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1.0 INTRODUCTION 

Lake Lashaway is a 293-acre waterbody located in North 

Brookfield and East Brookfield, Massachusetts. The warmwater 

lake is located in the Chicopee Watershed in Worcester County 

(D FW 2011). The Lake Lashaway Community Association 

(LLCA) commissioned this report to identify underlying causes 

of extensive growths of aquatic weeds and algal blooms within 

the lake. Lake Lashaway has been drawn down annually to help 

manage weed growth. However, drawdown alone has not been 

sufficient to prevent the spread of non-native weeds and does 

not have a significant positive effect on the water quality within 

the lake. As such, the lake routinely experiences algal blooms 

and occasionally is closed due to excessive bacteria at the town 

beach. 

2.0 METHODS AND APPROACH 

The field studies and data evaluation supporting analysis of Lake Lashaway were conducted from August 

through October 2018. They included a review of existing information and studies, GIS mapping, field data 

collection, data analysis, and lake modeling. The methods and approach specific to each task are described 

in the following sections. 

2.1 Review of Existing Information 

Existing information regarding many physical, chemical, and biological aspects of Lake Lashaway were 

available prior to the onset of this study. Existing information provided from the LLCA and other available 

on-line sources was used to help describe past and present recreational use, community use, and 

ecological conditions. 

2.2 Aquatic Plant Assessment 

On August 6, 2018, ESS scientists conducted aquatic plant mapping to assess the current condition of the 

pond with respect to water quality, aquatic plant, and algae growth. ESS scientists mapped the locations of 

all native and non-native aquatic plant species at 53 regularly spaced sampling points throughout the lake 

(Figures 1 through 5). Location data for each point was recorded using a sub-meter accurate Trimble GPS 

receiver.  

2.3 Bathymetric Survey 

ESS scientists conducted a bathymetric survey of Lake Lashaway on August 6, 2018. A handheld sonar 

depth finder was used to determine water depth at 54 locations within Lake Lashaway (Figure 6). Sediment 

composition (clay, muck, sand, etc.) was also recorded for each site.   

2.4 Fish and Wildlife Assessment 

ESS scientists conducted limited fish and wildlife assessments on August 6, 2018 through visual 

observations made by a wildlife biologist to document species currently known to inhabit the lake or its 

surrounding shoreline.  

Field boat on Lake Lashaway for initial 
water quality and biological surveys on 

August 6, 2018. 
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Canadian waterweed Elodea canadensis
Waterwort Elatine spp.
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Common Bladderwort Utricularia macrorhiza
Water Celery Vallisneria americana

Aquatic Plant Species List

Pond Outline (278.4 acres)
Plant Cover
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26%-50% (27.3 acres)
51%-75% (14.1 acres)
76%-100% (14.3 acres)



Source: 1) ESRI, World Imagery, 2017
             2) ESS, GPS Locations, 2018

Lake Lashaway
North Brookfield, Massachusetts

0 500 1,000
Feet

Pa
th:

 J:
\L1

98
-00

0 L
ak

e L
as

ha
wa

y- 
An

aly
sis

 an
d R

ec
om

me
nd

ati
on

s f
or 

La
ke

 La
sh

aw
ay

\04
 G

RA
PH

IC
S\

GI
S\

MX
D\

L1
98

_0
00

_F
ig0

1_
Pla

nt_
Bio

Vo
l_P

oly
s.m

xd

Plant Biovolume
August 6, 2018

Figure 2

1 inch = 1,000 feet

Dr
aw

ing
 D

ate
: 2

01
8/1

1/0
5

© 
20

18
 E

SS
 G

rou
p, 

Inc
.

!°Common name Scientific name
Watershield Brasenia schreberi
Fanwort Cabomba caroliniana
Coontail Ceratophyllum demersum
Muskgrass Chara spp.
Canadian waterweed Elodea canadensis
Waterwort Elatine spp.
Variable-leaf Milfoil Myriophyllum heterophyllum
Low Milfoil Myriophyllum humile
Bushy Naiad Najas flexilis
Southern Naiad Najas guadalupensis
Stonewort Nitella spp.
Yellow Water Lily Nuphar lutea variegata
Brittle Naiad Najas minor
Thinleaf Pondweed Potamogeton pusillus
Humped Bladderwort Utricularia gibba
Common Bladderwort Utricularia macrorhiza
Water Celery Vallisneria americana

Aquatic Plant Species List

Pond Outline (278.4 acres)
Plant Biovolume

0% (144.9 acres)
1%-25% (116.5 acres)
26%-50% (6.8 acres)
51%-75% (6.3 acres)
76%-100% (3.9 acres)



LA
K E

V IE
W

R O
AD

LAKE ROAD

GLEASON
AVENUE

MA
PL

E S
TR

EE
T

BA
KE

R
HI

LL
RO

A D

FAITH AVENUE

HARRINGTON STREET
NO

RT
H 

ST
RE

ET

MAIN STREET

GREEN ROAD

PLEASANT STREET

SHORE ROAD

OLD
EAST BROOKFIELD ROAD

LASHAWAY DRIVE

UNNAMED ROAD

COVE STREET

Source: 1) ESRI, World Imagery, 2017
             2) ESS, GPS Locations, 2018

Lake Lashaway
North Brookfield, Massachusetts

0 500 1,000
Feet

Pa
th:

 J:
\L1

98
-00

0 L
ak

e L
as

ha
wa

y- 
An

aly
sis

 an
d R

ec
om

me
nd

ati
on

s f
or 

La
ke

 La
sh

aw
ay

\04
 G

RA
PH

IC
S\

GI
S\

MX
D\

L1
98

_0
00

_F
ig0

3_
Fa

nw
ort

.m
xd

Fanwort Cover
August 6, 2018

Figure 3

1 inch = 1,000 feet

Dr
aw

ing
 D

ate
: 2

01
8/1

0/1
5

© 
20

18
 E

SS
 G

rou
p, 

Inc
.

Fanwort Cover Percentage
1% - 25%  (6 Locations)
26% - 50%  (3 Locations)
51% - 75%  (0 Locations)
76% - 100%  (4 Locations)
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Canadian waterweed Elodea canadensis
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Water Celery Vallisneria americana
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Water Depth Contour (2' Interval)*

Fixed point of reference for bathymetric survey: 
The water was 3" above the spillway on 8/6/2018.
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2.5 Water Quality Assessment 

2.5.1 Surface Water 

Dry weather water quality samples were collected from the inlet, outlet, and deepest portion of the lake 

at the surface and from the bottom on August 6, 2018. The inlet was sampled again on October 10, 

2018 during a significant rain event to better understand the impact of stormwater runoff from the 

watershed on the lake’s water quality. 

ESS sent water samples to Phoenix Environmental Laboratories for testing of total phosphorus, 

dissolved phosphorus, nitrate nitrogen, total Kjeldahl nitrogen, and total suspended solids. Field 

measurements of dissolved oxygen, temperature, conductivity, pH, color, and turbidity were also 

collected. In addition, flow was measured in each of the stream sampling sites and Secchi disk depth 

was measured at the in-lake station. 

2.5.2 Ground Water Quality Assessment  

On September 20, 2018, eight seepage meters were deployed at four shoreline segments to measure 

the rate of groundwater seepage into and out of the lake (Figure 7). Two meters were deployed in each 

shoreline segment: one to measure shallower groundwater seepage and one to measure deeper 

seepage. Seepage meters were deployed for sufficient time (>3 hours) to allow for measurable 

groundwater movement into or out of the meters.  

         
Seepage meters were installed into lake shoreline 

sediments deeply enough to prevent any surface water 

exchange.  The top bung with a rubber stopper was inserted 

into the meter and a plastic bag containing a pre-measured 

volume of water was connected to seepage meter with a 

tube positioned in the rubber stopper. The bag takes or 

loses water based on the movement of groundwater into 

(inseepage) or out of (outseepage) the system. The area of 

lake bottom sealed by the seepage meter is measured and, 

with the change of water volume in the bag is used to 

calculate the rate of shallow groundwater seepage 

occurring at the site. 

In conjunction with the seepage meters, ESS 

personnel also collected shallow groundwater 

samples from the same shoreline segments. 

Groundwater was collected to screen for septic 

sources and provide nutrient concentration data that 

can be paired with seepage rates to estimate nutrient 

loading via groundwater. Groundwater was extracted 

using a stainless-steel littoral interstitial porewater 

sampler (LIP sampler), which is essentially a mini-

well. Three individual groundwater samples were 

extracted from the entire length of each of the 

shoreline segments. Each of the three individual 

Photo and illustration of seepage meter 

Using LIP Sampler with Pump 
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samples was composited into a single sample to be representative of the water quality from that 

segment. The composite samples were measured in the field for temperature, pH, and specific 

conductance and then submitted to a for laboratory analysis of dissolved phosphorus, ammonia, and 

nitrate which are the forms of nutrient that migrate readily through soils and would be indicative of septic 

influence. 

2.6 Sediment Assessment 

Sediment quality is often used as an indicator of long-term nutrient or contaminant contributions from the 

watershed to a waterbody. In addition, sediment samples are collected to document physical characteristics 

and identify levels of potential contaminants that could pose challenges for lake dredging. The 

characterization of sediments is part of a screening process designed to reveal the severity of sediment 

contamination, if present, and to aid in the development of future management strategies. 

Three surface sediment grabs were collected on September 20, 2018 from an area of the lake that was 15 

feet deep. The locations were chosen because soft sediments located in hypoxic or anoxic waters below 

the thermocline likely contribute to internal nutrient recycling within the lake. Sediment grabs were collected 

using an Ekman stainless steel dredge sampler (area of approximately 0.025 m2). 

The three samples were composited (mixed) and a single sample was sent to a laboratory for analysis of 

nutrients, total phosphorus and total nitrogen, as well as several metals known to bind phosphorus and 

make it biologically unavailable if found in sufficient quantities.  These metals included iron, aluminum, 

calcium, and magnesium. 

2.7 Hydraulic Budget and Nutrient Modeling  

Data generated during the field and desktop assessments were used to develop a hydrologic (water) budget 

and nutrient load model for Lake Lashaway. The nutrient modelling results increase understanding of how 

the lake system is affected by nutrient sources from within the lake as well as from the surrounding 

watershed, which is in turn used to prioritize actions for future management efforts.  

Determining the hydrologic budget is the first step toward modeling nutrient load because all water being 

delivered to the lake carries nutrients. A hydrologic budget models water inflow into the lake, storage 

capacity within the lake, and water outflow from the lake based on the hydrologic cycle. Sources of water 

inflow include precipitation onto the lake surface, as well as associated overland runoff, direct stream flow 

from tributaries, and groundwater seepage occurring principally along the margins of the lake. 

