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Forward

The following document is a public service publication generated as a result of a lake management
consultation meeting involving the City of Pittsfield, Massachusetts, the Lake Onota Preservation
Association (LOPA), the Friends of Pontoosuc (FOP), and Dr. Ken Wagner, PhD, CLM, sponsored
jointly by LOPA and FOP on January 13, 2020. During that meeting it became increasingly clear
that future permitting of management actions for preservation of our lakes was going to be complex
and the “toolbox” for Conservation Commissions as set forth in the Generic Environmental Impact
Report for Eutrophication and Aquatic Plant Management in Massachusetts (GEIR) was out of
date and lacking a great deal of recent experience. As a result, LOPA and FOP decided to jointly
fund Dr. Wagner to write a “white paper” documenting the current “state of the art” concerning
the use of drawdown as a management action. It was separately agreed to similarly fund a
companion paper relative to application of herbicides. The “white paper” idea evolved into an
unofficial update and supplement to the GEIR Section 4.2 on Drawdown (this document) and
GEIR Section 4.6 on Herbicides and Algaecides (a companion document). It also required a great
deal more time and effort than envisioned and funded by LOPA and FOP which was most
graciously provided by Dr. Wagner. This document is detailed and thorough, and consideration
of it in its entirety is encouraged, but the key points are embodied in a comprehensive summary
near the end of the document. Although begun with parochial interest in the lakes of Pittsfield, we
believe it is a document which will be of great benefit to all the Great Ponds of Massachusetts and
has applicability to a wide range of waterbodies within the Commonwealth and beyond.

Za () Wousa /7%

Lee Hauge, President Michael Riordan, President
Friends of Pontoosuc Lake Onota Preservation Association
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This document is intended to serve as an unofficial supplement to Eutrophication and Aquatic
Plant Management in Massachusetts, the Final Generic Environmental Impact Report, or simply
the GEIR. It follows the format of the GEIR and adds to Section 4, control of aquatic plants.
Familiarity with the original GEIR is advised before reading this supplement. See
https://316zc22p4vyyg59gu2uixxxv-wpengine.netdna-ssl.com/wp-
content/uploads/2018/02/GEIR-Eutrophication-and-Aquatic-Plant-Management-in-Mass.pdf.

42 DRAWDOWN

4.2.1 Water Level Lowering

Drawdown remains a multipurpose lake management tool that can be used for aquatic plant
control. The GEIR adequately covered the intent, history, mechanics and issues relating to
drawdown but there were questions about effectiveness, impacts to non-target organisms, and
disruption of overall lake function that could not be addressed with data in hand. Research and
experience since development of the GEIR have shed some light on impacts, most notably a recent
Ph.D. thesis specifically addressing drawdown effects in MA lakes (Carmignani 2020). A revision
of Restoration and Management of Lakes and Reservoirs (Cooke et al. 2005) expanded on our
knowledge of drawdown but was published only a year after the GEIR. A revision of Biology and
Control of Aquatic Plants (Gettys et al. 2014) also provides some more recent input but does not
focus on non-target impacts. Most papers published on the topic since 2004 (e.g., Strayer and
Findley 2010, White et al. 2011, Zohary and Ostrovsky 2011, Nagid et al. 2015, Trottier et al.
2019) are adequately summarized in the Carmignani thesis and a review article related to that
thesis (Carmignani and Roy 2017). Additional direct experience in MA from monitoring of
drawdown results have also provided insights (e.g., WRS 2017a, 2017b, ARC 2019, 2020) and are
incorporated into this supplement.

The primary benefits of drawdown still include flood control and avoidance of ice damage to
shoreline structures and banks, both encompassed by the interests of the Wetlands Protection Act,
along with control of susceptible rooted plants (those forms overwintering mainly in a vegetative
state as opposed to seed-producing annual species). Drawdown also provides access to the
drawdown zone for clean up or structural maintenance, but those activities are not automatically
authorized as a condition of drawdown permitting. Where the slope is adequate, drawdown will
result in finer sediment moving offshore, coarsening the sediment in the drawdown zone and
usually reducing suitability for rooted plants over a long period of time. As there is no shortage of
fine grained sediment in the vast majority of Massachusetts lakes, the creation and maintenance of
coarse substrate and associated habitat might be viewed as a benefit of drawdown, although there
is a tradeoff in habitat suitability for the range of possible aquatic organisms.

The primary drawback remains reduction in lake area and volume and loss of the associated habitat
during the period of drawdown. As that period is almost always during winter, this would seem to
represent much less impact potential than during other seasons. Lakes are not totally dormant
during winter, but many processes are greatly slowed by low temperature and critical events like
fish spawning, insect emergence, and migratory bird use should not be directly impacted unless
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drawdown starts early or finishes late relative to use patterns by aquatic organism and water-
dependent wildlife. What constitutes the proper starting and ending points for drawdown has been
changed under regulations and policies over the years and the current GEIR could use some
revision in that regard.

