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T Exécutive SummarY

- . Confllctlng water use demands are currently belng placed on the
Bllllngton Sea, a shallow 266-acre kettle pond located in
“Plymouth, Massachusetts (Figure. 1). The lake serves as a ,
regionally~important recreational resource, habitat for rare

_ : wetland wildlife and as an irrigation source and. dlscharge basin
7* . for cranberry bogs. Unsewered residential development is dense
‘along the western and southern shoreline of the lake and aguatic:
‘recreational activities occur without regard for their water:
quality impacts. The eastern portion of the lake is located

x within the recharge zone of a publlc water supply well (Lout Pond
T well). , - S

my
Siad

The recreational, aesthetic, and fisheries and w11d11fe habltat

- values of the lake ‘have been réduced as a result of an .
‘overabundance of submergent aquatic plant growth and the late o
summey. occurrence of blue-green algal blooms. .Thus, .a year-— round -
water quality survey of the lake and its tributaries was '
conducted ‘with funds provided by the Town of Plymouth and the
Massachusetts Clean Lakes Program. The physical, chemical and.
biological characteristics of the lake were assessed, as were the

- physical, hydrogeological and land use characteristics of the
watershed. These data were used to determine the sources of the
nutrients which are causing the lake's water quality degradation
and to develop a plan for in-lake restoratlon and watershed
management :

Every 1ake has a limited capacity to assimilate nutrient loading

without expressing the undesirable conditions of nuisance algal

- and aquatic plant growth which are associated with cultural 7
eutrophication. Data collected during the year-round study of
the Billington Sea indicate that annual phosphorus inputs to the
lake from tributaries (61.3%) and residential wastewater disposal
systems (20.0%) are twice as high as the lake's carrying _ :
capacity, resulting in the eutrophic state previously described.

" Tributary and residential wastewater disposal system inputs also
account for 16.9% and 63.9% of the annual nitrogen loading to the -
lake. The shallowness of the lake (mean depth of 2.1m) and low
flushing rate (6.3 times per year), as well as the high o
groundwater velocities which occur along the shoreline of the
western basin, make it more susceptible to becoming eutrophic.
Approximately 39% of the annual phosphorus load accumulates
within the lake, primarily within the sediments, where it can be
recycled each year for agquatic plant growth.

® . Baltimore
.
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Recommendations for restoration of the Billington Sea consist of
a reduction in phosphorus inputs. from cranberry bog tributaries, _
and secondarily from shoreline wastewater disposal systems, prior

to implementing the necessary in-lake restoration measures for o
reducing phdsphorus recycling by agquatic plants. Thus, both in-
lake and watershed phosphorus reduction measures will be
necessary in order to improve the lake's water quality to a level
which will not promote the algal blooms and dense aquatlc plant
tgrowth which currently exist.

In summary, watershed management plan recommendations include:

(1} tributary phosphorus load reductions which involve
the relocation of bog outfalls, in conjunction with.
the incorporation of "best management practices” for
water use and fertilizer applications, and

{2) groundwater phosphorus load reductions which involve
’ the identification and upgrading of subgrade wastewater
disposal systems located in the lake's recharge zone.

The latter recommendation involves the implementation of a public
education program tc teach lakeshore residents about septic
system and waterfront maintenance, as well as the adoption of
Zoning and Board of Health bylaws which protect groundwater
gquality in the lake's recharge zone. :

The recommended in-lake restoration plan involves the application
of an innovative technique called "reverse layering"”, which is
currently being tested as a Research and Development project in
Red Lily Pond (Barnstable, MA) with funds provided by the
Division Of Water Pollution Control. This long-term, in-lake
restoration technique reduces agquatic plant regrowth by
depositing sandy lake bottom sediments on top of nutrient-rich
muck deposits. Fish spawning habitat and water quality
conditions are improved as a result. The implementation of a
"lake use plan", which regulates recreational activities on the

. lake through zoning, is also recommended in order to achieve a

balance between the habitat and recreational values of the lake.

Boston - S @ j' Baltimore
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c* - 1.0 TNTRODUCTION

1.1 Background

A,

. 'Plymouth ranks thlrd (1 626-acres in 1989) in terms of the amount
fof cranberry bog acreage existing in Massachusetts (Jeff Carlson,

iy

R — - - [N—
L e e Sl N

personal communlcatlon) The B1111ngton Sea has been used as a - _" :
-cranberry bog irrigation source and discharge basin since the
“early 1900°'s. Since then, some of the bogs in the watershed have o

been abandoned. Recreat10na1 use of the Bllllngton Sea became

popular when cottages Were bullt along the western and southern
shoreline durlng the 1920's and 1930 S. Many of these summer
re51dences have since been enlarged and converted to year-round
dwellings. None of the re51dences .are sewered and a 1arge number
of them are not in compliance with the Commonwealth of
'Massachusetts Title V Sanitary Code. '

Deteriorating water quality in the lake was first noticed by

: lakeshore residents who formed a group in 1971 called "The

Association for the Betterment of the Billington Sea". Group
members began to contact state and local officials to make them
aware of the lake's water quality'probiems and to determine what
could be done about them. Emphasis was placed on controlling the_
overabundant growth of the aquatic plant, Eiodea canadensis,
which continues to be a nuisance to date. Six thousand (6,000)
gallons of the herbicide, sodium arsenite, were applied to the
lake in July of 1970 by the Massachusetts Department of Public
Health. This chemical was added at a concentration of 7.5 ppm in
order to control the growth of Elodea gp. Less than thirty (30)
“days. later, the lake was treated with 2,500 pounds'of copper

sulfate, at concentration of 0.3 ppm in order to reduce the

Boston e . Baltirhore



&= algal bloome_and improve the water clarity. The fisheries,

. 'benthic and plankton communities were sampled by the Division of
Fisheries and Wildlife prior to and following these applications..
The results indicate that these treatments negatively impacted

the lake and may have been the cause of a fish kill and algal
blooms which occurred shortlf thereafter. Furthermore,

beneficial zooplankton species were nearly eradicated probably as’.

a result of copper toxicity (Winner and Farrell, 1976}. Elevated

arsenic levels which were detected in 1987 in the lake sediments
P may have also originated from these treatments.. Chemical
& : treatments are only short—-term improvements and have been

assoc1ated w1th major adverse 1mpacts to aquatic ecosystems

(Cooke et al., 1986)

A yvear-round water quality study of the lake and its tributaries

PR

was conducted in 1978 (Lyons and Skwarto, 1978) in order to
5’ - . determine the sources of the ﬁutrients ceusing the abundant
_Elodea growth The lake was c1a551f1ed as eutrophic, with total
. phosphorus concéntrations ranglng from 0. 06 0.09 mg/L and ammonla
'.1evels ranging from 0.1-0. 3 mg/L during the grow1ng season.

Recommendatlons involved aquatlc plant blomass reduction through

et T

.harvestlng out to the 5-ft. contour line. 'Harvesting is a shortf

e

term 1ake management measure which, although 1n lake nutrlent

'levels (plant tlssue) are reduced 1s only temporary 51nce

L
T
i
£
%

'_regrowth ogcurs rapldly 1n & eutrophlc lake. The. watershed -

pollutlon control measures recommended 1ncluded dlver51on of the

.bog discharges and the detention of stormwater runoff and/or ‘the

o -_ installation of catch ba51ns. A voluntary phosphate ban and the'

: .1nsta11atlon of non-— water -using t011ets in place ‘of failed.
systems, to be 1dent1fled through a septlc 1eachate Susej, were

also recnmmenoed

Boston e 7 - ~ Raltimore .
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Weed hervesting was conducted im 1980, as was a July septic
leachate survey (IEP, 1980), with the use of a Septic Snooper
leachate detector. .Although gross sewage contaﬁination was not
1mp11cated additional water quality testing was recommended for
four (4) of the nine (9) leachate plumes identified. Other
recommendatlons included: a ban on phosphate use in.the
watershed, sampling of tributaries and storm drains during wet
weather,and following cranberry bog floodwater releases, and ah
ennualrshoreline reconaissance to identify additional surface

break-out of septic leachate. Since the Billington Sea contains

-high concentrations-of UV~abSOrbing organics from bog discharges,

the use of the septlc snooper probably reduced the capacity of

the solentlsts to 1dent1fy septic leachate 1nf11tratlon along the
 southern and western shorellnes, .Interference from these .

‘organics tends to suppreés the septic signal (WAPORA, 12982) of

this type of leachate detector. The use or the new "Peeper

"Beeper“ 1eachate detector iﬁ the subject study allowed for the

detectlon of bog and septlc leachate dlscharges 51nce this

1nterference does not occur with thlS model.

2 study of the sorface and groundwater guality of several of the

Plymoﬁth lakes, including the Billington Sea,_ﬁas conducted in

H:"1981 {Geoscience, 1981) "~ High levels of total phosphorua and _
fnltrate nltrogen were obtalned from groundwater samples collected

falong the western shoreline of the lake, and in some cases, wells

located downgradlent from septic systems were noted to be
rece1v1ng septlc leachate inflow. It was suggested that septic

inputs of phosphorus and nltrate were dlrectly linked to the

_den51ty of Elodea sp

rrgton Sea was

g...a

A baseline water quality survey of the Bi

conducted by the Massachusetts Division of Water Pollution-

Boston s Baltimore
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Control on June 9, 1986 (MDWPC, 1986) . l The results showed a |
'greater concentratlon of nitrate- nltrogen (0.40 mg/L} present 1n'
the western basin than in the eastern ba31n (0 10 mg/L) which
lends support to the contentlon of a high. septlc 1eachate inflow
1nto th1s basln.. Ammonla*nltrogen and total phOSphorus
concentratlons were elevated con51st1ng of 0. 19 mg/L and’ 0 19

mg/L in bog Trlbutary A and 0. 27 mg/L and O 26 mg/L in bog

'-Trlbutary D, respectively.

'None of the prev1ous stud1es of the lake's water quallty

quantlfled all of the nutrient and pollutant 1oad1ng sources to'

‘:'the lake, ncludlng ‘the lake’ sedlments Thus, the Plymouth

cOnservatlon Commission was awarded funds from- the Massachusgetts

Division of Water Pollutlon Control in conjunctlon with the

Clean Lakes Program, to h1re a consultant to oonduct a year-— round
Diagnostic/Feasibility Study of the Billington Sea. The results
of this study, conducted by Gale Associates, Inc., are presented

herein.

1.2 sScope of Work and Study Objectives

The purpose of the Billington Sea Diagnostic/Feasibility Study
was to characterize existing water quality conditions within the .

lake, identify and quantify the sources of nutrients,and

" pollutants which are causing its‘degradation;'and Lo recommend

. cost—effective pollution control measures for its restoration and

managenent.

The first phase of the study, the diagnostic phase, included the
vear-round collection of water quality data .in order to identify

existing and potential sources of nutrient and pollutant loading

- Boston o Baltimore
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fo‘the Billington'Sea. This phase also entalled the assessment

of llmnologlcal geologlcal and morphologlcal characterlstlcs of
the ‘lake and an evaluatlon of: watershed land use act1v1t1es and
phy51cal features as they relate to in- lake water quality

keondltlons. -The data collected durlng the diagnostic phase were -

-_used to prepare budgets of the nitrogen and phosphorus.lnputs and

outputs of the lake. The second phase of the study, the

,feas1b111ty phase, 1nvolves the utilization of the nutrlent

. budget 1nformat10n in order. to assess the effect1veness of

various pollution control measures . on 1mpr0v1ng in-lake water

‘quallty and to recommend a restoratlon plan for the lake.

The stLdy objectives were as f01lOWS‘
(1} to fully meet all reguirements of the Clean Lakes

- Program, rules, guidelines and Substate Agreement.

(23 to evaluate the alternatives and recommend long-term

solutions for improving in-lake water quality.

{3) to establish a watershed ﬁanagement vrlan which will-

mitigate further water gquality degradation of the lake.

Boston - o ' Baliimaore
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DIAGNOSTIC EVALUATION

Boston

Recreational Use and Public Access
The Billington- Sea, dlscovered in 1621 by Fran01s

Billington, is Plymouth's second largest freshwater

recreational resource. A survey conducted by members of the
Billington Sea Lake Associafion (Elaine‘Purdy, personal
communication) indicated that in addition to local citizens,
residents of neighboring'towﬁs as well as tourists visiting
the historical Town of Plymopth enjoy'swimming, boating,
windsurfing,'weterskiing and fishing in the Billington Sea.
Local citizens and lakeshore residents also engage in
icefishing and skating during the winter; During the
1920's, the aesthetically-pleasing nature of the lake
attracted summer residents who built cottages around its
shoreline. Many of these eerly cottages have since been
enlarged and now serve as year-round homes. The numerous
piers and floating docks loceted along”the'lakeshore are

.evidence that the lake is also heavily utilized by lakeshore

residents.

Ag indicated in Figure 2, most of the lake's northern:

shoreline is accessible to'the'public via Morton Park. The

‘main access to the park 1s Morton Park Road, which is

located southeast of Summer Street near the Route 44 exit of'

Route 3. ThlS 240-acre park became establlshed in 1889 when’

.Nathan1a1 Morton purchased the land from pr.: LeBaron Russell
for a sum of $1 500. 00 whlch was contrlbuted by 1oca1

r951dents for ‘the’ purchase of a park (Elalne Purdy, persona1

'communlcatlon} The ' parkland,weéi—of Hathaway P01nt was

orlglnally donated to the Town for the constructlon of a -

' smailpox and contaglous ‘disease hosp1ta1 As a result thls

o : ~ Baldrhore



msapmy
PR

]

; LEGEND
Lo '« BOAT LAUNCH

iy Fe

PUBLIC ACCESS

ey
[ o

Fanerte
LT

LITTLE
)\ POND

SCALE: 1cm=150m

FIGURE 2: PUBLIC ACCESS

BILLINGTON SEA

PLYMOUTH, MASSAGCHUSETTS



Boston

( GALE

area 1s now known as "Hospital'Cove". The two'islands located in
the eastern basin of the lake are also owned by the Town.. The
larger island, called Seymour Island, is now a\bird]sanctuary.
Morton Park contains an undeveloped boat launchinglarea and
‘picnic facilities. Although there is no. designated bathing area,
most swlmmers utlllze the shallow sand bottomed area next toc the
' eastern shore of Hathaway Polnt. ‘The scenlc footpaths Wthh wind
through the heavrly Wooded park and along the lakeshore are also

popular hlklng routes {personal observatlon).

'Historically, there have been attempts to adopt a local bylaw
which restrlcts motorboat use to spec1f1c weekdays and tlmes, but-
these efforts have fallnd. Members of the Plymonth Conssrvatlon
Commission and some of the: lakeshore resmdents agree that e
motorboat use on the Bllllngton Sea contlaues to be a problem,
and as a result .do not favor “the constructlon a boat ramp along
the northern shorellne. The operatlon of motorboats at hlgh -
speed in the shallow Western basin is dangerous because two large
uroc? piles are located just below the water's surface. )
nFurthermore, this. ba51n is shallow and . the turbulence created by

"boat propellers can resuspend flne grained nutrlent rich sedlment-u

(Wagner, in press}, facilitate algal blooms, 1ncrease‘water
column turbidity and can destroy fish spawning'habitats.
Additionally, “ropeller'cutt1ng may cause an actual increase in
the blomass of submergent plants which reproduce by
fragmentatlon. Motorbeoat use near Hathaway Point also produces a
safety hazard for bathers using the area as_well as for boaters
who are unaware of the sandy shoal which extendsllakeaard from
the end of this peninsula. Therefore, the implementation of a

"lake use plan” which minimizes

@ o o ‘Baltimore
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o recreational user conflicts and reduces water guality
impacts to the lake and fishery resources is recommended.

2.2 Lake and Watershed Description

The Billington Sea is a shallow kettle pond located in
Plymouth, Massachusetts (41 degrees 564", 70 degrees
41'16"). The lake's watershed {land which drains into the
lake) boundary and subdrainage basins are indicated in
Figures 3 and 4, respectively."The size of the watershed
(4.60 km2) is'small in comparison to that of the lake (108
hectares), resulting in a Iow watershed to lake area ratio
of 4.3. Kettle ponds typically have small watersheds since
they normally do not have inlets or an outlet. The
Billington Séa, however, has five inlets and an ocutlet {Town
Brook, which flows 1.5 miles before discharging into
"Plymouth Harbor). Five (5) short perennial streams, which
“receive runoff from cranberry bogs, discharge into the lake
“along its southern shoreline. "Stream flows are highly
variable throughout the yeaf since they are regulated by
agricultural use, but consistent baseflows are maintained by -

groundwater recharge.

The phySical'charactefistics of a watershed determine the
volume of precipitation that is converted into runoff
(difect ﬁischarge), groundwater (infiltration) and _
atmosphefic'loss (eﬁapétranspiration). The elevation of the
._lake_sﬁrface iSJBi.feét above mean.sea—level. The B
topogfaphy'of the Billington Sea Watershed'ranges from flat
'bég areas (80-90 feet above nean séa—level),'loéated at the
base of the hills south of the léke, tc steep slopes of up

t0-35$'along the lake's western shoreline. As a result of

. Boston e : . paltimore
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.-the hlgh 1nf11tratlon capac1ty of the sandy watershed 50115,"

surface runoff from the watershed is low and groundwater

3 recharge 1s the major hydrologlc 1nput to the lake.

Accelerated groundwater veloc1t1es occur along the. western
shoreline of the lake as a result of a_steeprgroundwater .

gradient in this area.':ConSequently; leachate from

‘residential wastewater disposal systems is rapidly

transported into the westernflake basin.