Evapotranspiration (evaporation plus plant root uptake), groundwater recharge from the lake back to the 

surrounding soils, and direct outflow via the lake’s outlet all lead to loss of water from the lake. The 

difference between the sum of the inflows and sum of the outflows determines the storage volume of the 

lake at a given point in time. 

Data used to develop the annual hydrologic budget for Lake Lashaway includes lake acreage, 

circumference, volume, and watershed size, which were calculated using a combination of GIS data and 

field measured parameters. Streamflow inputs were calculated using the online streamflow modeling 

application Streamstats and field measured data. The rate of groundwater movement into the lake was 

directly measured by ESS using the groundwater seepage meters. Average precipitation was based on 

data collected from 1981 to 2016 at Worcester, MA and is the period deemed to be representative of long-

term normal climate for the region.  
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The hydrologic model described above was then used along with the water quality sampling results 

obtained during this study and the watershed land use data to model the annual nutrient load to Lake 

Lashaway. A nutrient budget essentially describes the level of nutrients entering, circulating within, and 

exiting within the lake system. The nutrient level is expressed as a nutrient “load”, which is the total mass 

of the nutrients entering over a given time period. Nutrient budget model output for Lake Lashaway for both 

phosphorus and nitrogen are provided in Appendix A.  

The modeling approach for this study began with a nutrient load estimate based on the land use export 

coefficient approach (Reckhow 1980). This estimate was then calibrated using limnological modeling 

techniques based on lake features, watershed hydrology, and field data collected at Lake Lashaway. The 

inputs to the nutrient model include data on watershed land use, parameters from the hydrologic model, 

and the results of water quality sampling. 

Existing GIS data was first used to determine the acreage of the various land uses which occur within the 

watershed of Lake Lashaway. Each land type has been shown to contribute a different nutrient load based 

on its propensity to generate nutrient runoff (Reckhow 1980). Developed areas (e.g. residential, roadways, 

etc.) contribute the highest nutrient loads per acre while forested areas and wetlands contribute the lowest 

nutrient loads per acre. The total nutrient load contributed to the lake depends on the acreage of each land 

use within its watershed and the nature of the route that runoff from the drainage area must travel to reach 

the lake. 

Hydrologic parameters were used to model characteristics that influence how nutrients move through the 

lake system itself. These characteristics include the mean depth (lake volume/lake area), flushing rate 

(number of times per year that the total volume of water in the lake is renewed), areal water load (volume 

of water entering a lake in a year divided by the lake surface area), and settling velocity (rate at which a 

particle drops from the water column) (Appendix A). These metrics are subsequently used to refine the 

nutrient model specifically to the lake being modeled. 

Water quality data collected during this study were used to model the concentration of phosphorus and 

nitrogen flowing into and out of the lake. These data were also used to calibrate the estimated nutrient load 

entering from the watershed that was calculated earlier using the GIS land-use based approach. Septic 

inputs were not individually or specifically quantified in this model; however, the model does include a 

quantification of the impact of all groundwater inputs (natural flows combined with septic) on the water 

quality in the lake. The nutrient load inputs were then used to calculate a phosphorus and nitrogen load 

entering the lake under several different in-lake models (Appendix A). The individual model results were 

then averaged to obtain a final estimate of the phosphorus and nitrogen load entering Lake Lashaway. 

Once the nutrient loads for the existing conditions were calculated, the effect these loads have on 

chlorophyll a concentration, total phosphorus concentration, and Secchi depth (water clarity) within the lake 

was determined. The modeled nutrient inputs were also used to determine the permissible phosphorus load 

and critical phosphorus load for Lake Lashaway. Vollenweider (1968) established criteria for calculating the 

phosphorus load below which no productivity problems were expected (permissible load) and above which 

productivity problems were almost certain to persist (critical load). Once the nutrient load rises above the 

permissible load, water quality will begin to deteriorate until nutrient loading increases to a level above the 

critical load at which point the rate of deterioration will slow since the lake is saturated with nutrients – a 

state of advanced eutrophication. 
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3.0 RESULTS 

 

3.1 Review of Existing Information 

Lake Lashaway was created in 1825 when the first dam was built along Fivemile River to provide power for 

grist and saw mills. At this time, the waterbody was known as Stevens Pond. Over time, the waterbody also 

became known as Furnace Pond and Crystal Lake. The original dam was replaced in 1926. Sections of the 

dam were repaired and rebuilt due to hurricane and flood damage in 1938 and 1955. In 1967, the dam and 

lake were deeded to the Town of East Brookfield (Town of East Brookfield 2013).  

Lake Lashaway was originally used to develop local industry; however, over time, use of the lake evolved 

to include recreational use. Summer cottage development began around Lake Lashaway in the 1890’s (MA 

DCR et al. 2008). In the early 1900’s, officials from the street railway company created Lashaway Park for 

summer recreation and amusement for residents of the Town of East Brookfield (Town of East Brookfield 

2018). A new beach was created in 1985 by North Brookfield and East Brookfield. In 1987, the LLCA built 

a permanent boat ramp to facilitate lake access (MA DEP 1990). The lake is currently used for boating, 

fishing, and swimming by residents and visitors (LLCA 2018).  

The LLCA has been drawing down the lake eight to ten feet since 1986 to control fanwort (Cabomba 

caroliniana) and nuisance vegetation. In 1978, fanwort reportedly covered 68 acres of the lake. In addition, 

nuisance bushy naiad (Najas flexilis) covered 33 acres. An outlet structure was built to facilitate drawdown 

and control lake levels. In addition, a retention dam was built on the Fivemile River to protect upstream 

wetlands during drawdown. Fanwort and bushy naiad growth, in addition to several native plant species, 

was greatly diminished following the first drawdown (MA DEP 1990).  

The Massachusetts Division of Fisheries and Wildlife (DFW) has recorded the water color as brown and 

the average transparency (Secchi) as ten feet (MA DFW 2011). Volunteer measurements from the LLCA 

indicate that average clarity may be close to five to seven feet (LLCA 2010). Construction monitoring for 

the drawdown controls structures revealed that more than half of the measured pH values from 1982 to 

1989 fell below the standard range (pH 6.5 to 8.0). The Massachusetts Department of Environmental 

Protection (DEP) confirmed that the pH values reflected hydrogen ion activity of the inflowing water (MA 

DEP 1990). The town beach on Lake Lashaway has been closed in the past due to high coliform bacteria 

count (Barnes 2016).  

According to a 2013 report by Lycott Environmental, Inc., the 24.7 square mile watershed is comprised 

predominately of forest (63%), followed by “cropland (9%), forested wetland (5%), water (5%), and low 

density residential (4%) land types.” In 2011, DFW estimated that the shoreline of Lake Lashaway was 90% 

developed with residential housing (MA DFW 2011). 

In 2012, Lycott Environmental, Inc. conducted a biological survey to help assess and manage invasive and 

nuisance aquatic vegetation (Lycott Environmental, Inc. 2013). The survey found three invasive species 

present in the lake: fanwort (32.9 acres), variable-leaf milfoil (Myriophyllum heterophyllum) (0.8 acres), and 

brittle naiad (Najas minor) (1.6 acres), also known as European naiad.  

Lake Lashaway has historically been managed as a warmwater fishery. In 1994, the following fish species 

were recorded as being present in the lake: yellow bullhead (Ameiurus natalis), brown bullhead (A. 

nebulosus), white sucker (Catostomus commersonii), chain pickerel (Esox niger), pumpkinseed (Lepomis 
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gibbosus), bluegill (L. macrochirus), smallmouth bass (Micropterus dolomieu), largemouth bass (M. 

salmoides), white perch (Morone Americana), golden shiner (Notemigonus crysoleucas), yellow perch 

(Perca flavescens), black crappie (Pomoxis nigromaculatus), and fallfish (Semotilus corporalis). At the time 

of the 1994 survey, largemouth bass was the most abundant gamefish. The lake was last stocked with 

northern pike in 1993 (E. Lucius) (MA DFW 2011).  

3.2 Aquatic Plant Assessment 

ESS documented 17 species of aquatic macrophytes and algae species, including three invasive species, 

during the aquatic vegetation survey (Table 1, Figure 1, Figure 2).  

 

Table 1. Aquatic Macrophytes Documented on August 6, 2018 

Scientific Name Common Name Status 

Brasenia schreberi Watershield Native 

Cabomba caroliniana Fanwort Exotic 

Ceratophyllum demersum Coontail Native 

Chara sp. Muckgrass Native 

Elodea canadensis Canadian Waterweed Native 

Elatine sp. Waterwort Native 

Myriophyllum heterophyllum Variable-leaf Milfoil Exotic 

Myriophyllum humile Low Milfoil Native 

Najas flexilis Bushy Naiad Native 

Najas guadalupensis Southern Naiad Native 

Nitella sp. Stonewort Native 

Nuphar lutea variegata Yellow Water Lily Native 

Najas minor Brittle Naiad Exotic 

Potamogeton pusillus Thinleaf Pondweed Native 

Utricularia gibba Humped Bladderwort Native 

Utricularia macrorhiza Common Bladderwort Native 

Vallisneria americana Water Celery Native 

 

In addition to the 17 species listed in Table 1, the 2011 Lycott Environmental survey also found robbins’ 

pondweed (Potamogeton robbinsii), ribbon-leaf pondweed (P. epihydrus), and big-leaf pondweed (P. 

amplifolius) (Lycott Environmental 2013). These three additional species may have not been found during 

the 2018 survey because their abundances may have declined in the last six years between surveys.  

3.3 Bathymetric Survey 

Lake Lashaway is a shallow waterbody, with an average depth of 10 feet and a maximum depth of 18 feet  

(Figure 6). Based on the survey conducted by ESS, lake volume is approximately 131,589,000 cubic feet.  
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3.4 Fish and Wildlife Assessment 

ESS scientists conducted a fish and wildlife assessment on August 6, 

2018, including macroinvertebrate and mollusk sampling. No live mussels 

or clams were observed during sampling of shallow nearshore or deeper 

areas within the pond. The only mollusk evidence found was the shell of 

a deceased eastern floater mussel (Pyganodon cataracta). This species 

is widespread in Massachusetts and is more tolerant of pollution and silty 

conditions. 

All species observed during the survey are listed in Table 2. Several 

species of birds were observed in and around the shoreline. Sunfish were 

also observed within the lake. The presence of sunfish and shallow nature 

of the waterbody indicates a typical, northeastern warmwater fish 

community. 

