any conflicting stakeholder values
and uses. This includes balancing natural conditions and processes with human interests; not
all lakes are suitable to all uses and some goals may be limited by existing regulations.
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Gathering public input from a wide range of stakeholders is particularly important to
understand the range of perception and uses. To ultimately gain maximum support for the plan,
do not marginalize any stakeholder group or interest.

Watershed and Lake Characteristics Include maps of watershed boundary, watercourses,
drainage systems, geology, topography, soils, land use, zoning, and pollutant sources. Provide
maps of lake bathymetry and sediment tywith depthif available Obtaindata for hydrology

and water quality and construct nutrient budgets. Model the system to the extent practical and
necessary to predict results of management actions. Collect data for bacteria, algae, vascular
plants, zooplankton, invertebrates, fish, reptiles, amphibians, &irdsnammalastheyrelate

to identified problemand check available maps and records for protected species.

Past In-Lake Management Techniques Review all physical, chemicabnd biological

controls, and any other management techniques that have been impleietae¢le level of

success achieved, any unintended impacts, and the costs associated with past management
actions.

Existing Watershed Management Techniquedkeview all regulatory (e.g., zoning, resource
protection bylaws, health statutes) and -negulatory €.g, educational, procedutal
structural) management techniques that are in place and being used within the watershed.
Quantify achieved benefits if possible and note any associated costs.

In-Lake and Watershed Management Alternatives:Evaluate managemenbptions for
effectivenessfeasibility, impacts,and coststo attainstatedgoals.An aternatives analysis
should ideally start with thapplicablephysical, chemical, and biological options identified in
the GEIR anddescribedn this document. Conducting a thorougternativesanalysis and
providing credible justification for selecting a particud@proaclktan behekey for increasing
public support and successfssuancef permis.

Management Recommendationsinclude both shortand longterm management options for
in-lake and watershed managemenmith time frames. Preventive and mitigative measures
should be included. A description of the monitoring and evaluation process to be used for all
proposed actions should be included, with jared postmanagement elements.

Plan Approval: Present the plan at one or more walblicized public meetings and offer an
opportunity for commenRevise the plan as appropriate.

Implementation: The five phases to implementation (funding, design, regulatory review,
construction or applicatignand follow up monitoring and evaluation) will be lakand
communityspecific but may involve considerable interaction with outside agencies and
consultants.
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If properly developeda LMP should be useful for a long time, potentially modified as more
is learned about the lake and progress is made. When devising a LMP for a waterbody, some
additional practical considerations include:

Not all plans need to have each of the components fully developed, and depending on the
management issues, plans may not need to address some of the components at all.
Carefully consider resources and uses when prioritizing plan elements. There is no compelling
reason to expend time and resources on watershed features and management if the problem is
an invasive species in the lake, unless there is some clear connection between some aspect of
the watershed (e.g., an upstream source) and the problem. Absence of data for nutrient loading
in tributaries may preclude prioritizing actions within drainage basins of the watershed,
although a monitoring program to fill that gap should be provided.

The size and detail of the plan should reflect the complexity of the lake and its
management issuedn general, a plan may range from a couple of pages for a small privately
owned pond to several hundred pages for a large public lake with many uses and management
issuesScale matters; there is no compelling reason to create an expansive plan if the issue is
maintaining safe swimming conditions at an established beach by methods that affect only the
target area (e.g., benthic barriers, hand pulling). Yet consideration of the use of herbicides on
a lakewide basis should involve a thorough evaluation of potentially affected resources and
likely consequences of treatment.

The LMP should provide a menu of optionsand priorities but may need to be revised

and refined over time Elements and options may be best evaluated in consultation with an
experienced lake management professional. Public input for acceptability should be sought.
Creation of a primary approach with bagk options is recommended, with a process for
determining when to apply alternative approacAé®e LMP should be regularly reviewed
(e.g., 5 yearsand revised as necessary.

Within an LMP focused on an inlake problem, it may still be useful to identify possible
watershed componentso be potentially addressed in the futureWhile the problem that is

being addressed may not require watershed action, lakes are influenced by their watersheds
and prevention of future problems may depend on watershed management before such
problems develop. It is advisableib@orporate monitoringp allowidentification of watershed
problems as they arise. This can be as simple as tracking land use changes in the watershed but
usually involves monitoring of nutrient levels in tributaries under a range of weather conditions

as well as tracking Hake concentrations over time.

As a general rule, having sufficient and scientifically sound dathédake and its watershed

will enable the production of a more valuable lake and watershed management plan and will
increase the likelihood of successful protection anmmrovementof the water body. The

other general rule is that the greater the potential impact or expense of a proposed management
technique, the greater the need for complete information and me&suref progress
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M assachusett®Vatershed-Based Plans

While technically not a LMP,hie WBP process based on the USEPA framework, provides a
usefultool for addressing water quality problems anddevelopingwatershed projects, whether
they are designed to protect unimpaired waters or restore impaired ateified under Clean
Water Act(CWA) Section303(d). An interactive website is available to help guide interested

parties through th®IA WBP process

The MA WBP process was designed principally as a tool forpmam source (NPS) pollution
prevention and abatement to improve impaired waters identified under CWA Section 303(d), but
a WBP can form the basis of a LMP where goals involve protecting or improving water quality in
the lake. A WBP will be less applicable to lakes where excess aquatic vegetation or invasive
species are the principal issue, but where algae blooms, sedimertataither water quality
problems must be addressed to meet LMP goals, a WBP can be helpful. A WBP can address
internal loading of nutrients, contrary to what the name may imply, and having a WBP in MA is a
prerequisite to receiving funding under the CWA Section 319 program as administered by

MassDEP.

The overall purpose of the WBP is to organize information aihewratershed and presentitin a
format that will enhance the development and implementation of projects that will improve or
protect water quality and beneficial uses. The WBP provides a framework to help identify known
and likely sources of pollution in the watershed, making it easier to prioritize prodteidentify
appropriate best management practices (BMPs

The MA WBP foll ows
including

t he

recommehedmenft or mat ef s be

1. Identify the causes and sources (or groups of similar sources) that will need to be controlled to
achieve the load reductionrscommended ithe WBP to achieve other watershed goals.

2. Estimate the load reductions expected for the proposed management medsilees
recognizing the natural variability and the difficulty in precisely predicting the performance of

management measures over time.

3. Describe the NPS management measures that will need to be implemented to achieve the
desired load reductions as well as to achieve other watershed goals identified in the WBP
Provideidentification (using a map or description) of the critical areas in which those measures

mustbe implemented.

4. Estimate the amounts of technical and financial assistance needed, associated costs, and/or the
sources and authorities that will be relied upon to implement this plan. Example sources of
funding include CWA Section 319 programs, State Revolving FundsDéjartment of
Agricultures (USDA) Environmental Quality Incentives Program and Conservation Reserve
Program, and other relevant federal, state, local, and private funds that may be available to

Lake Management Planning
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assi st i n t he pl anés i mpl ementati on. MA
Preservation Act legislation can make use of a fund established from real estate taxes for open
space and natural resource preservation and enhancement.

5. Create an information/education component to enhance public (stakeholder) understanding of
the project and encourage their early and continued participation in selecting, designing, and
implementing the resulting NPS management measures.

6. Propose a schedule for implementing the NPS management measures identified in the WBP
that is reasonably expeditious.

7. Describe interim, measurable milestones for determining whether NPS management measures
or other control actions are being implemented.

8. Establish a set of criter@ thresholdshat can be used to determine whether loading reductions
are being achieved over time and if substantial progress is being made towards attaining
SWQOS. If substantial progress is not indicated, descgbalsfor determining whether the
WBP needs to be revised or, if a Total Maximum Daily Load (TMDL) has been established,
when and how th& MDL needs to be revised.

9. Conduct monitoring to evaluate the effectiveness of the implementation efforts over time,
measured against the criteaathreshold®stablished abov&lonitoring programs tend to be
site-specific but would logically include measures of all contaminants of interest at locations
and frequencies appropriate to determining implementation proghdss. conducts the
monitoring and interprets the results depends on the program elesoatesof operation, and
any regulatory requirements.

A WBP is required if CWA Section 319 funds are to be used (or are anticipated to be sought in the
future). Accordingly, MassDE®rough its WatersheBased Plan Tool hgairsued development

of WBPs throughout the statso that applicable projects will be potentially eligible for Section
319 implementation fund§&.or more information on the Section 319 Grant program seklthe
Nonpoint Source Pollution 319 Grant Guidebookln addition to watershed sources of pollution,

the potential for internal loading d? to be a major source is recognized and projects to reduce
internal loading are eligible for Section 319 funding

The need for water quality data to support a WBP or LMP necessitates monitoring and useful water
guality data for a watershed may be available through several state and federal sources. Water
guality data and biological data may be available from MassDEP, MassWildlife, or MassDCR files
that include Clean Lakes Diagnostic/Feasibility reports, state monitoring data, fish survey reports,
and bathymetric surveys. Contact with these agencies is suggested to see what data they have in
their files for a lake or its watershed. This recommendation holds whether stakeholders are
following either the WBP or LMP development route.
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The focus oimost ofthis effort is on meeting designated uses of the waterddoy MA SWQS
regulatiors list the designated uses for fresh Class A and Class B waters. Class A waters include
public water supplies and their tributaries, and waters that are not specifically listed or otherwise
classified in the regulation are Class Bit€}ia, both narrative and numeri@r evaluating water
quality to support those usese also listed in the regulation, including dissolved oxygen,
temperature, bacteria indicators, nutrients, and toxins, among others.

All states administer a program to monitor and assess the quality of surface and groundwater and
provide periodic status reports to the USEPA and the public. CWA Section 305(b) defines the
process whereby waters are evaluated with respect to their capacity to support designated uses as
defined in state surface water quality standa@®i¥A Section 303(d) requires states to identify

those waterbodies that are not expected to meet surface water quality standards after the
implementation of technologlgased controls and to prioritize and schedule them for the
development of a TMDLThe MA Integrated List of Impaired Waters identifies those waters

not attaining their designated uses, as defined in th&SMIRS Lake stakeholders can check this

list to see if their waterbody has been identified as impairedcasele whaprobable causeare

identified

Total Maximum Daily Loads

For waterbodies with identified impairments, the state can develdpld. that establishes the
maximum amount of a pollutant that may be introduced into a waterbody and still ensure
attainment ofvater quality standardé TMDL must allocate that acceptable pollutant load among

all potential sources, which mirrors the initial steps of the WBP, and devise a plan to reduce
pollutantloadsto meetapplicable water quality standardsa TMDL has been established for a
lake, this can provide much information on pollutant sources to the lake from the watershed.

A TMDL can be prepared for a lake or stream not currently listed as impaired, but nearly all
TMDLs in MA cover cases of existing impairment. Once the TMDL has been prepared, it can
serve as a roadmap for improving water quality, meeting designated use criteria, and getting the
lake removed from the impaired waters ISften the sources of pollution are not well regulated

and require voluntary pollution reduction effordssbroad coalition of stakeholders may be needed

to advance a management plan in this regard. An LMP or WBP is helpful for these coalitions.

The Lake Management Planing Process

Gathering Input

For lakes suffering from eutrophication due to excessive inputs of nutrients or sedinedri# t

should incorporate any WBP or TMDL available for the lake or its watershed, thereby representing
the most complete assessment of the system and providing the framework within which actions
can bemostly easilypermitted and implementetf properly developed, it shoul@mainuseful

for years modified aswarranted over timeA planned review (e.g., fivgear) of the LMP
incorporaing new monitoringdata and revisiting overall management goals and technigues
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be important in keeping the plan relevant to changing lake conditions and is likely to be helpful
with renewed or additional permits.

Most plans focus on mitigating perceived problems, but protection will often be essential to
maintain desirable qualities. Some lake users may perceive that a lake meets most of its intended
uses and is unlikely to change, but lakes are dynamic systems prone to change even without human
interference. A Ahands offo approach cannot
system in every case, although knowing when not to take action can be as important as knowing
what techniques to apply and whdie LMP should cover these issues to the extent possible,
anticipating needs and working to prevent problems before they become serious. The cost of
prevention is almost always lower than the cost of remediation.

Each ofthe management plannistepscan be difficult, but do not underestimate the importance

of the early steps. The problem statement serves to clarify user perception of the problem and to
distinguish between perception and reality. As stated earlier, individual lakes fall along a
continuum of lake evolution from pristine, nearly sterile bowls of water to shallow, productive
waterbodies or even emergevetlands; all are natural statedthough human influence tends to
increase productivityPublic perception also varies along a continuum with every individual
potentially offeringa slightly different view of a lakdts uses, and problemBublic perception

may be in sharp conflict with the natural state of a lake and with a realistic expectation of what
can be accomplished.

The development of a problem statement is eventually a reconciliation of perception with reality.
Reality in this case is determined by water quadityd biological resourcenonitoring and
watershed evaluation, differeniiay between human impacts and the natural state to the extent
possible. At this early stage, it is imperative to involve as much of the community as possible in
management planning. All subsequent steps will be easier if the chosen plan has broad community
support created by participation in the developnoéiat plan withrealistic expectatian

Selecting Target Nutrient Concentrations

Many nutrients figure into algal abundance and plant groih the elements most likely to
control system productivity ar&l and P. Each comes in multiple formhich influence
availability, and whilethe total for each is indicative pbtentialaquatic fertility the actuaamount

of algae produced in the water column can vary consideaatdyfunction of factors that determine
N and P availabilityBased ordata from the National Lake Assessment program|dSEPA has
developed an approach &stimatingthe concentration of N or P that will yield some given
chlorophylta concentrationrepresenting the amount of algae present and related water clarity
(USEPA 202b). A companion onlinetarget N and P _calculatorallows selection of N and P
targets thaare expected to yield chlorophglconcentrations at some chosen level of probability.
For MA lakes, target P concentrations to keep chloroghyihder 1@arts per billion(ppb) with

a 90% probabilityaremostlybetween 10 and 20 ppb, whiter N the range is typically 400 to 800
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1654 pph Lakespecific calculatiorof tolerable N and P levels based on lake use goalsppropriate
1655 datais encouraged in management planning.

1656 Choosing Management Techniques

1657 With the previous steps in place, evaluation of possible management strategies becomes a focal
1658 point for the plan. This review is principally focused on defining procedures acceptiiAefor

1659 the implementation of lake managemtaghniqus. It recognizes that there are appropriate short
1660 term strategies thabay besteps along the path of a letegrm strategyr may simply constitute a

1661 legitimate maintenance programhere may be shoterm strategies that merely attempt to

1662 maximizeutility to human usage without significantly changing the natural state of gdake

1663 clearing vegetation from a swimming area or cutting channels to open water for Betdsd

1664 actions may need to occur periodically, just as homeowners shovel snow, repaintdioepésce

1665 roofs. The spatial and time scales may vary, but the tasks are repetitive and are likely to always be
1666 needed.

1667 Longterm strategies may eventually produce the closest approximation to a sustainable and
1668 healthy lake conditioandmaximize resourcetility to various human and neimuman user groups

1669 (e.g., nutrient loading reductions, invasive species control). Actions that provide benefits for longer
1670 periods of time are often preferable, but may carry increased cost, increase risktaogabn

1671 organisms, or require a much longer implementation period before benefits are apparent. Long
1672 term approaches tend to represent rehabilitation of the lake, rarely actual restoration of some
1673 previous condition, and may still require some protective or maintenance methods to retain the
1674 benefits bestowed by the lotgrm strategy.

1675 The appropriate choiad management techniquedl depend on community priorities, regulatory

1676 restrictions, specific characteristics of the lake, community resquacekthe effectiveness,

1677 adverse impactand costs oapplicablelake management techniques. This is admittedly a lot to
1678 consider all at once, but effective lake management is rarely a simple pi©Gbessing lake

1679 management techniques requires a blend of science, economics, afubfibcg) each acting as

1680 the leg of a stool and each needing to be solid if the stool (management effort) is to be supported.

1681 To aid in selection of management techniguas revisedMass APM Guidalescribes range of

1682 techniques that have been applied iA Mr elsewhere to address specific lake and watershed

1683 problems, some witla high probability of success under appropriate condit{og&ndard

1684 techniques) and others (falternativeo or fAsup
1685 causes them not to be completely reliable or allowable in MA. Inclusion stahdardyroup does

1686 not mean that the technique is applicable in all cases or that it will work exactly as expected every
1687 t i me. |l nclusion in the Aalternativeo group do
1688 unless it isnot approved for applicatiom MA, but it does suggest that more information or

1689 experience is needed to use such techniques safely and successfully than is currently available.
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Regulatory agenciesnay recognize the need to keep up with science and the value of
experimentation in lake managemdnit their resources are finitand the regulations governing
lake management in MA create constraints on everyone involVetefore, the burden of proof
will fall on any applicant proposing a new ansufficiently documentedtrategy to justify its

selection

The importance of completing theessessment, input, and evaluatgteps in arriving at an
acceptable and successful implementation phase cannot be overemphasized. As described,
implementation appears to be the last step t is actually part of a cycle of assessment and
action Implementatiomormally require completion ofthe prior steps to be successtolt it is

rare to perform a management action once and solve the problem indefifehtanningsteps
promote community suppoftsterfunding, and minimize the effort required to continoiegoing
implementationThe framework described in this guide is the currently favored approach in MA.

Government programs and emphasis change over time, but the development of a LMP is based on
the elements established under the federal Clean Lakes Program, CWA Section 314, back in 1980.
That approach has changed little despite renaming, greater emphasis on public involvement and

documentation, and various regulatory ahd. It is a proven approach to lake management.

Predicting the Outcome of Management

Background and Use of Predictive Models

Knowing exactly how an aquatic system and all its inhabitants will respond is not usually possible;
uncertainty is a fact of life, especially in lake management. The direction of anticipated change
and the general magnitude of change can be predicted, hoaesiespme prediction of resultant

conditions should be part of any lake management plan and permit application. For any such
prediction there are two parts: actual demonstrable change and the duration or longevity of that
change. The magnitude of change will be important to both the achievement of stated goals and

acceptability within the regulatory framework. The duration of change will affect how often the

action must be taken, related costs, and possibly regulatory considerations, and will vary by

technique applied.

For management aimed at controlling nutrients to minimize algal blosecrentific studies of
watershed®ver a wide variety of lakes, ponds, and reseniainge produce@ large database
useful tostatistically compa nutrient inputs with average lake nutrient concentration, average
chlorophylta concentration and Secchi disk transparency. Knowledge of any one of these
parameters provides a rough estimate of all the othekdAdiakes without dominant rooted plant

growth. For lakes with abundant plant growtler most of the lake area t h e s e

ARempir.i

may not work as well, butvhere applicable it is advisable tely on them to make general

predictions of lake response to nutrient controls.

Quite a few of these modelsere developedin the 1970s(e.g., Dillon and Rigler 1974,
Vollenweider 1975, Kirchner and Dillon 1975, Larsen and Mercier 1976, Jones and Bachmann
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1976, Reckhow 1977and remain valid today. Alhave similar input terms amatovide useful
indicationseven though the confidence one can place muraericalprediction for a particular
lake in a specified year is limited. The details of the many available models and how to use them
is the subject of entire volumes (e.g., Wagner et al. 2013painte_modeling supportandis

beyond what this guide is intended to covEne ultimate goal is to understand how nutrient

loading relates to lake attributes that affect lake ,.es®$ a consistent pattern emergdse Lake

Loading and Response Mode(LLRM) incorporates althe above empirical models and allows

users to predict Hake conditions from loading based on land uses in the watershed and other
inputs. Having a competent professional set up LLRM or another applicable model for your
watershed and lake could be advantageous if algae are the primary issue.

Water clarity is often a key determinant of stakeholder satisfaction with the appearance of a lake

and exhibits a strong curvilinear relationship WRHFigure 11). Clarity

is more affected by

nutrient inputs when the lake is relatively pristine. A change afllBwevels results in a much
larger change in transparency than the same absolute change at aTRidéeel. However,

considerable variation of response is possible aPdeyel. The sources of variability can be very

important to management decisions, and include the forms and availabiityhef nature of the

zooplankton community, and other sources of turbidity (such as suspended sediment).cafnile it

be difficult to predict exactly how a changeHioading will affect the clarity of an individual lake
without considerable information on these other sources of variation in the relationship, the general

direction and magnitude of change can be approximated.

Total Phosphorus vs. Secchi Disk Transparency

=
o

SDT (m)
o - N W S (6] (o)} ~ [e0) [{e)
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190 200

Figure 11. Expected range of water clarity with changing phosphorus concentration.

One commorapproach is to use an index that can be related to perception of trophic state. One of

the most widely used of these

i n(Carlsoa $977) s

Car

Knowing theTP, chlorophylta, or transparency, one can calculate the TSI. The TSI scale ranges
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from 0 to 100 with each 10 units of increase representing a doubling in algal biomass. Unlike the
measurements of nutrients or chloropfgylithe TSI has been related to problem perceptfon
impairment (Figure 12). The primary value of the TSI will be in presenting comparative
information to decisioimakers in an easy to visualize, A@chnical form.

Increasing levels of modeling sophistication are warranted whelakberehabilitatiorchoices

based on modeling results catmgh costs either monetary or in terms of potential negative
consequencedt is quite appropriate, however, to use simpler models to generate results for
potential management scenarios for comparative purposes and to elucidate the level of
management needddis very helpful to know the general order of magnitude of the loading

PHYSICAL ‘DEFINITE ALGAE” >
APPEARANCE “HIGH ALGAE” >
>10% RISK “SEVERE SCUMS” —
RECREATION ‘MINOR AESTHETIC PROB” >
POTENTIAL “‘SWIMMING IMPAIRED” >
>10% RISK “‘NO SWIMMING” >

Oligotrophic Mesotrophic Eutrophic Hypereutrophic

20 25 30 35 40 45 50 55 60 65 70 75 80

TROPHIC
STATE INDEX

TRANSPARENCY
(METERS)

0.5 1 2 345 7 10 1520 3040 60 80100 150

(PPB)
3 5 7 10 15 20 2530 40 5060 80 100 150
TOTAL

PHOSPHORUS
(PPB)

Figurel2 Car |l sonés Trophic State | ndex (Heiskdryat e d
and Walker 1988)Relationships betwedtey indicators may vary regionally and among lakes.

reduction needed to meet program objectives before embarking on a load reduction cdmpaign.
can beextremelydisappointing for stakeholdets conduct a program to reduce nutrient loading

by 50%, only to find that no visible change in water clarity is gained because the system was out
in the righthand portion of the graph in Figurewith high Pandlow clarity. Exact numerical
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predictions from models should not balied uponin most cases, but the models do reliably
indicate the direction and approximate degree of change to be expected.

Predicting the outcome of direct algal control options such as algaecide application or increased
lake flushing is easier and does not require models, mostly because experience with such direct
control techniques has provided relatively straightforward guidelines. Gappeeroxidebased
algaecides will kill most algae if applied at a high enough (but still allowable) rate, but application

is restricted to no more than half of a waterbody by the federal registration label for these products,
so addressing a lakewide algae bloom may not be possible in one treatment. Flushing depends on
moving enough water through the waterbody to prevent algal accumulation, with results generally
proportional to the degree of flushing attained. While the theoretical success of these approaches
is not really in question, practical application limitations suggest that results will not be as
predictable as desired.

Predicting the outcome of vascular plant controlasreally a modeling exercise andleppendent
mainly on the size of the area addressed, as withrect controlby substrate alteration (e.qg.,
dredging, benthic barriers) or light limitation (e.g., dyes, covers, dredging) or direct controls such
as herbicides or harvestinghe effect of light limitatioras a function of Secchi transparemey

be estimated by equatio(es.g., Canfield et al. 1985nd it is enpirically known that lower light

and coarser substrate will support less rooted plant growth. Predictiagphaximateamount

and general types plant growth for a given combination of light and substrate features is possible
if enough is known about the existing plant community and the ecology of the lake, but biological
variability limits exact predictions

The duration of benefits from any lake management technique are a function of the nature of the
technique and magnitude of application. Models to predict longevity of biological responses have
not been overly reliable, as shifts in the types of algae or plants over time can often overcome the
limitations created by management. The initial results of properly conducted physical controls
such as harvesting or chemical controls that include various herbicides are fairly predictable
long-term results are less predictable as the range of plant responses is wide. Except where habitat
alteration is substantial and lasting (e.g., dredging), a return to previous conditions is generally
expected, often within one to four years unless follgnactions are taken. The same is true of
algae control techniques that do not involve permanent reductions in P availability. Repeated
application is therefore to be expected at a frequency that tends to be specific to the technique
and/or lake. The results of biological controls are less predictable, and many biological techniques
are not permitted in MA as a result. Both control of target species and impactstangetispecies

are less certain with biological controls, although success has been achieved in some cases.

Monitoring Management Qutcomes

With a clearly stated goal for a lake attribute such as water clarity by Secchi disk or coverage and
density of rooted aquatic plants, and some prediction of what a chosen management action is
expected to provide, it is important to track actual progress to determine if any adjustment of
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management actions is needed and to document relative changes for permit compliance. There are
few mandatory regulatory requirements for implementation monitoring but there may be
requirements for how much impact is acceptable. Further, fiscal responsibility dictates that the
results of management expenditures be documented and justified. Complete reliance on public
perception of project results is not recommended. There are two categories of monitoring or
assessment that should be incorporated into management plans: implementation monitoring and
postimplementation monitoring.

As previously described, implementation is really part of a cycle. Assessment, planning, and
permitting steps precede initial implementation but often also follow it. Monitoring during
implementation is usually focused on ensuring that the action is correctly applied. Such monitoring
guides implementation as it occurs and ensures compliance with permit requirements. Monitoring
after implementation documents progress toward a stated goal and supports assessment of any
additional management needs.

Implementation Monitoring

Monitoring during the actual management activity, such as application of herbicides, P
inactivation, mechanical harvesting, drawdown, or dredging, will be hgpdgific to eaclake

and activity.Considerable information is likely to be needed to plan the action, but during actual
implementation there may be critical data needs relating to flow, water quality, sediment features,
and biological resources. Those data guide decisions about timing, location, and application details
that may affect project outcome or compliance with permits.

Some activities require minimal oversight and monitoring once planned and permitted. For
example, placing benthic barriers on a small scale is unlikely to pose any threat that needs to be
assessed while placement is going on. Similarly, laying the structural components for a circulation,
oxygenation, or hypolimnetic withdrawal system needs little monitoring during actual installation.
Once properly planned and permitted, application of herbicides and algaecides need only some
determination of where to apply the chemical (to comply with label restrictions) and sometimes
tracking of the concentration where extended contact time is needed (e.g., fluridone). Some
activities, however, need considerable assessment during the actual implementation phase to
ensure both success and limit flanget impacts.

Key aspects of lake management activities that typically need implementation monitoring include:
U Structural NPS controls erosion controls properly installed, installation done as per plan.

U Dilution and Flushing flows monitored, nutrient concentrations checked.

U Drawdowni track water level and rate of drawdown and refill, assess downstream flows.

U Dredgingi track quantities of sediment removed, track inflows and be prepared for cessation
if necessary (dry dredging), assess return water quality as needed (hydraulic dredging),
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evaluate containment area conditions, observe any impacts ttangeh organisms, track
material handling to final disposal.

U Hand Harvesting assess thoroughness of target species removal, minimize spread of plant
fragments, assess any impacts to -tavget organisms, monitor quantity of vegetation
removed, track any turbidity plumes generated.

U Mechanical Harvesting assess quantity of vegetation removed, track species of plants
removed, document areas harvested and when, evaluate obstructions and water level
impediments to work, evaluate any impacts ontavget species and water quality.

U Hydrorakingi assess quantity of material removed, track turbidity generation, observe
material handling to final disposal.

U Phosphorus Inactivation track quantity of inactivator added, when and whearenitor pH
and alkalinity ifthere is ahreat of changeassess any impacts to Rtamget organisms.

PostImplementation Monitoring

The elements of an appropriate pwsplementation monitoring program will vary with lake
features, goals, management technique, and extent and duration of application. A matrix of
monitoring needs specific to lake management techniques (Table 2) provides guidance on what to
consider in the posimplementation phase, but adjustment based on kaké permispecific
conditions may be needed. Many of the features suggested fammpbsinentation monitoring

may need to be assessed before implementation to provide data for comparison, but this list should
not be confused with the many information needs that must be satisfied to determine the
applicability of a technique or plan its implementation.

Monitoring should focus on those features most relevant to assessing achievement of goals and
impacts to noftarget species or other valued lake features identified as part of a LMP. Monitoring
should be tailored to the actual and relative area affected. There is no great need to monitor plant
abundance in a swim area within a much larger lake where removal of vegetation for that water
dependent use is approved, other than to know when to conduct control actions. It may be insightful
to monitor the quality of water entering a waterbody, but there is no need for such monitoring as
part of a program to control an invasive plant species. It may be viewed as essential to assess water
clarity as part of a program to minimize algal blooms and to evaluate any impacts of herbicide
treatment on both the target species and any listed plant species known from the target lake.

The range of goals, actigrend results over a large and diverse set of waterbodies such as found

in MA is simply too wide to justify a standardized poaplementation monitoring program for

all lake projects. While creating a standard set of monitoring prottedie applied tall lake

projects is not workable, there are monitoring needs that should be addressed for any given
problem and technique. Change in algae or vascular plant types and abundance can be monitored
several ways but should be monitored where algae and/or rooted plant problems are the subject of
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management. Use of water clarity, turbidity, chloropfaylphycocyaninphotopigment found in
cyanobacterig) and/or actual algae identification and microscopic quantification are fairly
standardized options for tracking algae.

Plant surveys based on visual examination (underwater video or rake tossesgeqiesl points

with recording of species and some form of coverage and density measure are less standardized
but needed when assessing plant control results. Additional monitoring needs are highly specific
to individual project@nd may be strongly influenced by project scale

While monitoring cannot be standardized across all possible lake projects, the approach for any
given project should be standardized and followed in theamiet posimplementation stages. The

same suite of lake features (e.g., temperature, oxygen, pH, nutrients, algae abundance, plant
coverage) should be measured by the same method at the same locations and frequency from
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1898 Table 2. Postimplementation monitoring needs for lake management projects

Incoming/
Outgoing | Lake Wate Vascular
Flow and |Clarity/Algal Other Lak{ Sediment  Plant
Water /Chl-a/ Lake Lake Water | Quality /| Types/ | Inverte- Other
TECHNIQUE Quality | Turbidity | Nutrients Temp/D{Q Quality *| Quantity|Abundanc{ brates| Fish | Wildlife
Non-Point Source Controls
Source Management 1 1 1 2 2 4 4 4 4
Pollutant Trapping 1 1 1 2 2 3 3 3 3 3
Point Source Controls 1 1 1 2 2 4 4 4 4 4
Hydraulic Controls
Dilution and Flushing 1 1 1 2 2 4 4 3 3 3
Diversion 1 1 1 2 4 4 4
Selective Withdrawal 1 1 1 1 2 3 4 3 3 4
Physical Controls
Drawdown 1 2 2 2 2 4 1 2 2 2
Dredging 4 1 1 1 2 1 1 2 2 2
Reverse Layering 4 1 1 1 2 1 1 2 2 2
Hand Harvesting 4 3 3 3 3 4 1 3 3 3
Mechanical Harvesting 4 2 2 2 2 4 1 3 3 3
Hydroraking 4 2 2 2 2 1 1 3 3 3
Rotovation 2 2 2 2 2 3 1 3 3 3
Benthic Barriers 4 4 3 3 4 4 1 3 3 3
Surface Covers 3 2 2 1 3 4 1 3 3 3
Sonication 4 1 2 2 3 4 4 4 3 4
Artificial Circulation 3 1 1 1 2 4 4 4 3 4
Algae collection systems 3 1 2 2 3 4 3 2 2 2
Chemical Controls
Phosphorus Inactivation 3 1 1 2 2 2 4 3 3 4
Hypolimnetic Oxygenation 4 1 1 1 2 3 4 3 3 4
Algaecides 4 1 2 2 2 3 3 3 3 4
Herbicides 4 2 2 2 2 3 1 3 3 3
Dyes 2 1 2 1 2 4 1 3 3 3
Biological Controls
Zooplankton enhancement 3 1 2 2 2 4 4 4 4 4
Herbivorous Benthic Invertebrates 3 3 4 4 4 4 1 2 3 3
Herbivorous Fish 3 2 2 3 3 4 1 3 3 3
Plant Competition 4 3 3 4 4 4 1 3 3 3
Barley Straw 3 1 2 1 2 4 4 4 4 4
Bacterial Additives for algae control 3 1 1 2 2 4 4 4 4 4
Bacterial Additives for sediment red. 3 2 2 2 2 1 3 3 3 3
Removal of Bottom Feeding Fish 4 1 2 2 2 3 2 3 3 3
1 = Highest priority 2 = Secondary priority 3 = Special case interest 4 = Minimal need
1899 * Other water quality depends on lake and project; could include pH, conductivity, and other constituents like Fe, Al, or,

1900 before the project begins to an appropriate puptementation monitoring ending date. The
1901 preparation of @uality Assurance Project Planis critical and instrumental for laying out the
1902 details of monitoring and data interpretation, and to ensure the data are-cuuatiittled for their

1903 intended purpose. Permits may not need to specify the details of monitoring but should call for an
1904 approved monitoring plan before work begins.
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General water quality features relevant to overall lake management include concentrations of
nutrients (mainly forms of N and P), temperature and oxygen profiles over the maximum depth of
the lake, pH, and conductivity. These may not be needed to track the results of many specific lake
management projects but are appropriate to a-femg lake monitoring program that supports
management. Monitoring that is specific to individual lake management technigquesidered

in the discussion of those individual techniqieger in thisMass APM Guidebut the specific

lake circumstancemay require adjustment of any protocol (e.g., what to monitor, where to
measure, and how often to assess). Yet some form of monitoring before and after implementation
is almostalways appropriate, and it makes sense to incorporate a program with oritarigets

for evaluating success and tracking +target impacts intany LMP and permit process.

Select benchmarkbor evaluation ofsuccess and compliance carefully. Reliance on numeric
thresholds, including specific concentrations or dates, should be treated with caution. For example,
a single water clarity measurement (Secchi disk transparency) of 3.9 m when the goal is 4.0 m
hardly constitutes failure and achieving full lake level status after a drawdown a few days after the
target date should also not be viewechas-compliance Any established thresholds should be
viewed within the context of the direction of change, likely benefits of achievement, and likely
impacts of norattainment, all over the duration of the project or permit. If a project consistently
fails to meet objectives, adjustment may be needed or, in extreme cases, even adoption of new
management techniques or goals.

Monitoring does not need to involve research at an academic level in the vast majority of cases.
Simple techniques can be applied to document goal achievement-targenimpacts in many

cases, although some laboratory analysis of water chemistry (most notably P and N) is likely to be
needed. Secchi disk transparency is easy and inexpensive to measure. Field instruments are
available for assessment of temperature, oxygen, pH, conductivity, turbidity, chloraphpid
phycocyanin, all of which may be highly relevant to lake management programs. The initial cost
of instruments is not minimal but the ability to acquire real data for relevant lake features allows a
much more meaningful analysis of the measurable water quality variables considered
representative of management goals.

Aquatic plant management will require some identification of the plants present (at least the
dominant species) and usually some quantification of coverage and density, but in many cases
simple photographic documentation can clearly demonstrate lake conditions and the progress of a
plant management program. Aerial images from satellites or drones, if available, facilitate
reasonable overviews. The same visual approach applies to shoreline features and related actions
like erosion control and buffer zone management. However, the establishment of a series of
monitoring points within a lake where plant community features are annually assessed will provide
guantitatively comparable data that allows statistically defensible tracking of project results. Such

a monitoring program can be conducted by volunteers but may require professional assistance for
at least the initial set up, training, and analysis of data.
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Possible nottarget impacts will vary by lake and management technique and may be more
difficult to document. Where state listed species under tB8A/hare present, some evaluation of
impacts may be necessary, and the rarity of many listed species may complicate detection and
assessment. In some cases, an approved professional may have to conduct the assessment at
considerable cost. Even absent listed species, the relative level of concern etaegebimpacts

will dictate how much monitoring is required. For example, if mortality of mussels in the
drawdown zone is a concern, this may justify a survey of mussels along shallow to deep transects
with an accompanying analysis of possible impact to the overall populatioWPhAecalls for
recovery of native plant assemblages within two growing seasons of actions to control plant
nuisances, so some measure of-qoetrol conditions should be compared to pusttrol
conditions, probably on an annual basis. The situation at each lake will vary and the program
should be crafted to meet local needs and resources within the framework of regulatory
compliance.
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3. THE REGULATORY FRAMEWORK

This chapter covers the regulatory procaspertains to lake managemenMA. The programs
and agencies that administer them are described. The process whereby permits are candidered
issued or deniefibr proposed lake management activiigeexplained. The roles of applicants and
conservation commissions in this process are cdvditee regulatory landscape is ever changing,
with new or amended laws and corresponding regulakieimgy applied over time. The regulatory
system inMA is fairly complexand many lake management activities are subject to multiple
permitting processes. An understanding of the regulatory processidilake management

planning and implementation

The original purpose of th2004 GEIR on Eutrophication and Aquatic Plant Management in

Massachusetts and the companion Practical Guide to Lake Management in Massatcasisetts

lay the groundwork for techniques to be applied without a lengthy project by project review under
MEPA. Techniques included in the GEIR amayinal Practical Guide were still subject to all the

normal permitting processes under other state and federal statuteso u | d

approval 0 under MEPA,

by

Vi

rtue

of

not-
having

need
beer

by agency staff and researchers at UMASSBherst This did not mean that all vetted techniques
were appropriate under all circumstances or werganteed to be approved under YWeA,

MESA, or any other applicable law or set of regulations, but were consitteregresent valid
methods for lake management under the right set of conditions and restriftisrsection covers

the potentially applicable regulatory processes.

Additional techniques were to be addedhe GEIR as they were proposed and prgpexliewed
For herbicides and algaecides, there is a registratmeess for new products that is administered

by the MDAR, and multiple new active ingredients have been added since 2004. However, no
formal process was ever adopted for acceptance of new techniques not considered to fall under
pesticideregulations and the environmental agencieslaxebping that process coincident with

thefinalization of this newMass APM Guide
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1984 Regulatory Background

1985 Lake management is a blend of science, economics and institutions. Among the most influential
1986 institutions are the environmental agencies at the state level, in which regulatory functions are
1987 vested. Having a scientifically valid plan that is properly funded is of no use if it cannot be
1988 permitted under the laws of MA, as administered under regulatory programs. Understanding those
1989 regulatory programs and the agencies that administer them is therefore integral to lake
1990 managementin MA.

1991 Most permit programs are administered by the MassDEP through various divisions and offices.
1992 This includes the WPA with initial approval authority delegated to towns but ultimate
1993 responsibility for compliance resting with MassDEP. Other importanireliéed programs under

1994 MassDEP include Section 401 of the federAI&A (401 Water Quality Certificatioid01WQC)),

1995 the Public Waterfront Act (Chapter 91 pertaining to Great Ponds), the BurééatefResource

1996 (issuance of licenses to apply chemicals), and the Water Management Act (pertgiemmgitied

1997 withdrawls andinterbasin transfers of waterAdditionally, the Watershed Planning Program
1998 (WPP)engages in various activities required by the USEPA pursuant to the federal CWA and
1999 associated regulations, including updates to the MA SWQ&WPPdoes not issue permits, but
2000 the SWQS have substantial bearing on permit processes.

2001 The MassWildlife,which includes the NHESP, administers the provisiondM&SA, and are

2002 usually the first stop in any lake management project permitting proadess a listed species is

2003 involved MassWildlife also issues stocking permits for vertebrates, usually fish, and the Division
2004 of Marine FisheriegfMassDMF)takes an interest in fish passage and other lake management
2005 activities as relates to fish that move between lakes and the ocean (anadromous and catadromous).

2006 The MassDCR, Office of Dam Safety, is responsible for overseeing the integrity and maintenance
2007 of dams in MA, including any changes in structure or removal. MassDCR also maintains the list
2008 of species prohibited from import or transfer among lakes, all invasive plants or animals.

2009 Various other agencies may be involved in lake management in MA where a proposed activity
2010 falls under their jurisdiction, such 8DAR, which approves pesticides for use in MA and has
2011 regulations regarding fertilizer applicatiormsd theState Office of Historical Preservation where
2012 cultural resources are involved. The United States Army Corps of Engineers (USACE) administers
2013 Section 404 of the federaMZA that pertains to wetlands protection at the federal level and has
2014 approval authority for dredging projects. The USEPA administers the National Pollutant Discharge
2015 Elimination System (NPDES) in MA, which relates to discharges of wastewater or stormwater
2016 from point sources and the application of herbiciddgough jointly administered bl SEPA

2017 and MassDEP in the past, the NPDES permit prograravisadministered solely by the USEPA.
2018 MassDEP administers a parallel surface water disci{&\Y®) permitting progranand issues its

2019 own SWD permits
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Department of Environmental Protection (MassDEP)

Programs and divisionsf theMassDEP regulateostactivities related talgae ancquatic plant
b eGuidancen d i
for Aquatic Plant Management in Lakes and Ponds as It Relates to the Wetlands Protection Act

management in lakes and ponRglevant nf or mati on <can

or simplyDEP_Aquatic Plant Management Guidancealthough thigevisedMass APM Guide
is intendedo bea complimentaryesource when applicants and other regulators are ascertaining

if a management technique or activity

Wetlands Protection Actand CorrespondingRegulations

Aquatic plant and algae management projects in lakes and ponds are subject to the jurisdiction of

the WPA, MGL Ch. 131, § 40 and the associated regulatioB$0nCMR _10.00 Projects must

comply with the general performance standards established for each applicable resource area in

the regulations (i.e., 310 CMR 10.

54, 10.

meet s

55,

project status (310 CMR 10.53(4) or 310 CMR 10.53(3)(l)). If wildlife habitat thresholds described

in the general performance standards are exceeded, the requirements of 310 CMR 10.60 for

wildlife habitat must be met (i.e., a wildlife habitat evaluation shall be performed) unless the

proposed action is an Ecological Restoration Limited PrieRt.P).

No project may be permitted which will have any adverse effect on specified habitat sites of rare
vertebrate or invertebrate species (310 CMR 10.59) or on spawning activity of migratory fish
species (i.e., anadromous or catadromous 840 CMR 10.3h MassWildlife and theMA
MassDMF provide input to the WPA process on such isstié& NHESPprovides review of
projects that may affect rare wetland wildlife habitat, called Estimated Habithg asdociated
species are listed under MESA, but this is a separate review than for Priority Ktaivigaing all

listed species, not just animals), of which Estimated Habitat is a subset.

The regulatory process under the WPA involves the submission of a Notice of Intent (NOI) for

consideratioy the localconservation commissiowith copies to the regional office of MassDEP
andto theNHESPIf the proposed project could affect stéisted species. Public notice is given
for a hearing at which time tlonservation commissiareceives input from the project applicant,
interested agencies, and the general public. A decision on the project is rendered and, if accepted,
a permit under the WPA, called an Order of Condit{@®C), is issued. Other permits may apply

and the @C may not be the last step in complete project approval, but it tends to be the main step

for most lake management projediote that other pernstare likely to have bearing on the

conditions issued by the conservation commission, sbeagng process cannot be closed and an

OOC cannot be issued until all relevant input from other permit programs has been received.

Ecological Restoration Limited Projects

In 2014 MassDEP revised the wetlapdstectionregulations under 310 CMR 10.53(4) for inland

wetlands and 10.24(8) for coastal wetlands to incardecologicalgeneralpermit process for six

categories oEcological RestorationrBjects that argenerallynot applicable to aquatic vegetation

or algaemanagementinless such management results in habitat enhancement for rare species or

The Regulatory Framework

Page3-4

n

M


https://www.mass.gov/files/documents/2016/08/qm/alkguide.pdf
https://www.mass.gov/files/documents/2016/08/qm/alkguide.pdf
https://www.mass.gov/files/documents/2016/08/qm/alkguide.pdf
https://www.mass.gov/regulations/310-CMR-1000-wetlands-protection-act-regulations

2058 restores shellfish habitadowever, the 2014 WPA regulation revision also incluelgdblishment
2059 of ERLPwhereWPA interests have been degraded or destroyed by human actsateslQ) CMR
2060 10.04and 10.12 This limited project status often applies to lake projects and allows some
2061 temporary or even permaneimpacts to otherwise protected resources in order to achieve
2062 ecological restoratiorProjects that reverse humarduced eutrophication, including excessive
2063 plant growthandalgae blooms, may be eligible as ERLP.

2064 Applicants proposingraERLPunder 310 CMR 10.53(4) must demonstrate that the project will
2065 improve the natural capacity of a resource area(s) to protect some or all the interests of the WPA.
2066 To meet this test, a project must improve the natural ability of a resource area to protect public or
2067 privatesurfacewater supply, groundwatasupply fisheries shellfisherieswildlife habitat, or to

2068 provide flood control, storm damage prevention, and/or to prevent pollution. Although a project
2069 does not need to improve the natural capacity of the resource area to protect all the interests of the
2070 act, it must improve at least one interest and it should minimize the adverse effect on the interests
2071 that are not targeted for improvement.

2072 Projects that would usually qualify as limited projects under 10.53(4) include projects proposed
2073 primarily for the enhancement of fisheries habitat, projects to adduéissal eutrophication, or

2074 those that would increase dissolved oxygesduce nutrient levelgyr improve overall water

2075 quality in a water body. Proposed projects involving removal of aquatic nuisance vegetation must
2076 demonstrate that the vegetat i on-indigenoasiniasivei sanc
2077 plant species constitute nuisance vegetation. However, significant increases in indigenous plant
2078 species, if strongly linked to human activities, may also be considered. Also, projects proposing
2079 aquatic plant management to improve the natural ability of a resource area to provide recreation,
2080 aesthetics, odor reduction, or otlhenefits not specifically tied to a statutory interest of the WPA
2081 do not qualify under 310 CMR 10.53(4) because those interests are not protected by the WPA
2082 regulations. These projects would need to meet other applicable, relgsaatal performance

2083 standards.

2084 The ERLP provision that applies to inland wetland projects is outlined in 10.53(%g&®) The

2085 section of the wetlands regulations that addresses aquatic plant management can be found in
2086 A Ot her Rest o (CHRI1063(4)(# (Opipcriding hé removal of aquatic nuisance

2087 vegetation to retard pond and lake eutrophication, thinning or planting of vegetation to improve
2088 habitat value, as well as other specified activities are not typical lake management actions

2089 There are specifiERLP eligibility requirements and procedures requiredil®m a NOI for an

2090 ERLP and to obtain an ERLPAX. These procedures ensure that the issuing authority (e.g.,
2091 conservation commissiarr MassDEP) has the necessary information up front to reduce the need
2092 for additional information requests during the permit review process. A defailled check list

2093 that includes associated regulatory citations must be completed and attached to an ERLP NOI
2094 applicationas Appendix A, accompanying NOI Form 3.

2095 Projects that are not eligible for ERLP include mitigation for alteration of a resource area already
2096 authorized by a final OOC or a 401QK, resource area impacts associated with natural disasters,
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2097 or activities associated with enforcement actions. A 4@QCMay be required if the project
2098 involves dredging of 100 cubic yards or more or dredging in Outstanding Resource Waters (ORW).
2099 Questions regarding whether a project can be permitted as an ERLP can be forwedededDioP

2100 Wetlands Circuit Riders. An Ecological Restoration Limited Projectsvideo is also available

2101 to explain this permitting option

2102 Water Dependent Uses

2103 Water dependent uses are defined in 310 CMR 10.04 and include those uses and facilities that
2104 Airequire direct access to or |l ocation in mar.
2105 be | ocated away from said waters. o Examples o
2106 in 10.04 and includenarinas swimming areas, fishing piers, and otlpeiblic recreational use

2107 areasWater dependent uses include other uses and facilities as further defined as water dependent
2108 in 310 CMR 9.12(i.e.,Chapter 91 Waterways Regulatipnisake management projects may be

2109 considered accessory (310 CMR 9.12(3)) to a water dependent use if they are necessary to
2110 accommodate a principal water dependent use. Normally, projects qualifying as water dependent
2111 uses would be confined to areas associated with facilities at specific points around,thetlake

2112 control of algae such as cyanobacteria on a lakewide basis could suppodepsedent uses

2113 All water dependent uses (e.garinas, public recreationateas navigational and commercial

2114 fishing and boating facilities) that qualify for this limited project must meet all the requirements
2115 of 310 CMR 10.53(3)(l)

2116 OQutstanding Resource Waters

2117 ORW aredesignatedvithin the MA state surface water quality standardsandinclude Class A

2118 public water supplies and their tributariesrtain listed water resources within Areas of Critical
2119 Environmental Concern (ACEC), the Cape Cod National Seashore, designated Scenic Rivers and
2120 Wildlife Refuges, vernal pools, and certain other geographically specific wetland resource areas.
2121 ORW are afforded additional protection under the WPA, and applicants should be aware of the
2122 presence of any ORW when crafting lake management plans. ORWs can be viewed using the
2123 WPPR ®vater Quality Data Viewer. However, as of the date of this manulg viewer displays

2124 the 2013 MA SWQSnd it istherefore important to confirm the ORW against the classification
2125 tables (see 314 CMR 4.06, Tables 1 through 27) of the 2021 SWQS.

2126 401 Water Quality Certification

2127 A 401 WQCfrom MassDEP is required under the federdlAfor certain activities in wetlands

2128 and waters. These activities include the discharge of dredged or fill material, dredging, and dredged
2129 material disposal activities in waters of the United States within the Commonwealth that require
2130 federal licenses or permits. Statutory authority for this certification is stated in the fedéhal C

2131 33 USC 1341, and thdA CWA, MGL Chapter 21, sections B3. Regulatory authority for this

2132 certification is found irB14 CMR 9.00 The federal agency issuing a permit initially determines
2133 the scope of geographic and activity jurisdiction (dXSACE for Section 404 permits for the
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2165
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discharge of dredged or fill material). The purpose of state 401 review is to ensure that a project
will comply with MA SWOSand other appropriate requirements of state law.

MasDEP administers the 404/QC Program that reviews applications for fill and excavation in
wetlands and/or dredging. WQC applications for fill and excavation in wetlBulgau of
ResourcéProtection (BRPWW 10,11) are reviewed by thappropriate Ma€3EP regional office

in accordance with 314 CMR 9.00. Applications for WQC dredging pro{&&&® WW 07, 08,
09) are reviewed by th®lasDEP Wetlands- 401 WQC unit in the Boston office.

Projects with less than 100 cubic yatdg) of dredging or less than 5000 square feet of wetland
impact are deemed approved upon the receipt of a valid fid& &d further 401 WQC filings
are not requiredHowever, dscharge of dredged or fill material to an ORW specifically identified
in 314 CMR 4.06(1)(d) (e.gvernal pools, within 400 feet of a water supply reservoir, and any
other area so designated) is prohibited unless a variance is obtained under 314 CMR 9.08.

For projects involving mechanical harvesting, and hydroraking of aquatic plants, a dredging permit
maybe required from the 401 WQC umitthin MassDERo ensure that the proposed project is in
compliance with314 CMR 9.00 and 314 CMR 4.00 (i.&WQ9S. This is an area gbotential
differencebetween state and federal regulationsgetation removal may require a permmter

314 CMR 9.00even where the USACE does not requit@VsdA Section 404 permit. Applicants

for vegetation removal projects should consult with MassDEP to determipeifrat under 314

CMR 9.00is needed.

There are three categories for dredging permits: major project (BRP WW 07), minor project (BRP
WW 08) and Amendment for Dredging (BRP WW 09). Major prg@utiude the dredging of

5,000 cubic yards (cy) or greater, minor pragd®RP WW 08) include projects not listed in the
major project category and those projects involving dredging less than 5,000 cy but more than 100
cy. An amended permit may be requested for project modifications, such as changeésrgethe

area, volume ofnaterial removedor method®f disposal. In addition, a change in one or more of

the permit conditions may be allowed through an amended certification (BRP WWQ9).

Applications for314 CMR 9.00must be submitted througiPLACE. Informational materials can
be found on the MassDEP websd#@1 WQQ to assist people with applications, as well as contact
information for applicants, if they need assistance.

WM 04 Chemical Application License

The MassDEP WMO04 Chemical Application License grants approval to apply chemicals for the
control of nuisance aquatic vegetation algaein accordance with authority granted to the
MassDEP byMA General Laws c. 111, s. 5SBnyone wishing to apply chemicals to bodies of
waterneeds to acquire a WM 04 licersecept under the following conditions:

U When treatment is undertaken by employees and agents oVaksseDER MassDCR
MassDMFandMassWildlife Environmental Law Enforcement, the Reclamation Board, or of
related Federal agencies, while in the conduct of their official duties
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U When treatment is undertaken with algaecide containing copper by a public water system.

However, the public water system shall notify the Department in writing prior to the
application of such algaecides (see 310 CMR 22.20B(8), the Drinking Water Regulations).

U When treatment is undertaken in a private, single owner pond from which there is no flowing

outlet during the period of chemical activity.

Severalprerequisites should be considered before applying for this permit

U Chemical treatments to waj8ordering Vegetated Wetlands (310 CMR 10.55(2)ém))l Salt
Marsh (310 CMR 10.32(2)) using geneoalrestricteduse pesticidesanonly be performed

by an applicator currently licensed by MM®AR Pesticide Program in the aquatics category.

U Chemicals used for treatments must be currently approved for use in the statdpAiRe
Pesticide Bureguvhich maintains the list dferbicides approvedfor use in MA.

0 A valid OOC, Negative Determination of Applicability, Administrative Consent Order or

similar authorization must be obtained prior to the treatment.

Since chemical treatments constitute the alteration of wetland resouid¢®$,maust be filed in

accordance with th&/PA (MGL c. 131, s. 40) and Wetlands Protection Regulations (310 CMR

10.00). A valid OOC is needed to acquire thEM 04 Chemical Application License
Applications forWM 04 licensesnust be submitted througtPLACE.

MGL Chapter 91 (Public Waterfront Act)

Whereadamon a Great Pondis licensed unde€hapter 91, the license conditions often allow

for annual drawdowns to occur to specific levels. However, if drawdowns are sought to lower
levels, new authorization must be obtained. Additionally, Section 310 CMR 9.05(2)(e) of the

Waterways regulationgquires thaan application for a permit or permit amendment be submitted

to MassDEPor any lowering of the water level of a Great Pond, except a body of water used for
agriculture, manufacturing, mercantile, irrigation, insect control purposes, or for flowing cranberry
bogs, or for public water supplunless such lowering is specified in the Chapter 91 license.

Note that this jurisdiction also applies to enhanced Great Rehith have been enlarged by
impoundmenthrough dam constructio®ince Chapter 91 jurisdiction is associated with the water

column, structures and activities are regulated in enhanced Greatiiydhdsamerocessasfor

Great Pondghat have not been enlargéethe additional impounded water is not exempt from

regulation under Chapter 91.

Dredging projects in Great Ponds also require approval under Chapter 91. In addition to dredging
projects involving sediment removal, Chapter 91 regulations define dredging as the removal of
materials including plant or animal matter in any excavating, cleaning, deepening, widening or
lengthening, either permanently or temporarily. Therefore, a dredging peighit beneeckdfor
mechanical harvesting of plant material if the cutting and harvesting of the plant material disturbs
the bottom sediment. If harvesting operations do not move sediment to any significant degree,

generally defi
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Acl eani ngo.regiationeat 34 CMR19.66ay apply where >100 cy of vegetation is
removed if there could be a significant impact on water quality.

M assachusett®Vater Management Act

Drawdown projects may fall under the jurisdiction of ihater Management Actif water is
removed or diverted from a lake beyond the established threshold in a consumptive manner (i.e.,
not simply passed downstream). Any project that includes the withdrawal of >100,000 gallons per
day (or total withdrawal of nine million gallons over a threenth period) through pumping or

other artificial means other than the removal of boards or other manipulation of a dam structure
will require a Water Management Act perraitd other requirements as stipulatedeigulations
under310 CMR 36.00If the Water Management Act applies, the project proponent should obtain

a withdrawal permit from the MassDEP Drinking Water Program prior to initiating any work.
Typical drawdowns that remove stoplogs or open an existing subsurface valve to lower lake water
level with the water passing downstream from the lake are not subject to the Water Management
Act.