The majority of the watershed (59%) is undeveloped,
consisting predominately of hardwood forests. There is no

industrial and only one small commercial development within

" the watershed. A dense fringe of single family residences,

however,. exists along the environmentally-sensitive western

and southern shorelines. - The majority of these dwellings

‘are summer cottages, averaging 40 years of age, which have

beenlenlarged_and'Converted to year-round use. Although
road swales direct stormwater runoff from Black Cat Road

~into several of the lake's tributaries, urban areas generate

Qery little runoff since most of the roads and driveways are
unpaved. The northern portion of the watershed contains a.
large, 240-acre parkland (Morton Park) which is owned and
maintained@ by the Town of Plymouth as a public access to the
lake. BAs a result, this area and the majority of the
watershed located south of Black Cat Road are currently
undeveloped and not likely to be developed in the future.
Thellatter aree is dominated by agricultural open space in
the form of cranberry bogs and small, shallow waterbodies
which serve as eﬁxiliary irrigation sources. A majority of
the land eurrounding the cranberry bogs is undeveloped.

Since it is owned by the cranberry growers, it is not likely

.to be developed in the future.

Baliimore
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Watershed lLand Uses

The nature of a lake's drainage basin is influential in

determining its water quaiity for it is primarily the land

‘and its uses which are the loading sources of nutrients,

organics and sediment. The mest recent land use map of the
watershed area available at the time of study is shown in ;
Figure 5 jMacConnell; 1971) and the percent areal cover of
Oeach type is presented, by subdrainage basin, in Table 1.
Descriptions of each of the land use type codes follow
Figure 5. A more.recent land use map (1986, available 1989}

has indicated no significant change of uses since the 1971

map.

The major watershed land'use categories include: wetlands

(SS,SM,BB and W), agricultural and open land (P, AF, CB and
PL), forests (S, H, SH and HS), mining {(5G}) and urban land

{(UH and UR). The majority of the watershed (59%) consists

of forested land which is dominated by 41-60ft. hardwood

.stands. Only fourteen percent (14%) of the watershed

consists of urban land. However, these residential areas

are concentrated along the environmenta11y~sensitive western

and southern shorelines'of the lake. Most of the northern

portlon of the watershed is undeveloped because it is

malntalned by the Town of Plymouth as a park (Morton Park}

for use as a- publlc access to the Bllllngton Sea and thtle

'Pond. Wetland .areas comprlse twenty- flve percent {25%) of

he watershed and are concentrated 1n the eastern and

southern portlons of the watershed Four-(4) wetland

-_Systems, ‘which occur in subdralnage basins B. E, G and H,

have been developed for cranberry productlon ana draln rnto

 the Billington Sea through four (4} short, _perenn;al '

Boston

_streams A flfth
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LEGEND FOR LAND USE MAP

. Aq'tiéuitura]_ and Open Lan'ds-

P - is pasture or w11d hay land which is not su1tab1e for o
© - tillage due to steepness of slopé, poor drainage, . . |
stoniness, or lack of fertility. This land has less .
sharply defined boundaries and often has occasional-
-scattered shade trees for the grazlng anlmals

B tinties B N
FUCTI A P

. AF - is abandoned field Wthh is revertlng to wild land. . _
' Woody vegetation and grass are abundant but .tree crown e

]

greater than 30%, the-land would be classified as
forest. This land is highly productive of wildlife.

Most of this land was pasture or wild. hay land before -
abandonment. :

i aha g

CB - 1is productive cranberry bog. Abandoned cranberry bog
soon succeeds to a wetland type usually becoming swamp-

(88).

R

]
N 2

PL ~ is powerlines or buried telephone lines, gas or oil

pipe lines or other right-of-way 7100 feet.or more in
5 " width maintained through wooded areas. Where
powerlines cross agricultural or wetland and requ1re
no maintenance they are typed as the vegetative type
or the land use permltted under them

e
g

[

ey

Forest Lands

B

E 8 -~ softwoods constitute at least 80 percent of the stand.

v H - -hardwoods constitute at least 80 percent of the stand.

HS - a mixture of Hardwoods and softwoods with hardwoods
predominating.

i SH - a mixture of softwoods and hardwoods thh softwoods
.predominating. '
Tree height classes are designated by the numbers 1 through 6.

1 ft. - 20 ft.

1.

2. 21 ft. - 40 ft.

3. 41 ft. - 60 ft.

4. 61 f£t, - 80 ft.

5. 81 ft. -100 ft.

6. Uneven heights (three or more height classes

represented) '
Boston @ ' Baltimore
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The density classes are designatéd by 1etters.'

AL
.,B.

SS

SM

DM

Boston

High density, 81 percent to 100 percent crown closure

Low density, 30 to 80 percent crown closure.-

- : : Wetlands

is shrub swamp. The soil is waterlogged during the
'grow1ng season and is often covered with as much as _
8ix inches of water. Common woody species are alder,

buttonbush, dogwood and willow. Sedges are usually
present in tussocks.

' is shallow marsh. This type is wetter than meadow.

The so0il is completely waterlcogged and often covered
with up to six inches of water during the growing
season. There is usually some open water and the
predominant vegetation is emergent, including such
plants as cattails, bulrushes, burreed, pickerelweed
and arrowhead with some grasses and sedges present.

is deep marsh. Water depth ranges from six inches to
three feet. Fairly large open water areas are
bordered by, or interspersed with, emergent vegetatlon
like that found in shallow marsh. Floating and
submergent plants such as water lilies, duckweed,
watershield and pondweeds are zlso present.

'is open water in lakes, rivers and large streams.

Water depth is greater than 3 feet during the growing
season. The boundary of ccastal water is located by
drawing a line at the river mouth to connect the edges
of the coastline, or man-made features like roads,
railroads or bridges crossing rivers or inlets are
used to establish it.

Mining

Sand or Gravel - This land is used for the extraction
of sand or gravel. : .

° . : Baltimore




a%ﬁﬂhkn_____m

GALE

-
4

Urban Land"

- Land classified as urban for the most- part encompasses a
large number of people living and working in closely ordered:
structures in a confined land space. Urban limits are at- the

T horder of the block street pattern or just beyond it. Each

urban type includes the access roads, parking facilities and

other features which go with the complex. Industrial,
commercial, re51dent1a1 and transportation lands make’ up the

urban type.

UH - is highway commercial land used for merchandising
goods and services to the traveling public away from
urban centers. Gas stations, motels, restaurants,
drive—ins and stores located in strips along major
routes of travel make up this type.

UR - 1is residential land used for homes which are spaced
‘¢losely and arranged in orderly curved or rectangular
patterns and set back from the street.

~Boston .o : : o L . _Baldmore
e N T . =17~ : _ o
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Table 1: Pexcent Land Use Iypes Within the Billington Sea Watershed in 1971/72
' - Land Use ‘Type (%) '

Watershed Area Open - Cranberry Sand

" gubbasin  (lw®)  Hardwood  Softwood  Marsh  Water  Residential Bog Urban  Mining

A 126 50 10 - _ 0 5

B 0.3

s

35 10
- - C 045 S0 . 2 - 10 - 5 10
) 7;§; __ b _"TQJB o o . . . 100

B o B S s a5

F 000 € N 20 m

,_.
A
5

9,1

Sile oL o35 s
20

Ul A

Ho 1340 - 2010
10 es 5o

049 s .15 20 .25 10

,;:..;_‘,o.»:,::n;" e T o }
y

K 0.8 - 100

- TOTAL © 4.60 @ 46 13 s 6. 13 AT T T

Wtbiamar

et e

Reference: 1571/72 Land Use and Vegetative Cover Map, Plymouth Quadrangle
{(MacConnell, 1871). :
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! tributary drains an abandoned cranberry bog system in
R subdrainage basin C. One of these abandoned bogs has been

excavated to form a coldwater pond which is used to raise
“trout and waterfowl. Shallow ponds whichrserne as auxiliary
bog irrigation sources are located in subdrainege pbasins G
and H. Another waterbody, Trask Pond (1ocated i
shbaralnage basin E), is a small hypereutrophlc pond whlch

serves as an irrigation source for the ‘bog 1ocated in

:-subdralnage ba51n F and recelves runoff from the three (3)
bogs in subdrainage basin E before dlscharglng into the
.Bllllngton Sea. The bog: 1n subdralnage basin F dlscharges
~into a wetland depre551on 1ocated to 1ts southeast. Lout
'Pond is’ 1ocated east of the Bllllngton Sea, in the lake's ;.
._dlscharge zone and ‘recharges :a. pubrlc water supply well..r
:‘Most of the’ 1and surroundlng these bog systems 1s'
,__undeveloped and consists of mlyed stands of hard and
Isoftwood forests._ Several of these’ forested hlllsldes have't
. been- mlned fo; sand whrch 15 applleq to the bogs each year.
wis dlscussed 1n the prev1ous sectlon, groundwater recharge,_
-rather than watershed runoff 1s the prlmary source of 1nf10wmffh
nhto the lake‘_ Therefore ‘a 51gn1f1cant source of nltrogen‘f
and phospnvr ﬂ”l_qdajg to the 1ake 1s Scptlc LEqCuaLE rron
' residential'wasteneter dlsposal systems located 1n the’ _
'iakefsﬂreoharge zone. The boundary -of - the recharge zone and,j
the‘quantification of this nonp01nt source_of nutrlent._'_ :
'.1oadihg arerdiSCUSeed_in Section 2.7. Overall, runoff from
agricnltural.iand use types has_the'greatest'&egree of -

impact on the lake in terms ofrnntrient'loading.

The amount'of phosphorus and nitrogen loading from orenberry“
bogs is also dlscussed in Sectlon 2. 7,- Hﬂstorlcallv, the-

magnltude of this 1mpact was probably greater since a larger_

Boston @ L ' -Baltimore
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portion of the watershed formerly consisted of actively managed

bogs. These areas are indicated as shrub swamps (ss) on the land

use map.

2.4 Hatershed Geology
The rolllng landscapes of Plymouth and the rest of

southeastern Massachusetts were created during the last

-glac1a1 epoch (Late Wisconsin) by various glacial

‘depositional environments (i.e. glacial meltwaters, glacial

lakes and direct glacier contact). Groundwater and surface

- water quality_and flow characﬁeristics in this area are

predominately governed by a thick laver of glacial deposits’
which overlie a relatively deep bedrock layer. The Bedrock

. Geology Map of Massachusetts (USGS, 1983) ihdicates that
_this'bedrock layer is between 80 and 150 feet below the
'_-ground surface in the v1c1n1ty of the Billington Sea. This

bedrock layer is composed of either hard granite, gniess or

' ;schlst and slopes toward the east.

The- Bllllngton Sea is a shallow kettle pond which ‘was formed

durlng the retreat. of the glaciers. Large blocks of - 1ce,

which became burled in the outwash dep051ts, eventually
'dmelted and 1eft 1arge depress1ons whlch are referred to as'

,kettles Some of these kettles became ponds ‘and lakes. As

1nd1cated 1n Flgure &, the western shorellne of the.

-  fB1111ngton Sea is located at the 1ntersectlon of- two_ outwash
:plalns and a kamefleld : The Carver outwash plaln is located o
di'to the west, ‘the Klngs Pond outwash plaln 1s located to'the_"
‘.rsouth and ‘the Plymouth kamefleld 1s 1ocated to the east. '
d-Outwash plalns are created by numerous me1twater rlverS'endo
”_streams whlcb transport _sort and dep051t 1arge amounts'of'

- ‘sediments, Oucwash plalns generarly radlace 1n a.

. Baltimore
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basal compact bouldery, silty gravel (4ll), in gallons per
minyte . o -

Estimated saturaied thickness of siratified and nonstrstfied-
unconsolidated deposits descrited below that lie above the
lowermost ill that tles bedrack, interval 50 feot
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o P ol nad esti d hydrauflic ¥ Topographic expressfon, surface rusoll, and in-
{in parentheses, bn feel pec day;te convert to coefficient of filtration capacity {Sce small-scale map fos . .
petmeabiliey” da gallom per day per squers foot, muitiply ] location of samed Lndforms). . Water table Explocation of ground water
by 7.5). . . :
. - Gravel ) Sand . . . . ) . K
Fine to'toarss gravel {150-375) and medism 10 coarse saad -Sauthward doping Carver, Wareham. snd other A3 decp us B0 or 90 {( Jocaily near Generally 3n axcellent souvce of Jaege supplies af water
L100-159} af northern fart of Carver outwash plain, of outwash plains and Plymouth kameiieids thar narthern boundary of oulwash in areas having mare than 50 {1 of s.zturzl_:d thicknesy
promincnt eskers clscuhere, and.a minor constituent of . are locally heavily pitied ar broken by dry - pheing, bui £0-25 T near southern With (he #xceptipn or_s:_zuerzd_bou]f]:rs in some
othes oulwash deposits. Sznd of surwash phains geaerally furrews. Surlace runolf very baw: infiftiation . margin, Leczlly within 10 £t ' areas, provides zasy drilling {o dight g
prades southward from fine 10 coarts [40-150} in the nerth ' capacity high.in most of aren. o atzr ponds and bencath some | - . co
ter eisher lioe 0 medium sand (40-100) or ro fine sand . furcows and pits. .
conigining some silt and clay (16-59) in the south. Depos .
it has refatively liztie textural change horitonialy or with
depth in loeal arezs, - -
e

Figure .7 . _Availébility,of Groundwater in Unconsolidated Deposits.
) Cooag— B L S
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e;fan¥iike'coﬁformatioh'in froht'of glaciers. Kamefields are -

ecreated when the glac1er comes in dlrect contact w1th a.

E lake formlng delta or- beach. - These types of dep051tlona1

env1ronments allow the sedlments to become well sorted “As”'

1nd1cated in Flgure 7, _the Carver and Klngs Pond outwash

‘plalns and the Plymouth kamefleld con51st predomlnantly of_j
.Wel;_sorted sand with estimated hydraulic conduct1VIt1es of
40 to 150 feet per day (Williams - ‘and Tasker, 1974). These
 va1ues indicate that the sand is hlghly permeable and that

'-surface runoff is generally low. The 1nf11tratlon capacity

BOSton -

is high .to moderate. Hydraulic conductivity is a property

which indicatee the velocity and quantity of water that can
be transmitted through a material. The estimated saturated
thicknese of the aquifer in the vicinity of the Billington
Sea is 100 feet with transmissivity vaiues ranging from 400
to 15,000 cubic feet per day. Transmissivity is the
hydraulic conductivity muitiplied by the saturated
thickness; a property which-indicates the amocunt of
groundwater in an'aquifer, Saturated thickness is measured
from the top of the water tabie down to an impermeable
boundary. (i.e. bedrock or glacial till). This
c¢haracteristic indicates that the agquifer in the vicinity of
the Billington Sea potentially contains a substantial amount
of groundwater. Wells installed in'thie area may yield more

than 300 gaﬁlons per minute. . As a result of the high

hydraulic conduct1v1ty and 1nf11tratlon properties of the

stratlfled deposits surrounding the Billington Sea, the

" major hydrolcgic input to the pond is recha:ge rather than

surface water inflow.
As'indicated in Figure 8 (SCsS, 1969}, watershed surficial.

deposits consist predominantiy of soils from the Carver

Series,fmainly'the'Carver and Gloucester soils {(C&DJ).

o - ' L ~ Baltimore
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SCALE . 1cm 200m
CaB - Carver coarse sand, 3 to 8 percent slopes ’
. CnC — Carver coarse sand, 8 to.15 percent slopes
Cak - Carver eoarse sand, 15 to 15 percent slopes
Lblt - Carvar loamy coarse sond, 3 to 8 peccent slopes
 €cD - Cacver and Gloucester soils, § ta 35 petcent slopes
. - EuB - Essex ‘extremely stony roarse sandy Loam, 3 to 8 percent slopas
oo . Rl - Essex extremely stony coarse sandy Ioem, B to 2§ pertent ‘slapes
: HaE - Hinckley gravelly loamy sand, 15 to 3% percent slopes
Ma — Made land | . :
Pe - Peat :
£b - Sanded muck

FIGURE 8: ~ WATERSHED SURFICIAL GEOLOGY -
 BILLINGTON SEA

© PLYMOUTH, MASSACHUSETTS
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Approximately two-thirds of this soil type consists of sandy -
-Carver goils and the remainder consists of extremely stony

_Gloucester soils. The slcpes range from eight to thlrty

five percent.' Carver soils are characterized by acidic,
excessively-drained coarse sands. As a result of soil
'droﬁghtiness, forests of pitch pine and scrub oak are the

'predominaht vegetational cover type in the watershed.

Watershed geologic characteristics ultimately affect the
Water‘quality of a lake. The physical and chemical
¢omﬁcsition of the watershed soils determines their
suitability‘for various lahd use typéé; The Carver soils
have a high hydfaulic conductivity (6.3 in/hr) which results
in low quantities of watershed runoff. This high hydraulic
conductivity also results in aquifer maferials that are
highly susceptible to contamination.l A majority'éﬁ the
Plymouth lakes are kettle lakes which are principally:
recharged by groundwater rather than surface inflows.
~Phosphorus and nitrogen from septic leaching fieids and
,fertilizér épplications can rapidly leach through the Carver
soils and enter the aquifer. This phenomenon is
partiéhlarly_evident in the Billington Sea, along the
shoreline of the western basin, where accelerated
'-groundwater velocities rapidly transport these nutrlents
~into the 1ake and have contributed to the excessive growth

of aquatlc plants.