The other drawdown impact that has received more attention since the GEIR was produced is the
change in downstream hydrology. As so much of the Massachusetts lake area and volume has been
created by longstanding dams, downstream flows have been altered for many years even without
drawdown. But where dams allow drawdown as well, lowering the water level in the fall when
flows are usually low can generate peak flows in the fall instead of spring. Spring refill during
which less water is passed downstream than if the lake was full or not there at all can make spring
a low flow period in downstream channels which are normally subject to much higher flows at that
time. Guidance on how much water to pass downstream during lowering or refill is provided in
the GEIR. While this guidance is generally helpful, it is not entirely based on appropriate science
and also needs revision.

A host of other postulated impacts and factors to consider, found in Table 4-3 of the GEIR, still
need to be considered but have not generally turned out to be major issues in most cases. The
review by Carmignani and Roy (2017) also lays out potential impacts of drawdown but the
Carmignani thesis and another peer reviewed paper (Carmignani et al. 2019) that follow found
only a few significant negative effects, most notably lower mussel densities in drawdown zones,
something documented in many drawdown lakes for many years (e.g., Fahumiya and Stanley
1986). Indeed, drawdown has been used to control zebra mussels in Laurel Lake for the last decade
(WRS 2017b), so the impact on mussels is known and has been found to be temporary with annual
recolonization of the drawdown zone from deeper water populations.

What is most evident from a review of research and experience since the GEIR was prepared is
that there is no “one-size-fits-all” solution with regard to drawdown. The individual features of
each lake and its watershed must be considered when determining if drawdown is an appropriate
management technique and in evaluating what adverse impacts might occur. A focused monitoring
program can then be devised to track progress and impacts and facilitate adjustments as necessary.
Simple guidelines are useful but not universally applicable, and the regulatory process should
recognize and accommodate this.

4.2.2 Effectiveness

4221 Short-Term Effectiveness

The factors that determine the effectiveness of a drawdown for rooted plant control are covered in
the original GEIR. It should be made clear up front that winter drawdown is the topic here, not
lowering of water during the growing season. The sensitivity of plant species to exposure (Table
4-2 of the GEIR) has been expanded here somewhat based on experience (Table 4S-1) and it is
essential to consider which plants might decrease and which might increase for any given
drawdown application. Yet most plants exhibit a range of response, so certainty is not guaranteed
in any case and monitoring is needed. Sediment particle size distribution remains important since
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drawdown is more effective with coarser sediment. Sediment slope is also important, as steeper
slopes allow finer sediments to be moved to deeper water and let exposed sediment drain better,
enhancing drawdown effectiveness. The depth of drawdown obviously affects performance, but
the balance of benefits and possible drawbacks must be considered; having a reliable graph of area
exposed and lake volume lost per unit of vertical water level decline is a planning necessity.
Elevated seepage and plant density have been listed as factors that can compromise drawdown
effectiveness and this intuitively makes sense, at least in the short-term.

Drawdown remains a weather-dependent technique, with warmer winters or early snow cover
limiting effectiveness. This has always been the case, but climate change is making winter warmer
and wetter in Massachusetts and New England in general. This has led some to suggest that the
technique is no longer viable, but while the results over a series of years is variable, there are
sufficient periods of below freezing temperatures and dryness that will kill many perennial plants.
Additionally, the sediment coarsening function of drawdown is not greatly impacted by warmer
temperatures and may be aided by more winter rain. Analysis of air temperatures in Harvard, MA
in association with the Bare Hill Pond drawdown (ARC 2019) revealed that the average daily low
temperature between mid-November and mid-March ranged from 17.2 to 26.7 F and that the total
number of days with the temperature <30 F ranged from 69 to 98 (57-80% of the time). This is
adequate to impact susceptible plants, although a complete kill would not be expected.
Temperatures in the Berkshires are routinely colder than in Harvard, MA, making drawdown more
effective in the western part of the Commonwealth.

Prevention of flooding is a function of supplying enough capacity to hold the anticipated inflow
of water during spring thaw. This will be much more important for lakes with large watersheds in
areas where snow packs can be substantial and soils do not readily absorb spring rains. This means
that drawdown as a flood control technique will be of greater value in the Berkshires than on Cape
Cod, with gradation in between those ends of the Commonwealth as dictated by watershed to lake
area ratios, slopes, and soil conditions. It is possible to calculate how much capacity is needed and
set a drawdown level accordingly. For example, a study of drawdown needs for Onota Lake in
1996 by Fugro East determined that 724 acre-feet of storage are needed to hold the runoff from a
storm with a ten-year frequency. Using that as a surrogate for spring runoff, with Onota Lake at
617 acres, holding that water would require a drawdown of at least 1.2 feet. Providing a margin of
safety (storm stats have changed with more runoff currently), a drawdown of Onota Lake of 1.5 to
2.0 feet would be recommended to prevent spring flooding both around the lake and downstream.