 

Table 2. Wildlife Documented on August 6, 2018 

Taxonomic Group Scientific Name Common Name 

Birds 

Anas platyrhynchos Mallard 

Larus delawarensis Ring-billed gull 

Spinus tristis American goldfinch 

Branta canadensis Canada goose 

Megaceryle alcyon Belted King Fisher 

Reptiles Chelydra serpentina Snapping Turtle 

Fish Lepomis sp.  Sunfish 

Invertebrates Pyganodon cataracta Eastern floater 

 

3.5 Water Quality Assessment 

2.5.1 Surface Water 

The results of water quality testing conducted on August 6, 2018 during dry weather from an in-lake 

station sampled at the surface and bottom, the main inlet tributary and from the outlet tributary are 

presented in Table 3 below. A sample collected at the inlet on October 11, 2018 during storm flow 

conditions to assess incoming phosphorus concentration is also presented.  

  

Deceased eastern floater 
mussel found during the fish 
and wildlife assessment on 

August 6, 2018 



Lake Lashaway Management Plan 
January 2019 

 

8 

Table 3. Results of Dry Weather Water Quality Sampling, August 6, 2018 and Storm Sampling 

October 11, 2018 

Parameter Units 
Deep Hole 

Inlet 
Inlet 

Storm Outlet 

Surface Bottom 

Phosphorus, Dissolved mg/L 0.004 0.018 0.029  0.013 

Nitrogen, Nitrate mg/L < 0.02 < 0.05 0.02  < 0.02 

Nitrogen, Total Kjeldahl mg/L 0.40 0.46 0.53  0.46 

Phosphorus, as P mg/L 0.012 0.044 0.034 0.022 0.026 

Total Suspended Solids mg/L < 5.0 < 5.0 < 5.0  < 5.0 

pH — 6.91 6.82 6.77  7.11 

Color Color Units 10 10 30  20 

Turbidity NTU 1.31 5.33 2.93  1.7 

Secchi Depth Feet 5.5 — — — — 

Flow cfs — — 3.6 31.5 3.9 

 

 

Table 4. Water Quality Profiles August 6, 2018  

Depth  

(meters) 

Deep Hole Inlet Outlet 

DO  

(mg/L) 

Temp. 
(°C) 

Cond. 
(S/m) 

DO 
(mg/L) 

Temp. 
(°C) 

Cond. 

(S/m) 

DO 
(mg/L) 

Temp. 
(°C) 

Cond. 

(S/m) 

0.5 7.10 28.1 111.7 5.36 24.7 96.6 94.3 27.7 110.9 

1.0 7.28 27.8 110.6 5.54 24.9 97.1 — — — 

2.0 6.79 27.4 109.2 — — — — — — 

3.0 6.11 26.5 108 — — — — — — 

4.0 3.36 25.7 109.3 — — — — — — 

5.0 0.75 24.4 111.4 — — — — — — 

 

At the time of sampling, in-lake dissolved oxygen levels were relatively high above 3 meters and relatively 

low below 3 meters. However, low dissolved oxygen readings are typical of the bottom of deeper lakes in 

late summer. Measured phosphorus concentrations at the bottom of the lake, inlet, and outlet were high; 

values above 0.02 mg/L are considered undesirable.  

Nitrogen values were similar at each of the locations sampled and well below any levels of concern based 

on the concentrations observed on this single date of sampling. 

Secchi disk depth, a measure of water clarity, was low, indicating the presence of high levels of total 

suspended solids or algae within the water column. Low transparency can also indicate natural staining of 

the water due to contact with tannic organic material.  



Lake Lashaway Management Plan 
January 2019 

 

9 

2.5.2 Ground Water Quality Assessment  

In general, springtime precipitation (and refill of the lake following winter drawdown) will typically raise 

the lake level faster than the groundwater elevation, resulting in net outflow in portions of the lake with 

coarse sediments.  During dry periods, the lake elevation will decline in response to surface water 

outflow and evaporation, while the groundwater elevation will decline more slowly.  This generally 

allows groundwater seepage rates into the lake to increase or decrease in response to local weather 

patterns.  Groundwater flow may change direction throughout the summer, as precipitation changes 

the lake level more rapidly than the groundwater level, and greater evaporation and surface outflow 

draw the lake down again.  In-seepage of groundwater may become more dominant during the annual 

winter drawdown period, as lake elevation drops below the local ground water elevation.     

Spatial variation in groundwater seepage rates may also develop within the lake.  Generally, coarser 

substrates allow groundwater to enter or exit the lake more easily than thick deposits of fine sediments 

and clays that are more prevalent in the northern portion of the lake.  However, spatial variation in 

sediment thickness and grain size is high, implying that local differences in groundwater seepage rates 

are possible.  Rates can also vary depending upon the steepness of the shoreline above the water with 

steeper slopes typically yielding higher in-seepage rates. 

In Lake Lashaway, seepage rates were only assessed on a single date, but these rates would be 

expected to vary seasonally and in response to precipitation or lake level management due to 

drawdown or refill.  Average in-seepage rates for the study area were 2.06 liters per square meter per 

day (L/m2/D) of net inflow (in-seepage) in September. Measured rates of seepage at Lake Lashaway 

also varied by location, with some of the study shoreline segments showing in-seepage and others 

showing out-seepage (Table 5 and Figure 7).  The highest rates of in-seepage were measured on the 

eastern shoreline of the lake at Segment 4 with a rate of 3.54 L/m2/D.  In-seepage at Segment 3 was 

much lower at 0.58 L/m2/D while Segments 1 and 2 had out-seepage averaging 1.44 L/m2/D in 

September. The in-seepage rates are typical of shallower lakes and ponds in central Massachusetts. 

The residential development (particularly the septic systems) along Harrington Street and the eastern 

side of the lake are likely to have more impact on the lake’s water quality than those on the western 

side of the lake based on the groundwater movement patterns observed at the lake in September.  

Additional measurements at other shoreline locations or during other times of year would clarify 

groundwater dynamics. 

Table 5.  Groundwater Seepage and Quality for Lake Lashaway, September 20, 2018.   

Shoreline 
Segment ID 

Seepage 
(L/m2/day) 

pH 
(SU) 

Temp 
(C) 

Cond. 
(uS/cm) 

Dissolved P 
(mg/L) 

Ammonia 
(mg/L) 

Nitrite-N 
(mg/L) 

Nitrate-N 
(mg/L) 

LA-1 -2.83 5.9 21.3 154 0.017 0.21 < 0.010 < 0.02 

LA-2 -0.06 5.8 22.5 155 0.021 0.15 < 0.010 < 0.02 

LA-3 0.58 6.1 22.4 120 0.019 < 1.00 < 0.010 < 0.02 

LA-4 3.54 6.2 22.2 260 0.017 1.44 < 0.010 < 0.02 

Average of 
In-seepage 2.06 6.2 22.3 190 0.018 0.97 <0.010 <0.02 

  
    

   
Groundwater quality also varied by location (Table 5).  Porewater specific conductance ranged from 

120 to 260 µS/cm in September.  The highest level was observed at Segment 4.  Higher levels of 
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specific conductance (>400 S/cm) are often indicative of human influences, typically faulty or poorly 

maintained septic systems.  Given that the highest level observed was below this guideline, it is unlikely 

that homes along Segment 4 are impacting water quality within the lake based on the conductivity 

observed. 

Dissolved phosphorus is the concentration of all forms of dissolved phosphorus.  “Dissolved” in this 

case is defined as passing through a 0.45 m filter.  In groundwater, dissolved phosphorus values in 

excess of 0.05 mg/L are of concern in terms of eutrophication, and values in excess of 0.10 mg/L can 

cause serious deterioration of conditions if the phosphorus is biologically available.  However, high 

porewater concentrations do not necessarily translate into in-lake water column values of the same 

magnitude.  High iron levels may promote complexing of iron phosphates, which are highly insoluble in 

oxygenated water.  For phosphorus to become available in the water column at a significant level, it 

must be simultaneously paired with low iron levels (i.e., less than five times the phosphorus level). 

Dissolved phosphorus in Lake Lashaway porewater was well below the lower 0.05 mg/L guideline in 

September at all locations with an average of 0.018 mg/L for segments with in-seepage. This indicates 

that groundwater is not likely a major factor impacting in-lake water quality. 

Nitrate nitrogen values in Lake Lashaway porewater was below 0.02 mg/L (Table 5) at all shoreline 

segments assessed and this is within the range of what would be considered “pristine” conditions (0.01-

0.5 mg/L).   

Ammonia nitrogen ranged from 0.15 mg/L to 1.44 mg/L in Lake Lashaway porewater (Table 5).  The 

highest ammonia levels were found at Segment 4.  

The sum of nitrate and ammonia nitrogen, or soluble inorganic nitrogen (SIN), could be expected to 

reach up to approximately 1.0 mg/L under natural conditions.  Values much over this concentration 

raise suspicions of septic leachate contamination.  SIN values exceeded this value only at Segment 4 

due almost entirely to the higher ammonia value measured at this site.   Given this, it would be worth 

some additional research into homes along this shoreline to determine whether any septic systems are 

failing or perhaps only may require more routine maintenance in the form of an annual septic tank 

pump-out. 

3.6 Sediment Assessment 

The purpose of the sediment analysis was to determine whether the nutrient (phosphorus and nitrogen) 

levels within the lake’s sediment are impacting in-lake water quality through the internal recycling from the 

lake bottom.   

Total phosphorus concentration in the sediment was measured to be 439 mg/Kg while total nitrogen was 

measured to be 7,470 mg/Kg (Table 6).  Neither of these values is considered high, but the phosphorus 

value indicates that there is enough phosphorus in the sediment that could potentially be released from the 

sediment during anoxic (low oxygen) conditions as occur during summer and winter stratification.  In this 

study, anoxic conditions occurred at a depth of just over 15 feet (5 meters).  This released phosphorus 

would then be recycled back up into the surface waters when the lake turnover occurs in the spring and fall 

which could contribute to algal blooms during the warmer months. 
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Table 6.  Sediment Quality for Lake Lashaway, October 2, 2018.   

Parameter Result Units 

Total Phosphorus 439 mg/Kg 

Total Nitrogen 7,470 mg/Kg 

Total Kjeldahl Nitrogen 7,470 mg/Kg 

Nitrate Nitrogen <0.36 mg/Kg 

Nitrite Nitrogen <0.07 mg/Kg 

Aluminum 21,100 mg/Kg 

Calcium 2,760 mg/Kg 

Iron 41,900 mg/Kg 

Magnesium 3,370 mg/Kg 

Percent Solid 14 % 

Average of In-seepage 2.06 6.2 

  
 

There is also a significant amount of iron, which binds to phosphorus, in the sediment.  The iron releases 

its phosphorus under anoxic conditions.  However, there is also a fair amount of aluminum, which would 

retain the phosphorus even under anoxic conditions.   

Additional study would be needed to determine how much of the phosphorus in the sediment may be 

released under anoxic conditions at Lake Lashaway. However, given the values observed in the sediment 

and some reasonable assumptions regarding the size of the area that experiences anoxia, it is expected 

that as much as 87 kg/yr of phosphorus is being released from the sediment into the water column.  It would 

be possible to implement an alum (aluminum sulfate or poly aluminum chloride) treatment program to 

control the release of phosphorus from the sediment if the amount being released is determined to be 

significantly impacting water quality. 