Municipal Separate Storm Sewer System General Permit under NPDES

As of 2016, therevere 260 municipalities irMA that are authorized to discharge stormwater into
surface water bodies by the state and federal 2016 3malicipal Separate Storm Sewer
System (MS4) General PermitThe permit consists of six categories of stormwater management
which are referred to as minimum control measures. These minimum control measures include
public education and outreach, public participation, construgisiod stormwater controls, pest
construction stormwater controls, illicit discharge detection and elimination, and good
housekeeping. Municipalities that are authorized to discharge stormwater into surface water bodies
implement the six minimum control measures that are part of the MS4 General Permit through
local bylaws, ordinancesor other regulatory mechanisms, or other programs and standard
operating procedures. Any tools relateddke management that are relevant to MS4, such as
pollutant trapping by maintained inlet devices, buffers and swales, detention and infiltration basins,
constructed wetlands, or pollution prevention through point source control are administered by the
MS4 municipality and do not require any additioMds©DEP program reviewlf those actions

occur in regulated wetland resources (under the WPA) or mapped Priority Habitat fistedte
species (under the BBA), permit processes still apply under those separate programs.

NPDES Pesticide General Permit

The Pesticide General Permit (PGP) issued utideMNPDES administered by the USEPA
regulates point source discharges of biological and chemical pesticides that leave a residue. The
permit covers mosquito and other flying insect pest caontasicular planand algagoestcontrol,

animal pest contrphnd forest canopy pest control. Permit coverage is issued to an operator, who
is either an entity who performs the application of a pesticide or who hds-day control of the
application or an entity with control over the decision to perform pesticide applications including
the ability to modify those decisions.
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The USEPA maintains an onlineermit_coverage decision _tool The criterion of greatest

relevance is usually the size of the area treated, with 80 acres used as a threshold below which the
PGP automatically applies. If the area is greater, additional submission may be required to get PGP

coverage.A pesticide applicator should also check the PGP for Massachspetigic

requirements in Section 9, Permit Conditions Applicable Within Specific States (including

Territories) and Indian Countryin cases with larger application areas, potential impacts to

federally protected resources, or where impairment relating to the chemical proposed for

application is already known, an individual permit may be required.

WatershedPlanning Program

The WPPhasa mission to protect, enhance and restore the quality and value of the waters of the

Commonwealth. The program engage various activities pursuant to the CWA and associated

regulations. The CWA directs states to monitor and report on the condition of their water resources
including lakes and pondand whether they are healthy or impaired relative to their designated
uses.The WPP is responsible for developing surface water quality standards, monitoring and

evaluating water quality, and creating plans to restore and protect surface (aeedf<G.L. C.
21, 88 26 through 53

The MASWOSdesignate the most sensitive uses @f Waters and provide criteria for evaluating

water quality to support those uses. Il n the
having open water, situated in a topographical depression, generally with a maximum depth of
greater than two meters. Lakes and ponds do not include constructed stormwater retention basins,
constructed impervious basins or impervious impoundments, permitted wastewater lagoons,
constructed farm ponds into which and from which no stream or river flows, and generally do not
include dammed river or st r eaWPPevalatesinmpdumied t s .

streams and rivers as lakes that exhibit unidirectional flowhaweéaveragedetention times of
more thanl4 days

The WPP performs a biennial evaluation of the waters ofddéording tathe Massachusetts
Consolidated Assessment and Listing Methodology Guidance Manudrhis biennial review
will contain information relevant to the management of lakes and ponds in MA.

Department of Fish and Game, Division of Fisheries and Wildlife

Reqgulatory Authority and Role in Lake and Pond Management

The conservatioffincluding protection, restoration, and managemehthe fauna and floraof
MA is the statutory responsibility #he MassWildlife as outlined in Chapters 131 and 131A of
MA General LawSpecifically,it is thechargeof MassWildlifeto overseghe stewardship of all
wild amphibians, reptiles, birds, mammals, and freshwater fishes in the\V§tale.MassDMF
has most of the responsibility faliadromous fish, MassWildlife does have responsibility for
species other thastriped bass and river herring beyond the point of tidal influeviaesWildlife

is also responsible for the stewardship and protection of altlstetd endangered, threatened,
and special concern speciesader MESA through the NHESRcluding invertebrateand
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2284 vertebrateanimalsand plants. This responsibility established and articulated in the Constitution
2285 and General Laws ®flA and is undertaken for the benefit and enjoyment of the public today and
2286 for future generationdMassWildlife appliesa stewardship philosophthat focuses on science

2287 based managemeitat balanceBuman and wildlife needsy using thdnformation for Planning

2288 and Consultatior{lPaC)tool. IPaC is provided by the United States Fish & dNfe Service

2289 (USFWS)to identify species and their habitats protected and managed by federal agencies
2290 (USFWS,the National Oceaniand Atmospheric AdministrationNOAA) / (National Marine

2291 Fisheries ServicedNMFS), or others). Since all federal species are also protected pursuant to the
2292 MESA, when these species are identified for a project's habitat, the impactasobstreviewed

2293 by the NHESP.

2294 Designatedsreat Pondsin MA are public resources, meant to be managed in the best interest of
2295 the public.The fish and wildlife resources in ¢lkes angonds regardless of designation or land
2296 ownership, are alsprotected under the regulations outlined beksvapplicableThe public

2297 enjoyment of lakes and pondsMA is a priority forMassWildlife as is the protection of game
2298 and nonrgame specieand their habitats

2299 MassWildlife activities to protect lakes and ponds include a combinati@gofations governing
2300 fishing that includeprotecting recreational species like waraterand coldwater game species
2301 from overexploitationd21 CMR 4.00. MassWildlife alsaegulaesimportation and liberation of
2302 vertebrate specie€321 CMR 2.15 and freshwateraquaculture activitieg321 CMR_4.09.
2303 Further, MassWildlife conductesearch directed toward a better understanofitake and pond
2304 resources and the stresses they (at@L Ch 131 Sec 4 (13A) andofferstechnical assistance to
2305 other regulatory agencies or members of the general pypllitcularly as pertains to proposed
2306 lake management activities under review for permit issuance or compliance

2307 Massachusett&Endangered Species Act

2308 The MESA was enacted in December 1990GL Ch 131A). Implementing regulations were
2309 promulgated in 1992 and most recently revised and implemented as of Jarifa(y22Z0C MR
2310 10.00.

2311 The MESA is a state law that is administered by the NH&B#HNn MassWildlife Those names

2312 areused interchangeabiy this section but MassWildlife includes many more programs than
2313 NHESP The MESA establishes procedures for the listing and protection ofistateplants and

2314 animals. MESA regulations outline project review and filing requirements for projects or activities
2315 that are located within a Priority Habitat of Rare Species (Priority Habitat), provide clear review
2316 timelines, and establish an appeal process for agency actions. The MESA prohibits impact on or
2317 loss of statdisted species, interference with key behaviors (e.g., nesting, feeding, breeding,
2318 overwintering, migrating) and habitatghichisc al | ed a ATaked. The MESA
2319 any project or activity within Priority Habitat. Priority Habitat is the geographical extent of habitat
2320 for all statelisted species as delineated by MassWildlife. Priority Habitats are mapped fer state
2321 listed species and are subject to review by MassWildlife. Current Priority Habitat maps are
2322 available througlthe MESA interactive web viewer.
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The online mapping resource will allow an applicant to determine if the project area overlaps with
Priority Habitat but does not provide information on what species are potentially present. As
project planning may be aided by that knowledgelndormation Request may befiled by the
property owner or applicant with an ownership interest to obtain a list oflistatd species
associated with the sitA.requesfor a prefiling consultationcan also be made.

All projects or activities withirPriority Habitatthat are noexempted fromthe MESA review
must submit a filing withheassociated fee to MassWildlife to determine whether a probakle
under the MESA would occur.The fling must include all proposed and anticipated activities
related to theproject

For lake and pond management projetiing typically includes disclosure of all management
activities occurring in the water body (e.g., drawdown, herbia#ication handpulling) even

if those activities are under separ@tPA filings. A chart of the activities with timeline, frequency,
targets and descriptisris important as the MESA does not allow project segmentatiosn
combined impact of all actions is evaluatedmulatively For shoreline activities (e.g.,
stabilizationshoreline walls, beachesasonal shoreline cleanugisclosure of other activities in
the samegeneral arede.g., upland clearing, drainage alterations)mportant The NHESP
provides online guidance fMESA submission

The requirement to file under the MESA is independent of the requirement to submit a copy of a
NOI as may be required under the WPA. The trigger for submitting a copy of the NOI to the
NHESP is a function of the presence of Estimated Habitat, which is a subset of Priority Habitat
that involves statéisted wetland wildlife habitats (310 CMR 10.37, 10.58(4)(b), 1058).most

lake and pond projects, the MESA filing should include a comprehensive lake management plan
that describes the goalseg IMP sectior), includes a monitoring and reporting framework, and
describes how each proposed activity will address the gdatsmay very well be part of the NOI
submission, making the NOI useful in both permitting processes.

Within 30 days of receiving a filing, MassWildlife will provide a response indicating completeness
of the filing. If the submission is complete, MassWildlife has an additional 60 days to provide a
determination. However, most project reviews are completed within the first 3&f daysplete
information is provided

Underthe MESA, a determination letter is issued stating whether or not a project or activity, as
currently proposed, will result in an impadtake of statelisted species and can proceed (1)
without conditions, (2) with conditions, or (3) must either be revised to avoid the Take or must
meet the performance standards for the issuanceCainaervation and Management Permit
(CMP).

Wetlands Protection Acti Rare Species

The WPA is a state law implemented by the local conservation commission and requires that the
conservation commission consider the impact of a project on wetland resource areas. MassWildlife
delineates Estimated Habitats as asebof the Priority Habitats based on the geographical extent
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https://www.mass.gov/regulations/321-CMR-1000-massachusetts-endangered-species-act#take
https://www.mass.gov/regulations/321-CMR-1000-massachusetts-endangered-species-act#10-23-conservation-and-management-permit
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of habitat of statdisted (akarfirared) wetlands wildlife, codified under the WPA (310 CMR 10.37,
10.58(4)(b), 10.59). Stadested animal species are identified in the WPA as a special type of
wildlife and MassWildlife is assigned the responsibility for providing analysis of impacts from

any proposed project that could affect them. All Estimated Habitat lies within a Priority Habitat.

The WPA wildlife stdamrdar dadwoferfsreo edlftemrovttiaralra plpd n ¢
wildlife habitats, but noto statelisted plants or strictly upland species.

For projects subject to the WPA and located in Estimbi@litat, a copy of the wetland filing

must be sent to MassWildlife. The conservation commission must receive proof that the filing was
submitted to MassWildlife and ensure that subsequent materials sent to the conservation
commission are likewise submitted to MassWildlife. &lbfake projects to which MESA applies
MassWildlife must receive a complete NOI and issue a determination prior to the local
conservation commission closing any hearing or issuing@@. @/here there is Estimated Habitat

and an [EologicalRestorationProjector ERLP is proposed determination letter from NHESP
should accompany the NOI submission to the conservation commisgoassitating advance
submission to NHESMMassWildlife will provide a response to the WPA filing within 30 days of
receiptin most cases but can take 30 days to determine that the application is complete and an
additional 60 days to evalw@athe application

Under the WPA, the determination letter is issued stating whether or not the project or activity will
result in a short or lonrterm adverse impact to the actual wetland resource area habitat of state

|l i sted wetland wildlife (Aadverse effecto) an
conditions (Ano adverse effecto), (2) can pr o«
adherence to conditionso), or ( 3) wi || resul

determination of #3, adverse effect for stisgeed wetland wildlifethe conservation commission
may not issue any @C until such time as the applicant obtains a CMP from MassWildlife as
requiredby theMassDEPVetland Program Policy on Rare Specieer alters the project to avoid
adverse impact and refiles for a new determinatipthe NHESP

MassWildife will send a copy of the MESBMP to theconservation commissiarelevant to a

WPA filing. Theconservation commissishould read and review tl@MVP for consistency with

the conservation commissibns pr oposed condi ti ons, ensure th
submittedandrespond to any permitting requests byghgect gplicant for work withinwetland
resourcearess that may be required by thgan for habitat management or restoratidrne
conservation ammission may issue anGiT incorporating compliance with the CMP conditions

at this point.

Wetlands Protection Acti Fisheriesand General Wildlife

The MA WPA calls for consideration of impacts thsheries andwildlife within the general
interests of the WPA and as detailed in the performance standards. The conservation commission
hasanobligation to considesuch impact# reviewing applications. Whearequired submission

is madeto the NHESPrelating toPriority or Estimated Habitat, NHESP staff will coordinate
comments within MassWildlife. However, o filing with NHESP is requiredhe conservation
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commission or applicaritas the optiono request comments anylake and pond management
filings directly from MassWildlife staff through the headquarters office in Westborough, MA.
Commentdrom MassWildlife camaid the conservation commission in evaluating the impacts of
a project.

MassWildlife also maintains th€oldwater Fish Resources mapping toolldentification ofa
Coldwater Fish Resource (CFR) based on fish samples collected MassWildlife staff or
designated surrogates.CFRis a stream, river, or tributary in which reproducing coldwater fish

are found and comments from Mastife may refer tothis statusA CFRis a particularly
sensitive habitaind consideration is due where a lake project could impact a Cihges in

land and water use can reduce the ability of these waters to support trout and other kinds of
coldwater fish.The WPA includes special consideration for the protection of coldwater fish and
their habitats.

Department of Fish and GameMA Division of Marine Fisheries

Marine and freshwater organisms in coastal watersheds are managed by MassDMF and
MassWildlife according to jurisdictional boundaries definetMi@L Chapter 13(®Bec5. A 2003
Memorandum of Understanding (MOU) between the agencies further establishes jurisdictional
boundaries in most systems as either at the
stream. The provisions of the MOU also estabMisissDMF as havingirisdictional management

of anadromous striped badddrone saxatiliy and river herring, which include alewifélpsa
pseudoharengysand blueback herringA{osa aestivalig for all waters of the Commonwealth.
Jurisdiction for all other diadromous species, such as AmericaAmrgli(la rostrata) or searun

trout species, is split between MassWildlife and MassDMF at the defined coastal boundaries.

The marine resources of the Commonwealth are afforded protections unddPAHEWA, and

the Federal Fish and Wildlife Coordination Act. Theheries Habitat Program tracks coastal
alteration projects and coordinates input from MassDMF staff to provide recommendations to local
conservation commissions and state and federal permitting agencies for avoiding, minimizing, and
mitigating adverse impacts to resources and habl&issDMF should be provided with a copy

of the NOI for any project in a coastal resource akd@ssDMFwill provide comments to the
conservation commission for consideration during the hearing process.

Coastal alteration projects such as dredging, pipeline construction, projects utilizing fill, bridges,
roads, and culverts can impact specific habitats or vulnerable life history stages of species that
spend part of their life cycle in freshwater and part in saltwater. Treatments to control vascular
plants or algae can also impact diadromous species. MassDMF staff have generated several
technical reports and best practice guidance documents in support of recommendations. MassDMF
Technical Report 4{Evans et al. 2011) providescommended Time of Year (TOYgstrictions

for coastal ateration projects to protect marine fisheries resources inMA, which are
recommendations for spring and fall seasonal Té@sfrictionson inwater construction work or
chemical treatments that may impact diadromous fish species or habitats.
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TOY restrictionswill affect projects in tidal rivers and connected lakes where aquatic organism
passage is possibl&pecies are considered vulnerable to coastal alterations if their habitat is
spatially limited, if a vulnerable life stage (e.g., spawning or aggregated passage) occurs in an area
proposed to be impacted, and/or if their population abundance is particularly low. Adverse impacts
to diadromous fish and habitats include activities that can impede or obstruct fish passage, change
the volume or flow rate of water within a fish run, or impair habitats (including water quality)
necessary for various life history stages of diadromous fish.

The Mas®MF Diadromous Fisheries Projecseeks to providsuitable passage for saltwater fish

into freshwater to spawmncluding jurisdiction overdiadromous fish passage in coastal rivers
This work ncludescollaborativelargescale fish passagend smallscale fish laddey habitat
improvements, and eel ramp constructmojects Several guidance documents and tools are
availableto assist the management of diadromous fish passage, fishway operafishwsag and
streammaintenanceMas®©MF andMasDEP have developedfarmal Stream Maintenance

Policy that establishes performance standards to prevent impediments to fish migration, maintain
stream flows within fish runs, and preserve spawning or nursery halitatssm Channel
Maintenance Protocolsprovide guidance to landowners and municipalities to address stream
channel maintenance as a necessary natural resource management practice and assist
municipalities in providing safe and efficient passage foirgadish.

MasPDMF also maintains a publicly availalléA GIS Diadromous Fish Data Layer (updated

in 2023) and an accompanyirgadromous Fish Restoration Priority List. The data layer
identifies diadromous fish passageways, impediments, habitat, species presence and sampling
stations along coastal rivers and in lakes and pdrfas GIS data layer references recommended
TOY restrictionsestablished through a collaborative effort between the Diadromous Fisheries
Project and thavlas©MF Fisheries Habitaand Shellfish Programsto minimize impacts from
aguatic management activities on sensitive life stages of diadromous sjpgor@sation on the
presence of diadromous species in specific waterbodies is further described in Reback et al.
(20044a,b; 2005a,b), and Appendix Table 6.Harbicides and Diadromous FishTo assist th
managemenof river herring Mas©MF has produced a Quality Assurance Program Plan for
conducting river herring spawning and nursery habitat assessments (Chase et al. 2020).

Department of Conservation and Recreation

The MassDCR is mostly a natural resource management agency within the Commonwealth of
MA, but MassDCR has responsibility for several important programs that relate to lake
management.

Prohibited Plant List

MassDCR maintains a list of plant species that are prohibited from import to MA or transfer among
lakes. These are invasive species known to cause ecological and economic harm when introduced.
Prohibited plants may not be introduced as part of any lake management program and the removal
of such plants is likely to qualify as an ERLP under the WPA.
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Areas of Critical Environmental Concern

DesignatedCEC(301 CMR 12.00 are designated fapecial recognition because of the quality,
unigueness, and significance of its natural and cultural resoNogsnated at the local level but
approved by the Secretary of Energy and Environmental Affairs, ACEC are afforded additional
protection under environmental laws such as the WPA and applicants should be aware of the

presence of an ACEC when crafting lake management plans.

Department of Agricultural Resources

MDAR is responsible for reviewing and registering pesticides for use in MA. Algaecides are a
subset of herbicides which are a subset of pesticides, and once the federal government (through
the USEPA) has registered the pesticide product for use in the USA, a state can then determine if
that pesticide will be registered for use in that state. MDAR handles that process in MA through

its authority set forth in M.G.L. c. 132B.

MDAR also administers a 2012 law, Chapter 262 of the Acts of @ithZanassociatedegulation

330 CMR 31.00that establisés standards for the applications of plant nutrients to agricultural
land and noragricultural land, including turf and lawrBhe regulation requires any person who
applies plant nutrients to adhere to plant nutrient application restrictions and follow University of
MA Amherst Extensiomuidelines for plant nutrient management On agricultural land, plant

nutrient applications are to be made at agronomic rates based on assessments of soil fertility levels
(determined fronsoil testing), crop neednd availability of nutrients from plant nutrient materials

as specified in a farrapecific nutrient management plan. On lawns andRezfntaining fertilizer

may only be applied when a soil test indicates that it is needed or when turf or a lawn is being
established, patchedr renovated. The regulation specifies situations and conditions when no
applications of plant nutrients shall be made. MDAR has statutory enforcement authority through
the act buthasso farfocused on providing outreach and education to assist farmers and turf
management professionals with understanding and complying with the regulation. The existence
of this act and regulation is a major step toward reducing nutrient pollution of watlsta of

United States Army Corps of Engineers

Section 404 of the Clean Water Act

Section 404 of the @VA establishes a program to regulate the dischardeedfedr fill material

into waters of the United Statesncluding wetland Targeted activities includédill for
development, dams and leveenstruction infrastructure development such as highways and
airports and mining projectredging activities are included as a function of likely redistribution

of sediment within a water resource even where removal is inteAdederalpermitis required

for anydredged or fill materiai be discharged into waters of the United States unless the activity

is exempt from Section 404 regulatiag., certain farming and forestry activitisp discharge

of dredged or fill material may be permittedaifpracticable alternative existsift he nati ono
waters would be significantly degradddhe USEPA has some responsibility for this program, but
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https://www.mass.gov/doc/massachusetts-areas-of-critical-environmental-concern-acecs-statewide-map/download
https://www.mass.gov/files/documents/2018/01/22/330cmr31.pdf
https://www.mass.gov/plant-nutrient-management
https://www.epa.gov/cwa-404/permit-program-under-cwa-section-404
https://www.epa.gov/cwa-404/further-revisions-clean-water-act-regulatory-definition-discharge-dredged-material
https://www.epa.gov/cwa-404/final-revisions-clean-water-act-regulatory-definitions-fill-material-and-discharge-fill-0
https://www.epa.gov/node/176979/
https://www.epa.gov/cwa-404/exemptions-permit-requirements

2513 actual permitting authority is either through the USACE or state agencies to which authority has
2514 been delegated. MA is not a Section 404 delegated state.

2515 Just what constitutes fAwaters of the United S
2516 the courts over the last two decades, but for the purpose of many lake management activities in
2517 MA, it should be assumed that Section 404 could apply to any activity that disturbs sediment within
2518 adesignated Wetland Resource Area under the WPA. There are general permits that apply to many
2519 common activities, such as shoreline stabilization, beach nourishment, and maintenance dredging,
2520 and are applied on a nationwide, regional, or state level. Programmatic General BOARGR)

2521 are often issued within states where existing state regulations already cover the proposed activity.
2522 The USACE offergl04PGP in MA to provide consistency between state and federal programs.

2523 The intent of general permits is to cover activities with limited scope or potential for adverse
2524 impacts, especially if all local and state regulations are followed. General permits involve minimal
2525 review or time delay at the federal level. Where significant impact is possible, an individual permit
2526 may be required, with considerably greater submission requirements and a potentially long review
2527 period. Dredging projects that exceed 5000 cy are often subject to individual permits under Section
2528 404.The USACE does not regard the removal of vegetatsoa dredging operation; Section 404
2529 as administered by the USACE is not appliedascular plant harvesting operations.

2530 The Role of aConservation Commission

2531 In MA, aconservation commissiae the municipal body specifically charged with protection of
2532 its community's wetland resources as defined by and any applicable town bylaws. With
2533 regard to lake managemeognservation commissigrhave an important and unique role as they
2534 represent the intersection of regulatory requirements and local degiaking and have the
2535 critical responsibility of ensuring that lake management projects uphold the public interests that
2536 wetland resources provide under the WPA anghfgdementing regulation&810 CMR 10.00).

2537 The purpose of the WPA is to protect wetland resource areas and the public interests they serve,
2538 including flood control, prevention of pollution and storm damage, protection of public and private
2539 water supplies, groundwater supply, fisheries, land containing shellfish, and wildlife habitat. The
2540 law and supporting regulations include protection of a wide variety of wetland resource areas.
2541 Inland or freshwater wetland resources include, but are not limited to, areas where water is above,
2542  at, or just below the surface of the ground such as marshes, wet meadows, bogs, swamps, lakes
2543 and ponds. In addition, the WPA protects associated wetland resource areas that are not inundated
2544 yearround, such as land subject to flooding (isolated and bordering, such as tyeat00

2545 floodplain), land under waterbodies and waterways (LUWW), buffer zobiedogically

2546 significant areas like fish runs, and riverfront areas. Note that riverfront areas were added to the
2547 WPA through adoption of the MRivers Protection Act.

2548 MassDEP is the state authority that oversees the WPA and its regulations and, as outlined in the
2549 law, delegates local/municipal authority, review, administration, and compliacoaservation
2550 commissios. MassDEP is also the appellant agencyc@rservation commissiaecisions and
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can provide general technical, regulatory, administrative and compliance assistance to
conservation commissiarso long as it is n&pecificto an individual project

Conservation commissienare the primary local/municipal regulatory authority for lake
management projects under the WPA and project oversight needs to include actions within all
relevant jurisdictional resource areésconservation commission may be called on to render a
Determination of Applicability, whichdetermineswhether or not a more detailed filing and
hearing process is necessatyNOI is submitted by an applicant where the WPA is deemed
applicable and required by the WPA or conservation commisSlenNOI reviewis performed

to ensure that the proposed activities will not adversely alter WPA resource areas and the public
interests that they support.

There are many other potentially applicable permit processes for lake and watershed projects, and
it is appropriate for conservation commissions to be aware of the range of possible permits needed
under other regulationbut the job of the conservation commission relates specifically to the WPA
and that is the focus of this section.

The Project Review Process

Conservation commissioreview should include a full evaluation of the work including the
potential resource area(s), public interest impaatd how the project will mitigate and address
these impacts. Theonservation commissiomust also consider the interactions of proposed
activities thatould impair wetlandesourceslue to the nature and timing of the proposed activity.
Theconservation commissianay require ongoing or pestork monitoring to assess and evaluate
whether the project goals were met and maintained. Many municipalities may also have local
bylaws implemented by thmonservation commissidhat they must also address and incorporate
into the review process.

It is through a public hearing process thabaservation commissiaonducts its NOI review in

a transparent manner that allows for public input. pitogect applicant describes the proposed
work and the extent of potential alterations or impacts to wetland resource areas and to the public
interests that they provide. Thenservation commissiagrviews these potential alterations within

the context of the WPA anadny applicableown bylaws. This review may require additional
information from theprojectapplicant The conservation commission may also choose to have the
NOI reviewed by an outside consultaritits choosingProject modifications may be required to
bring the projectinto compliance with WPA regulation#Additionally, there are multiple
additional permit programs applicable under other laftee Commonwealth (Figusdé3and 14

and acceptability and conditions for projects considered under those programs may need to be
considered during the hearing process.

After the project is reviewed thoroughly, tbenservation commissiomembers will conduct a
public vote to either (a) approve the project as proposed with standard conditions, (b) approve it
with standard conditions and additional special conditions, or (c) disapprove or deny the permit
application if impacts to the wetlandse significant andannot be avoided or mitigated through

The Regulatory Framework Page3-18



2589
2590
2591
2592

2593
2594
2595
2596
2597
2598
2599

2600

conditions as required under the WPe conservation commission may also reject the NOI if
the information needed to properly review the project has not been provided, but normally there is
an interactive process whereby additional information is requested from and provided by the
applicant as warranted.

Theconservation commissieissued decision or wetlands permit is called an OOC. An approved
OOC may include additional special conditions that delineate the scope and spatial and temporal
limits of the work, necessary mitigation activities to reduce potential impacts, arghgrpost
implementation inspection, mapping, plans other assessment to support compliance review.

The conservation commissiohas the authority and discretion to include conditions that will
enhance resource protection and/or mitigate or reduce harm to the resource(s) associated with the
project. While the standard WPA conditions may be sufficient for many
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Permitting Flow Chart for Lake Projects in Massachusetts

This flow chart is intended to provide the general steps involved in permitting a lake project. Given the wide range of possible projects and the

many potentially applicable regulatory requirements, every option cannot be covered. Applicants are urged to consult with appropriate agencies

before attempting to permit a project. Note also that for projects involving techniques or applications not fully compliant with the GEIR/Practical

Guide, a MEPA review and approval process may be needed. No OOC or state permits can be issued until the close of the MEPA process.

¢
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if no other
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Does
Does
MESA R ‘ )
apply? > WPA
- apply?

v

See text in regulatory section for agency
responsibilities for permitting programs, and any
applicability thresholds. If not shown, lack of
“yes” = no action necessary.

v

NOI preparation | +——
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Figure 13. Permit flow chart for Massachusetts lake projects
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Flow Chart for Permitting under the MESA for Lake Projects in Massachusetts

This flow chart is provided asguidewhere MESA considerations may apply. Not every possible situation can be anticipated and consitha¥lbiESP is advised/ihen planning a project
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Species Program Q7)Was the CMP issued?

NOI Notice of Intent

(0]0]6 Order of Conditions

Priority Habitat Mapped area of state listed
species under MESA

Take Loss of individuals of a listed

NHESP issues project
denial. Project cannot
l \ move forward until a CMP

OutcomeC

— 5| isissued or the project is
NHESP issues CiRd notifiesConsComm prol

revised to avoid the Take o

species 1) ForanyTake,OOOefer-ences CMP and re.Iated cqnditions N - adverse effect.
WPA  Wetlands Protection Act 2) Foranyadverse effectincorporate compliance with CMP conditions into OOC 0OC cannot be issued
2602 .
2603 Figure 14. MESA permit flow chart for Massachusett$ake projects
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2604 projects, thisviass APM Guidegrovides recommended technigsgecific sample conditions (see
2605 Appendix).If the projectwork fails to comply with the OOC, thebnservation commissioran
2606 issue a Notice of Neompliancei(e.,Enforcement OrderNormally a conservation commission
2607 communicatse directly with theproject applicant toseek corrective action and may call #or
2608 hearing to discuss the n@ompliant work and methado rectify and mitigate the problemhere
2609 appropriate corrective action is not taken, project work can be forced to cease.

2610 There is an NOI option thapplies to manjake management projects called BRLP (310 CMR
2611 10.12. ERLP applications must meet certain eligibility requirements as outlined iaRh&
2612 checklist, and the associated Appendix A must be included with the NOI Form 3 for an. ERLP

2613 ERLP projects fAémay result in the temporary o
2614 conversion of one Resource Area to another when such loss is necessary to the achievement of the
2615 projecdodldbesgi cal restoration goals. o0 However, t

2616 veryspecific and they are not meant to be used to circumvent protdstiotner state regulations
2617 (e.g.,MESA, ACEQ or to advane projects to correct environmental degradation due to human
2618 activity subject to existing permits

2619 The ERLP option is most oftapplied to invasive species control and reversal of eutrophication
2620 caused by human activities not subjecetasting permits.An ERLP may involve statdisted
2621 species under the MESA, in which case NHESP input must be incorporated i®O@heia the
2622 MESA and rare wetland wildlife provisions of the WPA

2623 Project Review Considerations forConservation Commissios

2624 Proposed lake projects may be complex with multiple approaches applied over multiple years and
2625 may have direct and indirect consequences for the wetland resources that are not always obvious,
2626 clear, or easily measurabke complete lake management plan is merited to guide implementation
2627 and should aid conservation commissions in understanding the context and scope of the project,
2628 but smaller projects (e.g., addressing plants in a swimming area, repairing a small erosion area
2629 along shore) may natecessitatsucha comprehensive pla€onservation commissisrshould

2630 strive to fully understand a proposed project and may require additional information from the
2631 project applicant or seek outside expertise to address all considerationscofiservation

2632 commissionshould consider reasonable public use and enjoyment of lake resources while
2633 protecting the statutory interests of the WPA.

2634 In some cases, the area affected may extend across the boundaries of multiple towns, requiring
2635 coordination with otherconservation commissigsnor town boards. There may be special
2636 consideration of protected species or areas (e.g., MESA or ACEC). Many lake projects require
2637 additional permits that involve coordination with other agencies to obtain, including possible
2638 involvement of MassDEP programs under Section 401 of W& Gr Chapter 91 for Great Ponds,

2639 or the URCE under Section 404 of theWA. It is not the job of a conservation commission to
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guide applicants through the regulatory process, but aedatated commission can be a great
resource for applicants and an agent for appropriate and efficient lake management.

A monitoring program is likely to be needed to assess project progress and/or results. Monitoring
during actual management actions may be needed to inform sequential acticeetnment, or

other immediate implementation decisions for certain techniques. Monitoring before and after
management actions, within an appropriate timeframe, is usually needed to document goal
achievement and may be needed to demonstrate protection of WPA interests. Provisions should
be added for a reasonable and effective monitoring plan to protect resource areas during
implementation, evaluate pestplementation project effectiveness, and enforce the OOC if
performance standards are not being met. Mlasiss APM Guideattempts to supply guidance for
appropriate monitoring for each management technioutedetails may bprojectspecific

Techniques reviewed in chapters85n this Mass APM Guidehave gone through rigorous
professional and regulatory review and have been used successfully in MA over many ygars. Th
may not beappropriate in all circumstancesay present some risk to the interests of the WPA,

and shouldnot be accepted by conservation commissions without review of the proposed
application. Yet those techniques are accepted as valid options in MA under the MEPA. New or
unproven lake management tacfues (some but not all techniques in the section on Alternative
Techniques, chapter 9) may be proposed by project applicants and may be permitted if allowable
in MA but will require additional scrutiny under the MEPA. At a minimum, an Environmental
Notification Form (ENF) must be filed to allow interested parties to comment and a review to be
conducted beforsuch techniquesan be permitted by a conservation commission. Where a
technique is not explicitly disallowed in MA (e.g., stocking of grass carp) but has an inadequate
track record to be considered reliable, additional justification is likely to be needed and a
monitoring plan that clearly documents results should be required. Gathering appropriate data is
expected to advance our knowledge and allow more informed evaluation of the technique.

Use of peereviewed publications to review lake management effects and their relationship with
the WPA is preferable to other sources, although much of that information may be highly technical
or otherwise specialized. THidass APM Guidend similar publications from other states or-non

profit professional organizations (e.lALMS , APMS, AES, AWWA ) will often summarize
substantial peereviewed technical papers in a coherent and practical matter. While reviewing a
lake management option as proposed by an applicant, conservation commissions should be
particularly careful to avoid overreliance on internet or social media articles as the primary source
of information. Such information may be outdated or taken out of context, aimed at primarily
selling a particular management technique or misleading readers about impacts.

The WPA does not recognize recreation or economic interests as public interéstsiservation
commissios must evaluate projects based on their impact on the identified WPA interests and
meeting the wetlands resource area performance standardsViRAarbenefits cannot be used to
justify known negative impacts to resource areas outside of what the WPA allows. At the same
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time, commissions need to recognize thrasome circumstanceéaking no action is not the same

thing as doing no harm. Most of the lake acreage and volum@iwd4 created by human action,
mostly dam construction, so while lakes are subject to natural processes, many were not
Anat ur al | y danaycbe medispesdd ta an vhriety of problems. Given the pervasive

influences of watershed development,

stormwater runoff, atmospheric deposition, and an

increasing array of invasive species, taking no action may allow the resource to degradase
them to not meet their designated uses under MA statutes

Resources forConservation Commissios

There are many resources availablectmservation commissiento help them review lake

management projegtincluding a variety

of state and national sources that can aid them in

understanding lake projects, their regulatory responsibilities, and how to provide effective
oversight of the permit process. This updaisss APM Guides intended to be the primary state
guidance document for lake management. QW&rninformation sources includeutrophication

and Aquatic Plant Management inMA : Final Generic Environmental Impact Report and

Guidance for Aguatic Plant Management in Lakes and Ponds as It Relates to the Wetlands

Protection Act, butthis Mass APM Guidds intendedto supply updates as anticipated in the
acceptance letter for the Final GE&Rd shoulde used as thgrimaryreferenceelating to lake

management in MA

Other relevant state publications inclubes M assachusetté ake and Pond Guideg A Guide to

Selected Invasive Nomative Aquatic Species inVlassachusettsand theMassWildlife series

of bathymetric maps with pond descriptions. There are numerous lake management guidance
documents from professional technical or lake stakeholder organizations and other thatirces
can be found via online search, suclbad for a Small Lakérom the New York State Federation

of Lake AssociationsThere is also information regarding watershed management which may be
relevantto lake project submissionsee especially publications from thenter for Watershed
Protectiona nd t h e WatSrEhPdAddaslemyanddatabase for stormwater management

Ma s s D EWRtGusds Circuit Riders can also provide help teonservation commissisn
Although they cannot provide projespecific guidance, they can provide useful technical and
regulatory assistance wheonservation commissignhave questions related to how the WPA
regulations are interpreted and how they may apply to lake projects. In additiok]Athe
Association _of Conservation _Commissions(MACC) proactively promotes training of

commissioners on the fundamentals of the WPA and wetland science and offers workshops,
conferences, and other resourcesanservation commissisn However, training sessions on
lake-based projects are currently not common.

|l n summary, ther e

i s no Aone size fits allo s

specific lake and related circumstances is needed. As local regulatory agents and the stewards of

their communityads
to make decisions in this regard. The
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implementing the appropriate actions, at a rate or scale that maximizes success and minimizes
adverse impacts, with a monitoring program that allows for adaptive manag€oesérvation
commissios have the noteworthy responsibility and ability to use a combination of scientific
rationale, regulatory understanding, and common sense tdvifellakes retain their important
gualities as natural resources and socaatanities.

The Role of the Project Applicant

The poject applicantis the party that initiateghe lake management project and applies for
applicable permits for the proposeadtions.Project applicantsnay include individuals, lake or
beach associationggndownercompacts, legal firmsinstitutions,town governmentsor state
agenciesProject applicants are responsible for filing permit applications, paying applicable fees,
notifying abutters and/or stakeholders of the proposed action, providing other required
notifications, and providing the project information that justifies its approval. The project applicant
has the option to hire a qualified lake management professional or firm to aid in the wetlands
permit application, called a NOI, that is submitted to the local conservation commission.
Professional¢Project Representatives)ay also assist in filing for other state or federal permits
as applicable to the project. If the project applicant is not familiar with lake management
techniques and/or the regulatory approval process, hiring help may be advantageous.

Project Applicant Responsibilities

There are several thingsproject applicantshouldknow before moving a proposed project into

the regulatory realmAs the primary advocate for the proposed action, the project applicant should
be prepared tprovide current relevant data to suppamtassertiof impairment or impact that
requires mitigation justify the proposed action in terms of the potential effectiveness and
compatibility with therange of lake uses, understaadd comply withapplicablelaws and
regulations, and link the proposed activityetasting lake managemegobals Note that lake uses

may includedesignated usesifps://neiwpcc.org/odprograms/pollutiorcontrol/waterquality-
standards/waglassificationsdesignatedise$ under the MA SWQSwhich include usesuch as

public water supply, primary and secondary contact recreation, and propagation of fish and
wildlife, even if those uses are not currently exercised.

An appropriate starting point is confirmatitrat theproject gplicant has or can obtain the legal

right to conductthe project in all areas of work and within the relevant lake or pond. There are
differences in the right to file for actions within Great PgnibnGreat Pond and privately

owned water bodies. Th@oject gplicant mustdetermine ownership of the lake and shoreline

and consider the legal interests of potential stakeholders (e.g., publicly or privately held land along
shore or under the water, public beaches or accesses, status as a Great Pond under MA law, and
any multiple town involvementY.heproject gplicant must alshave or obtain permissidar the

use of all proposed points of access, laydown or dewatering areasijacehsupport aread.he

project applicant should establish which entity owns or controls any indpoamt structure (i.e.,

dam) that controls the lake water level elevatasrthose entities may be required to manage or
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provide license for activities within the impoundments; or may need to give written permission for
any use of the impounding structure

The project applicant will need to identify aRyiority Habitatsunder theMESA in all areas of
proposed workmost easily accomplishealy reviewing theMESA interactive web viewer.

Project applicants will also need to identify any local conservation areas and whether the lake is
designated as 8aBRW (314 CMR 4.00 or lies within anACEC (301 CMR 12.00. The project
applicantshoulddetermine if any areas of work are subject to existing easements, deed restriction
or conservatiormrestrictions as these may affect the ability to conduct the proposed work

The project applicant needs to provide artargate description of the current lake conditions and
what technique(s) is proposed to correct any undesirable condition or protect desirable features
consistent with all applicable regulations, including the WIPAwltiple approaches are proposed,
indicate whether there is a sequence or priority of acdadsonsidelincluding amulti-year plan

of implementationSelection of lake management methods should include an alternatives analysis
to determine if other methods that accomplish a similar level of protection and/or rehabilitation
should be considered and why the selected method is a better fit for the lake or pfobielin.

written alternatives analysis should state the criteria used to select alternatives, consider direct and
indirect impacts, effectivenesspntargetimpacts, and include measures that could be applied to
make the alternative acceptallethis regard, project applicants are urged to consult and use the
information provided in thidass APM Guideapplying theappropriateprofessional usage and
performance standardscontains.

Accurate delineation of the spatial extéatea)of the proposed activity is required and is very
important to both project planning and regulatory actions. Is the activity spatially limited (e.g.,
harvestingor herbicide spetreatment or lakewide (e.g., whole lake herbicide treatment,
drawdown)? Similarly, the temporal limits of the activitfrequency and seasonalityneed to be
described. Selection of proposed techniques should be appropriate to the defined management
goal, which should be explicitly stated (e.g., reduce nutrient loading by 20%, lay down 1500 sq.
ft. of bottom barrier, harvest aquatic weeds from 30% of takéom area)Finally, the project
applicant should propose a monitoring plan that will be used to guide implementation for best
results and judge whether target goals were successfully met after implementation (see section on
LMP). The project applicant assumes much responsibility when proposing a project.

Resources for Project Applicants

The written and online resources for project applicants are the same as for conservation
commissions as described previously. Professional assistance carries a cost but comes with many
resources for project planning, permitting, and implementation. Natural resource agencies,
especially those with regulatory power, may be able to offer guidance in the project planning stage
but the burden falls to th@roject goplicant to provide the information and data necessary to meet

the regulatory requementsinitial contacts with the local conservation commission, MassDEP,

and MassWildlife may be helpful in formulating the management program, but these groups do
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not typically get involved in specific project planniagd may have a regulatory or jurisdictional

obligationthatcan conflict withthe project goplicanb s g o al s

The project applicant should ensure that all interests are being considered and balanced before
submitting a filing and stakeholder groups related to a target lake should be viewed as resources

and collaborators in the planningstageL akes oft en

have

Aifriends

or events that have to be considered, and recreational anglers and boaters have aNattaitest.

groups will have the same goals for the lake, but the best plans tend to arise out of consideration
of all interests. AdditionallyiMassDCR has a role in designating invasive or nuisance species and

managing statewned lakes and related facilities and ntewe guidanceto offer during the

planning procesdWhile MassDCR is focused on public lakes, it is not a regulatory agency and

has fewer conflicts when offering advice on how to address lake and watershed problems.

Regulatory jurisdiction in lake management may include multiple agencies and regulatory

programs (see previous descriptions of key programisFigures 13 and L4Jnderstanding the

agencies, their jurisdictions, and advisory roles early in the project planning stage and

communicating with all interested parties will minimize later conflicts. Mass APM Guides

intended to establish a framework for lake management in MA, but there are enough details at the
local level to make each project unique. Project applicants need to be cognizant of local issues

within the context of the regulatory framework for best success.
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2814. OVERVIEW OF MANAGEMENT TECHNIQUES

2812 This chapter presents an overview of available techniques, dividing them into those that are
2813 consider ed MAandthoselthat d® ¢ a@at egori zed asStandadt er na:
2814 techniquesare widely applicabléo problems with algae and aquatic plaritave reasonable

2815 implementation potential, and hawe known level of reliability. Applicability of standard

2816 techniques is not universal, however, aglthbility, while known, is not necessarily high. Perhaps

2817 the most important feature of a standard technique is its implementation potential, especially as
2818 regardsgaining approval through the regulatory process. Standard techniques have been used in
2819 MA and the permitting process, while not always simplesiablished

2820 Alternative techniquemay beapplicableto MA lake problemsbut their reliability may be less
2821 well documentedsreating uncertainty in the planning process. Perhaps more critically, alternative
2822 techniques often lack a clear permitting pathway for u#An Some, such as the introduction of
2823 grass carp or any namative vertebratespecies,are specifically prohibited Others, such as
2824 bacterial products, sonfeinactivation compoundsgnd new herbicidal active ingredients, have
2825 not undergone the necessary procesegiilatoryacceptance for use MA. For any pesticide,
2826 which includes algaecides and herbicides, there is a product registration process administered by
2827 the MDAR. In addition, a special joint review by MassDEP and MDAR is conducted to approve
2828 algaecides and herbicides for use in lakes and pondairthMan take considerabiene for new

2829 products tdbe reviewed and accepted or rejected. Forpesticidal lake management products
2830 and techniques, the 20@BEIR called for a review process to be developed utiteMEPA, but

2831 no such process has been apptiedr the last two decades

2832 Techniques included in the 2004 GEIR were considered accepted upon approval of that document
2833 underthe MEPA, but thosaleveloped since have not been officially added to the approved list.
2834 Such techniques could be approved on a project by projectthasigyhthe MEPA, but it is

2835 desirable to provide an overall review and to develop guidance for & that is lacking for

2836 most alternative techniques. This guide provides relevant information for many alternative
2837 techniquesbut inclusion here does not signify acceptance uiderMEPA. A few of the

2838 alternative techniques were reviewed in the GBI accepted under the MEP#cluding

2839 dilution, flushing, selective withdrawadnd dyesand guidance for accepted use was offered
2840 However, these techniques have limit@glementation potential in MA under current regulations
2841 and are rarely used.

2842 Lake Problemsand Management Technique£overed

2843 Lake management techniquesvered in this guidécus on preventingnanagingpr reversing

2844  eutrophication, which is the process by which lakes age through nutrient and sediment inputs and
2845 become more fertile. Controlling eutrophication usually translates into watershed controls on
2846 nutrients and managing aquatic plants, which include algae and vascular plants. Techniques for
2847 controlling eutrophication in general and aquatic plants more specifically are the focud/taighis
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APM Guideand may be broadly classified as physical, chemical, or biological in nature. There is
a wide range of techniques, some much more commonly applied than others.

Reliability is a key factor in the selection of any lake management technique. While all techniques
have constraints relating to applicability and implementation, the focus iN#ss APM Guide

is on those techniques currently allowed under MA regulations that have a track record of success
with an understanding of what makes that success possible. Technique reviews focus on those
approaches for which the knowledge base and track record in MA is sufficient to consider the
techniques to be reliable in the sense that one can reasonably expect a certain result from proper
application and use of the technique is consistent with current laws and regulations.

This manual does include additional alternative techniques, applied in MA or elsewhere, that lack
the proven track record to be considered reliable, have limited applicability to MA kakes,
difficult to properly applyor are simply not legal under current laws and regulations. These are
included because stakeholdéngerested in solutions to lake problems may ferdicing case
studies, advertisements, and other presentations online or inqutimg these methodand an
objective source of imirmation is needed. These technigass addressed, just not to the extent

of thebetterdocumentear more frequently appliestandardechniqueslt is acknowledged that

the necessary knowledge to claim reliability may eventually be gained or the rules that currently
prevent application in MA may change at some point in the future so that these methods may yet
prove viable.

The use of some of the alternative techniques may be allowable in MA now with proper
justification. Permitting is likely to be more involved and incorporate more monitoring to ensure
that the technique is properly used, does not result in adverse impactstaogebmesources, and
provides demonstrable results. Examples include bacterial products intended to compete with
algae or consume organic sediment, sonication to kill susceptible algae, and dyes that restrict light
and therefore the depth at which plants can grow. Many of these techniques have demonstrated
success under specific circumstantes do not have as much applicability, implementation
potential, andbr reliability a s tsh e n @exhmidqués over the range of lake conditions
encountered in MA.

All of the techniques reviewed in thisiide are intended to mitigate the effects of eutrophication.

As lakes age, they naturally become shallower and more fertile. Human activities can greatly
accelerate that process. In MA many lakes wesated or shapeby human action, usually
construction of a dam in a stream corridor but sometimes by excavation or quarrying with
subsequent filling by ground water or surface water diversion. Shallow waterbodies are highly
susceptible to excessive plant growth. Deeper lakes provide gdatéd light limitation on rooted

plant growth in the central areas but may have a peripheral fringe of plants that provides valuable
ecosystem services but can also impair uses. Accumulation of sediment and loss of oxygen near
the bottom foster excessive algae independent of depth, although deeper lakes are more susceptible
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to oxygen depletion at the bottom with associated internal P loading that increases the probability
of cyanobacterial blooms.

No distinction between natural waterbodies and those formed by human action is made within the
WPA and its associated regulations, but there are provisions to counter the effects of
eutrophication, which include elevated nutrient concentrations, algae blooms, and excessive
aquaticplant growth especially where caused by human acti@yplication of the techniques
covered here magilow impacted waterbodies toeet the@ designated uses.

Public safety is not a primary concern under the WPA either, and the application of lake
management techniques as addressed in this guide does not get into the details of possible public
safety issues beyond the benefits of controlling algae (e.g., reducing toxins) and aquatic plants
(e.g., avoiding entanglement in swim areas). Some techniques could have implications for public
safety, such as the use of any chemical product in a drinking water sugply iofluence of
drawdown or artificial circulation oize conditionsPublic safety issues are usually given priority

over environmental factoend need to be considered during project planning

Overview of Options

Management optiorean be dividedhto twofunctionalcategories: control of nutrients and control

of aquatic plantsAquatic plants can be construeditzlude algae, although most of the time
reference to aquatic plants means higher plants, those with vascular tissue arCorgos.of
nutrients is usually intended to reduce algeowth, but there can be overlap with the control of
vascular plants. Control of water column concentratimay prevengrowth ofvascular plarg

not rooted in sediment, primarily duckweed, watermeal, coontail, or bladderwort i\ tyliatic
vegetationwith roots that extend into the sediment are much less dependent on water column
nutrients and will not be reduced by improved water clahityfact, ncreasedvater clarity may
causean expansion adquaticplant coverage into deeper water and greater density of growths in
shallower areas\utrient controls may occur in the watershpreventing entry to the laker in

the lakemaking nutrients less available. Many nutrient controls in the watershed also limit erosion
and sediment input to lakes, which can affect rooted vascular plants as well as algae.

If watershed controls are inadequateaike controlsmayprovide relief Where internal recycling
becomes the dominant source of Rlake controls may be necessary to prevent algae blooms
Likewise, where sediment inputs support dense growths of rooted plants, watershed management
cannot reverse that situationori@rol ofalgae and aquatic plantsthe lake may involvgrowth
inhibition, such as altering substrate features, light levels, or nutrient availability to be less
hospitable to growth, or direct removal, as with harvesting or herbicide application. Direct removal

is often performed on a maintenance basis, but in some caggarit@dmmunity can be altered

in more permanent ways.
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An overview of techniques applicable to control of algae will be offered first and then techniques
applicable to the control of vascular plarsisnply called aquatic plants hevéll be covered. The

overall listing of applicable techniques is meant to be all inclusive; inclusion of techniques is not
based on approval for use in MA or how reliable the technique is, as these aspects can change over
time. We will then divide techniques into functional groupings for further assessitent
standard techniquesre allowable in MA a clear path for permittingynd a reasonablyreliable

track recordhat sets expectationslternativetechniquesnay apply to MA lake problems but are

either currently prohibited from use in MA mequire additional approval to be used. Alternative
techniques often lacknough application to have established an adequate reliability record.

Control of Algae

It is preferable ta@ontrol algal populations by limiting the nutrient supgly this prevents blooms

from forming.P is the preferred nutrient for control, as it is more amenable to control than N and
is more effective with regard to cyanobacteria, many species of which can utilize did¢glaed

Even in cases where a lake is currently limited\bgr some nomutrient factor such as light, P
control is usually the preferred method to limit algae growth, as P can be made to limit algae more
effectively and economically. Consequently, the nutrient control options described here deal
primarily with P contrgl although many apply to N and other nutrients as.well

Yet it is important to acknowledge the importance of N and many other nutrients in lake ecology.
There are synergies among nutrients, most notably between N and P, that tend to increase the
probability of algae blooms when both are increased (Bracken et al. 2015, Paerl et al. 2016). Most
watershed management efforts do not focus just on P, addressing overall contaminant sources such
as erosion, lawn fertilizers, or wastewater discharges, and that is appropriate. Failing to control P
will usually lead to problems in lakes but controlling only P is not a guarantee of success in lake
management.

The needed or expected reductiorPifbadingcanbe modeled to predict the change in trophic
statusand likelihood of nuisance algal bloon¥et algal abundance in response to nutrient loading
is a probability distribution, not a threshold functigxigae blooms may be expected at some
reduced frequency even at fairly I&®evels, and lakes will not respond identically to changes in
loading. The magnitudeand timng of spring runoff events the watershedhange from year to
year, often with dramatic effects on algal bloom productitemagers should be prepared to adjust
strategies in response to resultant lake conditidlggl control through nutrient limitation is often

an iterative procesand use of the models described in the LMP development section will be
helpful when determining a target P concentration

Since the original GEIR and Practical Guide were published in 2004, the importance of internal P

loading in the generation of algae blooms, especially cyanobacteria, has become widely recognized
(Steinman and Spears 2020). Recycling of nutrients from sediment exposed to low oxygen can
result in large amounts of P released at a relatively low N to P ratio, favoring growth of
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cyanobacteria. Further, some of the wealbwn bloomforming cyanobacteria start their growth

cycle on sediment where there is just enough light and adequate available P in the sediment, so the
P doesnoé6t famintoethe water columnebefore uptake. These cyanobacteria species
eventually form gas pockets in cells and become buoyant, rising to form surface ,blooms
explaining their often sudden appearance. While the P in that sediment very likely came from the
watershed, reducing watershed inputs will not prevent this recycling process and sediment reserves
may be large enough to last decades. Consequently, reducing availability of P in lake sediment
may be essential before algaanbe controlled.

Direct control of algae can be accomplished by several means, killing them with algaecides,
flushing them out of the system, disrupting cells with sound waves, or sometimes disrupting
growth by vertical mixing of the water column. However, where the goal is to prevent blooms, the
control action must either occur frequently or adequate monitoring must be conducted to know
when to act. Waiting until a bloom occurs to take action can have far more adverse impacts than
preventing the bloom. It may still be beneficial to take direct control actions after a bloom has
formed, but there may be regulatory restrictions on those control actions (e.g., no algaecide
application at potentially toxic cyanobacteria concentrations >70,000 cells/mL or label limit of no
more than half the waterbody treated). Prevention is therefore much preferred over direct reduction
in algae abundance.

Understanding Options foControl of Algae in Lakes

All techniques have associated benefits and drawbacks, and those contemalgéiag
management should familiarize themselves with the following general farledgae and key
aspects of each management optibab{e3).

=

. Where light and nutrients are sufficient and taxfluences are minimahlgae will grow
P >0.01 mg/L and nitrogen >0.3 mg/L can support blooms
P >0.025 mg/L and nitrogen >0.6 mg/L will usually support blooms
Very little light is necessary for some species of algae to bleacgssory pigments allow
many algae to grow in very dim light
U Some algae grow at the sedimerdter interface then float upward to form blooms; high
nutrients in the water column are not necessary for bloom formation, only bhiagrtenace
U0 Metals and some organic compounds are the primary toxicants for algae; these may be in urban
or agricultural runoff as well as approved algaecides
U Algae (even cyanobacteria) are part of a healthy aquatic ecosystem; eliminating algae should
not be a goal, but rather restoring balance by aiding ecological processes

cC: C C:

2. One factomaycontrol the abundance of any given &daut that factor can vary over time and
among algae

U Natural succession of alga®er the growing seasas normal and is triggered by changing
control factors
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Somecyanobacteriacan turn nitrogengas into amino acids and do not require nitrate or
ammonium in the water like other algdeit require elements not needed by other algae
Temperature is very influential, with cyanobacteria favored by warmer water

Control of the whole algal community by one faa®not common but can occ(e.g.,very

low P or treatment with copper at high doses)

3. Nutrientforms andatios are major determinants of the type of algae present

i
i

c:

I

cC:. . CcC

i

Theratio of N to Pis most influential, bubthernutrientslike Si or Fecanbe influential
Cyanobacteridghrive at low N:P ratio§<10:1 by mass)while most greemlgaeprefer high
N:P ratios(>25:1 by mass)

Diatoms require highkilica

Carbonsourcesan be important at very high N ang®hcentrations and are linked to pH
Light and temperaturean also be important determinaot algal assemblage composition

. Diversity of algal adaptations may defeat controls other than maintainirig low

N fixation bycyanobacterianinimizes N limitation

Buoyancy regulation allows vertical movement

Auxiliary photgigments assist in low or high light habitats

Heterotrophy(i.e., ingestion of organic materiaan sustain some algae

Anti-grazing mechanismespecially large particle size (filaments or colonieai, minimize
consumption of algae @ooplankton

Resistance by some algae limits control with algaecides

5. Productivity and biomass are related but separate concepts

i

u
i
i

Productivity is a growth process

Biomass is the net result of growth and loss processes

High productivity leads to high biomass if loss processes are not adequate to maintain balance
Control methods seek to either decrease growth or increase loss; high productivity may be
desirable but high biomass is not.