-_South of the lake, patches of ac1d1c, péaty wetland soils

" {Sb} that have been altered to fac111tate cranberry pfoduc—i
tion dfaln'Lutc‘uhe Blf;lngton Sea. Surface runoLL from '
rtheserpborly4draineé soils is rapid, particularly when

floodwaters are released, and hés"resulted in the transport

Boston : . : o Raltimore
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of fine, organic sediments into the lake. .As a result of the low.
permeability of these soils, there is merefconcern.regarding'ther.'

~ potential for the transport of fertilizers and chemical
.applications to the lake via surface inflow rather than

grouhdwater'inflow."Furthermore the short travel distance

required for runoff to reach the lake affords llttle 1mprovement

“in runoff quallty through nutrlent uptake. The quallty of runoff'”.

from these areas is discussed’ further in Sectlon 2 9.

2.5 B331n Morphometry
The response of a lake to the hydrologlc and nutrlent 1nputs

from its watershed is directly related to the area, depth
and shape.(morphometry} of its basin as well as loading
rates. Mdrphometric characteristics of the Billington Sea
basin are presented in Table 2. Lake and waﬁershed surfaee
area measurements were ohteined by planimetryifrom the most

recent 7.5-minute series map of the Plymouth Quadrangle

e

{USGS, 1977). Figure 9 is a bathymetric map which shows the

ﬁater depth contours in the Billington Sea. Note the
similarity between this 1987 map and the small scale map,
located in upper right—hand corner {(depths denoted in feet),
which was produced in 1946 by the MA Department of Fisheriles
and Wildlife (McCann, 1972). Although some shoaling in the
coves may have occurred since this time, the two maps are
very similar. The 1987 map was generated qurlng ice cover
from depth soundlngs conducted at 50-meter 1ntervals along

54 transects.

Despite its large surface area of 108 hectares {266 acres);-

_the Billington Sea has an average depth-of.bnly 2.1 meterS‘

"and an average storage tapecity of 2.38 million cubic

o T - BRaltimore. .
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-~ Table 2. Billington Sea MOrphometric.&_Watershed Meésurements
' Lake Surfaée Area’ : o 1.08 km? (266 acres) -
_Watershed Area * .. .  4.60 km? (1,137 acres) .

Watershed/Lake Area - = a3

.ShorelinelLengthﬂ_  R - 7;114_m (4.4 mi)

Maximum'Fetch L'-_ o __ ' : ;) '1,978 m'(i.2:mi):'

Maximum Distanqe Perpéndicular' . 986 m.(O:Sl‘mi). 7 S
To Fetch | ! : B EE T P

Shoreline Development Index _ 1.9

Maximum Depth

Western Basin . 2.7 m {8.9 ft)
Rastern Basin ' 3.8 m (12.5 ft)

Mean Depth 2.1 m (6.9 ft)
Volume 2.38 x 105 m® (1,929 ac-ft)

# Excluding lake zurface area

Boston © T Balimore
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P : meters (1,929 acre~ft.). Maximum depths in the eastern and

i_ . ' western basins are 3.8 and 2.7 meters, respectively. The

- entire western ‘basin and a large portion of the easterh
'basin are less than three {3). meters deep. These large
expanses of shallow water (littoral zones) support the dense
growth of agquatic plants and fac111tate the resuspension of
“nutrient-rich lake sediment by w1nd and motorboat '
“turbulence. A penlnsula of land called Hathaway Point Juts
'f.out”into the lake, forming two (2) distinct basins which are
'1nterconnected by a shallow narrow'channel As a reeult,

c1rculat10n between Water within the shallow, western basin

[

L ..f'-"e 'and that ex1t1ng the lake- from the deeper, eastern basin is -

b - poor._

'The lake has a shoreline length of 7,114 meters (4.4 mi.),
yle1d1ng a sho lipe develonm ent JnlLDIOf 1;9- Thie veTLe-
'represents *he degree to whlch the shape of the shoreline
1.de
o \are more productlve and have a greater tendency to f111 in -
;trrapldly (Cooke et al 1986) ' ' D

arts from a circle-3 ueneral¢y,.bﬁallow, c1rcular ba51ns

-"Cl

_iin summefy,5the shellowness and configuration of the two—.
'_._ba51n lake 1ncrease 1ts susceptlblllty to algal blooms and
the dense growth of aquatlc vegetatlon, maklng restoratlon

' efforts more dlf:lcult.

Boston ' o s Raltimore
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'-HydrOquic Budget

‘A hydrologic budget is an accounting'of'the inflow, storage,

and. outflow of water in a hydrologlc unlt such as a 1ake.
The prlnc1ple components of the Bllllngton Sea hydrologlc
budget are' prec1p1tatlon, evaporatlon, 1n1ets _the outlet,

fstorm runoff groundwater and change 1n the lake storagel"

ﬁvolume.A These components have been estlmated utlllzlng

'{meteorologlcal records, long term hydrologlc data. and fleld""

. data gathered durlng the dlagnostlc study. "A mass balance-:~'

'ﬁ.approach in llmnology,.the study of lakes,:ls used to

'-determlne the volume of water enterlng and ex1t1ng the lake,”ff”

i and the retentlon tlme and flushlng rate of the lake. =

' Table 3 1lsts the values calculated for each component of

the Bllllngton Sea system, and Flgure 10 shows tbe percent
contrlbutlon of each component.i Groundwater entering the

lake from the aqulfer is the: largest input to the evstem."

_Slxty percent (60%) of the flow 1ntercepted by the'

'.Bllllngton Sea orlglnates from subsurface 1nflow.- Trlbutary

'_1nflow, Whlch constltutes twenty 51x percent (26%) of the t*

total lake inflow, is highly varlable and dependent upon ‘

‘,cranberry bog floodlng and 1rrlgatlon practlces in

 Tributaries A, €, D, and E (Flgure 11}, Trlbutary B dralns

from bogs which have been flooded for the purpose of ralslng;,-

trout and waterfowl. Base flow,levels in the bog

' tributaries are supplied by groundwater discharges which

Boston

drain from the bog ditches. . Flow from these tributaries is
impeded by dikes when the bogs are flooded from mid-December
through mid~March and for several days in-October during the
harvest. Discharges from the bog tributaries may increase
by several orders of magnitude when these floodwaters are

released. Precipitation comprises only eight percent (8%)

o . Baltimore
-30- : \



~ TABLE * 3. - BILLINGTON SEA HYDROLOGIC BUDGET

‘ INPUTS | FLOW (m /yr) % TOTAL
T Precipitation = . 1,180,000 ' 8
Groundwater - ' 9,000,000 60
. Tributaries ' 3,942,000 S 28
) Direct Overland Runoff 851,000 2
3 Storm Drainage - - . 624,464 | 4
& Pumpage o . R
. : +15,097,464 100
OUTPUTS
‘the outlet _ 14,096,592
Evdporation - 688,840
Groundwater : : 312 232
~15,097, 464

Direct Precipitation-—Evaporation

NET INPUT FROM ATMOSPHERE
- o 491,360 cubic meters/yr

TOTAL VOLUME FLOHING.THROUGHVSYSTEM PER YEAR

' .(Assum1ng no change in storage volume)
15 097,464 cubic meters/yr

RESIDENCE TIME (T1me necessary for comp]ete rep1acement of

. system voiume) : = Volume/Filow_=
2,380,000 m3 /15,097,464 m3 Jyr

_— 16 yr or 58 days

'HYDRAULIC FLUSHING RATE (Number of . vo]ume replacements-
.per year) . _ 0 =.6.3 times/yr o
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26 %

GROUND-

~—RUNOFF
' 2%

™ PRECIPITATION
B%

\STORM DRAINAGE

a%

' FIGURE 10. COMPONENTS OF THE BILLINGION SEA HYDROLOGIC BUDGET
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LIMNOLOGICAL SAMPLING STATIONS

BILLINGTON SEA
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GALE

~ of the total inflow to thefBillington Sea, but when compared
to overland runof f (2%) is a significant fraction of the5
total volume flowing into the system. The amount of
overland runoff is low due to the porous nature, or hlgh

~infiltration rate, of the'sendy waterShedieoiis Only a
 sma11 fraction (3%) of the total 1nflow is contrlbuted by

. road runoff and the 1mportat10n of water, for the 1rr1gatlon

.of cranberry bogs 1ocated 1n the dlscharge zone, into the

“recharge zone of the lake. L

';As a result of the long hydraullc re51dence tlme (58 days),
. the Bllllngton Sea has a low flushlng rate of 6.3 tlmes per‘

e year.r‘

'j he derlvatlons of each of the hydrologlc budget components O
. are . summarlzed as’ follows._ '

"Pr901p1tat10n

‘:An average annual prec1p1tatlon value of l 098 m/yr .f_”
(43.2 1nches/year), calculated from 1ong term '_ T
prec1p1tat10n records of the area {Wllllams and Tasker
1974), was used to compute the 1nputs to the Bllllngton;

:Seelsystem from prec1p1tat1on. The . actual amount of
precipitation recorded for‘tne'twelve (12) ‘month study
period (11/87 ~10/88) was 1. 082m (42 6 1nches) whlch 1s__'

very olose to tnls value

Tributaries

. Tributary inflows ﬁere”measured directly during the
study and are presented with the lenologlcal data 1n.
‘the Follos«ung section. Inflow from Trlbutarles A C, D
and E is dependent upcn bog floodlng and 1rr1gatlon
practlces, resuTtlng in hlgh varﬁable flows. Bog

Boston - ' : - Baltimore



¥

~ Boston

tributary flows consist of base flow levels maintained

by groundwater recharge and bog runcoff following water

applicatione and storm events. Water pumped from the
Billington Sea to irrigate upgradient cranberry bogs
was considered a transfer within the hydrologic system
rather than an import. The volume of water removed
from the Billington Sea via punpage was considered,
from a mass balance standpoint,'te equal the.volume
returned to the lake via tributary inflow and
groundwater recharge. The consﬁmptive less of‘water
applied to the bogs was assumed to be negligible. The
average annual discharge rates {(N=20) of each of the
five (5) tributaries were summed and yielded a total _
tributary infloﬁ value of 3,942,600 m3/yr. Trlbutary

1nflow was assumed to equal trlbutary outflow.

'Groundwater

Tne groundwater 1nflow was computed assumlng a recharge

" rate of 0.519 m/yr or 20.4 1nche5/year (Wllllams and -

Tesker, 1974). " The area of the recharge zone,

determined from a USGquuadrangle‘map of the area and

'grdundﬁater flow measurements (refer to the folloW1ng

subsectlon entltled "Groundwater. Inflow to Blll1ngton

Sea"). is 3,992, acres (16.2 km?) excluding surface -

"water-bodies. A recharge value of - approx1mately

9,000,000 ma/yr was calculated based on an annual

average prec1p1tat10n value of 1. 098 m/yr.

Watershed'Runoff'r

'The max1mum amount of watershed runoff was. estlmated ‘at -

.seven percent (7%} of the amount of prec1p1talon, 1. 098'

m/yr Falllng on 1and w1t51n ‘the 4,601,000 mz watershed‘
{McVoy, 1980) L R '

Le L . Baltimore
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. Storm Drainage and Bog Pumpage Imports -

VThe re51dua1 term in. the hydrologlc budget equatlon .
'71nc1udes 1mputs from storm dralnage and. cranberry bog e

'pumpage (1mports 1nto the recharge zone) .

Approxlmately twelve (12) acres of roadway dlrect

53, 323 m3 of stormwater runoff 1nto the B1111ngton Sea.

The re51dua1 1nflow for thlS hydrologlc budget

component was. con51dered to represent the 1mportatlon

of Water 1nto the recharge zone for the 1rr1gat10n of -

cranberry bogs 1ocated in the- dlscharge zone.

@ Baltimore
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-',Groundwaterrlnflow fo Billihgtoh Sea

Groundwater flow dlrectlons were measured for Bllllngton Sea

--around 1ts perlmeter durlng December to: January 1987 u51ng K—V Assoc1ates

_Inc. ‘Model 20 Groundwater Flow Meter. "The. method end.resultsrare

descrlbed below..

Calibration proCedures'ﬂ‘ 7 _

'Fcf calibration; the 2“ mesh—screen packer was fllled with “Lmim
glass beads and the probe 1nserted intc the callbratlon chamber. | Tﬁe
probempacker comblnatlon was then placed into a 6 inch flow chamber.

which was filled with Billington Sea sand

. By dupllcatlng fleld condltlons in the flow chambér, the calibration

procedure corrects for hydraulic cunduct1V1ty differences between the
sand pack (K Y. the packer contact (K }: and the glass bead packing (K }.

The resistance to flow unigue to the natural sand and its conflguratlon

‘were antomatically compensated for (Kerfoot and Massard, 1983}.

The instrument was calibrated in the flow chamber, and the relative
machine readings:(RMR) were plotted versus the known velocities. Thus,
a conversion constant was determined.

Field measurements

A groundwater.flow sSurvey was conducted along the shoreline of
Billington Sea at variable intervals (see figure #12). At each
shoreline station a hole was augered with a 4+inch earth augec below
the water table; . The flowmeter probe was lowered into the hore hole

and backfilled with sand taken from the bore hole. All measurements

-performed followed the 180° rotation procedure. The first measurement’

"is comducted with the number 1 sensor oriented toward magnetic north.

A second reading is taken with the sensor oriented towards magnetic

south. The results are combined to correct for any bias caused by

heater tip-sensor deformation.

Figure 12 summarizes the flow measurements taken during the survey

.in December, 1987-1988. Groundwater was found to flow into the pond

at most of the stations, with the exception of stations con the eastern

-a7-
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horeline where discharge from the pond was observed. Velocity measurements

at dlscharge stations were hlgh {(from 3.5 to 8.2 ft/day). At stations

where recharge ‘was taklng place velocity was generally hlgh and variable

ranglng frmn(].to over 50 feet per day. Groundwater gradients: shown
on the regional groundwater map also show recharge from the west
(see flgure 13)° (USGS 1987).

Recharge Region of Bllllngton Sea

The recharge area of Bllllngton Sea was deflned using groundwater
flow measurements inflow and outfliow data prec1p1tat10n data for.

southeastern Massachusetts and U.5.G. S. regional groundwater contour

B mapping. - Figure 14 111u5trates the recharge area that was defined for

this study.

-_GroundWater flow measurements show recharge predominantly from .

‘the west and south and to a lesser degree along the north.
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Nutrient Budqet

A nutrlent ‘budget 1s a lake management tool whlch can be .
used to quantify the sources of phosphorus and nltrogen
1oad1ng to a lake in order to develop a plan for managlng

algal and aquatic plant growth.

The Billington Seafnutrient budgets take into account therﬂ'
amount of ohosnhorus and nitrogen loading from: 1) |

tributaries, 2) groundwater 3) precipitation, 4) watershed
runoff, and B) storm dralnage and bog pumpage 1mports. .The
budgets also account for- losses from ‘the system throughi_ i)

evaporation, 2) groundwater outflow, and 3) the 1ake_outlet;

The difference between the inflow and outflow conoentrations
of these nutrients is retained within the lake, and is
considered as in-lake accrual. A small percentage of'the
phosphorus accrual is stored as aquatic biomass, but the

majority is probably deposited in the lake sediments and can

" be recycled internally. Although a greater percentage of

nitrogen constituteS‘plant‘biomaes, the majority is probably

. lost from the system as nitrogen gas through the process of

denitrification. Table 4 lists the values calculated for
each component of the_Billington_Sea nitfogen and phosphorus
budgets and Figure 15 shows the percent-contributiOn of each
component. The five'tributaries contribute sixty-one

percent (61%) of the phosphorus input to the Billington Sea.

Considerable variability exists between the'magnitude of

nutrient loadlng values were lowest for Tr1butary B. These

-rvalues can be con51dered as background tributary nutrlent

"7 Boston -

_1oad1ng values because Trlbutary B drains from a bog system

whlch nas not been 1n use for the past thlrty (30) years.

’Phosphorus 10ad1ng f;om Trlbutary B was more: than twentj—'

° .' R ) . - o i Lo Baltimore
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" TABLE 4. NUTRIENT BUDGET FOR THE BILLINGTON SEA . .
- ADDITIONS. - - ' PHOSPHORUS - % ~  NITROGEN
o e T g/ yr S gm/yr e
* TRIBUTARIES - 721,227 61.3 2,372,767  16.9
‘7 GROUNDWATER .~ . 234,000 ' 20.0 9,000,000 ' 63.9
" PRECIPITATION - 39,500 . 3.3 306,800 2.2
WATERSHED RUNOFF. 25,272 2.1 838,890 6.0 .
 STORMWATER DRAINAGE, . 156,116 -13.3 1,561,160  11.0"
AND. PUMPAGE o T ST

1,176,115 100.0 14,079,617 100.0

S
! .

o LOSSES
" EVAPORATION _ 0 0
GROUNDWATER | 3,435 265,397

- QUTFLOW 719,020 11',132,208

722,455  (61%) 11,397,605 (81%)

ACCRUAL . 453,660 - 2,682,012
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E‘ ' Figure 15. Components of the Billington Sea Phosphorus and Nitrogen Budgets..
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Vflve {25) corders of magnltude less than phosphorus 1oad1ng

from Trlbutary E. Elghty flve percent (85%) of the.

_ttrlbutary phosphorus loadlng orlglnates from Trlbutarles D

‘and E as .a result of thelr hlgher flow rates and phosphorus

‘fconcentratlons.