3.7 Nutrient Loading Assessment 

The average annual precipitation at Lake Lashaway is estimated to be 47.1 inches per year. Estimated 

average annual water input from groundwater, precipitation, and surface water is 0.052 cfs, 1.02 cfs, and 

39.92 cfs, respectively, for a total average annual flow of approximately 40.98 cfs. This average annual 

value for flow will vary appreciably among seasons and weather conditions. Surface water flow contributes 

significantly (97.4%) to the total lake inflow, while groundwater inflow (0.1%) and direct precipitation (2.5%) 

to the lake surface contribute the remaining. The surface water flow can be further divided into dry weather 

flows (30.1%) and wet weather flows (69.9%) which indicates that a majority of the water entering the like 

does so during or immediately following rain events.  A summary of key hydrologic parameters is presented 

in Table 7. 
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Table 7. Summary of Lake Lashaway Hydrology 

Element Value 

Watershed Area 15,779 acres 

Lake Area 278 acres 

Lake Circumference 15,500 feet 

Lake Volume 131,589,000 cubic feet 

Average Annual Groundwater Seepage Inputs 0.052 cfs 

Average Annual Direct Precipitation   1.02 cfs 

Average Annual Surface Water Inputs 39.92 cfs 

Based on total lake volume (131,588,000 cubic feet) and the estimated flow through the system, average 

detention time was calculated to be roughly 37.2 days (0.1 years). Since detention time represents the 

duration of time necessary to exchange the volume of water in the lake one time, this means that the water 

entering the lake is retained for 37 days, on average. Flushing rate is the inverse of detention time and 

represents the number of times per year the lake volume is replaced; for Lake Lashaway, the flushing rate 

is roughly 9.8 times per year.  

A calculation of minimum nutrient load was made by multiplying the volume of the lake by its flushing rate 

and the average concentration of the nutrient observed during this study. The minimum phosphorus and 

nitrogen loads delivered to Lake Lashaway were determined to be 0.91 g/m2/yr (1,025 kg/yr) and 14.29 

g/m2/yr (16,104 kg/yr), respectively, based on the in-lake nutrient concentrations observed during the study.  

The actual load of phosphorus or nitrogen will exceed the estimated minimum load as a consequence of 

loss processes that reduce the in-lake concentration over time. A more detailed and realistic estimate of 

nutrient loading can be obtained by using a combination of actual field data and in-lake modeling theory 

(e.g., Vollenweider 1975 and Reckhow 1977). Nutrient loads are calculated based on nutrient values 

measured within the lake and hydraulic features of the system. Based on this approach, the predicted 

phosphorus load necessary to achieve the values found in Lake Lashaway ranges between 1.00 g/m2/yr 

(1,122 kg/yr) using the Vollenweider (1975) model and 1.42 g/m2/yr (1,596 kg/yr) using the Reckhow (1977) 

model. The average predicted phosphorus load for all models was 1.18 g/m2/yr (1,330 kg/yr). The nitrogen 

load necessary to achieve the observed in-lake concentrations was estimated to be 17.87 g/m2/yr (20,132 

kg/yr) (Bachmann 1980) in this manner (Appendix A, Table 8). 

Vollenweider (1968) established criteria for calculating the phosphorus load below which no productivity 

problems were expected (permissible load) and above which productivity problems were almost certain to 

persist (critical load). These loading limits are also based on the hydraulic properties of the lake which were 

calculated from the hydrologic budget. The modeling results indicate that the existing conditions for 

phosphorus in Lake Lashaway exceed the permissible load and critical load. The average of phosphorus 

loads estimated through the in-lake models (1,330 kg/yr) is greater than the permissible level of 643 kg/yr 

and the critical level of 1,286 kg/yr. The difference between the modeled or estimated load and the critical 

load indicates that a small reduction in phosphorus will be needed in order to begin to see improvement in 

water clarity (via reduced algal growth). The loading to the lake will need to be reduced by more than 44 

kg/yr (3.3%) to begin to see appreciable improvements in water quality.  Loading would need to be reduced 

by 687 kg/yr (52%) to nearly guarantee that water quality problems will not be present. 
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Similar loading limits for nitrogen have not been established, owing to the less predictable relationship 

between nitrogen, lake hydrology, and primary productivity. Although nitrogen data are very useful in 

understanding in-lake conditions and processes, phosphorus is the logical target of management actions 

aimed at maintaining water quality conditions in Lake Lashaway. 

Table 8. Summary of Lake Lashaway Nutrient Loading Models 

Nutrient Model Output Value 

Phosphorus 

Minimum Load 1,025 kg/yr 

Modeled Predicted Load 1,330 kg/yr 

Permissible Load 643 kg/yr 

Critical Load 1,286 kg/yr 

Nitrogen 
Minimum Load 16,104 kg/yr 

Modeled Predicted Load 20,132 kg/yr 

The land use-based model developed for the watershed included the area immediately surrounding Lake 

Lashaway as well as its entire 15,779-acre watershed (Figure 8 & 9, Table 9). This companion modeling 

demonstrates that the majority of watershed phosphorus load originates from developed (residential and 

commercial) land, which could be reduced through best management practices. Conversely, the majority 

of watershed nitrogen load originates from forested land, which is unlikely to be reduced through best 

management practices.  

Table 9.  Average Annual Nutrient Load by Land Use within the Lake Lashaway Watershed 

Land Use Classification  
Acres  

1985 

 

Acres  

2005 

Percentage 
of 

Phosphorus 
Load 

Percentage 
of Nitrogen 

Load 

Developed (Residential/Commercial) 1,369 1,696 62% 17% 

Forest, Open Land, Crops or Pasture 14,132 13,805 38% 83% 

Water     

*Export coefficients based on median value predicted by Reckhow et al. (1980), Lin (2004), and Rast and Lee 

(1978) 

The modeling results demonstrate that a reduction in phosphorus load to Lake Lashaway would need to be 

significant (between 3.3% and 52% in order to improve water quality. These results also indicate that 

surface water inflows via tributaries and storm water runoff makes up 97% of the water flow into the lake 

while groundwater comprises only 0.1% of the flow.  In order to improve the quality of the water within this 

system, the quality of the majority of the water coming in will need to be improved significantly or the 

symptoms of these inputs will need to be managed directly within the lake itself through phosphorus binding 

agents. Given that nearly 70% of the incoming surface water inputs are a result of storm water runoff and 

that 62% of the phosphorus loading is associated with developed land, the focus for future management 

actions should be on infiltrating or treating stormwater runoff generated from developed properties. 
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4.0 MANAGEMENT FEASIBILITY ASSESSMENT AND RECOMMENDATIONS 

 

4.1 Management Objectives 

Lake Lashaway is well-suited to serving a variety of human purposes, including swimming, winter skating, 

fishing (including ice fishing), nature observation, boating, and passive aesthetic enjoyment.  The present-

day Lake Lashaway is at risk of becoming less suited for swimming due to the presence of algal blooms 

and their associated algal toxins as well as reports of high E. coli bacterial levels. 

Although the Town has implemented a winter water level drawdown to aid in managing the rooted aquatic 

plant problems at the lake, recreational boating and swimming is currently threatened by the presence of 

non-native species of aquatic vegetation extending along much of the shoreline, but most heavily in the 

area of the lake’s main inlet at the north end of the lake by the public boat launch.  These non-native species 

can also impact the growth of more desirable native plant species that provide good fish and wildlife habitat. 

Lake Lashaway is not a used as a potable water source, so recreational enjoyment of the lake is one of the 

highest use priorities.  However, improving water quality and controlling aquatic invasive weeds in Lake 

Lashaway will help to remove the pond from the state’s list of impaired waters.  Additionally, the location of 

the lake within the Quaboag watershed means that maintaining or improving the health of Lake Lashaway 

will also help the Quaboag watershed reach its fishable/swimmable goal.  These points of consideration 

should help the Town secure state and federal funding support for future management actions if desired. 

The selection of management actions for Lake Lasahway should be guided by the long-term management 

objectives.  Management for recreation is believed to be appropriate for Lake Lashaway at this time, as this 

water body is a community asset that could be significantly enhanced if given the appropriate level of 

attention.  It should be noted that this study of the lake was a very limited short-term assessment and clearly 

additional testing and long-term monitoring would be beneficial toward fully characterizing the nature of 

impairments at the lake.  With this in mind, the following management goals for Lake Lashaway are 

appropriate: 

1. Ensuring a safe, clean and aesthetically pleasing beach area for swimming, wading, and passive 

use;  

2. Improving water quality in the lake and addressing the impairment caused by nuisance and exotic 

plant growth;  

3. Maintaining habitat for migratory waterfowl, wading birds, fish, reptiles and amphibians.   

More specifically, physical features of the lake are to be managed to maintain appropriate fish habitat, 

maximize safety and enjoyment for human users, minimize shoreline erosion, and prevent excessive plant 

growths or other abnormal biological nuisances.  Short-term management effort is needed with regard to 

controlling nutrient inputs and weed growth in the lake while long-term management should be directed 

toward planning for future growth and development within the watershed.  At the present time, it is 

recommended that management action be taken to control non-native and nuisance aquatic plant growth 

and to further assess the nature of water quality impairments to the lake from its watershed. 
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4.2 Management Options and Recommendations 

Given the number of issues currently impacting Lake Lashaway, including non-native aquatic weed growth 

as well as nutrient and likely bacteria loading (both anthropogenic and Canada goose related), the range 

of options for managing the lake is large. With each of the specific management objectives outlined above 

in mind, management methodologies can be examined to determine the applicability and feasibility of 

options for meeting that objective.  A review of these management options for each suggested management 

objective is presented below. 

4.2.1 Watershed Level Options 

The following watershed actions are recommended based on the limited analysis of the lake conducted 

under this study.  Additional water quality testing of tributaries to the lake within the watershed is needed 

to accurately determine the nature of the impacts, to identify specific sites to be remedied, and to 

develop cost estimates for site specific solutions.  However, the following actions are being offered to 

allow the Town to properly understand the effort that is likely to be required and to allow Town officials 

to appropriately plan and fund the actions necessary to improve water quality at the lake. 

4.2.1.1 Agricultural Best Management Practices – Recommended 

Agricultural land use makes up approximately 10% of the total watershed area for Lake Lashaway.  

Therefore, agricultural best management practices (BMPs) have the potential to provide some 

benefit towards reducing phosphorus inputs to the lake, or more precisely, the tributaries flowing to 

the lake.  A number of actions can be undertaken to minimize runoff from agriculture including the 

proper management of manure stock piles, feed lots, and other discrete sources through the use 

of retention ponds, covers, roofs, and other means to prevent stormwater for interacting with 

nutrient major sources.  Other means include the installation of stream buffer vegetation, drainage 

swales, and other basic BMPs that can slow flow, redirect flow or infiltrate runoff. 