Prevention of ice damage to shorelines and structures is a matter of lowering the water level to a
point where the movement of the edge of the ice sheet during winter will not be impacting sensitive
areas. For structures in Great Ponds, there is a permitting system that needs to be followed (Chapter
91) and this may not always allow for drawdown for structure protection. In other waterbodies of
the Commonwealth, the tradeoff between protecting structures than cannot be removed in winter
with potential adverse impacts to the lake or cost of altering structures must be considered. Otis
Reservoir has one of the largest winter drawdowns in Massachusetts, conducted in part to protect
the dam, but this also serves to protect many permanent docks that could be replaced with seasonal
docks if the drawdown was not needed to protect the dam. Drawdown over more than 50 years has
resulted in very coarse substrate in the drawdown zone except in two areas (Dismal Swamp and
State Beach Cove) where the slope is minimal and fine sediment has not moved into deeper water.
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It is not essential at this point to have an annual drawdown to limit plant growths around the
reservoir periphery, but damage to structures would be considerable if drawdown was not
conducted.

Retaining walls are a touchy subject with regard to lake ecology but are subject to damage from
ice. Walls that create a sharp and usually vertical boundary between the lake and adjacent land are
ecologically less valuable than gradual slopes of rock or soil. If erosion is an issue, use of rocks or
other hard materials that stabilize the slope and absorb wave energy may be warranted, but are
ecologically more sound when they grade from land to water with a milder slope than presented
by walls. Yet where retaining walls have been permitted, protection of those walls is afforded by
drawdown.

For natural shorelines, just a foot or two of drawdown would be sufficient in the vast majority of
cases to prevent damage. Many “soft” shorelines can sustain substantial damage. Some shorelines
are naturally armored with rocks in a manner that can minimize ice damage, but rocks can be
moved by ice and such shorelines are also often damaged. In Vermont, where drawdowns are
rarely permitted, ice damage to the shoreline is considered to represent a major threat to ecological
integrity and shoreline properties (Picotte 2016). Onota Lake in the Berkshires was not drawn
down over the winter of 2109-2020 for the first time in many years and the Lake Onota
Preservation Association documented considerable damage around the lake to both natural
shoreline and structurally supported shoreline (Riordan 2020). While ice formation is natural, the
impacts are counter to the intent of the Wetlands Protection Act (WPA) and are worth avoiding.
Where drawdown for flood control is practiced there should be no major threat to shorelines, but
where a lake is maintained at full level through the winter, susceptibility of shoreline to ice damage
should be evaluated.

The effectiveness of annual winter drawdown as an aquatic plant control technique was properly
noted in the GEIR but additional data from monitoring in Massachusetts have reinforced what was
known. For susceptible target species, drawdown has provided a high degree of control at nominal
cost. Probably the most common invasive plant species in Massachusetts, Eurasian watermilfoil
(Myriophyllum spicatum) overwinters in vegetative form, has limited seed production and
viability, and has been kept from dominating the nearshore zone of many lakes by drawdown.
Lake Garfield in Monterey, MA, with a 6-foot drawdown among the larger ones in Massachusetts,
has minimal milfoil in over 100 acres of water shallower than 8 feet (the drawdown depth plus
about 2 feet of ice thickness) but has 10+ acres of milfoil in water between 8 and 14 feet deep that
is being managed by other means at considerably greater cost. Laurel Lake in Lee and Lenox, MA
has conducted a 3-foot drawdown for the last decade (WRS 2017b), resulting in much reduced
milfoil abundance in water <5 feet deep. In the one year that drawdown was not conducted due to
permitting issues, the expansion of milfoil in the following growing season was alarming.

Other susceptible species can be controlled through annual winter drawdown as well. Invasive
variable watermilfoil (Myriophyllum heterophyllum) was controlled in water shallower than 4 feet
by drawdown in Bare Hill Pond in Harvard, MA (ARC 2019). Results were impressive enough to
lead to pumping to expand the drawdown to 6 feet. Invasive fanwort (Cabomba carolinina) was
also controlled to a substantial degree, although there was substantial variation over space
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Table 4S-1 Anticipated response of common aquatic plants to winter drawdown.
(After Cooke et al. 2005 and Mjelde et al. 2012 as amended by experience in MA)

Change in Relative Abundance
Increase No Change Decrease

Brasenia schreberi (watershield) F F
Cabomba caroliniana (fanwort) S
Callitriche spp. (water starwort) SIF SIF SIF
Ceratophyllum demersum (coontail) S
Chara spp. (muskgrass) S