6. The most effective alga&ontrol is achieved through reduction of external and inté&rtwding

i

u
i
u

o

P can be made to limit productivity most reliably

It is essential to determinderelative magnitude of sources of P

P control nay require multiple techniques aadextended timeframe

Other nutrients cannot be ignored by management, but blooms are unlikely to be eliminated
without control of P

It is reasonable to apply interim measures for algae control until P limitation is achieved

. High grazing pressure yields the lowest algamass per unit of fertility

Large-bodied, herbivorous, zooplanktagspeciallyDaphnig at high biomasé>100 ug/L)can
limit thebiomasof edible algae

Overview of Techniques Page4-33



3030
3031
3032
3033
3034
3035

3036
3037
3038
3039
3040
3041

3042

3043
3044

U Algal adaptation canftenovercome grazing pressure if nutrients are sufficiange particle
sizes (e.g., filaments, gelatinous aggregations) make algae less edible and are common with
cyanobacteria
U Having a zooplankton community dominated by labgelied grazers will yield the lowest
algal biomass possible at the existing level of lake fertility, but will not override the influence
of excessive nutrients

8. Algaecides should only be used until growth processes can be controlled

U Algaecides can provide shdadrm control and can prevent blooms if applied at the proper time

U Algaecides rarely provide loAgrm control and can have adverse side effects

U Label restrictions on use of algaecides may limit{akge effectiveness

U Algaecides may provide inexpensive control but do not address the root cause (excess
nutrients)
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Table 3. Management Options for Control of Algae

(Adapted from Wagner 2001 with additional experience over the last 20 years).

Option

Mode of Action

Advantages

Disadvantages

WATERSHED CONTROLS

1) Management for § Includes wide range 0 § Acts against the May involve
nutrient input watershed and lake original source of alga considerable lag time
reduction edge activities nutrition before improvement
intended to eliminate § Creates sustainable observed
nutrient sources or limitation on algae May not be sufficient to
reduce delivery to lake growth achieve goals without
§ Essential component § Controlsdelivery of some form of iAlake
of algae control other unwanted management
strategy where interne pollutants to lake Reduction of overall
recycling isnotthe  § Facilitates ecosystem system fertility may
dominant nutrient management approac impact fisheries
source, desirable evet which considers more May cause shift in
where internal than just algae control nutrient ratios which
recycling is important favor less desirable
algae
1a) Point source § More stringent § Often provides major May be very expensive
controls discharge input reduction in terms of capital and
requirements § Efficient approach in operational costs
§ May involve diversion most cases May transfer problems
§ May involve § Success easily to another watershed
technological monitoredas change Variability in results
improvements or in discharge quality may be high in some
operational cases
adjustments
§ May involve pollution
prevention plans
1b) Nonpoint source § Partial eduction of 8§ Removes source May require purchase
controls sources of nutrients  §  Limited or no ongoing of land or activity
§ May involve reduction costs May be viewed as
or elimination of land § Can be implemented limitation of property
uses or activities that and monitored at the owner rights
release nutrients local level Usually requires
§ May involve education and gradual

alternative product
use, as with no
phosphate fertilizer

implementation
May require municipal
bylaw or state law
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Table3 - continued

Option

Mode of Action

Advantages

Disadvantages

1c) Nonpoint source §

Capture of pollutants

Subsurface systems

Does not address

pollutant between source and lake minimize interference actual sources
trapping May involve drainage systen with land uses and May be expensive on
alteration activities necessary scale
Involves wde range of Allows diffuse and May require
possibletreatments phased implementation substantial
(detentioninfiltration, throughout watershed maintenance
filtration, active treatmeint Highly flexible Usually a slow proces:
May involve stormwater approach on watershed scale
collection and treatment as Tends to address wide Limits to level of
with point sources range of pollutargt trapping usually <50%
1d) Onsite Range of conventional to Avoids large point Allows many diffuse
wastewater advanced systems source discharge discharges
disposal Enhancements to increase Distributes costs amon Site limitations may
contaminant removal homeowners reduce effectiveness
Can reduce inputs to Does not address
groundwater and legacy inputs and
eventually to lake ongoing transport
IN-LAKE
PHYSICAL
CONTROLS
2) Circulation and Use of water or air to keep Reduces surface build May spread localized
destratification water in motion up of algal scums impacts

Intended to prevent or break

stratification

Generally driven by
mechanical or pneumatic
force

May disrupt growth of
cyanobacteria

May reduce internal
loading of phosphorus
Counteraction of anoxi:
improves habitat for
fish/invertebrates

Makes whatever
nutrients remain
present more available
May lower oxygen
levels in shallow watel
May promote
downstream impacts

3) Dilution and
flushing

Addition of water of better
quality can dilute nutrients
Addition of water of similar
or poorer quality flushes
system to minimize algae
build-up

May have continuous or
periodic additions

Dilution reduces
nutrient concentrations
without lowering load
Flushing minimizes
detention; response to
pollutants may be
reduced

Diverts water from
other uses

Flushing may wash
desirable zooplankton
from lake

Use of poorer quality
water increases loads
Possible downstream
impacts

Overview of Techniques

Page4-36



Table3 - continued

Option Mode of Action Advantages Disadvantages
4) Drawdown 8§ Water level lowered by outle 8§ May reduce available 8§ Possible impacts on
controls, siphon, or pumping nutrients or nutrient nontarget resources
§ Lowering of water allows ratios, affecting algae § May result in greater
oxidation, desiccation and biomass and nutrient availability if
compaction of sediments composition flushing inadequate
§ Duration of exposure § Alters exposed 8 Possible impairment
and degree of sediment in ways that of water supply
dewatering of exposed tend to supportless  § Alteration of
areas are important algae growth downstream flows
§ Exposure tends to resultin 8 Provides opportunity § Alteration of water
coarser, less nutriemich for shoreline clean level and accessibility
sediment in exposed zone up/structure repair § Refill dependent on
§ Drawdown supports selectiv 8§  Flood control utility weather; may be slow
withdrawal § May provide rooted
§ Algae are affected mainly by plant control as well
reduction in available
nutrients
5) Dredging § Sediment is physically § Canreduce algaeif 8§ Temporarily removes
removed by wet or dry internal recycling is benthic invertebrates
excavation, with deposition main nutrient source  § May create turbidity
in a containment area for § Removes algae restint § May eliminate fish
dewatering/disposal stages community (complete
§ Dredging can be applied on § Increases water depth dry dredging only)
limited basis, butismost ~ § Can reduce pollutant § Possible impacts from
often a major restructuring o reserves containment area
a severely impacted system § Can reduce sediment discharge
8§ Nutrient reserves are oxygen demand 8 Possible impacts from
removed, and algae growth § Can improve dredged material
can be limited by nutrient spawning habitat for disposal
availability many fish species § Interference with
§ Allows major recreation or other
renovation of aquatic uses during dredging
ecosystem 8§ Very expensive
5a) MfADryo § Lakedrainedorloweredto § Facilitatesmore 8§ Rarely atruly dry
maximum extent practical complete removal operation; tends to be
§ Target material dried to § May allow drying of messy
maximum extent possible sediments prior to § Eliminates most
§ Conventional excavation removal aquatic biota unless a
equipment used to remove § Allows use of less portion left undrained
sediments specialized equipment § Eliminates lake use
§ Greater ability to during dredging

remove target
sediment reliably
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Table3 - continued

Option Mode of Action Advantages Disadvantages
5b) fAWet 0 § Lakelevel maybelowered, § Requires least § Usually creates
but sediments not preparation time or turbidity concerns
substantially dewatered effort, tends to be least § Normally requires
§ Draglines, bucket dredges, ¢ cost dredging approact intermediate
long-reach backhoes used t¢ 8§ May allow use of easily containment area to
remove sediment acquired equipment dry sediments prior to
§ May preserve aquatic disposal
biota 8 May disrupt
ecological function
8 Disrupts many uses
5c¢) Hydraulic 8§ Lake level not reduced 8§ Creates minimal 8§ Often leaves some
removal § Suction or cutterhead dredgt turbidity and limited sediment behind
create low solids slurry impact on biota 8§ Cannot handle coarse
which is hydraulically § Can allow some lake or debrisladen
pumped to containment aree uses during dredging material
§ Slurry is dewatered; sedimel § Allows removal with 8 Requires sophisticate(
is retained, water is limited access or and more expensive
discharged shoreline disturbance containment area
§ Water discharge
needed
6) Light-limiting § Creates light limitation § Creates light limitation § May cause thermal
dyes and surface on algae growth stratification in
covers without high turbidity shallow ponds
or great depth 8 May facilitate anoxia
§ May achieve some at sediment interface
control of rooted plants with water
as well § Possible downstream
impacts
6.a) Dyes § Watersoluble dye is mixed § May produce appealinc 8§ May not control
with lake water, thereby color surface bloom
limiting light penetration and § Creates illusion of forming species
inhibiting algae growth greater depth § May not control
§ Dyes remain in solution until growth of shallow
washed out of system. water algal mats
§ Alters thermal regime
6.b) Surface covers § Opaque sheet material 8§ Minimizes atmospheric § Minimizes
applied to water surface and wildlife pollutant atmospheric gas
inputs exchange
§ Limits recreational use
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Table3 - continued

Option

Mode of Action

Advantages

Disadvantages

7) Mechanical Filtering of water or settling of & Algae and associated § Filtration requires
removal algae in dedicated device or nutrients can be high backwash and
facility removed from system sludge handling
Collection of floating scums or § Surface collection can capability for use
mats with booms, nets, or othe be applied as needed with high algae
devices § May remove floating densities
Continuous or multiple debris § Labor and/or capital
applications per year usually & Collected algae dry to intensive
needed minimal volume § Variable collection
efficiency
§ Possible impacts on
nontarget aquatic
life
8) Selective Discharge of water which 8§ Removes targeted § Possible downstrean
withdrawal contains higher nutrient levels water from lake impacts of poor
May be pumped or utilize efficiently water quality
passive head differential if not 8 Complements other § May eliminate colder
normal overflow techniques such as thermal layer that
Water may be pumped from drawdown or aeration supports certain fish
target area or outflow increase 8§ May prevent anoxia § May promote mixing
in well mixed system and phosphorus build of remaining poor
up in bottom water quality bottom water
§ May remove initial with surface waters
phase of algae blooms § May cause
which start in deegr unintended
water drawdown if inflows
8§ May remove surface do not match
blooms withdrawal
8§ May enhance § Lasting improvement
downstream thermal typically requires
regime many years of
application
9) Sonication Sound waves generated by §  Affects susceptible § Effects on nortarget
device in water disrupt algae algae, including most organismsnot
cells cyanobacteria completely understooc
Different frequencies can be § Applicable in localized § May release cellular
applied areas toxins or other
Used on continuous basis § Decreases algae build undesirable contents
when algae nuisances up into water column
expected § Cankeepsubstrates § Rooted plant growths

clean

or other obstructions
impedeeffectiveness
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Table3 - continued

Option

Mode of Action

Advantages

Disadvantages

IN-LAKE CHEMICAL CONTROLS

10) Hypolimnetic 8

Addition of air or oxygenat §

Oxic conditions promote §

May accidentally

aeration or varying depth provides oxic P bindingand disrupt thermal layers
oxygenation conditions sedimentation important to fish
8§ May maintain or break 8 Counteraction of anoxia community
stratification improves habitat for § Theoretically
§ Can release bubbles with fish/invertebrates promotes
absorption during rise in wate 8§ Build-up of dissolved supersaturation with
column or inside a chamber iron, manganese, sulfide gases harmful to fish
§ Can withdraw water, ammonia and § Biota may become
oxygenate, then replace phosphorus reduced dependent on
§ In-lake or shoréased mixing continued oxygen
chambers possible supply
11) Algaecides § Liquid or pelletized algaecide § Rapid elimination of 8§ Possible toxicity to
applied to target area algae from water columr nontarget species
§ Algae killed by direct toxicity § May resultin netossof § Possible restrictions
or metabolic interference nutrientsto lakebottom on water use for short
§ Typically requires application § Can prevent blooms witt time after treatment
at least once per year often timely application 8§ Increased oxygen
more demand
8 Possible recycling of
nutrients
11a) Forms of § Cellular toxicant, disruption of & Effective and rapid 8 Possible toxicity to
copper photosynthesis, nitrogen control of many algae aquatic faunafish and

metabolism, and membrane
transport §
Applied as wide variety of liquic
or granular formulations, often §
in conjunction with chelators,

species

Approved for use in 8§

most water supplies
Can treat water column §
or sediment surface

mussels

Less effective at colder
temperatures
Accumuldedcoppermay
affectsediments

polymers, surfactants or § Resistancéy certain
herbicides nuisance species
8§ Possible rupturing of cells
can release nutrients and
toxins
11b) Peroxides § Attacks cell walls, disrupts 8§ More effective on &  Will not impact all
cellular functions cyanobacteria than mos possible target algae
§ Causes structural deterioration other algae 8 More expensive than
§ Can be applied to water or § Minimal toxicity to copper
sediment as pellets aquatic animals at § May require sequential
recommended des treatments for best result:
§ Rapid action 8§ May lead to possible cell
8 No problem residual rupture with release of
compounds toxins.
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Table3 - continued

Option Mode of Action Advantages Disadvantages
11c) Synthetic &8 Absorbed or membrar&ctive 8 More effective on 8 Non-selective in treated area
organic chemicals which disrupt algae mats than other § Possible toxicity to aquatic
herbicides metabolism algaecides fauna (varying degrees by
§ Causes structural deterioratic § Limited toxicity to fish dose and formulation)
at recommended § Time delays on water use aft
dosages treatment
8 Rapid action

12) Phosphorus §

Typically salts of aluminum, §

Can provide rapid, 8§

Possible toxicity to fish and

inactivation iron or calcium are added to major decrease in invertebrates, mainly by
the lake, as liquid or powder; phosphorus aluminum at low or high pH
lanthanum awaiting MA concentration in water § Settled inactivation
approval column compoundsnay smother
§ Phosphorus in the treated § Can minimize release some invertebrates in
water column is complexed of phosphorus from sediment under target area
and settled to the bottom of sediment § Possible release of
the lake 8§ Aluminum removes phosphorus under anoxia
§ Phosphorus in upper sedimet particulates from (with Fe) or low pH (with
layer is complexed, reducing water as well as Ca)
release from sediment phosphorus 8§ Some aluminum products
8§ Permanence of binding varies 8 Flexible application, may cause fluctuations in
by binder in relation to redox can treat storm water, water chemistry, especially
potential and pH tributaries, water pH, during treatment
column, and/or 8§ Possible resuspension of
sediment settled inactivation
compoundsn shallow areas
13) Sediment § Addition of oxidants and 8§ Canreduce Psupply 8§ Possible impacts on benthic
oxidation possible supplements to to algae biota
oxidize sediment § Canalter N:Pratiosin § Longevity of effects not well
§ Binding of phosphorus is water column known
enhanced 8§ May decrease § Possible source of nitrogen
sediment oxygen for algae
demand

14) Settling agents §

Direct reduction of algae §
through enhanced settling
Lime, alum or polymers
applied, usually as a liquid o §
slurry

Creates a floc with algae ant §
other suspended particles
Floc settles to bottom

Removes algae and §
increases clarity

without lysing cells §
May reduce nutrient
recycling

Removes nomlgal ]
particles as well as
algae

May reduce dissolved §
phosphorus levels

Possible impacts on
aquatic fauna

Possible fluctuations in
water chemistry during
treatment
Resuspension of floc
possible in shallow,
well-mixed waters
Increased sediment
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Table3 - continued

Option

Mode of Action

Advantages

Disadvantages

15) Selective nutrient §
addition

Ratio of nutrients changed §

by additions

Addition of norlimiting
nutrients can change
composition of algal
community

Processes such as settling
and grazing can then reduc
algal biomass (productivity
can actually increase, but
standing crop can decline)

Can reduce algal levels §

where control of limiting
nutrient not feasible
Can promote non

nuisance forms of algae

Can improve
productivity of system
without increased
standing crop of algae
Can shift algae to more
edible forms

May result in greater
algae abundance
through uncertain
biological response
May require frequent
application to maintain
desired ratios
Possible downstream
effects

IN-LAKE BIOLOGICAL CONTROLS

16) Enhanced grazing §

Manipulation of biological
components of system to

increasgygrazingon algae
Typically altersfish
community to promote

growth of large herbivorous

zooplankton oaddalgae
eating fish

May increase water
clarity by changes in
algae biomass without
reduction of nutrierst
Can convert unwanted
biomass into desirable
form (fish)

Harnesses natural
processes to produce
desired conditions

May involve
introduction ofnon
nativespecies
(prohibited in MA)
Effects may not be
controllable or lasting
May foster shifts in
algal composition to
even less desirable
forms

16.a) Herbivorous fish §
(not permitted in
MA)

Stocking of fish that eat
algae

Converts algae directly
into potentially
harvestable fish

Grazing pressure can be

adjusted through
stocking rate

Typically requires
introduction of non
native species
Difficult to control
over long term
Smaller algal forms
may benefit and bloon

16.b) Herbivorous 8
zooplankton

Reduction in planktivorous

fish to promote grazing

pressure by zooplankton

May involve stocking
piscivores or removing
planktivores

May also involve stocking
zooplankton or establishing §

refugia

Converts algae indirectly

into harvestable fish
Rapidresponse to
increasing algae

May be accomplished
without introduction of
non-native species
Generally compatible
with most fishery
management goals

Highly variable
response; temporal
and spatial variability
may be high

Requires careful
monitoring and
management action o1
1-5 year basis

Larger or toxic algal
forms may benefit and
bloom
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Table3 - continued

Option Mode of Action Advantages Disadvantages
17) Bottomfeeding 8 Removes fish that browse & Reduces turbidity and § Targeted fish species
fish removal among bottom deposits, nutrient additions from are difficult to
releasing nutrients to the this source eradicate or control
water column by physical 8§ May restructure fish 8 Reduction in fish
agitation and excretion community in more populations valued by
desirable manner some lake users
(human/norhuman)
18) Pathogens § Addition of inoculum to § May create lakewide 8§ Largely experimental,
initiate attack on algae cells response with reductior no commercial
§ May involve fungi, bacteria of algae biomass products available
or viruses § May provide sustained § May promote resistant
control through cycles nuisance forms
§ Can be highly specific 8§ May cause high
to algal group or gener: oxygen demand or
release of toxins
§ Effects on nortarget
organisms uncertain
19) Competition and & Plants may tie up sufficient § Harnesses power of 8§ Some algal forms
allelopathy nutrients to limit algal growtt natural biological appear resistant
§ Plants may create a light interactions 8§ Vascular plant
limitation on algal growth § May provide prolonged nuisances potentially
§ Chemical inhibition of algae control created
may occur through § Decaying plants may
substances released by plar cause depression of
oxygen levels
8§ Depth or substrate
limitation on plant
survival
19a) Plantings for § Plant growths of sufficient § Productivity and 8§ Vascular plants may
nutrient control density may limit algal associated habitat value achieve nuisance
access to nutrients can remain high without densities
8 Plants can exude allelopath algae blooms § Vascular plant
substances which inhibit § Can be managed to limi senescence may
algae growth interference with release nutrients and
8 Portable plar recreation and provide cause algae blooms
floating islands, or other habitat 8§ The switch from algae

structures can be installed §

Wetland cells in or
adjacent to the lake can
minimize nutrient inputs

to vascular plant
domination of a lake
may cause unexpecte:
or undesirable change

3053
3054
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Table3 - continued

Option Mode of Action Advantages Disadvantages
19b) Plantings for 8 Plant species with floating 8§ Vascular plantscanb § At the necessary
light control leaves can shade out many more easily harvestec density, floating
algae growths at elevated than most algae plants likely to be a
densities § Many floating species recreational nuisance
provide valuable § Low surface mixing
waterfowl food and atmospheric
contact promote
anoxia
19c) Addition of 8 Input of barley straw can se § Materials and 8§ Success appears
barley straw off a series of chemical application are linked to uncertain
reactions which limit algal relatively inexpensive and potentially
growth 8§ Cyanobacteria are uncontrollable water
§ Release of allelopathic mostly more sensitive chemistry factors
chemicals can kill algae than other algae 8§ Depression of oxyger
8 Release of humic substance § May prevent bloom levels may result
may bind phosphorus formation 8 Not overly reliable

for control of algae

8§ Considered to be an
unregistered
algaecide

3055

3056 There are many factors to consider when choosing an algae management approach and making
3057 definitive recommendations without consideration of -sfiecific features, including soeio

3058 political factors, is very speculative. Additionally, many algae control techniques are not mutually
3059 exclusive, so more than one approach could be appitdn the interest of demonstrating how

3060 techniques might be chosen based on just a few general factors, a flow chart d)iggiogféred.
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Choosing Techniques for Algae Control

_\Iutl-ieg_ts Inputs Urban Runoff NPS Agricultural Runoff On-Site Wastewater Point Source Inputs
from Watershed Inputs Important NPS Inputs Important Inputs Important Important
Drive Algae Growth / \ i i l
. N_PS . NPS Trapping: Agricultural BMP: On-Site Wastewater Point Source
Ellmmah?n * Inlet devices » Fertilizer mgmt. Management: Reduction:
or Reduction * DBuffers/swales * Livestock mgmt.
e Detention e Cover crops e Timely clean out e Advanced
e Infiltration e« Conservation * System upgrade Treatment
e (Constructed tillage e Advanced systems e Diversion
wetlands * Sewering
Internal Nutrient Loading Due to Low Oxygen at Sediment-Water Interface Low Nutrient Water Available Downstream Discharge of High
Recyeling Drives Nutrient Water Acceptable
Algae Growth l l
Dredging Hypolimnetic Artificial P Dilution | Selective Withdrawal
Oxygenation Circulation Inactivation
Nutrient Levels Not
Adequately ‘ Direct Prevention of Algae Bloom Development ‘ Direct Removal of Abundant Algae
Controllable
‘ Enhanced Grazing ‘ | Sonication ‘ | Algaecides ‘ | Flushing Collection Systems Bacterial Additives
3061
Black arrows indicate higher reliability while blue arrows denote lesser reliability; however, no technique is guaranteed to work and many have inherent limits (e.g., watershed controls rarely provide >50% reduction).
Algae control techniques are mostly not mutually exclusive; it is common to address both watershed nutrient sources and internal loading and not unusual to add additional direct controls at least on an interim basis. Multiple
techniques from the same grouping (e.g.. urban runoff controls or reduction of internal loading) may also be applied to maximize control.
Choice of techniques within a grouping (e.g., direct bloom prevention techniques) to apply are largely driven by cost and ability to acquire permits but may also involve additional benefits derived from one technique over
another (e.g., hypolimnetic oxygenation improves habitat more than P inactivation).
3062
3063 Figure 15. Choosing an algae control strategy
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Control of Aguatic Vascular Plants

Aquatic vascular plants are an important ecological component of most lakes. Control of plants
should not be a goal of lake management without an adequate understanding of the services
provided by the plant community and consideration of the many aquatic anddepésrdent
organisms that depend on those plants for food and shelter. Lakes are not swimming pools, but
they are subject to the process of eutrophication, whereby rooted plants can become dense enough
to impair some uses. Additionally, lakes are subject to colonization by invasive plants that should
be controlled to minimize ecological damage to the lake.

The management of vegetation in shallow lakes merits special attention. Unlike deep lakes that
have a fringing vascular plant growth (littoral) zone with a substantial open water area, shallow
lakes can be almost entirely littoral zoa@daquaticplants may be the dominant component of

lake ecology. The concept of alternative stable states (Scheffer et al. 1993) applies to these lakes
and dictates that rooted plants or algae may dominate in a stable way, with disturbance potentially
shifting the lake between those alternative states. When rooted plants dominate, they tend to reduce
algae abundance by a combination of mechanisms and the water will be relatively clear, although
the density of rooted plants may impair some lake uses.

When rooted plants are lost, algae tend to become abundant, even without a major increase in
nutrient inputs to the lake. The algae can keep the rooted plants from regaining dominance, mostly
by light inhibition, and the ecology of the lake can be greatly changed, often causing use
impairment. An extensive review of 40 years of research (Phillips et al. 2016) suggests that loss
of rooted plants tends to be a progression involving decreased diversity, disturbances of natural or
human origin, climatic influences, and excessive N loading. Increasing algae may be a
consequence of the loss of vascular plants, but those algae can become a factor in continuing rooted
plant suppression. Management efforts targeting rooted plants in shallow lakes must be especially
cognizant of the balance between rooted plants and algae.

Where vascular plants have no true roots extending into the sediment of the lake, the same controls
used for algae will apply to those plants. Most vascular plants, however, have roots that anchor
them to a substrate and provide the majority of nutrients for growth. Consequently, control requires
addressing features of the sediment, limiting the amount of light available, or directly removing
targetrootedplants.

Other than dredging, techniques that address surficial sediment nutrients are unlikely to provide
rooted plant control, as roots typically extend deeper than the effect of treatment (e.g., oxygenation,

P inactivation); rooted plant control by other means is needed. The depth of light that reaches the
substrate can be limited by dyes or surface covers, but these create other issues in lakes and are
not commonly used in MA. Changing the sediment composition by addition of coarser material
can be effective but is contrary to regulations governing fill in wetland resources, which include
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lakes in MA. Covering the bottom with some sort of thin, synthetic barrier can be effective and is
practiced on a small scale in many lakes.

Direct removal of vegetation can be by physical means as simple as hand pulling or as complicated
as mechanized harvesters that cut and collect plants for disposal outside the lake. Direct removal
through herbicide application is also commonly practiced, with multiple active ingredients and
several formulations of most available. Choice of herbicide and formulation is highly dependent
on the target species and ladgecific conditions. Biological controls focus on adding animal
species that consume plants; adding vertebrates such asdgiaugt fish is prohibited in MA and

while some invertebrate herbivore additions have been tried, most have not been deemed reliable
enough to move to larger scale applications.

Where aquatic vegetatioomanagement is focused amvasive speciesdefined as nomative

species that have the potential to cause ecological and economicpnaventionand rapid
responsare critical components of a plant management progPaavention is challenging, as
coverage at all boat access points all of the time is not feasible and the movement of birds among
lakes is largely uncontrollable, but education of lake users can reduce the inadvertent transport of
invasive species. Rapid response, whereby an infestation is detected at an early stage when
eradication by available techniques is easiest and least expensive, is limited mainly by adequate
monitoring to support early detection.

Understanding Options for th€ontrol of Aquatic Plants in Lakes

All techniques have associated benefits and drawbacks, and those contemplatinyasgiatic
plant management should familiarize themselves with the following general rulasjfatic
plantsandkey aspects gbossible techniques for plant cont(@bble4).

1. In lighted areas with suitable sediments, plants will grow

U Light and substratquality arethe critical factorsin plant growth

U All lakes and ponds will normally have some amount of aquatic vegetation and it is important
for lake ecology in many ways

U Management for a diverse native plant community that does not minimize open water is an
appropriate goal for a healthy lake ecosystem

U Complete elimination of plant® facilitate water dependentisesis only practicable on a
localized basis (e.g., in a swim area or at a boat launch)

U Maintenance will always be required to keep even small areas relatively free of aquatic
vegetation

2. Understanding plant biology and ecology is essential to control

U The ecology of plant species varies and not all approaches work on all species

U Light needsand nutrientuptakevary substantially amongpecies and may affect control
U Reproduction by seeds vs. vegetative propagation is imptotdaotation of control

U Monocotyledon vs. dicotyledon biologyanaffect resultof herbicide use
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oW

There is no AOne Size Fits All 0 solution t
Each situation is to some extent unique
Adaptive strategies of plants require adaptive management for control and maintenance of a
balance of native plants and open water
Techniques can be applied in a wide range of levels and combinations
Management plans and related permitting should incorporate multiple control options that
support defined goals with thresholds for when each method would be applied

4. It is unusual to successfully manage all plants in a lake with one technique

i
i

Variation in lake and plant features usually calls for multiple techniques
Initial control and followup maintenance often require different approaches

5. Watershed management is unlikedysolve problems of excessive rooted plant density

i
i
i

Very few ooted aquatic plantsan becontrolled byimprovedwaterquality

Increased water clarity may extetie depth oplant growthand expand existing growths
Watershed management complementke management and should be part of a-tengn

lake management plan, but watershed management cannot address most rooted plant problems

6. Prevention is far less expensive thamatglitation but is not easy

i

cC: C C:

=IEN

c: C:

Prevention of the importation or spread of nuisance specias actively regulated iMA
Prevention costs are mainly associated with monitoring, regulatahsmaHscale action
Vigilance is essential and requires coordination among participating stakeholders

Rapid response to a new infestation is essential, has limited cost, and is best suppoeted by
existing rapid responseplans

Delays in permitting can be detrimental to rapid response; it is important to work with all
permitting authorities where an invasion is underway to expedite approval processes to take
prompt action

Rehabilitation costs typically involve expansive and repeated control effodwery difficult

to eliminate an established infestation

If rehabilitationis achieved, additional prevention costs then applynaintain the desired
native plant community

. A regional focus is needed to protect the investment made in control

Re-infestation from nearby lakes can reduce cordffdrt longevity or allow introduction of
new species

Control of invasive plant species on a larger scale can be more efficient and economical
Prevention measures are more effective on a regional scale
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3170 Table 4. Management Options for Control of Aquatic Vascular Plants
3171 (Adapted from Wagner 2004ith additional experience over the last 20 yars
3172
Option Mode of Action Advantages Disadvantages
PHYSICAL CONTROLS
1) Benthic barriers Mat of variable § Highly flexible control May cause anoxia at
composition laid on  §  Reduces turbidity from sedimemtwater
bottom of target area soft bottom sediments interface
suppressing growth  §  Can cover undesirable May limit benthic
Can cover area for as substrate invertebrates
littte as amonthor  § Can improve fish Non-selective
permanently habitat by creating edgr interference with
Maintenance effects plants in target area
improves results May inhibit
Usually applied spawning/feeding by
around docks, in some fish species
swim areas or boatin Non-maintained
lanes barriers can fail
1a) Porous or looseeave Laid on bottomand §& Allows some escape of Allows some plant
synthetic materials usually anchored by gases which may be growth through pores
weights or stakes generated underneath Gas may still build
Removed and 8§ Panels may be flipped up underneath in
cleaned or flipped in place or removed for some cases, lifting
and repositioned at relatively easy cleaning barrier from bottom
least once per year or repositioning
1b) Nonporous or sheet Laid on bottomand § Prevents all plant Gas buildup may
synthetic materials anchored by stakes, growth until sediment cause barrier to float
anchors or weights, accumulates if not vented
or by layer of sand § Minimizes interaction Strong anchoring
Removedor cleaned of sediment and water may make removal
in place periodically column difficult
1c) Altering sediment Sediments added on § Plant biomass can be Lake depth may
composition top of existing buried decline
sedimentaindplants § Seed banks can be Sediments may sink
Can limit plant buried deeper into or mix with
growths and alter § Sediment can be made underlying muck
sedimeniwater less hospitable to plant Permitting for added
interactions. growths sediment difficult
Sediments can be 8 Nutrient release from New sediment may
applied from the sediments may be contain nutrients or
surface or suction reduced other contaminants
dredged from below § Increasedwface Usually too
muck layer (reverse sediment appeal to expensive for large
layering technique) human users scale application
3173
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Table4 - continued

Option Mode of Action Advantages Disadvantages
2) Dredging 8§ Sedimentis 8§ Plant removal with 8§ Temporarily removes
physically removed some flexibility benthic invertebrates
by wet or dry 8 Increases water depth § May create turbidity
excavation, with § Canreduce pollutants § May eliminate fish
deposition in a including nutrients community (complete
containment areafor § Can reduce sediment dry dredging only)
dewatering/disposal oxygen demand § Possible impacts from
§ Dredging can be § Can improve spawning containment area
applied on a limited habitat for many fish discharge
basis, but is most species 8§ Possible impacts fromr
often a major § Allows major dredged material
restructuring of a renovation of aquatic disposal
severely impacted ecosystem § Interference with
system § May allow for growth recreation or other
§ Plants and seed beds  of desirable species. uses during dredging
are removed, and+e § Usually very
growth can be limited expensive
by light and/or
substrate limitation
2a) ADryo exc§ Lakedrainedor 8§ Facilitates more § Eliminates most
lowered to maximum complete removal aguatic biota unless a
extent practical § May allow drying of portionof lake is &ft
§ Target material dried sediments prior to undrained
to maximum extent removal § Eliminates lake use
possible § Allows use of less during dredging
§ Conventional specialized equipment
excavation equipmen §  Greater ability to
used to remove remove target sediment
sediments reliably
2b) MfnWet o exc§ Lakelevel maybe 8§ Requires least 8§ Usually creates
lowered, but preparation time or turbidity concerns
sediments not effort, tends to be least § May not remove all
substantially cost dredging approach target sediment
dewatered § May allow use of easily § Containment area
8§ Draglines, bucket acquired equipment often needed to dry
dredges, or longeach § May preserve most sediments prior to
backhoes used to aquatic biota hauling
remove sediment § May cause severe
ecological disruption
§ Impairs most lake

uses during dredging
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Table4 - continued

Option

Mode of Action

Advantages

Disadvantages

2c¢) Hydraulic (or pneumatic) §

No lake lowering

8

Creates minimal

Often leaves some

removal § Suction/cutterhead turbidity and limits sediment behind
dredges create slurry impact on biota Cannot handle
which is § Can allow some lake extremely coarse or
hydraulically pumped uses during dredging debrisladen materials
to containment area §  Allows removal with Requires advanced
8  Slurry dewatered, limited access or and more expensive
sediment retained, shoreline disturbance containment area
water discharged Water discharge
needed
3) Dyes and surface covers § Watersoluble dyeis § Light limit on plant May not control
mixed with lake growth without high peripheral or shallow
water, limiting light turbidity or great depth water rooted plants
penetration and 8§ May achieve some § May cause thermal
inhibiting plant control of algae as well stratification in
growth § May achieve some shallow ponds

May facilitate anoxia
at shallower depth
Covers inhibit gas
exchange with
atmosphere and
restrict recreation

§ Dyes not used in
water bodies with an
active outlet

§ Dyes remain in selectivity for species  §
solution until washed tolerant of low light
out of system. 8
§ Opague sheet
material applied to
water surface

4) Mechanical removal 8
(Aharvestin

Possible impacts on
aquatic fauna

§ Possible non
selective removal of
plants

Possible spread of
undesirable species
by fragmentation
Possible generation
of turbidity

Highly flexible control  §
May remove other
debris

Plants reduced by &
mechanical means, §
possibly with
disturbance of soils § Can balance habitat an
8 Collected plants may recreational needs
be placed on shore 8
for composting or
hauled for disposal
8 Wide range of 8§
techniques employed
from manual to

highly mechanized

4a) Hand pulling 8§ Plantsuprooted by 8§ Highly selective § Labor intensive
hand (fAwee technique § Difficult to perform
and removed § No specialized in dense stands

equipment requirement §  Usually requires

divers
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Table4 - continued

Option Mode of Action Advantages Disadvantages
4b) Cutting (without 8§ Plants cut in place § Generally efficientand 8§ Leaves root systems
collection) above roots without less expensive than and part of plant for
being harvested complete harvesting possible regrowth

8 Leaves cut vegetatiol
to decay or to reoot
§ Not selective within

applied area
4c) Harvesting (with 8§ Plants cut up to deptt § Allows plant removal on § Limited depth of
collection) of 10 ft and collected greater scale operation
for removal from § Can create lanes and § Often leaves
lake ecological edge habitat fragments which may
§ May involve one re-root and spread
machine or two, one infestation
for cutting and one § May impact lake
for collection fauna

§ Limited selectivity
within applied area

4d) Rototilling 8 Plants, root systems, § Can thoroughly disrupt & Usually leaves

and surrounding entire plant fragments which may
sediment disturbed re-root and spread
with mechanical 8§ May impact lake
blades fauna

§ Not selective within

applied area
§ Creates substantial
turbidity
4e) Hydroraking 8 Plants, root systems § Can thoroughly disrupt 8§ Usually leaves
and surrounding entire plant fragments which may
sediment and debris § Also allows removal of re-root and spread
disturbed with stumps or other § May impact lake
mechanical rake, obstructions fauna
material collected by § Some sediment likely to § Not selective within
rake removed from be removed with plants applied area
lake and debris § Creates substantial
§ Usually performed  § Can grade bottorim localizedturbidity

near lake edge where swim areas or boat § May be treated as
mechanical launches dredging under MA
harvesters cannot regulations

easily operate
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Table4 - continued

Option Mode of Action Advantages Disadvantages
5) Water level control § Lowering or raising Requires only outlet Potential issues with
the water level to control to affect large water supply
create an inhospitabli area Potential issues with
environment for some Provides widespread flooding
or all aquatic plants control in increments of Potential impacts to
§ Disrupts plant life water depth nontarget flora and
cycle by desiccation, Complements certain fauna
freezing, or light other techniques
limitation (dredging, flushing)
5a) Drawdown § Lowering of water Control with some Possible impairment
allows desiccation, flexibility of well production
freezing in winter, Opportunity for Reduction in water
physical disruption of shoreline clean supply availability
plants and habitat up/structure repair Alteration of
§ Timing and duration Flood control utility downstream flows
of exposure and Protects shoreline from Possible impacts on
degree of dewatering ice damage emergent wetlands
are critical aspects Impacts vegetative and water dependent
§ \Variable species propagation species wildlife
tolerance to with limited impact to Possible fish impacts
drawdown; emergent seed producing Possible shoreline
species and seed populations erosion and slumping
bearers less affected Develops coarser May result in greater
§ Most effective on sediment irdrawdown nutrient availability
annual basis area for algae
5b) Flooding § Higher water level in Where water is . .
the spring can inhibit available and dam Potential perlpheral
seed germination anc control exists, this can propgrty flooding
plant growth be an inexpensive _Posable downstrearr
8§ Higher flows which technique impacts )
are normally Plant growth need not Many species may

associated with
elevated water levels
can flush seed and
plant fragments from
system

be eliminated, merely
retarded or delayed
Timing of water level
control can selectively
favor certain desirable
species

not be affected, and
some may benefit
May increase nutrien
and organic loading,
increasing algae
growth
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Table4 - continued

Option

Mode of Action Advantages

Disadvantages

CHEMICAL CONTROLS

6) Herbicides

Liquid or pelletized & Wide range of control §

herbicides applied to is possible

target area or to § May be able to 8§
plants directly selectively eliminate
Contact or systemic species S
chemicalkill plants  § May achieve temporary
or limit growth algae control 8§

Typically requires 8§ May allow for more
application every -b desirable plant growth
years §

Possible toxicity to
nontarget species
Possible downstrearr
impacts

Restrictions of water
use after treatment
Increased oxygen
demand from
decaying vegetation
Possible recycling of
nutrients to allow
other growths

6a) Forms of copper or

peroxide

Control of some 8§
submersed plant speci¢
but applied mostly as

an aid to control by

other herbicides

Contact herbicides  §
Cellular toxicants,
membrane disruption
Applied as wide

variety of liquid or

Potentially toxic to
aquatic fauna as a
function of
concentration,
formulation, and

3174

granular forms, 8§ More often an algal ambient water
usually for control of control agent chemistry
algae on plants to 8§ Ineffective at colder
improve results of temperatures
other herbicide § Copper ion persisten
applications in system sediment
6b) Forms of endothall Contact herbicide 8 Moderate control of 8 Nonselective in
(7-oxabicyclo [2.2.1] with limited some emersed plant treated area
heptane2,3-dicarboxylic translocation species, moderatelyto § Potentially toxic to
acid) potential highly effective control aquatic fauna
Membraneactive of floating and (varying degrees by
chemical which submersed species formulation)
inhibits protein § Limited toxicity to fish & Time delays on use
synthesis at typical MA dosages for water supply,
Causes structural 8§ Rapid action agriculture and
deterioration recreation
Applied as liquid or
granules
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Table4 - continued

Option

Mode of Action

Advantages

Disadvantages

6¢) Forms of diquat
(6,7-dihydropyrido [1,2
2 6 sC]ipyrazinediium
dibromide)

Contact herbicide §
with limited
translocation

potential

Absorbed by foliage
but not roots

Strong oxidant; 8§
disrupts most cellular
functions

Applied as a liquid,
sometimes in §
conjunction with
copper

Moderate control of 8
some emersed plant
species, moderately to §
highly effective control

of floating or submersec
species 8
Limited toxicity to fish

at recommended
dosages, low toxicity at
typical MA doses

Rapid action

Nonselective in
treated area
Potentially toxic to
zooplankton at high
application rates
Inactivated by
suspended particles;
ineffective in muddy
waters

6d) Forms of flumioxazin
(N-(7-fluoro-3,4-dihydro-
3-oxo-4-prop-2-ynyl-2H-
1,4benzoxazir-yl)-
cyclohex1l-enel,2-
dicarboxamide)

Contact herbicide §
with limited
translocation

potential

Blocks biosynthesis

in several metabolic §
pathways, toxic
porphyrins build up
Damages cell §
membranes, physical
plant structure

Moderately to highly §
effective control of a
variety of submersed

and floating leaved

species

More effective on algae
mats than many 8§
herbicides 8

Fairly fast action

Potential toxicity to
aquatic fauna,
depending upon
formulation and
ambient water
chemistry

Limited selectivity
Time delays for use o
treated water for
agriculture and turf
management

6e) Forms of glyphosate
(N-[phosphonomethyl

glycine)

Systemic herbicide §
Absorbed through
foliage, disrupts
enzyme formation

and function in 8§
uncertain manner
Applied as liquid

spray §

Moderately to highly §
effective control of
emergent and floating §
leavedplant species

Can be used selectively
based on application to
individual plants 8
Rapid action

Low toxicity to aquatic
fauna at usual dosages §
No time delays for use

of treated water

Non-selective in
treated area
Inactivation by
suspended particles;
ineffective in muddy
waters

Not for use within 0.5
miles of potable
surface water intakes
Terrestrial
formulations have
caused public conceri
over human health
impacts
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Table4 - continued

preferably during
early growth phase of
plants

needed

Option Mode of Action Advantages Disadvantages
6f) Forms of imazapyr Systemic herbicide § Moderately to highly 8 Non-selective in
(2-(4-isopropyt4-methyt Inhibits acetolactate effective control of treated area
5-oxo0-2-imidazolin-2- synthase (ALS), an emergent and floating §  Not for use within 0.5
yl)-nicotinic acid) enzyme involved in leavedplant species miles of potable
the synthesis of § Can be used surface water intakes
essential amino acids selectively, basedon & Long time delay for
Applied as liquid application to agricultural use after
spray to emergent or individual plants treatment unless
floating leaved § Low toxicity to residue testing reveal
vegetation animals, which do not values below set
Causes slow death by have ALS threshold
structural deficiency
6g) Forms of imazamox Systemic herbicide 8§ Moderately effective 8§ Low selectivity in
((x)-2-[4,5-dihydro-4- Inhibits acetolactate control of aquatic treated area
methyt+4-(1- synthase (ALS), an vegetation § Not for use within 0.5
methylethyl}5-oxo- enzyme involved in  § Extends control to miles of potable
1Himidazot2-yl]-5- the synthesis of submergent plants surface water intakes
(methoxymethyh3- essential amino acids unlike the similar § Long time delay for
pyridinecarboxylic acid) Applied as liquid to imazapyr agricultural use after
emergent, floating § Limited exposure time treatment unless
leaved, or submerged needed residue testing reveal
plants, especially § Low toxicity to values below set
monocotyledons animals, which do not threshold
Causes slow death by have ALS
structural deficiency
6h) Forms of 2,D Systemic herbicide & Moderately to highly & Potential toxicity to
(2,4-dichlorophenoxyl Inhibits cell division effective control of a aquatic fauna,
acetic acid) in new tissue, variety of emergent, depending upon
stimulates growth in floating, and formulation and water
older tissue, resulting submersed plant chemistry
in gradual cell species § Time delays for use o
disruption § Can achieve some treated water for
Applied as liquid or selectivity through agriculture and
granules, frequently application timing and recreation
as part of more concentration § Not for use in potable
complex formulas, § Limited exposure time water supplies;

including lakes with
nearby wells in sandy
soils
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Table4 - continued

Option

Mode of Action

Advantages

Disadvantages

6i) Forms of fluridone
(1-methyt3-phenyts-[-
3-{trifluoromethyl}
phenyl}4[IH]-
pyridinone)

Systemic herbicide
Inhibits carotenoid

pigment synthesis ant 8

impacts
photosynthesis

Best applied as liquid §

or granules during
early growth phase of
plants

Can be used selectively §
based on concentration
Gradual deterioration of

affected plants limits

impact on oxygen level
Effective against severa

difficult-to-control
species

Low toxicity to aquatic
fauna

Impacts on nottarget
plant species possible
at higher doses
Extremely soluble anc
mixable; difficult to
perform partial lake
treatments

Requires extended
contact time

6j Forms of triclopyr
(3,5,6trichloro-2-
pyridinyloxyacetic acid)

Systemic herbicide
Disrupts enzyme
systems specific to
plants

Applied as liquid
spray or subsurface
injected liquid

Effectively controls
many floating and

submersed plant specie
Can be used selectively §

more effective against
dicotyledon plant
species

Effective against severs

difficult-to-control
species

Low toxicity to aquatic
fauna

Limited exposure time
needed

Impacts on nottarget
plant species possible
at higher doses
Restrictions on use of
treated water for
supply or recreation
Not as effective on
certain invasive
species as other
applicable herbicides

6k Forms of florpyrauxifen
benzyl
(2-pyridinecarboxylic
acid, 4amino-3chlore6-
(4-chloro-2-fluoro-3-
methoxyphenyl}5-
fluoro-, phenyl methyl
ester)

Systemic herbicide
Synthetic auxin, alters

cell wall elasticity and §

gene expression,
disrupts tissue
formation, causes
slow death

Liquid sprayed on
emergent/floating
plants or injected into
water column

Effectively controls

several invasive speciet
Can be used selectively

more effective against
dicotyledon plant
species

Low toxicity to aquatic
fauna

Limited exposure time
needed

Limited target
species, higher doses
limited by solubility
Time delays on use o
treated water for
irrigation

Limited track record
(new in MA as of
2019)

Overview of Techniques

Page4-57



Table4 - continued

Option Mode of Action Advantages Disadvantages
BIOLOGICAL CONTROLS
7) Biological Fish, invertebrates or § Provides potentially 8§ Typically involves
introductions pathogens which feec continuing control with introduction of non
on or parasitize plants one treatment native species
are added to systemt § Harnesses biological § Effects may not be
affect control interactions to produce controllable
The most commonly desired conditions § Plant selectivity may
used organism outsid § May produce potentially not match desired
MA is the grass carp, useful fish biomass as target species
but the larvae of an end product 8§ May adversely affect
several insects have indigenous species
been used, and viruse
have been tested
7a) Herbivorous fish (not Sterile juveniles § May greatly reduce § May eliminate all
permitted in MA) stocked at density plant biomass in <2 plant biomass
which allows control years § Likely to impact non
over multiple years  § May provide multiple target species
Growth of individuals years of control from 8§ Funnels energy and
offsets losses, single stocking nutrients into algae
increases herbivorous §  Sterility intended to 8§ Alters habitat
pressure prevent population § May escape upstrean
Grass carp are illegal perpetuation and allow or downstream
in MA. later adjustments § Difficult to manage
population
7b) Herbivorous Larvae or adults § May involve species § Some utilized species
invertebrates stocked at density native to region, or ever are nonnative
intended to foster targeted lake § Population ecology
control § Some species have no suggests incomplete
Usually intended to negative effect on nen control likely
selectively control target species 8§ Oscillating cycle of
target species § May facilitate longer control and regrowth
May yield broader term control with expected
plant control in some limited management § Predation by fish may
cases complicate control
§ Possible interference

from other lake
management actions
that impact some life
stages
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Table4 - continued
Option

Mode of Action Advantages Disadvantages

7¢) Fungal/bacterial/viral 8§ Inoculumusedtosee § May be highly species § Effectiveness and

pathogens

lake or target plant
patch

specific

May provide substantial

longevity of control
not well known

Growth of pathogen control after minimal § Infection ecology
population expected inoculation effort suggests incomplete
to achieve control control likely
over target species
Very few products
available, largely
experimental

7d) Selective plantings Establishment of plan § Can restore native § Largely experimental
assemblage resistant assemblage 8§ Nuisance species ma
to undesirable specie: § Can encourage eventually return to
Plants introduced as assemblage most dominate assemblage
seeds, cuttings or suitable to lake uses § Introduced species

whole plants

Supplements targeted
species removal effort

may become
nuisances

§ Very limited track
record in MA, but a
logical follow up to
invasive species
control where large
areas are without

plants
3175
3176 There are many factors to consider when choosing a plant management approach and making
3177 definitive recommendations without consideration of -sgecific features, including soeio
3178 political factors, is very speculative. Some plant control techniques are not mutually exclusive and
3179 more than one technique may be needed to address the suite of species present. Yet in the interest
3180 of demonstrating how techniques might be chosen based on just a few general factors, a flow chart
3181 (Figure ¥) is offered.
3182
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3184

Plants Attached to
Substrate (Yes/No)

Impacted Area
(acres)

Target Plant Density
(stems per 100 SF)

Sensitive Non-
Target Protected or
Desirable Species
Present (Yes/No)

Management
Option

Choosing Techniques for Vascular Plant Control

Excess water
available (Yes/No)

I

| <10

H 10-100 H 100 |

[V

Floating
Plant
Flushing

Floating
Plant
Collection

Hand
Harvesting
(including

DASH)

Benthic
Barriers

\m;mmunyes \

Invertebrate
Herhivores

‘ Herbicides

‘ ‘ Dredging ‘

Mechanical
Harvesting

Drawdown

Numeric thresholds are approximate; project-specific decisions on cut-off points for various techniques may vary, especially as relates to preventive vs rehabilitative actions.

Many techniques are not mutually exclusive; it 1s common to apply more than one technique where more than one plant species presents management issues.

Management options are more restricted when plant or animal species sensitive to any given technique are present, either by law under the MESA or WPA or just by desirability to maintain a healthy aquatic system.

However, in some cases sensitivity is partly a function of the technique, as with a choice of herbicides that may involve active ingredients, formulations, or doses that have less impact on non-target species.

Sensitivity may vary for invertebrate herbivores as well, with some impacting a wide range of plants (e.g., crayfish) while others are genus-specific (e.g., milfoil weevil).

Further, the timing of application may affect sensitivity, allowing vse of many techniques at times when sensitive species or life stages are absent.

Overview of Techniques

Figure 16. Choosingan aquatic plant control strategy

Page4-60



3185

3186
3187
3188
3189
3190
3191
3192
3193

3194
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3200
3201

3202
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3204
3205
3206
3207
3208
3209
3210
3211
3212
3213
3214
3215
3216
3217
3218
3219
3220
3221
3222

Functional Technigue Groups for Further Review

The extensive lists of techniques for algae control (Table 3) and aquatic vascular plant control
(Table 4) includesometechniques that have received little application in MA, some because their
use is prohibitedsome because théave limited applicability or implementation potentiahd

some because they have not been found reliable enough for use on a wide or frequent basis.
However, some appear reliable enough when applicable and properly implemented, but were not
included in the 2004 GEIR and have not undergone any kind of approval process through the
MEPA. Such techniques may be permittable in MA, but the process may not barateaMEPA

review may be necessary.

While all the listed techniques have potential merit in lake and watershed management, the greatest
amount offurthereffortin this manuais expended on the review of techniqtiest are applicable

to algae and aquatic plant control in MiAave high implementation potential in MA, and have
documented reliabilityi.e., standard techniquedmplementation potential includes both the
technical ability to apply a technique properly and the potential to get the necessary permits to
apply it in MA. Techniques are divided into functional groups that include those that reduce
nutrient inputs to the lake, those that limit nutrient availability once in the lake, methods for directly
removing algaeandapproaches toontrollingaquatic vascular plant growttlirectly or indirectly

Groupings of techniques considered applicatiklh high implementation potentiah MA and
knownreliahility include:

0 Techniques to reduce nutrient (and other contaminant) inputs to lakes
o Point source controls
A Point source quality management
o Non-point source controls
A Source limitation
Agricultural best management practices
Trapping by inlet devices
Buffers and swales
Detention
Infiltration
Constructed wetlands
o On-site wastewater management
U Techniques to reduce nutrient availability in lakes
o Phosphorus inactivation
o Artificial circulation
0 Hypolimnetic oxygenation
o Dredging
U Techniques to directly remove algae
o0 Algaecides

> > > > > D
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3223
3224
3225
3226
3227
3228
3229
3230
3231

3232
3233
3234
3235
3236
3237
3238

3239
3240
3241
3242
3243
3244
3245
3246
3247
3248
3249
3250
3251
3252
3253
3254
3255
3256
3257
3258
3259
3260
3261

U Techniques t@ontrolaquaticplant growth

(0]

O O o0 o o o o

Dredging

Benthic barriers

Drawdown

Algae control options above for fré@ating plants

Hand harvesting (with DiveAssisted Suction Harvestif@ASH) option)
Mechanical harvesting

Hydroraking

Herbicides

Techniques that are currently recognized 1in
as a result okitherbeing prohibited, having fewer situations in which they are applicable,
having high implementation potentiadjther as a function ofpermitting issuesor technical
constraints on applicatioor not having enough of a track recordqueantify reliallity at this
These are consi dewstandard nt e cehsnsiegru edse,t abut tshoan
applicability in MA and have been used. These alternative techniques are listed here with the
rationale for why they are considered to representéssablealternatives in MAat this time

time.

U Nutrient control

(0]

Point source diversion Diverting point source discharges from lakesot preferable to
improving the quality of such discharges aeduires substantial permitting and impact
consideration, but has been done in rare cases, more recently as relates to stormwater
discharges regulated under NPDES, as there are very few wastewater discharges to lakes
Selective withdrawal Discharging poor quality water downstream is difficult to permit,
while pulling enough water from a waterbody to prevent low oxygen from developing in
deeper areas during summer without substantially draining the lake is challengirey

this technique has lowered nutrient concentrations in some cases, goals for nutrient control
have not usually been achieved

Dilution i While potentially allowable under existing laws, acquiring enough clean water
within a given watershetb make a difference in any but the smallest ponds is a major
challenge

Lanthanum Modified BentonitgMB) and other producter P inactivatiori While some
concerns have been expressed regarding possible impacts to benthic biota and
bioaccumulationLMB and several othd? inactivation productée.g., EutroSorbhave
applicability in MA and a successful track record exists for other states and countries
Approvalunder MEPAappearsieedeeforetheseproduct can be used in MAnd is in
progress as of this time

Removal of bottom feeding fishSome methods (e.g., fish poisons) may not be permittable

in MA while others (e.g., netting) may.deis difficult to maintain controlput there have
beensuccesses outside MAlthough this mayead to rooted plant problems in shallow
lakes.
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3263
3264
3265
3266
3267
3268
3269
3270
3271

3272
3273
3274
3275
3276
3277
3278
3279
3280
3281
3282
3283
3284
3285
3286
3287
3288
3289
3290
3291
3292
3293
3294
3295
3296
3297
3298
3299
3300
3301

o

Floating islands/hydroponi@ésGrowth of plants and related microbes can take up nutrients,
but scale of application to make a difference is an iaadeoncernshave beemxpressed
regarding construction materials, anchoring, and choice of plEmtsisnot yet a reliable
approach.

Sediment oxidatioit Addition of compounds to oxidize sediment and minimize P release
may impact benthic bioandmay release some nutrienpsoduct approval under MEPA
appears necessdiyr use in MA.

Selective nutrient addition Altering nutrient ratios cashift algae composition to more
desirable species but may not prevent high density of ;adgittion of more nutrients
raises permitting issues in MA.

U Direct control of algae

0]

Flushingi Keeping water moving through a lake at a replacement rate of about every two
weeks can prevent bloom development, although acquiring enough water to sustain this
approach is challengingMoving algal blooms downstream may not receive regulatory
approval in MA.

Collection system$ Curtains with collection chambers or barges that extract algae from
the water column have been developed and tested, some inSMiZh systemsre
applicable and permittable but have not yet enjoyed widespread use in MA or elsewhere
It is also possible but not efficient to harvest algal mats with mechanical harvesters.
Sonicationi Use of sound waves to disrupt algal cell functions can kill susceptible algae
and be permitted in MA but does not work on all algae and requires a netwdwkiods

within the waterbody.

Ecological management for more and larger zooplanktoBnhancing zooplankton
community structure caneducealgae biomassind be permitted bytroduceshighly
variable resultandcontrol ishard to maintainThis approacliends to enhance results of

P control buis not reliable as a substitute where nutrients are abundant.