”.Septlc leachate transported v1a the groundwater is the

'o.greatest source of nltrogen loadlng (64%) to: the Bllllngtontﬁf

. Sea. ngh shorellne groundwater veloc1t1es in. the Western

. basin’ whlch force nltrogen up through the 1ake sedlments

f'_contrlbute to the occurrence of summer algal blooms.]fﬁ'ﬁfjff,:ffﬁn

'-hcomblnatlon of groundwater nltrogen 1oad1ng and " the N

;avallablllty of phoshorus stored 1n the lake sedlments havef j

probably promoted the dense macrophytlc growth in the
shallow western b351n.- Phosphorus is 1ess moblle than
nitrogen because of its tendency to comblne with 1ron,r

flocculate from the Water column and be dep051ted in- the

' lake sedlments." Thls contentlon 1s supported by the fact

that less phosphorus (61%) 1s dlscharged through the outlet3
of the Bllllngton Sea than nltrogen (81%)

The derivation of each of the nutrient’budget components are’

sunmarized as. follows:

 INFLOW

Boston

Trlbutarles'

Total phosphorus and nitrogen 1oad1ngs from the
tributaries were computed by multlplylng the sum of the
average tributary discharges by the concentratlons of
these nutrients. Both values were based on flow
measurements and samples collected at each of the flve
tributaries. Phosphorus loadlngs from the tr;butarle

ranked in order from highest to lowest were B, D, C, A&

e . : ' " Baltimore
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"and B. The ranking order for nitrogen loading was D.

C. E, A and B. Tributary inflow contributed sixty-one
percent (61%) and seventeen percent (17%) of the
phosphorus and nitrogen loading to the Billington Sea

respectively. .

Watexrshed Runoff'

"The volume of watershed runoff was multipled by the

mean concentrations of phosphorus (0.072 mg.l) and
nitrbgen'(2.3 mg/l) present in stormwater runoff
samples collected from urbanized watersheds similar to

that of the Billington Sea (CCPEDC, 1978).

Groundwater

Groundwater contributions to the phosphorus and

nitrogen lcads were calculated by multiplying the

average groundwater discharge rate, as determined from

direct groundwater flow measurehents, by the mean
baekground concentrations of phosphorus (N=4} and
nitrogen (N=3} present in the Billington Sea shoreline

groundwater sanples collected with a well point

- sampler. Groundwater samples. characterlzed by

exce551ve1y elevated total nitrogen and conduct1v1ty
values, an indication of é?tlc leachate plume
contamlnatlon, were exclUded:from the sample means.

Average background concentratlons of teotal phosphorus

- and total nitrogen were 0.026 mg/l and 1,00 mg/1

-respectively - These values correspond well with the.

rangn of averege backgIOLnd ‘total pi osphorus
concentratlons (0.013-0.033 mg/1)} reported for

-greundwater of Cape Cod (Deubert, 1974) and the average

nitrate concentretioh {O.982umg/l)_reported for

o o o o ‘,_' : Baliimore
4= . - R R
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fgroundwater samples prev1ously collected from the

Bllllngton Sea (Geosc1ence,71981). Groundwater 1s the7'

major source of - nltrogen 1oad1ng (64%) to the

"_Bllllngton Sea.-

_Predipitation‘

Phosphorus loading frem-precipitetioh~was‘esfimatedesz‘x
- multiplying the lake surface area by 0.147 kg/P/ecre'

(McVoy, 1980). A nitrogen value of 0.26 mg/l,
representlng the average concentratlon of nltrogen
present in prec1p1tat10n falllng on Massachusetts from"
1983 through 1985 (M. Frimpter, personal
communlcatlon) was multiplied by the amount of
pre01p1tat10n falling on the lake surface to estlmate

nitrogen loading from precipitation.

Storm Drainege and Bog Pumpage Imports

Tofal phosphorus cqncentrations_ranging from 0.04 -
0.56 mg/l and total nitrogen concentrations ranging -
from 0.020 - 0.540 mg/l have beeﬁ reported for
discharges from cranberry bogs (Gil 1988)- Total
phosphorus and nltrogen values of 0 250 mg/l and 2.50
mg/l, respectively, were used to calculate nutrient
loading to the Billington Sea from storm drainage and
bog pumpage imports. These values are representative
of average concentrations present in urban road runoff.
Although the nitrogen value may be an overestimate_for
bog discharges,'the total phosphorus %alue_is within

the range reported for bog discharges.

o Baltimore
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OUTFLOW
| Evaporatlon
No net loss of both phosphorus and nitrogen by
evaporatlon was assumed since, in general the water

'soluble ionic fractions of both of these elements would

)not volatlze-w1th-water.

fGroundwater

Mean'nitrogeh and'pﬁoSphorus'conCentrations of water
column samples collected at in-lake Station 2 were'
lmultlplled by the groundwater "discharge rate, as
-determlned from dlrect groundwater flow measurements _
collected along the ‘eastern shorellne,-to quantlfy the
r:floss of these nutrlents from the system through the
"fgroundwater. Nltrogen was assumed to be one hundred
'percent (100%) moblle 1h the groundwater.- However,-'
'only tWenty {20%) of the phosphorus was assumed to be.
'moblle. ReSLdual phosphorus was assumed to pre01p1tate'

flnto the lake sedlment.

,jTrlbutarles _ _ ‘
‘uThe average dlscharge rate at the outlet was mult1pl1edu

by the average concentratlons of phosphorus and
'nltrogen present in samples collected from the outlet
The average dlscharge rate was computed from dlrect-
measurements of trlbutary outflow. . The greatest losses_
of phosphorus (61%) and nltrogen (79%) from the

1111ngton Sea are through ‘the outlet.

Boston ° Baltimore
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Nitrogen and PhosphoLE‘.‘Loading from Residential Sources

Nitrogen and phosphorus loading to Billington Sea were caloulated -
by dividing the recharge’ zone for the lake into 11 flow segments and B
calculating the loadlng for each segment based on the number of re51dences
in each segment. leferent weighting values were used for those '

re51dences within each segment where they were 300 feet or nearer to

ithe shorellne. The Plymouth U.S5.G.5. topographlc T%! quadrangle'

'map was used as a base for these estimates.

’ Calculatlons were made w1th1n each flow segment ﬁor. l) the zone

w1th1n 300 ft (or 91 44mJ of shore 2) the remamnlng ‘zone: over 300 £t from

'”_shore 3) shorellne loadlng per 100 llnear ft (30 48m) of shore 4) total
-load for the segment (as 1bs/yr and as Kg/yr), and 5) 1oad1ng per'acre'

'fjand per hectare.

A loadlng value of .75 lbs phosphordﬂs per year was used for eaoh

'._home w1th1n 300 ft of the shore and a value of .10 lbs phosphorus per-
year was used for homes over 300 ft away. Phosphorus attenuatlon_‘-
‘by adsorptlon requ1res that an ad]ustment for dlstance be made..i-”ﬁ

't'Nltrogen loadlng was computed at 24 lbs {10. 8862 Kg) per household annually,l[f

- The values for, phosphorus loadlng ranged from 3 50 to 47 55 lbs'

'(1 59 to 21 57 Kg) phosphorus per year for each of the eleven segments N

w1th a total load. of 189 30 lbs (85 87 Kg) phOSphOqu per year to I j'f
the lake. An - addltlonal 7.5 lbs {3.4 Kg} may be loaded annually from
the small 1slands and lmmedlate eastern shorellne This amounts to an.
average ‘of .0468 lbs ( 6212 Kg) phosphor'us per aore per year w1th1n the
recharge zone. - ' ' ' o '
Nltrogen loadlng values for the eleven segments range from 504 lbs
(229 Kg) to 8 448 1bs (3832 Kg) per yéar. Total nltrogen loadlng 1n":
the recharge area is 29,522 lbs (13 392 Kg) per year or a 7.35 lbs. .
(3. 33 Kg) per acre per year average. The 1slands and area 1mmedlately

on the east shorellne may also contrlbute 240 lbs (108.8 Kg) nltrogen

annually.

...50_



The shoreline distance (without the islands) was measured at
4.46 miles (7.17 Km) as shown on the topographié map. Annual
phOSphorus léading per 100 it {91.44 m} of shcfeline'ranged from
1.2354 1bs (,1068 Kg) to 3.6718 1bs (1.6655 Kg) with an average of 1.3279 1bs
{0.6023 ¥Kg}. MNitrogen loading per 100lft of shoreline was from about
39 to 652 1bs (17.8 to 295.9 Kg) with an average of 212 lbs (96.3 Kg).

All ‘nutrient loading values for phoéphorus and nitrogen are
given in table 6 for each flow segment of the recharge zone
whiéh is shown divided into segments in figure 16, '

A review -of the shoreline loading distribution indicates that flow
segments 4 and 5, which occur at the steepest_groundwatér gradient,
would experience vegetative growth-problems..‘Section 9 alsé has a
'pofential for elevated combined residential and cranberry bog leading.
The present loadings arve based upon 1979 ©.S$.G.S. mépp%ngs and do
- not incorporate the most recent résidential developments. . Generally
a‘10w20 year period is necessary for groundwater phosphor = values
to come to equlllbrlum with source inflow. Monitoring wéll water
quallty values tend to under estimate thé ultlmate 1mpact of residential

loading since their values reflect recharge conditions of 10-20 years

past.



ms_mummw_.,ﬂmwm@.m..n_o_ umpmauu.m_mz TETUSpPTSEY Eo_um,_mmm‘ UoIBUTTTTY BUT 03 SuTpeot us%0I1TN pUE snaoydsoug  cg - eTqEl

w_.ammn B

S LOREZ geli

L TR R

.,_.,m.w,_.m.w.,.m..mo..., ,..,A_ 609 o 008 T B OO XSO -2
i . = )

ERIDUERT PR IS

om_

e m.v,- SRR O S

CIbbZiRsT

T e p——

P [ RTTUTNTN (T

T

BRE o

TR R L N PHu P -

bl LRSI 1R T TR T g

s s 4w e o e

A ] R RIS VU

Auumvmu _

eSO

Cﬁbﬁ?

LELG |

B e e -y

gTel’l

QSVE iy

FES T
(3097  bo

(PR0LT)Es

15800 19920

e b ..f.,..........ﬁ'..l._ et 4

%8200 kSET0

0z’

dore el

AT E

T

T Tk i 1 5 4

jUsides

#H B AT T AT T

vo.ao_oy;.‘_u.. BRI
2101601 T Ty

Jusuibes i ‘ ,EEEW%. SUlIBIGGE yo T .w,c_weﬂm
YolJulas5e ,..o:".“cwEmmm.;o___ suljaJoys | iLAUBEE ™ | pag Puskad [ 00% UL A 7301500608 )z § 18] 7Us T

00 uIl3[m 13Uy sJoys jo . oc;m._o.;m Y

0% Pusheg | itus]
s eive’ _ 55430 {9967 | 53008 18703 3uijelols

el

:@mob

Tl e o aneal

10061 VRS e

L.ua osvaom Jad Q:_umo_ BUIpES| (996l 354 Balpao]

¥

I . esiranisnrcrd st N e L s




o
.’/54
tos?
80"

/"DO'

———n
"_-————-—_ -

e

o

.
NS

Figure 16. Recharge area of Billington Sea
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LimnélogicaliData;

A 1imnologica1 survéy-of-the Billington;Seakwas Cdﬁduéted -

from October, 1987 through November, 1988 in order to.
déterminé the trophic status of the 1éke and to identify

sources of nutrient-and pollutant loadihg. Samplés wére'

~collected, onfa biweekly basis_frqm'April to'QCtober‘and'

_ monthly throughout the remainder of the year, at each of the -

two depressions'¢onstituting the major basins in the lake, -
the five inlets and the outlet' (Figure 17). A description -

of each of the sampling stations is contained in Table 7.
Tributary samples were analyzed for the following
parameters: t'emberaturer dissolved oxygén, pe:cent:
saturation of dissolved oxygen}‘pH; total alkalinity,
suspén&ed solids, turbidity, conductivitf,'chlbrides, totaib-
Kjeldahl nitrggen, nitrate nitrogen} total'phosphorUS, fecal
coliform bacteria, fecal streptococcus bacteria, and |

discharge ({(instantaneous). The tributaries were also

sampled for orthophosphorus from June through November; the

" two in—lake stations were sampled for the same parameters

" Boston

with the exception of discharge. Temperature and_dissol?ed
oxydgen profileS'wefe measured,andhinstituted,uét%pne meter
intervals. Depth-integrated samples of phytdplankton and .
chlorophyll a were collected down to the limit of'the.
euphotic,zbné of to 1.0 meter above the.lake bottbm_when the

entire water column was euphotic. Sampling did not extend

-into the anoxic zone at any time. The surface of the water

column was sampled-for-feCal coliform and fecal streptococci
bacteria. Secchi disk transparency was also measured at the
in-lake stations. Samples frqm'ali of the water quality

stations were analyzed for alkalinity-cn a monthly basis

throughout the year.

® ‘ S © .7 Baltimore
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TABLE 7. BILLINGTON SEA SAMPLING STATION LOCATIONS

Station

' Iﬁ¥1ake'1 :

" In-lake 2 .

© - outlet

Boston

- TA

0.

Location

- Two—tiered welr at cranberry bog

outlet, oh.squth side of Blackcat -

Road

Weir at outlét of duck pond, on. south

‘side of Black Cat Road

" Welr at outlet of Trask Pond

Weir on north side of Black Cat Road,
at cranberry bog outlet, near eastern’
end of Billington Sea

Cranbetry'bog tributary;.ﬁéart"

intersection of Black Cat and'Lout_'

' pPond Roads -
B Dgepést inht”ﬁithin wéstern'baSin;a'
. surface and bottom . S '

~ Deepest point Within'éaStern'baéin; o
" between the two islands, at the

;urface and bottom of the water .

clumn

_Outlet of Billington Sea at £0btb;idge*_w";  

_ Baltimore
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,Sampliog, sample preservation and analytical methodologies

Rinmar

L.

were conducted in conformance with the standard operating -
" procedures of:the Massachusetts Division of Water Polletion
Control.and Standard Methods for the Chemical'Analysis of
: Water‘and Wastewatér (EPA' 1985} . A 1list of the analytlcal
i¢ ) . methodologles utlllzed is 1ncluded in Appendlx‘Ac
,Laboratory analyses were conducted by Arnold Greene

ik

Laboratorles, Inc., a state- certlfled 1aboratory for all of

'ithe parameters tested. Samples were collected in contalners
prov1ded by Arnold Greene Leboratorres;-Inc.,rplaced on ice
"in a cooler then generally transported on the same day of

ae rﬁ' R ‘collection to the laboratory for analysis.

In- lake proflles of temperature and conduct1v1ty were

‘measured in-situ with a YSI Model 33 meter and dlssolved
?'oxygen and percent oxygen‘saturatlon proflles were- measured,
w;ﬁith.a YSI-Model'SlB meter. Callbratlons of these meters |

L ik, :

were‘eCC'mpll hed acﬂordlng to dlrectlons prov1ded.by the

’;menLFacturer.' Water column transparencj was measured w1th a .

e

‘f;20 cm Secch1 dlsk utlllzlng standard procedures.__'
"JBacterlolog1ca1 analyses were conducted W1th1n six to :

'51xteen hours of field collectlon and water samples analyzedJ

iy

'for orthophosphate were flltered through a 0 45 mlcron
fllter 1mmed1ate1y follow1ng collectlon ‘then placed in a .

cooler These orthophosphate samples were frozen 1mmed1ate1y'

L

e
[

' upon thelr arrlval at the 1aboratory-_ None or the water
_quallty samples were preserved prlor to anaylsls,'excludlng'
the phytoplankton samples whlch were. 1dent1f1ed to- genus and_
-enumerated. utlllzlng a Sedgw1ck Rafter cell. The
llmnologlcal data for in- lake Station 1 and Station 2 are
. presented in Table 8 and Table 9, respectlvely. Water'

Qquallty data for the trlbutary sampling stations are

- Boston Baltimmore
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--,preseﬁted'ineTablessio and 11. Data énalYéés:ere'diecﬁéséd ;J_fzﬁf:'J:

in the following'subsections,_on a parameter by parameter

'.ba51s in relatlon to the Massachusetts surface water qualltyd5f

crlterla for Class B waters (DWPC 1984) and ‘the EPA surface'
water quality crlterla {EPA, 1986).' The data are also"

compared w1th that collected durlng prev1ous llmnologlcal

' studles of the lake. These analyses are based on the desire

to achleve Class B water quallty and to control cultural .
eutrophlcatlon. Class B waters are de51gnated for the use

of protectlon,and propagatlon of flSh other aquatlc llfe'w

~and wildlife and for prlmary and secondary contact

recreation.

Temgerature

The seasonal fluctuations exhibited in the annual
temperature cycle of Billington Sea are typical for

temperate lakes. Surface waters generally freeze durlng the

‘w1nter and summer water temperatures are ueuallv ‘below the

Massachusetts standard for warmwater fisheries protection

" (28.3 degrees C). Temperature profiles indicate uniform

water column temeratures from late September through May. A
slight wvariability between surface and bottom water
temperatures began to occur in both basins in early June and
continued through early September. Although a weak summer
thermocllne developed periodically at Station 2 (3.0 m), it
was frequently disrupted by wind act;on and subsurface
_corrente- As a result of its shallowness, there was never a

thermocline present in the western basin at Station 1.