Egeria densa (Brazilian Elodea) S
Eichhornia crassipes (water hyacinth) E/S

Elatine spp. (waterwort) S S
Eleocharis spp. (spikerush) S S S
Elodea canadensis (waterweed) S S S
Gratiola neglecta (hedge hyssop) S S

Hydrilla verticllata (hydrilla) S S

Isoetes lacustris (quillwort) S

Juncus spp. (rushes) E E

Lemna minor (duckweed) F F
Lobelia dortmanna (water lobelia) S
Lythrum salicaria (purple loosestrife) E E
Myriophyllum alterniflorum (alternate milfoil) S
Myriophyllum aquaticum (parrotfeather) E/S S
Myriophyllum heterophyllum (variable leaved milfoil) S
Myriophyllum sibiricum (northern milfoil) S
Myriophyllum spicatum (Eurasian milfoil) S
Myriophyllum verticillatum (whorled milfoil) S
Najas flexilis (bushy pondweed) S

Najas guadalupensis (southern naiad) S S
Najas minor (spiny naiad) S

Nelumbo lutea (American lotus) E

Nelumbo nucifera (Indian lotus) E

Nitella spp. (stonewort) S S

Nuphar advena (yellow water lily) E

Nuphar variegata (yellow water lily) F F
Nymphaea odorata (white water lily) F F
Nymphoides cordata (little floating heart) F/S FIS

Nymphoides peltata (yellow floating heart) F/S FIS

Persicaria amphibium (water smartweed) FIS FIS
Phragmites australis (common reed) E

Potamogeton amplifolius (bigleaf pondweed) SIF SIF

Potamogeton berchtoldii (small pondweed) SIF SIF
Potamogeton crispus (curlyleaf pondweed) S

Potamogeton epihydrus (leafy pondweed) SIF SIF

Potamogeton natans (broadleaf pondweed) SIF SIF
Potamogeton pusillus (thinleaf pondweed) SIF SIF

Potamogeton richardsonii (clasping leaf pondweed) S S

Potamogeton robbinsii (Robbins' pondweed) S S
Potamogeton zosteriformis (flatstem pondweed) S S

Ranunculus trichophyllus (threadleaf crowfoot) S S S
Sagittaria latifolia. (emergent arrowhead) E

Sagittaria graminea. (submergent arrowhead) S
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Table 4S-1 (continued). Anticipated response of common aquatic plants to winter
drawdown.

Change in Relative Abundance
Increase No Change Decrease

Schoeoplectus americanus (three square rush) E

Schoenoplectus lacustris (common club rush) E

Scirpus cyperinus (wooly grass) E

Sparganium angustifolium (bur-reed) E/F E/F

Sparganium emersum (bur-reed) E/F E/F
Sparganium hyperboreum (bur-reed) E/F E/F

Sparganium natans (northern bur-reed) E/F E/F
Stuckenia pectinata (Sago pondweed) S S

Trapa natans (water chestnut) FIS

Typha latifolia (common cattail) E E

Utricularia spp. (bladderwort) S

Vallisneria americana (water celery) S S
Wolffia columbiana (watermeal) F

E=emergent growth form; S=submergent growth form; F=floating leaved form; bolded names signify invasive
species.

(sediment features) and time (milder vs colder winters). Native assemblages that get dense enough
to constitute nuisances can often be reduced in biomass without being eliminated by drawdown.
Indian Lake in Becket, MA has conducted a drawdown for the last two decades to limit plant
density around the periphery of this shallow lake (maximum depth is <15 feet, so the entire lake
is potentially littoral zone) with varied but generally acceptable success (WRS 2017a). Otis
Woodlands Lake (OWL) in Otis, MA also uses an annual winter drawdown to suppress native
plants in a lake with a maximum depth of 13 feet, although feeding by abundant crayfish is also a
potent plant control force in this lake (WRS 2020).

Species susceptibility and weather dependency are limiting factors for drawdown effectiveness,
however. Species with an annual life cycle that depend on seeds, winter buds or turions to re-
establish the population each spring are not likely to be controlled in the short-term by drawdown
and may even be stimulated by drawdown through less competition by susceptible plants and
enhanced germination of reproductive propagules after drying and/or freezing. Mild winters,
which have become more frequent over the last 50 years, may provide insufficient drying or
freezing to kill even susceptible plants. A study by Lonergan et al. (2014) demonstrated the need
for sub-freezing temperatures or low moisture content to kill Eurasian watermilfoil and the
difficulty of achieving a complete Kill in most lake situations. It is highly unlikely that drawdown
will provide a complete kill of any species in any given year and drawdown can be expected to
exhibit a wide range of impacts on plants over a series of years based on weather variation, at least
until coarser substrate is developed in the drawdown zone. The range of responses in Table 4S-1
testifies to the difficulty in predicting drawdown results; we know that some invasive species are
impacted and that overall density of aquatic plants tends to be reduced by drawdown, but variation
in results remains high.
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Algal control by drawdown is dependent upon oxidation of sediments to reduce the potential for
internal recycling in subsequent growing seasons. As noted in the GEIR, nutrient concentrations
may increase or decrease after drawdown, mainly as a function flushing rate, so short-term impacts
of drawdown on algae are therefore not reliably predictable. Drawdown has not generally been
regarded as a primary means to control algae, but statements that drawdown routinely increases
algae blooms are also not supported by experience.