Barley strawi Decayng barley strawproduces compounds that do tend to reduce
cyanobacteria and some other algae g notproduced consistent results andhy
adversely impact water qualitarley strawhas not beemegisteredoy MDAR and is
thereforeconsidered to be an unregistered algaeg@ds/entingoermittingfor use in MA
Bacterial additive$ Many productsareavailablewith very limited literature supporthe

mode of actions unclear in most casesxdmany formulations are proprietary, creating
permitting issuesSome successes have been documentegtmatuct approval under
MEPA andregistrationby MDAR appears necessdiyr use in MA

Settling agent$ Polymers or other compounds added to water to bind with and settle out
particulates includinglgae are part of many water treatment systems used outside of lakes
and ponds Settling agentsould beuseful in lakes and ara possible component of
bacterial additive approaches. Settling by coagulation fostered by aluminum added for P
inactivation (e.g.alum) is presently approved for use in MA, but other settling agents are
notapprovedat this time and would require MEPA review for use in MA
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U Direct control of algae and vascular plants

(0]

Dyesi Coloring the water a deep blue, dyes have been permitted as pesticides in MA
While there is some applicability to isolated ponds, dyes tend to cause shallower
stratification and oxygen loss while not limiting growth in water <3 feet deep.

Surface cover$ Floating sheet material or buoyant bdisve been uset restrict light

and limit growth,with historic use in drinking water storage reservoirs butimgiublic

lakes Surface coversnterfere with most recreational and wildlife usest may be
applicable on a small scale on a temporary hasssipport water dependent uses.

Algae or vascular plargating fishi Prohibited in MA at this timethis approaclnvolves
nonnative species, tends to generate high levels of available nutaedtssnot easily
controllable.

Algae or vascular plant pathogen$o commercial productare currently availabléout

past productiave not been reliable in testing programsy pathogenic produatould

need approval under MEPandregistrationby MDAR for use in MA

U Direct control of vascular plants

0]

Plant competitiori Rarely used in MA with some concerns over moving plants among
lakes, techniques for replanting lake areas with desired speeiest well developed but

do represent a missing step in plant management.

Reverse layeringj Moving sand from underneath organic sediment and creating a new
layer on top was developed in MA but rarely udeesults have not been relialite plant

control

Herbivorous invertebrateis While multiple species of invertebrates have been used to
control target plant species, such as the loosestrife beetle and milfoil weevil in MA in the
1980s and 1990s, they have not been reliable in many cases and introduced species pose
potential ecological thremind permitting challenges.

Rotovationi Working like an underwater rototillerptovation equipmentvill destroy
vegetation in target areas but creates plant fragments and turbidity, may not be permittable
in MA, and has not been widely used elsewh@tber methods are as effective with less
adverse impact.

Physical plant disruption devicdsMechanical devicesandisturb sediment by jetting

water or dragging plastic or metal strips across the sediment surface to minimize plant
growth, usually attached to docks or shoreline structares operating on a small scale
Thesehave not been reviewed under MEPA analy require additional permitting under

Sec 401 depending dhelevel of sediment disturbance.

Additional Lake Problems

There are lake problems that may peripherally relate to eutrophication or aquatic plants that are
not directly covered in this manual. These are worth mentioning, with some suggestions on what
techniques that are being covered might apply and useful sources of information where this manual
does not directly address the problem.
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0 Sedimentatiori Loss of depth, independent of rooted plamalgaessuescan impair a lake.

Removing the sediment isovered by dredgingDigestion of organic sediment has been
claimed by some bacterial products, but evidence of success is very limited and since it is
unusual for more than half the sediment in a waterbody to be organic, only partial results are
possible. Most watershed management techniques address erosion and can reduce or prevent
future sedimentation but will not address sediment once it is in the lake.

Organic inputsaand pathogensBacterial contaminatigrwaterfowland other wildlife inputs,

and human waste are addressedsome degree by nguoint source managemeint the
watershed, but direct inputs to the waterbody are not addressed here. Bacterial testing is
mandated in MA for beach facilities with closure when standards are exchtsiDCR has
producedguidance for controlling bacterial issues nearswimming areas Aside from
managing the sources, which could include provision of bathroom facilities for people,
collection of pet wastes, and discouraging geese and other wildlife from using the area,
artificial circulation and oxygenation can help minimize pathogen problems and enhance
organic decay.

Low oxygeni Oxygen depression or depletion has multiple negative consequences for
waterbodies, including loss of habitat for aerobic aquatic life, internal recycling of nutrients,
enhancing methyiercury bioaccumulation, and odors. Dredging to remove oxygen
demanding sediment is a sound approach but the cost is too high to make most applications
worthwhile unless reclaiming depth is also a prioritky@enation andrtificial circulation

directly counter oxygen loss and are covered inNtaiss APM GuideWatershed management

that minimizes organic inputs, most notably fall leaf collection and detention systems to trap
organicsediment, can also reduce oxygen demand but will rarely reverse oxygen problems
once they become chronic. P inactivation will often reduce the addition of oxiggeanding
substances to the sediment surface but will not satisfy accumulated demand or restore oxygen
at all depths.

Fish issueg Fishkills, poor survival of year classes$ fish, stunted growth, diseased fish,
unfavorable size distribution, undesirable specas] lack of desired speciegre all lake
problems of general interest and particular concern to anglers and wildlife observers. This
Mass APM Guidés not a fish management manual, although many of the reviewed techniques
offer potential benefits and possible adverse consequences for fish. Techniques that increase
oxygen, reduce algae blooms, and counter extreme densities of aquatic plants may be generally
beneficial, but the range of ecological strategies of fish is wide and higher fertility generally
translates into greater fish production, so the impact of lake management on fish communities
requires lakespecific assessmemtiassWildlifeis the recognized agency in MA for fish issues

and contact with the regional offices of MassWildlife is encouraged where fish issues are a
concern.

Shorelineconditionsi Issues with damaged shorelines and shallow areas relating to human
actionsmay result frontlearing, accesamenities like beaches and dotsoreline treatments

like walls or riprap, andboating w&es The WPA establishes thresholds for disturbance
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within Land Under Water and Banks but does not provide explicit guidance for how to best
manage those areasoridervation commissions can condition shoreline projects to encourage
retention of shoreline vegetation and minimal alteration of shorelineredated offshore
conditions (e.g., retention of woody debris in wat&hapter 91sets limits for structural
alteration in Great Ponds, including dock placement, and requires permits for such alteration,
but <10% of the lakes in MA are covered Gfiapter 91 Coverageof these issuethrough
nonpoint source controlm this Mass APM Guidas limited, but many of the NPS controls

apply to shoreline management and thél Ho me o wn e mprovdes @ansiderable
guidance. Additional resources include the UMN Extension Se8licecland Management

Fact Sheets an informative website foBhoreland Management in VT and theMaine
LakeSmart Program website.

Import of invasive speciePreventing the introduction of narative species isore desirable

than trying to eradicate an invasive species once it has arAcéide routes of introduction

by humans include the aquarium and landscaping trades (Les, 2002) and boating (Rothlisberger
et al. 2010). Movement among lakes is usually a function of downstream flow, boat traffic, or
waterfowl. The need for enforcement of existing laws relating to introductions remains great,
as there are no laws requiring management once the infestation has occurred. This manual
focuses on remediation for excessive macrophyte growths and does not explicitly address
approaches for prevention, which include brgnot limited to oversight of local plant and
animal sales, educational signage at boat ramps, and inspection of boats entering and leaving
lakes, preferably witlhoat cleaningfacilities availableMA has a law prohibiting the import

of invasive plant speciesbut enforcement is challenging.

Nuisance fauna Geese, gulls, leecheschistosomesand other animal life can sometimes
become a problem, especially in shoreline parks and swim areaplePcan minimize
problems with some management actjonst some conflict may be hard to avoid. The
NYSDEC Goose ControlGuide and WisconsinNuisance Wildlife website provide useful
insights. Most controls focus on making the habitat less attractive to nuisance fauna.

Dams, docks and other-lake structures Structures constructed in or around lakes are
regulated by various MA laws and associated regulations. Dam safety is paramount and is the
focus of theMassDCR Office of Dam Safety which can provide guidance on proper
inspection and maintenance practices. Construction of any kind in wetland resource areas is
governed by th®/PA, including docksChapter 9Jaddressestructures in Great Ponds In

general, keeping shorelines as natural as possible will minimize adverse impacts to the lake
and lower maintenance needs. Floating, seasonal docks are easier to permit and usually have
fewer impacts than permanent structures with pilings.

Human use conflicts There are many possible conflicts between human users, ahktbss

APM Guideis not a tutorial on conflict resolution. Almost any use of a lake by humans has
the potential to affect other usésse for potable supply often precludes contact recreation in

all or part of a reservoilNoise and waves from motorized boatiaffect enjoyment by
swimmers, wildlife observers, and more passive uddenagement of plants to facilitate
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3421 swimming and boating may conflict with the desires of anglénslerstanding the range of

3422 human uses of a waterbody and how existing features and management options affect each use
3423 is an important part of lake management plan development. This is why inclusion of a wide
3424 spectrum of lake stakeholders into the lake management planning process at the earliest stages
3425 is critical. See the discussion in the Lake Management Planning section bfadssAPM

3426 Guide and the guidance supplied in thébértaLake Managemengociety Workbook for

3427 Developing Watershed Management PlansSpatial and/or temporal separation of uses that
3428 pose potential conflicts is often the best solution but requires planning and enforcement. A
3429 useful chapter on conflict resolution among lake users can be founetiRor a Small Lake

3430 from NYSDEC and MwY ork StateFederation of Lake Associationsin theEnvironmental

3431 Conflict Resolution Guidebook

3432

3433
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5. REDUCED NUTRIENT INPUTS TO LAKES

The most reliable way to prevent algae blooms in a lake is to lower the concentrations of nutrients,
especially P, although attention to N is also important. Most nutrients in lakes come from the
watershed, so management of the watershed to limit nutrient inputs is accorded a high priority in
most lake management plans aimed at preventing algae blooms. An understanding of the sources
of nutrients and the relative magnitude of their contribution is needed, allowing selection of
appropriate techniques to keep those nutrients from reaching the target lake. In cases where
nutrient loading has been excessive for years, it may be necessary to address recycling of nutrients
within the lake, mostly from the sediment, but that is an issue addressed in the next chapter on
reducing nutrient availability within the laké/atershed techniques are addressed herleiding

control of point sources and ngoint sources of nutrients.

Following the adoption of the @A in the 1970ssignificant achievemenisere accomplished
nationally in the protection and enhancement of water quality. Muttie afitial progressesulted
fromidentifying andcontrolling point sources of pollutiaghrough the NPDES and MS4 discharge
permit programs. Howeverpfutant loads frorNPScontinue to present problems for achieving
water quality goals and maintaining designated uses in many parts of the United States.

While ubiquitous thepresence and quantitf certain NPS pollutant sources and tipgmtential

impact on receiving waters is often strongly correlated with specific land uses and the density of
land development. In addition to often having a higher prevalence of NPS pollutant sources, more
densely developed areas typically have less forest and other naturally vegetated lands that can act
as a buffer between NPS pollutants and waterbodies major categories of NPS pollution
sources iMMA includedeveloped areasiansportationagiculture, forestry hydromodification
atmosphericdeposition landfills, conaminatedareas andvastemanagemensites, and ratural
resourceextraction (GeoSyntec 2013NPS are generally considered the major cause of water
quality problems irMA lakes

Since the original publication of the GEIR in 2004, there has been extensive expansion and
progress in the field, particularly in ngoint source control, resulting in the development and
deployment of a diverse set of policies, approaches, and technologies. Accompanying the wealth
of recent scientific and engineering literature has been the development of comprehensive guides
and interactive tools at state and federal levels. Accordingly, the following sections will only serve
as a brief introduction to these techniques, providing description and conceptual design but leaving
the user to seek out further detail in the identified links and bibliograjngh of the information
presentedhereis adapted from comprehensive information sources incluglivigs: Guidance
Document theMA Clean Water Toolkit, and theNational Menu of BMPs for Stormwater.

Federal and State Programs andRegulatory Authority

Points source controls are associated with the treatment or elimination of discharge of wastewater
or stormwater into a waterbody. Wastewater (including industrial, municipal, and other sources)
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is generally regulated through the NPDES permit prograrMA, the USEPA Region 1lis the
delegated permitting authority and NPDES permits are typically 4ssued byUSEPA and
MassDEP.While current policy and practices avoid installation of new dipmnt source
discharges into inland lakes, a number of wastewater treatment facilities (WWTF) still pose water
guality issues for the receiving waters or, in some cases, legacy nutrient loads in the sediment.

Stormwater is classified as a point source when it is regulated throudiPeS Stormwater

Program. A NPDES stormwater permit is required for medium and large MSdsinicipalities

and counties with populatiorssl00,000, certain industrial activities, and construction activities
disturbing five acesor mor e . A NPDES per mit I's also requ
areaso and small construction activitMAes di s
regul ates the issuance of fledarhWaer MMBdemahi schar
Standards pursuant to its authority under the Wetlands Protection(MdB.L. c. 131, § 4Pand

theMA Clean Waters ActM.G.L. c. 21, 88 2653).

The Stormwater Management Standards address water quality (pollutants) and water quantity
(flooding, low base flow and recharge) by establishing standards that require the implementation
of a wide variety of stormwater management strategies. These strategies include environmentally
sensitive site design ardw impact developmentL{D) techniques to minimize impervious
surface and land disturbance, source control and pollution prevention, structural BMPs,
construction period erosion and sedimentation control, and thetdomg operation and
maintenance of stormwater management systems.

MassDEP oversees théPS Management Program Planand setsstrategy for preventing,
controlling, and reducing NPS pollution to protect and improve the quality of the Commonwealth's
waters. TheurrentPlan covers thBlPSProgram goals for 2020 to 2024

Point Source Control
How it Works

Point source water pollutianvolves pollutants that are discharged from any identifiable, singular
source, such as a pipe, ditch, drain, channel, tunnel, conduit, well, container, orGnegsellly

intended taegulatewastewater treatment discharges from industrial or municipal operations, the
definition of a point source was extended in 1990 to include storm water discharges where the
delivery was an observable pipe, ditch, swale, curb cut, or other delivery device that could be
construed as meeting the federal definition. Point source discharges are governed by the NPDES.
MAisasec al | edefiegat edo state meaning that NPDES
New England regional office and not the state itdétfwever, MasBEP provides considerable
feedback on draft permits and offgngsidanceo applicant©n meeting federal requirements.

Reduced Nutrient Inputs to Lakes Page5-3


https://www.epa.gov/npdes-permits/npdes-water-permit-program-new-england
https://www.epa.gov/npdes/stormwater-rules-and-notices
https://www.epa.gov/npdes/stormwater-rules-and-notices
http://www.mass.gov/guides/massachusetts-stormwater-handbook-and-stormwater-standards
http://www.mass.gov/guides/massachusetts-stormwater-handbook-and-stormwater-standards
https://www.mass.gov/info-details/final-2020-2024-massachusetts-nonpoint-source-management-program-plan#:~:text=The%20Nonpoint%20Source%20(NPS)%20Management,quality%20of%20the%20Commonwealth's%20waters

3506
3507
3508
3509
3510
3511
3512
3513

3514
3515
3516
3517
3518
3519
3520
3521
3522
3523
3524
3525
3526
3527

3528
3529
3530
3531
3532
3533
3534
3535

3536
3537
3538
3539
3540
3541
3542
3543
3544

Point Source Control

Historically, manufacturing and otherdustial point sourceof pollutantsvere often major water

guality concerns as discharges to streams and rivers flowing
downstream impoundments and lakes. Following 50 years
permitting and progress reducing industrial discharges undef
CWA, most of thenutrients from poinsources are frormunicipal
WWTF or MS4 dischargg, which are further categorizeds i |
or fAmediumo or fAsmall o munite

40 CFR 122.26
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Wastewater treatment

WWTF permitting emphasizassing best available technology to prodetftuent corcentrations
that will protect lakesind other water resourcd3omestic wastewateypically enters a WWTF
with P in excess of 3 mg/L and sometimes as high as 15,mdpile N levelsoften exceed 40

ewer

mg/L, with values up to 70 mg/L not uncommdonventional vastewater treatment involves
primary (i.e., settling of suspended solids)d secondarfreduction of organic waste, pathogens,

and contaminants easily converted to less objectionable forms) treatmda@ntreasingly tertiary

treatmentto meet nutrient effluent goals. Conventional primary and secondary treatment may
produceP concentrations as low as 0.3 mg/L, but are more often >1 mg/L and often as high as 3
4 mg/L. N levels of 145 mg/L are common, with concern directed toward the fraction of the N
load that is present as toxic-tonized ammonia. Wellunctioning secondary treatment WWTF
tend to convert nearly all ammonia/ammonium to nitrate. However, nutrient levels from even the

best secondary treatment facilities are well in excess of desirable flevelischarge tdakes.

With a target lake P level of <0.02 mg/L and preferably <0.01 mg/L, WWTF inputs currently
require substantial dilutioor further treatmertb avoid eutrophication impacts on lakes.

Advanced waste treatment, or tertiary treatmeigdresseshe

removal ofP and/orN. P compounds are most often removed

coagulation with chemicals, sometimes with an additional filtef
step but biological treatment can also be effectikehievement of
concentrations <0.5 mg/L is routinely possible through terti
treatmentconcentrations close to 0.1 mg/L are often achieved,
sometechnologies canchiewve P concentrations of 0.01 to 0.0
mg/L, albeit at considerable expense

Wastewater point
source discharge

There are many methods to remove nitrogen compounds, including
ammonia stripping by air and nitrificatiedenitrification in biological reactors. Other advanced

treatment methods that protect lakesm other contaminantsclude adsorption of residual

organic and color compounds on activated carbon and the use of reverse osmosis and
electrodialysis to remove dissolved solids. Wetland treatment has become popular for nutrient
control as a polishing step in WWTF, and some WWTF are based mainly on biological activity as
the mainstay of wastewater treatme¥et biological processes are not as reliable as physical or
chemical treatments, so greater variation in discharge quality is to be expected with biological
treatment and more capacity is often needed to ensure compliance with discharge requirements.

Reduced Nutrient Inputs to Lakes
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Point Source Control

Stormwater is classified as a point source when it is regulated through
the NPDES Stormwater Prograr®ne provision of the NPDES
program forindividual facilitiesis the requirement for a Stovdater
Pollution Prevention Plan (SWPPP), which is a-sited activity
specific management guide for minimizing impacts on runoff fr
the site. The emphasis is on prevention of pollution, not treatme

remediationand plans focus on potential pollutaetored or used of Drainage inlets
site, limiting exposure of potentially polluting activities typically lead to pipes
precipitation and runoff, and measures for responding to spills, Iq that become

or other releases. Monitoring provisions are induspgcific and not stormwater point
. . . source discharges

overly stringent, but the whole process is a major step tov

minimizing contamination of runaff

MS4 permits are required for municipalities in areas considered urban by population density. For
MS4 systems where the pollution sources are much whifftesed there is a provision for a
Stormwater Management Program (SWMPhe SWMP includes provision for managing
potential polluibn by x minimum control measures (MCMs)which includepublic education

and outreach public involvement angarticipation illicit dischargedetection ancelimination,
constructionsite stormwaterrunoff control, sormwatermanagement imew development and
redevelopmentpog-constructiorstormwatermanagemenfandgoodhousekeeping anabllution
prevention forpermitteeoperations.

In some casemflows to wastewater treatment plants are combined with urban storm water flow.
This is most often a result ofadequat@lesignand capacityf conveyance systems in the face of
expanding user populations, with combined manholes for easy access to both sanitary and storm
sewers being the primary point of mixing. This situation leads to excess hydraulic loading to the
drainage system and/or WWTF during storms that may result in untreated or incompletely treated
wastes being discharged to streams or lak@sflow to WWTF beyond the design capacity of the
facility. Separating theseombinedsewer systems (CSS) to avoid Combined Sewer Overflow
(CSO) has beea priority forthe UEEPA andMas©DEPfor many years. @stantial progress has

been madée.qg., cities along the Connecticut River) but the costs of making such improvements
in densely populated urban areashigh and the disruption to infrastructure necessary to correct
deficiencies slows progress in many areas

Management of point sources generally falls into the same categories as-forimosources:

source management and pollutant trapping. Source management includes Bans&tergents

and a variety of pretreatment requirements for businesses that might otherwise contribute
excessive amounts of oils, metads other contaminants of special concern. Pollutant trapping is

a function of the treatment process, with tertiary treatment necessary to remove enough nutrients
to protect lakes.
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Source management for storm water point sources is essential to |mprovmg dlscharge quality in

n
d

60% range. Source management for wastewater treatment fac|
is only essential to the extent that it protects the treatment pro| §
with improved treatment providing the greatest reduction in nutr
loading. Actual removal rates fé average 10% for primary, 20 &=
40% for secondary, and €®% for tertiary. For nitrogen, removg
rates average-50% for primary, 1680% for secondary, and 80%
for tertiarytreatment

early all cases. Nutrient removal from storm water by treatment
epend on the BMPs applied, with removal rates typically in the

Stormwater point
source discharge

Benefits

8

Control of centralized wastewater collection and treatment can result in a major reduction in
loading

Improvedor upgradedreatment can remove maathercontaminants as well as nutrients

Storm watermanagement in MS4 permitted systelnas great potential for reduced nutrient
loading

Separation ofstormwaterfrom wastewater in conveyance systeoam reduce loading to
WWTF and lakes and streams

Detriments

Even thecleanestreated wastewater may still contain excessive concentrations of nutrients
Centralized wastewater discharge localizes a potentially major impact and maytladfect
hydrology of contributing watershed areaster may be transferred among watersheds with
impacts to both

Siting, design, permitting and construction aohew WWTF is both a costly and lengthy
process

Information for Proper Application

8

wn

An accurate nutrient budget that demonstrates the importance of the point source(s) in
determining lake quality

Waterquantity andjuality data fodischargeshat supports treatment design

Hydrologic data for receiving waters to evaluate dilution effects

Source analysis for stormwater point sources, to allow minimization of impacts on runoff
quality

Factors Favoring or Disfavoring the Use of this Technigue

8

8

Favored when aubstantial portion of the P and/or N load is associated with point source
pollution
Favored whentadies have demonstrated the impact of identifiable discharges on the lake
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Point Source Control

§ Favored when water associated with point sources is important to lake hydrdliogy
diversion is not preferable)
§ Favored whereurisdiction can be claimed over point sources

Performance Guidelinesand Monitoring Needs

§ Collect the data necessary to demonstrate the problem and potential for improvement

§ Meet all requirements of the NPDES program; seek to establish permit limits that meet water
quality goals, but with recognition of other pollutant sources to the target lake

8§ Design the treatment system or upgrade to meet demonstrated needs; match treatment
processes to water quality goals

8§ Monitor the effluent in accordance with NPDES requirements and at locations appropriate to
demonstrating results

§ Conduct mgoing monitoring to assess impacts and additional management steeaisvater
point source management is usually an iterative process

Key Considerations for Conservation Commission

8 NPDES permit are issudxy the UEPA, with input fromMasDEP

8 Conservatiortcommissiors can offer comments on draft and final permits

8§ All interests of the WPA are generally benefited or unaffebtepgoint source controlsnless
export of water froma watershedi.e., collection and treatment with discharge outside the
watershed)eadsto adverse alteration dfydrology

8 Most actual point source controls will occur outside wetland resources and will not be within
the jurisdiction of a conservation commission

M assachusettseind Other Experience

Large WWTF generally discharge to large rivers whaubstantialdilution and assimilative
capacity areavailable However, there are examples where municipalities dischiargemajor
tributary of a lake leading to impaired downstream water quality. Many WWTF represent aging
infrastructurerelying onconventional treatment which largely ineffective in meeting current
nutrienteffluenttargds. For these WWTF, improvementsustbe made to bring thiacility and

its dischargeip to current codes and standards and extend the useful life of aging systems to ensure
continual operation of the facility to meet discharge permit limits. Tssally includes
incorporationof advanced treatment technologies to meet cuyrascknowledgedP andN limits.
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Point Source Control

A major effort over 15 year

greatly reduced P concentratiof 30,000

in the effluent from four WWTF e
discharging to the Assabet Rivg 25.000 -+ Marlborough
in MA (USEPA 2015c). Multiple # Westborough

20,000 +—

impoundments of that river wer
severely eutrophic and a TMDI
called for a >90% reduction o
WWTF inputs of P. The targe
was achieved over sequenti
upgrades of the four WWTF
applying multiple technologies
that varied by WWTF, resulting ]

in P concentrations lower tha o e Yoo o e

15,000 +— —

Pounds TP (April — October)

required by the TMDL. Internal P load reduction progression for Assabet River WWTF
loading remains an issue fd (From USEPA 2015c)

these impoundments, but water
quality is much better than it has been for many decades.

Anotherexample is Forge Pond in GrantA, where in the late 198Gke dischargérom the

WWTF servingthe institutional Belchertown State School fexshinto aminor tributary stream
andcomprised 64% of th&P load to this smalhighly eutrophic lake (BEC 1987). WWTF outfall
discharge P measurements at that time ranged from 2.25 to 4.7 mg/L. Belchertown State School
was closed in 1992 and many of the buildimggetorn downor retrofitted In recent years, the
WWTF facility wasupgraded while sewer coverage has expanded in this developmgipality.

Due toimprovedP removal, the draft 2022 NPDES permit for the Belchertown Water Reclamation
Facility authorized awarm weather (April I October 31P effluent limitationof 0.10 mg/L and

acold weather (NovemberilMarch 31)limit of 0.25 mg/L Similar seasonal limits are nd»ing
included in permitdor municipal WWTF discharging to nutrient sensitive watérg even then
considerable dilution is needed to lower P concentrations to an acceptable level fonl2akég,

the USEPA awarded the town of Belchertown an award for outstanding operations at the municipal
wastewater treatment facilityr.et despite these improvements WWTF effluent quality Forge

Pond remains eutrophiat least partlylue to is shallow depth and its nutrienth sedimentfrom

legacy inputs

Onondaga Lake, located in Central New York along the edge of the City of Syracuse, covers 4.6
square miles, has an average depth of 35 feet and a maximum depth of 63 feet. The lake receives
water from a 28square mile watershed located mostly in Onondaga County with the Metropolitan
Syracuse Wastewater Treatment Plant (Metro) supplying approximately 20% of the annual inflow.
Once a popular tourist attraction with beaches, resorts and amusement parks, industrial
development and a growing urban population led to increases in sewage and industrial discharges
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Point Source Control

that severely impaired the water quality of Onondaga Lake. Swimming was banned by 1940 and
fishing in 1970. By the end of the 20th century, Onondaga Lake was considered one of the dirtiest
lakes in the $A.

Ammonia andP in sewage from Metro contributed to impacts on fish migration and reproduction,

led to algal blooms and poor water clarity, and decreased oxygen levels. In addition, stormwater
runoff enteringthe Syracuseombined sewer system routinely overwhelmed the system and sent
untreated sewage and stormwater to Onondaga Lake. These CSO were a major source of bacteria,
trash, organic material, solids and @& well as nutrientsTo address the ammoniand CSO
problems, a thirgbarty lawsuit was initiated in 1989 requiring collection systamd WWTF
improvements.

Under the federal court order, the county spent over $700 million to reduce the amount and
improve the quality of sewage that flowed into the lake during heavy rains. In 2011, Onondaga
County submitted the "Metro WWH Optimization Analysis of P Treatment" for NYSDEC
approval. This plan detailed recommended actions inmgudodifications to the existing tertiary
treatment process and adjustments for hydraulics, operations procedures and maintenance
schedules related to optimizing current facipgrformanceln 2014, Onondaga County achieved

a 95% capture rafor CSO andhas since increased the rate to nearly @%SDEC 2023).

By 2019, water quality in the northern tluirds of Onondaga Lake had achieved public health
criteria for swimming. The lake has remained largely free of toxic algae blsmosMetro
upgradeshave decreasedhe amount ofP going into the water. The aquagtant community
expanded from less than%2f lake littoral areas to about &and the lake now has 65 species
of fish documented, up fro®+12 documentedn the 1970s Honeywell 2023.

MS4 regulated under NPDES are common in urban areas, including Boston, Worcester,
Springfield, and Pittsfield in MA. Managing these systems to reduce pollutant loads is challenging,
as they were created as public safety measures to avoid flooding problems on roads and residential
or commercial properties where expanded impervious surface area greatly increases runoff. Most
municipalities in those declared urban areas are charged with reducing pollutant loads from MS4
over an extended period of time, and initial efforts have largely focused on removing illicit
connections, limiting exposure of pollutants to precipitation and runoff, and infiltrating stormwater
wherever possible. Yet the nature of urban areas creates challenges for improving runoff quality
and success is elusive (Osgood 2017). Greater loading reductions are feasible with smaller systems
and impacts are lower where only a small portion of the watershed is developed. Management of
stormwater point sources is an ongoing concern for improving and protecting MA lakes.
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Non-Point Source Limitation

Non-Point Source Controlsi Source Management

How it Works

Source management consists of techniques that eliminate or redupatha—
potential for the release of pollutants from a souticat would | Eliminating sources

. . . of nutrients and other
otherwise enter a downstream |lakéhile the most reliable way to dq pollutants requires
this is to eliminate theollution source, this may not bieasible or| considerable up -front
practical in many cases. Most source controls are achieved thr study and evaluation
laws, statewide regulations or local bylaws or ordinances that rej of potential impact. It
detrimental product content or use or limit detrimental activities wi{ 2'S° requires much

. . . . public education and

a watershed/Vhere a feasible alternative product existprablematic a willingness to work
land uses do not already exist in the watershed, this can be g with lawmakers to
successful approackowever, small gains can also be made throy craft effective but fair
advocacy of wise environmental stewardship, particularly by educq laws.

shoreline residents.

acceptance and progress is likétpr example, as establishedi & .
lawns require very little adde®) homeowners should be ab|efi s &
to save money and protect water quality while maintaini L
lawns®. However, theavailability andcost oflow-P fertilizer
was an issue for many years until enough data
accumulated that demonstrated a direct correlation from e
reduction in P in aquatic systems from the use of lowdr Frertilized green lawns often
. . . franslate into a fertilized green
formulations in lawn fertilizers (e.g., Lehman et al. 201{1). lake
Many local bylaws and ordinances followed, with some state
laws and regulations, and eventually the fertilizer industry shifted to low P formulations for lawns.

Research and education led toudtural shiftthat benefits water resource quality

TN g A
VR P

Additionaly, more activemethods of nutrient source control include erosion prevention,
controlling offsite discharges of stormwater, proper disposal of grass clippings and leaves, use of
phosphatdree or lowphosphate automatic dishwashing detergents, waste collesti@®t
sweepingmanagement of wildlifeg(.g.,discouraging waterfowl feeding), and water qualigsed
zoning.On-site wastewater management is addressed in a separate sectieptibtasks should

be maintained witlhegular pumping and inspection at least evebyy&ars.

Phosphorus and nitrogen load reductions, due to source management, are highly variable and may
be low (i.e., <10%) where compliance is volunt&yeater control over inputs can be gained with

5To determine your laswaaudssi testefall thetNlasskExiehsiom Spie Testing Ldb or
download aso0il test order form. You may not need to add fertilizer.
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Non-Point Source Limitation

municipal ordinances or active participation by town departments (e.g., street sweeping programs).
Use of source controls to prevent loading before it ever starts is the most beneficial use of this
approachandhelpful non-point source control tipsare available

Benefits

8 Prevention, eliminatioror reduction of sources reduces the potential nutrient load

8 Incremental gains can be multiplied by effective watershed education and stewardship
§ Costs can be minimal and are spread over the population

8 Pollutants other than nutrients can be controlled by the same actions

Detriments

§ Source controlprovide some measure of nutrient reductiohare unlikely to be sufficient
by themselves in shifting lake trophic status

8 Beneficial actions may be at odds with popular cultural values (e.g., green residential lawns)

8§ Compliances likely to bedifficult to trackandenforcenent of violationanay bedifficult or
unpopular

8§ Urbanized or agricultural watersheds may contain mexigting sources that cannot be
eliminated or even substantially reduced

Information for Proper Application

§ Accurate estimatef thewatershed nutrierfbad comprised by| F- .
the targeted source(s) :
8§ Source material for watersheddueation and voluntary
compliance programs B
8 An understanding ofegulatory jurisdiction and limitations =
d f il id . storage of fertilizers and
) Mean; to measurprggressan , as feasible,rpvide positive pesticides represents an
incentives for compliance unnecessary risk

Uncovered exterior

Factors Favoring or Disfavoring the Use of this Technigue

8 Favored when @ubstantial portion of thautrientload is associated witan identifiable,
controllable source

8 Favored whereurisdiction can be claimed ovéire targeted source

8 Favored whenaning or other restrictions dand useor productsan beproperly justified and
areconsistent with applicable state and local laws

8 Favored with a proactive lake association and/or town government

Performance Guidelines and Monitoring Needs

§ Establish an effective public process éontact andnvolvement of relevargtakeholders
8 Collect the data necessaryjistify andsupport the control effort
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Non-Point Source Limitation

8§ Focus on educatioand voluntary compliandeeforeregulatory enforcement

Seek funding to facilitate an incentive program

8 Monitor at a scale appropriate to the control effort; demonstrate improvement on or from small
parcels before seeking to document any overall change in the lake

wn

Key Considerations for Conservation Commissions

§ Conservation commissions can adopt performance standards for shoreline development within
jurisdictional limits, including establishment of buffer zones, limited landscape profiles, and
mandated use of lower impact products (e.g., pertaining to fertilizers or pesticides)

8§ Enforce existing regulatioreonsistently anéquitably as needed

§ The impact on all interests of the WPA from source controls should be beneficial or neutral,
but be wary of what substitute measures people may take if denied the use of any particular
use or product

M assachusettsind RelatedExperience

A prolonged effort in the 1970sed to a reduction in P in laundry detergents, as that source was
identified as a major component of wastewater P and was not essential to detergent performance.
More recent data (Puijenbroeck et al. 2018) estimate that P emission into wastewater streams from
laundry detergents in North America declined from 69 million kg/yr in 1970 to 45 million kg/yr

in 2010 despite growth in population and detergent use. While that source of P is considered minor
in comparison to urban and agricultural runoff (Maki et al. 1984), reduction in a source at minimal
public cost is viewed as an important step in lake management.

An evaluation of what elimination of P in dish detergent might accomplish (ENSR 2003) found
that no more than 2% of P loading could be attributed to dish detergents but again, the elimination
of any source at minimal public cost seems worthwhile. With a lack of product shift in this sector,
Puijenbroeck et al. (2018) estimate that release of P from dishwasher detergent into the waste
stream has increased from 11 million kg/yr in 1970 to 51 million kg/yr in 2010 in North America.
This does not mean that a large fraction of dishwashing detergent P reaches natural waters, as there
is treatment of most waste streams, but the increase in potential loading is clear and stands in
contrast to that of laundry detergent where lower P formulations were adopted.

As lawn fertilizer has been demonstrated to be a significant P source for streams and lakes, subject
to no treatment before discharge, the lowering of the P content of most residential fertilizer noted
at the start of this review is a better example of what the right combination of research, education,
and regulation can do to protect water resources.

Street sweeping and leaf collection during autumn are additional source control measures that can
reduce nutrient inputs to lakes. In less developed areas, leaves tend to become part of the soil with
less transfer to water resources, but in residential areas with extensive storm drainage systems,
routing to streams and lakes is an issue. Research has demonstrated peak loading to lakes from
residential areas during autumn after leaf fall (Selbig et al. 2020) and collection of those leaves
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Non-Point Source Limitation

before they can decay and wash into area streams and lakes can reduce P loading. Weekly cleaning
of streets in areas with substantial leaf canopy cover during autumn was found to reduce the
associated TP load by 65 to 71%. Cleaning frequency was more important than the method used.
Similar issues exist for grass clippings and other yard waste if allowed to enter the stormwater
drainage systems, making proper disposal important and suggesting the value of ongoing street
cleaning.

Federal NPDES regulations and many corollary state programs directed at controlling pollutant
inputs to water resources focus on pollution prevention measures that include preventing possible
contaminants from coming into contact with precipitation or being incorporated into runoff.
SWPPPsrequired for certain industries and commercial operations, recommend covered storage
of products containing such contaminants (e.g., fertilizers, pesticides, deicers) and require
secondary containment around certain liquids. Relatively simple anrddstimeasures to prevent
therelease of contaminants are known but have not been widely applied to residential areas. Where
population density is high enough to qualify, municipalities are subjediSbregulations that

seek to incrementally improve the quality of stormwater through BMPs. Progress has been slow
and such regulation is often viewed as an unfunded mandate, but where towns have recognized the
value of stormwater management in preserving quality of life for residents and visitors, advances
have been made.

Non-Point Source Controlsi Agricultural BMPs
How it Works

Agricultural BMPsencompass a wide variety of spatial and temporal practices or features intended
to reduce the potential nutrient load of farming on downstream water quality. Agriculturad BMP
include conservation buffers, conservation tillage, crop nutrient management, manure
management, livestock watering and access practices, as well as other methods. Guidance
documents and fact sheets describing each of theses 8MRvailable from numerous federal and

state websites as well as through consultation withCiiveter for Agriculture, Food, and the
Environment at the University of MA_Ambherst. Descriptiors of these practicesadapted from

theMA Clean Water Toolkit (MassDEP 2021 )aregiven below Performance data can be found

in the online database f&MP _performance.
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Agricultural BMP

ConservationBuffers are small areas or strips of land in permanent vegetttairaredesigned

to interceptand reducghe movement of sediment, nutrients, and pesticides from farm fields.
Strategically placed buffer stripplaced between fields and locstreams, drainage ditches,
wellheads, and other water collection pojeen effectively -
reducethe movemenof pollutantsinto adjacent waters| ==
Buffer strips can also create or enhance wildlife habita] |
well as protect biodiversityWhen coupled withother
upland agricultural BMBsincluding ©nservation tillage
nutrient management, integrated pest management, w -
cover crops, and similar management practices o
technologies, buffer stripsencourage economic and . g
environmental sustainability iarm operations Small but dense buffer zone

ConservationTillage practices (also known as letlM or

no-till practices) are adopted to granops with minimatisturbancef the soil. When the amount

of soil disturbance (tillagay reducedmuch ofthe stubble or plant residues remain on top of the

soil rather than being plowed into the s@bupled with an effective planting plan, the quantity of
runoff generated from the field can be greatly reduced; this translates into reduced nutrient loading
to area waterways$n general, conservation tillage system is any crop farming system that leaves
at leasta third of the soil covered after planting, to reduce soil erosion by wWadger crops
stabilize soils and may be used as interim cover or as a supplemental crop in association with plants
that grow up through the cover crop to form another layer abo@enservation tillagean also

involve contouring, terracing, and related approacbesultivation of fieldsthat minimize the

peak velocity attained by runoff and maximize infiltratiomaohwater Crop ResidueManagement

(CRM) is an "umbrella" term encompassing several tillage systems includiity, malge-till,
mulchtill, and reducedill .

Crop Nutrient Managementrefers to adoption of an integratasét of nutrient management
practices to helfarmersmaintain high yields and save money on fertilizers while reducing NPS
pollution (CTIC 1999). With proper planning hte quality of runoff generated from the field can

be greatlyimproved, translatingto reduced nutrient loading to area waterw#&gs, components

of a @op nutrientmanagemenplan should include creation of a baseline field map, soil testing to
determine nutrient requirements, crop sequencing, crop yield estimates, fertilizer sources and
forms, determination of fertilization rates and timing of applications, identification of sensitive
areas, and an annual review of the effectiveness of the practices and overall productivity.
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Agricultural BMP

Manure Managementconsists ofisolating and containing,
treating, and disposing divestock manure.Manure contains
large amounts ohutrients, such a® and N, and pathogens
including bacteria, viruses and parasitdandling manure in 3
manner that limits interaction with precipitation ai
incorporation into runoff is essential to protecting aqua
habitats. Pastures withsteep and unprotected slopes, lack
vegetative cover, and proximity to receiving watanfacilitate
entry ofmanure and associatedntaminantsnto surface water
resourcesAccordingly, manure application should be kegita
distancefrom streams and lakeand the application should b :
avoided during winter months when frozen spilsmoterunoff. Manure from livestock can "
Soil testing to determine assimilative capacity for nutrientg be a major source of
advisablebefore any manure disposai open land nutrients

Livestock Watering and Access LimitationEo protectstreams,

their banks, and riparian zones from physical disturbdivestock access should be physically
limited. Livestock access limitation practices inclupi®per fencing, livestock exclusion, and
providing stabilized stream crossing arekencing can protect riparian areas which act as
sediment traps and filters along the perimeters of surface waters and weflhisdpractice
involves excluding livestock from an area not intended for grazing. Livestock exclusion may
improve water quality by preventing livestock from being in the water, preventing access to steep
or highly erodible banks, and by preventidigect animal waste deposition in surface waters.
Providing a stalized area for livestock and farm machinery to cross a stream can provide a
controlled watering access point for livestock, prevent bank and streambed erosioneresiooe

and enhance water quality, and maintain or improve wildlife habitat

Cranberry Farmingis a historically and economically significagricultural interest iMA. Due
to the need for readily available water to irrigate and flood bogs for harvestingpgieations
are generally located adjacent to bodies of waturrent
impacts on lakes from cranberry bogs tend to be linke( f&
the fall harvest for wepick bogs and to periodic flushin
(usually a posharvest through spring event) of all bog
Water discharged from bogs, if not detained or otherw
treated, may carry large amounts of particulate nutrients
the receiving waters, often a lake or tributary to a la |
Nitrogen is wusually in short supply in bogs, a
concentrations of readily available nitrogen tend to be low

but dssolved phosphorus may be higispeciallyn anoxic winter dischargeblicrobial processes

in lakes may recycle the bog inputs and eventually increase lake feusitglly over a period of
many yearsThe key factor appears to be the volume of discharge relative to the volume of the
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Agricultural BMP

3929 lake, with larger relative volumes having greater potential imfdwtre has been much state

3930 sponsored research over multiple decades into reducing the overall impact of cranberry bogs.
3931 Nutrient management BMPs are provide&ranberry BMPs. A Handbook for Massachusetts

3932 Cranberry Best Management PracticegSandler 2010).

3933 Overall reduction in nutrient loadirfgom agricultural BMPss difficult to predict, given the wide
3934 range of agricultural activities, local site conditions, and Blgstions. Major reductions (>50%)
3935 may been realized from application afi ategratedcombination of the various BMP$ut
3936 application of BMPs will not result in a net zero increase in pollutant loading from agricultural
3937 sources compared to natural land usesalized monitoring is essential to tracking progress.

3938 PossibleBenefits

3939 § Reduces input of nutrients, pathogens, and other contaminants to streams and lakes
3940 § Can minimize soil loss and associated economic cost

3941 § Canreducefertilizer and pesticideosts

3942 § May provide health benefi{seduced pesticide usa$ well as nutrient loading reduction
3943 8§ May provide increased wildlife habitat and diversity

3944 PossibleDetriments

3945 § Can haveunfavorable shosterm costb e ne f i t bal ance from far mer
3946 supportingorograns are available

3947 § Can lead to a reduction in the footprint of productive cropland

3948 § Soil capacity foradsorbingohosphorus from manure spreading is quickly exhausted, leading

3949 to a need for new disposal areas

3950 |nfOI’matI0n fOI‘ PFODeI‘ ADDI|Cat|On Given the financial constraints

faced by most farmers and the

3951 & Soil nutrient needs, to assess fertilizer needs| ,,q _producing value of

3952 adsorptive capacity agriculture, successful agricultural
3953 § Farming plan, to ensure that BMPs have minim{ BMP implementation often depends
3954 impact on productivity upon understanding the

agricultural operation and finding

3955 § Climatic information and local drainage pattern, funding support for capital

3956 evaluate key sites/perioftsr control improvements t hat benefit the farm
3957 § Livestock pasture and sheltering patterns as well as the lake.

3958 § Ongoing monitoring to assess impacts and additional

3959 management needs

3960 Factors Favoringor Disfavoring the Use of this Technique

3961 § Favored when aubstantial portion of the P and/or N load is associated with NPS pollution
3962 § Favored whentadies have demonstrated the impact of identifiable sources
3963 8§ Favored whendnd is available for placement of BMPs
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Agricultural BMP

8§ Favored when farmers have a vested interest in protecting the aquatic environment
§ Favored whengricultural assistance funding is available
8 Disfavored by limits on directly applicable regulations on agricultural activities

Performance Guidelinesand Monitoring Needs

§ Collect data necessary to demonstrate the problem and potential for improvement

§ Seek involvement from farmers and farm agencies in selecting BMPs; develop a clear
understanding of the agricultural operation before specifying BMPs

Apply BMPs to meet demonstrated needs; focus on soil, nytailetitpesticide mobility

Seek funding to provide an incentive program

Develop a maintenance plan

Monitor at locations appropriate to demonstrating restdtsis on upstream vs. downstream
loads of key contaminants (e.g., N, P, pesticides, pathogens)

§ Monitor storm inputs more than dry weather conditions

w W W W

Key Considerations for Conservation Commissions

8 Review by MassWildlifeNHESP is required if the project is located within Priority or
Estimated habitat and must be complete before the conservation commission can close any
hearing and issue anG under the WPA

8 Many agricultural activities are exempt from provisions of théACbut may be subject to the
WPA if designated resource areas are impacted

§ If activity involves construction or soil disturbance within or adjacent to a wetland buffer zone
(limits set by state and/or town bylaw), review by the conservation commission will be required

8 All interests of the WPA are either benefited or unaffedtgdagricultural BMPs; geater
benefit is usually associated with prevention of pollution and storm damage

M assachusetteind RelatedExperience

White Island Pond ia 291-acre freshwater naturakepage pond in the towns of Plymouth and
Warehamin the Buzzards Bay watersbdeThe pond has te major basinsthe 124acre West

White Island Pond (West Basiahd the 16-acre East White Island Pond (East Basin). Poor water
gual ity prompted MassDEP to add the pon-d to
attainment of its primary recreation designated use. Fertilizer applied on nearby commercial
cranberry operationsas a likely potential causklassDEP awardead CWA section319 grant in

2001 to theJMassCranberry Experiment Station to condachultiyear field study oP dynamics

in commercial cranberry bog¥ater quality monitoring indicated persistemitrientrelated
problems in thgpond which experienced elevated levels ©P concentrationsfrequent algal
blooms low transparency, and beachsiees (due to toxic cyanobacteria)

From watershed TMDL studiesyas determined that 2dof thePload was from direct cranberry
bog floodwater discharges and an additional®as associated with legadyinputs being
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Agricultural BMP

released from the sedimemtsthe pondeach summetthose likely derived from past bog inputs
Project partnersincluding cranberry bog ownerispplemented BMPs to reduce nutrient inputs.

As a resultP concentration in the lake declined by 41% over 4 years of implementation (Mattson
2015, USEPA 2014). A subsequent P inactivation treatment was conducted to manage inputs from
legacyP in the sediments, reducing P concentrations by another 44% (Mattson 2015) from pre
program levels, an overall decline from 82 to 12 ug’lhe MA Year 2016 Integrated List of
Watersc | assi fi ed tinmparménbnotcaused by a gotutdntMDL not required

as aquatic plants are still present at nuisance levels, but cited local sources réparikigite

Island Pondvaterremairedclear(MassDEP 2019).

Stafford Pond in Tiverton, Rhode Island, is a water supply and recreational lake that suffered from
elevated TP concentrations and summer cyanobacteria blooms in the 1990s (ENSR 1997).
Elevated inputs from one tributary subject to inputs from a dairy operation were found to be the
largest source of P to Stafford Pond, a situation caused by relocation of the dairy herd some years
before. An agricultural management program for the dairy operation resulted in a major reduction
in manure inputs and improved conditions in the lake, but eventually past inputs caused an increase
in internal loading that had to be addressed by a P inactivation program in 2021 (WRS 2021). In
lake P concentration declined from an average of 115 pg/L to 32 pg/L with agricultural
management, a 72% reduction. P concentration declined further to 19 ug/L after P inactivation, an
additional 11% reduction from py@ogram levels and a 41% reduction from pagticultural
management P concentration.

Non-Point Source Controlsi Maintained Inlet Devices

How It Works

Inlet devices are usually the
This category covers a wide range of engineered and maintg first structural element in

devices including deep sump catch basins, oil and gr{ stormwater management and
separators, proprietary separators, aherdevices designed t| mportant to overall system

. . s . . function. However, inlet
provide preliminary filtering or containment of particula devi .

) evices are rarely sufficient
material and petroleum hydrocarbon transported V| 4 the only element of
stormwater runoffThey are less efficient in retaining thedir| stormwater management
fraction of the sediment load whieisuallycontains mostf the | where high outlet water
nutrient load. Such systems can trap much of the particul duality is desired
nutrient loadout do not significantly alter dissolved loads. They
aregenerally well suited as retrofits for relatively small areas in developed waterSivexsthey
are not generally considered adequate stormwater treatment as-alstendystem for nutrient
reduction they are typically installed as pneatment for other stormwater BMPBrief
descriptions of the major categories adepged from theMA Clean Water Toolkit (MassDEP
2021).
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Inlet Devices

Deep Sump Catch Basins also known as oil and grease g
hooded catch basins, are underground retention sys through grate
designed to removeand retaintrash, debris, and coars :
sediment from stormwater runoff, and serve as tempo
containment devices for floatables such as oils and grex
Deep sumps provide capacity for sediment accumulation il
hooded outlets prevetitedischarge of floatables

outlet
pipe

- SN

outlet trap

A N
cleaner l

unde_rﬂoa

. sump

Oil/Grit Separatorsare underground storage tanks with thi
chambers designed to remove heavy particulates, flog
debris and hydrocarbons from stormwatiormwater enters
the first chamber where heavy sedinseamd solids drop out
The outflow moves into the second chamber where oils : Deep sump
greases are removed and further settling of suspended Sonus

takes place. Oil and grease aeguestereth this second chamber for remowvaid disposal
Enteringthe third outlet chamber, the clarified stormwater runoff is then discharged to a pipe and
usually to further treatment another BMP

Proprietary Separatorsare manufactured systems that as{ _.
oil Chambar___‘_‘__‘- " Flow Controls

variety of proprietary processes including vortex separati E, 7
settling, filtration, absorption/adsorption, vegetation, and of el _
processes to meet tMA Stormwater Management Standar 2 P
to remove sediments and other pollutaigsveral rely on a M\
vortex design to enhance sediment remayahg the power of Oil Barrier

swirling or flowing water to separate floatables and coa Grit Chamber
sediments Other systemsrely on filtering mechanisms tq  advanced grease/grit chamber
augment the settling proce3sere are a large number of su (Vortechnics)
devicesdesigned and manufactured by private businesses,ana

they can be customized to accommodate different design storndsainage areasnd flow
conditions. Since proprietary separators can be placed in almost any location on a site, they are
particularly useful when either site constraints prevent the use of other stormwater techniques or
as part of a larger treatment train

Inlet devicesnust be maintained, with periodic cleant as determined by experience with filling
rate. Typicallythey must be cleanedgularly, with twice per year (spring/fall) cleanipgeferred,

but additional cleaning may be required based on device design and runoS8tlead sweeping

is complementary and whileot essential to device performance, is often integral to pavement
management where inlet devices are used as significant pollutant controls.

Possible Benefits

8 Removal oftrash, coarsesediments gettleablel oil and grease, and othéydrocarbons
(floatable3 maximizes discharge aesthetics
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Inlet Devices

Credit by the MA Stormwater regulations for 25%tdl Suspendedsolid (TSS removal
Greatly extends performance of downstream controls such as detention or infiltration
Installation below grade minimizes impacts on land use

Proprietary units may be custesiesigned to fit site constraints

w W W W

Possible Detriments

8§ Limited pollutant removal; cannot effectively treat soluble pollutants, fine particles or bacteria.

8§ Failure to maintain devices may resultlilie or no removal or clogging and floodingith
possible resuspension of pollutants

8 Generally inadequate as the solgrientcontrol mechanism

§ Entrapment hazard for amphibians or other small animals

Information for Proper Application

8§ Characterization of incoming water quality

8 Proper device size and attributes for expected load and cleaning frequency

8 Assessment of effectiveness in combination with other BMPs in treatment train or as a stand
alone approach

8 Monitoring to assess effectiveness and any need for adjustment

Factors Favoringor Disfavoring the Use of this Technigue

8§ Favored when aubstantial portion of the P and/or N loadégumented to bassociated with
the coarse particulatiaction of runoff load

8§ Favored when wateshed runoff flowsassociated with NPS inputs is important to lake
hydrology

8 Favored when complementary or supplemeataitrols (e.g., detention, infiltratiorgan be
incorporatechnd enhanced by this approach

8 Disfavored by the absence of proper maintenance

Performance Guidelinesand Monitoring Needs

§ Collectwet and dry weathefata necessary to demonstrate |
problem characterize the runoff fractions, and estimate
potential forsediment and nutrient reduction

8§ Design the systenotmatch expected storm flows and accol §
for any site constraints Device cleaning is

§ Develop a stormwater management plan in which if esse”ft'a' to device
devices are one element; do not expect inlet devices to § unction
all stormwater problems

8 Develop a maintenance plarcluding regular catch basin cleaning or street sweeping; regular
inspection is necessary with cleaning as needed
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Inlet Devices

8§ Monitor regularlyat a scale appropriate to demonstrating resualet/outlet sampling may be
difficult for subsurface systems and performance of entire system is more important than
discrete elements

Key Considerations for Conservation Commissions

8 Review by MassWildlifeNHESP is required if the project is located within Priority or
Estimated habitat and must be complete before the conservation commission can close any
hearing and issue an Order of Conditions under the WPA

8 If installed as part of site development or if within or adjacent to a wetland buffer zone (limits
set by state and/or town bylaw), the device must meet the requirementd/# Bwrmwater
Standards under the WPA.

8 A Stormwater Report is required when submitting an application foDbaftd any project
subject to the stormwat@nanagement provisions of théPA.

8 Construction outside a wetland resource area creates jurisdictional issues, but if a device results
in later impacts on a wetland resource, jurisdiction can be claimed; applicants should be aware
of their longterm obligation under the WPA

8 All the major interests of the WPA are either benefited or unaffdntedlet devices; geater
benefit is usually associated with prevention of pollution and storm damage.

M assachusetteind RelatedExperience

The Town of Wellesley implemented multiple stormwater management techniques with the goal
of reducing NPS pollution in the watershed of Fuller Brook, a tributary of the Charles River. In
2004 Wellesley received funding fromilAG6 £€WA section 319 Nonpoint Sourd&rogramto
remediate Duck Pon@ smallimpoundment in a highly developed swiatershedhat had been
identified as a major contributor of pathogens, nutrients and sediment toBnoitde The town
implemented several structural and nonstrucBkéiPs, including 24 deepump catch basins with
hoodsfive proprietary separators (i.&tormcepta® units), and 30 feet of flovdistribution pipes

to separate and remove pollutants (e.g., sediment and nutrients) from stornmwvaferThe
completedstormwater structuresere estimated toeduce the annual load of sediment by 1,250
tons(USEPA 2010). However, solids loading to Duck Pond have still largely filled this small pond
after about two decades and dredging appears necessary.

A Vortechnics unit was installed as the first element in a stormwater management system in
Menotomy Rocks Park in Arlington, MA in 1994 to protect the newly dredged Hills Pond. In
conjunction with a wet detention basin built at the edge of the pond, incoming sediment and
nutrient loads were significantly reduced (Fugro 1996). However, space limitations in the park
prevented all stormwater controls from being implemented and limited maintenance reduced long
term effectiveness. The pond has not refilled with sediment, but algae and rooted plant control has
been necessary in recent years as documented on the website of the Town of Arlington.
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Buffers and Swales

Non-Point Source Controlsi Buffers and Swales
How it Works

Vegetated buffer strips (also known as filter strips) are areas of natural vegetation that treat or
mitigate storm runoff from adjacent impervious areas or other intensive laritheyeare "living

filters," because they capture many ofplodutants that travel through thexvater quality swales,

which include both dry and wet types, are vegetated open channels designed to treat the required
water quality volume and to convey runoff frendesigrstorm(usually10-yeal) without causing

erosion. Brief descriptions of the major categobetow are adapted frolBMPs Fact Sheets
available fronthe MA Clean Water Toolkit.