~‘Baltimore

50—
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Dissolved Oxygen

Dissolved oxygen is c¢ritical for the sustenance of fish and
other aquatic life,'as well as for preserving the aesthetic
gqualities of‘a waterbody. Class B-water quality standards
- sState that a mlnlmum dissolved oxygen concentration of 5.0
,mg/L is requlred to maintain a healthy warmwater fishery.
This minimum was not met at depths greater than 3.0 m, in
the eastern:basiﬁ (station 2), on three sampling events.
The dissolved oxygen concentration below 3.0 m was 4.5 ng/L
on July 21, 0.9 mg/L on June 22 and 0.8 ng/L on August 22.
The 1atter two'occurrences‘were-attributable to the presence
_bf a weak thermocline on these dates which prevented
—circulaﬁion between. oxygen—-rich surface waters and bottom
"ﬁaters which‘had been depleted of oxygen. The'oxygen demand’
of bacteiia whieh deepmpose organic matter is greater during
periods'of increased temperature and occesionally cause this
, ongen-depleﬁion.r Oxygen depletieﬁ may result in the-
'EoecurrenCe of Eish kills as well as cause the release of
sediment-bound phosphorus.into the water column. This
rphospherus'releese may then trigger an algal bloom. A
comparlson between the. phosphorus concentratlons of the
surfaca and bottom waters 1nd1cated the ocgourrence of such a-
sediment phosphorus release in the,Bllllnthn Sea. 'The data
”alSO ihdiceteﬁthet periodic increaSes in the dxygen content
Lof the lake s surface waters are assoc1ated with algal

blooms._

Trlbutary dlssolved oxygen concentratlons were generally
rgflower than lake concentratlons, partlculary durlmg the
_ summer. The. maJorltj of the trlb tarles exhlbﬂted dlsse?ved

' exygen'concentrathns_greater than 10,0 mgXL only during the |

Boston ... R e " Baltimore .
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“ﬂthe w1nter when bog runoff was not dlscharged to the

'"trlbutarles.fﬁs.

Conductivity

Conduct1V1ty is a measurement of the capac1ty of a solutlon“
to conduct an electrlcal current ‘Measured in umhos/cm,f
conduct1v1ty is proportlonal to- the concentratlon of
‘,dlssolved 1ons; their moblllty,'valense andrsolutlon
'temperature. Tributary'éqnduétivitf‘valﬁes.were . 7
consistently 1ow with'aﬁnu31'averédéS‘ranging‘fromrSS - 66 1
umhos/cm. The conduct1v1ty values of Trlbutarles A, D and E
exceeded 100 umhos/cm on only one occasion. These increases’
were assoc1ated ‘with the dlscharge of s*ormwater runoff from
Black Cat Road. During most of the vyear, in- lake and
‘trlbutarv conduét;V1ty va1ups were gimilar., DLrlrg the
- summey, however, 1n lake conduct1v1ty values 1ncreased from
‘a range of 66-85 umhos/cm to 100-120 umhos/cm. Thls
'1ncrease may reflect summer increases of Septlc leachate
inflow from domestlc wastewater systems, but was not of a'

'magnltude 1nd1cat1ve of heavy pollutant 1oad1ng.
Chlerides

The chloride content of water is an indicator of the extent
of human 1nf1uences on an aquatlc ecaosystem. Elevated
levels in freshwater may either be associated with road
runcoff or septic leachate inflbw.‘ Values greater than 10
mg/L are generally considered undesirable. However, waﬁer
quality is'generelly not impaired at concentrations less
than 100 mg/L (McKee and Wolf, 1963). The average annual

. in-lake concentration of chloride was slightly higher than

Boston - . B : e ' _ Baltimore
_6Z+.ﬁ .
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" the average tributary‘coneentratiens.l The latter ranged
~from 11.9 - 15.6 mg/L in cemparison_to'in~1ake

. condentrations Whieh averaged 7. Z'ng/L in the western basin
‘and 16.6 mg/L in the eastern basin. - Although in- ~lake and

7dtr1butary concentratmons were generally greater than 10

- mg/L, they never exceeded 30 mg/L. '

"Turbiditz

-djTurbidity;'anrindicator'of_water”clarity; can be caused by
'suspended erganic and/or'inerganie_matter, soluble colored
'_organlc compounds and plankton. The turbldlty_ln the‘_‘
e.Bllllngton Sea was low throughout the yvear, averaging'z 6

4f_NTU 1n the western ba51n and 3.0 NTU in the eastern ba51n. C

Boston . ©

Sllght 1ncreases 1n the turbldlty of surface waters Were"
:generally assoc1ated Wlth 1ncreases in chlorophyll_ o whlch
'.foccurred in late August and early September durlng_algal
'blooms.. Trlbutarles B and C were characterlzed by very 1ow
ﬁturbldlty values, less than 2,0 NTU, in comparlson.to tne
| other trlbutarles whlch ranged from 5 4 =906 NTU"' R
'Fluctuatlons in the turbldlty of the bog trlbutarles d1d not
- always vary ‘with. total suspended SOlldS.— Thus, they .. '
probably were attributable to both sporadic releaSes_of
suspended particles”as well as soluble colored erganic

“compounds.

In summary, increases in in-lake turbidity values‘appear to
represent periods of increased algal productivity end
) increases of instream turbidity values appear to represent

the release of bog tannins and suspended solids.

Baltimore

_65~




on’

Totai Suspended Solids

Total suspended solids represent the amountrof organic'and'
-inorganic particulate matter which is suspended 1n the water'
column. An increase 1n the concentration of suspended
solids in a lake often follows turbulence .created in the
water column or is 1nd1cat1ve of an abundance of algal - cells
normally associated Wlth an algal bloom. Prellmlnary
' studies have shown high concentratlons of suspended sollds
_ in the water column of -shallow lakes following heavy
. motorboat act1v1t1es (Wagner, in press) Although the.
concentratlon of suspended sollds in the Bllllngton Sea was_ﬁ
r'generally low durlng the summer, sampllng Was not conducted
fon the weekends when motorboat use is- generally hlgher., The:-'
Chlghest concentratlons of tota; suspended SOlldS occurred 1n‘d'
the surface Waters or both ba51ns on September 14 and were o
”assoc1ated w1th a bloom of bluemgreen algae.f The_lowest
_ average concentratlon was measured at the Trask Pond=out1et
”'flndlcatlng the partlculate retentlon functlon of the pond
:QIObservable 1ncreases of total suspended sollds of the bog
7-‘tr1butar1es Were measured durlng storm. events and floodwaterd
7]releases. These 1ncreases were usually assoc1ated Wlth_t._7'"“
1ncreases 1n to»al phosphorus and organlc nltrogen :
uconcentratlons. Streambank er051on was noted durlng the":
cstudy -as was the transport of cranberrles and vegetatlve‘;_]
matter 1nto‘the Billington.Sea’ followlng-the October--

" harvest.

Secchi Disk,Transparency

The transparency of the water column was measured utzllzlng

a circular plate, 20 cm in dlameter, called a Seccnl disk.

‘Boston @ o ' . ©  Bakimore



Factors Whlch can effect the transparency measurements_-

' 1nclude' Water.cclor, dlssolved and partlculate matter,
surface_water ccnditions, sky condltlons, tlme of day and
observer bias. Particulate matter may con31st_of suspended
-sediment and/or phytoplankron. Thus, all readings were

‘measured by the'seme individual between the hours of 11:00

a.m. and 2: 00 p.m in order to reduce measurement error.
Cloud cover and surface water condltlons were also recorded.
The average Secchi disk tranSparency of the Bllllngton Sea
! _ is 1.7 meters in the western ba51n.and 1.8 meters in the
| ' eastern basin. Although these annual averages.are above. the
state standard of 1.2 meters (4 feet) for contact
recreationel waters, a wide range of‘values (0.45 - 3.1 m)
was obtained. A szgnlflcant reduction in iake transparency
occurred durlng the growing season and progressively 7
decreased durlng the summer recreational period to values of
0.45 - 0.85 m, well below the state standard. - Substandard

transparency values were associated with increased

, Chlorcphyll a ?alues, indicating an algal bloom. The
reduction in trensparencyfduring these algal blooms is
obvious since the entire lake turns a pea-green color.
Thus, increases in the biomass and size distribution of
phytoplankton 1n the Billington Sea has a negative effect on

its water column transparency.

Phytcplankon and Chlorophyil a

'Chlorophyll a is an indicator of algal blomass and potential.

-prqduct1v1ty. Chlorophyll is a green plant plgment which
transfcrms sunlight 1nto.energy.wh1ch is usable by -
-phytoplankton {free—floating microscopic-algaey, '

,Chlorophyll.values'for-the Billingtdn'Sea'ranged frem 0.98
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to 77 0 mg/m3 for the western basin and from 1 9 —‘65 0
- mg/m3 in the eastern ba51n. Chlorophyll a values 1ncreased
'durlng the grow1ng season and peaked during late August and
early September when blue-green algae blooms occurred in
'both ba51ns Average ‘summer chloroéphyll a values were 3.5 N
- tlmes greater than the level generally found in mesotrophlc‘
;lakes (8. 0 mg/ma) (Uttormark and Hutchlnson,- 1980) . Thusr
':_the elevated chlorophyll a levels in the Bllllngton Sea '
_durlng the grow1ng season are indicative of a- hlgh degree of
} nutrient enr1chment. Increases 1n chlorophyll a values
generally corresponded w1th 1ncreases 1n the standlng crop
_::of phytoplankton ' The standlng crops of phytoplankton
. _present 1n the Bllllngton Sea are presented for the eastern '
basin’ (Statlon 2) in Tables 12 13,.14 and 15 and for the
.western basin- (Station 1) 1n Tables 16 17 18 and 19-end
are expressed as the number of organlsms per unlt volume.
'lhe monthly relatave abundance of phytoplankton genera, as
| 'grouoed-by.taxonomic phyla, are. presented in Table 20 and
Table_21 for:inflake Statlon 1 and Station 2 respectlvely.d
“Throughout most of the year, the phytoplankton community is
dominated by diatoms (Bacillariophyte) and green algae
(Chlorophyta). Both taxonomic groups are.characterized by a
high species diversity, particularly during the_spring and
summer growing:season. Phytoplankton blooms occnrred more
frequently in the eastern than in therwestern'basin and were

mainly dominated by the diatom, Melosira granulata. These

diatom blooms occurred sporadically from late April through
late October and were accompanied by blooms of green algae
on Apri1‘27 and June 8, 1988. Peak biomass in the eastern
basin was reached during the Jnne 8 sampling‘event,
Phytoplankton blooms which occurred in the western basin

occurred less frequently and were of lower magnitude.

@ : Baltimore

68—

Boston



" TABLE 12. BILLINGTON SEA PHYTO?LANKTON COMPOSITION AND ABUNDANCE

STATION: IN-LAKE 2

Species . Cells/Liter

Bacillariophyta. 10728787 11/23/87 12716787 1/27/88%% = 2/24/88
Fragellaria crotonensis . 117,310 93,600 31,418 : ' 5,906
* Synedra sp. 7,448 . 10,800 15,709 ©.. 9,281
Navicula sp. - 5,586 5,400 _ 4,154 - 4,219
Cymbella sp. 3,724 .. : ‘ 844
Asterionella formosa 61,448 102,600 5,891
Melosira granulata , 1,080,000 300,600 141,382 . ‘ 92,813
Nitzschia sp. . 11,172 - 19,800 7,885 . C 8,438
Licmorpha sp. 1,862 ' , 174,764 ' '
Synedra delicatissima ' ‘ 3,927 o
Tabellaria fenestrata S _ L 7,855 19,406
Chlorophyta
Scenedesmus quadricauda 7,448 L . 7,855
Cosmarium sp. . 1,862
Staurastrum sp. 1,862
Apkistrodesmus falcatus 242,069

. -Bcenedesmus bijuga - 14,897 )
‘Sphaerocystis sp. . 89,379 - 1.800

~Crucigenia sp. o 14,897 S ‘
Cinobryon sertularia. T _ _ ,.118,669
Unldentlfled green ' ST s - 5,906

' {Pyrrophzta

.fPerldln;um cinctuﬁ, ”T‘7 PR ”1;_ R fL' ‘-.3;927,F

- Peridiniim sp.. T:T7,5§4_. -

Total . ... .. " '1,660,964. 534,600 - 404,737 . - - 273,376 =

LR Taste and odor cau31ng alga.
i NO SAMPLE collected at thls statlon.



TABLE 13. BILLINGTON SEA PHYTOPLANKTON SPECIES COMPOSITION AND ABUNDANCE

STATION: IN-LAKE 2

Species o #Cells/Liter
Bacillariophyta 3/28/88 4/13/88 . 4727788 5/11/88 5/25/88
Fragellaria crotonensis =~ 37,895 79,962 317,647 1,658,618 - 319,925
Synedra sp. . .- 12,316 2,077 6,353 . 7,855 4,075
Navicula sp. ' 6,632 3,115 - 4,235 3,927
. Cymbella sp. . . 3,789 5,192 2,118 .
. Asterionella formosa 18,000 . 8,308 - 226,588 10,473 291,396
. Melosira granulata 72,000 231,577 116,471 196,364 28,528
Nitzschia sp. ‘ 5,684 ' : . - 1,309 '
Llcmorpha Sp. S C B _ . 4,075
Synedra delicatissima’ o . .
‘Tabellaria femestrata 19,895 - 36,346 52,941 5,236
. ‘Meridion cdirculare ' 1,038 6,353 X
Chlorophyta _ . : o
Scenaedesmus. quadrlcauda S o 8,471 5,236
j_'Cosmarlum sp- ! ) '
- Staurastrum sp.- : . o : . - .
. Ankistrodesmus: falcatus- . : . A o . g,104 .. 4,075
Scenedesmus: bijuga . : S : - _ : o S
Sphaerocystis sp. = 9,474 . : - 31,765 © 123,055 12,226
' Crucigenia sp. - . _ o I R T .
. Dinobryon sertularia 39,789 . 20,769 = 542,118 .. 218,618 -2,038
. Unidentified green,colony S o o . ' . 2,038
. Quadrigula sp. - - 3,789 - 21,476 - : o '
...Gomatozygon sp. = - S 947 ' R -
.Actinastrum.sp. : . .1,895 Co .
 Pediastrum boryanum o A S ' . 41,891
" Staurastrum cingulum = - . : . S © 2,618
. Closterium lunula . =~ - S 3,927
. pyrrophyta - .
- Peridinium cinctum , _
iperidiniuﬁ'sp; .. 17,053 5,192
'Dlnoflaqellates . .
'Perldlnzum o 1,300
Czanophztes . :
Oscillatoria colony 2,618
Total o . 249,158 393,576 1,336,236 = 2,292,218% 668,376

*Note: 'cells chilorotic
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TABLE 14. BILLINGTON SEA PHYTOPLANKTGNTSPECIES COHPOSITION AND_ABUNDANCE-

Species

Bacillafionhvta

}Fragellarla crotonen51s

. Synedra sp.
Navicula sp.:
Cymbella sp.

. Asterionella formosa

‘Melosira granulata
Nitzschia SpP.. )

-~ “'Licmorpha sp.

- Synedra dellcat1551ma

" Tabellaria fenestrata’

1Méfidion.circulare
Chlorophyta -

.bnyéhdnema'laevé 
‘Selenastrum sp.

‘Scenedesmus quadrlcauda

" Cosmarium circulare =
Staurastrum sp.

_Ankistrodesmus falcatus

Scenedesmus bijuga

" Sphaerocystis sp.

Crucigenia sp. .
- Dinobryon sertularla

‘-.Unldentzfled graen colony

Quadrlgula chodat11
Gonatozygon sp.
Actinastrum sp.
Pediastyrum duplex
Pediastrum boryanum
‘Staurastrum cingulum
Closterium sp.
Characium sp.
Gleocapsa .
Psuedostaurastrum

' Phacus sp.

Pyrrophyta

Peridinium sp.
Peridinium cinctum
Ceratium hirundinella

Cyanophytes
Anabaena sp.

Oscillatoria colony
Lynghya sp.

Total

19,636 - -

STATION: IN-LAKE 2
#Cells/Liter
6/8/88 .  6/22/88 7/1/88 7/21/88 ' 8/2/88
384,000 . 1,885,457 - 261,735 674,509 -~ 54,000
3,000 " .. 3,245 - 60,612 5,891 29,455
R 6,490 : a 5,891 o
6,000 T T S g
.. 1,788,000 139,543 33,061 . 35,345 58,909
4,536,000 - 25,962 . 115,714 . 444,764 39,273
R Tl L 41,327 44,182 - . - 49,091
5,891
49,001 -
o . L 39,273
- 24,000 12,981 11,020 .. 23,564 L
o : 5,510 5,891
33,000 025,962 - ' © 12,273 -
R 12,981 , 34,364
345,000 165,505 - - 71,633 o
501,000 2,945
81,000 25,962 -
& 29,455
. 103,846
3,000 _ S
3,000 3,245 2,755 | S
3,000 | - 2,945
12,000 _ '
> ' 2,755 .
2,945
2,755 - 9,818 .
6,000 : "
3,245 2,945
2,455
2,945 68,727
7,731,000 2,417,669 608,877 1,290,108 468,820



suf

- Gyrosigma sp.

Closterium sp.

Lyngbya sp.
~Pleurocapsa Minor

. Tétai

TABLE ‘15. BILLINGTON SEA PHYTOPLANKTON SPECIES COMPOSITION AND ABUNDANCE

Species

Bacillariophyté

Fragellaria crotonensis
Synedra sp. :
Navicula sp.

Cymbella sp.
Asterionella formosa
Melosira granulata
Nitzschia sp.

Licmorpha sp.

- Synedra delicatissima

Tabellaria fenestrata
Meridion circulare

Chlorgphyta

Scenedesmus quadricauda
Cosmarium circulare
Staurastrum sp.
Ankistrodesmus falcatus
Scenedesmus bijuga
Sphaerocystis sp.
Crucigenia sp.