4222 Long-Term Effectiveness

The original GEIR covers the expected long-term effectiveness of drawdown adequately and
provides examples of Massachusetts drawdowns that generally support claims of reductions in
target species and overall plant biomass in the drawdown zone. The need for annual winter
drawdown to achieve plant control goals is evident, as the results of any one drawdown are not
predictable as a function of dependence on the weather. Past permits that called for drawdowns on
an every other to every third year or varied the depth of drawdown among years limited
effectiveness of drawdown and may have increased adverse impacts in some cases. Annual winter
drawdown is needed to gradually shift the composition of the sediment in the drawdown zone to
coarser particles that will support less plant growth, and this can be expected to take at least a
decade where the slope is sufficient. Once less hospitable substrate conditions are attained, annual
drawdown may not be necessary for plant control but continues to provide flood control and
shoreline/structure protection, so is often continued on an annual basis.

Lake Garfield in Monterey, Otis Reservoir in Otis and Tolland, and Indian Lake in Becket were
all mentioned in the GEIR as drawdown examples with general success in controlling plant
nuisances. Ongoing monitoring in each has expanded those stories. Lake Garfield has applied a 6-
foot drawdown for the last decade and has minimal Eurasian watermilfoil in water shallower than
8 feet (WRS 2019). A patch of milfoil developed in 8 to 10 feet of water in 2014, and in the absence
of any management, expanded to 10-12 acres over the next two years. Management by suction
harvesting has limited further expansion and reduced milfoil density but has not eliminated milfoil
in deeper water that still provides fragments for colonization in shallower water. The annual
drawdown counters such colonization, but as in most lakes with drawdowns of <6 feet and milfoil
extending to at least 14 feet of water depth, the threat is ongoing. Multiple pondweed species, most
notably bigleaf pondweed, have become abundant in the shallow water of the northern basin of the
lake, prompting some interest in a mechanical harvesting program to maintain open water, but no
such action has yet been taken although it was permitted under the WPA through the town, DEP
and NHESP. The endangered Vasey’s pondweed continues to be found in shallow water,
suggesting no significant impact on that protected, annual, seed-producing species by drawdown.

Otis Reservoir has a remarkably cobbly nearshore area as the result of over 50 years of a roughly
8-foot drawdown. The drawdown zone has proven very resistant to invasive species and hosts only
a very limited plant community, providing rocky habitat not common in Massachusetts lakes. The
lakewide band of submergent plants growing between about 8 and 14 feet of water depth is
unprotected, however, and variable watermilfoil invaded the lake sometime around 2015, with
spiny (aka brittle) naiad and Eurasian watermilfoil detected in 2019 (ESS 2020). Assessment and
physical management have ensued, and the distribution of invasive species is limited, with
drawdown seemingly preventing expansion into shallower water except in areas of low slope
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(<1:10). The native plant community includes multiple pondweeds, naiads, waterweed,
bladderwort, water celery and stonewort but is largely limited to the zone between the drawdown
depth and the point of limiting light (about 14 feet of water depth).

Indian Lake in Becket has employed a drawdown of 3-5 feet since the late 1990s to limit the
density of native plants around the periphery of this manmade pond with a maximum depth of 10
feet (WRS 2017a). Since 2017 the lake association has settled into a standardized 4-foot annual
winter drawdown with a water level and downstream flow tracking program. About 16% of the
bottom of the pond, technically all littoral zone, is exposed, but this requires >50% reduction in
water volume in the lake. Drawdown was only conducted on an average of 2 out of 3 years from
1999 through 2017.

The pattern of biovolume (Figure 4S-1, top panel) demonstrates the decline in the portion of the
water column filled by plants in the 4-foot drawdown zone in response to drawdown, with
resurgence in years when no drawdown was attempted. The decline is not extreme; plant
biovolume ratings decline by no more than one quartile (25% increments) between years when a
drawdown is conducted, but this is enough in most years to create acceptable accessibility for
human lake users at the three beaches or private shoreline properties. There is a similar decline in
biovolume in the 4-6 foot zone; some years the drawdown was 5 ft, but even when only 2-3 feet
there would be ice damage in the 4-6 foot zone. There is actually an increase in plant biovolume
in the >6 foot zone, possibly related to greater light at greater depth when the water level is low.