Vegetated buffer strips

Vegetated buffeor filter strips are uniformly graded vegetats
surfaces (i.e., grass or clegewing native vegetation) thg
typically treat sheet flow or small concentrated flows that caj
distributed along the width of the strip using a level sprea
They reduce soil erosion by filtering out a fraction of t
particulates, increase infiltration, and decrease the velocity o
storm water.Plant root systems and chemical and biologi
activity in the soil can capture nutrients and other pollutants
transform them into less harmful formgegetated strips arg
often placed along streams and other bodies of water that
protection from erosion and sedimentation (see also Agricul
BMP technique section). They are commonly used §
pretreatment for other stormwater devic¥egetative buffer
zones canalso be used to protect natural swales and
incorporated into natural landscaping of an aBaaply leaving
a naturally vegetated area along the stream or lake mard :
beneficial, but carefully designed buffers can enhance polly -
control.

o T il

To be effective theegetateduffer strips need to be at least ]  Extensive (top), limited
fee wide before any appreciable benefit (i.e., 10% TSS remg  (middle) and no (bottom)

is assigned, and superior filtration (i.e.45% TSS removal) Vegetitegabh”ef:ter é;cgjcrt)esy of
requires a widthfdb0 fed or more Nutrient removal efficiencies : A

are poorly quantified, butlter strips may remove nutrients and metals depending on the length
and slope of the filter, soppermeability, size and characteristics of the drainage area, type of
vegetative cover, and runoff velocifguffers along streams aakesprovide wildlife corridors

as well as erosiooontrol especially on steep slopes. In residential areas, buffer zones can act as
a visibility and noise screen and provide aesthetic benBiiffers therefore provide a range of
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Buffers and Swales

desirable benefits, but nutrient control is not substantial and buffers by themselves are inadequate
to protect lakes from N and P inputs

Water Quality Swales

Water quality swales are vegetated open channels desianed

to treat the estimated water quality volume from a site an < g
convey runoff froma desigrstorm without causing erosior SR
Unlike conventional drainage channels used only
conveyance, water quality swales and grass channels
designed to treat the required water quality volume
incorporate specific features to enhance their stormw| §
pollutant removal effectivenesRoadside swales provid
additional water quantity control benefits, such as redutmyg
vehicular driving hazards by diverting stormwater flows away from street surfagedy
themselvesthey are not likely to provide adequate water quality improveméEnére are two
different types of water quality swales that may be used to satisfedia@ements of th&1A
Stormwater Management Standards: dry swales and wet swales.

Roadside, vegetated swale

Dry swales are designed to temporarily hold the water qui s
volume of a storm in a pool or series of pools created
permanent check dams at culverts or driveway crossings. Thg
bed consists of native soils or highly permeable fill mater
underlaid by an underdrain system contrast, wt swales also
temporarily store and treat tlstormwater quality volumgebut
they are constructed directly within existing sonsthout a soil
filter bed or underdrain system. Wet swatggically store the
water quality volumen poolswithin the channel, which may b
formed by berms or check dams and may contain wet

Newly established swale
vegetation. The pollutant removal mechanisms in wet swale§y  with stabilization mesh

similar to those otonstructedstormwater wetlands, which rel supporting vegetation
on sedimentation, adsorption, and microbial breakdown growth

Both vegetated buffers and wet and dry swales are reasonably effective at removing T8%(50
removal).Reported emoval rates fonutrients(total P and total Nare not as effectivdhe online
database fostormwateBMP performance provides averageaangedor removal efficiency For
vegetative buffers, removal of P was not significant and N removal averaged 13.6%. However,
buffer width and vegetation details are very important to performance and better removal can be
achieved. For dry grass swales, P removal was not significant and N removal was 11.3% while for
wet swales, P removal averaged 8.5% and N removal was 17.6%. Swales may also provide some
infiltration that is not part of the credited nutrient reductions. Both buffers and swales can be
effective in solids transport reduction.
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Buffers and Swales

Benefits

8§ Relatively simple to build and maintain

Passively removes sediments aathenutrients without long detention of flow

8 Processes flow in a way compatible with many other NPS controls that can be added
downstream

8§ Canprovide substantial wildlife habitat value as welkagsion control

8 Buffers @an blend aesthetically into the landscape and provide noise and visibilitgyscree

wn

Possible Detriments

Vegetated buffersaquire substantial land area to be effective (e.g5@fed width minimum)
Little or no treatment is provided if the filter strip is sharcuited by concentrated flows
Impractical in areas with steep topography or very flat grades

Wet swales can produce mosquito breeding habitat

Nutrient removal is limited

Maintenance may reduce effectiveness until vegetatigmaws

w W W W W W

Information for Proper Application

§ Climatic and drainage area data to provide estimate of maximum hydrologic loading

8 Water quality data with separation of particulate and dissolved fractions, to allow estimation
of needed width or length

8 Ground slopes, soil types, and planned vegetative cover to allow removal estimation

Factors Favoring or Disfavoring the Use of this Technique

Favored whem substantial portion of the P and/or N load is associated with NPS pollution
Favored whentadies have demonstrated the impaatoafds or lawn areas addressed
Favored where erosion is a major source of contaminants

Favored wherednd is available for placement of BMPs

Disfavored where additional water quality controls are not planned

Favored where habitat is also a management consideration

w W W W W W

Performance Guidelines and Monitoring Needs

Collect the data necessary to demonstrate the problem and potential for improvement

Design buffers and swales to meet demonstrated neietgy is a key consideration
Considerabitat and aesthetic functions as well as water quality benefits

Use only native species in planting programs

Develop a regular maintenance plan and monitor regularly at scale and locations appropriate
to demonstrating resujt®ocus on contaminants of interest, most likely TSS, P, and N.

w W W W wWw
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Buffers and Swales

Key Considerations for Conservation Commissions

8 Review by MassWildlifeNHESP is required if the project is located within Priority or
Estimated habitat and must be complete before the conservation commission can close any
hearing and issue and under the WPA

8 Most buffers will be established in the buffer zone and not in an actual wetland resource area

8 Most swales are along roadways and may not be within the jurisdiction of the conservation
commission

§ Ifiinstalled as part of site development or if within or adjacent to a wetland buffer zone (limits
set by state and/or town bylaw), the device must meet the requirement§/# Bwrmwater
Standards under the WPA.

8§ A Stormwater Report is required when submitting an application Yeeteands NDI for any
project subject to the stormwateranagement provisions of the WPA.

8 All interests of the WPA are either benefited or unaffetteduffers and swalesvith the
possible exception of groundwater quality protection if infiltration occurs in the buffer or
swale.

M assachusettsind Related Experience

Vegetateduffers and water quality swales are common constituents of watdraked nutrient
reduction plans, typically focusing on reducing and treating runoff from impervious surfaces prior
to entry into waterbodies. Vegetated buffers are effective in reducing the ecological and aesthetic
impact of shoreline development to the lake edgentsrceptingsoil and nutrient retention and
preserving shoreline integrity but engineering the buffer zone immediately adjacent to a lake or
tributary may not be desirable for habitat reasons where natural vegetation already exists. Water
quality swales are typically used to divert runoff from streets and parking and are a common
element incorporated into the design of residential development to meet MA Stormwater
Standards. Due to their relatively small size, these BMPs are, individually, unlikely to provide
significant reductions of nutrients loads. However, as integral parts of a watbestest plan,

they could provide some reduction of cumulative watershed inputs.

Conservation commissions in MA have usually been sensitive to the need to protect the land
immediately adjacent to lakes and streams, mostly buffer zone under the WPA where Bordering
Vegetated Wetland is not present. Keeping the buffer zone natural is desirable, and engineered
buffer zones are most advantageously applied outside the buffer area as defined by the WPA,
Riverways Act, and local bylaws. But where damage has already been done by heavy foot traffic
or vegetation clearing, creating an engineered buffer zone may provide acceptable protection, at
least from erosion. Swales are especially useful along dirt roads to capture solids while limiting
flood hazards but need to direct the water to some additional treatment system to maximize nutrient
removal. New development or redevelopment subject to the MA Stormwater Standards will find
buffers and swales to be useful elements of a more comprehensive management plan. Likewise,
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Buffers and Swales

municipalities subject to Stormwater NPDES permits will also find buffers and swales beneficial,

just not adequate by themselves to meet any nutrient control requirements.

The Berkshire Regional Planning Commission prepared/ithgsachusett8uffer Manual for
MassDEP in 2003 and included examples from around the Commonwealth. While smaller buffers

were noted as valuable for bank stabilization and fish habitat, buffers in excess of 125 ft in width
were viewed as necessary for significant nutrient control and maximum buffer value is not

achieved until a width of 300 ft.

The LakeSmart Program, developed in Maine and applied in New Hampshire as well, focuses

on shorefront properties and finds buffers and swales to be very important to erosion control near

shorelines and along
maintained by municipalities.

Non-Point Source Controlsi Detention

How It Works

roads,

particularly

Detention covers a range of engineered structuresitbatesigned ttemporarily store and then
slowly release stormwater runoff over a defined period of time (usualk2 Iiburs Detention
devices include dry detention basins (both conventional and extended), wet detention basins, and
bioretention areaéincluding rain gardensPollutant removal is accomplished mainly through
settling and biological uptake, although incorporation of infiltration capacitincagase pollutant
removal, peak flow control and volume reduction capabiliti®gssign features are extremely

varied and depend @ize,pollutant removal goals, regional climate, and localized site conditions.

Detention facilities camange fromlarge pondf several acrewith multiple forms of aquatic

habitatto microlevelrain gardensBrief descriptions of the major categories are adapted from the

MA Clean Water Toolkit.
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Detention

4315 Conventional Dry Detention Basins an impoundment o
4316 excavated basin for the shoerm detention of stormwate)
4317 runoff, usuallyfrom develogd areashat allows a controlled
4318 releasedownstreamfrom the structure at prgevelopment
4319 flow rates. Their primary function is flood control
4320 Conventional dry detention basins typically control pe .
4321 runoff for 22year and 1§/ear 24hour stormsand will have - .
4322 outlet structures to passively conttiog rate at which outflow| &S e
4323 s released from the basin. This can help decrease downs| Dry detention basin (above)
4324 flooding, erosion and scoubry detention basingre not | 2ndflow control outet (below)
4325 designed to provide extended dewatering tire@s)dingwet
4326 pools, or groundwater recharged have limited pollutant
4327 removal capabilitiesThey may support growth of vegetatio
4328 possibly even wetland species, which may provide sq g
4329 additional pollutant trappinddry detention ponds have leq £
4330 potential to support mosquittuisancesand providegreater ‘_
4331 detention capacity per unit codiut do not improve wate| ==
4332 quality to the extent that other detention designs can. offer

4333 ExtendedDry DetentionBasinsare modified conventional dry detention basins, designed to hold
4334 stormwater for at least 24 hours to allow solids to settle and to reduce local and downstream
4335 flooding. Extended dry detention basins may be designed with either a fixed or adjustable outflow
4336 device. Pretreatment is a fundamental design component of an extended dry detention basin to
4337 reduce the potential for cloggingxtended dry detention basins may also incorpor#tero

4338 components such as a micpwol or shallow marshto enhance pollutant removgkee

4339 https://megamanual.geosyntec.com/npsmanual/extendeddrydetentionbakin.aspx

4340 Wet Detention Basinsuse a permanent pool of water as
4341 primary mechanism to treat stormwatéfet Detention Basing
4342 are commonly also referred to as retention basins.
4343 detention ponds are more effective than dry detention pq
4344 as the latter have a greater risk of sedimesuspension ang
4345 generally do not provide adequate soluble pollutant remq |
4346 The pool allows sediments to settle (including fine sedime
4347 and removesomesoluble pollutants. Wet basins must hal
4348 additional dry storage capacity to control peak discharge r;
4349 Wet basins have a moderate capacity to remove most urban

4350 pollutants, depending on how large the volume of the permanent pool is in relation to the runoff
4351 from the surrounding watershe@ontinued performance of wedetention basins may require
4352 maintenance, as the builpp of sediment will reduce capacity and may cause low oxygen
4353 conditions that promote P release.

Wet detention basin
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Detention

Bioretention Areas and Rain Gardengse soil, plantsand
microbes to treat stormwater before it is infiltrated
discharged. Bioretention areas amsually small, shallow
depressions filled with sandy soil, topped with a thick laye
mulch, and planted with dense vegetati®tormwater runoff
flows into the bioretention area, percolates through the
(which acts as a filter) and eventually drains into
groundwater; some of the water is also absorbed by the pl
Overflow may be facilitated in some casBmretention areag
are usually designed twld a small volume gbonded water
with an overflow outlet to prevent flooding during larger sto| &
events. Properly designed bioretention areas will rem &
suspended solids, metals, and nutrieantd are effective a
pollutant removal and recharge for the “first flush"
stormwater runoff. Distributed aroundre@sidentialproperty,
bioretention areas can enhance site aesthatidare often
marketed as property amenities. Routine maintenanc| g
simple and can be handled by homeowners or landscap
companies

; i ...

Small bioretention area/rain

garden (above) and larger,

more elaborate area (below)
o Toofi et : i

Other Design Considerationan important consideration for installation of basins is that the
amount of landequirel for the installation okffective basins is typically larg&or examplethe

area should be at least 2% of the drainage area it serves, and preferably as much as 7% of that area.
Length to width ratio can be an important feature of detention systems, with a ratio of 2:1 often
applied. Outlet configuration can also make a big difference; graduated outlets that allow more
water to exit as the water level rises are often needed to ensure flood protection, while filtration
berms are used to hold back fine solids and hooded overflows are used to trap floatables. Addition
of coagulants can enhance removal of dissolved nutrients and colloidal solids.

Another important consideration for detention facilities is the degree of interaction with
groundwater. TheMA stormwater handbook encourages maintaining natural levels of
groundwater recharge in developed areas but includes provisions for limiting the impact of
infiltrating stormwater on groundwater quality. While passing runoff through soil can be a very
effective pollutant removal mechanism, design will need to avoid simply converting a surface
water problem into a groundwater issue.

Removal rates for pollutantsary widely among the various design types. Dry detention basin
providelittle in terms of nutrient reduction, except perhaps indirectlseldycingchannel scouring
flows that can erod®ank sediment downstream. Wet detention basire more efficient in
pollutant retentiorwhen properly constructed and maintain&emoval efficiencies reported
include for TSS- 80% with sediment forebayor Total Nitrogen TN) - 10% to 50% for TP -
30% to 70% for metals (copper, lead, zinc, cadmiuB9% to 75% and @thogens (coliformk.
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Detention

coli) 40% to 90% (see https://www.mass.gov/doc/MAtormwatethandbookvol-2-ch-2-
stormwatetbest managemenpractices/downlogd Rain gardens may provide superior removal,

but data are scarce. The online database for detention basin performance (see
https://BMPdatabase.orprovides extensive detail on features, removal mechanisms, and ranges

of removal efficiency for a variety of contaminants and indicates that removal of TP or TN removal

by detention does not usually average more than 50%. Other treatment processes, such as media
filtration, wetland processes, or chemical additives are needed to lower nutrient concentrations to
desirable levels.

PossibleBenefits

8 Provides flood protection as well as water quality enhancement

8 Can provide significant nutrient reduction (wet ponds)

8 Generally passive removal wigotentiallylimited maintenance needs

8 Bioretention areas can be easily incorporated or retrofitted into residential areas and require
small land areas

8§ Can provide habitat value and blend aesthetically with landscape

PossibleDetriments

8§ Adequate basin construction maguire substantial land area

§ Construction problems are common in areas of high ground water or abundant bedrock
8§ Depth of pool may require restrictive fencing for public safety

8 Wet ponds may become mosquito breeding aveasllect trash

Information for Proper Application

§ Climatic and drainage area data to provide estimate of variability in hydrologic loading

§ Water quality data witltharacterizatiorof particulate, colloidal and dissolved fractions, to
allow estimation of needed detention time and supplemental features (e.g., plantings, outlet
featuresadditional treatmet

8 Soil types, ground water depth and related data for construction planning

8 Monitoring to assess effectiveness and any need for adjustment

Factors Favoringor Disfavoring the Use of this Technique

Favored when aubstantial portion of the P and/or N load is associated with NPS pollution
Favored whentadies have demonstrated the impact of identifiable sources

Favored when ater associated with NPS inputs is important to lake hydrology

Favored whendnd is available for placement gifficiently sizeddetention system

Disfavored if detention results in groundwater contamination or raises groundwater level in a
manner that affects nearby structures (e.g., residential basements, underground utilities)

w W W W W
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Detention

§ Disfavored if high degree of treatment is needed to meet water quality standards unless
additional treatment processes are included

Performance Guidelinesand Monitoring Needs

8§ Collect wet and dry weather data necessary to demonstrate the problem, characterize the runoff
fractions, and estimate the potential for sediment and nutrient reduction

8 Design the system to meet demonstrated needs; consider flood prevention and water quality
enhancement, providing appropriate capacity and rate of thufémgh

8 Develop a maintenance planth short and longterm provisions

§ Monitor inflow and outflow concentrations of targeted contaminamtdemonstra results
until an adequate track record is established

Key Considerations for Conservation Commissions

8 Review by MassWildlifeNHESP is required if the project is located within Priority or
Estimated habitat and must be complete before the conservation commission can close any
hearing and issue and under the WPA

§ Ifiinstalled as part of site development or if within or adjacent to a wetland buffer zone (limits
set by state and/or town bylaw), the device must meet the requirementd/é Bwrmwater
Standards included in th@A stormwater handbook

8 A Stormwater Report is required when submitting an application Wetiands NDI for any
project subject to the stormwate@ranagement provisions of thiéPA

8 A NPDES permit from EPA may be required under special circumstanoasult with
MassDEP on possible need

8 All interests of the WPA are either benefited or unaffected, with the possible exception of
groundwater quality protection if infiltration occurs in the detention area

Massachusettsand RelatedExperience

Detention basins are a very common component of the developed landscape, providing valued
flood control and some pollutant loading reduction. Removal rates for N and P do not tend to be

very high and detention areas can actually become a source of nutrients if not maintained, as
nutrientrich sediment accumulates and is subject to decomposition and redox reactions that can
add nutrients to the water column. Yet the flood control function is quite valuable, and as part of

a more complete stormwater treatment system, water quality of the outflow can be greatly

improved.

Detention basins are routinely created as part of construction projects, often just as temporary
features to capture solids during earth moving activities but sometimes as permanent features of
the developed landscape for poststruction water quality control. Monitoring of detention
facilities in MA as part of the NPDES program for construction permitting has generally
demonstratedmuch reduced TSS loads, but nutrient control beyond that associated with
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Detention

particulates has not been a focus of these detention systems. Where fine sediment was not settling
adequately in detention areas, polymers, alum, or other coagulants have been added at the inlet to
enhance settling, and this has been found to depress P concentrations in outflows. Monitoring,
however, rarely focuses on water quality features beyond solids.

Most detention basins created as permanent features of residential or commercial areas are dry
detention facilities, as a permanent wet pool tends to breed mosquitoes. Use of existing natural
wetlands for detention is generally prohibited under the WPA and creation of a wet detention area
in an upland setting requires more engineering to maintain a pool. Where water is retained,
detention areas tend to become treatment wetlands, an approach discussed separately in this guide.

A wet detention basin was built within the boundary of Hills Pond in Menotomy Rocks Park in
Arlington, MA in the early 1990s to receive stormwater after passage through a Vortegtnics

for solids removal but before entry to the pond. A wetland filter was added on the pond side of the
detention area. TP reduction from 200 ppb in water entering the detention basin to 20 ppb in the
pond was documented in the first couple of years after installation (Fugro 1996), but this included
dilution as well as any actual P capture.

Non-Point Source Controlsi Infiltration /Filtration

How It Works

Water quality impactso lakes due to storm runoff has been clearly linked to the portion of the
watershed that is imperviod SEPA 2021) Someatural surfaces such as clay soil, muck soils,

and exposed rock are functionally impervioukile anthropogenic surfaces such as roads, parking

lots, drivewaysand roofsaremajor sources of runoff in developed watersh@dsriety of factors

influence the magnitude of impact from impervious surfaces, including slopes and level of
connectedness between impervious surface and water resources, but general thresholds have
emerged after years of research and observa@mtce imperviousness exceeds 10% of the
watershed area, water quality problems are often observed, and at levels in excess of 25%, water
guality impairment almost always occurs.

Imperviousnesgnpactscan beredued by narrowing roadways, limiting development footprints,
preventing soil compactioreliminating curbs and guttemnd incorporatingnfiltration methods
wherever feasibldnfiltration systems may includefiltration trenchesor basinsleaching catch
basing dry wells,porous pavers, or related devices that enhdremfiltration of water into the
soil or pass runoff through a filtration medium, usually sand or related porous. iRadiales are
filtered by the soil matrix and many soluble compounds are adsorbed to soil particiesrix
media Brief descriptions of these practices, adapted from Mie Clean Water Toolkit
(MassDEP 2021), are given belowSS and nutrient removal efficiencies for various techniques
are available from theénternational Stormwater BMP_database and infiltration/filtration
through porous media provides the highest removal of all watershed BMPs.
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Infiltration trenches are shallow excavations filled witk
gravel or largeistone designed to capture sheet flow
piped inflow. Theinterstitial spaces in thsolid media
providestemporaryunderground storage for stormwat
runoff. The stored runoff gradually exfiltrates through t
bottom and/or sides of the trench into the subsoil
eventually into the water tablEretreatmentf the runoff =
is usually advisable as it helps prevent failure of Infiltration trench
infiltration system due to clogging and sediment
accumulationPretreatment may also be necessary to meet discharge requirements under the MA
Stormwater Standards. Detention basins may be modified to create greater infiltration, combining
the benefits of two management approaches.

Leaching catch bagis are catch basins fabricated of barrel g
riser sections that permit the infiltration of runoff into the grou
A leaching basin is a similar device, installed adjacent to a
sump catch basin that provides pretreatment. Because of
pretreatment, the catch basin/leaching basin combinatio
preferable to the leaching catch basin, slowing the rate of clog
and limiting the movement of some contaminants into
groundwater. Leaching catch basins and leaching basins areuseu
in areas with highly permeable soils; overflow of these devices in larger storm events is possible
and relatively little of the runoff will be infiltrated if the soils are not porous.

Leaching catch basin
vaults

Dry wells are small excavated pits, backfilled with aggregate, and used to infiltrate
uncontaminated i c | mu@ofi o)n impervious areas of limited probability of contamination,
like roofsmade from relatively inert materidry wellsshould not be used infiltrate any runoff

that could be significantly contaminated with sediment and other pollutants, including parking lot
runoff. Dry wells are alsgenerally considered inappropriate in areas of groundwater supply.

Porous pavemenis a paved surfaceonstructed from substances wi
a largepercentage of air voids to allow water to pass through it
infiltrate into the subsoil.This porous surface replaces traditior o
pavement, allowing runofb infiltrate directly into the soil and receiv| / 71H |
water quality treatment. Permeable pavimgterialsinclude porous
asphalt, pervious concrete, paving stones, and manufactured ‘| Porous Pavement
pavers" made of concrete or plasf@rmeable pavini widely used (Source: USEPA)
for walkways, plazas, drivewaypatios,parking stalls, and overflow

parking areas
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Porous filter mediaprovide the benefits of infiltration
without necessarily putting the water into the soil. T
media may be built into an outlet berm for a detention g
or any number of Ancartr|i
insertion into a catch basin opening, channel, or of
runoff stream. Media include sand, modified s3a
(impregnated with highly adsorptive materials),
synthetic materials designed to remove a wide rang
contaminants. Runoff passes through the filter media
same way it might infiltrate soil, but emerges as surfac detention area
piped flow after passage, not groundwater recharge. There

has been considerable advancement in recent years with regard to filter media packaging and use,
with high rates of removal for many contaminants, especially P. However, the runoff must pass
through the filter medium, creating a challenge under high flow situafidmes @mbination of

porous filter media with detention systems appears to work best, allowing more control over the
rate of flow and reducing clogging. Many media filtration systems are proprietary (for examples,
see https://www.sepro.com/aquatics/eutrosorbhttps://asfiltermedia.com/stormwater and
https://www.conteches.com/stormwataanagement/treatment/stormwateanagement

stormfilter).

tions

Site constraints such as shallow depth to groundwate
bedrock and poorly drained soils often limit the effective |
of infiltration, so detailed knowledge of the sitsolil
characteristicss essential when planning infiltration facilitie
In sites with suitable conditions, dffie infiltration systems
are generally preferre(de., infiltration device is the terminu
of treatment processMedia filtration can still be used if soi O
permeability is low at the site, as the treated runoff is retury Combination detention and
to surface flow. As noted above, one k&y successful leaching basin
infiltration/filtration is providing adequatpretreatment to remove particles that coatlerwise

clog the interface at which infiltratidiiitration occurs. Another key is having sufficient runoff
detention capacity to allow delivery of runoff to the infiltrafiidtration surface at ananageable

rate that maximizes performance. Both key factors can be met by combining adequate detention
facilities with infiltration systems.

Infiltration devices are generally credited with 80% TSS removal but nutrient rensoless
effective. Removal rates foP tend to be moderate, witteportedaverages o#6% and 4%
removal by infiltration through sand and porous pavement, respectively, near the actual facility. P
removal rates can be much higher if the infiltrated runoff then passes through more soil for a
substantial distance before reaching either the groundwater or a lake, much as for an onsite
wastewater disposal system. Total nitrogen removal is more limited (e.gsigmiicant to 16%)
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Infiltration/Filtration

4575 with little reduction of dissolved formdFiltration through manufactured porous media can
4576 improve P removal rates, but P removal in excess of 50% is still uncommon, and N removal usually
4577 remains low.

4578 Benefits

4579 § Removes many contaminants besides nutrients

4580 § Can be used to minimize runoff and maximize ground water recharge

4581 8§ HighPremovalpossiblebased on multiple processes in soil or artificial media

4582 8§ Can include underground leachigaglleriesto minimize surficial land use

4583 § Can be combined with detention facilities for extended and improved performance

4584 Detriments

4585 § Poor removal omobiledissolved nitrogen in most cases

4586 8§ May contaminate groundwatesith mobilepollutantspresent in runoff

4587 8§ Requires substantial land area; may interfere with surface uses if not subterranean
4588 8§ May require substantial detention capacity or not work at all if/swéldiaare not sufficiently
4589 permeable

4590 May raisethelocalized groundwater tablgith possible issues fdocal structures

4591 8§ May clog if not adequately maintained; pretreatment of infligeoften necessary for optimal
4592 performance

wn

4593 Information for Proper Application

4594 § Drainage area and climatic data to estimate range of exgealealogicloading

4595 § Water quality dataf source runoffor evaluating possible impacts on groundwater

4596 8§ Soil conditions drainage slopeand groundwater table elevation to evaluate efficacy of
4597 infiltration and determine design criteria

4598 § Selection of appropriate filter media to address contaminants of interest

4599 § Maintenance plan with amitoring to assesshen maintenance is needed

4600 Factors Favoring or Disfavoring the Use of this Technique

4601 § Favored where aubstantial portion of the P and/or N load is associated with NPS pollution
4602 and sudies have demonstrated the impact of identifiable sources

4603 § Favored whenizging and pollutant removal functiomgll make a difference to loading

4604 Favored whereand is available for placement of infiltrati@iiration facilities

4605 8§ Favored where etention capacity is available to hold excess runoff until it can be
4606 infiltratedfiltered

4607 8§ Disfavored where infiltration is limited by soil features or where it coalase local flooding
4608 problems, wet basements, or structural damage

w

Reduced Nutrient Inputs to Lakes Page5-34



4609
4610

4611

4612
4613
4614
4615
4616
4617
4618
4619

4620

4621
4622
4623
4624
4625
4626
4627
4628
4629
4630
4631
4632
4633

4634

4635
4636
4637
4638
4639

4640
4641
4642
4643
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§ Disfavored where infiltration may caugeoundwater quality deterioratipespecially where
groundwater is a source of potable water

Performance Guidelinesand Monitoring Needs

§ Collect the data necessary to demonstrate the problem and potential for improvement

8§ Design the system to meet demonstrated needs; provide trapping for solids that may clog
systens and appropriate storage capacity for expeptedessingate

8§ Evaluate possible groundwater impacts; adheMAadStormwater Policy

8§ Develop a maintenance plémat includesannual or semannual inspection and cleaning as
warranted

8 Monitor at locations appropriate to demonstrating resfdtsis on water quality variables of
concern, most often P and N, but potentially solids and bacteria as well

Key Considerations for Conservation Commissions

8 Review by MassWildlife NHESP is required if the project is located within Priority or
Estimated habitat and must be complete before the conservation commission can close any
hearing and issue and under the WPA

8 If installed as part of site development or if within or adjacent to a wetland buffer zone (limits
set by state and/or town bylaw), the device must meet the requirement8/# ®Brmwater
Standards under the WPA

8 A Stormwater Report is required when submitting an application fé®hfor any project
subject to the stormwatenanagement provisions of the WPA

§ Construction outside a wetland resource area creates jurisdictional issues, but if a device results
in later impacts on a wetland resource, jurisdiction can be claimed; applicants should be aware
of their longterm obligation under the WPA

§ All the major interests of the WPA amgenerally benefited or unaffected bproperly
maintained infiltration/filtratiordevicesbut there can be some risk to groundwater quality

Massachusettsand Related Experience

Infiltration has been widely applied where soils were suitable, most notably on Cape Cod and
much of southeastern MA. Application is much less frequent in the Berkshires, where soils are
much less permeable. Proper sizing, construction, provision of overflow passage, and
maintenance, including avoiding compaction of the infiltration area during construction and any
subsequent maintenance, have been emphasized in project reviews.

Sunset Lake is a 53cre lake located in urban Braintree that suffered from bacterial contamination
issues, eutrophicatipmnd nuisance aquatmantg r o wt h . Land uses within
acre urbanized watershed include hdgnsity residentialas well as the local high schoahd

athletic fields. Polluted stormwater runoff from adjacent parking led to high bacteria levels
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Infiltration/Filtration

resulting in several beach closings during each swimming seasi8unset Lakevas placean
the 1992 Clean Water Act (CWA) section 303(d) list of impaired waters.

In 2011, MassDEP received a USEPA CW&ection 319 grant to improve the water quality of
Sunset Lake by reducing stormwater runoff into the lake, particularly bacterial and nutrient
pollution. Both structural and nonstructural BMPs were implemented as part of this project. The
structural BMPs includethany applications focusing on infiltration includinge water quality

swale, four rain gardengndthree areas of permeable pavers. Installation of the BMPs led to
improved conditions. Eroded areas on the beach from the direct discharge of stormwater were
eliminated. Despite occasional heavy rains, there has been only one excesdhaacterial
standardssince the project was completed in 2012.The reduced frequency of beach closures
indicates that bacteria are being removed by the BMPs. The total project cost was $157,330.
(USEPA 2016).

Lake Lorraine in Springfield, MA, is a kettlehole lake in an urban area with very sandy soils. Seven
stormwater drainage discharge systems, each serving a long street set perpendicular to the lake,
discharge to the waterbody. While water quality remained acceptable for most uses into the 1990s,
concern over ongoing loading assessed as part of a diagnostic/feasibility study conducted with
state funding led to the installation of leaching catch basins after the most downstream catch basins
in each stormwater collection system under the auspices of the Pioneer Valley Planning
Commission(BEC 19®). There was adequate elevation above the lake and water table and
distance to the lake to allow for considerable pollutant removal. The leaching basins overflow to
the stormwater discharge pipes, allowing excess runoff from higher intensity storms to overflow
to the lake and avoid flooding.

The quantity of runoff was reduced after installation, with the firstihat of runoff estimated to

be infiltrated. Monitoring of storm drain discharges indicated improved quality, as the first flush

of stormwater was mostly infiltratednd dilution improved any overflow quali8EC 1992.
However, maintenance of these systems has been mirinthhn assessment of leaching basin
condition a decade later indicated that more than half the capacity has been lost to sediment and
one manhole access point had been paved over.

Most Cape Cod towns use leaching catch basins or similar infiltration facilities to minimize flow
of runoff from roads to surface waterbodies. Most have functioned well, with very little overland
runoff reaching most lakes, but impacts on groundwater are not well known and the level of
maintenance for facilities varies tremendously and is generally low.

Minneapolis, Mnnesotahas documented multiple infiltration projects from the metropolitan area
(MN PCA 2022). Reductions in P and sediment input to urban lakes, a priority in that area, have
been measured, with a low of 25% P removal and a high of 90% P removal for individual projects.
Re-use of some processed water for irrigation minimizes the use of potable water for irrigation of
ballfield turf, so benefits extend beyond pollution control.
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Infiltration/Filtration

Filtration through porous media is a newer approach still being advanced, although parking lot
drainage from the Bay Colony area west of Hobbs Brook Reservoir in Waltham, a reservoir in the
Cambridge water supply system, has had a filter berm at the downstream end of a large detention
area for over two decades. In other applications, various media have been packaged in cartridges,
| ayered sheets, fisocksodo, and other forms for
drawback has been getting all the flow to pass through the media containment system, as flows
can increase rapidly in response to storms in urban areas and clogging remains an issue. Yet
removal of contaminants, especially P, is higher for such media than any other structural control
method (Clary et al. 2020

Non-point Source Controls- Constructed Wetlands
How it Works

Constructed stormwater wetlands are wetland systems that maximize the removal of pollutants
from stormwater runoff through vegetative filtration, nutrient uptake, soil binding, bacterial
decomposition, and enhanced settling. Constructed stormwater wetlands temporarily store runoff
in shallow pools that support conditions suitable for the growth of wetland plants. Much of the
effectiveness of the treatment is related to microbial action; the @ettsore asthe substrate

than the active pollutant removers, but removal rates are higher in the presence of plants.

Constructed stormwater wetlands may be designdd@sgh flow

t ith t Is for both treat t and st There are many types of
systems with permanent pools for bo _rea men _an storag | eriands. both natural
peak flowsTypes of constructed wetland, in approximate orde| ang designed
decreasingdrainage area requirements, include shallow mg /constructed . Successful
systems, basin/wetland systems, extended detention wetl; design of wetlands for
pocket wetlands, and gravel wetlan@onstructed stormwate| Stormwater treatment

tland Iso be desi d asliof t ithirst flush benefits from a clear
wetlands can also .e esigned aslio# sys gms withfirst flush || e rstanding of
stormwater runoff diverted to the wetland lagher stormflows | treatment goals and
routed around the wetlandTo preserve theirlongterm | knowledge of wetland
effectiveness, MassDEP requires incorporation of a sediment

forebay as pretreatment for all constructed stormwater wetlands.

Importantly for applications itMA, constructed treatment wetlands can function effectively in
cold environments, mainly as a function of subsurface flow and related microbial uptake,
adsorption, and filtration process&be gesence of aerobic and anaerobic conditions in sequential
portions of the system is essential to reduction in nitrogen through sequential oxidation and
reduction of nitrogen forms to convert organic forms to nitrogenMyatsient removal is variable
depending on the type of wetland installed. In conventional shallow marsh or basin/wetland
systems, TP removal may reach 560%. Nitrogen removal is lower but also variable, with
average®n the order 025-30% (Clary et al. 2020)Decay of vegetatioim the wetlandnay raise
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Constructed Wetlands

nutrient exportduring late summer or falUseful information is available from thi¢A Clean
Water Toolkit andUSEPA constructed wetlandsebsite

Benefits

§
§

Combines features of emergent wetlands, ponds, and groundwater for pollutant removal
Higher pollutant removal efficiencies for soluble pollutants and particuthis many other
structural BMPs

Relatively low maintenance needs

Provides supplemental wetland habitat area

Detriments

Information for Proper Application

Depending upon desigmay requiremore land than other BMP

Relatively high construction costs compared to other BMPs

Some seasonal component to removal efficiency, although subsurface flow can offset this in
many cases.

May have net release of nutrients during hydraulic washout after decay periods

Lower pollutant removal efficienciesntil vegetation is well established

May areatea potential breeding habitat for mosquitoes

8

Factors Favoring or Disfavoring the Use of this Technigue

Soil conditions and groundwater table elevation, to eval]
efficacy of wetland maintenance and determine design critg G
Drainage area and climatic data to estimate range of expé m
hydrologic loads :

) ) . . Constructed wetlands
Water li for evaluatin ible im
ate qua ty data for evaluat g poss ble pacts with limited (above) and

groundwater and special design needs for maximizing pollu expansive (below) open
removal water portions

8

Favored whendnd is available for placement of wetlaraisl
detention capacitganhold a substantial portion of the target{ &
runoff

Favored whersubstantial portion of the P and/or N load
associated with NPS pollution and studies have demonstrated the impact of identifiable sources
Favored where aximum nitrogen removal is desired

Disfavored if agetention and/or infiltration will cause local flooding problems, wet basements,

or structural damag

Disfavored wherenfiltration may cause groundwater quality deterioration
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Constructed Wetlands

4752 Performance Guidelinesand Monitoring Needs

4753 §
4754  §
4755
4756
4757 §
4758 §
4759 §
4760
4761
4762 §
4763

4764 Key Considerations for Conservation Commissions

Collect the data necessary to demonstrate the problem and potential for improvement
Design the wetland to meet demonstrated needs; utilize multiple wetland processeaker
flood prevention and water quality enhancemant|provide appropriate capacity and rate of
throughflow

Incorporateéhabitat and aestheticgadesign and use only native species in planting programs
Develop a maintenance pland monitoring program to signal when maintenance is needed
Monitor at locations appropriate tiemonstrateesults usually
the inflow and outflow locations, but consider inputs
groundwater

Focus on nutrients and organic matter leaving the wet
complex

4765 8§
4766
4767
4768
4769 8§
4770
4771
4772
4773 8§
4774
4775
4776 8
arri
4778 8§
4779
4780 8§
4781
4782

Constructed wetland

Review by MassWildlifeNHESP is required if the project i forebay for a lake

located within Priority or Estimated habitat and must
complete before the conservation commission can close
hearing and issue anA@ under the WPA

If installed as part of site development or if within or adjac
to a wetland buffer zone (limits set by state and/or town bylg
the device must meet the requirements of\i#e Stormwater
Standards under the WPA

Like other stormwater BMPs, constructed stormwater wetlands may not be located within
natural wetland areas other than riverfront area, land subject to coastal storm flowage, isolated
land subject to flooding or bordering land subject to flooding

A Stormwater Report is required when submitting an application fé©hkfor any project

subject to the stormwataranagement provisions of the WPA

All the major interests of the WPA are benefited umaffected by properly constructed
wetlands, although there could be some risk of groundwater impacts

Wetland creation for stormwater management establishes additional resource area subject to
the WPA, but commissions should be mindful of the primary purpose of the wetland and
necessary future maintenance and possible adjustments
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Constructed Wetlands

Massachusettaand Related Experience

Constructed wetlandswere used to mitigate
stormwater arising from the construction a
operation of the Emerald Square Matl North
Attleboro,MA (Daukas et al. 1989T.he 58-acre site
drains to the Sevenmile\rr whichflows into Luther
Reservoir and Orr Pondlassified as a public drinking
water supply.Mitigation of stormwater runoff wag
necessaryo ensure that the water quality of the rivq ESSEEEINE
and public drinking water supply would be preserv{  Constructe
that the quantity of water flow within the watersh{
would be maintained, and that stormwater runt-
would not cause downstream flooding

B Y A 15

d wetland with multiple
chambers

(Courtesy of D. Lowry)

Stormwater runoff from the shopping malasdivided into two treatment paths with flows from

the upper and lower watershed separately routed. Both flowsdivected througla sequence of
threewetland/detentiopondsprior to discharging into tributaries of the Sevenmile Rivwetland

basins were established during the first construction phase to provide at least one full growing
season prior to receiving parking lot rundddditional BMPs were utilized such as catch basins
with oil and grease traps, parking lot sweeping, sodne® deicing salts and the restricted use of
herbicides, pesticides and fertilizeksstly, bngterm monitoring of treated runoffas installed

to detect unanticipated water quality problems that may result from the shopping mall operation.
No evidence of adverse downstream impacts has been reported or wexloebted. The area
used for the wetland was upland prior to construcsigiwhile someuplandwildlife waslikely
displaced newwetlandhabitat was created for other wildlife

A constructed wetland for the Crystal Mall in Waterfor . ... &
CT, has a smaller footprint and more linear design t
that of the Emerald Square Mall, but incorpora] . =
elements of open water settling, emergent wetl;
processing, gravel subsurface flow and treatment, an
outlet filter berm.

The USEPA reviewed 17 wetland treatment case histg o
Constructed wetland with linear

(USEPA 1993) and concluded that removal rates configuration

solids and nutrients could be very high, sometimes (Courtesy of D. Lowry)

excess of 90%. However, most cases involveu

wastewater, which tends to have very high initial concentrations of nutrientanother

wastewater application that eventually incorporated stormwatey, li2acre Tres Rios

Demonstration Projedh Phoenix, Aizona began in 1993 by treating two million gallons of

effluent per dayUSEPA 2006) The demonstration project was so successfulitha000, the

Reduced Nutrient Inputs to Lakes Page5-40



4821
4822
4823
4824
4825
4826
4827
4828

4829
4830
4831
4832
4833
4834
4835
4836
4837
4838
4839
4840

4841
4842
4843

4844
4845
4846
4847
4848
4849

Constructed Wetlands

U.S. Army Corps of Engineers (ACOE) initiated thees Rios Ecosystem Restoration and Flood
Control Projectvhichinvolved the rehabilitation of nearly 700 acres in and around the Salt River,
restoring a vital wetland and riparian habitat. Former agricultural fields were graded and contoured
into the wetlands and reclaimed water from the wastewater treatment plant was pumped over to
the wetlands with eventual dischatgethe Salt RiverAs a result, e lush and scenic Tres Rios
wetland complexs now home to more than 150 different species of birds and arandhtbe lush
vegetationattracs many migratory and wintering songbir(iSity of Phoenix 2023)The project

has also enhancexssive recreation activities

Rain gardens can be regarded as small treatr] | ¥7°
wetlands if they remain wet enough to maintq |
wetland vegetation. The design of rain gardq §
typically incorporates many wetland features, §
proximity to residential and commercial sites tends
result in the minimization of standing water to avd
mosquito breeding. But if the water table is maintair| |
close to the surface, the valuable water quality feat
of constructed treatment wetlands can be attaine( & R
rain gardens.Often there will be a gradation ij  Raingarden thatincludes some
vegetation from at least facultatively wetland specie wetland plants

the lowest part of the rain garden to upland species near the periphery.

Non-Point Source Controlsi Onsite WastewaterDisposal
How it Works

More than one in five households in the United States depend on individual onsite or small
community cluster systems (septic systems) to treat their wasteWatPA reports that thedw

England states have the highest proportion of hamaéisnwideserved by septic systenisee
https://www.epa.gov/septic/abesépticsystemy Suchsystems are used to treat and dispose of
relatively small volumes of wastewater, usually from houses and businesses located in suburban
and rural locations not served by a centralized public sewer system.
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On-Site Wastewater Systems

Septic systems that are properly planned, designed, sited, instakbedted and maintained can
provide excellent wastewater treatmedbwever, gptic systems thadre obsolete (e.g., older
cesspools leaching directly into subsurface soilrer not properly sited or malntalnaday be
major contributors oNPS pollution to rivers, coastal waterg S : SF
groundwater, and surface water.

A typical septic system consists of an underground septic t
distribution box, and soil dsorption system. Conventiong
systems accept both graywater (wastewater from showers, § &
and laundry) and blackwater (wastewater from toileSsym | &
and settleable solids are removed from the liquid by gral
separationin the tank with flow toa subsurface drain syste
where the clarified liquid effluent percolates into the sGilidance for proper operation
includesregular inspection of the system with pumping as experience di¢tigtesally every 3
5 years)r according to calculations based on the number of people sanratier of bathrooms,
collectiontankvolume, and other use factors

Septic system leachfield
being installed

In MA, local Boards of Health regulate septic systems with MassDEP oversight in certain
situationsTitle 5 (310CMR 15.00ppr ovi des speciycations for the
and maintenance requirements of onsite sewage syston any new septic systems, the
leachfield must have a minimum setback of 50 feet from surface waters. To protect resources,
additional restrictions on septic systems may be imposed by local ordinance.

P is removed to a substantial degree in both the septic tank and the leachfield, owing to chemical
reactions that tend to convérinto particulate forms. Even beyond the leaching field or chamber,
mostsoils adsorlP at high ratesnd soils are an integral part of an onsite sysiRemoval rates

may be only 2660% in the actual septic system, but removal rates >90% are expected through soil
adsorption in most cases.
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On-Site Wastewater Systems

4875 When systems are constructed in sitedractured rock or compacted soil with fissures, high
4876 removal rates may not be realizédremoval will also be compromised by a high water table,
4877 especially if the groundwater is anoxic, as P will be more mobil[
4878 such situationd.ikewise, where system failure results in breakg '
4879 of septic effluent at the ground surface, or the soil capacit f(
4880 adsorption is exhaust@ahich occurs over timeyemoval oPwill | |
4881 be severely reduced. THeload to a lake from septic systen

4882 requires careful evaluatio Experience suggests that Harling

4883 septic systems are usually not a major P source to most lake
4884 the range of possible inputs is large and local conditions dictd &«
4885 loading. Additionally, while P adsorption onto soil is a ma| & S8
4886 removal factor, gradual movement of P through soil is possible| b S
4887 results in a very longerm legacy load to receiving waters.

-out

iR

4888 Even a properly sited, wethaintained, conventional septic systg N
4889 will release a substantial amount of nitrogen into the grod ‘
4890 Physical and chemical soil processes do little to reduce disch
4891 concentrationsof highly mobile nitrate which may exceed 5( I’
4892 mg/L. Site limitations and the inability of conventional sep ** g
4893 systems to capture more than about 10% of the nitrogen Haad fosteral research and
4894 development of @ariety ofinnovative and alternative (I/A) systent8\ systemsare approvable

4895 for use INMA to provide higher levels of treatmentto treatnittogemd a bett er ef pue
4896 particularly in areas draining to waterbodies sensitive to nitrofyjgmanced onsite wastewater

4897 disposal systems may be applied in cases where a septic system fails and/or the site cannot
4898 accommodate a conventional system due to size or performance needs.

4899 Advanced wastewater systemaffer improved removal for a variety of contaminants, depending
4900 on included components, and many are proprietary. Miasspecifically designed to remove
4901 nitrogen, with removal rates >50% and sometimes approaching &@¥6ugh thesadvanced
4902 systemgenerally do notemove significantly mor® than conventional systems

4903 Tight tanks(i.e., sealectontainerdor temporary storage of septic waste¢ an older alternative

4904 that eliminates the leaching function of onsite wastewater disposal and necessitate more frequent
4905 pumpout and hauling to an approved septage disposal site, usually a wastewater treatment facility
4906 operated by a municipality or regional authority.

4907 Community or shared disposal systems offer the opportunity to create better treatment conditions
4908 for a group of dwellings in one larger system. Better siting and more advanced engineering are
4909 attractive options. The discharge is still to the ground and soil processes remain an important part
4910 of contaminant removal, but poor soil conditions, seasonal high water, and other problems can be
4911 avoided. One possible issue with such a larger system is mounding, whereby the groundwater table
4912 s artificially raised in the disposal area by the volume of wastewater (Poeter et al. 2005), and this
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On-Site Wastewater Systems

must be taken into consideration when siting larger systems. Mounding may affect the quality of
treatment and direct wastewater into areas not intended to receive the effluent, including break out
into surface waters.

An important but often overlooked aspect of ensuring the propertémngoperation of onsite
wastewater disposal systems pertains to the education of users regarding limiting what goes into
the system (e.g., avoiding grease and excess solids loading from garbage grinders), the need for
more frequent pump out of sludge from the septic tank, repair or replacement of the leach field or
replacement of an old, compromised or failgygtemwith an I/A systemReplacement of onsite
systems with a community sanitary sewer system can enhance treatment and eliminate diffuse

inputs but is very expensive and discharge permitting is no small matter.

Benefits

8

8

Well-managed onsite astewater treatmegtn limit pollution
of surface waterprovides public health benefitsecharges
groundwater, and replenishes aquifers.

Costeffective and longerm option for treating wastewate
particularly in less densely populated areas

Properly designed, constructed and maintained septic syg
minimize P migration andnput to lakes

Advanced onsite wastewater disposal systems realuce
nitrogen inputs tgroundwater and downstream waterbodies

Conventional septic
systems are potentially
large contributors of
nitrogen, as little
nitrogen is removed by
the system or the soil
into which effluent is
discharged. Advanced
designs can provide
greater removal at

Tight tanksact toeliminate discharge to the groundwater or lake

Detriments

8

Conventional septic systems do not function well where
groundwater table is highe(g., <4-6 ft below leachfield
elevation) this is an issue near lakes

P removaldepend upon soil adsorptignwhenleachfields are
exhaustedincreased P mobility and input to lakes is possibl
Small residential lots are often classified as-nompliant due
to inadequate area for a secondary (backup) leachfield
Maintenance is not required by state law or most Ig
ordinancesandvoluntary compliance can be problematic
Climate change leading to rising sea levels, wari
temperatures, and more variable precipitation may reduce fi
effectiveness in some areas

Detailed lake studies in
MA (those involving
direct measurement of
in-seepage quality)
indicate limited impacts
from septic systems on
most lakes (range of 0 -
25% of TP load, mean of
6-8%). Septic systems
should be managed for
long -term successful
operation, but it should
not be assumed that
they are major sources
of P without supporting

Information for Proper Application

8 Local soil climatic,and groundwater conditions to allow proper siting and design
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On-Site Wastewater Systems

8

The vertical separation distance from the bottom ofl¢élaehyeld and the estimated high
groundwater elevation

Correct e leveland amenitieghumber of people, presence of dishwashers, garbage grinders,
etc) to allow propesizing

Consideration of overall density of septic systems in area

Factors Favoring or Disfavoring the Use of this Technique

8

8

Favored whentadies have demonstrated the impact of septic systems on theitlakegard

to nutrients or bacteria

Disfavored where space for properly functioning systems is not available

Disfavored where the groundwater table is near the ground surface or soils are not suitable for
processing effluent

Favored whereeqguired changes are justified and consistent with applicable state and local
ordinances

Favored where advantages of upgrading and maintaining systems are well understood by users

Performance Guidelinesand Monitoring Needs

§
8

wn

Collect the data necessary to demonstrate the problem and potential for improvement

Design systems or rehabilitation programs to meet demonstrated needs; match available
designs to water quality goals

Adhere to Title V regulations in the design and construction of septic systems

Develop an inspection and maintenance plath encourage owners to follow it

Demonstrate improvement to lake condition, if possible, but recognize the difficulty in
monitoring individual onsite disposal systems

Key Considerations for Conservations Commisons

8

w W W W

Review by MassWildlifeNHESP is required if the project is located within Priority or
Estimated habitat and must be complete before the conservation commission can close any
hearing and issue and under the WPA

Identify nutrientsensitive waters and establish that septic system management is needed
Make sure that adequate setbacks to wetland resource areas are maintained.

Verify that a satisfactory percolation test has been completed (refer to Board of Health)

All interests of the WPA are either benefited or unaffected by improved management of onsite
wastewater disposal systerbsit the addition of onsite disposal systems could represent a risk

of pollution

Massachusettand Related Experience

In MA, the influence of onsite wastewater treatment systems on the ecological health of local
waterbodies is perhaps best documented in Capewbede most soils are very porous and
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On-Site Wastewater Systems

treatment of effluent is limitedPollution of groundwater by nitrogen from local septic systems
with movemeninto kettlehole lakes and coastal embayment hasbbeega majorwater quality
concern. Increasing the nutrient removal performance andténgstable operation of onsite
systems has beem vital research and technology impetus including the developmeHa of
wastewater treatment systerAs part of the acceptance of i systens by local Health Boards,
theowners have the responsibility of keeping their system operating correctly to be in compliance
with state and local regulatioridowever, once systenfgve beerinstalled, therdnasbeenlittle
monitoring conducted to make sure they were operating as desigreeghectedThe diffuse

nature of inputs from onsite wastewater disposal represents a challenge to monitoring and impact
guantification.

In the early 2000s, the Barnstable County Department of Health and Environment identified the
need to be able to verify the performance claims being made by technology distributors to
homeowners and towhealth departments. The I/A (Innovative/Alternativ€eptic _System
tracking database was created in 2005 using funds from USEPA to collect inspection and
monitoring records from system operators electronically. All Héwsystems on Cape Cod are
now required to have maintenance contracts andcamnmected to an extensive databasa If
particul ar s ymtiogemevelireothe databdbgeigally quarterly or semiannual
testing, local countyhealth monitorsire alerted

Since its inception, more towrgve joined this databaseffort, extending tothree additional
counties. The program is now financed through user fees to offset administrative costs. To date,
there are more than8D0 active permits being tracked. Currently there are also more than 25,000
sample reports and more than 40,000 inspection reports that have been subropedtoys

A very extensive and detailed review of onsite wastewater disposal, including the sources, fate and
transport of nutrients, pathogens, and organic compounds (Lusk et al. 2017), is consistent with
experience in MA. In particular, the cited range for P loading to water resources is 4 to 25% of the
total for any given lake and the potential for source controls, maintenance, and advanced treatment
alternatives to reduce loading is covered.

The issue of legacy P loading from onsite wastewater disposal was investigated at a MA lake
(Schellenger and Hellweger 2019) in very permeable soils. A substantial input of P from
wastewater systems was projected and accounted for missing P loading in a separate comparison
of total and surface water inputs to the lake. Management efforts over the last two decades,
including removal of P from detergents and conversion of cesspools to septic systems under
updated Title V regulations, was estimated to have reduced P loading from onsite wastewater
disposal by over 30%. Continued P loading from historic onsite wastewater loading to soils after
installation of a sanitary sewer system was predicted to be significant but would decline by half
every 20 years.
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6. REDUCED NUTRIENT AVAILABILITY IN LAKES

Nutrient availability may be controlled by-lake techniques that include P inactivation, artificial
circulation, hypolimnetic oxygenation, and dredging where watershed management has been
unable to reduce nutrient inputs sufficiently to prevent algae blooms or where the main source of
nutrients is not the watershed (i.e., as with significant internal loadidg)tional techniques that
address nutrient availabilipre includedn the alternative technique categdoyt these additional
technigues havémited implementation potential and insufficient documentation of reliability.
Additionally, only the use of aluminum products is covef@dP inactivation in this chapter
Products with alternative P binders such as Phoslock and Eutrdfadibusing lanthanuras the

P inactivatoy have not been approved for use in MA as of early 28BRAough they have been

used extensively outside MA.
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P Inactivation

Phosphorus Inactivation

How It Works

The release d? stored in lake sedimenti®s become recognized ag
major factor in supporting algae blooms, especially for cyanobact
even after incominguutrient loads havéeen significantly lowered
(Steinman and Spears 2028) may be released from resuspend
sedi ment s, Al eakyo plant gro
sediment by fish or invertebrates, natural decay of sediment org
matter, or oxidatiosreduction (redox) reactions under low oxyg
(strongly hypoxic to anoxic) conditions. The last two mechanis
appear to be dominant in the vast majority of lakes where intg

recycling of P is a major factor in algal bloorkiégh P in lakes is not| &

generally, toxic to native biota; however, the effects of high P can
to degraded habitat conditions.

When considering P inactivation as a lake management approd
useful analogy is a leaky boat, where the boat represents the lak
water represents P. If there are leaks in the boat, patching

(watershed management) will be necessary to prevent the boat
filling with water. However, if the boat is full of water, patching t
leaks will not make the boat useful; the accumulated water mu
removed (P inactivation). If the leaks are very small, removing
water will restore utility for an extended period of time. If the leg

are very large, no amount of bailing will improve utility for very lon |

Determining where the lake is on that continuum is a helpful exe
in evaluating project appropriateness. Watershed managemer]
protect a lake but cannot counter the impact of internal loading.

There are three proven ways to stop P from being released
sediment: remove the problem sediment (dredging), add oxyge
prevent low redox reactions from occurring and to encourage na
inactivation of P (oxygenation), and add alternative P binders thg
not subject to release of P under anoxic conditions (P inactivat
Additionally, some improvement has been obtained by seleq

withdrawal that discharges high P water, but only after many yea|

Top, middle and
bottom of a n extruded
sediment core
showing change from
amorphous, high -P
material at top to peat
and sand with less
available P at bottom

application and never attaining the desired level of loading decr

ase.