Assessment of specific agricultural “hot spots” could be done as part of a broader watershed 

assessment for any significant sources of nutrients. Such an assessment would be likely to cost on 

the order of $25,000 to implement and could be funded through one of the state’s grant programs. 

4.2.1.2 Bank and Slope Stabilization – Not Recommended 

Bank and slope erosion were not specifically assessed in this study, but the steep slopes long some 

of the lake’s shorelines are likely to be contributing to sedimentation and nutrient transport from the 

land into Lake Lashaway.  Most of the sediments mobilized from banks in the upper watershed 

would also similarly be transported to the lake via the Fivemile River.  However, a better option for 

controlling sedimentation would be implementation of stormwater BMPs at the various road 

crossings and at high runoff locations around the lake such as the area of Lakeview Road that 

drains to the Town beach.  This option is discussed in more detail in section 4.2.1.4. 

4.2.1.3 Behavioral Modifications - Recommended 

Behavioral modifications include alteration of individual or group practices that lead to increased 

runoff and pollutant loading.  Actions relating to lawn and garden care, yard waste disposal, 

automotive cleaning and maintenance, and pavement deicing or sanding would be likely targets for 

this approach.  Modifications are usually attained by a combination of education and regulation, but 

there are practical limits in residential settings.  Most behavioral controls are best implemented on 
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a voluntary basis but are unlikely to provide more than a 5% reduction in pollutant loads.  Mandatory 

controls are better suited to situations of clear non-compliance, as with failing septic systems or 

dumping to the storm drainage system.    

Successful management of Canada goose populations at Lake Lashaway will likely include 

behavioral modifications based on some form of public education. In addition to reducing the 

problems associated with hand feeding Canada goose, public education will increase awareness 

of resident goose populations as a problem.  This is an important step in solidifying public support 

of Canada goose management actions that may go beyond education such as egg addling, hunting, 

shoreline fencing or placement of vegetative barriers to discourage geese.  

There are typically no permits or significant costs associated with any of the above-described 

behavioral modifications, but compliance is difficult to measure and major changes in water quality 

are rarely observed as a result.  It would be beneficial, however, to encourage appropriate 

residential property management through a brochure aimed at informing watershed residents of 

their link to water quality and role in protecting it.  Such a brochure could be professionally produced 

specifically for Lake Lashaway and distributed for a cost of around $4,000 or readily available 

information could be downloaded from the MassDEP, US EPA or similar websites.  

4.2.1.4 Detention or Infiltration Basin Use and Maintenance – Recommended – Long Term 

Detention basins aim to delay the time it takes for stormwater runoff to reach streams and lakes 

but may not significantly reduce the total volume of runoff.  Depending on the design, they may 

also remove stormwater pollutants.  There are two main kinds of detention basins – dry and wet.  

Dry detention basins are designed to dry out between storm events and tend to retain only a 

minimal portion of the stormwater pollutants.  Wet detention basins retain a permanent pool of 

water, which allows a longer period of time for the removal of pollutants.  Both types of detention 

basin must be maintained in order to function properly.  Maintenance may include repair of 

discharge structures, mowing, and cleaning out accumulated sediments.   

Infiltration basins are designed to reduce runoff volumes by infiltrating stormwater into the ground.  

Under most circumstances, they also provide improved removal of pollutants over detention basins 

and may contribute to groundwater recharge. Maintenance usually consists of cleaning out 

accumulated sediments to prevent clogging of the basin. 

Although detention and infiltration basins may take up a significant amount of space when used to 

control runoff from large developments, compact structural designs may be used to treat 

stormwater in areas that are already densely developed.   

A catch basin sump and leaching dry well system combines principals of detention (sump) with 

infiltration (leaching dry well) in a relatively compact area.  Outflow or overflow pipes from these 

systems can be tied into existing storm drains.  These types of designs could provide much 

improved treatment of stormwater at road crossings where runoff is currently diverted down paved 

or unvegetated embankments and directly into tributaries or Lake Lashaway itself.  Notable 

examples of locations that might benefit from a catch basin sump and leaching dry well system 

include Lakeview Road, Lake Road, Harrington Street and Maple Street along with many other 

smaller roads.  Typical capital costs for BMP systems range from deep sump catch basins and 

grass swales ($5,000) to leaching systems ($15,000) to larger detention systems and created 
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wetlands ($20,000 to $40,000).  Maintenance costs would also need to be incorporated into the 

Town’s annual storm water infrastructure maintenance program.  Costs to design such structures 

would depend on the number and type of structure, but the costs for this design could be 

incorporated into a 319 Non-Point Source Grant request from the State. 

Other decentralized approaches to reducing runoff and infiltrating stormwater at its source, such 

as encouraging the use of the new advance porous pavements, green roofs and rain gardens 

among Town residents and new developments.  By reducing the volume of runoff from individual 

properties, these types of stormwater BMPs reduce peak stormwater flows and can also prevent 

many contaminants from leaving the site and entering the storm drainage system.  Rain gardens 

are often very efficient at removing suspended solids and heavy metals (90% is not uncommon for 

copper, zinc, and lead) but removal rates for nutrients, and nitrate in particular, are less consistent.  

Most structures can be retrofitted with green roofs and although the initial investment cost is high, 

green roofs easily extend the life of a traditional roof by 20 or more years.  Rain gardens typically 

require much less capital investment and can be constructed in all but the smallest yards.  In order 

to be noticeably effective, porous pavement, green roofs and rain gardens would need to be 

implemented over a significant portion of the currently developed area.  However, updated 

regulatory by-laws in town could be developed to encourage or require these techniques. 

4.2.1.5 Increased Street Sweeping and Catch Basin Cleaning - Recommended 

By increasing the frequency of street sweeping and catch basin cleaning, the Town could remove 

some potential runoff pollutants, particularly sediments and associated phosphorus.  Catch basins 

should be cleaned at least twice per year to prevent the release of accumulated sediments, 

nutrients, and other contaminants.  Street sweeping should be conducted several times per year to 

remove accumulated sediments from roads after significant storm events and winter road 

treatments.  The efficiency of street sweeping equipment is also an important consideration, as 

vacuum technology is far more effective than conventional brushes, which may simply push around 

(rather than pick up) a significant portion of the total street debris.   

A monthly street sweeping program targeting all streets in the Town that occupy the immediate 

watershed of Lake Lashaway, combined with a semiannual cleaning of all catch basins would carry 

a capital cost of over $200,000 and an operational cost of approximately $35,000/year.  While 

roadway pollutants are believed to be an important source of contamination, a street-sweeping 

program would not address other potentially important nutrient sources in the watershed, including 

lawns.  This program would address only those pollutants on roadways or trapped by catch basins.  

Since much of the watershed is not currently equipped with storm drainage structures and many of 

the roads are unpaved, the potential benefits are somewhat limited. However, stormwater is the 

primary source of nutrients to the lake and thus this approach may have merit for Lake Lashaway, 

especially if new stormwater detention or infiltration systems are installed, as recommended in the 

previous section. 

4.2.1.6 Maintenance and Upgrade of On-site Disposal Systems – Not a Priority 

Individual sewage disposal systems (ISDS), or septic systems, provide on-site treatment of sewage 

for homes and businesses that are not connected to a sanitary sewer.  ISDS use is prevalent in 

East Brookfield and it is likely that ISDS use is widespread outside the town boundaries, especially 

in areas of low-density residential development in the upper watershed.   Septic system repairs and 
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improvements could help reduce the nutrient load (primarily nitrogen) associated with failing 

systems or improperly designed or sized systems.  However, this study has shown that the septic 

systems in the immediate vicinity of the lake appear to be in relatively good working order. 

Since the area immediately surrounding the lake is functioning well and the lake received over 99% 

of its water as overland flow, a program focusing on maintenance or upgrades around the lake 

would not be likely to provide measurable improvements to in-lake water quality.  

4.2.1.7 Provision of Sanitary Sewers – Not Recommended 

The Town of East Brookfield currently does not provide sanitary sewer service to its residences 

and businesses.  Constructing a sanitary sewer system or connecting a neighboring sanitary sewer 

system (e.g. Spencer) to these residences could be costly but would eliminate essentially all 

nutrient discharges associated with sanitary waste in these areas.  Costs for extending the sanitary 

sewer to communities in the upper watershed would likely be even greater and would be the 

responsibility of other municipalities.  Encouraging the upgrade or repair of on-site disposal 

systems, as described in the previous section, is likely to be a less costly and reasonably effective 

option.  Therefore, extension of the sanitary sewer solely for the purpose of managing the very 

minor groundwater inputs to Lake Lashaway is not currently recommended. 

4.2.1.8 Stormwater or Wastewater Diversion – Not Recommended 

The diversion of stormwater or wastewater involves diverting these sources to discharge outside 

of the Lake Lashaway watershed, essentially bypassing the lake.  This option does not provide 

significant treatment of stormwater or wastewater.  Rather, it would simply shift the problems 

associated with contaminated stormwater or wastewater to areas outside the Lake Lashaway 

watershed.  Therefore, this option is not recommended.  

4.2.1.9 Zoning and Land Use Planning – Not Recommended 

The perimeter of most of Lake Lashaway is developed as residential property with a limited amount 

protected as Town lands.  Much of the watershed outside of these areas is largely unprotected and 

is either currently developed or could be developed in the future.  Outside of the town of East 

Brookfield, land use has changed substantially within the watershed over the last four decades and 

this trend is likely to continue. 

It is recommended that efforts be made to preserve natural areas not subject to protection, 

especially in areas adjacent to stream corridors and wetlands, and encourage best management 

practices for construction.  Costs for such actions are highly variable and unpredictable, but could 

be minimal with thoughtful use of existing regulations and programs.  Although, land use planning 

would have no immediate effect on the water quality or nuisance aquatic plant growth in Lake 

Lashaway, advanced planning for future development can be a critical step toward preventing 

future problems in the lake. 

Conducting a watershed build-out analysis for the Lashaway watershed would be beneficial toward 

determining how water quality might change if all available sites within the watershed were 

developed.  A build-out analysis for the Lashaway watershed could be conducted for less than 

$3,000 as part of a larger watershed assessment but is not a high priority at this time. 
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4.2.1.10 Treatment of Runoff or Stream Flows – Recommended – Short Term 

Runoff may be chemically treated in order to remove or inactivate target pollutants with phosphorus 

being the pollutant of greatest concern given that this is the nutrient which drives the formation of 

algal blooms in the lake.  Chemical treatment of nutrients typically targets the dissolved form of 

phosphorous (the form most readily available to plants and algae) and involves the proportional 

injection of alum (aluminum sulfate) or similar compounds into stormwater or tributary sources so 

that phosphorous is inactivated prior to entering the lake.  This approach to nutrient management 

can be costly and it does not address the actual sources of nutrients but can certainly be considered 

an appropriate option while the town works with other towns in the watershed to address the 

sources through the implementation of the other watershed BMPs discussed above.    In the 

absence of providing long-term permanent improvements to the storm water infrastructure, 

phosphorus inactivation is being recommended as a short-term solution that can be implemented 

relatively quickly.   