Cover by plants increased slightly at all depth ranges over the years (Figure 4S-1, middle panel).
More area is covered by plants by virtue of less competition for light, but plants tend to be smaller.
This seems to be reflected in an increase in the number of species present as well (Figure 4S-1,
bottom panel), with a striking increase at all depths in the early years of drawdown, followed by a
levelling off and decline in recent years, although the current species richness is still higher than
at the start of the drawdown program. No invasive species have been found in Indian Lake.

Bare Hill Pond in Harvard, MA was invaded by both variable watermilfoil and fanwort and
multiple means have been applied to combat these infestations. Drawdown of 3.5 feet by gravity
in 2003-2006 minimized invasive plants in the drawdown zone, dropping the frequency of
occurrence for both milfoil and fanwort from >75% to 5% over three years (ARC 2019). This
prompted evaluation of expanding drawdown by pumping. A pump system was installed, and
drawdown has been as deep as 7 feet over the last decade. Reduction in plant biomass in the
drawdown zone has been documented and resurgence of plants has also been noticed after two
separate years in which no drawdown was conducted to see if effects from the deeper drawdown
were lasting (ARC 2019). Short-term effectiveness is apparent with weather-based variation, but
long-term effectiveness requires continued annual application of winter drawdown.

ESS helped institute a program of occasional deeper drawdowns (6 feet) over the normal 2 to 3-
foot drawdown practiced for many years at that lake and has been monitoring Nabnasset Lake in
Westford, MA for about 17 years. A report card format (Table 4S-2) was developed based on
quantitative and semi-quantitative monitoring data for many lake features (ESS 2017). Deep
drawdowns were conducted in 2003, 2006, 2009, 2011 and 2012 in response mainly to invasive
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Figure 4S-1. Plant community features of Indian Lake relative to a 4-foot drawdown over
time.
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plant abundance in shallow water. Invasive species have been controlled to a large degree in the
drawdown zone over time, although there is variation that may be caused by only having the deeper
drawdown every three years on average. The abundance of invasive species in water deeper than
6 feet is greater than in shallower water but is not elevated and this may minimize recolonization
of shallower areas, allowing a shallower drawdown for shoreline protection and flood control in
most years.

Table 4S-2. Nabnasset Lake report card for drawdown impacts.

GRADE
RESOURCE A B C ] F
o7 [ 09]-11 [12[13] 14 [15] 6] 17
Plant Community (<" deep)
Agquatic Mative Plants Dominant | Common | Occasional Rare Absent 8B [BE|B[B|B| A [A]A]A
Emergent Native Plants Dominant | Commeon | Occasional Rare Absent 8B [BE|EB[B|B| A [A]A]A
Agquatic Exotic/Invasive Plants Absent Rare Ciceasional Common Dominant 8B |[BE|B|[B|B| A([B|C|]A
Emergent Exotic/invazive Plants Absent Rare Diccasional Common Dominant | B |BE|B|(B|B| B |B|B|E
Plant Community [*6" deep}
Submerged Aquatic Native Plants | Dominant | Commen | Occasional Rare Absent BlalB|B|B| A |A[A]A
Aquatic Exctic/Invasive Plants Absent Rare Ciczasional Common Ciominant NE|B|C[C|B[A|[C]C]A
Invertebrate Community (<6" deep)
Freshwater Mussels =0.5/2 uua:ri: 0.1-0.2/82 00,182 Absent o o |c|c|c
Other Macroinvertebrates =B taxa 5-B taxa 3-5 taxa 1-2 taxa Absent cC|cC AlalB|C
Invertebrate Community (=6" deep)
Freshwater Muzsels S | g | 0.9-022 00,1422 spzent | B |c|o|alD|ov|o|o)|a
Cither Macroinvertebrates =B taxa &-Btaxa 3-8 faxa 1-2 faxa Absent B B|B|B|C clCc|Cc|C
Water Guality
Clarity (turbidity/Secchi depth) SINTL | N e iy e ST er g SV A |B|c|BlB|B |8|8]|E
Phosphorus Concentration (mgL) | o1 | 305 | ocozoos 0.02-0.05 s005 |8 |a|c|B|lB|a|alalc
Mitrogen Concentration (mg/L) 0.5 0.50.8 0.8-1.0 1.0-2.0 >2.0 o |e|c|D|e| B |B|EB|E
FFLE;*{'FE“ Owygen at surface =100 | 704100 | 8070 5.0-6.0 <50 B|e|B|B|B|B|B|C|E
Erosion
Wave .
Shoreline No erosion | UnderUt | po piires | Mumerous | g gl g g || B [B|B|B
ewidence only banks cank failings
o Limited Extensive Loss of minor Loss of
Dowmstream of Dam undercut undercart shoreline trees and B|B|B|B|B| B |[B|B|BEB
EVIEENCE banks banks vegetation roots
Shipley Swamp
Plant Community [<6" deep)
Aguatic Mative Flants Dominant | Commen | Occasional Rare Absent Alalalalal ajajala
Emergent Mative Plants Dominant | Commeon | Occasional Rare Absent A AJA[AJA]l A [A]JALA
Aquatic Exotic/Invasive Plants Absent Rare Oczasional Common Ciominant 8B [BE|C|[B|A]l A[B|C|[E
Emergent Exotic/invasive Plants Absent Rare Oiceasional Common Dominant clec)jclelc|loc|leclc|c
Invertebrate Community (<6" deep)
Freshwater Mussels 052 | O | 0tz 0-0. 142 #bsent | D |D|D"|D|D|D|D|D|D
Cither Macroinvertebrates =B taxa 5-E taxa 3-8 faxa 1-2 faxa Absent B B|lC|C]C clCc]Cc|C
MS: Mot scored; "Based on obsenvations by MLPA volunteers; ""Based on observation of recently spent valves near muskrat middens