Senes(

This section covers P inactivation, but it is important to first understand the relation between

internal P loading and algae.
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P Inactivation

Understanding how internal P loading supports algae blooms

With decay under oxygenated conditions, released P is expected to combine with binders naturally
present in the lake (most often iron in MA, but also including calcium, aluminum, and manganese).
Once bound, it settles back into the sediment in a form not usable by algae, although enough uptake
to support significant algal growth is possible during this process. However, where oxygen is low
enough to allow redox reactions (biochemically mediated reactions in which substitute electron
acceptors replace oxygen), P bound to iron can be released back into the water column from
sediment in a form highly available to algae and can remain in solution until oxygen becomes
available.

The ratio of the key nutrients (i.e., N to P) in redogdiated P release is low and favors
cyanobacteria over other algae (Ding et al. 2018), as many cyanobacteria can utilize dissolved N
gas not available to other algae. Iron released with P is also more important to cyanobacteria than
other algae (Molot et al. 2021), as it is an essential ingredient in the enzymes critical for conversion
of dissolved N gas into a usable form.

Redox reactions can occur in the sediment even in shallow water if the oxygen demand is high
enough to overcome diffusion and mixing from the overlying water, but as soon as any released P
enters the oxygenated water column it is likely to be naturally inactivated. Algae that grow right
at the sedimentvater interface may thrive on this released P and can later rise in the water column
to form mats or planktonic blooms. Yet the deeper the water, the more likely it will be that oxygen
supply will be inadequate due to limited vertical movement, allowing a substantial anoxic zone
with elevated P content to develop.

Oxygendemanding organic sediment tends to accumulate in deeper water, causing low or no
oxygen conditions and fostering redox reactions and P release, especially during summer when
water temperature is warm enough to foster greater bacterial decay and related oxygen demand. In
many MA lakes anoxia develops by mid late summer and in some it can occur as early as June,
leading to substantial P release, a process called internal loading. The P may have originally come
from the watershed but is being recycled in the lake and can become the dominant source of P,
especially during the growing season. P released from sediment may be mixed into the upper
waters by diffusion, wind mixing, or eventual destratification in-sudhmer or autumn, becoming
available for algal growth.

Algae can grow at the sedimenater interface to a depth where light becomes limiting, typically

up to three times the Secchi transparency measurement. Cyanobacteria growing this way can take
up excess P, form gas pockets within cells, and rise to the surface where light allows better growth.
Filamentous green algae and some filamentous cyanobacteria will form mats on the bottom, trap
their own photosynthetic gases, and move upward to form surface mats. If P is adequate in surface
waters, the algae may persist. If surface waters gqreoP, the algae will usually die off after a

week or two.
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5106 Other algae, most notably some cyanobacteria and golden algae, tend to grow best near the
5107 boundary between upper and lower water layers in a thermally stratified lake, depending on light
5108 from above and P from below, that P having been released from the sediment and migrated upward
5109 in a low oxygen environment. That layer of algae may or may not move into surface waters,
5110 depending mostly on weather conditions.

5111 Using P inactivation to control internal P loading

5112 P precipitation by chemical complexing remowesom

5113 the water column and can control algal abundance
5114 the P supply is replenished. Inactivation Bfin surficial

5115 lake sediments can greatly reduce the releadefadm

5116 those sediments, minimizing the internal load. It
5117 essentiall-feranl i Banbd ilake

5118 treatments armost appropriatevhen studies indicate thg
5119 the primary source of theis internal (recycled from lakg
5120 sediments)This technique is most effective after nutrig
5121 loading from the watershed ssgnificantly reduced, as it
5122 is designed to bindxistingsediment Reserves, not new
5123 inputs entering the waterbogpsttreatmentHowever, P
5124 inactivation can also be used to treat inflows to la| |
5125 where watershed management has not been succesy |
5126 adequately reducing P inputs or as an interim mea
5127 until such control can be achievesiuchP control can

5128 control algal growthsand floating vascular plants (e.g
5129 duckweed, watermeal) but has little effect on m
5130 vascular plants rooted in the sediment, as the roots ex
5131 deeper than the effect of the treatment

5132 Iron is the most common natural P binder in MA, but| |
5133 noted above, it does not hold the P under ang -
5134 conditions. Calcium does not release P under anoxig =
5135 will dissolve and release P at pH less than about
5136 standard units. Except in some Berkshire County lakes
5137 pH of MA lakes is lower, making calcium additio
5138 ineffective. Aluminum is the most abundant metal in {
5139 crust of the earth, although iron is more locally abund
5140 in much of MA. Aluminum will hold Rover the MA range
5141 of oxygen and pH levels and is readily available Aluminum application s
5142 multiple forms due to its use in water and wastewearer

5143 treatment. Auminum sulfate (Ad(SOs)3-xH20), sodium aluminate (NAI20Os xH20), and
5144  polyaluminum chloride Al2(OH)nClen) (or PAC) are the most common aluminum compounds
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P Inactivation

applied but aluminum chlorohydrateal{CI(OH)s) hasalso been used.anthanum a rare earth
element, is combined with bentonite ctaycreate LMBand used for P inactivation in some other
states and countries but has beén approved for use in MA as of 202

Inactivators are applied to the surface or subsudtiee lake almost always ifiquid form from

a boat or bargd-or aluminum, the P inactivator for virtually all MA treatments to datéoc,
composed o& loosely clumped mass of fine partiglesms and, in settlingemoves particulates

and at least some dissolved constitu&ais the water column within minutes to hours. Reactions
continue at theedimentwater interfaceand into the sediment to a depth of about 10 cm (with
adequate dosing) for about two monthinding P that could otherwise beeleased from the
sedimentP is transferred from iron to aluminum and where aluminum in the sediment is more
than three times the iron concentration or 25 times the fselositive P concentration, P release

is sharply curtailed (Lake et al. 2007). Dose can be determined by a target aluminum to iron ratio
but is usually set based on an aluminum to reskmsitive P ratio
or a lab assay that generates a curve of reduction in P availg
vs amount of aluminum added.

Good candidate lakes for this procedure are those that have
external nutrient loads reduced to an acceptable level and have
shownto have a high intern&load (release from sedimenif)the

internal P load is more than about 20% of TReload, with a focug
on summer, the internal load will be as important as external |
during the growing season and may require reduction to co
blooms.High natural alkalinity is desirable to provide bufferir
capacity but is not essential to treatment success; buffe
treatment can avoid pH chand#ighly flushed impoundments ar
usually not good candidatés sediment P inactivatiomecause of
an inability to limitP inputs but inlet treatments with aluminum &
1-5 mg/L can provide relief until adequate watershed managel
can be implementedror lakes with intermediate flushing rates

the order of few monthsigatment othe water colummvith lower 23t
doses of alummum (1-5 mg/L) may removeenough P to avoid
blooms and will additively inactivate sediment P with rep{ Floc formation: Particle

treatments (typically once or twice per year). Z'zzt':caerzseens,v‘;"t'g:

The main risk during aluminum treatment is toxicity of certy fsnowstor mo
forms of aluminum to fish and aquatic invertebrates. Those t typical.
aluminum forms are minimized between pH values of 6 and 8, but some lakes are naturally outside
that range, and aluminum sulfate causes pH to decline while sodium aluminate causes pH to rise.
After the aluminum product has reacted it is nearly jierttthere is some risk during treatment if
applications are not properly buffer@ith sodium aluminatéypically in a ratio of 2:1jo prevent

large pH swings or if the instantaneous aluminum concentration is too high. Low dose inlet or
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water column treatments rarely cause pH changes of concern, but treatments intended to inactivate
surficial sediment in MA lakes have averag@dy/nt and have been as high as 308 andoften

must be performed gradually to avoid aluminum toxiddyeal doses (g/f) convert to volumetric

doses (g/rhor ppm) by dividing the areal dose by the water depth in me@msping the aluminum
concentration <5 ppm has avoided obvious toxicity in past treatments, but that can mean treating
a target area several times a few days apart with lower doses to achieve the totizhidosgoes

not mean that all toxicity has been avoided.

The USEPA has developed a tool for estimating the amount of total aluminum that can be added
to water without causing a toxic effect, and water quality standards can be based on that
calculation, an improvement over flat values used in the past without regard for the effects of other
water quality variables. Thisluminum Criteria Calculator considers pH, dissolved organic
carbon, and hardness, each of which affects aluminum toxicity. There are other factors that also
affect toxicity, some of which limit toxicity, so it is not a complete approach, but it does allow an
approximation of the maximum dose of aluminum that can be added safely at ofi&xperéence
dictates that this calculator underestimates the amount of aluminum that can be tolerated without
toxicity.

The concern over aluminum is focused on the concentratiq g
reactive forms in the water column; aluminum is not knowrn £
bioaccumulate and undergoes hydrolosis reactions that m4
largely inert after a short time in the aquatic environme
There is no aluminum standard for sediment. A few speq
aluminum compounds are listed as hazardous materials
none are applied to lakes or result from reactions of alumi
in the lake. The lack of indication of toxicity by react{ Floc layer visible on top of

aluminum compounds suggests that buifd of aluminum| core samples 3 hours after

over time with sequential treatments does not represe| treatment; layer will migrate
significant threat to benthic organisms, but more testing into sediment within 2 months
be necessary before that is certain.

Treatment with alternative chemicals, at such time as they are approved for use in MA, would be
similar but there are some differences. Iron can be used only if oxygen is adequate (>2 mg/L); iron
is sometimes added in oxygenation projects to ensure adequate P binder is présent.isdnly
effective if pH is maintained at a relatively high lesald is mostly available as a solid that would
have to be turned into a slurry for application. Raising the pH could have negative impacts on
aquatic life.LMB is not a coagulant like aluminum, so it will not remove particulate P from the
water column. Application when algae or other particles are not abundant in the water will
maximizeLMB results.

Reduced Nutrient Availability in Lakes Page6-7


https://view.officeapps.live.com/op/view.aspx?src=https%3A%2F%2Fwww.epa.gov%2Fsites%2Fdefault%2Ffiles%2F2018-12%2Faluminum-criteria-calculator-v20.xlsm&wdOrigin=BROWSELINK

5220
5221
5222
5223
5224
5225
5226
5227
5228

5229
5230
5231
5232
5233
5234
5235
5236
5237
5238

5239

5240
5241
5242
5243
5244
5245
5246
5247
5248
5249

5250

5251
5252
5253
5254
5255
5256

P Inactivation

One other treatment option warrants mention. Calciitnata
treatmentsare not intended tprecipitate or inactivate directly,
but nitrate injected directly into the surface sedimerdsn
oxidize sediment, limit anoxia, andaintin the stability of
natural iron oxides in the sediments. This approach is
commonly practiced anywhere and has never been tristhin
but has enjoyed some success in Eurlipe more analogous tq
hypolimnetic oxygenation than P inactivation, but the procey ¥
are related.

The benefits of treatment last until the inactivated P has |l ! ‘ e = _ & £
replaced by watershed inputs or sediment P that is notinactiy = s e
migrates upward through the treated zone and can be rel¢ Aluminum is loaded to the
into the water column. Review of 114 treatments by Huser g  application vessel from
. A tanker truck or from

(2016) found an average of 6 years of benefit in shallow Iz

I - temporary tanks
and an average of 21 years of benefit in stratified la
Watershed features, lake morphometry, and detention time greatly affect the duration of benefits,
which may be extended through watershed management. When upward migration of P within the
sediment allows significant internal loading to resumdrgatment can restore control that may

last longer with each treatment.

Benefits

8 Rapid removal of available from the water column

8§ Minimized internal loading oP from sediment

8 Potential removafvia flocculation)of a variety of other contaminarasid bacteria from the
water column

8 Higher water clarity and reduced probability of algal blooms, especially cyanobacteria

8 Increased oxygen below the thermocline, as less organic matter is produced, settles, and
decays, although anoxia near the bottom has not been eliminated

8 Reduced resuspension of sediment by coagulation and stabilization that limits the impact of
sediment disturbance

8§ Potential expansion of coldwater fish habitat into upper hypolimnion

Detriments

8 Potential for damage fissh and invertebrateduring aluminum treatment wigbH outside the
range of 68 standard units3U) or total aluminum concentrations >10 mg/L

8 Possible smothering of invertebrates in the treatment zone by settled floc, although this zone
is usually anoxic and not inhabited by a diverse or desirable fauna in most cases

8 Possible loss of zooplankton in treatment zone at elevated doses (can be removed by floc)

§ Greater water clarity may allow rooted plants to grow to greater depths at greater density
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Information for Proper Application

8 An accurate® loading analysishat includes aeliable estimatef internalP load as a fraction
of TP load

8§ Sediment testing for available sedim@énand calculation of necessary dose of P inactivator,
possibly with follow up assays to predict magnitude of inactivation/improvement

8§ Accuratedepthand organic sedimemnays of the lake to properly evalugp@ssible target area

8§ Knowledge of lake oxygen reginte further evaluate target treatment area

8 Where using P inactivation to offset watershed loads, provide an assessment of necessary dose
and application timing

8 Recent information on pH and alkalinity at all depths to properly predict potential changes in
pH and toplan for avoidingmpacts

8§ Estimates of effectiveness should be made for lake recovery in teffd@fels and Secchi
disk transparency

Factors Favoring or Disfavoring the Use of this Technigue

8§ Favored wherr20%o0f the P load is associated with sediment sources within the lake

§ Favored whentadies have demonstrated the impact of internal loading on the lake

8 Favored when xernal P load has been controlled to the maximum practical extent or is
documented to be small; historic loading may have been much greater than current loading

8§ Favored whennactivation ofP in the water column is expected to provide interim relief from
algal blooms and turbidity while a prolonged watershed management program is conducted to
reduce external loading

§ Favored if most inputs are from a single or pair of tributaries that can be treated prior to mixing
in the lake

8 Favored by higher alkalinity (>20 mg/L) that limits pH changes, althdugfering can be
augmented to prevent major changes in pH during treatment

§ Disfavored when <10% of the P load is associated with sediment or when the external load
includes highly available P (note that most external loads are largely particulate and
unavailable until processed in the lake)

8 Disfavored by very high flushing rates (>12/yr) or very shallow depth (<10 feet) due to
decreased longevity of results

Performance Guidelinesand Monitoring Needs

8 Determine chemicals to be used; consider oxygen regime and minimize shift in pH unless
naturally outside range of&SU

§ Secure appropriate access for equipment and chemicals; adhere to materials handling
regulations in the transfer of chemicals to application equipment

8§ For larger lakesequiring multiple days of treatmeniteat norcontiguous sections of the lake
on sequential days
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§ For higher doses of aluminum, split treatment to yield calculatéakenaluminum level <10
mg/L on any dayrestrict total aluminum to about 5 mg/L if feasible

8 Track the area treated and amount of inactivator applied on a daily basis

§ Visually assess floc formation, settling, and accumulation on the bottom; determine the extent
of any drift outside the target area and adjust treatment as warranted to minimize drift

8 Monitor P, the inactivator compound, pH, alkaliniggnductivity,water clarity temperature,
oxygen, algae, and zooplankton before and after treatmentdocument changes; pest
treatment monitoring usually extends through two growing seasons on a monthly basis from
at least May through September to properly document success

8 Monitor pH, alkalinity conductivity, and turbidity/claritguring treatmentysually at least 3
times per daywith follow-up actionif any deviations from the expected range are detected

8 Survey for stressed or dead fish and invertebrates prior to the start of treatment and daily each
day of treatment, with cessation of treatment if significant kills are noted; for fish in MA, a
fishkill is defined as >100 fish on any day or >50 fish of one species

§ Set threshold for maximum wind or wave action during days of application and pause or delay
operation if exceeded

Key Considerations for Conservation Commissions

8 Review by MassWildlifeNHESP is required if the project is located within Priority or
Estimated habitat and must be complete before the conservation commission can close any
hearing and issue anG under the WPA

§ Aside from a permit under the WPA through the laxaiservatiorcommissionMasDEP, P
inactivation treatments require a license to apply chemicals (WMO04) fras£¥2P, which is
obtained after an OCis issued

8 The effect of P inactivation on the interests of the WPA is neutral or beneficial if the project is
properly conducted; the primary concern is toxicity or smothering of biota during treatment,
neither of which is likely to be a major or lasting influence on lake ecology in a typical project

8§ Commissions may want to understand the P budget fully; it is preferable to use P inactivation
either as a complement to watershed management (minimizing legacy P from past inputs) or
as an interim approach to avoid algae problems while watershed management, often a slow
process, prgresses to the point where P loading is acceptable

The most serious impact is the possibility for fish or invertebrate duitghg treatment in low
alkalinity lakes, but such impacts are preventadhel no significant fish or mussel mortality has
occurred in over two decades of applications in.NReduced hatches of midges have been
observed for a year or two following treatment, suggesting that smothering by floc can occur, but
effects are temporarjMinimal adverse impacts are expected to either surface or groundwater
supplies. Aluminum, iron and calcium are commonly added in water and wastewater treatment
facilities with no significant adverse impaactsile attaininga marked improvement in water
quality.
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Urban lakes or waterbodies in heavily agricultural watersheds represent a special case for P
inactivation; it may not be feasible to reduce inputs to the extent necessary to meet goals and P
inactivation becomes a maintenance activity that can at least provide some utility by minimizing
harmful algal blooms. Repetitive inlet or low dosdake treatments are often proposed for this
purpose. The limits to improvement attainable by watershed management (Osgood 2017) will have
bearing on how conservation commissions perceiakie work and what conditions are imposed

as part of an Order of Conditions.

Massachusettsand RelatedExperience

Aluminum treatments have been conducted in MA for over 30 years but improvements in dose
determination, application methodology, and protection of aquatic life have enhanced results in
that time. At least three lakes have been treated twice; the benefits are not permanent but as much
as two decades of improved conditions are possible. Wagner et al. (2017) reported on treatments
of a dozen Cape Cod lakes, finding marked improvement in all cases, although not all treated lakes
met the goals that were set. Cyanobacteria blooms were reduced in all and eliminated in most, but
in several cases the dose was considered too low to provide the full benefit. Cost has limited the
dose in some cases, but it has also been found that the presence of abundant planktivorous fish,
especially alewife, limits water clarity improvement after treatment, as there are few zooplankton
to eat whatever algae are produced.

Kettlehole ponds, dominant on Cape Cod, are prime candidates for P inactivation targeting
surficial sediment, having relatively small watersheds that shifted from agricultural to residential
over the last century and having accumulated substantiah®rganic sediment since they were
created by the receding glacier over 10,000 years ago. Hamblin Pond in Marstons Mills received
inputs from a duck farm for 30 years, ending in the 1950s, and experienced cyanobacteria blooms
until P inactivation was conducted in 1995. Water clarity following P inactivation demonstrated a
large and immediate increase in clarity, followed by a very gradual decline over 18 years, followed
by an abrupt return to cyanobacteria blooms in September 2013 and summer 2014 as P that had
been migrating upward through the inactivated zone reached the sediment surface. Retreatment in
2015 regained the high clarity and at least 20 years of desirable conditions are predicted. At least
10 feet of trout water (water <20 C with >5 mg/L of oxygen) was regained by treatment, owing to
less organic matter (dead algae) entering the hypolimnion. A holdover trout fishery has been
established as a result.
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Year

1992
1993
1994
1995
1996
1997
1998
1999
2000

Hamblin Pond average summer Secchi disk transparency over time

2015
2016
2017
2018
2019
2020
2021

Secchi Transparency (m)
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1995 Treatment

2015 Treatment
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An extensive algal record for Long Pond in Brewster, also on Cape Cod, demonstrates the shift
from cyanobacteria dominance to a lower density, mixed algae community with much greater food

web value. Productivity is not necessarily lower, as use of algal biomass is more efficient, but there
is less accumulation of algae and higher water clarity. Long Pond has exhibited no cyanobacteria

blooms since treatment in 2007.

Long Pond mean annual phytoplankton biomass, April-October
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Nearly all treated lakes have experienced a major decrease in cyanobacteria dominance, owing
largely to an increase in the N:P ratio that favors-cyamobacteria, but not all treated lakes have

avoided cyanobacteria bl ooms

altogether.

Cl

waterbodies that still experience cyanobacteria at levels greater than desired, although both have
far less cyanobacteria than prior to treatment. The dose at Cliff Pond was set at the low end of the
recommended range for budgetary reasons and additional treatment appears warranted. Treatments

are additive and successi

vV e

treat ment can

be

responded as positively to treatment, but decades of cranberry bog discharge greatly increased the
organic P load and P inactivation with aluminum is less effective on organic P thdooinod P.

Off Cape Cod, fewer lakes but more lake area ovéale been subject to P inactivation of
surficial sediment in MA, and lakes in all New England states have been treated. Results have
allowed multiple lakes to be removed from state impaired waters lists. Common features of

Reduced Nutrient Availability in Lakes

Page6-12

f



5382
5383
5384

5385
5386
5387
5388
5389
5390
5391
5392
5393
5394

5395

5396
5397
5398
5399

P Inactivation

successfully treated lakes include detention time >1 year, some degree of summer stratification,
and internal loading that represents more than 25% ofRhead. Aluminum doses have ranged
from 10 to 108 g/rhwith an average close to 50 g/m

Where the cost of surficial sediment inactivation by a single treatment is not affordable or the dose
must be restricted to avoid potential adverse impacts, P inactivation in the water column remains
an option. Sediment treatment is additive, and benefits accrue by sequential treatments. Where a
very high dose (>7300 g/n?) of P inactivator is needed, treatment efficiency may be improved

by sequential additions a year or more apart (James and Bischoff 2015). Monponsett Pond in
Halifax, MA was treated with small sequential doses of aluminum over 8 years to combat internal
P loading that fostered cyanobacteria blooms. There was regulatory concern over possible impacts
to endangered mussel populations, so individual doses were kept very low but eventually surpassed
the targeted minimum of 38 gfmand achieved the recommended 50 qginprovide extended

relief (MassDER2022)

West Monponsett Pond Surface TP (ppb)
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If P loading from the watershed is dominant, it is certainly preferable to address P sources through
watershed management, but in highly urban or agricultural watersheds it may not be possible to
reduce loads sufficiently and even where possible it will usually take years to achieve significant

load reductions by watershed management. P inactivation targeting the water column or tributary
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P Inactivation

inputs can provide interim relief or function as a maintenance measure that improves the resource.
For urban lakes acting as wildlife oases and serving underprivileged human populations, such
treatment can be viewed as ecological and social justice. Such treatments are not common in MA
but have been used for many years in FL (Harper et al. 1999) and have expanded into other states
(Pilgrim and Brezonik 2005, Churchill et al. 2009).

A well-documented example of sequential water column treatments comes from central CT, where
Wood Pond in an urban area had suffered from cyanobacteria blooms for over a decade. Watershed
management is ongoing but slow, and P inactivation targeting the water coloenor dwice per

summer since 2015 has managed to strongly decretaseei® concentration. Doses ranged from

1-3 mg/L over the whole pond and there have been no cyanobacteria blooms since treatment began.
Water clarity increased markedly, and rooted plant growth expanded substantially. Summer P
concentration peaks, related mainly to internal loading, have been reduced and ongoing watershed
loading has been partly counteracted, although the tardgkenP concentration of <25 ppb has

only been achieved intermittently. More watershed management is needed, but it may be possible
to switch to tributary treatment once internal loads are sufficiently suppressed.
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The best MA example of treating inflows to inactivate P comes from Morses Pond in Wellesley,
where two tributaries are responsible for >75% of the P input to the pond. Monitoring over a 20
year period determined that P concentrations <20 ppb in the pond do not support algal blooms at
levels that impair uses. Treatment of inflows was initiated in 2008 and was managed manually for
three years with acceptable results in terms of P concentration and water clarity. Problems with
equipment and human resources limited success in the next three years, prompting simplification
and automation of the treatment system.

The enhanced system includes a precipitation monitoring station that triggers a pump for each
tributary to run at a preset but adjustable threshold for rainfall (normally set at 0.1 inches). Pumps
run for 4 hours at an adjustable setting that delivers aluminum polychloride to each of two
tributaries at a targeted rate of 1 mg/L. Aluminum product is stored in two tanks, one for each
tributary. The system can be controlled by a cell phone interface that allows override of any
operational feature. The system can be run whenever desired but is normally operated only from
about Memorial Day to just after Independence Day, with a goal of going into summer with an in
lake concentration as close to 10 ppb as possible.
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Average summer phosphorus and water clarity in Morses Pond
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Results since 2014 have met water clarity goals and facilitated greater swim area use in an urban
waterbody, although the system cannot overcome prolonged wet weather, as in 2021. The amount
of aluminum applied over the last 15 years through the dosing station is comparable to what would
be applied as eitheannuallow-dose water column treatmentsasinglehigher dose sediment
treatment to maintain desirable conditions, but dosing of inlets allows much of the aluminum to
be sequestered in an upstream basin of the lake.

P inactivation has been demonstrated to be a valuable tool for reducing algal blooms in general
and for preventing cyanobacteria blooms more specifically. Environmental risks are limited,
predictable, and largely controllable. Results are usually immediate and benefits can last for many
years under the right conditions of ongoing inputs, dose, and treated area. Benefits can be extended
by retreatment where necessary. While this approach to P control is not preferable to watershed
management where external loads are dominant, it is a valid approach on an interim basis or where
watershed management is stymied by issues of scale and/or jurisdiction. Where internal loading is
the dominant P source, some form ofake control will be essential to avoiding algae blooms

and P inactivation is an effective and usually affordable option.

While P inactivation by aluminum is a proven approach to lake management, this field is still
developing, and the experience of the last few decades has led to several insights. Repeated
applications of smaller doses (<50 g/or <3 mg/L) have rarely caused any adverse effects,
provide immediate relief from excessive P concentrations, provide a higher efficiency of P binding

in sediment, and can counter the effects of ongoing release of organic P (which is less inactivated
by aluminumthan irorbound P). This has led some practitioners to spread out larger doses
necessary to achieve greater longevity of benefits over several years. Ongoing monitoring can then
inform adaptive management in relation to later treatments or watershed management approaches.
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Artificial Circulation

How It Works

Artificial circulation isthe movement of lake water by pump or pneumatic forbeintent can

vary from avoiding accumulation of bacteria in a swimming areanioimizing internal
phosphorus (P) loading by additiohmore oxygemn deeper water to homogenization of the water
column for more consistent water supply intake quality. For the purposes of this, r@vikeval
circulation isappliedto limit internal recycling oP and controhlgaeby mixing that differentially

impacts some form3 he process of circulating water can increase oxygen in deeper areas, limiting
anoxia and P release from sediment (see details in the review of P inactivation) and causes other
water quality changes that favor other types of algae over buoyant cyanobAdet&iled review

of circulation theory and strategies (Wagner 2015) explains just how complicated this seemingly
simple approach can be.

Circulation strategiesusually increase H _— WATER
== /7 LEVEL

turbulence andcan prevent or disrup o0 \/
stratification although some systems al Oias
set up to mix just the top layer of wate PO |
during stratification and still other systenr °5

attempt to induce laminar flawwhole _ o

lake artificial circulationmixes the entire ‘:
water column, preventing or destroyin o

thermal separation of the epilimnion (tc K
layer) and hypolimnion (bottom layer) AN P AN BOTTOM

<>O
oO
o e}
oO

_| _HeRmo-
CLINE

fcat TR
Thermal stratification and features of lak SEDIMENT
morphometry such as coves cree Diffused Air Down Draft  Updraft
Circulation Circulation Circulation

stagnant zones that may be subject
accumulation obrganicsediment, loss of XXX orerusen eneumaric npun
oxygen, and release of P by redo B <o pume
reactions, thus supportiradgal blooms.

Preventing stratification and loss of oxygen may limit internal P loatitigmixing water from

different depths can make whatever nutrients are present more available to algae, so the balance
between P control and availability becomes very important. If external nutrient loading is
substantial, circulation can make conditions worse. If water is circulated to cddjutbighree

times the Secchi transparency, light limitation on algae growth can be imposed. However, some
portion of any lake will not be deep enough for that mechanism to wgke may simply be

mixed more evenly in the available volume of walbert,avoidance of surface scums and shoreline
accumulations of algae may be aesthetically preferable and may limit tastearditorins. A

shift in dominant algal types is common, but a major decrease in biormasslysachieved
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Artificial Circulation

Alteration of algal community composition as a function of artificial circulation is partly a function

of varied light regime, partly a consequence of changing nutrient ratios, and also a matter of tying
up available nutrients in more desirable algae forms that can be consumed by zooplankton and fuel
desirable biological productivity without excessive accumulation of algal biomass. Diatoms are
normally dominant in spring but decline as the water warms, as they have heavy cell walls that
cause them to sink as water density declines with increasing temperature. Circulation can keep
diatoms in the water column and delay the seasonal progression of dominance by green algae or
cyanobacteria. Diatoms are more edible, produce less taste, odor, and toxicity, and are more easily
removed in water treatment. Many of the cyanobacteria with buoyancy regulation capability prefer
guiescent waters and microzones with conditions they help establish by metabolic processes.
Circulation disrupts those conditions and often favors other algae, many of which are more edible,
although some cyanobacteria may persist and may cause taste, odor, or toxicity.

Circulation of water can beccomplished with surface aerat@icuntains) bottom diffusers, and

water pumpshat move water from the bottom up or the top doWre key is to move water at a

rate that prevents the development of a thermal gradient, but that is not an easy task. As water
warms the energy required to move it across a thermal barrier increases for each unit of temperature
increase. In other words, it requires much more energy to mix watetGwath water at 3%C

than it does to mix water at ZDwith water at 2%C. Circulation systems do not dissipate heat and

may even add heat to the lake, mixing water only to the point where the energy needed equals that
provided. Unless a very powerful system is installed, warm summer weather in MA will eventually
create a thermal gradient that very few circulation systems can overcome. Energetically, it is much
easier to maintain mixed conditions than to create them once stratification has set in.

Bubble diffuser (left), downdraft pump (center), and updraft pump (right) used for circulation

Courtesy of Vertex Courtesy of WEARS Courtesy of Medora
Corporation
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Artificial Circulation

Pumps to move water in an aquatic setting tend to fall into two categtirest drive mixershat

typically havesmall propellers (<2 feet or 0.7eterg that produce a high velocity flow and axial

flow pumps that employ larger propellers (>3 feet or Oc®ery and generate a low velocity water
stream. Water can be moved in any direction desired, depending on pump placement and any tube
or conduit employed to direct the floWligh velocity, direct drive systems are most often used to
send an unconfined stream of oxygenated water from near the surfateteverdepththe

thermal gradient will allowHigh velocity systems tend to operate on a small scale and are not
used to destratify deeper reservoirs, but they can prolong mixed conditions where a strong thermal
gradient has not yet developed.

Lower velocity, axial flow pumps are the primary means by which water is moved in updraft or
downdraft pump systems usedpi@vent or destrogtratification Water is moved through a tube

of just slightly greater diameter than the propeller, either upward or downward, at a velocity that
minimizes turbulence. There will be some friction loss that increases with tube distance, but these
systems tend to be fairly efficient. The amount of water moved is proportional to the size and speed
of the propeller and relatively easy to calculate, allowing sizing to ensure that enough water is
moved each day to counter the development of a thermal gradient and stratification.

Fountains can be attractive features in small ponds
will provide some oxygenation and mixing functions b2 :
are almost never sized to move enough water to ma
major difference in water quality except in a limite
zone of influence. The depth of intake is especie
important to performance, as pulling up deeper we
may provide more oxygenation vajubut if water
circulation is inadequateto eliminate anoxia, surface
water quality may degrade.

Fountain aerator

Pumps may be powered by wind, solar cells, or connectian&lectrical line Consequently,
design must consider the availability of power at the site. The thermal resistance to mixing can be
calculated for any expected temperature difference, allowing system sizing with a fair degree of
reliability, but as noted previously, the cost of a system powerful enough to maintain stratification
during prolonged periods of hot, sunny weather is often prohibitive and nearly all users settle for
systems that will not be successful all the time.

Unlike most pump systems, where a certain amount of water is drawn into a tube and ejected at
the other end, an adriven mixing system depends on induced water movement through the rise
of bubbles released at some depth. While friction, head differential, and other physical factors may
affect pump performance, specifications for pump systems should be fairly accurate under known
conditions. Water movement induced by air bubbles is much less prediatettienk testsor

partial installations rarelgnimic thelake environmentadequatelyCapable vendors have general
application rules for their equipment derived from experience, biditenairdriven system
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Artificial Circulation

adjustment is usually neede&thieving uniform temperature over the target volume is a reliable
indicator of success, but even simple temperature measures present challenges in a large volume
of water subject to the daily sun cycle, wind, and inflows.

Beyond the ability of the circulation system to move water, the distribution of that capacity over
the target area is a major design consideration. If there is no temperature gradient and therefore no
thermal resistance to mixing, water moved from the top to bottom or vice versa is free to move in
any direction up to the point where inertial forces overcome directional movement of the water.
Lateral movement of up to 20 times the vertical distance of water movement by pumping or
pneumatic force is possible, but there is usually some thermal gradient present. Warmer water will
rise and colder water will sink such that lateral motion may be no more than five times the vertical
distance the water is moved. Claims of colder water brought to the surface or warmer water forced
to the bottom moving laterally for hundreds of feet defy physics. Consequently, the number of
diffusers for airdriven circulation or discharge points for pumped circulation will be greater for
shallower lakes and the circulation process will be less efficient and more costly.

How much water is moved per dayan important design parameter. Most experienced vendors

of air-driven circulation systems agree that all water in a target zone should be moved at least every
two days, with greater rates of turnover for reservoirs with high heat, iepcegssive fertility,
elevated oxygen demand, or high saihtent.Some systems have provided benefits by moving
only about 20% of the target volume per day, but those will certainly fail under hot, dry conditions.
The general rule is that an air flow rateadvfleastl.3 cubic feet per minute per acre of lake (9.2
m3/min/km?) will be needed to maintain a mixed systand air flow rates of 2.6ubic feet per

minute per acre of laked 4.2 m¥min/kn?) are preferredinsufficientsizing of systemcapacityis

the greatest contributor to failure for this techniguieile inadequate distribution of mixing power

is another common factor in poor performance (Wagner 2015)

Pump systems are routinely designed to move lesser percentages of the target volume each day
than airdriven systemsput are rarely successful at maintaining mixed conditiahshe target

volume is not moved at least every five days (20% per day). Uniform temperature is the best
indicator of successful circulation and pumping rates may need to be increased to at least 50% of
the target volume per day where lake morphometry is not conducive to efficient mixing (e.g., coves
or irregular bottom shapep thermal gradient of more than 3 Gver the target depth is an
indication of inadequate mixing.

Pumping water from the top to the bottom of a lake creates less risk of adverse impacts than
bringing water from the bottom of the lake to the top. Moving oxygenated water and any algae in
the epilimnion into deep water is completely consistent with goals of elevating oxygen in deep
water and moving algae into a light limited area. Partial benefits are possible with underpowered
or inadequately spaced downdraft pump discharges. Bringing water from the bottom to the top of
a lake, by pumping or aeration, carries the risk of transporting water with low oxygen, high P, and
elevated concentrations of reduced substances into upper waters where algae growth, odor, and
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Artificial Circulation

even toxicity may be increased. Design and operation that assures complete mixing is therefore
essential for bottom to top circulation systems. Alternatively, mixing only the upper water layer
can avoid poor quality water that develops in the lower water layer, but will not provide all the
benefits that a wellesigned and properly operated whole lake circulation system offers.

While the primary target of most circulation projects is improved oxygen in deeper water with
attendant water quality benefitdgal bloomsmay becontrolled byartificial circulationthrough
the following processes:

8

Introduction of dissolved oxygen to the lake bottom nj
inhibit P release from sediments, curtailing this interr
nutrient sourcevhere iron is an important P binder
Mixing to the lake bottom will increase the time a c
spends under light-limited conditions leading to
reduced photosynthesis and productivity.

Rapid circulation and contact of water with th
atmosphere, as well as the introduction of carl
dioxiderich bottom water during the initial period ¢
mixing, can increase the carbon dioxide content of w
and lower pH, leading to a shift frooyanobacterido
less noxious green algae.

Turbulence can neutralize the advantageous buoy:
mechanisms ofyanobacteriand cause a shift in algad

composition to less objectionable forms such

If circulation provides increased
oxygen to a low oxygen zone,
oxic chemical reactions may
reduce P availability and control
algal growth where sufficient P
binders are present. Otherwise,
this technique depends largely
upon physical disruption and
light | imitation associated with
mixing to control algae. Buoyant
cyanobacteria are especially
susceptible to such disruption,
but most green algae and
diatoms are less negatively
affected. Surface scums may be
avoided, but algal biomass may
not decline.

diatoms.

When zooplankton that consume algae are mixed throughout the water colunmathbg
less vulnerable to visually feeding fish. If more zooplankters survive, their consumption of

algal cells may also increase.

Artificial circulation can prevent winterkills of fish in lakes that become anoxic during winter
under the iceOn a smaller scale, artificial circulation can be used to prevent ice formation around
docks or other structure€irculationis also used tenhancevater quality in drinking reservoirs
asoxygenatedaonditions created by circulation reduce concentrationsdafcedsubstances such

as hydrogen sulfide, ammamn, iron and manganesthat must otherwise be removed by
treatmentEven where water quality is suboptimal, consistent water quality makes treatment easier
for water supply utilities and homogenization by circulation can therefore reduce the cost of water

supply.

Possible Benefits

8

Increases mixing and decreases stagnation; may control algae by multipleamesinsuld
at least spread out the algal biomassssibly avoiding surface scums and shoreline

accumulations
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§
8

Increases oxygen levels and enhances habitat accordimglier is circulated deep enough
Homogenizes water quality, allowing for more consistent treatment by water suppliers

Possible Detriments

8

Will make whatever nutrients remain in the water column more available to algae, possibly
causing or increasing blooms

Mixing may distribute previously localized undesirable substances throughout the lake
inadequate mixing that does not alleviate anoxia and internal P loading may worsen
conditions

May resuspend sediment and increase turbiditira¢ulation isnot carefully controlled

The water temperature in deeper water will increase, potentially increasing oxygen demand
and related internal P loading unless enough oxygen is supplied to counter that demand
Noise from pumps or compressors may be objectionable and housing to suppress noise may
cause overheating and poor performance

Information for Proper Application

An accurate nutrient budget with a detailed analysis of internal P sources
Data related to each of the five possible control mechani . :

. . L . o Capacity and spatial
(oxygenation/P inactivation, light limitation, pH/carbd arrangement of circulation
source adjustment, buoyancy disruption, and enhar systems are important
grazing) should be analyzed and evaluated in termg factors in determining the

potential algal control. Specifiguestions include: extent and evenness of
. . - circulation. Too little
o Is thereinternal P loadingthat can be mitigated b : : .
. 1 capacity or delivery points
oxygenation of deep waters? can lead to Ad
o Is the mixing zone deep enough to promote li{ while excess capacity and
limitation of algae? crowded spacing may

o Is there a large amount of carbon dioxide in the bot{ resuspend sed iment.
waters that could be mixed to the surface to favor the
growth of noncyanobacteria

o Is mixing predicted to counteract the buoyancy advantaggyariobacteriaover other
algae?

o Will a dark, oxygenated refuge be created for zooplankton?

Reliable estimate of the oxygen demand that must be met by the system

Reliable estimate of the amount of airpumpingnecessary to mix/destratify the lakeder

the range of expected temperatures

Lake morphometry data that facilitate choiceio€ulation methocnd placement afiffusers

or discharge point®r maximum effectiveness

Location and details of compresssrpumpand power source
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Factors Favoring a Disfavoring the Use of this Technique

8
8

8

Favored when aubstantial portion of the P load is associated with anoxic sediment sources
Favored wherexdernal P load has been controlled to the maximum practical extent or is
documented to be small; historic loading may have been much greater than current loading
Favored wherecontrol of reduced compounds such as hydrogen sulfide, ammoni
manganesend iron is desired

Favored whendequateP inactivators arevailableupon addition of oxygen

Favored where loreline space for a compressor or pump is available where access is
sufficient, power is available, and noise impacts will be small

Favored whendngterm application of the technique is accepteffiects are temporary and
repeated application will be needed

Disfavored where mixing will expand tih@pact of internahutrientloading on the lakenore

than internal loading is reduced

Disfavored when the lake morphometry hHghly irregular (ultiple separate basins and
isolated coves)

Disfavored when the lake is very shallow (<10 ft) if using compressed air, as short vertical run
creates inefficiency and the need for more diffuser locations

Disfavored where whole lake circulation limits valueddevater fishery habitat

Performance Guidelines and Monitoring Needs

8

w

Determine goals for circulation; if oxygenation is desired, oxygen demand muet adf
destratification is desired, necessary mixing force musppéed

Properly size equipmengspeciallyavoidinsufficient capacity

Properly place equipment; sgaimput points based on realistic lateral mixing expectations
Develop a maintenance plan for equipmémit includes inspection and cleaning at an
appropriate frequency

Operate equipment in accordance with management goals to adesivedtemporal or
spatial results

Monitor temperature and oxygen as indicators of mixingatygenation assesother water
quality or biological variables as necessary to evaluate suggsswater clarity, algae, P, N)

It is recommended that oxygen measurements in larger waterbodies intended to be adequately
oxygenated be tracked by-#itu sensors with automation to operate the circulation system,
limiting the human role in responding to changing conditions but providing override capability

Key Considerations for Conservation Commissions

8

Review by MassWildlifeNHESP is required if the project is located within Priority or
Estimated habitat and must be complete before the conservation commission can close any
hearing and issue andT under the WPA
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Artificial Circulation

§ If any construction is needed within a Great Pond, even on a temporary basis, a Chapter 91
permit or license is required

8 Construction of onshore support facilities such as a shed to house a compressor or pump may
require permitting under the WPA if within the buffer zone

8 Interests of the WPA should not adversely affectelly well-designed and properly operated
circulation projects unless planned whole lake circulation will reduce available coldwater
habitat.

8 An undersized or intermittently operated system could degrade water quality; design and
operation are critical to success and should be properly addressed in submitted materials

8§ Circulation of just the upper water layer may alter algal composition but will not increase deep
water oxygen or counter internal loading and is unlikely to reduce algal biomass or reduce
concentrations of iron, manganese, ammonium, or hydrogen sulfide

Massachusettaand RelatedExperience

Artificial circulation systems are commonly installed in small ponds in MA bueassofterfound

in larger lakes. Compressed air releases through commercial diffusers, updraft fheripess(

known of which is th&olarbedy Medorg, and fountain aerators are all in use. Downdraft pumps

are unknown from MA lakes; the primary brand (ResMix from WEARS in Australia) has been
installed in some USA lakes but is recommended for lakes that are at least 30 feet deep to avoid
stirring up sediment. There are many vendors for compressed air and fountain systems, with a
variety of equipment and capacitigilable

Results have been highly variable and not especially well documented in many cases. Very few
cases can be cited where significantly reduced algal biomass and increased water clarity have been
obtained in MA, but surface scums and shoreline accumulations have often been reduced.

A major failure for diffused air circulation
of discharge from cranberry bogs loaded the pond witlsHiPorganic matter and internal loading
supported cyanobacteria blooms in most summers. After the bogs ceased operation, the town
sought to rehabilitate the pond. Circulation system design was sufficient in terms of capacity but
the building that housed the compressor was inadequately ventilated, and the purchased
compressor was from the lowest bidder, not the best quality offering. The compressor shut down
due to overheating with some regularity and was not restarted before low oxygeR, \najbr
developed near the bottom. System restart resulted in mixing of thepaldy bottom water with

the upper water layer, P concentration in the upper waters increased, and cyanobacteria blooms
were more frequent and severe than before circulation was initiated. The system could have been
operated more effectively but was ultimately abandoned in favor of an alternative management
approach.
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5739 Perhaps the best documented MA case of circulation
5740 compressed air release is Fresh Padimel,terminal reservoir
5741 in the Cambridge water supply system. Maintenance
5742 adequate oxygen throughout the reservoir was desirec
5743 multiple water quality benefits in this water supply that is a
5744 the focal point in a large reservation offering outdc /
5745 activities to the public. A diffused air circulation system w

5746 installed in 1995 and successfully destratified this reser /
5747 with a maximum depth of 50 feet for over a decade, proviainy

5748 all desired water quality benefits at a mixing rate of 53% Dissolved Oxygen [mg/L)
5749 the target volume per day. Operation was then cutinha ,. ° ' ° * 7
5750 save on power cost and the system failed to keep the rese  °
5751 destratified or to maintain oxygen in deep water until full tir g1 2010
5752 operation of the system was restored. Both proper design
5753 operation are essential to success.
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5754 Updraft pump systems were installed in Santuit and Skine

5755 Ponds on Cape Cod over a decade ago. Five units were p__*

5756 in 166acre Santuit Pond, which had suffered frq temperature and oxygen profiles for
5757 cyanobacteria blooms for some years. The pond hg Fresh Pond with full (2001) and half
5758 maximum depth of 11 feet so there should be no str time (2010) operation of a diffused
5759 stratification and circulation should eliminate low oxyg( 2" circulation system

5760 zones and limit internal P loading. However, cyanobacteria blooms continued during more than a
5761 decade of operation. Water clarity increased somewhat but was still unacceptable for contact
5762 recreation. The amount of water circulated by the pumps is simply not enough to maintain mixed
5763 conditions and avoid low oxygen at the bottom. A single updraft pump-atE8Skinequit Pond

5764 with an intake set at 8 feet below the surfaes incapable of providing any mixing to the bottom

5765 layer that starts at about 13 feet. However, circulation of the upper water layer appears to have
5766 shifted the phytoplankton assemblage away from buoyant cyanobacteria, although the dominant
5767 algae are still cyanobacteria and water clarity remains unacceptable for contact recreation much of
5768 the summer. Problems with internal P loading cannot be overcome by circulation of only the
5769 epilimnion of a lake. Alternative P controls are under consideratio®datuit Pond and were

5770 implemented in Skinequit Pond 2023

5771 In a review of artificial circulation systems in drinking water supplies around the world, Wagner
5772 (2015) found that 53% of diffused air circulation systems met program goals and another 42%
5773 achieved partial success considered worthwhile. For updraft pump systems, 12% met program
5774 goals and another 47% achieved partial success. Downdraft pump systems were less common but
5775 57% achieved program goals and 43% provided partial success. The potential for problems was
5776 less with downdraft pump systems, owing to high oxygen and algae laden water being forced
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Artificial Circulation

deeper rather than pulling up water of variable quality from deeper in the reservoirs. The flexibility
of air-driven systems was acknowledged, with easier adjustment to enhance performance.

Cooke et al. (2005) reviewed application of artificial circulation to 51 lakes worldwide and
concluded that favorable changes in oxygen, pH, ammonium, iron and manganese were commonly
achieved. Significant decreases in cyanobacteria were observed in just over half the cases but
decreases in algal abundance occurred in only about 25% of cases and increases were noted in
almost 25% more. A shift to more edible forms of algae (e.g., diatoms, some greens, many small
flagellates) could result in lower accumulated algal biomass where grazing zooplankton are
abundant, but water clarity was more likely to decrease than increase from the reviewed cases. For
whole lake circulation the hypolimnetic water temperature will increase, which is likely to increase
oxygen demand and potentially increase P release from sediment if the oxygen demand is not
adequately countered by circulation.

A thesis from the University of Vermont (Kirol 2022) found that artificial circulation of Lake
Carmi in VT with diffused air destabilized the water column sufficiently to allow wind to
completely mix the lake on an intermittent basis. However, the circulation system did not deliver
enough oxygen to the bottom to prevent temporary anoxia and release of P. While overall P release
was reduced, the P that was released was made more available in 4iteuypér waters of the

lake and caused more frequent and more severe cyanobacteria blooms than prior to installation of
the circulation system. A more powerful and better designed system might have been more
successful, but keeping the sedimesater interface adequately oxygenated through artificial
circulation is challengingAlternative P control is being evaluated for Lake Carmi as of 2024.

Given variable performance by artificial circulation systems, hybrid systems have sometimes been
applied to enhance results. Combining artificial circulation with P inactivation using iron,
aluminum, or other P binders can yield improved conditions wherdPhad is high. The
waterfowl pond in the Brookfield Zoo outside Chicago had malodorous algae blooms and highly
discolored water but removing the main P sourdbe waterfowli would have eliminated the
exhibit. A diffused air circulation system coupled with ferric chloiigection over the diffusers
increased oxygen, decreased P, and reduced blooms, color, and odor. A similar system in a private
pond in the Hudson River Valley of NY using aluminum as the P binder also greatly enhanced
pond conditions. Bacterial products (not yet considersgdradarcapproach in MA) are also often
combined with circulation for improved resduiitsother states

Hypolimnetic Oxygenation

How It Works

As described in the review of (P inactivation, internal loading of P can increase greatly when
oxygen is in short supply as a consequence of chemical (redox) reactions that allow P to be released
from sediment. One approach to preventing sediment P from being a significant nutrient source
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Hypolimnetic Oxygenation

for algae is to increase the oxygen concentration between the point of P release and the water depth
at which light is sufficient to support algal growth. Oxygen can be increased by either vertically
circulating water in the lake to move oxygech surface waters to the deeper zone where oxygen
depletion is occurring (artificial circulation), necessarily destratifying a lake, or by supplying
oxygen to that deeper zone without causing enough vertical movement of water to destratify the
lake (hypolimnetic oxygenation). These overlapping techniques are addressed separately in this
manual with hypolimnetic oxygenati¢ghlO) addressed here under the acronym HO.

HO systemsare intended tadd oxygen to deeper water without disrupting thermal stratification.
This maintains the separation of upper and lower water layers in a stratified lake, which can be
important to limiting nutrient cycling and affects other aspects of lake ecology, while addressing
oxygen depression in the lower water layer during stratification.si&Pems include diffused
oxygenbubbles released directly into the water column in an unconfined mdypedimnetic
aeration chambetbat use air to provide oxygen and may also involve mixing with higher oxygen
surface water before return to the deep zawmvnflow bubble contact chambgaso called
Speece cones) that mix oxygen and water in a chamber within the deep zone of,thadake
sidestreanoxygenatiorsystemshat pull water from the target zone, oxygenate it, and put it back.
Each approach is discussed separately heé\masingle system type is ideal for all applications.

HO by hypolimnetic aeration chambers is one of the oldest methods for getting oxygen into deep
water without breaking stratification. Compressed air is usually diffused in the inner chamber of a
tubeinsideatube tower, rising and pulling water with it, with transfer of oxygen to that water as

it rises. Remaining bubbles exit a small port at the top of the chamber while hypolimnetic water
with added oxygen returns to the hypolimnion through the outer, peripheral chamber. As oxygen
transfer from air is slow, water may need to be cycled through the chamber multiple times to
achieve an oxygen concentration adequate to meet water quality goals and suppress internal P
loading.Chambers can extend from near the bottom to the surface of the lake, creating a longer
bubble rise distance without causing the destratification associated with unconfined bubble
plumes. Suclsystems are not energy efficient but can effectively oxygenate a hypolimnion.
Further, the use of pure oxygen in such a chamber could overcome the drawback of a hypolimnion
with inadequate thickness to support successful unconfined diffused oxygen application.
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HO by diffused gas mostly focuses on addition of pure oxygen or oygiyeched air. The rate of
oxygen transfer from normal atmospheric air bubbles is slow (<1% per vertical foot travelled) and
addition of nitrogen gas (78% of air) is generally not desirable. Transfer of oxygen from small
bubbles of pure oxygen can result in complete absorption of the bubble over a vertical distance of
about 20 feet; the smaller the bubbles the better, as the surface area to volume ratio increases with
decreasing bubble diameter and this

aids gas transfer. Bubbles releas

near the sedimentater interface may A
prevent anoxia but more often crea s
an oxic zone some distance above 1 '
bottom that functions as a barrier i
upward P migration. Iron and |
released by redox reactions wi
recombine into a precipitant in the oxi
zone and settle back to the bottor
This approach will cause mixing i
there is not enough vertical ru
distance within the hypolimnion foi R e

bubbles to dissolve but is otherwise tl

most efficient way to increase deep

water oxygen concentrations. No pumping of water or gas is involved. Use ofsite orygen
generator would require power, but if a liquid oxygen storage tank is used as the oxygen source,
the only power requirement is for instrumentation.

Unconfined diffused oxygen

xyg
Supply Pipe

Saddle
Connection
Stainless
Steel Cable :

HO by downflow bubble contact chambers also involves a chamber in theviegke pure or
nearly pureoxygenis added tohypolimnetic wate Ideally, the rise of oxygen bubbles is
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Hypolimnetic Oxygenation

counteracted by the downflow of incoming water, creating a balanced flow that allows all oxygen
to be dissolved as the water moves out of the chamber and into a distribution system in the target
zone of the lake. If water flow is too high relative to oxygen addition, some bubbles may be carried
out into the distribution system, but this should be of little consequence. If the oxygen addition is
too high relative to water input, an oxygen pocket may form within the chamber and has to be
rel eased ( AburTheiorygea exthhnge chaynbends to pe large archn be on

shore but is more ofteat the bottom of the lak&herethe extra pressure allows a higher oxygen
concentration to be achieved and the distribution of oxygen laterally in the target zone is very
efficient. However, a solid platform is needed for the submerged components, a challenge with the
soft, organic sediments of most deep lakes, and maintenance requires either diving or bringing the
equipment to the surface, neither of which is easy.

GAS VENT
TO SURFACE
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HO by sidestream oxygenati@ids oxygen in a chambdunctionally similar toa downflow

bubble chamberbut with slightly different processemd a range of chamber siz€nshore
chambes can be pressurized to allow higher levels of oxygen to be added to withdrawn water
before return to the lak&apid distribution of highly oxygenated water at theget depth then
becomes important to avoid effervescence, the formation of bubbles that will rise and could cause
destratification.The current and most advanced version of sidestream saturation, called oxygen
saturation technology (OST), can fplaced in the lake or onshore aagtomated to turn oxygen

input on and off in response to oxygen sensors in the lake to maintain oxygen in a target zone
above an acceptable threshd&T tends to operate with smaller units that can be placed on shore
in a modular arrangement or at varying depths and locations aroundradei&erecisely targeting

areas and allowing greater operational flexibility.
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Sidestream saturation system
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Oxygen Saturation Technology system

Pressure Swing Adsorption (PSA) Patented Chamber Assembly
Oxygen Generator Bubble Capture System (BCS) Submersible Pump
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Automation
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—
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Buoyancy Line
Oxygen Supply
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5897 A derivative of sidestream saturation is called nanobubble technology, in which tiny bubbles are
5898 formed that are intended to remain in solution without rising as a function of surface charges that
5899 hold them in place until all gas is dissolved
5900 by any normal definition and it is not clear what advantage such bubbles convey over a high
5901 concentration of dissolved oxygen in water placed in the hypolimnion of a lake. Nanobubble
5902 systems have improved water quality in shallow embayments and industrial water treatment
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Hypolimnetic Oxygenation

applications, but do not have a track record of reliability for hypolimnetic oxygenation. Further
development of this approach to hypolimnetic oxygenation may occur.

Various hybrid systems can be employed, applying multiple means of oxygenation and sometimes
crossing over into artificial circulation. A full lift HO system uses air bubbles to bring water to the
surface and then enhances oxygen content with agitation or other adjustments at the lake surface
before returning oxygenated water to the deep target zone. Multiple intake ports can allow water
to be mixed in such a way that an intermediate, thermally stable, third water layer is created, one
with adequate oxygen to act as a barrier to P or other reduced compounds migrating upward
(Kortmanndéds Layer Air design). Mi xing systems
summer, after which HO systems are used when the energy necessary to keep the lake from
stratifying becomes too great. Oxygenation technology is highly adaptable and offers opportunity
for creativity and flexibility.

Except where liquid oxygen is allowed to evaporate and travel by its own vapor pressure through
pipes to the target zone of a lake, HO systems require some form ofgmaiigpcompressoto

move water and oxygen. Liquid oxygen can be delivered and stored onamexygen generator

can be used to provide the needed oxygammpressors, pumps, and oxygen generatalis
generate heat; proper housing design is essential to cooling and dependable ofeoatbased
mechanical equipment will require space and power, is usually placed in some kind of protective
structure, and may need noise control to be acceptable to any local residents.

Calculation of the amount of oxygen needed and where it has to be placed are critical elements of
HO project planning. Oxygen demand can be assessed by several methods, including changes in
oxygen concentration over time from lake measurements, measurement waliinahambers,

or lab incubation of sediment cores. The movement of water due to gas or water input will increase
oxygen demand, however, and the oxygen input is likely to increase by a factor of up to 2 for pure
oxygen applications and 5 for air applications over demand estimates. The higher induced oxygen
demand from air over pure oxygen is mainly a function of the greater gas input to supply the same
amount of oxygen.