An alum pumping station could be established at Shore Road in the vicinity of the existing boat 

ramp.  Costs to design and permit an alum system for Lake Lashaway would be on the order of 

$75,000 with equipment installation costs on the order of $200,000. Once established, the annual 

operating costs for the alum and for maintenance of the system would be on the order of $40,000 

to $80,000 depending upon the amount of in-flow being treated.  

4.2.2 Watershed Level Recommendations 

Based on the above described watershed level options, the following actions are recommended at this 

time: 

1. Assess the watershed:  There will need to be additional assessment of water quality in 

the Lake Lashaway watershed in order to identify pollutant hot spots and ultimately 

determine possible solutions for each of the highest priority sites with particular focus on 

utilizing sites within existing rights-of-way. Costs to implement a modest watershed 

sampling program targeting phosphorus, sediment and bacteria within the watershed is 

likely to be on the order of $25,000 and could be funded through a 604b Grant from 

MassDEP. 

2. Develop plan for capture and infiltrate more: Once the hot-spot sites are identified 

through additional sampling, the next step will be to design solutions for the highest priority 

sites.  Solutions may be simple to implement such as relocating a manure pile or adding a 

stream buffer strip at a farm, or they could be more complex and require design of a 

stormwater detention/infiltration system or created wetlands systems to address 

stormwater runoff from roadways or a large paved area.  A modest budget of $25,000 

should be allocated to develop a plan for the watershed and to develop a few concept 

designs for the highest priority sites.  Costs to implement will vary considerably but are 

likely to exceed $200,000 and could be as high at $1,000,000 depending upon the nature 

and number of the remedies developed. 

3. Improve maintenance of roads and existing infrastructure: The existing stormwater 

infrastructure in East Brookfield is limited, consisting primarily of country drainage, but 

there is a need for more frequent catch basin cleaning and street sweeping to reduce the 
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amount of sediment and associated phosphorus coming from paved surfaces in town.  

Additional costs will vary depending upon the level of implementation, but can be 

incrementally increased annually until adequate. 

4. Education of residents: A modest investment in developing information for the local public 

about how to best maintain property adjacent to a lake would be beneficial.  Topics of 

greatest importance would be on proper lawn care and pet waste management, placement 

of rain gardens and design of lakefront access and buffers to reduce erosion and pollutant 

transport. Results are highly variable and unlikely to reduce nutrients by more than 5% but 

an estimated cost of $3,000 for workshop and/or brochure could be assumed. 

5. Nutrient inactivation: An alum dosing station at the lake’s main inlet located off Shore 

Road is recommended as a short-term solution to address in-lake water quality. In 

instances where watershed controls require significant time and resources to plan for and 

address or where the number of sites to be fixed will be too numerous or too costly to 

implement watershed-wide, another approach to managing the incoming phosphorus 

levels is through the use of an alum biding agent at the inlet/s to make phosphorus 

biologically inert as it enters the lake.  Next steps would be a feasibility assessment for 

such a project - $25,000.  Costs to design/construct and permit such a system would be 

on the order of $250,000 with annual operating costs of about $50,000. 

4.3.1 In-lake Level Options 

In-lake management options being offered include actions to improve water quality as well as to control 

non-native or nuisance aquatic plant growth. 

4.3.1.1 Aeration and/or Destratification – Not Recommended 

Aeration and/or destratification (or circulation) is used to treat problems with algal growth and low 

oxygen concentrations that may occur in smaller ponds.  Air diffusers, aerating fountains, and water 

pumps are typical types of equipment that may be installed to increase circulation in a pond. The 

cost of purchasing, installing, and maintaining pond circulation equipment becomes substantial as 

pond size increases.  Likewise, the effectiveness of the equipment tends to decline with pond size 

as it is difficult to achieve enough circulation in large ponds or lakes. 

This approach is not currently recommended for Lake Lashaway, primarily due to the size of the 

lake.  Additionally, aeration or circulation will have very little impact on rooted aquatic plant growth 

in the lake which is also a targeted impairment. 

4.3.1.2 Biocidal Chemical Treatment (Herbicides) - Recommended 

Herbicides remain a controversial aquatic weed control measure in many communities because of 

their association with pesticides, which is generally perceived to be negative.  However, as we 

learn more about the suite of side effects that comes with alternative physical and biological 

management options, chemical control measures continue to be used as part of most balanced 

lake management plans.   

Although no herbicide is completely safe or harmless, a premise of federal pesticide regulation is 

that the potential benefits derived from use outweigh the risks when registered herbicides are 

applied according to label recommendations and restrictions. Current herbicide registration 
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procedures are far more rigorous than in the past and the ability of applicators to target applications 

of herbicides further improves the relative safety of using these chemicals for nuisance aquatic 

plant control.   

Chemical treatment is the most cost effective and appropriate means by which to achieve the goal 

of reducing aquatic weed biomass in Lake Lashaway over the short term.  It should be noted that 

herbicide treatment alone would not provide for long term, sustainable control of nuisance aquatic 

plant growth.  However, when integrated with other management strategies at the watershed and 

in-lake level, herbicides can play a valuable role in controlling this growth.   

For Lake Lashaway, one appropriate approach would be control of the brittle naiad (Figure 5) and 

variable leaf milfoil (Figure 6) with the contact herbicide known as diquat (trade name Reward) or 

to use a relatively new herbicide, triclopyr, along with diquat to control these species as well as the 

fanwort.   Costs for this form of treatment in Lake Lashaway would be approximately $10,000 to 

$20,000 per treatment (including permitting) to clear all major beds of these plants initially.  Since 

diquat is a contact herbicide, it does not typically kill rooted portions of aquatic vegetation and 

follow-up applications may be needed to control growth each year.  Experience has shown that 

repeat annual treatments will ultimately reduce the extent of the areas requiring treatment and costs 

in subsequent years will be less. 

Costs in the permitting process could escalate if there is any significant opposition to the treatment.  

Permits could be denied, appealed, or rigorously conditioned, the last of which could add cost both 

through constraints on the treatment process and monitoring expenses.  However, given the fact 

that herbicides have been used in the recent past at Lake Lashaway, successful permitting is not 

anticipated to be a problem.  

4.3.1.3 Bottom Sealing – Not Recommended 

Benthic barriers are negatively buoyant materials, usually in sheet form, which can be applied on 

top of plants to limit light, physically disrupt growth, and allow unfavorable chemical reactions to 

interfere with further development of plants.  They have such positive side effects as creating more 

edge habitat within dense plant assemblages and minimizing turbidity generation from fine bottom 

sediments.  Barrier materials have been commercially available for decade and a variety of solid 

and porous are available.  However, deployment and maintenance of benthic barriers continues to 

be difficult and this limits their utility over the full range of weed bed sizes. 

Plants under the barrier will usually die completely after about a month, with 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 at least solid barriers restricts 

recolonization.  Benthic barriers are best used for providing control of milfoil and other nuisance 

growth on a localized basis.  They are likely to be of most use in heavily used areas near shore 

and in the vicinity of docks or other shoreline structures.   

Cost and labor are the main factors limiting the use of benthic barriers in most lakes, and would be 

prime deterrents in Lake Lashaway.  The cost per installed square foot is on the order of $2.00, 

leading to an expense of nearly $90,000 per acre.  Bulk purchase and use of volunteer labor can 

greatly decrease costs, but use over large areas of nuisance vegetation is highly unlikely. Benthic 

barriers could be useful for addressing nuisance plant growth near the town beach, where 
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deployment and any subsequent maintenance would be relatively simple.  The use of benthic 

barriers by individual property owners could also be a good approach to local weed control, as 

necessary. Given that most of the non-native weed growth that would be targeted is located in the 

northern end of the lake and not near many shoreline homes or near the Town beach, benthic 

barriers are not recommended at this time. 

4.3.1.4 Dredging – Not Recommended  

Dredging works as a plant control technique when either a light limitation is imposed through 

increased water depth or when enough soft sediment is removed to reveal a less hospitable 

substrate for plant growth.  Since light limitation through increased depth is unlikely to be achieved 

in Lake Lasahway, control will depend on excavation to a hard bottom (coarse sand or gravel in 

this case).  This means that any dredging to control rooted plants must remove all soft sediment in 

the target area.  It may not be necessary to dredge the entire lake to achieve a satisfactory level of 

plant control, but it would be necessary to do a thorough job in any area where control is to be 

achieved.  

Dredging in Lake Lasahway could be an effective long-term control technique for nuisance aquatic 

plants, but would be extremely expensive.  With an estimated soft sediment volume of 

approximately 100,000 cubic yards in just the northern end of Lake Lashaway, the dredging cost 

would likely run between $2,500,000 and $4,000,000 for removal of soft sediments to a depth that 

would prevent re-growth of fanworth (Figure 3), variable milfoil and other nuisance species.  

The challenges of a project of this type and magnitude are likely to be significant.  Research on the 

proposed upland containment area would be essential to a complete evaluation.  However, to 

dredge a significant portion of the lake, a relatively large containment area would be necessary for 

dewatering of the dredged sediments.   

The amount of material to be removed and the type of disposal or reuse will also have a significant 

impact on the cost of dredging. Environmental permitting for dredging projects is complex and will 

require at least one year before the project could receive all required approvals.   Federal (USACE 

404), state (MEPA Certificate and 401 Water Quality Certificate) and local permits (Notice of Intent 

filed for Order of Conditions from conservation commission) are all required, and would necessitate 

considerable advance information and review time.   

Chemical content of the material to be dredged is an important consideration in determining the 

feasibility of reuse or disposal. Contaminated sediment could incur significant additional costs. 

Given that increasing the depth of the lake is not a goal and the high costs for dredging as compared 

to other viable options for rooted plant control, dredging is not recommended for the lake. 

4.3.1.5 Macrophyte Harvesting – Not Recommended 

Macrophyte harvesting covers a wide range of techniques, including mechanical harvesting, hand 

pulling, and suction harvesting.  Mechanical harvesting, which involves cutting and pulling aquatic 

plants from a specially-equipped watercraft, is most effective in the short term.  As mechanical 

harvesting simply sets plants back for the season and may allow plant fragments to break free and 

colonize new locations, its use should be reserved for scenarios where there is an immediate but 

temporary need for widespread reduction of nuisance plant cover. 