Dinobryon- sertularia
Unidentified green colony

- Quadrigula chodatii

Gonatozygon sp.

" Actinastrum sp.

Pediastrum horyanum
Staurastrum cingulum

Characium sp.

Gleocapsa

Phacus sp.
Pediastrum sp.

Pyrrophyta
Peridinium sp.
Peridinium cinctum

. Ceratium hirundinella

VCyanoghztes

. Anabaena sp,

Oscillatoria colony . =

8/16/88

34,914
32,586

18,621
6,983

9/14/88

27,000
5,400
5,400

2,328
123,362
62,845

8g9l,000

4,655 .

9,310

4,655

9,310

21,600

11,638

2,328

© 41,897

1,036,800

8729788

. STATION: IN-LAKE 2

#Cells/Liter

10/24/88
84,000 557,280
8,000

19, 440

19,440
1,062,720

4,000
760,000

4,000 6,480

32,000 336,960
24,000

32,000
32,400

6,480

28,000

1,987,200 °

976,000

2,047,680

6,480

11/17/88

274,099
7,685
20,493

5,123
258,729

5,123

51,233

2,562
12,808

15,370

51,233

[}
o

.
o\
=]
(2

740,321



- TABLE 16.BILLINGTON SEA PHYTOPLANKTON COMPOSITION AND ABUNDANCE

- Species
Hécillariophzﬁa

Fragellaria crotonensis
. * Synedra sp. S
_Havicula sp.
Tabellaria fenestrata
Asterjonella formosa
Pleurosigma sp.

" Melosira granulata
Nitzschia sp.
Licmorpha sp.

Synedra rumpens

. Synedra delicatissima

Chlofophyta,

Scenedesmus quadricauda

Cosmarium sp.
Staurastrum sp. _
Ankistrodesmus falcatus
"Selanastrum sp. '
Sphaerocystis sp.
Closterium sp.

~ Actimastrum hantzschii

Cyanophyta

Lyngbya colonies
Oscillotaria colony

Pyrrophyta

Peridinium sp.

Total

* Taste and odor-causing

STATION: IN-LAKE 1

Celis/Liter =
10728/87  11/23/87 =~ 12/16/87. .1/27788 2/24/88 .
67,745 95,464 ‘2,077 23,400
L 10,125 1,038 5,400
8,836 1,445 4,154 12,600 T
19,145 . 1,446 . 6,231 7,200 © 42,058
2,945 40,500 : 12,462 14,400 7,788
1,473 o T o | -
296,018 - 18,804 69,577 135,000 46,731
1,473 11,571 ' 19,800 17,135
2,945 : . - T
5,192
25,962
11,782 5,786 4,154
1,473 _
1,473 1,038 ,
32,400 ' 5,400
88,364
1,446 1,038
- 7,200
142,855 2,077
i,800
23,400
664,818 - 186,588 - 135,000 255,600 113,712
alga.

=73-



TABLE 17. BILLINGTON SEA PHYTOPLAMKTON SPECIES COMPOSITION‘AND ABUNDANCE

Speéies

Bacillariophyta

Fragellaria crotonensis
- *Synedra- sp.
Navicula sp.-
. Tabellaria fenestrata
Asterionella formosa
‘Pleurosigma sp. .
Melosira granulata
Nitzschia sp.
Licmorpha sp. =
Synedra rumpens
.. Bymedra delicatissima
Cymbella sp.
fMerldlon c1rcu1ate

Chloroghyta‘

- fScenedesmus quadrlcauda 
- Cosmarium sp. . :
. Staurastrum sp. . _
" Ankistrodesmus falcatus

. Selanastrum sp. © -

- . Sphaerocystis sp.
Closterium sp. . - ..
CActimastrum hantzsch11
" Dinobryon sertularia .
. Scenedesmus bijuga .
Gonatozygon' sp.

© Staurastrum protectum .

Czanoghgta

Lyngbya sp. : o
- Oscillataria colony

. Pzrfophgta.

Peridioium sp.

Total

* Taste and odor-causing alga

STATION: IN-LAKE 1
#Cells/Liter
3/28/88 4/13/88 4727788 5/11/88 5/25/88 -
12,316 108,947 63,000 29,455 31,154 °
2,842 3,789 5,400 o 1,038
3,789 1,895 14,400 . : 1,038
3,789 123,684 3,600 2,945 1,038
3,789 1,895 19,800 8,836 66,462
44,526 113,684 - 36,000 120,764 14,538
947 - : ' '
© 1,895 2,842
1,895 3,789 . 3,600
L 7,579 . 3,600 5,891
1,038
2,077
9,000
. 36,000 14,211 .- 18,000 397,636 4,154
3,789 - o ' I S
4,737 1,038
1,038
L 2,945,
3,600 - .
80,526 286,104
200, 840 568,419 180,000 568,472 124,613



TABLE 18. BILLINGTON SEA PHYTOPLANKTON SPECIES COMPOSITION AND ABUNDANCE

Species

STATION:

IN—LAKE 1

#Cells/Liter

Bacillarigphyta 6/8/88

Fragellaria crotonensis 105,734
*Synedra sp. o
Navicula sp.

Tabellarla fenestrata
Asterionella formosa

1,789,930
Pleurosigma sp. o

B Melosira granulata.

Nltzschla Sp.

B Lxcmorpha sp. _
Synedra rumpens'

-. Synedra -delicatissima’

.. Cymbella sp. A
-”Merldlon c1rculare"

:*,‘Chlorcghxta: EORPTR

B :Scenedesmus quadrlcauda 5

- Cosmarium sp.

- Staurastrum sp.-
Ankistrodesmus falcatus-"
‘Selanastrum sp.
Sphaerocyst;s sp.

- Closterium sp. -
Actimastrum. hantzsch11
- Dinobryon sertularia.
‘Scenedesmus bijuga'

- Gonatozygon sp.
Staurastrum protectum
Staurastrum cingulum’
Pediastrum .
Closterium lunula
Unidentified green
Phacus Sp. . :

Czanonhgta

-Anabaena'colony
Pleurocapsa minor
Lyngbya sp. '
Oscillataria colony
. Gleocapsa sp. -

Pyrfophzﬁa

Peridinium_sp¢
Ceratium hirundinella

3,776

3,776

64,196
3,776

151,049

6/22/88

- 955,882

5,882

- 17,647 .

32,353

5,882

‘11,765

14,706

2,941

47,059
2,941

7/7/88

265,846

5,192

C 3,115
21,808

32,192

- 7/21/88

79,962

© 3,115
1,038

4,154

18,692

1,038

.2,677"1

140,192

4,154
8,308

2,077 -

8,308 .

12,462

T 12,462

5,192

2,077

16,615

1,038
1,038

8/2/88

28,9297

57,857
52,071

23,143

17,357

289,286 -

Total 2,156,223

* Taste and odor-causing alga

1,405,882

494,308

160,960

509,143



TABLE 1o, BILLINGrON SEA PHYIOPLANKTON‘SPECIES COMPOSITION AND ABUNDANCE

Species
Bacillariophzta

Fragellaria crotonensis
*Synedra sp.
Navicula sp.

" Tabellaria fenestrata

Asterionella formosa
Pleurosigma sp.
Melosira granulata
Nitzschia sp.
Licmorpha sp.

Synedra rumpens
Synedra delicatissima
Cymbella sp. :
Meridion circulare
Pleurosigma sp.

Chlorophyta

Scenedesmus guadricauda

Cosmarium sp.
Staurastrum sp.

Ankistrodesmus falcatus -

Selanastrum sp.’
Sphaerocystis sp.
Closterium sp.
Actimastrum hantzschii
bBinobryon sertularia

‘Scenedesmus bijuga

Gonatozygon sp.

- Staurastrum protectum
" Staurastrum cingulum
‘Pediastrum o
Closterium lunula

Unidentified green

-, Phacus sp.
-Cyanbphgta_

' Anabaena sp.

Lyngbya sp.

~Oscillataria colony

5Pgrroghgta -

;- Peridinium sp.

S Total

STATION: IN-LAKE 1

% Taste ‘and odor-causing alga

569,572

#Cells/Liter
. B8/16/88 9/14/88 0/29/88 10/24/88
105,195 - 65,720 8,100
3,506 3,651 13,500
| 2,700
10, 953 5,400
15,882 18,900
63,117 135,000 372,414 178,200
98,182
3,651
3,651
14,026 - 31,765 14,604 10,800
35,065 3,651 '
14,026 15,882 3,651
39,708
35,065
84,156 14,604
1,945,588 73,022 13,500
- 108,701 -
561,039 2,183,823 251,100

11/17/88
143,591
14,727
- 3,682
44,182

235,636

29,455

18,409

- 489,682



" TABLE 20. BILLINGTON SEA PHYTOPLANKTON ABUNDANCE SUMMARY

Taxon

"~ Bacillariophyta
Chlorophyta
. Cyanophyta

- -Pyrrophyta

" Taxon

Bacillariophyta

Chlorophyta
Cyanophyta
‘Pyrrophyta

Taxon

Bacillariophyta

Chlorophyta
Cyanophyta
Pyrrophyta

Taxon

Bacillariophyta
Chlorophyta
Cyanophvta
Pyrrophyta

. " STATION: IN-LAKE 1.

10/28/87 .

11/23/87

1/27/88

12/16/87

2724788
£ 400,580 179,356 . . 95,539 217,800 . 113,712
141,383 7,232 6,230 5,400 - -7,200
142,855 - 2,077 1,800
‘ L : 23,400
- 3/28/88 . 4/13/88 . 4727/88 5/11/88 -~  5/25/88
75,788 260,525 . 145,800 - 162,000 - 115,268 ~
44,526 21,790 - 27,000 - 403,527 9,345
: e 3,600 2,045 - :
80,526 286,104 -
6/8/88 6/22/88 1/7/88 1/21/88 8/2/88
1,899,440 1,017,646 329,192 . 110,076, 138,857
256,783 388,236 156,808 32,193 81,000
: 8,308 16,615 289,286
: 2,076
8/16/88 9/14/88 9/29/88 10/24/88 11/17/88
276,000 150,882 460,040 226,800 441,818
182,338 87,353 36,510 10,800 47,864
1,945,588 73,022 13,500
180,701
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_TABLE 2l. BILLINGION SEA PHYTOPLANKTON ABUNDANCE SUMMARY =

STATION: IN-LAKE 2

Pyrrophyta

: Cells/Liter”

Taxon " 10/28/87 - . 11/23/87 ° 12/16/87 - 1/27/88

" Bacillariophyta 1,288,550 532,800 - 302,955 'NO DATA
Chlorophyta . 372,414 - - | 1,800 7,855 - -

_ Cyanophyta ' . o S . . )

- Pyrrophyta 13,927
Taxon - 3/28/88 4/13/88 4/27/88 5/11/88
Bacillariophyta 176,211 367,615 732,706 1,883,782
Chlorophyta 55,894 20,769 603,530 404,509
Cyanophyta S . ' ' 2,618
Pyrrophyta 17,053 5,192 1,309
Taxzon 6/8/88 6/22/88 1/7/88 1/21/88
Bacillariophyta 6,717,000 2,060,697 512,449 1,216,473
Chiorophyta © 1,008,000 353,727 93,673 67,745
Cyanophyta 2,945
Pyrrophyta 6,000 3,245 2,755 2,945
Taxon 8/16/88 9/14/88 9/28/88 10724/88
Bacillariophyta 270,000 © 928,800 860,000 1,665,360
Chlorophyta 53,535 21,600 88,000 375,840

- {yanophyta 48,880 1:036,800 28,000

41,897 ' 6,480

f78—

2/24/88.

140,907

124,875 .

7,594

5/25/88

647,999

20,377

8/2/88

230,728

157,092

9,818
71,182

11/17/88

571,252
133,206
35,863
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.Dlatom blooms in this ba51n occurred on- June 8 and June 22

1988 and were domlnated by Asterlonella formosa and-

Fragellarla crotonesis, respectlvely. A dlstlnct pea-green
color was imparted to the Billington-sea on September 14,

1988 in - response to a bloom of the planktonlc blue-— greenr—'

alga, Anabaena sp. This nuisance alga is pollutant tolerant
which can be toxic to humans, fish and w11d11fe. Several of

the other dominant algal spec1es also produce odor. For

example Asterlonella sp. produces an aromatlc, geranium—like'
odor that changes to a fishy smell when large numbers are

present {(Palmer, 1962}.

Fecal Coliform and Fecal Streptococcus Bacteria

The normal habitat of fecal coiiform and fecal streptococcus
 bacteria is the iotestines:of humans and animals. Thus,
these organisms can be used to indicate the presenoe of
fecal contamination in a waterbody. .The state bathing
standard for fecal coliform*bacteria, 200/100:m1, was never
. exceeded at either of the Billington Sea sampling stations.
.The occa51onal elevated fecalmstreptococc1 den51t1es which
occurred in the lake during the fall probably represent'
- wastes depositea by 1arge.flocke of migfaﬁory.waterfowl”
" which were observed on the lake at that time. Simiiarly _
high.fecal-stfeptococci densities which Were'obtained from
the trlbutary samples at that tlme are also probably _
attrlbutable to wmldllfe foraglng 1n the bog areas.f Fecal
strept000001 dencltles obtalned 1n the Trlbutary B samples
T_.were con51stant1y hlgher than the other trlbutarles_'. _
"throughout the year Thle is probably attrlbutable tor the‘
rals;ng of waterfowl_whloh-occurs in the pond upstream from:;.
-thiS'Sampling $tatioo,j Although the.baoteriologioaledate;do.f

' ‘Boston R L e © Baltimore .
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not indicate the presence'of'sewage contamination in the

'Billington Sea, a monltorlng program for fecal coliform

| bacterla and fecal streptococcus should be instituted.
-'Sampllng should be conducted in the v1c1n1ty of the bathing
.area,rat_least_on a weekly ha31s, durlng the bathing season.

pH and Total Alkalinity

pH is anmeesﬁrement of the hydrogen ion concentration of a

isolutioh, reported on an'inVerse logarithmicrscale”from 0 -
14,0, Whlch determlnes whether a. solutlon 1s ac1d1c (less

'Lthan 7 0),_neutral (7 O) or'’ alkallne (greater than 7 0).

- Accordlng to Class B water quallty standards, pH valuesz-
-k'iw1th1n the range of 6 5 - 8. 0 are acceptable for the‘-;
'?}propagatlon and protectlon of: warmwater fish. .. The data-

'1nd1cate a general ‘trend toward alkallne condltlons durlng

n_the grow1ng season and’ ac1dlc condltlons throughout the

fremalnder of the year There were extreme fluctuatlons 1n

pH levels between acldlc and alkallne condltlons. The

-“, acidic condltlons were, attrlbuted to stormwater 1nputs and

:‘rcranberry bog dlscharges Whlle alkallne condltlons were due
to algal blooms. As a result of the latter phenomenon,

_bottom waters were slightly more ac1d1c than surface waters

_durihg the growing season. The effect of‘acidic”stormwater"‘

in the,lakelwas evident'durihg the July 21 stormwater
sampling event when pH values for the previocus two months,

which had been greater than 8.0, drobped to a pH of 6.7.

~This pH reduction also ccourred on the October 24 and

November 11 stormwater sampling events. . These extreme

fluctuaticens in pH occur as a result of the low alkalinity,
or poor buffering capacity which is typical of lakes in the

northeast United States.

Baltimore
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Alkalinity is a measurement of the hydroxyl, carbonatezand_;.
bicarbonate ions'present in a solution which is generally

reported as mg/L of calcium carbonate, which determines the

'buffering capacity of the solution. As-a-resultrof‘the poor .

_ bufferlng capac1tyrof the Bllllngton Sea, extreme

: fluctuatlons in pH levels may be stressful ‘to fish and
. aquatlc organlsms. These fluctuatlons may also affect flsh:

and other aquatlc organlsms 1nd1rectly since the tox1c1ty of

certaln pollutants 1ncreases w1th decreases 1n pH.s_Low '

_ total alkallnlty values 1n the Bllllngton Sea,,averaglng
12 4 mg/L 1n the western basxn and 11 8 mg/n eastern oa51n,:f

make the lake susceptlble to acld raln dep051t10n._;hsdgr

expected the - alkallnlty values of the bog tr1butar1es were_ft‘

:‘extremely low; ranglng from 4.2 - 5. 0 mg/L,- As a result of

: thlS poor bufferlng capac1ty, ac1d1c waters whlch are

stressful to flsh (pH of 5.5 - 5 9) ‘are. dlscharged 1nto thef;ffhf;v-

B1111ngton Sea from Trlbutarles A D and E. Trlbutarles B

'and C Whlch draxn small ponds, exhlblted hlgher average pH-t&“l

values of 6.3.

Ratio of Total Nltrogen (TEN + NO-ﬂN) to Total Phosphoras

The quantlty, or blomass,_of algae in a lake is an 1nd1cator.

of the degree of eutrophlcatlon and is usually llmlted by
the concentratlon of an essentlal element or. nutrlent-f The
ratio of total nitrogen to total phosphorus can be USed to
evaluate which nutrlent limits phytoplankton growth 1n the
.event that other factors such as llghtr temperature or
1nh1b1tory substances do not control growth ' Ratlos greaterd
than- 20 suggest phosphorus limitation and ratios less than.
13 often suggest nitrogen llmltatlon (Smith, 1979}. Ratlos
of total nltrogen to total phosphorus Tn the Billington Sea, -

averaged 30 and 17 oullng the year for Statlon i & Station 2

Baltuimore
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(Table 22) respectlvely. These ratlos are 1nd1cat1ve of
phosphorus llmltatlon durlng most of the. year. Ratlos of
1ess.then i3, however, occurred durlng the summer and were ;
.particulerly ev1dent at Station 2 (eastern ba51n) This
"_suggests that nltrogen llmltatlon odcurs in the lake durlng
the summer., A 51gn1f1cant decrease in the concentratlon of
'inorganic nitrogen also occurred during the summer, lending
further support to the occurrence of summer nltrogen

llmltatlon.