Knowledge of the thermal regime over time and spacenportant to successful design and
operatiorof HO systemsOxygen travels readily from higher to lower concentrations within water

of the same temperature, but as the temperature differential increases that movement is impeded.
A vertical temperature gradient of 3 @ill inhibit water mixing but a difference of just 1°Can

inhibit oxygen transfer within the dissolved phase. Temperature differential minimizes the
potential for destratification from added gas bubbles but impedes transfer of oxygen.

For P control by HO to be successful there must be adequate P binders present in the sediment
and/or water column. This is often the case, but where there is a history of hydrogen sulfide
production, iron may be sequestered by sulfides and additional P binder may be needed. Extra iron
has been added in some HO applications for improved P binding. HO systems operated for many
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5940 years have tended to reduce oxygen demand but do not eliminate it. Operational costs decline but
5941 there is an ongoing need to add oxygen, especially during the last half of summer.

5942 Possible Benefits

5943 8§ Reduces release Bffrom sediment and accumulation in the hypolimnion without eliminating
5944 stratification

5945 § Reduces hypolimnetic accumulations of iron, manganese, ammonium and hydrogen sulfide
5946 Increases hypolimnetic oxygen levels and enhances habitat accordingly

5947 8§ Creates a barrier to upward migration of reduced compounds; if deeper than the depth of light
5948 penetration, reduced algae production is expected

5949 § Greater reduction of P than N leads to higher N:P ratios that favor other algae over
5950 cyanobacteria

wn

5951 Possible Detriments

5952 § Itispossible to induce gas bubble disease in fishthisitsnot a documented occurrerfcem

5953 HO systems; the risk is higher with use of air than oxygen due to accumulatiegas N

5954 § System shutdown can allow poor water quality to develop rapidly with resultant habitat
5955 deterioration, and recovery can be slow

5956 8§ Higher oxygen will allow more decomposition with release of nutrients by that process;
5957 adequate P binders must be present to inactivate any released P.

5958 Information for Proper Application

5959 § Datarequirements fd1O as a Rontrol include an accurake | oligotrophic lakes

5960 budget with a detailed analysis of internal sources typically have oxygen

5961 § The most critical information for designing &© system is difrl‘a”df <Or']?5|9{(m “/day,
wnile eutropnic lake

5962 the oxygen demand that must be mgt by the system values are >0.55 g/m %/day:

5963 8§ Lake morphometry and stratification data are needeq yalues up to 4.5 g/m 2/day

5964 facilitatetarget area selection antoice ofHO approach have been measured in

5965 § Availability of power is a prime application consideration | MA lakes and values
. . . . between 1 and 2 g/m ?/day
5966 8§ Knowledge of P binder (especially iron) concentration . o
) ) i ) ) ) are common in stratified
5967 important to verify that P will be inactivated in the preser |akes with known oxygen

5968 of oxygen.

5969 Factors Favoring a Disfavoring the Use of this Technique

5970 § Favored by aubstantial portion of the P lodgingassociated with anoxic sediment sources
5971 within the lake

5972 § Favored by widiesthatdemonstrate the impact of internal loading on the lake

5973 § Favored by anxernal P loadhathas been controlled to the maximum practical extent or is
5974 documented to be small; historic loading may have been much greater than current loading
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5975 § Favored whenxygen demand is high @25 g/m?/day) although cost will rise with increased
5976 demand
5977 8§ Favored when iraddition toP contro] minimization of other reduced compounds such as

5978 hydrogen sulfide, ammonia, manganesd iron is desire(especially in water supplies)

5979 § Favored where dequateP inactivators are present for reaction upon addition of oxygen
5980 although this issue can be overcome by binder addition (e.g., aluminum or iron)

5981 § Favored whentwreline spacéor landbased equipmerd available where access is sufficient,
5982 power is available, and noise impacts be minimized

5983 § Favored whereatdwater fishery habitat is an important goal
5984 § Disfavored where lake morphometry hgghly irregularwith multiple separate basins and

5985 isolated covethat limit oxygen distribution
5986 § Disfavored where ability to sustain lotgrm operation is limited (most recreational lake
5987 associations, as opposed to water suppliers with maintenance staff and ratepayers)

5988 Performance Guidelines and Monitoring Needs

5989 § Determineand meebxygen demand tmaintain oxygen >2 mg/L for water quality, >5 mg/L

5990 to meet state standard based on support of aquatithisemay require considerably higher
5991 concentrations on an avesg

5992 § Properly size equipmeid avoid undeperformance

5993 § Properly place equipmetd ensure adequate coverage of target zone

5994 § Incorporateand followa maintenance plan for equipment

5995 § Operate equipment to achieve tempauadl spatialoxygen targets; maintaining a substantial

5996 buffer of elevated oxygen level will limit impact by occasional system shutdowns

5997 § Monitor temperature and oxygen as indicators of mixing @agdyenation preferably with
5998 continuous monitoring sensors

5999 § Monitor other water quality or biological variables as necessary to evaluate s@oosts
6000 likely water clarity, P in surface and bottom waters, algal assemblage)

6001 Key Considerations for Conservation Commissions

6002 8 Review by MassWildlifeNHESP is required if the project is located within Priority or

6003 Estimated habitat and must be complete before the conservation commission can close any
6004 hearing and issue anG under the WPA

6005 § If the project involves the installation of any fill or structures within a Great Pond, even on a
6006 temporary basis, a Chapter 91 permit or license is required

6007 § If any onshore construction (e.g., shed for compressor, oxygen storage tanks, pumps) is within
6008 the buffer zone, a permit under the WPA may be needed

6009 8 No interest of the WPA should be threatened by an HO project and most interests should be
6010 protected or enhanced
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6011 8§ Proper sizing and placement to ensure that oxygen demand is met, and ongoing operation and

6012 maintenance of the HO system are critical to success and avoidance of any negative impacts
6013 in the future (i.e., loss of oxygen after a desirable biological community is established in
6014 formerly low oxygen water)

6015 Massachusettsand RelatedExperience

6016 Several water supply reservoirs in MA have installed HO systems, but the primary purpose has
6017 typically been to minimize the release of iron and manganese from sediment. P release should also
6018 be reduced but monitoring data are generaftitéd. Recreational lakes in MA have rarely

6019 undertaken HO projects as the ongoing operational cost and management program have been
6020 beyond what most lake groups have felt comfortable suppoktogever, this approach to overall

6021 lake health improvement is gainipgpularity and credibility with many advancements in recent
6022 yearsWhile pure oxygen was not commonly used when the 2004 GEIR was developéshn

6023 offshoot ofaeration technologyovered in the GEIR.

6024 The Sarahds Pond project in Orl easnse20xxhanduct
6025 been the firstrue HOapplication to a nowvater supply lake in MAInitially a nanobubble system

6026 was installed but extensive data from two years of operation did not demonstrate acceptable results.
6027 Oxygen was still depressed near the sedimexter interface, P concentrations did not decline,
6028 and algal blooms persisted. A sidestream saturation system using oxygen saturation technology
6029 from Gantzer Engineering replaced the nanobubble system in year 3 and performed well until early
6030 summer when equipment problems allowed low oxygen, elevated P, and a resumption of algae
6031 blooms. Adjustment of the HO system for greater reliabditgurred through 2021 and 2022

6032 conditions were improvedut overall goals were not achievadtil 2023 Many valuable lessons

6033 in system design and operation were learned and continued application is planned.

6034 Cooke et al. (2005) reviewed 28 HO projects and noted variable results. A major factor was the
6035 availability of P binders when oxygen was added, with improved results where additional binders
6036 were added with the oxygen. Disturbance of stratification was found to cause less than desirable
6037 results in some cases; decreased P concentration in dark, deep water can be offset by increased P
6038 availability through mixing into upper waters with adequate light. Lower algae biomass was
6039 associated with a shift away from cyanobacteria and an increase in larger grazing zooplankton in
6040 multiple cases, a combined effect of lower P concentration and more consumption of algae
6041 facilitated by creation of a deep, oxygenated, zooplankton refuge from fish predation. Benefits to
6042 fish growth and survival were also noted, with HO projects supporting coldwater fish populations
6043 and improved benthic macroinvertebrate food resources. Reduced iron concentrations were
6044 common and valued by water suppliers. The additional benefits of oxygenation exceeded the actual
6045 impact on P and algae in many cases.

6046 A detailed review of HO systems (Wagner 2015) in the drinking water industry provides case
6047 histories, application tips, and costs. Case histories covered by Wagner (2015) include 5
6048 unconfined diffused oxygen installations, 10 hypolimnetic aeration chamber projects, 4 downdraft
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bubble contact system efforts, and 5 sidestream saturation experiences. All provided benefits but
oxygenation was not found to consistently reduce algae biomass or shift the assemblage
composition away from cyanobacteria. As these case histories are all from water supply or power
generation reservoirs and most have major inflows, external loading may override any benefit from
internal P load control. In most cases oxygenation was performed to reduce iron and/or manganese
in deep source water or to increase oxygen in downstream flows, almost always with substantial
success. P control and algae limitation are expected for waterbodies with demonstrated high
internal P loading and low summer inflows. Overdesign to provide oxygenation capacity to address
anticipated shutdowns was found to be essential to consistent program success, but most users
have settled for lower cost systems that function well most but not all of the time.

A review of more recent HO projects by Preece et al. (2019) indicated that reduced internal P
loading occurred in almost all cases but that additional management actions were often involved
and complicated separation of specific oxygenation impacts. Where internal P loading was a major
part of the annual P load and residence time in the waterbody was long, HO reduced cyanobacteria
blooms and shifted the algal community to more edible forms. Biological structure then played a
major role in overall algae biomass and water clarity, with abundance of larger bodied grazing
zooplankton (e.g.,.Daphnig maximizing water clarity. Shutdown of HO systems after
cyanobacteria control has been achieved has resulted in a return of cyanobacteria blooms,
suggesting that internal loading is a major factor in such blooms and that HO is an important
method for their suppression. Improvement in fish and zooplankton communities were also noted
with HO. The reduction in ammonium in deep water was also cited as important to cyanobacteria
control and improved habitat for fish and invertebrates.

The duration of monitoring programs for HO projects, typically <5 years in the reported literature,
limits our understanding of lorgrm effects of HO. The oxidation of surficial sediments is not
rapid and extended operation of HO systems is expected to lead to more lasting improvements.
While complete suppression of oxygen demand and hypoxia in deep water is not expected, more
stable lake conditions and reduced need for HO have been demonstrated (Gantzer et al. 2019,
Horne and Buetel 2019).

The use of HO systems is not yet a mature science, but advancements of the last two decades have
greatly improved the potential for maintaining adequate oxygen in deeper water with suppression
of internal P loading and algae blooms. While ongoing operational costs are an issue for
recreational lakes, benefits to habitat as well as P control are evident and suggest that wider
application of HO technology is warranted.
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6083 Dredging
6084 How It Works

6085 Dredging involves the removal of sediment. Conventional dry, conventional wet, and hydraulic/
6086 pneumatic dredging are each addressed, latleoughplanning and impact consideratiows!

6087 vary by approach Dredging increass depth and restores lake volume where infilling from

6088 watershed erosion and organic inputs and/or internal generation of organic matter has occurred.
6089 Dredging can be an effective lake management technique for the control of excessiandlgae

6090 rooted vascular plants by multiple mechanisRamoval of organic sediment can reduce oxygen

6091 demand and improve the overlying water quality in multiple ways. Dredging may be considered
6092 true restoration, as it rsemcwed haecduwmkel dtoed 9 ¢
6093 although it does not address ongoing watershed sources and the collateral damage to lake biota can
6094 Dbe substantial. Dredging of a small part of a lake, such as an inlet area where sediment accumulates,
6095 may have minimal adverse impacts and can prevent later problems as the sediment spreads into
6096 the rest of the lake. Dredging most of a lake could have major effects on biota that have to be
6097 balanced with the benefits of sediment removal.

6098 From the perspective of controlling algde telease of nutrientisat stimulate algae growttom

6099 lake sediments can hbeducedby removinga layer of nutrientrich sediment and exposing

6100 sediments with lower nutrient concentratiombis can reduce internal loading and suppress algal
6101 production if internal sources are dominant. Even wigdtternalnutrient loads remain high,

6102 dredging can reduce benthic mat formation atiebrproblems with filamentous greetigaeand

6103 cyanobacterigas these formafteninitially depend on nutrientich substrates for nutritio® and

6104 iron released from sediment exposed to low oxygen are implicated in many cyanobacteria blooms.
6105 Dredging also removes the accumulated restiagesieposited by a variety of algae.

6106 Additional benefits of dredging that are often sought include reduced plant nuisance impacts and
6107 improved water quality. The removal of sediment by dredging has the potential to limit substrate
6108 suitability for rooted plant growth, will remove seeds, turions, winter buds, and root systems from
6109 which plants grow each year, and could impose a light limitation on plant growth with a sufficient
6110 increase in depth. However, dredging may expose previously buried seeds that can be viable.
6111 Water quality benefits accrue mainly from the reduction in oxygen demand and the release of
6112 various compounds from anoxic sediment. The change in substrate quality will also influence what
6113 benthic invertebrates will be present, which in turn may affect the fish community. Removing
6114 accumulated sediment from a lake offers many benefits but is less commonly applied due to
6115 potential adverse impacts during dredging and usually high cost. Use as an algae control technique
6116 is valid where sediment is the dominant source of nutrients, but there are alternative approaches
6117 (e.g., oxygenation, inactivation) that are less costly. Dredging occurs most often when multiple
6118 benefits are desired or when the lake has become so shallow that it does not support its desired
6119 functions.
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6121 Localizeddredging projectasually seek to remove sediment from a target area like an inlet, cove,
6122 swim area or marina, while projects involving most of a lake are usually intended to enhance
6123 overall lake use, reclaiming depth, removing contaminated sediment, improving water quality,
6124 and/or controlling rooted plants or algadsienerallybetter to remove afiroblemsedimentrom

6125 a smaller area than to remove just some of the material over a larger area but getting all target
6126 sediment out of any area can challengpg edgi ng wusually targets fAs
6127 synonymous with organic deposits or possibly sand or clay inputs from storm drains or tributaries.
6128 Knowing how much sediment to remove involves careful study and detailed testing of sediments
6129 for physical and chemical properties. Thererasmy factors that govern dredging successl a

6130 dredging feasibility study is usually necessary to cover the range of issues involved with planning,
6131 designing, and permitting a dredging projesédiment quantity and sediment quality are the
6132 overriding influences on cost.
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Key Considerations for Dredging

Reasons For Dredging:

Increased depth/access

Remaval of nutrients/other contaminants
Control of aquatic vegetation

Reduction in oxygen demand

Volume Of Material Removed:

In-situ volume to be remaved

Distribution of volume among sediment types
Distribution of volume over lake area (key sectors)
Bulked/dried volumes (immediately vs ultimate)

Nature of Underying Material Exposed:
Type of material
Comparison with overying matenal

Dewatering Capacity of Sediments:
Dewatering potential

Dewatering timeframe

Containment needs

Regulated Resource Areas:

Wetlands (includes lakes)

ME SA listed species

Areas of Critical Environmental Concern
OQutstanding Resource Waters

Great Ponds

Equipment Access:

Possible input and output points
Land slopes/elevation gains
Pipeline routing

Property issues

Potential Disposal Sites:
Possible containment sites
Soil conditions

Necessary site preparation
Volumetric capacity
Property issues

Long-term disposal options

Uses Or Sale Of Dredged Material:

Desirable sediment alterations (value enhanced)
Possible beneficial uses

Possible sale

Existing and Proposed Bathymetry:
Mean depth

Maximum depth

Depth contours

Physical Nature of Removed Material:
Grain size distribution

Solids and organic content

Settling rate/residual turbidity
Bulking/drying factors

Chemical Nature of Removed Material:
Metals levels

Petroleum hydrocarbon levels

Nutrient levels

Pesticides levels

PCB levels

Other organic contaminant levels

Other contaminants of concem

Flow Management:

Possible peak flows

Expected mean flows

Provisions for controlling water level
Implications for dredging approach

Relationship To Lake Uses:

Impact on existing uses during project
Impact on existing uses after project
Facilitation of additional uses

Dredging Methodologies:

Dry excavation

Wet excavation

Hydraulic (or pneumatic) options

Other Mitigating Factors:
Protective watershed management
Economic setting

Sociological setting

Political setting

Removal Costs:

Engineering and permitting costs
Dredging and dewatering cosis
Disposal and monitoning costs
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Dry dredging

Dry dredging involves partially or completely draining the lake and removing the exposed bottom
sediments with a bulldozer or other conventional excavation equipment and trucking it away.

Projects involving silts, sands, gravel and larger obstructions w
water level can be controlled favor conventional, dry methodolq
Althoughlakesrarely dry to the point where equipment can be u
without some form of support (e.g., railroad tie mats or grg
placed to form a road), exc
very thorough sediment removal and a complete restructuring g
pond bottom. The term Adryo

organic sediments will not dewater sufficiently to be moved |
upland soils. Dry dredging may resemble a lesgale excavation
of pudding, and the more the material is handled, the more ligy
becomes.

Control of inflow to the lake is critical during dry excavatiomter

can often be routed through the lake in a sequestered chan
pipe, limiting interaction with disturbed sedimerEsen then, the
material may need to be placed somewhere outside the lake t

before ultimate disposalf an excavated area or natural upla| |

depressiond available, onestep disposal may be facilitateout

Dry dredging
Pond in Gardner with
conventional excavation
equipment (above) to a
fihardo botto
(provided by C. Carranza
of BEC)

most projects involve temporary and permanent disposal stepy B

r ndry

Snomer

Wet dredging

Wet dredging may involve partial drawdown, especially to avoid downstream flow of turbid water,
but sediment will be excavated from areas overlain by water. Sediment will be very wet, often
<30% solids unless sand and gravel deposits are being removed. Clamshell dredges, draglines, and
other specialized excavation equipment are used in whasually a vey messy operation.
Excavated sediment must usually be depositelsaquesterearea adjacent to the pond or into

waterholdingtanksor other structuresntil dewatering can occur
This approach is most often practiced when water level contr
limited. This technique is applicable to ocean harbors, and has
practiced in Boston and New Bedfotalt is usually not preferreq
in lakes other than small, isolated ponds unless there is no chq

Conventional wet dredging methods create considerable turbi
and steps must be taken to prevent downstream mobilizatid
sediments and associated contaminants. For wet excay

projects, inflows must normally be routed around the lake, as

Yy Bt

Clamshell dredge used in

wet dredging operations
(provided by the Lake
Michigan Federation)

increment of inflow must be balanced by an equal amount of
outflow, and the idake waters may be very turbid. It should be noted, howeversdhatbucket
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dredge designs greatly limit the release of turbid water and have been approved for use in
potentially sensitive aquatic settings.

Hydraulic dredging

A more advanced form of wet dredging, hydraulic dredging usually involves a suction type of
dredgewith a cutter head. Agitation combined with suction removes the sediments as a slurry
usuallycontaining<20% solids by volume. This slurry is typically pumped to a containment area
in an upland setting where the excess water can be separateg
the solids by settlinghat can be augmented by polymer additi
The supernatant water can be released back to the lake or somg
waterway with proper permitting The containment area for
hydraulic dredging project is usually a shalldiked area that is| |
used as a settling basin. The clarified water may be treated
flocculation and coagulation techniques to further reduce
suspended solids in the return water.

ydraullc ded—glng: large
cutterhead barge

Hydraulic dredging is normally favored for removal of large amounts of highly organic sediments

with few rocks, stumps or other obstructions and where water level control is limited. This type of

project does require a containment area to be available where removed sediments are separated
from water and may involve secondary removal of the dr
sediment from the containment area for ultimate dispq EESESS
elsewhereA slurry can be pumped multiple miles along a suita
route with booster pumgbthere is land to be reclaimed but cq gz
factors often dictate having the containment area close to the

Innovations in polymers and belt presses for sediment dewat{ ™ Hyraulic dredging :
have reached the point where hydraulically dredged slurry ca ., iainment area for
treated as it leaves the lake to the extent necessary to load it dii Nutting Lake in Billerica
onto trucks for transport to more remote sites. Solids contentd empty (above) and full
resultant material is still too low for many uses without furtl  (below) (provided by J.
drying or mixing with sand, but the need for a large containn Walsh of BEC)
area can be avoided with this technology. The cost of coaguli g«
and mechanical dewatering may be at least partially offse
savings in containment area construction and ultimate mat| ¥
disposal. Likewise, pumping the slurry into gebes (engineereq _‘55
filter bags) can also enhance dewatering in a limited space. :

Pneumatic dredging

Pneumatic dredging, in which air pressure is used to pump sediments out of the lake at a higher
solids contentX50%) is possible but not commonly employed and has not been used in New
England This would seem to be a highly desirable approach, given containment area limitation in
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6209 many cases and more rapid drying with higher solids content. However, few of these dredges are
6210 operating within North America, and there is little freshwater experience upon which to base a
6211 review. Considerations are much like those for hydraulic dredging.

6212 Possible Benefits

6213 8§ Deepening of the lake for many purposes, including increased flood or water supply storage,
6214 improved recreational uses, enhanced pollutant trapping effectiveness, and dilution of nutrient
6215 loads

6216 8§ Control of rooted plants if a depth (light) or substrate limitaticactgeved

6217 Reduced algal mat formation by reduced nutrient supply and elimination of resting cysts
6218 8§ Reduced planktonic algal abundance if internal loading is an important nutrient source and
6219 enough sediment is removed

6220 8§ Removal of toxic substances or other unwanted materials accumulated in the sediment

6221 8§ Reduced sedimentater interactionsgspecially lowered oxygen demand, improved water

6222 quality

6223 8§ Opportunity to establish structures to enhance the fish community (dry dredging)

w

6224 Possible Detriments

6225 8§ All possiblenegativeimpacts of drawdowif the lake is lowered to facilitate dry dredging
6226 8§ Reduction ordss ofbenthicbiological component&here sediment is removed or disturbed
6227 § Altered food web, at least temporarily, but with possible {targh improvement

6228 8§ Potential for downstream turbidity if throughflow is not controlled

6229 8§ Peripheral land disruption for access by equipment

6230 § Upland area must be provided for sediment disposal, with temporary alteration

6231 8§ Contaminated sediments potentially subject to many restrictions on disposal

6232 Information for Proper Application

6233 Key factors include:
6234 8§ Sediment quality, which will determine disposal optio==

6235 and cost
6236 8§ Sediment quantity, which determines disposal volu
6237 needs and greatly affects cost

6238 8§ What type of sediment is underneath the material tg
6239 removed 3
6240 § Sensitive biological resourcaad regulated resource type Sediment core: dark organic

6241 which affect project goals and permitting matter on top of a clay base
6242 8§ Ability to control the lake levelnd safely pass inflows
6243 which affects choice of dredging method

6244 8§ Equipment access and related impacts
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Dredging

8

Dewatering and ultimate disposal areas, possible beneficial uses of dredged material

Factors Favoring a Disfavoring the Use of this Technique

§
§

Performance Guidelines and Monitoring Needs

Favored wherehere is gustifiable needto increase depth in the lake

Favored wheretadies have demonstrated the impact of intemudélientloading on the lake

or the presence althercontaminants in the sediment that are impacting lake biota or uses
Favored where the oxygen demand by sediment is causing oxygen impairment in the water
column

Favored where aoted plang, algal mats or planktonic algaelependent on theurficial
sediments are impairing recreation and habitat value

Favored wheretstable sufficient containmendisposal areas are available close to the lake
Disfavored where protected species or resource areas make it difficult to avoid adverse impacts
from dredging

Disfavored whereedliments areontaminatedased on
MA regulatory concentrationthresholdsand require
special handling and disposal at increased cost

8

w W W W W

3 e s N

Address the many considerations for dredging; | W AT
particular attention to sediment quality and quantity § DPredging containment area in
disposal arrangements _Menotomy Rocks Park in

. . . . . Arlington when full (above) and
Design the dredging project with local conditions when restored (below) to
mind; address water level and flow control, approprif  previous activity field status
equipment, access and staging areas, mat i
dewatering and transport for disposal
Excavate in accordance with all permits
Achieve a depth (light) or substrate (hard botto| &
limitation if control of plant growth is a project goa
usually this involves removal of all soft sediment
achievement of a water depth in excess ofeH) f
Remove sediment to expose a low nutrient layer if reduction of internal loading is a project
goal; usually this involves removal of allganicsediment
Remove sediment to expose inorganic material if reducing oxygen demand is a project goal
Restore or rehabilitate all access, temporary containment, and final disposal areas
Monitor downstream flows and water quality during dredging
Monitor water quality for any discharge from a containment area
Monitor recovery of lake biota and-lake conditions relative to project goals (e.g., depth
increasewater clarity plant control, water quality enhancement)

Reduced Nutrient Availability in Lakes Page6-41



6281

6282
6283
6284
6285
6286
6287
6288
6289
6290
6291
6292
6293
6294
6295
6296
6297

6298
6299
6300
6301

6302

6303
6304
6305
6306
6307
6308
6309
6310

6311
6312
6313
6314
6315
6316
6317
6318

Dredging

Key Considerations for Conservation Commissions

8§ Dredging could involve over 4@
dozen approval processdaow
which ones apply and what
agencies will be involved

8 Impacts to interests of thé&/PA
from a specific dredging projec
are highly dependent upon sitg
specific features and projeq
design make no assumption
based on projects elsewhe
without careful evaluation of
applicability

8§ All interests of the WPA could bg
impaired or benefitted by
dredging but the most likely
considerations will be sherand longterm effects on fisheries and wildlife habitat

Potentially Applicable Regulatory Processes:
MEPA review (Environmental Notification Form)
Environmental impact reporting (EIR if needed)
MESA review (NHESP)

Wetlands Protection Act (Order of Conditions)
Dredging permits (Chapter 91)

Aquatic structuresf/fill license (Chapter 91)
Drawdown notification (to DFWELE)

Water Management Act (diversion/use permits)
Clean Water Act Section 401 (WQ cert)

Clean Water Act Section 404 (USACE wetlands)
Dam safety/alteration permit (DCR)

Historical Preservation Act (MA Historical Comm.)
Waste disposal permit (DEP)

Discharge permits (NPDES, USEPA/DEP)

= =4 =4 -4 4 -8 4 8 -4 -4 -2 -4 -9 -9

Dredging is probably the most complicated lake management activity in terms of planning and
permitting. Except at the smallest scale (<100 cubic yards removed), it involves more testing, more
approvals, and greater cost than any othdake action. Professional help is strongly advised
when considering a dredging project, and a dredging feasibility study is almost always essential.

Massachusettsand RelatedExperience

Dredging is common in the estuarine environment as a means to maintain navigable water or
restore eroded beaches but is not commonly attempted on a large scale in freshwater lakes due to
cost. Yet major improvements in lake condition and utility have been made by appropriate
dredging projects. Dredging technology and material handling were advanced by MA projects in
the 1980s and 1990s (e.g., Nutting Lake in B
Bull oughdés Ponds in Newton, Hardy Pond in Wal
Springfield, among others) and through projects in other New England states in the same
timeframe (e.g., Center Springs Pond in Manchester, Silver Lake in Berlin and Meriden, CT).

More recent experience (e.g., Nashawannuck Pond in 2009, Morses Pond in Wellesley in 2012
13, Otis Wood Land Lake in Otis and Sandisfield in 2@Z6Crystal Lake in Peabody in 2016

2017, Sargent Pond in Brookline in 2018) has involved dredging of 12,000 to 45,000 cubic yards
of sediment with disposal ranging from beach nourishment to landfill deposit. The primary reason
for dredging has usually been to reclaim open water area lost to sedimentation from upstream
sources, although organic accumulation from rooted plants accelerated that process in most cases.
Control of rooted plants and algae has been an associated and desire®medgihg reluced

oxygen demand and hazardous contamiramisell,providing substantial ancillary benefits
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Dredging

Il n terms of al gal mat control, the dredging
mats for more than two decades. Similar results have been observed in the portion of Morses Pond
dredged in 20123 and throughout Otis Wood Land Lake after dredging in 201& . Planktonic

algae blooms often originate from sediment in 10 to 20 feet of water and are supported by P release
from sediments exposed to anoxia in deeper water, but those areas are rarely dredged as depth is
adequate for most lake uses.

Upstream flow control has been an issue for dry dredging projects, with flow routed around or
through lakes in a sequestered channel or pipe, but not always in a consistently successful manner.
Hydraulic dredging does not require flow control or water level manipulation but is restricted to
the icefree season and requires a more sophisticated containment area in which to dewater
sediments and a discharge from that containment area that may require additional permitting.

Sediment dewatering has aways been a challenge for dredging, as solids content in all but the
sandiest sediment is low and water content must be greatly reduced for almost any disposal
arrangement. Hydraulic dredging takes advantage of the lower solids content to move sediment as
a slurry through a pipe to a containment area. Where a former gravel pit or other landscape
depression is available to be filled and the sediment is clean enough, dewatering and disposal costs
can be reduced and make the project much more affordable if the cost of pumping the slurry to the
site is not extreme. For wet dredging projects a dewatering area very close to the site is essential,
and for dry dredging projects the need for nearby containment capacity is also often high, as
organic lake sediment does not dewater well in the lake. Sometimes it can be pushed to the side
with enough grade to encourage dewatering, but often extended drying time is needed that limits
dredging progress. Belt presses have been used to accelerate dewatering atnghtvaterks

have been employed to haul wet sediment to disposal sites, but each adds cost and is not extremely
effective.Useof large filter bags that can be filled and left to dry has been particularly helpful in
recent years.

In many cases, the need to dredge has been a result of sediment inputs from the watershed, and
unless the sources are curtailed, infilling will continue and may negate the benefits of dredging
within a decade or two. At the cost of most dredging projects, much longer benefit duration is
expected, necessitating watershed management or provision of sedimentation basins near input
points to capture sediment in an area accessible for occasional clean out. Such basins are often
placed at inlets or slightly upstream where a road crossing makes both constriction of flows and
accessibility for clean out easier. Such basins were established on the two tributaries to
Nashawannuck Pond in the 1990s, prior to dredging of the pond, and were cleaned out in 2020
after accumulating about 1500 cubic yards of sediment. Duck Pond in Wellesley was dredged in
1986 and 2006 but has no upstream sedimentation basins and serves a large, urban watershed,; it
was largely full of sediment as of 2016 and needs to be dredged again.

Sediment disposal has been a large cost factor in dredging projects, especially when contamination
or physical properties limit beneficial use of dredged material on a local level. Average
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6357 concentrations of certain metals and hydrocarbons in MA lake sediment exceed standards for
6358 unrestricted disposal and often necessitate hauling to an approved disposal facility. Lakes in urban
6359 areas are particularly likely to have contaminated sediment, and lakes subject to repeated copper
6360 treatments over many years can experience contamination that affects sediment disposal. All
6361 dredging projects involving more than 100 cubic yards of material are required to conduct
6362 extensive testing of sediment, usually one sample per 1000 cubic yards to be removed. Under MA
6363 regulations, lake sediments that exceed standards that could characterize the sediment as hazardous
6364 waste do not have to be removed or remediated, but once the sediment is removed from the lake it
6365 s treated as hazardous waste and corresponding regulations apply to its handling and disposal.
6366 Initial plans for some dredging projects have been dropped as a result of problems with
6367 contaminated sediment disposal. Discussion of dredging Wood Pond and the associated
6368 Housatonic River in the Pittsfield area, subject to PCB contamination in the past, has gone on for
6369 overtwo decades with limited progress.

6370 Planning and permitting for dredging projects often require multiple years of effort before the
6371 dredging can be accomplished. The information needs and multiple permit processes with limited
6372 overlap usually result in an extended period of study and regulatory action. It is best to fully
6373 understand the quality and quantity of sediment to be removed before getting into the permit
6374 process. Funding has also required multiple years to arrange. The Community Preservation Act
6375 has been an important source of funds for more recent dredging projects. In some recent cases, a
6376 decade or more of time elapsed between the decision to dredge and project completion, a function
6377 of permitting and funding processes.

6378 On a more nationwide scale, dredging has been used much as it has in MA, but some projects have
6379 been much larger. White Rock Lake in Dallas, TX had lost so much depth from incoming inorganic
6380 sediment from a large watershed that sailing clubs were unable to operate. Approximately 3 million
6381 cubic yards of sediment were removed by hydraulic dredging in 1998 and used to fill old
6382 excavation pits about 8 miles away. That was the fourth dredging operation at White Rock Lake
6383 since it was constructed in 1911, with others in the 1930s, 1950s and 1970s. Additional dredging
6384 was under consideration in 2020. For impoundments of river systems, dredging is often essential
6385 to maintain reservoir capacity for water supply and power generation as well as recreation and
6386 agquatic habitat.

6387 After P inactivation stations were established on inlets to decrease available P in runoff entering
6388 Lake Seminole in FL, approximately 900,000 cubic yards of organic sediment were removed to
6389 reduce the internal load of P, starting in 2019. Over a million cubic yards of sediment were

6390 removed from Cedar Lake in IA to restore capacity in a drinking water reservoir that also provides
6391 recreational opportunity and valued habitat. Many smaller projects have been completed, often
6392 using hydraulic dredges to avoid the impacts to fish and wildlife that can be caused by dry
6393 dredging, but partial drawdown or sequestration of parts of lakes to facilitate dry dredging is also
6394 common.

6395
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7. DIRECT ALGAE REMOVAL

This section addresses only one technique, algaecides. Algaecides are a standard approach to the
control of algae in water supplies and recreational lakes whée where nutrient control has been
insufficient to prevent blooms. There are ottlegectalgae control techniquebut all have ben

placed in the alternative technique section of this guide. Some, incléidsigng and some
biological controls, were covered in the 2004 GEIR Eartrophication and Aquatic Plant
Management inMA, while others likesonication, bacterial additivesettling agents, and
collection systemsvereonly mentioned as being under developm&tdne of these alternative
techniques has retved extensive use MA andwhile most have substant@gbplicability to algae
problems, they suffer from limited implementation potential/anthsufficiently docunented
reliability. It is rare to have enough water availatilging summer to flush any but the smallest
ponds, and such flushing moves water of potentially poor quality downstream where it can cause
impairment Bacterial additives are largely proprietary formulations with possible algaecidal
properties not yet reviewed WYDAR. Collection systems for algae have only recently been
devebped but have been tested in MA and show proniisese alternative techniques may be
permittablein MA, but it is not possible to offer the level of guidance for use that is po$sible
algaecides.

Algaecides represent the oldest form of algae control and have been applied for many decades in
MA. While not preferable to nutrient control, algaecides are effective and can address an existing
problem before it becomes too sevdreere arenany formulations of algaeciddsut copper has

been the main active ingredient since the start. More recently developed pé@sedieproducts

have a favorable environmental profiend a few other compounds have been developed to
address algae that are particularly hard to kill. Algaecides are sometimes used to kill algae
associated with rooted plants before herbicides are applied to increase the effectiveness of the
herbicides.

Treatment with Algaecides

As described in more detail in the Essential Background section, algae are part of a healthy aquatic
ecosystem and form a large part of the base of the food web in most lakes. There are many types
of algae, only a subset of which are capable of producing toxins harmful to humans or aquatic life.
A productive lake may not have excessive algal abundance if those algae are being consumed at a
rate commensurate with production. Yet where nutrients are excessive and/or the biological
structure is not conducive to rapid consumption of algae, visible accumulations of algae can occur
and are called blooms. If the bloom harms people or aquatic life it can be called a HAB. Where
the algae involved are cyanobacteria, it can be called a HCB. Control of algae through limitation
of nutrients is preferred, while limitation of light and increased consumption by zooplankton are
desirable but difficult to achieve. Algaecides can be used to reduce algae when other methods have
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6433 not been successful and the threat from HAB or HCB is perceived as serious enough to warrant
6434 action.

6435 How It Works

6436 Algaecides as addressed in this document are exactly what the root elements of the word imply;
6437 they are products used to kill algae. By MA regulations, algaecides are a subset of herbicides which
6438 are a subset of pesticides and contain an active ingredient aj
6439 to water to directly kill target algae.

6440 There are two primary active ingredients used in the vast maj
6441 of algaecides applied in MA: copper and peroxide. There are n
6442 formulations available and the details of each are importan
6443 proper use. A few other herbicides can also be used as algaeq

6444 Algaecides are applied to waterbodiessabd or liquid products
6445 that are expected to interact with algae in the targeted arg
6446 volume.Algaecidal action is generally rapid, within a day or tw
6447 and products do not remain in the water column for |ting.best
6448 to use algaecides to limit the development of an algae bloom r
6449 than to killalgae that are already in bloom mode, as the die o}
6450 abundant algae can cause water quality problems that threater

Planktonic algal bloom

) . . that could be a target of
6451 target aquatic organisms apdtentially human users as well. algaecide treatment

6452 Copperbased products

6453 Copperexhibitssome selectivittamong algae based on dose and exposioeever,almost all

6454 algae can be killed at doses allowable by the USBp@roved algaecide label which specifies

6455 application limits that must be followed for legal usbe mode of action of copper is to inhibit

6456 photosynthesis and affect nitrogen metaboliaithough some cell wall disruption is common with

6457 consequent lysing.(i.e., fAburstingo) of <cells

6458 The GEIR covers the background and use of copper in some det®Mai provides aeview

6459 of copper-based algaecidesThere have been many additional formulations developed since the
6460 GEIR was finalized in 2004, and while tigeneralguidance in the GEIR remains applicable,
6461 consultation with a licensed applicator about the specific form and method of application of
6462 copperbasedalgaecidess advised While copper is generally used for the control of algae, in
6463 some cases it is also used for macrophyte cqoriftdn at a higher concentration than used to
6464 control just algae

6465 Wagner (2020a) provided a review of algaecide use in MA. Key lessons with regard to copper
6466 include:

6467 1 The label formostcopper products limits application to no more than half the waterbody in a
6468 single treatment. This may necessitate more than one treatment with a two week pause in
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6469 between if blooms are severe. It also encourages earlier response to increasing algae, which
6470 tends to be more effective, may avoid a bloom, @teh causes fewennintended impacts to

6471 nontarget biota.

6472 1 MA restricts the use of copper for cyanobacteria comth@ncell concentration for gential

6473 toxin producers is >70,000/mL. This is done out of concern for release ofseubte toxins

6474 from cells when lysed by copper, as toxins are not usually excreted ambsthgliberated

6475 into the water upon cell death and membrane rupture. However, those toxins will eventually
6476 be released naturally if no treatment is conducted, so this is not a simple solution. Adding to
6477 the complexity of the management decision, potential toxin producing cyanobacteria do not
6478 always produce toxins and there is no requirement to test for toxins, so the protocol is not
6479 definitive and may require followip monitoring.

6480 1 Tracking of algae and earlier actienadvised, withreatment of cyanobacteria at cell counts
6481 no more than20,000 cells/mL. Review of the most currediassDPH cyanobacteria

6482 guidelinesand additionaMassDEP_cyanobacteria_guidancés advisablevhen evaluating

6483 risk from cyanobacteria and considering algaecide use

6484 1 The dose of copper applied (as copper, independent of formulation) rarely needs to exceed 0.2
6485 ppm in MA lakes However although there is variation among algal groups and even between
6486 species of the same genus that sometimes necessitates higher doses, and the maximum
6487 approved label rate is 1 ppm. With background water quality in MA, nearly all cyanobacteria
6488 are sensitive to copper at <0.1 ppm and keeping the copper concentration befgyn0.1
6489 minimizes damage to nemrget organisms, notably zooplankton, macroinvertebrates, and
6490 fish. Some algae arenore tolerant to copper, notably certain green algae and a few
6491 cyanobacteria, but increasing the concentration of copper to address those algae may harm
6492 norttarget organisms and alternative control methods are preferable.

6493 ¢ Controlling densegreen algae mats, especially within t8pirogyraMougeotiaZygnema

6494 group and the CladophoraRhizoclonium

6495 Pithophora group, is very difficult at any

6496 concentration of copper. The outer layer of a 1}

6497 often protects inner filaments, minimizing copp| &%

6498 contact and effectiveness. Green algae mat cor| &

6499 by copper depends on treatment before substal |

6500 mats develop, which involves treating at t| :

6501 sedimemwater interface where light penetrates

6502 the bottom. The logistics of knowing when to trg : % o

6503 and getting the algaecide to the bottom withg Mats of Chbropyta(green algae) can
6504 treating the whole water column can be addreg be very hard to kill with any method;
6505 with weighted delivery hoses, chilled solutiory ~ treatment before dense mats form

6506 and new pellet formulations that sink befo appears essential

6507 dissolving.
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6508 Additionally, it is now recognized (Cottingham et al. 2021) that many planktonic cyanobacteria
6509 blooms start as growths at the sediragater interface and timely treatment with copper added
6510 near the bottom where both nutrients and light are available can prevent blooms from forming.
6511 The same logistics noted above for green algal mats appolgoncentrations of copper do not
6512 have to be high to be effective.

6513 The water chemistry of the lake is an important consideration for treatment planning and
6514 effectiveness. e effectiveness of coppeontainingalgaecidess affected by basic water quality
6515 featuresiIncreasingalkalinity, dissolved or suspended solids, and organic carbon content reduce
6516 copper effectiveness and under such conditidvedated copper compountigat maintain more
6517 copper in the water for a longer period may be more effecd@itionally, algae do not respond
6518 as well to copper treatmerabyatertemperaturekess than 16 15°C (50to 59F), although some
6519 success has been achievieidensed applicators or Certified Lake Managers can properly assess
6520 water quality and plan appropriate treatments.

6521 Toxicity of copper to algae is intentional with the use of algaec{tmsper is potentially toxic to

6522 some zooplankton, invertebrates, and fish at concentrations allowable by the federal label and
6523 repeated treatments increase the risk of impacts (Scannell 2009). For example, acute and chronic
6524 toxicity to the zooplankteDaphniawere not observed at doses <0.3 ppm and mostly not until
6525 >0.5 ppm, depending on copper formulation (Kang et al. 2022), but the label does allow 1 ppm to
6526 be applied. Toxicity to fish was reduced for chelated copper compounds over copper sulfate but
6527 increased when surfactants were added, a practice associated with copper use in herbicides but not
6528 algaecides (Closson and Paul 20inost all treatments in MA involve doses <0.2 mg/L applied

6529 to a fraction of the water column over no more than half the lake area, limiting potential toxicity.
6530 Additionally, the uptake of the algaecide by the target algae also mitigates exposure for many
6531 organisns (Bishop et al. 2018)There remainsalid concern, however, over possible toxicity from

6532 repeat treatments or to organisms more sensitive than those used in testing to de\edioje alga
6533 labels.

6534 Some fish, notably species of trout, are sensitive to certain formulations of copper at concentrations
6535 less than the maximum allowable label limit (1 ppm) if a sufficient exposure duration is achieved,
6536 but the MassWildlife database for fishkills does not indicate any significant mortality in MA from
6537 copper treatments. A review of copper effects on amphibians (Azizishirazi et al. 2021) suggests
6538 that amphibians are less susceptible to acute toxicity than fish, with virtually no tested species
6539 exhibiting mortality at even the maximum label concentration. Chronic toxicity has been less
6540 studied, however, and there is a risk to fish and amphibian eggs where treatments overlap with
6541 spawningor egg layingperiods and some indication of developmental impacts at allowable
6542 treatment concentrations and possibly even for concentrations applied in MA.

6543 Despite direct impacts from multiple treatments at higher doses in other states, the actual copper
6544 in the sediment has generally been considered inert (Hanson and Stefan 1984, Paul et al. 2001).
6545 Benthic macroinvertebrate abundance and diversity were lower in the sediment of some treated
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lakes, but that may ken effectof multiple treatmentsr a result of past algal bloom impacts on

water and sediment quality. Willis (28) did not find impacts on benthic invertebrates at
application rates typically used in MA but did detect them at maximum allowable rates. Willis
(2012 also found that bioavailability and toxicity were not reliably predictable from sediment
copper concentration. Bioaccumulation has been suggested by some research (Hoang et al. 2011)
for snails that graze on treated sediment but not for fish. Should dredging be considered at any
point, costs will greatly increase where copper concentrations exceed MA regulatory thresholds
relating to sediment disposal.

Peroxidebased products

Peroxide was not included in the 2004 GHIR is currentlyregisteed for use in MA and has
experienced increasing use over the last decBdeoxide acts mainly on cell walls, either
disintegrating them by oxidation processes or inhibiting transport across membiaeR.
providesareview of peroxidebased algaecidethat includes considerable detail on and insight

into this group of algaecideblydrogen peroxide and several compounds that generate peroxide
when added to water (e.g., sodium percarbonate and peracetic acid) act on the cell walls of algae
to kill them. As different algal groups have cell walls of different materials and varying
susceptibility to peroxide, this active ingredient tends to differentially control cyanobacteria better
than green algae or diatorfiatthijs et al. 2012)

A typical dose of hydrogen peroxide for control of algae before dense blooms or mats develop is
0.2 to 1.0 ppm in MA, but the approved label allows application at up to 10 ppm. As with copper
use, tracking the algae community and treating before blooms or mats develop is desirable from
both environmental and cost perspectives. Perexéded algaecides are usually sold as a solid
but can be dissolved in water to allow liquid application. Floating granule formulations allow for
dissolution over a period of minutes in surface waters, while application as sinking granules or
tablets can allow the algaecide to sink to the bottom before much dissolution occurs, allowing
treatment of algae growing at the sedimeater interface.

Once reactedhere are no problem compounds remainaggperoxide quickly degrades to oxygen

and waterOxidation of cell contentsan occuyincluding cyanobacteria toximsd taste and odor
compounds, a distinct benefit of peroxide application for algae coAjeplication should occur

before severe blooms or mats form for best control and application is subject to the same cell count
limitations for potentially toxic cyanobacteria as for copper produgglication of peroxice

should also not involve more than half the lake at a time, but most labels require only two to three
days between treatments.

The cost of peroxides tends to be higher than for copper formulabiohshe environmental
impact profile is generally regarded as preferable for perpwitle fewer nortarget impacts than
copper within the label limit for dose (Buley et al. 2021). However, peroxides can be toxic to some
aguatic organisms, most notably zooplankton, at doses allowable by the product label but seldom
applied in MA. Weenink et al. (2022) provide an evaluation of peroxide effectiveness and toxicity
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to nontarget invertebrates, with concentrations <2 ppm greatly reducing cyanobacteria but having
minimal impact on invertebrates. Concentrations up to 4 mg/L were needed to eliminate most
cyanobacteria but had limited effect on green algae and only impacted a few invertebrate species.

Impacts on noftarget organisms increased with increasing dose, but only about half the tested
zooplankton and one third the tested benthic invertebrate species were substantially impacted at
the maximum label rate of 10 ppm when forced into 24 hours of exposure. Field tests suggested
minimal impacts after one treatment at 2.5 ppm but increased impact after a second treatment.
There remains valid concern that some-temget species may be more sensitive to peroxide than
those used in toxicity testing to support label developniggrioxides are also listed as toxic to
birds, but mainly through ingestion of pellets; this could be an issue with floating granules until
they are dissolved or with any spillage on land while loading a vessel for aquatic treatment.

Peroxides have not been granted the same regulatory status asbhaggokalgaecides with regard

to use in water supplies and private ponds without flowing surface outlets. This means that
emergency use of an algaecide to protect public water supplies will likely involve cogper
peroxide is given the same permit exemption as copper products for algae control in water supplies

Other algaecides

Other algaecides are mostly products developed as herbicides for vascular plants that can be
effective against algae as well. Endothall and flumioxazin are two active ingredients that have been

found to provide control of some filamentous algae mats and are sometimes used for that purpose.
Risks and benefits are covered in the herbicide section of this document.

Barley straw produces algaecidal compounds naturally upon decay and has been used as an algae
control agent in other states. However, barley straw has not been registered with the USEPA as an
algaecide and therefore cannotéaluatedfor use byMDAR. Barley straw is covered as an
alternative technique in that section of this document but isegisteed for use in MAas of

2024.

Summary

While it is preferable to avoid algae blooms and mats by managing nutrients, that is not always
feasible, and algaecides represent a valid control mechanism on at least an interithd®ased

for algaecidesnore than once per yestnould be taken as an indication that a more comprehensive
lake management plan is needed. Where algaecides are used, effectiveness is emitanced

target impacts are reducdttoughaccuratetiming of application Apply algaecides while algal
growth is in its exponential phase if at all possibleen algal sensitivity is greatest and the impacts

of lysing cells on the aquatic environment are minimized. Proper timing of application requires
tracking of algal populationgjsually on a weekly basis, adding expense to the program but
maximizing benefits while minimizing risk&ncealgaecides arapplied there is little mitigative
potentialand @reful planning and implementation are needed to avoid undesirable impacts.
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Toxicity is a function of dose and exposure. The low doses of either copper or peroxide products
normally applied in MA can differentially impact cyanobacteria over other algae and minimize
impacts to nortarget fauna. Label limits that allow treating only half the area of a waterbody in a
single application reduce exposure for target andtagget organisms. Increasing dose and repeat
applications increase the risk of ntarget impacts. Algaecides are therefore best applied at low
concentrations to prevent blooms and not on a regular basis.

Possible Benefits

§
§
§
§

8

Rapidcontrolof susceptible algae
Potential to avoid an algae bloom or mat formation by-tuskd application
Peroxides may oxidize cell contents including taste and odor compounds and toxins

Most algaecides areapidly eliminated from water column, minimizing prolonged adverse
impacts

Algaecides offer a control option when other methods have been inadequate or where an
interim solution is needed while nutrient control measures are being implemented

Possible Detriments

Potential bxicity to nontarget organismgsisk increases with dose and treatment frequency
Releases contents of madtadalgee cells back into the water column; this may include
nutrients, taste and odor compounds, and to:@ang will increase oxygen demand

Ineffective on some algae; repeated treatments may favor those resistant algae, some of which
are major nuisance species

Copper acumulates in sedimentsoxicity and bioaccumulation are not predictable from
copper concentration, but sediment disposal is restricted at elevated copper levels

Information for Proper Application

8

Algal monitoring to determingypes of algae in need of control aptbper timing ofany
treatment

Water quality data to evaluate dose needs and likely effectivéioess on alkalinity, pH,
dissolved and suspended solids, temperature)

Inventory of nortarget biota for potential impact assessment
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Factors Favoring a Disfavoring the Use of this Technique

8

Performance Guidelines and Monitoring Needs

Favored whenlgal monitoring allows early respony Fiss=s
before bloom formation
Favored when dominant algae species are suscef
to algaecides at lower doses

Favored when infrequent and unpredictablgal
blooms impair recreation or water supply
Disfavored where nctarget species with high
sensitivity to algaecides are present Cyabcteria seum: tré;iihg at
Disfavored if repeated application within a year| such high algae accumulation has

needed to reduce blooms or mats potential adverse impacts on water
quality and non -target organisms

8

Monitor algae at a frequency appropriate to detection of bloom formation before blooms
become dense; know which types of algae are dominant

Choosean algaecideppropriate for the quality of water to be treated; pH, alkalioityanic
carbon, and solidsontent are key variables

Algaecidesmustbe applied by licensed applicatavgh proper permits in place

Apply algaecidesvhile algal growth is in its exponential phakat all possible

Apply algaecidesn accordance with label instructions and restrictions; justify dose, location
and timing of treatment

Apply algaecidesevenly throughout target area to minimize adverse impaatget an
appropriate water depth to maximize benefits while minimizing adverse impacts

Monitor water quality before and after treatment, with emphasis on oxygen and nutrient levels
Wherecyanobacteriar other algae with potential for toxicity aabundanenough toepresent

a toxicity concernmonitor for toxin level in the water before and after treatment

If repeated treatment is necessary in a single growing season, pursue nutrient controls on algal
growthas part of a more comprehensive plan

Wherealgaecides arasedto aid vascular plant control witbther herbicides, use as directed

for auxiliary purpose
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w w w W W W w

Proper Use of Algaecides:

Applied to prevent a bloom, not remove a bloom, if at all possible

Know when algal growth is accelerating and treat on rising part of growth curve

Know enough about target lake water chemistry to determine the most appropriate form of
algaecide

May involve surface or shallow treatment where nutrients are fueling expansion of algae

population in shallow water

May be most successful with intermediate depth treatment where algal bloom forms near
the thermocline

Treatment near the sediment -water interface may provide best results where major
migration from sediment is occurring

Recognize that if repeated treatments are required to maintain control during a year,
alternative control methods should be sought

Key Considerations for Conservation Commissions

8

Review by MassWildlifeNHESP is required if the project is located within Priority or
Estimated habitat and must be complete before the conservation commission can close any
hearing and issue and under the WPA

Aside from theWPA permit throughthe local conservationcommissionand MasBEP,
algaecide use requireslacense to Apply Chemicalsthrough MassDEP (WMO04 online
process) that occurs after a®O has been issued

Application of an algaecide must comply with both the USEPA label and any additional
restrictions given by the MDAR, the state agency responsible for registering algaecides for use
in MA

Algaecides must be applied by a licensed applicator

Aside from the WPA permit through the local conservation commission and MassDEP,
algaecide use requires a License to Apply Chemicals from MassDEP under M.G.L. c. 111,
Section 5E (WMO04 online process) that occurs after @C®as been issued. This statute
exempts from its requirements the use of algaecides by state and federal agencies while in the
conduct of their official duties, for application in privately owned ponds from which there are
no flowing outlets, and for algaecides approved by the department and used by legally
established water supply agencies in public water supplies. Gbpped algaecides are the

only algaecides approved under this clause as of 2024 and the MassDEP must be notified prior
to treatment. Jurisdiction under the WPA remains and approval by the conservation
commission is required; jurisdiction under MESA also remains where Priority Habitat for state
listed species is present and approval by MassWildlife/NHESP is still required.

Among the interests of the WPA, algaecide use may not cause any negative impacts but there
is potential to affect the interests of protection of water supply, prevention of pollution,
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protection of land containing shellfish and protection of fishemspeciallyif oxygen is
depressed or loose algal toxins are increased by cell lysing

8§ The potential benefits of treatment need to be balanced against the risk of any negative impacts;
use of algaecides in the early phase of bloom or mat formation can prevent problems while
posing limited risk to noftarget organisms or water quality

Massachusettsand RelatedExperience

Algaecides have been used in MA for many years and hundreds of permits are issued each year
for such treatments. From 2014 through 2019 the number of treatments with-bappér
algaecides increased yearly from 214 to 275. Only a handful of peroxide treatments have been
conducted each year according to the MassDEP permit record. The dominance of copper as the
active ingredient in algaecides applied in MA is a function of the lower cost of copper and less
experience with peroxides. Copgmased algaecides have provided effective sleonh control in

most cases and have not been implicated in fishkills or other toxic events based on MassWildlife
records. The potential for invertebrate mortality is higher than for fish and may go undetected
without targeted monitoring. Chronic toxicity impacts are also understudied and could occur at
doses allowable by the label, but use of algaecides is not frequent enough in most cases to be a
chronic influence.

A single treatment of algaecides will not provide myéar control, but weltimed treatments

have provided relief for an entire summer in some cases. Treatment of part of Lake Congamond
in Southwick as informed by frequent algae monitoring in 2017 and 2019 prevented bloom
formation with a single treatment in June of each year. However, delayed treatment in 2018
allowed a bloom to form and it took two treatments in 2018 to maintain desirable conditions. The
importance of treating as algae abundance is accelerating and not waiting until a major bloom has

Algal biomass for major algal groups detected in Lake Congamond during 2017 -2019 in
response to copper treatments (vertical red lines)
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occurred is emphasized. Watershed management and P inactivation eliminated the need for
algaecides in Congamond Lake as of 2020.

It has been common practice among water suppliers to treat in advance of expected blooms based
on historic algae patterns. The need forgmgptive treatments may seem speculative in that they

are conducted whether or not there is any evidence of an impending bloom, and it is not possible
to prove that there would have been a bloom in the absence of treatment. However, examination
of detailed algae records for a pair of CT reservoirs with and without treatment has documented
the validity of this widespread approach.

The blooms in question in two reservoirs of the Norwich CT system almost always initiate as
cyanobacteria growing at the sedimerdter interface in 15 to 30 feet of water (deep enough to
have P release from sediment but shallow enough to have some light at the bottom). Treatment in
late May can limit the developing colonies and prevent later surface blooms; skipping the treatment
resulted in blooms in June or Julg some years (WRS unpublished data). To enhance
effectiveness with minimum risk to ndarget organisms, treatment was restricted to the zone of
known algae contribution with algaecide application as a chilled solution delivered through
weighted hoses. No significant cyanobacteria blooms have occurred over the decade of treatment
by this approach and no water quality problems or significant mortality of aquatic fauna has been
detected.