Lake Lashaway Management Plan 
January 2019 

 

23 

Certain other harvesting techniques can be effective for long-term control of plants that reproduce 

by seed.  However, since seeds may remain viable for more than one year, several seasons of 

intensive effort are usually necessary to achieve control of target species.  Intense harvesting of 

plants that reproduce by vegetative means may help inhibit successful overwintering but this effect 

varies by species and location.   

The simplest form of harvesting is hand pulling of selected plants.  Depending on the depth of the 

water at the targeted site, hand pulling may involve wading, snorkeling, or SCUBA diving.  Hand 

pulling involves collection of pulled plants and fragments in a mesh bag.  In deeper water, frequent 

trips to the surface are necessary to dispose of full bags.  Depending on the experience and ability 

of the diver, fragments of the removed plants may occasionally escape collection and could result 

in colonization of new areas of the pond.  The intensive nature of this work limits its application to 

small areas, typically less than one acre in size. 

Diver assisted suction harvesting (DASH) technology has been around for decades but has been 

refined in recent years to make it more efficient and accessible.  An advantage of DASH over 

mechanical harvesting methods is that divers can directly confirm removal of entire individual 

plants.  Additionally, because DASH uses suction to bring harvested plants to the surface, it is 

faster and may result in less fragmentation of nuisance plants than hand harvesting. 

Mechanical harvesting is not a recommended management option for Lake Lashaway because it 

is relatively expensive, typically results in only single season of control, and may encourage the 

spread of invasive fanworth and variable leaf milfoil to other areas of the lake and even 

downstream. Additionally, due to the large extent of nuisance plant growth in Lake Lashaway, hand 

pulling and DASH are not feasible control options at this time; however, these may become more 

viable options once other options (e.g. herbicides) are used to bring the density and coverage of 

these plants down over time.    

4.3.1.6 Hydroraking and Rotovation - Not Recommended 

Hydroraking uses a backhoe-like machine mounted on a barge to remove plants directly from pond 

sediments.  Depending on the attachment used, plants are scooped, scraped, or raked from the 

bottom and deposited on shore for disposal.  Hydroraking could be somewhat useful for control of 

milfoil in small areas of Lake Lashaway, although it has the potential to spread milfoil through 

fragmentation.  Costs associated with hydroraking in Lake Lashaway would depend upon the area 

to be raked.  Hydroraking generally costs approximately $160/hour and may take between 12 to 

24 hours of time per acre.  Given other possible alternatives, hydroraking is not a cost-effective 

option for overall control of aquatic vegetation within Lake Lashaway and may actually result in the 

spread of non-native species to other areas of the lake. 

Rotovation is essentially underwater rototilling of lake sediments.  Rotating blades cut through 

roots, shoots, and tubers, dislodging and expelling them from their growing locations.  Some 

operations are also outfitted to collect some or most of the rotovated plant materials.  However, 

complete collection of these materials is often not possible.  Although rotovation typically results in 

longer control of nuisance plant beds than mechanical harvesting, the risk of dispersing plant 

fragments remains relatively high.  In this way, rotovation may actually be counterproductive in the 

long term, resulting in new areas of aquatic weed growth.  Rotovation is not a recommended 
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management option for Lake Lashaway because it is relatively expensive and may hasten the 

spread of the invasive fanwort and variable leaf milfoil. 

4.3.1.7 Hypolimnetic Withdrawal – Not Recommended 

Hypolimnetic withdrawal involves the removal of oxygen-depleted waters from the lake bottom, 

typically by siphoning or pumping these waters through a specially constructed pipe.  The selective 

withdrawal of these waters may help prevent phosphorous in the sediments from becoming 

available to phytoplankton (suspended algae) in the lake.   

Although dissolved oxygen levels sometimes drop to very low levels within Lake Lashaway, the 

thickness of this oxygen-depleted layer is limited and at most times it would be impractical to 

selectively remove this layer.  Hypolimnetic withdrawal may also require treatment of the removed 

water before it is returned to the Sevenmile River, in order to prevent causing water quality 

problems downstream.  Additionally, this management option tends to be less effective on the 

nuisance growth of aquatic plants, which are a problem at Lake Lakshaway.  Therefore, 

hypolimnetic withdrawal is not recommended.    

4.3.1.8 In-Lake Sediment Nutrient Inactivation – Not Recommended 

Nutrient inactivation typically targets dissolved phosphorous (the form most readily available to 

plants and algae) and involves the addition of alum (aluminum sulfate) or similar compounds to 

sequester this phosphorous in lake sediments.  In its simplest form, nutrient inactivation is 

conducted by applying alum directly to the lake as a single dose.  Nutrient inactivation is typically 

used to control algae blooms and improve water clarity.  In this study, it was determined that the 

sediment in the lake is only moderately high in phosphorus levels and that the amount of 

phosphorus load contributed by internal recycling from the sediments is minimal. Therefore, nutrient 

inactivation of the sediment in the lake is not recommended. 

4.3.1.9 Water Level Control (Drawdown) – Recommended 

Drawdown involves lowering the water level of a lake to expose shallow bottom sediments and 

associated plants to drying and/or freezing.  It is most effective against species that reproduce 

mainly by vegetative means, including fanwort and variable-leaf milfoil.  Although drawdown can 

be conducted at any time, the interaction of drying and freezing that occurs with winter drawdown 

is usually most effective. Drawdown is less effective against plant species that reproduce through 

the formation of seeds such as many of the native species occurring the lake. 

Water level is already manipulated in Lake Lashaway for this purpose and this approach has been 

successful in the lake for many years.  Lowering the water levels further would not be recommended 

as there needs to be sufficient lake volume remaining to allow for overwintering of fish and other 

aquatic organisms.  Additionally, this approach is now being re-evaluated as a suitable 

management technique by the Massachusetts Department of Fisheries and Wildlife and may not 

be permitted in the future.   

ESS recommends maintaining the existing drawdown program to maximize the efficiency and 

reduce the costs for other recommended in-lake plant management options.   
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4.3.1.10 Biological Controls – Not Recommeded 

Biological control involves the introduction of any parasite, predator, pathogen or other organism 

by humans to a lake as a method of managing invasive aquatic plants. Several different biological 

control techniques including food web manipulation, herbivorous fish stocking, insect stocking, 

pathogen release, barley straw deposition and plant competition enhancement have been used to 

control target invasive plants with varying degrees of success. Biological control functions as a 

suppression technology that in most cases reduces population growth and stresses target plants 

rather than eliminating the species (Grodowitz 1998). Unlike physical and chemical control which 

have well defined outcomes, the results of biological controls are often less predictable with 

outcomes that have greater uncertainty (Mattson et al. 2004). Biological controls are more effective 

as a long-term approach to plant management because their use alone often takes several years 

before effective results are observed in a lake (Aquatic Ecosystem Restoration Foundation 2005). 

Therefore, biological controls are most useful as part of an integrated approach to invasive plant 

management which includes the use of other techniques as well.  

Several broad biological treatment approaches are currently recognized (Aquatic Ecosystem 

Restoration Foundation 2005). These include a classical approach, inundative approach, use of 

general feeders and native species augmentation. 

Using a classical approach, a host-specific organism from the target plant’s native home range is 

introduced into the non-native environment the target plant has invaded. In essence, another exotic 

species is introduced to control an exotic species which has already invaded a new environment 

(Washington State Department of Ecology 2008). Extensive research is usually conducted ahead 

of time to ensure the newly introduced species does not become a nuisance in itself. 

A mass release of either a native or exotic species which targets a nuisance invasive species is 

the basis of an inundative biological control approach. This method is used when the natural 

reproduction of the controlling species is not high enough to limit the spread of the target species.    

A general feeder approach involves the introduction of an agent which is not species-specific and 

will target both native as well as the exotic target species of interest. The introduction of exotic 

grass carp (Ctenopharyngodon idella) which feed on a wide variety of plant species represents a 

general feeder approach to biological control (Washington State Department of Ecology 2008).    

Last, native species augmentation seeks to improve the natural capacity of a native controlling 

agent to target an invasive species. The use of native milfoil weevils (Euhrychiopsis lecontei) to 

control Eurasian milfoil provides an example of native species augmentation. Weevils are reared 

and then stocked in select lakes to supplement the existing in-lake weevil population.        

A variety of biocontrol methods which use these different general approaches was considered for 

potential use in Lake Lashaway; however, none of these options are appropriate for the lake at this 

time given the limited area of fanwort and milfoil coverage in the lake.  Other approaches discussed 

above that are more targeted will prove to be more cost effective and have fewer unintended 

consequences than the various forms of biological controls available. 
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4.3.2 In-Lake Level Recommendations 

Based on the above described in-lake level management options, the following actions are 

recommended at this time: 

1. Herbicide Treatment:  Prepare and file a Notice of intent for conducting limited herbicide 

treatment targeting non-native plant growth and implement treatment. Cost of $6,000 for initial 

permit and $10,000 to $20,000 the first year.  Costs include weed treatment, monitoring and 

reporting to Conservation Commission. 

2. Drawdown:  Continue implementing the annual winter water level drawdown.  This approach 

has value in controlling weeds along some shorelines and will reduce the costs for herbicide 

treatment. 

5.0 Available Grants and Funding 

While there are very few grant programs available to assist with management of aquatic weed growth in 

lakes, there are several grants available to aid in addressing water quality issues, particularly issues 

associated with storm water runoff from watersheds. 

Potential grant and funding opportunities related to water quality, wildlife, and aquatic vegetation are 

outlined in Table 10 below. Based on the information gathered as part of this study, it is recommended that 

the next step for LLCA will be to seek funding support through the MassDEP 604b grant program to fund a 

more in-depth evaluation of the lake’s watershed as described and recommended above.  The 604b grant 

program is designed to assist communities with funding necessary to assess lakes and their watersheds 

and to develop solutions for remediation of water quality issues including projects that will reduce nutrient 

loading from watershed sources. 

Once potential nutrient sources are identified with such a study, it will be possible to develop solutions for 

remediating the highest priority sites and the state’s 319 Non-Point Source Grant funding program should 

be able to assist the town with the implementation of these solutions. 319 NPS grant funds can be used for 

final design, permitting and construction of stormwater BMPs (Best Management Practices) such as 

infiltration basins, vegetative buffers, rain gardens and other “green” infrastructure that captures and treats 

stormwater runoff. 
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Table 10. Potential Grant and Funding Opportunities  

Organization Description 
Average 

Value 
Match Link 

MassDEP 604b 

Address the 
prevention, control, 
and abatement of 
nonpoint source 

pollution 

$50,000 None required 

https://www.mass.gov/service-
details/grants-financial-
assistance-watersheds-water-
quality 

MassDEP Section 
319 Nonpoint 
Source 
Competitive 
Grants Program 

Address the 
prevention, control, 
and abatement of 
nonpoint source 

pollution 

$150,000 40% Required 

https://www.mass.gov/service-
details/grants-financial-
assistance-watersheds-water-
quality  

National Fish and 
Wildlife 
Foundation 
(NFWF) General 
Matching Grant 
Program 

Sustain, restore, and 
enhance fish, 

wildlife, and plants 
and their habitats 

$10,000 to 
$150,000 

Required 
http://www.nfwf.org/whatwedo/g
rants/Pages/home.aspx  

MassWildlife 
Habitat 
Management 
Grant Program 

Enhance habitat and 
increase recreational 

opportunities on 
conserved 
properties. 