The GEIR noted that long-term control of algae by drawdown depends on reduced release of
nutrients from the sediment to the water column, potentially by focusing of sediments into deeper
areas where the slope is adequate, leading to a smaller area of contributing sediment. Yet there
have been no clearly documented successful cases and nutrient recycling from shallow water is
usually low compared to release from sediment in deeper water that experiences low oxygen.
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4.2.3 Impacts to Non-Target Organisms

Undesirable possible side effects of drawdown noted in the GEIR include loss or reduction of
desirable plant species, facilitation of invasion by drawdown-resistant, undesirable plants, reduced
attractiveness to waterfowl (considered an advantage by some), possible fish Kills if oxygen
demand exceeds input under the ice, altered littoral habitat for fish and invertebrates, mortality
among hibernating reptiles and amphibians, impacts to connected wetlands, shoreline erosion
during drawdown, loss of aesthetic appeal during drawdown, more frequent algal blooms after
refill in some cases, reduction in water supply, impairment of recreational access during the
drawdown, and downstream flow impacts. Remarkably few of these postulated impacts have
turned out to be common or even occasional in the research performed and experience gained in
Massachusetts since the GEIR was produced. All are possible, but any assumption that these
negative effects will occur has minimal support in the literature or from monitoring in
Massachusetts.

Certainly the drawdown zone will be less visually attractive than when the lake is full until it gets
snow cover, and access can be impeded if there is a substantial distance between the land and water
or ice at the access point, but the entire lake periphery is rarely subject to these conditions. Yet one
can find photos of entire coves or shallow expanses with exposed mudflats that are unappealing
and inaccessible until freezing temperatures set in. Visual aesthetics and human accessibility are
not, however, interests of the Wetlands Protection Act and are not justification for decisions in the
permitting process.

Algae

Decay of exposed organic matter during drawdown will lead to more nutrients being available in
the water once the area is inundated again. Whether or not this has any impact on nutrient levels
during the growing season is largely a function of how much organic matter decayed during
drawdown and flushing rate. Where drawdown has not been conducted before, the amount of
nutrient-rich organic material exposed is likely to be greatest, while lakes where drawdown has
been implemented annually for more than a few years are less likely to have much nutrient-rich
organic sediment that can contribute during drawdown. If the refill period requires most of the
spring and the water captured during refill remains in the lake over summer, the potential for
nutrients made available during drawdown to fuel algae blooms will increase. However, as refill
is usually complete by late April in Massachusetts lakes, there may be considerable flushing before
flows subside, typically by late June. An assessment of the exposed sediment features and system
hydrology are therefore needed to make predictions regarding drawdown impacts on algae the
following year.

The record does not suggest a major impact of drawdown on algae abundance. Of the 40 lakes for
which the DPH reported cyanobacteria blooms in 2019, no more than 5 were subject to a
drawdown. A large portion of the lakes reported to have algae blooms are on Cape Cod where the
lakes are mostly kettlehole ponds with no outlet other than an unregulated overflow and no ability
to conduct drawdowns. Phosphorus that supports excessive algae can come from the watershed or
internal recycling of past watershed loadings. Where the watershed is more than about 20 times
the area of the lake, watershed inputs are likely to dominate, and flushing will be great enough to
minimize the impact of any release of nutrients in the exposed area during drawdown. The primary
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mechanism of internal recycling is release from sediments exposed to low oxygen, something that
happens mainly in deeper water during summer stratification (Steinman and Spears 2020).