A reduction in phosphorus loading to the iake-is the primery_
objective of the restoratlon plan. Most of the phosphorus
input orlglnates from watershed land use act1v1t1es.

Current lake management technologles focus on phosphorus .
1oadihg reduction since phosphorus removal from water is
more technologically cost—effectivefthan'nitrogen removal.
Furthermore, even with in-lake nitrogen reduction, blue-
green algae can utilize atmospheric nitrogen for their

. growth.

Fhosphorus

_ Phosphorus, one of the major nutrients required for plant
"growth {See Appendix Df, exists inorganically as,
_orthophosphate'and polyphosphates, and as organically bound
phosphorus. It occcurs in naturel waters as well as in
stormwater and wastewater, mainly in the form of phosphates.
These phOSphates occur in dissolved and particulate forms.
Crthophosphate concentrations were measured during the
~growing season in order to determine the amount of this
rsoluble phosphorus fraction which is available for plant

growth and to determine watershed loading sources.

Baltimore



'TABLE 22 TOTAL NITROGEN/TOTAL PHOSPHORUS IN THE BILLINGTON SEA - .

paTE . STATION 1  STATION 2
10/28/87 B % S F R
. 11/23/87 a7 20
12/16/87 . 18 T
1/27/88 o 20 . No gamples
2/24/88 = 2 VA
13/28/88 s 31
4/13/88 - s - 27
4/27/88 42 o 20
5/11/88 41 o
s/25/88 14 1S
6/08/88 | 19 15
6/22/88 | 7 o 5
7/07/88 - o1 T
7/21/88 15 10
8/02/88. . 10
8/16/88 - B R N
9/14/88 s
9/29/88 o _' 40 o
o to/2ses a1
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Fertlllzers applled to- agrlcultural and re51dent1a1 lands
_=c0nta1n orthophosphates which can be transported to surface
-fwaters in runoff. Total phosphorus is a measurement of .

'orgaﬁié phosphorus, - orthophosphate and polyphosphates and is

-used by lake managers 1n nutr1ent budget calculatlons rather

-than orthophosphates.

eTotal phosphorus concentratlons should not exceed 0. 05 mg/L
Cdin any stream whlch dlscharges 1nto a lake and 1n-lake
.Jﬂlevels should not exceed Q. 025 mg/L in order to prevent the
.jdevelopment of nulsance aquatlc plant growth and to control
cultural eutrophlcatlon (EPA -1986) .- Average annual in-lake R
| _ L ‘:values for total- phosphorus ranged from 0. 020 - 0. 135 mg/L '
L-- f | j[‘,? ?(average 0.054 mg/L) in. the. eastern basin and ranged from
.-”0 016 - 0. 152 mg/L (average 0. 049 mg/L) in the western:' '
bas1n. ‘Thus, total phosphorus concentratlons in the _"
-~Billington Sea are‘tw1ce_as,h1gh as the maxlmum_levelsm'“
recommended by EPA. The average annua};beﬁtem water
‘coneeatration was slightly greater'than‘the surface waﬁer
eéoncentration' primafily as a result ef sediment phosphorus
release to the water column durlng anoxic periods. 'The
average annual total phosphorus_concentration of the eastern
'basin was slightly'highef'thah that obtained in the western
- basin. Phosphorus is recycled in the lake (internal

recycling) on an annual_basiS4- Phosphorus is released

during decomposition of aquatic vegetation and is then taken

up by new plant grbwth thus completing the cycle.

The average annual total phosphorus eonceﬂtrations of the
tributaries, ranked in order from highest to lowest
concentration, were Tributary E (0.374 ng/L), Tributary A
(Ov337.mg/L),'Tributary D (0.137 mg/L), Tributary C (0.065

Boston o : @ Baliimere
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ng/1l) and Tributary B (0.060 mg/1). Thus, all of the
tributary phosphorus concentrations exceeded the EPA
standard of 0.05 mg/l. The eoncentration present in
- Tributary B can be considered as a background concéntration
sinee-this,stream draihs‘from‘a bog system which has hot
been in use for more than'30 vears. The low'average
concentration exhibited by Tributary C is probably a.result?
of the detention ofpbog'discharges and stormﬁater runoff in
Trask Pond. ThiS-contention is supported'hy the-fact,that
Trask Pond contains-an_exoessive amount of aguatic plant
-'growth and is hypereutrophic.  During high‘fiow periods ,‘ _
(2/24, 6/22 and 7/21/88), such as floodwater releases, storm
_ “events and snow melts{.the detention time.inﬁthetpond is not
- long‘enOugh"to allow for adedﬁate'tributary-phosphOrus_
.reductlon through sedlmentatlon and plant uptake before
;pdlscharglng to the Bllllngton Sea. Nevertheless, the~
average total phosphorus concentratlon present in Trlbutary .
e was - much ‘lower than those present in the ‘the' other three
.-1(3) trlbutarles.; The concentratlons in trlbutarles A, D and
B were seven (7) three (3) and seven (7). tlmes greater thanff~”
-‘the max1mum concentratlon recommended by EPA to prevent the :
:‘nulsahce growth of aquatlc plants and algae 1n rece1v1ng

hiWaters.'

OrthOphosphate concentratlons were measured 1n the lake and**-r
its trlbutarles on a leeekly ba51s durlng the grow1ng
fseason.' The in~lake concentratlon of orthophosphate wae'
-_conslstently 1ow throughout the grow1ng season due-fo plant,-
' uptake.' The average concentratlon present 1n both lake
basins was O 01 mg/L and never exceeded 0.03 mg/L. Thé
'average orthophosphate concentratlons present 1n the

'trlbutarles, however, were- highly varlable. Trlbutarles B

Boston ' S : _ N Baltimore
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{? and C exhibited low concentrations which were similar to

: those in the lake, ranging from less than 0.01-0.04 mg/L and
o . averaging 0.01 mg/L (Figure 18 and Figure 19). These low
concentrations were to be'expected given the fact that
Tributaries ﬁ and C drain ponds'which exhibit uptake by
"aguatic plants duringfthe growing season. Tributary D

exhibited'an.average orthophosphate concentration (0.05

mQ/L) which was five (5) times as high as the average
_ ,:backgrbund tributary.concentration and fanged from 0.01 -
 ', _': 51,- 0-22‘mg/L (Figure 20). Concentrations present in |
| -Tributaries A and E were extremely‘high, averaging 0.23 mg/L
and 0.43 mg/L, respectively. These high'averages are
-reflective of‘sporadicreharp'increases rather than
consistently high. cencentrations of dissolved phoephate.
Concentrations in Trlbutary A ranged from 0. 04 1.14 mg/L
ry E ranged frcw 0.02-4.0 mg/L
(F;gure 22). Sharp increases in orthophosphate
cohcentfations occurred in Tributary & on four occasions.
“The highest concentration (1.14 mg/L) was obteined on a dry
-sunny‘dey (6/8/88) and Qccufred'Simultaﬁeouely with the '
- highest vaiues of'tOtal phosphdrue;-ammonia—nitrogen aﬁd
.hitrate_hitrogen; suggestlng runoff from a prlor;fertlllzerr
eppliEation{‘ The - three other_lncreases, ranglng from 0 20 -~
:0'27 mg/L 'ceineide with. storm eveﬁts;' The hlghest _ '
) orthophosphate concentratlon obtalned in Trlbutary D was
::.;0 22 mg/L and represented the 1ast flush of the floodwater
”:released follow1ng harvestlng, Peak total phosphorus and
:TKN,va;ues,‘con31st1ng predomlnately of organlc nltrogen:-'
(plant tissﬁe;, were also omtaﬁnea ‘on . ths date. A peak';
_ orthophosnhate concentratlon of 4,0 mg/L was obtalned 1n
"Trlbutary E -on JL1V 7 1988. Thls value was: obtalped on a

: _dry, sunny dav concurvently w1th peak Lotal phosphorus ard

° o o - . Baltimore
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ammonia-nitrogen concentrations, also suggesting runoff from
a prior fertilizer application. Fluctuations in tributary
concentrations of orthophosphate generally coincided with

those of total phosphorus.

Nitrogen

Nitrogen cycles in equatic ecosystems alternate between
gaseous and nongaseous organic and inorganic forms Organic
“nitrogen, a. constltuent of plant and animal protelns, can be
decomposed by specific types of bacteria to produce
inorganic forms of nitrogen which are recycled_by plants for
gﬁowth. Organic nitrogen is convereed to ammonia*nitrogen
and then to‘nitrate-nitrogen 4newatere:with-adequate;
dissclved oxygen concentrations - {eercbic conditions). - Both
‘nitrogen forms are utilized by plants and nitrite is the
intermediate product whlch oCcours durlng this nitrification
_process._ ‘The absence of dissolved oxygen levels (anaerobic
*conditions) causes this cycle to shift to a denitrification
-p;ocess and nitrate-nitrogen 1s converted to nitrogen gas.
Potentlal sources of inorganic nltrogen loading to the _
‘Bllllngton Sea are wastewater, decayed aquatlc plant and
~animal tissues, fertilizers, stormwater runoff and
precipitation. .Blﬁe?green algae can dtilize_nitrogen from

"~ the atmosphere for grdwth as well.,

'The dlfference between the total Kjeldahl nltrogen and
‘ammonla—nltrogen concentrateon is an 1nd¢cat10n of the
. organic nltrogen concentratlon,~ A comparlson of the average
'fconcentratlons of these two nltrogen forms in the lake
'1nd1cates a yeer round predomlnance of the organic form. As

. a result, ammonis- nltrogen concentratlons were consistently
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“'1ow throughout the year, averaglng 0 012 mg/L 1n the western_t

basin and 0 011 mg/L in the eastern ba51n.

Average in- lake nltrate—nltrogen concentratlons varled
'between the two ba51ns._ The average concentratlons 1n both
'basins were high' However. the western ba51n concentratlon

- {(0.620 mg/L) was tw1ce as hlgh as that present in the -
Veastern b351n (0. 305 mg/L) Year-— round addltlons of nltrate
from septic systems cause thls 1ncrease in the - western _
basin. The decrease in nltrate nitrogen whlch occurs durlng”.
the summer, indicates a Shlft in the 11m1t1ng nutr;ent from '
phosphorus to nitrogen. Thig nitrogen 1imitationﬂis7 -
particularly evident in the eastern basin, lwhere summer h
nitrate concentratlons are lower because this. ba511 does 1otf
receive large amounts of nltrate from wastewater systems- '

during this time period.

\Conversely, the average nitrate concentratlons of bog
Tributaries A (0.175 my/L}, D (0.064 mg/L}) and E {(0.03¢0
mg/L) were much lower than those in the lake, since the pH
of bog soils are geherally'too acidic for'the eonyersioh ot
ammonium to nitrate to occur. The average concentration
present in Tributaries B and C more elosely resembled the
average in-lake concentrations as a result of the similarity
-in- the ni rog i CYCles of eutropbic cpen water wetlands. ~In
opp051tlon to low average in-lake ammeonia concentratlons;
(0.011 ~ 0.012 mg/L}, bog tributaries exhibited elevated
average coneentrations of 0.29 mg/L, 0.067 mg/L and 0.338
mg/L for_TributariesjA;'D and E, respectively. Ammonia
concentrations of this magnitude can be'chronieelly, if-net
acutely toxic to some fish sﬁeeies.if a large fraction
‘consists of the un-ionized form. Among non-salmonid fish,
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. 96 hour LCSO values range from 0.14: through 4, 60 mg/L for
NH3-N (EPA, 1986). These increases in the ammonia:
'concentratlons of the bog trlbutarles durlng the grow1ng
'fdseason are- probably attrlbutable to runoff from the bogs
-dfollow1ng fertlllzer (ammonlum sulfate) appllcatlons,'as
7 obzerved in. other studles (Teal and Howss, 1n press)

h Nltrogen fertlllzer appllcatlons recommended by the ;
“Cranberry Experlment Statlon are 20 40 lbs/A/yr, dependlng
on yleld growth and bog condltlons {Appendlces B. E .aod
'F) Under alkallne condltlons (pH greater than 9) -
‘equlllbrlum chemlstry ravors the un - 1on12ed (nore toxlc)
form of ammonla - Except after storm eventsr alkallne pH

values were-  observed during the summer thus favorlng the un—:r“

ionizationed form.

X .,
2.9 Tributary Water Quality Conditions

_ The water quallty of the five (5) streams whlch dlscharge to

iAthe Bllllngton Sea were dlscussed in Sectwons 2 8 on a
‘parameter— by-parameter basis. Tributaries A, . C, D and E

- drain aetively—mahaged cranberry bogs. Their water. quality
is primarily determlned by cranberry bog management ' |
practices (Appendlx c}l, such as water use and fertilizer
applicetions, since these bogs are the source of - tributary
flow and there.is noe development upgradient from them within
theirISUbdrainage areas. Stormweterrrunoff-from Black Cat
Road may also occasionally cohtribute to poor water quelity
conditions in_Tributaries A, B and C. Tributary B is
considered to be representative'of background water quality
conditions since this trlbutary dralns a pond and an

abandoned cranberry bog.

Boston ' _ - : ~ e ‘ ' Baltimore
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In summary, bog tributary flows are highly,ﬁarieble and
dependent on water use practices. Flashboards restrict
tributarj flow periodically during the winter, when they are
‘installed in the streams in order.to flood the bogs'for '
frost protection, and in the fall when the cranberries are
harvested. Conversely, highly erosive flows were observed
to occur when floodwaters ﬁere reieased. All of the
tributaries discharged nutrient-rich water to the Billington
' Sea throughout most of the year. Concentrations of
orthophosphéte; total phosphorus, and ammonia present in‘bog--
_Tributaries A, D and E were at least several times higher
than background concentrations of.these'plent nutrients.
*Nutrient inpﬁts’to_Tributary C from'stormwaters_and-bog
runoff Werersubstantially'reduced by their detention in 7
rask Pond, an were 51m11ar to background levels presenr in
Tributary B. Bog trlbutarles are also characterlzed by 1ow,
- PH, dlssolved oxygen and alkalinity condltlons which can
cause direct and 1nd1rect impacts to the 1nstream and 1ake_

Fflsh communities..

'rluctuatlons 1n orthopnosphate generally c01nc1ded thh _
-‘those for total phosphorus. Peak concentratlons of these
'_nutrlents generally coincided w1th ‘the peak ammonla—" '

'nltrogen, total phosphorus and occa51ona11y w1th organlc ,

nltrogen concentratlons 1n bog trlbutarles. The occurrence

Cof" these releases durlng sprlng and summer dry weather.e
_.condltlons probably represents runoff from the bogs f_i
.‘follow1ng fertlllzer appllcatlons.. This occurrence durlng

'”H;ﬁet Qeether"condftions iS'probebly attrlbutable to nutrlentecr
.lloadlng from bog runoff and in Trlbutarles A B and C from 7-5‘

"road runoff

" Boston : ' “o © Baltimore
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_The:peak~orthophosphate concentration (0.22 mg/L) in

Trlbutary D occurred concurrently with the peak

-concentratlon of total phosphorus and organic nltrogen in

the last flush of the harvest floodwaters {10~ 24 88) . Peak

‘ "orthophosphate concentrations of Trlbutarles A (1 14 mg/L)
Gand E (4 Q mg/L) occurred durlng dry weather on June 8 and -
'July 7. respectlvely. on these dates,'orthophosphate
”,concentratlons peaked concurrently w1th total phosphorus and:_"

”"ammonla—nltrogen, suggestlng fertlllzer runoff from these |

‘Ibogs. Elevated orthophosphate concentratlons ranglng from

0. 20 - O 27 mg/L also occurred ln Trlbutary a concurrently

_' W1th elevated ammonla nltrogen ‘and total phosphorus 1evels
?1;0n three other occasions (7/21 10/14 and - 11/12) :381m11ar,f

condltlons have been shown to occur 1n bog tr1butar1°5-'

.,fol1ow1ng floedwater reTeasns and kqown fertlllzerr*
"appllcatlons (Teal and Howes,rln press,.Wagner, in press)
'It should be noted that trlbutary sampllng was conducted
.~ biweekly without prior knowledge of bog applications or

“water management practices.

‘Storm events occurred during several of the routine biweekly

sampling events, However, composite s““yllng of the

LR Ly S )

tributaries durlng 15-minute time 1ntervals was only

conducted on July 21 and November 17, 1988. As indicated in
Table 23, the tributaries were sampled because base flow
levels in Tributaries A, B and C‘are'increaSed by the
discharge of stofmweter runoff from bogs. and road swales
located along Black Cat.Roadn There are no known storm
drains which discharge into the Biilington See (Plymouth
D.P.W., personal communication). Flow-weighted composite
sampling was conducted for a cumulative ?eriod-of twe hours

in an attempt to sample the first flush through the peak

® ' o Baltimore
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flow. The amount of precipitation dep031ted durlng the two-—
hour sampling perlod was 10.2 mm on July 21 and 14. 0 mm on

November 17. Rainfall on July 21 was moderate,:but sporadic

for the first 1.5 hours and heavy during the last half hour.