$10,000 to 
$50,000 

None 
https://www.mass.gov/service-
details/masswildlife-habitat-
management-grant-program  

FishAmerica 
Foundation 

Enhance fish 
populations, restore 

fishery habitats, 
improve water 

quality and advance 
fishery research. 

$5,000 to 
$50,000 

None 
http://www.fishamerica.org/gran
ts/  

Community 
Preservation Act 

Develop outdoor 
recreational facilities 

through a local 
option surcharge on 
property tax bills and 

a state match or 
those surcharges 

N/A N/A 
https://www.mass.gov/service-
details/community-preservation-
act 

 

  

https://www.mass.gov/service-details/grants-financial-assistance-watersheds-water-quality
https://www.mass.gov/service-details/grants-financial-assistance-watersheds-water-quality
https://www.mass.gov/service-details/grants-financial-assistance-watersheds-water-quality
https://www.mass.gov/service-details/grants-financial-assistance-watersheds-water-quality
http://www.nfwf.org/whatwedo/grants/Pages/home.aspx
http://www.nfwf.org/whatwedo/grants/Pages/home.aspx
https://www.mass.gov/service-details/masswildlife-habitat-management-grant-program
https://www.mass.gov/service-details/masswildlife-habitat-management-grant-program
https://www.mass.gov/service-details/masswildlife-habitat-management-grant-program
http://www.fishamerica.org/grants/
http://www.fishamerica.org/grants/
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LAKE LASHAWAY -  HYDROLOGIC ASSESSMENT

Source:
Watershed for Lake Lashaway = 15,779.0 acres 687,333,240    SF 24.655 mi2 ESS delineation based on MassGIS USGS topos
Pond Area 278.4 acres 12,127,104      SF 1,126,645 meters2 ESS calculation in GIS
Area of Watershed - Pond Area 15,500.6 acres 675,206,136    SF
Lake Circumference 15,500.0 feet ESS calculation in GIS
Lake Volume 131,588,630 cubic feet 3,726,175.5 meters3 ESS calculation based on GIS and 2018 bathymetric data
Area influenced by seepage 387500 ft2                       = 36,000            m2 ESS estimate based on field observations
Groundwater (data) 3.54 l/m2/day              = 0.125 cf/m2/day ESS measurement in field - assumes half of lake inseeping w/ max value observed

               = 4,498.6           cf/day Calculation  
= 0.052 cfs Calculation

Annual PPT/yr 47.41 inches EAST BRIMFIELD LAKE Weather station, 8.57 miles from East Brookfield

Annual PPT - ET 31.76 2.65 ft/yr 1.02 cfs Precip on pond minus regional ET
Runoff (watershed) 15.65 1.30 ft/yr 27.91 cfs Calculation 
Base Flow (Streams) as measured during dry weather - Average = 12.00 cfs Field data calibrated calculation

Ground PPT Surfacewater Total
Dry 0.052 0.000 12.000 12.052 Estimated range of total annual input into lake:
Wet 0.000 1.018 27.915 28.933 (1.5 to 2 cfs/sq mi of watershed) =
Total 0.052 1.018 39.915 40.985 cfs 36.98 to 49.31 cfs 



Lake Lashaway, North Brookfield & East Brookfield, Massachusetts - Existing Conditions

IN-LAKE MODELS FOR PREDICTING PHOSPHORUS LOADS AND CONCENTRATIONS

THE TERMS THE MODELS LOAD ANALYSIS PREDICTED WATER CLARITY

PREDICTION ESTIMATED ESTIMATED

CONC. LOAD LOAD LOAD

SYMBOL PARAMETER UNITS DERIVATION VALUE NAME FORMULA (ppb) (g/m2/yr) MODEL (kg/yr) (mg/L) PREDICTED CHL AND WATER CLARITY
TP Lake Total Phosphorus Conc.  ppb From data or model 28 Enter Value Mass Balance TP=L/(Z(F))*1000 28 Phosphorus
L Phosphorus Load to Lake g P/m2/yr From hydro & sub-watershed model 0.91 Enter Value Assumes 100%  (minimum load) L=TP(Z)(F)/1000 0.91 Mass Balance (no loss) 1025

TPin Influent (Inflow) Total Phosphorus ppb From data 28 Enter Value Kirchner-Dillon 1975 TP=L(1-Rp)/(Z(F))*1000 22 MODEL Value

TPout Effluent (Outlet) Total Phosphorus ppb From data 26 Enter Value (K-D) L=TP(Z)(F)/(1-Rp)/1000 1.14 Kirchner-Dillon 1975 1281

I Inflow m3/yr From data 36,599,303 Enter Value  Vollenweider 1975 TP=L/(Z(S+F))*1000 26  Mean Chlorophyll (ug/L)

A Lake Area m2 From data 1126645 Enter Value (V) L=TP(Z)(S+F)/1000 1.00 Vollenweider 1975 1122    Dillon and Rigler 1974 7.1

V Lake Volume m3 From data 3726175 Enter Value Reckhow 1977 (General) TP=L/(11.6+1.2(Z(F)))*1000 26    Jones and Bachmann 1976 8.1

Z Mean Depth m Volume/area 3.3073195 (Rg) L=TP(11.6+1.2(Z(F)))/1000 1.42 Reckhow 1977 (General) 1596    Oglesby and Schaffner 1978 10.6

F Flushing Rate flushings/yr Inflow/volume 9.822218 Larsen-Mercier 1976 TP=L(1-Rlm)/(Z(F))*1000 21    Modified Vollenweider 1982 11.6

S Suspended Fraction no units Effluent TP/Influent TP 0.9285714 (L-M) L=TP(Z)(F)/(1-Rlm)/1000 1.20 Larsen-Mercier 1976 1352 "Maximum" Chlorophyll (ug/L)

Qs Areal Water Load m/yr Z(F) 32.485213 Jones-Bachmann 1976 TP=0.84(L)/(Z(0.65+F))*1000 22    Modified Vollenweider (TP) 1982 35.1

Vs Settling Velocity m Z(S) 3.0710824 (J-B) L=TP(Z)(0.65+F)/0.84/1000 1.15 Jones-Bachmann 1976 1301    Vollenweider (CHL) 1982 27.8

R Retention Coefficient (from TP) no units (TPin-TPout)/TPin 0.0714286    Mod. Jones, Rast and Lee 1979 31.9

Rp Retention Coefficient (settling rate) no units ((Vs+13.2)/2)/(((Vs+13.2)/2)+Qs) 0.2002804 Average of Model Values 23 Model Average Secchi Transparency (M)

Rlm Retention Coefficient (flushing rate) no units 1/(1+F^0.5) 0.241894 (without mass balance) 1.18 (without mass balance) 1330 0.0363 Oglesby and Schaffner 1978 (Avg) 2.1

Modified Vollenweider 1982 (Max) 4.0

Reckhow 1977 (Anoxic) TP=L/(0.17(Z)+1.13(Z(F)))*1000 24

(Ra) L=TP(0.17(Z)+1.13(Z(F)))/1000 1.04 Reckhow 1977 (Anoxic) 1176

From Vollenweider 1968

Permissible Load Lp=10 (̂0.501503(log(Z(F)))-1.0018) 0.57 Permissible Load 643 0.0176 Permissible Conc.

Critical Load Lc=2(Lp) 1.14 Critical Load 1286 0.0351 Critical Conc.

ADDENDUM FOR NITROGEN

TN Lake Total Nitrogen Conc.  ppb From data or model 440 Enter Value Mass Balance TN=L/(Z(F))*1000 440 Nitrogen
L Nitrogen Load to Lake g N/m2/yr From data or model 14.29 Enter Value Assumes 100%       (minimum load) L=TN(Z)(F)/1000 14.29 Mass Balance (no loss) 16104

C Coefficient of Attenuation fraction/yr 2.7183 (̂0.5541(ln(F))-0.367) 2.45697 Bachmann 1980 TN=L/(Z(C+F))*1000 352

L=TN(Z)(C+F)/1000 17.87 Bachmann 1980 20132 0.55  (check - av in pond nitrogen concentration - mg/L)



Internal Phosphorus Loading

Surface area of waterbody = 278 acres 1,125,066    m2

Depth of thermocline = 15 feet 4.6             m

Area below thermocline = 75 acres 303,525      m2

Days of stratification 120 days/yr

Phosphorus release rate = 2.4 µg/m2/day

Dissolved Fe in hypolimnion = 0.5 mg/L

Phosphorus Release = 87.42 kg/yr

Available Phosphorus Load = 87.42 kg/yr



Average Annual Nutrient Load by Land Use within the Lake Lashaway Watershed

Cropland and Pasture 0.0 0.50 1.24 0.0 0% 5.0 12.35 0.0 0%
Currently Developed (Residential/Commercial) 1695.6 1.00 2.47 4189.8 62% 5.0 12.35 20948.9 17%

Forest 13805.0 0.08 0.19 2558.4 38% 3.0 7.41 102335.1 83%
Open/Cleared Land 0.0 0.10 0.25 0.0 0% 3.0 7.41 0.0 0%

Transportation 0.0 1.00 2.47 0.0 0% 5.0 12.35 0.0 0%
Water   278.4 0.00 0.00 0.0 0% 0.0 0.00 0.0 0%
Wetland 0.0 0.10 0.25 0.0 0% 3.0 7.41 0.0 0%

Preliminary Total Annual Nutrient Load 6748.1  123283.9  
Attenuation Coefficient (% of load reaching lake)  19.7% 16.4%
Adjusted Total Annual Nutrient Load 1329.4 20218.6

Notes:  Phosphorus export coefficients based on median value predicted by Reckhow et al. (1980), Lin (2004), and Rast and Lee (1978)
 

 

 
  

Land Use Classification Acres P load rate 
(kg/ha/yr)

P Load rate 
(kg/acre/yr)

Percentage of 
Nitrogen Load

Nitrogen Load 
(kg/yr)

N Load rate 
(kg/acre/yr)

Phosphorus Load
(kg/yr)

Percentage of 
Phosphorus Load

N load rate 
(kg/ha/yr)
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