Once the drawdown zone substrate has been coarsened by repeated annual drawdowns, the
potential for nutrient release as a result of drawdown will be lessened. Yet there are parts of most
lakes that do not have great enough bottom slope to facilitate that coarsening process and it can
take a decade or more to minimize nutrient-rich organic sediment in the drawdown zone even
where the slope is adequate, so potential impact will be related to how much area is exposed and
how much of the nutrient content of exposed sediments is released. Theoretical calculations for a
100 hectare (250 acre) lake with a maximum depth of 10 m (33 ft) and a volume of 3.33 million
m? (2700 acre-feet) and a drawdown exposure of 10% with a typical range of sediment phosphorus
content (50-500 mg/kg) and the top 2.5 cm (1 inch) affected at 1-10% release suggest a possible
phosphorus concentration increase of 0.3 to 28 ug/L. If the exposed area is as much as 30% of the
lake area, the phosphorus concentration increase could be 0.8 to 84 ug/L. The plausible range is
very wide and impacts are not impossible, but it is not at all certain that a measurable change in
water quality will occur.

Considering actual data from lakes in Massachusetts, monitoring of Lake Garfield in Monterey
with 35% of the lake bottom exposed (the largest exposure listed in Carmignani 2020) as part of a
604b project sponsored by the MA DEP (WRS 2018) revealed phosphorus at 18 ug/L in April,
declining to 13 ug/L in May, 12 ug/L in June, and <10 ug/L in July and August of 2016. This might
suggest some impact from drawdown, but the phosphorus content of the snowmelt largely
responsible for refill was almost 30 ug/L and represents a more likely source of the increased
spring phosphorus concentration. Internal loading during summer was found to be significant, with
deep water phosphorus concentrations exceeding 400 ug/L in August and cyanobacteria forming
a surface scum on some dates. The sediments that contribute most to phosphorus in Lake Garfield
are in deep water and not subject to exposure during drawdown. There was a bloom of the golden
alga Dinobryon in April and May of 2016 during the 604b study. This alga can make use of organic
compounds that might have been suspended in the water as a function of refill, but considerable
organic matter also enters from the many small tributaries around the lake with snowmelt.

Onota Lake in Pittsfield has a drawdown that has exposed 11-33% of the lake bottom (Carmignani
2020). From monitoring conducted by volunteers between 1999 and 2010 (WRS 2011), the
average monthly phosphorus concentration varies little, ranging from 14 to 17 ug/L, and is not
higher in April after refill than other months. Variability in spring values appears related to
watershed influences, not drawdown. The highest individual values are from deep water in later
summer, an indication of some internal loading from sediment exposed to low oxygen. Algae
blooms have not been a serious issue in Onota Lake.

Otis Reservoir in Otis has a drawdown that exposes about 21% of the lake bottom (Carmignani
2020). Algae blooms have not been an issue in Otis Reservoir as documented by the
diagnostic/feasibility study by ENSR (2001) and a lack of reported blooms since then. Goose Pond
in Lee and Tyringham has a drawdown that exposes about 11% of the lake bottom (Carmignani
2020). Goose Pond has high water clarity and algae blooms have been rare over the last two
decades (WRS 2016), although there is recent evidence of cyanobacteria increasing in summer.
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There appears to be a lack of measured direct impact on phosphorus and algae levels in drawdown
lakes in Massachusetts. However, some deep water organic sediments that contribute to internal
loading during summer have been transported from shallow water in part as a consequence of
drawdown. The addition of phosphorus-rich organic matter to deep water adds to oxygen demand
in a zone that often experiences low oxygen and represents a long-term contribution to internal
loading. It is not known if drawdown-induced movement of fine sediment to deeper water ever
represents a significant fraction of deep-water sediment, but many lakes without drawdowns
experience problems with internal release of phosphorus from sediment exposed to low oxygen in
deeper water. While drawdown is likely to contribute to the accumulation of organic, nutrient-rich
sediment in deeper water, the potential loss of oxygen, release of nutrients, and related algae
blooms are not problems caused specifically by drawdown.

Any assumption of drawdown inducing algae blooms in Massachusetts lakes appears unjustified.
However, any assumption that drawdown will improve water quality and prevent algae blooms
also has minimal support from actual studies of Massachusetts lakes. The primary causes of
excessive algae are inputs from the watershed and internal recycling of phosphorus from sediment
in water deeper than drawdown can directly impact. The coarsening of the sediment in the
drawdown zone may limit some algal mat development, and drawdown that flushes accumulate
nutrients downstream may improve water quality over many years (ENSR 2008), but the dominant
influences on algae blooms are not substantially impacted by drawdown on a year to year basis.

Plants

Non-target species of plants that depend on vegetative means of overwintering or reproducing may
indeed be reduced in