Aquarion Water Company manages multiple reservoirs along the CT coastal region, many of
which have urban watersheds and are subject to high nutrient loads. Both copper and peroxide
have been used with varying success, but over a period of years the staff has developed the
capability to apply algaecides with maximum effectiveness and limited impacts on raw water
quality or biological components of the reservoirs. Peroxides have been found to be effective for
longer than copper, and coupled with bulk ordering of products, has brought the cost of using
peroxide close to that of copper on a muétar basis. Peroxide has been especially useful in
addressing benthic cyanobacterial mats, with a pelletized formulation applied to sink rapidly to the
bottom where it has caused mats in early stages of formation to disintegrate.

Cooke et al. (2005) review copper as an algaecide and conclude that while it provides potentially
effective shorterm control of algal blooms, it has too many possible negative impacts to be a
mainstay of algae management. However, that review includes treatments across North America
and encompasses many treatments at much higher doses and in lakes with very different water and
sediment quality thathoseencountered in MA. A focus on nutrient management is emphasized,
although the value of algaecides for current algae problems where human and ecological health
may be threatened is acknowledged. Used effectively and efficiently, algaecides are a useful tool,
butnot one that should be depended upon for-kemm algae management.
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8. AQUATIC PLANT CONTROL

Standard échniques used toontrol aquatic vascular plants includieedging, benthic barriers,
drawdown hand pulling, mechanical harvesting, hydroraking, and herbicadlesovered in this

chapter Dredging, while not common as a function of costs andtagget impacts, can reset a

lake or some part of one physically and ecologically. Dredging was covered under Reduced
Availability of Nutrients in Lakes and is only accorded some additional discussion here in the
context of rooted plant management. Benthic barriers have high applicability on a localized basis,
can be permitted in MA, and most products have been very reliable. Drawdown is one of the more
controversial lake management techniques and is less amenable to guidance that will be applicable
in all cases. A general review is provided in this chapter, noting conditions that make drawdown
more acceptable to most parties, and an appendix with more detailed discussion of key factors is
provided for those wanting to attempt to permit a drawdown outside the limitations suggested in
this chapterVarious forms of plant harvesting are commonly applied in MA. Herbicides have
been used for many decades, although the products have changed and greater specificity for target
species is now achieved by choice of product and timing and location of application.

Additional techniques to remove or prevent plant growth have been assigned to the alternative
techniques section (chapter 9) as a consequence of limited documentation of reliability and
permitting issues under more recent regulations, but most have been used in MA in the past. See
the alternative techniques section for discussion of dyes, surface covers, competition with native
plants, reverse layering, addition of herbivores to consume plants, use of pathogens to kill plants,
rotovation, and smakcale pysical disruption devicesStocking nomnative fish that consume

plants the best known of which is the grass c@prohibited in MA.

Dredging

Dredging is mainly conducted to recover depth in a lake, usually after sediment inputs from the
watershed have accumulated to the point where habitat and lake uses have become impaired.
Dredging on a large scale for other purposes, including reduction of nutrient reserves or plant
control, is rarely conducted due to cost, impact, and permitting id3tesdgingis covered as a
technique to limit nutrient availability in lakes separately in this manual as a means to reduce
problems with algae. The types of dredging, potential benefits and detriments within lakes, and
many other application considerations are covered, and the reader is referred to that section on
dredging. Additional considerations associated with dredging for rooted plant control are covered
here.
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Dredging

Dredging increass depthand potentially changes the nature
the sedimentvater interface. With increased depth a lig
limitation can be imposed, changing the types of plants (base
shade tolerance, pigment composition and related ecology) d
qguantity of plants that will grow at the new, deeper depth
dredgingmediated change to coarser substrate, usually sang
gravel but sometimes rock, will also limit plant growth and sf
the assemblage to species able to establish roots in the

When dredging for rooted
plant control, it is

important to know how
deep the water must be to
establish a light limitation
on plant growth. For
northern lakes, the depth to
which plants will grow can
be estimated as:

Log MDC=0.79 logSD +0.25
where MDC= Maximum
Depth of Colonization and
SD= Secchi Depth, both in

coarser sediment. Where nuisance plant growths occur
function of accumulation of hospitable sediment, dredging
limit suchgrowth

Dredging for plant control will necessarily occur in the littoral

zone, the area where light penetrates to the bottom and allows plant growth. This is a very active
biological zone; the sediment is not a barren expanse of lake bottom, but rather a productive area
with invertebrates living in or on the sediment, more invertebrates living on or among the plants,
fish spawning, feeding, or seeking shelter among plants, and reptiles, amphibians, and birds all
using the area as habitat. If the growths are invasive species or native forms at such a high density
that human uses and habitat for some aquatic species are compromised, dredging can improve
conditions, but the percentage of the littoral zone affected is an important consideration and not all
impacts will be positive.

The removal of sediment by dredging can remove the plants themselves along with seeds, turions,
winter buds, and root systems from which plants grow each year. This will effectively reset the
dredged area in terms of plant community features, and what grows subsequently will be a function

of the new conditions of depth and substrate, migration of plants from areas not dredged, new
invasions, or active planting and other management to shape the plant community. The key rule in
plant management is that where light penetrates to a hospitable substrate, plants will grow. If
dredging limits light or makes the substrate less hospitable, fewer plants can be expected. Yet
plants are integral to most properly functioning aquatic ecosystems and the encouragement of
desirable plants is worth considering. Dredgi
program but does not constitute a complete program by itself.

The changes in types of plants will not always be beneftgahe invasive species and even some
nuisance native species are able to grow at substantial depth and can grow on sandy to gravelly
substrates. The density of any plant growth will likely be reduced as the water gets deeper and the
sedi ment becomes coarser, but 1t is rare to r
expected. The change in sediment features will have a strong impact on the invertebrate fauna,
eliminating or diminishing habitat for some species. Shifts in plant and invertebrate populations

will in turn affect use of the area by fish, reptiles and amphibians. The impact ordepédent

birds is highly variable; improved access through plant density reduction can be a benefit, while
changing food resources may be a detriment. Habitat is an important consideration under the WPA
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Dredging

6834 and large scale changes may not be acceptable. If aryistdespecies is present, the provisions
6835 of MESA apply, and the likelihood of dredging being permitted declines.

6836 As part of an overall plant control program that acknowledges the ecological value of the littoral
6837 zone, dredging must be complemented by additional actions If plants have become overly
6838 abundant due to sediment inputs from the watershed, sources should be identified and addressed.
6839 This will be especially true where a delta forms at an inlet due to inadequate upstream erosion
6840 control. Dredging to remove accumulated sediment, particularly where it supports invasive
6841 species, should be accompanied by upstream work to minimize the need for future dredging. If a
6842 small area is dredged relative to the size of the littoral zone, undesirable impacts can be minimized
6843 unless the dredged area is a critical spawning site or other important and limited habitat type.
6844 Placement of rocks or woody debris in a dredged area can enhance habitat, although it will be
6845 different habitat than what was previously present, and such alteration may not be workable in a
6846 swim area or marina. Knowledge of the fish and wildlife associated with any area targeted for
6847 dredging is important to project planning and impact assessment. Yet where there is ample shallow
6848 water underlain by organic substrates and hosting dense aquatic plant communities, exposure of
6849 coarse substrate and reducing plant density in a limited area through dredging can improve overall
6850 habitat diversity and value.

6851

6852 Benthic Barriers
6853 How It Works

6854 Benthic barriers, or bottom covelsnit light for rooted plantsand create a physical barrier that

6855 restricts growthAquat i c plant control by benthic barr.i
6856 barriero use i n | Benticsbardgepis usuyplly osed fgr avo duepasesn lg to

6857 eliminate pioneer infestations of invasive species where localized collateral damage is acceptable
6858 and 2) to minimize aquatic vegetation in a small area designated for uses with which plants conflict
6859 (e.g., swimming or boat access).

6860 Natural materials includinglay, sand, and gravel have besplied to existing lake bottoms to
6861 create a layer of substrate less favorable to plant graaitinough plants often root in these
6862 materials eventually, and environmental regulations make it difficult to gain approval for
6863 deposition of fill material A variety of solid and poroug
6864 barriershave been use cover sediment and retard pla]
6865 growth. Plyethylene, polypropylene, fiberglass, nyland
6866 various plasticshave been developed over the |asif
6867 century and experience has demonstrated effic
6868 application approache#anufactured benthic barriers a
6869 negatively buoyant materials in sheet form which can

6870 placed on the lake bottoto limit light, physically disrupt| Porous weave benthic barrier
(Aquascreen)
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Benthic Barriers

6871 growth, and allow unfavorable chemical reactions to interfere with further development of plants
6872 and even matorming algae

6873 Barriers placed before significant plant growth has occu
6874 can prevent such growths as long as the surface of §
6875 barrier does not support rooted plaifacing barier after
6876 seeds, turions, or winter buds have germinated but grg
6877 is limited can help suppress current growth and exh
6878 plant reserves, eventually leading to fewer plants when
6879 area is uncovered. Placing barrier on mature plant gro
6880 may provide control but response is variable by species| Non-porous benthic barrier with
6881 there is an increased likelihood that plants will regrow a sleeves for rebar weights

6882 the barrier is removed. (LakeBottomBlanket)
(Courtesy of Paul Grosjean)

6883 Benthic barriercanprovide highly effective plant control
6884 on a localized scaléenthic barriers are not selective and properly applied barrier can prevent
6885 nearly all forms of rooted plant growth and eliminate existing growths over one to two months.
6886 Once barrier is removed, recolonization will begin and renewed plant growth varies with time of
6887 year, plant species, and presence of seeds, turions or other reproductive forms in the previously
6888 covered areaBenthic barriers can kefficiently deployedn small areas such as dock spaces and
6889 swimmingareago minimize rooteglant growth. The creation of access latesugh dense plant

6890 growthsandenhancement adtructural habitat diversityith benthic barrierss also practicalt is

6891 unusual to apply benthic barrier to more than an acre or two in any onbdakever, because the

6892 cost of materialss high andapplicationeffort is substantial

6893 There have been difficulties with the deployment and maintenance of benthic barriers, limiting
6894 their effectivenes®ver the broad range of field conditiormit these can usually be avoided by

6895 proper planning and implementatidimoblems of prime concern include letgym integrity of the

6896 Dbarrier, fibillowingd (i . e. , i fting o f caudee@ by drapped igasess of f
6897 accumulation of sediment on top of barriers, and growth of ptantsp ofor throughbarriers.

6898 Successful use is related to selection of matetia¢ design andjuality of the installationand

6899 ongoing maintenanceGuidance for barrier use can be offeresl a result ofconsiderable

6900 experience:

6901 8§ There is a tradeff between cost and barrier longevity; where a barrier is to be moved or

6902 removed for cleaning and replaced it is best to purchase strong material that will last for years
6903 § Porous barriers will be subject to less billowing, bam still trap gas angill allow settling

6904 fragmentsof some plant specigs root and grow; annual maintenance is therefore essential
6905 § Solid barriers will generally prevent rooting in the absence of sediment accumulations, but will
6906 billow after enough gases accumuldéteot properly vented and anchored; small slits or holes
6907 punched at regular intervals can alleviate gas accumulation
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Benthic Barriers

§ Plants under the barrier will usually digthin a month although two months of coverage
achieves maximum plant reductionith solid barriers more effective than porous ones in
killing the whole plant; barriers of sufficient tensile strength can then be moved to a new
location, although continued presence of barriers restricts recoloniaatiagermination from
seeds, winter buds, or turions

8 Maintenance is needed to avoid plant growth on top of barriers; porous barriers will usually
need annual cleaning, while nporous barriers can usually go two years before cleaning is
needed.

8 Placing a single barrier panel is relatively easy and will provide plant control within its
footprint, but placing multiple panels end to end or side by side greatly increases the needed
effort, as lining up the panel edges can be challenging without using divers

8 Use of bricks, stones, small sandbags or other weights will hold the barrier in place but requires
individual weight retrieval to remove the barrier for cleaning and maintenance; use of attached
orbuilti n wei ghts supports fAone pieceod manipul at
and require more effort to handle or remove

§ Barrier width in commercially available products has typically been 7 to 14 feet and length has
usually been between 25 and 100 feet; smaller pieces are easier to manipulate but having more
pieces to place in an area increases the needed effort; balance application ease with desired
coverage

8§ Currently available barriers are durable and should last at least 10 years with proper installation
and maintenancenost can be cut with a knife or scissors or punctured with sharp objects, but
few can be ripped and nearly all will support some degree of foot traffic

8 Properdeployment maybe difficult to accomplish over dense plant growgfarticularly
emergent plants with stronger stems; application in spring before plant growth becomes
substantial requires less effort but must be conducted in cold water or with lowered water level

8 Unless the panel is in a frame that ensures it remains rigid along its edge, overlapping panels
by about 6 inches is necessary to prevent plants from growing between panels

§ Sites with many stumps, boulders or other underwater obstacles are poor candidates for benthic
barrier use, while sites with considerable sediment input may also be undesirable candidates.

8 Areas subject to fluctuating water elevations, heavy boat traffic, or strong wave action may
pose challenges to keeping the barrier flat and firmly affixed to bottom sediments

MassDCR provides recommendethndard operating procedures for benthic barrier use
Important onsiderations for the installation of benthic barriers includenbed for nearly
complete elimination of plantsize of the area to be treated, bottom features and possible
obstructions, cost of the product, application and maintenance costs, and possible impaets to non
target organisms in the installation ar€aoper @ployment is a function of manpower and
planning by the installer. Careful consideration of site conditions is essential to maximiz
effectiveness, as barriers must remain in placeafdeasta month to killmosttarget plants.
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Benthic Barriers

Relocated barrier will require less maintenance, especially if flipped on reinstallation, although
deployment effort may increase.

Scuba divers normally applparriersin water

deeper than about 8 feathich greatly increase
labor costsMost applications are in water <8 fee
however, and can be done by boat with support
snorkelers where panels need to be abutted
overlapped. Where drawdown is conductg
barriers can be placed in the drawdown zone p
to refill if the sediment supports foot traffic.

Where the barrier is to be applied and th : a
weighted or staked in place, it can feded onto Benthic barrier with plants growing
PVC pipe with a slightly longer wooden or met beyond its edge

pole inside the PVC pipe, allowing the barrier to be

rolled out like paper toweland then staked or weighte&/here the barrier has attached weights
when being deployed (e.gebar inserteth sleeves sewn into the barrier), it can often be folded
accordionstyle and paid out off a boat over the target.aféth smaller barrier panels it is possible

to flip the barrier in place or onto an adjacent area after at least a month, limiting maintenance and
extending coverage within a season.

How long benthic barrier is left in place beyond the tif B
necessary to kill target plants is a function of the use of]
area in which it is installed and the type of barrier. Wh| = 3
barrier is placed in a beach setting in water shallow eng &
for people to stand, the barrier is often placed at leastan |
before swim season begins and is removed at the start g
season. People tend to prefer the feel of sandy na - .

. . . L Benthic barrier in a shallow
substrate and foot traffic will continue to minimize pla swimming area in May, to be
growths, whereas in the absence of the barrier people te removed in June
avoid areas where plants are growing. Where installed in
deeper parts of swim areas, or around docks, or to create boating or swimming lanes to deeper
water, installation for the whole use season is typical. Where an invasive species is targeted, barrier
should be left in place long enough to ensure complete elimination of that target species, often
approaching two months, with follow up actions to prevent its recolonization. In some cases,
barrier is left permanently and is either cleaned in place or left to have plants grow on top of it
where an invasive species has been eliminated and colonizing plants are desirable species.
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Benthic Barriers

Barriers can usually be removed in early August without significant plant growth before the end
of the recreational season, allowing work to occur in warf 3
water and when lakeelated labor is often more availabl
Some older forms of benthic barriers, such as burlap er
like materials, were never meant to be removed and fall 3
easily after a few seasons; these and similar materials ar =
recommended for temporary installations.

Benthic barrier can be installed by professional 14 ? = :
management firms but there is nothing especially techr] Benthic barrier used to create a
or complicated in the installation and homeowners| SWimMing lane in plant -infested
knowledgeable members of lake associations, fish water within a swim area
organizations, or other conservation groups can handle installation if well organized. On a
lakewide basis, it is best to coordinate among property owners and installation sites to achieve
success most efficiently and it is advantageous to have one permit process cover all installations
within a given waterbody.

Possible Benefits

8§ Complete elimination of plants in target area with proper application and maintenance

8 Mostbarrier materials are t@seable, allowing coverage of multiple areas over time with the
same material

8 Creates edge effechabitat diversity, and qualityenhancement when portions of dense
assemblages are covered

8 May fosteranimprovedplantassemblage after remov#irough naturally occurringeedsn
the sedimenor selective plantingout likely to require follow up actions like hand harvesting

Possible Detriments

8 Nonselective technique; all plants unddrarrier will usuallybe killed

8§ May kill non-mobile invertebrates under barrier

8 Low oxygen may develop under barriers and may allow release of reduced compounds from
sediment, although upward transport is expected to be very limited

8 Eliminates access to sediment for fish and wildlife; could affect spawning and feeding

Effectivenesaisuallydeclines without labemtensive maintenance

8 Invasive species may be as likely as native species to recolonize when barrier is removed
without follow up effort

w

Information for Proper Application

8§ Mapping of area to be covered by barrier, with information on plant types and dposiin
of entire lake plant growth zone targeted, and type of barrier to be installed
8 Knowledge of sediment features, along with any obstructions or other interference factors
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Benthic Barriers

8

8

Inventory of biological features of the target area, especially the presence of any protected
species
Plan for installation and maintenance

Factors Favoring a Disfavoring the Use of this Technique

8

Favored when he target area has dense plg
growths of undesirable specid@dsat conflict with
designated use of the area (e.g., public swimm &
or boating access)
Favored whentte target area is small (<1 acre) a
relatively free of obstructionse(g., stumps, logs,|
boulders, pilingsand moorings)

Favored wheredngterm control is sought over { §&
small area with recognition of necess3 4
maintenance needs Benthic barrier used to suppress
Favored where alesirableplant assemblage if nvasive Spﬁ]c'sehsaﬁ(l)?;%vj:;rel'ne and
expected to develop or can be encouraged-woy

planting after barrier removal

Disfavored if he target area represeatsubstantigbortion of theplant growth (littoral) zone

for thewhole lake £10%is reasonable but the upper threshold may be dictated by thg OOC
Disfavored where barrier placement could negatively impact a protected species
Disfavored where there are many underwater obstructions or high sediment inputs
Disfavored in shallow water with strong wave action or intensive boat traffic

Performance Guidelines and Monitoring Needs

8

w

Map the vegetation and other resources in the target area; avoid barrieeupeotected
species

Select a benthic barrier with properties consistent with project goals and site features
Avoid installation over >10% of lake littoral zone

Lay out and anchor barrier in a manner that maximizes stability in response to wave action or
other influences

Leave barrier in place for at least one month

Develop a maintenance program that monitors and maximizes barrier effectivenesgapsoid
in targetedccoverage, sediment accumulation, and rooting of plants through porous barriers
Monitor the plant community before and after barrier application

Monitor water qualityabove andear the barrier if the installation is large (>1 amre10%

of littoral zong; focus on oxygen profiles and pH
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Benthic Barriers

Key Considerations for Conservation Commissions

8 Review by the NHESP is required if stditded species are present, which includes all areas
mapped as Priority or Estimated Habitat; review must be complete and a response received
before a conservation commission can finalize any action under the WPA

8 Under WPA regulations, installations of benthic barrier covering <5000 square feet of Land
Under Water could be eligible for a negative Determination of Applicability

8 The effect of benthic barrier on the interests of the WPA has been considered minimal by the
Mas®EP when the area covered represents <10% of the area of lake where plants can grow;
smaller areas of application are not considered to measurably change water quality or wildlife
habitat or to detectably alter fish or shellfish resources, but effects can be considered-on a lake
specific basis

8 TheMasDEP endorses issuance of a negative Determination of Applicability under the WPA,
avoiding the more cumbersome process of permit issuance, for use of benthic barrier to address
pioneer infestations of invasive species

8 Application of barrier should be considered on a lakewide basis; in most cases it is advisable
avoid issuing separate negative Determinations of Applicability GC®©to individual
property owners where many separate installations are planned

Massachusettsand RelatedExperience

Various benthic barriers have been used for many years in MA under a variety of conditions with
a range of results. No single case study is indicative of the range of issues and results, and much
has been learned from experience that can be applied to future installations. Where quick control
of new infestations of invasive species is needed, benthic barriers have proved useful, as approval
for use can often be much faster than for many other control methods and can be very site specific.
Where plant control is necessary in small areas for public safety (e.g., swimming areas), benthic
barriers have been effective.

Non-porous barrier (Hypalon, often used as landfill liner) was installed in a swim area within
Stockbridge Bowl in Stockbridge in the late 1980s. While it eliminated all plant growth, gases
trapped underneath caused billowing, with the liner rising a foot or more off the bottom until slits
were cut to allow gas to escape. Addition of sand to weigh down the barrier helped but allowed
plant recolonization, although not at the density encountered before barrier installation.

In Great Pond in Eastham, two large swim areas are heavily used during summer, but plant growths
tend to encroach on those areas. Application of a porous barrier (Aquascreen) to over an acre of
these swimming areas in early May, with removal in early teJuite, kept the mostly sandy area

open when the swimming season started in this resort town in the early 1990s. Foot traffic
minimized regrowth of vegetatipand the clean substrate was appreciated by lake users. Barriers
were laid out perpendicular to shore from about 3 to 12 feet of water depth. A pair of snorkelers
walked or swam barrier rolled onto PVC pipe with a long rod through the pipe, one snorkeler at
each end, from near shore to deeper water. Panels were pulled sideways as needed to provide a
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Benthic Barriers

few inches of overlap and weighted with chain, bricks, patio block or miniature sandbags.
Experimentation with weighting schemes settled on small sandbags as the easiest and most
swimmer friendly weights. Barrier left in place as a test accumulated sand in shallower water and
was colonized by naiad and waterweed in deeper water. Removal was accomplished with a
homemade, portable winch system that rolled the barrier back on the PVC pipe and it was cleaned
with brooms as it was rolled up.

When invasive hydrilla was discovered in Mystic Lake in Barnstable in 2010, treating with an
appropriate herbicide was not an immediate option, given permitting processes and public attitude
at the time. Volunteers from the lake association were able to secure rapid permission to hand
harvest hydrilla and lay down benthic barriers over known patches. A large seine with quarter inch
mesh size was placed around each patch in a horseshoe, with the open end on shore. Volunteers
removed as much hydrilla as possible, then the seine was pulled in to capture any fragments.
Following this procedure, porous benthic barrier in homemade PVC frames was laid on top of the
former patch area, the boundaries of which had been marked prior to harvesting. Framed panels
ranged in size up to about 14 X 20 feet and were weighed down with small sandbags, mostly at
the corners. Panels were removed in autumn and regrowth of hydrilla was monitored the next
spring, with redeployment of barriers where needed. In most cases the hydrilla did regrow from
turions, necessitating barrier redeployment. New patches were discovered each year, although new
growths were small and easily addressed. Still, the inability to eradicate the infestation over a
period of about three years resulted in a change to herbicides for control. The framed approach to
barrier management proved useful and a commercial version has been developed independently
and is currently available as LakeMat.

Elsewhere on Cape Cod, dense water lilies and o
aguatic vegetation preventede of even kayaks fron| §
a public dock on Lake Elizabethin Barnstable
Application of benthic barriecreated a boating lan{ ==
along shore and out to deeper water with less dq =
vegetationlUse of benthic barrier was found to be lg
labor intensive than manual harvesting for a greq ==
duration of benefitsThe edge effect is also expected
enhance habitat for a variety of watependent|  gonthic barrier used to  create a
species. boating lane

In Morses Pond in Wellesley a n@orous benthic

barrier (LakeBottomBlanket) was laid out as 10 Xf80t panels to suppress invasive species
(mostly Eurasian and variable leaf watermilfoil and fanwort) in parts of the swim area between 4
and 12 feet deep. Panels were removed and cleaned after the first year but not found to need much
maintenance. After the second installation, panels were left for 2 years and while cleaning was an
obvious need by the end of the second season, plant growths were limited, and swimming
conditions were safe. Panels have completed their thirgy@éaostint and were easily cleaned and
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Benthic Barriers

stored for a fourth twayear application with minimal damage to panels observed after 7 years of
use.

A nonporous barrier was used to control dense growths of parrotfeather in a small pond in
Nantucket in 2017. Growths extended from the shoreline out, much of it emergent, characteristic
of that invasive species. Three panels of-porous barrier (LakeBottomBlanket) covering 1400
square feet were installed in this 17,500 square foot pond, at least half of which was infested with
parrotfeather. The barrier was removed, and dead plant material was removed from the previously
covered nearshore area. The next year the barrier was redeployed over another area and left for
two summers. It was removed without doing anything more about presumably dead plant matter,
but regrowth was observed, possibly from surviving root systems or seeds but also by
recolonization from nearby growths. At that point an appropriate herbicide became available and
was applied to address parrotfeather throughout the pond and in the downstream channel leading
to a larger lake.

A program of benthic barrier placement in the four ponds under the control of the Sherwood Greens
Road District in Becket was conducted in 2020 and 2021 under a negative Determination of
Applicability that called for <10% of the area in each of these shallow ponds to be covered and for
records to be kept for amount used, location of installation, and user perceptions ofine20&8.

there were 15 shorefront property owners who laid down about 9300 square feet,(€12b at
waterbody area, which is entirely littoral zQrod benthic barrier in 3 of 4 lakes. All participants
offering an opinion found the benthic barrier to be reasonably effediiteonly 9 of the 15
property owners applying benthic barrier in 2020 redeployed the barrier in 2021, plus one new
property owner participating, covering about 5200 square feet of@dgaac, 0.05% of littoral

area) Reasons for not participating the second year incledaditions remaimg improvedatfter

the first year of barrier use and the labor necessary to redeploy barrietdzmemgnbersomeo
warrant redeployment under perceived conditions
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Benthic Barriers

In Otis Reservoir in Otis, neporous barrier was lai
on areas where invasihragmiteshad been cut theg
previous summer to prevent regrowth. Otis Reser
has an oot drawdown, making it relatively easy ft
install barrier in late winter just as refill commencsg
The combination of cutting and benthic barrie
eliminated small target stands d&fthragmites An

herbicide program was used to address larger standg

Experience elsewhere tends to mirror what has b
learned in MA. Cooke et al. (2005) provide a br

Benthic barrier laid during drawdown

. ) over previously cut Phragmites and
review that does not include most of the currer |ef for the growing season (above)

available, commercially made, benthic barriers. N leading to minimal Phragmites
porous barriers developed in recent years are easi growth the next year (below);
use than older forms. Issues with barrier deteriora{ untreated Phragmites remains in the

background with a cut area ready for
barrier deploym ent in between
(Courtesy of Paul Grosjean)

were noted, something else that newer materials lar
avoid. Effectiveness in target areas was docume
and the ability to address areas not accessiblg
harvesters and some other plant control equipment
emphasized. Most applications were on a small s
due to expense and required effort.

A review in Gettys et al. (2014) suggests a-aoewo-
month deployment period for best results and sugg
that nonporous barriers can be left in place for up
three years in some cases with minimal maintenatee
The focus on smaller applications is underscored, with most uses targeting either swimming areas
and docks or pioneer infestations of invasive species. Invasive species most often addressed with
benthic barriers include hydrilla, Eurasian and variable leaf milfoil, curly leaf pondweed, and
Brazilian elodeaKgeria densa

While use in the control of submergent plants is the primary purpose of most benthic barrier
installations, the USACE (2012) cites uses for emergent growth control (including multiple
invasive plant species) and for the elimination of invasive mollusks, whereby low oxygen under
barriers has killed target mollusks suchGagbicula fluminea A program ofCorbicula control

was conducted in Lake George in NY, although complete ortiemg success of such programs
has not been documented.

Benthic barrier is used in Maine to control pioneer infestations of variable watermilfoil, mostly in

the Sebago Lake region, and often in slow flowing rivers. Lakes Environmental Association, the
organization that conducts most barrier placement, reports that initial control is typically achieved
but that follow up effort, usually hand harvesting, is necessary to support recovery of native plants.
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Benthic Barriers

7192 The NHDES uses benthic barriers to control pioneer infestations of invasive species and often
7193 leaves the barriers in place. NHDES reports that with complete coverage of detected infestations
7194 native plants tend to recolonize the barrier over as sediment accumulates over about two years.
7195 Installations are monitored and hand harvesting is conducted when invasive species are detected.

7196 Overall, the conclusions that can be drawn with regard to benthic barrier use can be summarized
7197 as follows:

7198 1 Benthic barriers have been developed in both porous andarons forms, each effective
7199 under a range of conditions, with current versions ofpanous barriers having holes or
7200 slits to allow gas to esca@and minimize billowing

7201 1 Benthic barriers can eliminate plants in the applied area, but material, installation, and
7202 maintenance costs tend to restrict the total area coveregdractical to minimizeéuisance

7203 plants in swim areaandnear boat docksr boat launches do creat lanes through dense

7204 plants to deeper water

7205 1 Addressing pioneer infestations of invasive species with benthic barriers on a small scale
7206 is potentially workable but eradication where growths cover more than about an acre or are
7207 dispersed lakewide has not proven reliable

7208 1 To maximize effectiveness, benthic barrier needs to be maintained, but the frequency of
7209 maintenance varies with site conditions and the nature of the barrieponams barrier

7210 can often be left in place for two growing seasons without removal for cleaning, but porous
7211 barriers routinely need to be removed for cleaning after one growing season

7212 1 Benthic barrier should be in place for at least a month during the growing season to
7213 effectively kill most plants, but can be moved to a new area or removed well before the
7214 end of the growing season with minimal nuisance growths the same season

7215 1 Permitting for benthic barrier use is easier in MA than for most other plant control
7216 techniques but the portion of the total plant growth zone of a lake managed with benthic
7217 barrier may be limited to avoid potential negative impacts

7218

7219 Winter Drawdown

7220 How It Works

7221 Lake and pond water level drawdowns are used nationaflyomide storage capacity for flood

7222 control protect dams, outletsengineered shorelines arudher structures from ice damage

7223 facilitate dredging and dam maintenanaed control aquatic perennial vegetatiorhe focus of

7224  this review is on the use of winter drawdown to control aquatic vegeta@tienconcept of wter

7225 drawdownis relatively simple but there are many details to consider. The water level in the lake
7226 s lowered in the fall, typically using gravity outflow from boards or a gate in the dam, to allow
7227 some portion of the lake bottom to be exposed to drying and winter freezing conditions.
7228 Susceptible vegetation that is exposed to freezing or drying conditions for a long enough time will
7229 Dbe killed. The boards are then put back in the dam or the gate is closed, and the pond then refills
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Drawdown

through precipitation and watershed inflows. The waterbody typically reaches full pool by early
spring.

Winter drawdown can provide control of plant species t
overwinter in a vegetative state, potentially killing the pl3
by a combination of drying and freezirglling the entire
root system requires that the plant be exposed
consistently below freezing conditions for two or mdg
weeks with minimal interruptionAnnual species tha
overwinter in the sediments as seeds, turions, tubers
winter buds are not directly affectdsy these freezing __ . cou@sss
conditions and the result can be a shift from peren Exposure can kill plants by
plants to annual plants. It is important to properly ident drying and/or freezing.
the target specidsr the drawdown as some plants evenTm

the same genus respond differently to drawdown (see table bBlawdown is used most often
in Massachusetfsr the control of invasive Eurasian or variable leaf milfoil.

Winter drawdown is a weathelependent technique and the results among years will be variable.
The range of conditions along a gradient from the Berkshires to Cape Cod is striking and there is
substantial variability among lakes even within the ecoregions oflMRes in southeastern MA
rarelyfreezein winterwhile lakes in the Berkshires can have ice cover well into April. Snow cover

is similarly variableless predictableand can reduce the effectiveness of drawdowns by insulating
sediments from below freezing temperatuf@emate change is reducing the extent and severity

of freezing conditions across the state. A longer period of drying without freezing temperatures
will often kill target plants, but every storm brings the possibility of rewetting the drawdown zone
and limiting effects.

Aquatic Plant Control Page8-15



7255

7256
7257

7258

7259
7260
7261
7262

7263
7264
7265
7266
1267

Drawdown

Anticipated Response of Common Aquatic Plants to Winter Drawdown
(After Cooke et al. 2005 and Mjelde et al. 2012 as amended by direct experience in MA)

Usually Decreases Usually Increases
Brasenia schreberi (watershield) Chara spp. (muskgrass)
Cabomba caroliniana  (fanwort) Gratiola neglecta (hedge hyssop)
Ceratophyllum demersum (coontail) Hydrilla verticllata  (hydrilla)
Egeria densa (Brazilian Elodea) Juncus spp. (rushes)
Isoetes lacustris (quillwort) Lythrum salicaria  (purple loosestrife)
Lemna minor (duckweed) Najas flexilis (bushy pondweed)
Lobelia dortmanna (water lobelia) Najas minor (spiny naiad)
Myriophyllum alterniflorum (alternate milfoil) Nitella spp. (stonewort)
Myriophyllum aquaticum  (parrotfeather) Nymphoides cordata (little floating heart)
Myriophyllum heterophyllum  (variable leaf milfoil) ~ Nymphoides peltata  (yellow floating heart)
Myriophyllum sibiricum (northern milfoil) Phragmites australis  (common reed)
Myriophyllum spicatum  (Eurasian milfoil) Potamogeton amplifolius (bigleaf pondweed)
Myriophyllum verticillatum (whorled milfoil) Potamogeton epihydrus (leafy pondweed)
Nuphar variegata (yellow water lily) Potamogeton pusillus (thinleaf pondweed)
Nymphaea odorata (white water lily) Potamogeton richardsonii (clasping leaf pondweed)
Persicaria amphibium (water smartweed) Potamogeton zosteriformis (flatstem pondweed)
Potamogeton berchtoldii (small pondweed) Schoeoplectus spp (bulrushes)
Potamogeton natans (broadleaf pondweed) Scirpus spp (bulrushes)
Potamogeton robbinsii (Robbins' pondweed) Sparganium angustifolium (narrow leaf bur-reed)
Ranunculus trichophyllus (threadleaf crowfoot) Stuckenia pectinata (Sago pondweed)
Sagittaria graminea . (submergent arrowhead) Typha latifolia (common cattail)

Sparganium emersum (green fruited bur-reed)
Sparganium natans (small bur-reed)
Vallisneria americana (water celery)

Bolded species names are invasive plants. Species not listed here may have insufficient data, but many
either exhibit no significant change in response to drawdown or are known to have a range of responses
that defies simple classification as increasing or decreasing after drawdown. Included are two major
invasive species in MA, Trapa natans (water chestnut) and Potamogeton crispus (curly leaf pondweed),
which exhibit no significant or consistent change in response to drawdown.

Extended use of drawdown can result in khagn changes to sediment coarseness and nutrient
availability that limit plant growth in the drawdown zof@armignani and Roy 2021but these

are very slow processes that can happen over decades. Drawdown as addressed here is intended as
a more immediate control over susceptible vegetation.

Winter drawdowns cause reductions in lake area and volume, leaving less habitat available for
aqguatic organisms and specifically impacting the most productive habitat in the wateithedy
littoral zone or shoreline area. Aquatic organisms that cannot or do not move into deeper water
during drawdown may experience very high mortality. The timing of drawdown and refill may
restrict fish and wildlife breeding and feeding and may impact reptile and amphibian species that
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Drawdown

overwinter in a mostly dormant state in the drawdown zBhetuating water level during the

winter drawdown period may limit human use of the ice surface for recreation.

During a drawdown, stream flows downstream of the waterbody are also altered from natural
streamflow patterns to which aquatic organisms have adapted. Outflows that support autumn
drawdown and spring refill tend to reverse the natural spring and autumn flow patterns which
naturally involve peaks in the spring and low flows during autumn. All the impacts of drawdown,
positive and negative, are highly lagpecific, depending on a wide range of factors that must be

considered in the planning and permitting phases.

Refill should commence as soon as freezing and

drying goals have been meflhe ratio of
watershed to lake area is an important determir
of how quickly a lake can be refilled. Lak
bathymetry and water clarity will determine ho,
much of the lake will support plant growth (tH

littoral zone), how far the lake must be dray | e

down to impact target plants, and how mu| §
volume will therefore have to be discharged in t

Refill from drawdown in progress

autumn and replaced in the spring. Bathymetry—

available for many lakes and ponds in Massachusettis available througMassWildlife.

Possible Benefits

8

8

Possible Detriments

Kills vegetative portions operennialplants by drying,
freezing, or physical disturbance.
Allows sediment oxidation and compaction, wi

potential reduction of sediment oxygen dema

sediment volume, and available nutrient content.

8

Will not Kkill seeds or other noewegetative
overwintering propagules and may stimulate increal

High downstream flow in autumn
to achieve drawdown

seed germinatiofor certain species.
Downstream flows will be higher during water lowerir
and lower during refill, with possible downstrea
ecological impacts.
Nutrient release during exposed sediment oxidat
may fuel increased algal production if not flushed frg
the lakebeforethe next growing season.

Fish may not be able to reach spawning aife&dill is
later than when spawning occurs.

Low downstreém flow during
spring refill after drawdown
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Drawdown

w W W W

8

May restricthabitataccess and cover for aquatic mammals and birds.

May strand andill minimally mobile aquatic fauna¢peciallymollusks).

May expose and harm hibernating reptiles and amphibians.

Hydrologically connected wetlanduld experience changes in species composition and
relative abundance if dewateripgrsists too long.

Will reduce available water for supplpurposesand may impair nearby shallow well
productionor available supplies ifire protection cisters

May limit human accesasnd necessitate safety precautions during drawdown.

Information for Proper Application

There areextensiveinformation needs for propeplanning, permitting, an@mplementation of

winter drawdown (see Drawdown Considerations appendix), but these have been simplified
somewhat by the guidance offered below under Performance Guidelines by agency consensus.
Important elements of winter drawdown planninglude:

§
8

Lake morphometry to allomappingassessment of area exposed relative to littoral zone areas.
Hydrology to supportestimates of drawdown and refill times under the range of potential
flows.

Knowledge of outlet featuras essential to releasing and holding water

Data (i.e., composition, coverage, density) dguatic macrophyteis the expected area of
exposure

Evaluation of sediment types and slopes in expected drawdown zone

Biological assessmentsf populations perceived to be at risk framawdown.

Assessment of downstream channel configuration and resources to facilitate planning to
minimize adverseownstreammpacts

Any active bcal well depths or water supply intake elevations

Evaluation of any ice safety concerns that may result from changes in water levels due to
drawdown/refill when there is ice cover

Factors Favoring a Disfavoring the Use of this Technique

w W W W wWw

Favored when thtargetplants are susceptible to drying and freezing

Favored when drawdown can reach a depth that impacts the majority of the targeted plants
Favored where drawdown can be achieved by gravity outflow via an existing outlet structure
Favored where areas to be exposed have sediments and slopes that promote rapid dewatering
Favored when drawdown and refill can be accomplished within a few weeks under typical flow
conditions and without causing downstream flows outside the natural range

Disfavored where target plants are annual species that produce large quantities of seeds, winter
buds, tubers, or turions

Disfavored when the majority of target plants are belovatigevablaedrawdown depth
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Drawdown

Disfavored where drawdowwill impact survival, migration, and spawning for ntarget
organisms

Disfavored where the lake is a potable water supply with a shallow intake or active, nearby
wells are shallow

Disfavored where alteration of the downstream hydrologic regime has significant impacts on
downstream resources

Performance Guidelines and Monitoring Needs

If there is interest in pursuing a winter drawdown which does not meet the criteria outlined below,

a MEPA review process may be required. The appendix of drawdown considerations should be
consulted and the stepwise process for evaluating drawdown potential should be followed.
Performance guidelines currgnaccepted by the environmental agencies of M&vmd a MEPA

review as part of the permit process are provided here.

1.

Initiation of drawdown 1 The drawdown should start between October 1 and November 1,
with an earlier start preferred where possible to allow a slower rate of drawdown and less
impact on aquatic fauna. Public access should be considered on any waterbody open to the
public and the drawdown should mveventuseof public boat ramps or other public facilities.

Rate of drawdowni The decline in water level must be no more than 3 inches per day, with

a slower rate preferred if the target drawdown can be accomplished at the slower rate.
Downstream flows during drawdown i To avoid downstream flooding concerns and
excessive erosion and scouring in the stream channel, the drawdown rate must not result in
downstream flows that exceed one half the flood flow withya& recurrence interval (50%
chance of occurrence in any given year) or the bankfull flow (flow that fills the channel),
whichever is less. The targeted maximum flow should be determined frdnStB8 Stream

Stats online application, which provides flood and bankfull flow estimates for any point on
any stream in MA. The lower bound of any estimate should be applied. A default of no more
than 4 cubic feet per second per square mile (cfsm) of contributing watershed is acceptable as
an alternative approach.

Drawdown depth i The drawdown should be limited 8&feet or 25% of the littoral zone,
whichever is lesgo minimize impacts tvalued shallow wateresources. The extent of the
littoral zone will need to be determined by plant mapping and reliable bathymetry will be
needed to make calculations.

Termination of active drawdown i The targeted drawdown depth should be achieved by
November 15 to minimize impacts on hibernating fauna that utilize the littoral zone. Active
water level lowering may continue to December 1 if high rainfall delays drawdown progress
in any given year. Minor adjustment based on-sgecific data is possible, but drawdown
should be guided by these target dates.

Initiation of refill T Refill after drawdowns for aquatic plant control should begin as soon as
goals for plant control conditions have been attained (at least two weeks of near continuous
exposure to freezing temperatures) and in time to meet a target refill date of April 1. Due to
climate and hydrologic variability, the April 1 refill target should not be a compliance date.
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Drawdown

7381 Rather, refill must begin by a date given in the permit, calculated to result in refill by April 1.
7382 If refill is not completed by April 1 in two or more consecutive years, the refill initiation date
7383 should be reviewed and adjusted as needed to better meet the target relibttgeal

7384 monitoring and use of datsectionfurther discusses the importanaad how the weather

7385 impacts vegetation.

7386 7. Consideration of earlier refill start 7 If thecalculated refill start date is after Februaryhl5

7387 on or around February ftban assessmeshould be mad® determingf refill can commence

7388 earlier tharthe calculated refill start date. An earlier refill start date would be appropriate in
7389 two scenarios: 1) If it is unlikely that two weeks of freezing conditions will occur past February
7390 15th or if existing snow cover will prevent freezing conditions from effectively reaching the
7391 plant roots, early refill should be initiated; and 2) If more than 2 weeks of freienpegratures

7392 have occurred prior to February 15, indicating successful plant control, refill should also begin
7393 earlier. The earlier start date increases the likelihood of complete refill by ApmtHout

7394 unduly compromising plant control goals

7395 8. Streamflow maintenance during refill- Downstream flow during the refill period should be
7396 maintained at or above the August median flow (the flow exceeded 50% of the time from
7397 hydrologic data or appropriate calculations fralf8GS Stream Stats Downstream flow

7398 should be guaranteed by passive measures wherever possible, such as valves in flashboards
7399 that when open allow enough water to pass downstream, or keeping a subsurface pipe open
7400 enough to allow adequate outflof&ven with passive measures, site visits should be made to
7401 ensure that outlet flows are not blocked by debris or otherwise impeded. The frequency of
7402 visits must be determined based on local conditions.

7403 9. Monitoring water level and outflow- Specific plans for how flow will be measured (and by
7404 whom) during drawdown and refill should be required for any drawdown. At a minimum, a
7405 staff gage (preferably permanent and surveyed) should be installed in the lake at a point where
7406 readings can be made at all water levels related to the drawdown. During the period of active
7407 drawdown or refill, readings should be obtained whenever outflow is likely to be altered (e.g.,
7408 flashboard pulled or added, subsurface pipe valve adjusted, pumping rate altered, significant
7409 rainfall occurs), with a preference for daily measurement to capture variability and support
7410 management decisionH.the water level readings are not suitable to allow calculation of
7411 outflow, an additional staff gage or other flow monitoring device should be placed downstream
7412 to allow downstream flow assessment ahduld bemonitored at the same time as water level.
7413 This need may be eliminated pgrmanent structures such as valves in flashboardsoich

7414 weirs that carguarantee the required downstream floyvpassive meansite visits should

7415 still be made to ensure that outlet flows are not blocked by debris or otherwise dmpede
7416 Additional measurements should be made weekly between active periods of drawdown and
7417 refill to allow an assessment of water level stability. Water level and flow measures must be
7418 recorded and made accessible and understandable to appropriate agencies.

7419 10.Biological monitoring and use of data A specific set of vegetation control objectives should
7420 be established prior to the initiation of winter drawdown. Monitoring to determine when/if
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those objectives are achieved will inclyale and postdrawdown assessment of vegetation
with quantitative comparison and evaluation within the context of management goals. Air
temperature and snowfall from a local meteorological station should be tracked to aid in
evaluation of conditions that affect drawdown success as a plant control method and make
decisions regarding the initiation of refill. If the proposed drawdown is on a waterbody that
has not been drawn down in the previous five years or if the proposal is to increase the
drawdown magnitude, surveys of potentially sensitive biological populations (e.g., mussels,
early springspawning fish, any listed species) should be considered in consultation with
MassWildlife.

11. Continuation of drawdown i Quantitative evaluation of the vegetation community should be
used to determine the value of continuing the use of drawdown. Where the control goal has
been achieved, consideration should be given to ceasing winter drawdown until the target
vegetation has exceeded an established, quantitative management goal. If drawdown has failed
to achieve the goal over a period of five to six yeanmster drawdown should be discontinued
until other methods of control are evaluated.

Key Considerations for Conservation Commissions

8§ Ensure applicant has a plan to implement the Performance Guidelines above.

8 Review by MassWildlifeNHESP is required if the project is located within Priority or
Estimated habitat and must be complete before the conservation commission can close any
hearing and issue an Order of Conditions under the WPA

8§ Drawdown in a Great Pond requires approval under Chapter 91.

8 WHPA interests relating to water supply could be affected and must be evaluated.

MA Experience

Drawdown has been used to control aquatic plant assemblages in MA since at least the 1960s with
a wide array of impacts, both positive and negative. Regulation of drawdown in MA has also
changed over time, leading to varying restrictions and options. Historically, few evaluations were
conducted to determine the complete environmental impact of drawdown, leaving the efficacy of
drawdown and the approach to regulation open to interpretation. Assessments over the last couple
of decades have led to extensive discussions and a revising of the approach to drawdown, reflected
in the guidance included in this chapter. Continued data collection, research, and monitoring of
drawdowns, as with any lake management technique, are needed to fully understand the overall
long-term impacts. This does not mean that drawdowns cannpéettiermed but they should
incorporate monitoring and data collection into the overallH@nm project. Where a proposed
drawdown does not meet the performance guidelines provided here, this document provides an
appendix of considerations and a stepwise progression for evaluation of drawdown as an option
through the MEPA process. Due to the unique characteristics of each drawdown project and the
strongpossibility that each project would be handled differently if the current guidelines were
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imposed, state agency proponents of this document have chosen not to include case histories or
other summaries of past drawdown projects here.

Algae Control Techniques Applicable to Floating Vascular Plants

Some vascular plants either do not have fully functional roots (e.g., bladderwort, coontail) or float
free in the water, unattached to sediment (e.g., duckweed, watermeal). Unlike most vascular plants
that are firmly rooted in the sediment, such plants depend on the water column for nutrients,
particularly N and P. While these noooted or fredloating vascular plants can be inhibited or
removed by other vascular plant control techniques in many cases, some of the algae control
techniques are applicable as well. Any reduction in available nutrient concentrations may suppress
growths of norrooted or floating vascular plants. Accordingly, all watershed techniques for
reducing nutrient inputs to lakes andlake techniques to reduce nutrient availability are
applicable.Those techniques have been covered in previous sec8Betective withdrawal or
flushing (from the surface) or collection approaches (skimmers ormaisleduce fredloating

plant abundancelhese are covered under alternative techniques in theehapter but are less

often applied.

P inactivation efforts in two ponds in Wellesley have minimized duckweed in one and coontail in
the other. Flushing by natural or humiaduced means has worked well to reduce-fieating
vascular plants in smaller, linear impoundments with water entering at one end and a surface outlet
at the other. More traditional vascular plant control techniques such as herbicides and mechanical
harvesting will usually work, but techniques such as drawdown and benthic barriers are less
successful with nonooted and fredloating plants. Dredging may work by both removing
reproductive propagules of n@aoted or fredloating vascular plants and/or by limiting access to
internally generated nutrient loads. However, dredging is rarely conducted unless reclaiming lost
water depth has a high priority.
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Manual Plant Removal

7482 Hand Pulling
7483 How It Works

7484 Hand pulling encompasses manug
7485 removal of selected plants kaywader,
7486 snorkeleror diver. Various tools can be
7487 applied under the heading of hai
7488 pulling, such as rakes or cutters used
7489 hand, but mechanical harvesting a
7490 other removal by machinery are n
7491 included in this approach (s€g
7492 Mechanical HarvestingHand pullingis
7493 highly selective and labor intensivg
7494 Many species or  sitespecific | Diver bagging Eurasian watermilfoil from top down
7495 procedures have been developed that

7496 enhance results or efficiency. Hand pullisgvell suited to vigilant efforts to keep out invasive
7497 species not yet establishedaitake or target area within a lakéland pulling can also effectively

7498 address nowlominant growths of undesirable species in mixed assemblages, or small patches of
7499 plants targeted for removal. This techniquep@orly
7500 suited to largescale efforts, especially when the targ
7501 species or assemblage occurs in dense or expansive
7502 Hand pulling may be useful, however, to remo
7503 surviving or recolonizing target plants after oth
7504 methods of control, such as herbicides or benf
7505 barriers, have largely removed extensive, dense g
7506 growths.

7507 Hand pulling can be augmented by various tools, DASH: Diver puts plants into the
7508 including a wide assortment of rakes, cutting tools, | suction tube (above) and plants are
7509 nets and other collection devices. McComag@2 bagged at the surface (below)
7510 provides arief butextensive review of optionghe
7511 most equipmenintensive version of hand pulling is
7512 DASH, which is poorly named, as it is the suction thg
7513 assists the diver, not the other way around. Haulkkd
7514 plants are fed into the suction tube for bagging on a
7515 vessel at the water surface. The suction device is no
7516 used to directly harvest plartistallows a higher rate
7517 of pulling in a targeted area, as the diver does not h
7518 tostuff pulled plantsnto a temporary bag and haul that bag disposal point. Use tfis
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Manual Plant Removal

methodtransitions into more mechanized forms of harvestig if removal is manual, it is
included as hand pulling

If results are to last more than a few weeks, it is important to remove the entire plant including its
roots. This involves reaching into the sediment or using a tool that gets at the roots, and turbidity
will result fromthe bottom disturbance. Bagging pulled plants in place will also generate turbidity

in most cases. If individual target plants are too densely clustered, working visibility can quickly
become a problem. In those cases, the work must be discontinuous in an area (i.e., shift between
different locations until turbidity subsides) to result in thorough removal. Less turbidity at the
actual site of plant removal may be created if DASH is applied, as it will pull most of the turbid
water in with the plants, but the area around the processing vessel will likely be temporarily turbid.

If a cutter is used, collection of cut plants is strongly advised unless the area is a small part of a
larger aquatic system and the cut plants are forms that do not spread by fragments. Surrounding
the target area with a net such as a fish seine with quactermesh size will allow effective
removal of cut plants, although damage may be done ttanget plants in that area when the net

is hauled in. Alternatively, a floating
fragment barrier can be deployed a
cleaned after work is complete. Even
plants are pulled strictly by hand, son
fragments will likely escape, and som
means of fragment collection is alg E
strongly advised. Often a person with
pool skimmer or similar device ca
effectively collect fragments from :
paddleboard or canoe. Rigorous fragmg
collection is especially important fo
plant species that reproduce §
fragmentationwhich includes all aquatig
invasive species known from MA as ¢
2023 except curly leaf pondweed atf
water chestnutPutting a mesh bag ove
the plant from the top down the
removing the roots and capturing t
whole plant in the bag will minimiz
escaped fragments but is very labor intensive.

Fragment barrier used during hand harvesting to
trap drifting plant fragments

The timing of hand pulling may be very important to efficiency and duration of control. It takes a
lot longer to harvest large plants than to pull small sprigs that have just started growing. For annual
species that drop seeds, winter buds, or turions, removal prior to dropping those reproductive
propagules will limit later regrowth (e.g., water chestnut, hydrilla, fanwort). For perennial species,
getting the whole root system is highly advisable, but if the leaves and stems can be removed
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Manual Plant Removal

before food reserves are transferred to roots, control may last |I§pgeres with some groups of
aguatic plants, likehe pondweed genusan be either an annual or perennial depending on the
speciesso proper identification is important fproper project planningConsequently, effective

hand pulling is often a spring operation, as early in the growing season as the plants can be found.
If work is conducted in early spring when water temperatures are still low, thermal protection (i.e.,
gloves, boots, suits) for workers is essential, but hand pulling during even summer usually requires
at least a wetsuit to work more than an hour. Staffing limits often cause the work to extend into
summer, but lower efficiency and less overall benefit are to be expected with later efforts,
especially if water clarity declines due to algal blooms or increased boating activity.

There is a tradeff in hand pulling programs between search time and pulling time. The less
frequent a target species is encountered, the more efficient it will be to pull plants as they are
found. Wheregrowth may be found over a larger area at
sometimes higher density, it may be advantageous to su
the area by boatiecording locations by GP® inform
plaming and priority settingln some cases, it is helpful t
create some form of underwater grid that divers or snorke
can follow to find plants and ensure that coverage
thorough.If vegetation is dense, a weighted line attacheq '
shore and a buoy can help divers orient, but the value of
harvesting in dense vegetation may be limited.

Bags of hand pulled plant s
being ferried to shore

MassDCR provides recommendg@ndard operating procedures for use of hand pullingo

control nonnative species. Hand pulling can be conducted by volunteers, but the best results will
be achieved with experience and organization. Getting input from others who have performed hand
pulling for target species may enhance programs and hiring competent help to at least design and
supervise a hand pulling project is often worthwhlare must be taken that the targgecies is
correctly identified and is the only specresnoved Involvementby an aquatic botanist to help

with plantidentificationand training of project participanigll helpavoid nontarget impacts.

Possible Benefits

Highly selective plant control

Limited impact to nortarget organismwith proper plant identification

Can prevenhewinfestationdrom becoming established populations

Can follow up other control efforts to maximize benefits

Suitable for volunteer efforts with proper training and oversight

Some nutrient removal with proper plant disposal, but the actual quantity of nutrients removed
is likely to be minimal in comparison with sediment reserves

w W W W W wWw
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Manual Plant Removal

Possible Detriments

8

8
§

Information for Proper Application

Incomplete harvesting magllow regrowth orlead to
dispersal of plants

Turbidity generation may be substantial

Search time may exceed actual removal time

8

8

Factors Favoring a Disfavoring the Use of this Technique

Knowledge of plant assemblggancluding types,
distribution, density

Definitive identification of target species
Arrangement for sufficient equipment and labor force

e J‘

Bins of hand harvested
Eurasian watermilfoil and curly
leaf pondweed awaiting
disposal at composting facility

accomplish work in targeted area

Planning for collection and disposal of hand harvested plants

8

w W W W

Favored when uisance species are not yetll established; target plant density is low (<500

stems/acreor about one plant per 10 x-1dbt plot).

Favored whenarget species are in shallow water, or dive crew is readily available

Favored whendrget species are not strongly rooted or prone to fragmentation

Disfavored when target plants are in dense patches or cover larger (>1 acre) areas

Disfavored where species are prone to forming vig
fragments and no fragment collection system is in plg

Performance Guidelines and Monitoring Needs

8

Map the distribution of the target species and @
protected nottarget species in the lake

Train all harvesting personnel to recognize the taj
species and any ndarget species of concern
Focushand harvestingn areas of sparse density of tf
target species (<500 stems/acre in most cawgesjnall
areas of dense vegetation (likely to be removed with s
aid by tools)

Provide fragment barrier around areas to be harve
and/or deploy people to collect target plant fragments
Harvest entire plants; pull out root systems to the grea

extent possible

Commercially manufactured
lake rake used to clear swim
area of plants

Observe safety precautions in areas where boat traffic may be encountered or other risks exist;

provide spotters on the surface for all divera d  f |

Aquatic Plant Control
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