Ralnfall during the November 18 sampllng event alternated.

. every 0. 5 hours between heavy and light condltlons. In

general, COHdUCthltY and chlorlde values increased sllghtly
above their annual .averages. Dissolved oxygen levels were
below their annual average values.and the lowest values were
assoc1ated with the hlghest values for organlc nltrogen -and

suspended sollds. This assoc1atlon suggests that vegetatlve

matter from the bogs is. dlscharged into the trlbutarles

' durlng storm events. Ammonla levels in all of the

ttrlbutarles exhibited the hlghest 1ncrease above annual

average values. Only Tr1butar1es A and C showed 1nceea5es in
phosphorus leveis above thelr annual averages. Overall,
Trlbutary A exhlblted the ‘greatest degree of 1mpact from
stormwater runoff (Refer to Tables 4 and 5).

"Macrophyton

A survey of the macrophyton communlty, {plants v151b1e to

1the naked eye) ‘was conducted in the Bllllngton Sea durlng

the flrst week or September, 1988. The results Were s1m11ar

‘_to a survey conducted two years prlor (DWPC 1986) As a :
'_result of  the overall shallowness of ‘the bas1ns most of” the ;

Jake bottom constltutes sultable macrOphyton habltat ZAs__.

-9_1nd1cated in Flgure 23; most: of the Western basln (90%) and .

"approx1mately (15%) of deeper eastern basln are covered by..

dense vegetatlve growth. ‘The densest growth oocurs in- the

- shallow coves apd in thefweStern basin,_from the shore?zne;

out to_approx1mate1y the two {2} meter contour line. of the“:

lake bottom. A patch of dense emergent vegetation (plants

Boston
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‘which grow above the water in shallow areas) is also present
along either shore of the lake outlet. As discussed in
'Section 2.i4, these d6nsely'vegétated areas are underlain by
.nutrient;rich, organic sediments which are available for
planﬁ ﬁptake through their root systems. Macrophytic growth
in the bredominant bathing (Hathaway Eoint) and. boat
launching areas is only moderate, ranging from 25-50%
density. . Most of the easterh basin is oﬁly;sparsely {less
~than 0-25%) vegetated. Since most of this basin is greater
than three (3} meters deep, plant growth is more likely to
be cohtrolled by light 1imitation‘ pafticularly during the

summer when dense algal blooms occur.

7 The'speciésldistribution of aqﬁatic macrophytes in the lake

~is shown in Figure 24 and their.frequencf of occurfence is
presented in Table 24. Although the species diversity wa$

' greater for emergeﬁt rather than-submergent plants (plants
which grow-underwater),_the latter category is far more
prevalent in the lake and exhibits denser growth. As _
repofted in 1978 {(Lyons and Skwarto, 1978}, the dense growth

' of Elodea canadensis (Waterweed) and Ceratophyllum demersum
'(Coontaii) still occurs in the western basin at densities
whiqh*créate a nuisancé to lakeshore residents. Although
submerQEdraquatic plants may be utiliéed by waterfowl and
aqﬁatic organisms as spawning habitat, food and cover, the
-;denée coverage which currentlj exiétS'may‘causé.a shift in
the fiéh-cdmmuﬁity structﬁre. A prédominance of panfish, 7
" may result, since these fish would be provided with

fvegetative cover and less visible to predatory gamefish. As

Boston Raitimore
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- Figure 24, 'Distribut_iori of Aquatic- Macrophyte_s_' 1n the .Bi-];lj'-_ng-tbn' Sea
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Table 24,

- Map Code

’GALE

Frequency of occurence of aquatic macrophyton in the Billingtc

Sea (September 6 and 7, 1988)

* Occurrence Frequency -

“CeEZ oM

to

'm?im'

o)

t‘q *'3(10? :

.+ Cephalanthus occ1dentalls
.(Buttonbush) '

~« Sparganium sp. (Burreed)

- Juncus sp.. (Rusn)

Species (Common Name) 0-25% 25-50% 51-75%  76-100%

Submergent Plants
Elodea canadensis (Waterweed)

' ‘ S X
Ceratophyllum demersum (Coontail) . : X
Potamogeton sp. (Pondweed) : . ’ ’ o

i

Myriophyllum sp. (Milfoil) _ _
Utricularia sp. (Bladderwort) - X
Najas.sp. (Naiad) y X

Emergent Plants

STVRVE

Eriocaulon Septangulare

' (Northern Pipewort)- _ e X

Decodon verticillatum

- (Water Willow) - L o X -
. Pontederia. cordata [ A
- (Pickerelweed) ST _fl:jX"'

Scirpus sp. (Bulrush) :
Eleocharis sp. (Splkerush) B
Typha. sp. (Cattail) . .

4 b

- Chamaedaphne calyculata R -
",(Leatherleaf) R S SR

.Floatlng leaved Plants S

Nymphaea odorata.

o . (White Water Lily) ,_1 -"; - ;XZ--'
" NLphaY_Sp (Ye110w Water ily).' X

*Number of timeS'Observed/totelinumbef,df'obsefvatiohs1;

Boston

Baliimore
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”fpreviously mentioned,.thiS'basin is very shallow,'rieh in

organics and nutrient-laden sediment and is supplled with a

constant subsurface inflow of phosphorus and nltrogen from

T septlc systems.a Another reason for the success of Elodea .

- sp. and Ceratophxllum sp. may be thelr ablllty to reproduce-
. by fragmentatlon._ ‘The motorboat cuttlng actlon of

T_fpropellors operated 1n the shallow western ba51n probably

Boston . ' ' &

7'a1ds to increase’ submergent plant blomass through

_:tfragmentatlon. Although Elodea sp._stems are generally
frooted both soec1es may - be found free floating, allow1ng"”
<for a cosmopolltan range of dlstrlbutlon..‘Utrlcularla,spfj;a'

s also free floatlng..,;'

r_Emergent plants tend to grow 1n stands along the 1akeshorehh';
smnce they generally reproduce from . seeds and root stocks.ﬂfé'f”f”
They do not usually grow in areas of the 1ake whlch are

deeper than one meter. . Their. dlstrlbutlon in the Bllllngton -
Sea is patchy, but encompasses most of the shorellne. Manf';
rhof these. plant types are. utlllzed by waterfowl for - food and
.nestlng.‘_These emergent plants are beneflclal at the low o
'den51t1es ‘which they ocecur 1n the 1ake ‘and do not encourage'
large flocks of waterfowl. Furthermore, thelr root systems -
" act as lakeshore stablllzers and protect 1t from erosion.. .
The dense growth of the_emergent plants Decodon '

7 verticillatun (Water-Willow) and Pontederia cordata .

(Pickerel weed) along either side of the outlet, however,r

‘should be managed to allow maximum_flushing'of'the lake,
The third group of aguatic plants, the floating-leaved
plants, consist predomlnantly of water lilies whlch are
rooted by strong, thick tubers to the mucky pond bottom,
These plants can become a nuisance'at high densities, but

Baliimore
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their distribution in the lake is limited to the shallow,
nutrient-rich southeastern cove and along the lake outlet.

.In summary, aquatic macrophytes form an essential component

of the lake ECosysteﬁ by providing spawning habitat, food

rand cover for waterfowl, fish and other aquatic organisms.

~An overabundance of plant grbwth,'however, is‘not only .

viewed as a nuisance by lakeshore residents and other lake
users, but may also lead to poor water quality-and an
1mbalance in the fish c0mmun1ty structure. . Nutrient
releases from the m1crob1a1 decay of. dense beds of
submergent plants growing 1n-the western basin are

contributing to the algal blooms Which occur in the lake

each summer. The low dlssolved oxygen 1evels which are also

ocecuring as a result of this process. may cause flsh kills in

'the future. Therefore, management and neot eradication of

_vegetative g:oﬁth is necessary to restore and maintain the

desired uses of the Billington Sea.

~Fisheries

As ‘a result of its shallowness, summer water temperatures ‘in
the B1111ngton Sea are ‘too hlgh to support a healthy year-
round populatlon of coldwater fish. However, ‘the lake does’

- support a-diverse year -round warmwater flshery

'_ Addltlonally, the lake serves as - spawnlng ‘habitat for

alewives which mlgrate upstream through Town Brook each

_sprlng (DlCarlo and Reback,71970).

A 1956 report by the Massachusetts Division of Fisheries and

“Wildlife (MDFW, 1982) indicated thet_the follewing:nﬁmbérs

of fish were stocked in-théllake'between_1905-and 195l;
10,25375ma11mouth'bass, 100 largemouth bass, 6,600.hornpout,

S Boston . o e S . .+ Baltimore



_m—.m

Boston : . - 185

1 380 bluegllls, 60 sunflsh 218 black crapple 1 522 brook trout'

"and 5,140 yellow perch There 1s no record of flsh stocklng

since 1951 (Joe Bergen (MDFW) personal communlcatlon) other than:
with- aleW1fe (Joseph D1Carlo (DMF) personal communlcatlon)

'_Slnce the repalr and reconstruction of several of the Town Brook
- fish ladders has been conducted by the MA DlVlSlon of Marlne

Fisheries (DMF) D1V151on personnel stocked the 1ake 1n 1988

with 1 200 rlver herrlng (aleW1ves and bluebacks)

A fishery management plan, focused on 1ncrea51ng the abundance of'

largemouth bass, yellow perch and chaln plckerel was adopted by
the MDFW during the 1950's. Fyke nets and the chemlcal rotenone_

were used in 1952 to remove an over abundance of whlte suckers,

golden shiners, bluegills and pumpklnseed sunfzsh Fish netted
and returned during these operatlons, in order of abundance by
weight, were: yellow perch, brown bullhead whlte perch '
mallmouth bass, and chain pickerel. A ban which prou1b1ted‘iceh—7

fishing prior to 1950 was removed when a 1955 creel census. cof 132

Hflshermen indicated that chaln pickerel exhlblted rapld growth

rates, 'averaglng 20 inches in length Furthermore, winter
fishing pressure on yellow perch was viewed as benef1c1a1 in

reduc1ng the 51ze of the panfish communlty

Electrofishing gear and fyke nets were used to determine the
effects of herbicide and algicides, applied in 1970, on the
species comp051tlon and abundance of the Bllllngton Sea fish

community. ‘The results of the fyke net survey,_presented in

Table 25, indicate a shift in community structure from a pre- .

treatment codominance of white perch and_pumpkinseed.

Baltimore
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Table 25 Abundance of flsh spec1es captured by fykenet in the S
' - Billington Sea prior to and following the 1970 - C
appllcatlons of- c0pper sulfate and sodlum arsenlte .

S R SR PreQTteetment_ - ”'lPosthreatmentl’
- Fish Species. -~ -~ Abundance . - .. ' Abundance -

Smallmouth Bass S tss o ae
Ghata pickerel 6 2
White Perch e 'ljfl'fi,zoé'- s S ush
Yellew.?érch.a .e“-"L o E l 735'l o 'l.'illlel,::u822 .
Bluegill .= S o o270 l”l 355
Pumpkinseed SunfFish B L -_l545 _ 1;2l9
Brown Bullhead 226 - 252
~White. Sucker o o l 304 S 926
Golden Shinmer. o Co3sy 8
American Eel - 23 S 34

NOTE: Twelve (12) largemouth bass were collected by electro—
shocklng prior to treatment.

Boston Baltimore
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sunfish to a pest—-treatment dominahce of sunfish. A bosf—
treatment decrease in the relative abundance of white perch
and'gclden shiner and an increase in the .relative abundance
of white suckers and pumpkinseed sunfish was also evident.
Smallmouth bass and chain pickerel each composed less than
one percent (1%} of the relative abundance of the pre- and
post-treatment fish community at this time. The 1970 report.
aIso noted the occurrence of a large fish kill in.eafly |
September. It is‘possible that this fish kill'occcfred as a
result of oxygen depletlon in the water column wh1ch was '
attributable to the rapld microbial decomp051t10n of algae
and aquatic plants follow1ng the chemical applications.
These applications may have also impacted the fish community
indirectly, by reducing the abundance of the food sourceS'Of:

some specias As indicated in Table 26 the post- treatment

.. abundance of zooplankton was nearly eradlcated.

-Follow—up surveys of the fish community were conducted on
August 29 and 30, 1978 (MDFW, 1978) and on July 12, 1982

(MDFW, 1982). The 1978 survey results indicated the |

.ex1stence of a balanced flsh populatlon and stated that _

_pumpkinseed sunflsh were the mos't abundant spec1es _Yellowi

I.perch decllned 1n relatlve abundance 51nce 1970 and o
< _exhlblted ‘reduced growth rates The whlte perch populatlon
';‘however,'experlenced an 1ncrease 1n relatlve abundance and alf-
reductlon 1n growth rate. The growth rate . of chaln plckerelr.'

. was above average and that of largemouth bass Was below

- ‘average for the I III Year classes : Older year classes .
“e:;exhlblted above average growth rates } Whe populatlon stock

- density {P.S. D.) of largemouth bass was 4d% 1nd1cat1ng a'
‘-Ijlow to moderate angler harvest The management

'recommendatlons were to resurvej ‘the lake in five <5nyéars-"

© S L : . Baltimore "
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_ : Table 26 Invertebrate Benthic Animals Collected in Billington Sea "Plymouth,
o - ' During 1970, Before and After Sodium Arsenite Application. '
| Number of Organisms Collected
Pre-treatment . Postntreatment
\_o -
- acd _ —
(=] w iy (=) o -+ B ot ~r o
& O o —t — o ~F P R ~ o
S, e T R S (o] e S W S — o
Kl Tal [Ts) [%s) r~ B [ve] [=o ] oV} =) vl =
SR Class Turbellaria
A Other ¥ 1 T S
'tf' ; Tricladida (planarian}) 3 13 .16 32 23 34 _ . 57 .
;g _ " class Oligochaeta 1” o ﬂ-_ - o %
. .- - other - 11 o - ,
oo Plesiopora CTubifex) 16 57 27 41 14l 52 6 2 21 81
; - Class’ Hirudinea _ ' 7 e -.; . o . | - | ' -
Ea S Rynchobdellida (leech) - 69 3. 62 134 47 25 - 8 - 5 85
[ class’ Gastropoda - _ o _ | | - - '
{ Bosmatophora -(snail) S o o C g :
 Ocher B | e B | S S
aeidae : ' .19 26 0 11 54 W25 40 14 18 0 97
Planorbidae ‘ 8 9 5 22 16 7 - 23
-Class Peleaypoda.' '
Rulamellibranchia o
(mussel) - S ‘ . o o L
- Margaritanidae - - oo & PRRE N | B L 5
Sphaeriidae SRR ¢ . 11 ' 5 03 20y 6 9 2 9 26
TLC1aSS Cruatacea ': : : . _ : . o : . -
- cladecera . (water-flea} 1 11w 12
“Isopoda (Asellus). 520 0 29 34 g
Amphipoda {Gammarus) 24105 113 42 284 1 i
Class InsecLa o  ., "2'-‘: e e ' J . SoA
Ephemeroptera (May-fly) 3:' 4. 36 /5 I | B | oL
: Odonata . : e EEEEEEE | S ce B
‘Anisoptera {dragoa-ﬂly) & -6 . 124t v L
Zygoptera (damsel~fly) = 6 2 8 R 2 -1 12
Trichoptera (caddis-fly) 2 2 6. 1 11 4 2 6
Coleoptera {(beetle) ' 2 o 2 1 o 1
Diptera ' : . : , . ok i
Other | 7 1 8 S R A
Chironomidae (midge) 1L 22 32 23 . 88 11 1 & 150 166
Class Arachnida ' . : ' - '
Acarina (water-mite) 2 6 8 4 b
63 344 293 219 o10 [lioo 127 38 214 569

. *one sp. unknown
o ~108-
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in order to check the P sS.D. of largemouth bass and determlne

Whether the Whlte perch became stunted

uTable 27 presents a syn0p51s of ‘the 1978 and 1982 survey results

for the percent by number and percent by welght of flsh spe01es.

‘ Although domlnant in 1978 no pumpklnseed sunflsh were caught in

the 1982 sample. Although glllnets, electroflshlng gear and a .

Jfﬁrod and: reel were used durlng th15 sampllng event ‘the- d1v151on
rfattrlbutes thlS result to a poor sunfish sample.‘ The largemouth_pﬁ'ﬁ-
H-‘bass populatlon exhlblted an’ 1ncrease 1n percent by welght and ;i‘ ez].f'
d'number._ The populatlon remalned balanced and was characterlzed d B
fdby a P.5. D value of 53% Bass growth rates were above average
;fand thelr condltlon factor was average. The succcss of the bass
:populatlon was attrlbutable to an 1ncrease 1n abundance of golden
"shlners .a bass forage flSh --Overall whlte perch comprlsed

“!"48 5% of the total Fish populatlon by number and 26 4% by welght.f'J”

Their growth rates were below the Massachusettes average _
Although the growth rate of chain pickerel remained good,.thisa:

gepecies'exhibited a decline in abundance since 1978." The -

,management recommendatlons 1n 1982 were relative to resurvey the '

lake in four (4)Y years 1n order to determlne whether the whlte

,perch reach harvestable size (8 10 1nches) or become stunted

'check the largemouth ‘bass P.S.D., recheck the abundance ‘of the

p1ckere1 and sunflsh populatlons, and to congider 1nsta111ng

artlflclal cover near the shoreline for the bass populatlon.

" Although a-1987 follow—up survey-was'conducted_by the MDFW, a

report has not'yet been generated (Joe Bergen . (MDFW) , personal

'communicationl' The. D1v1510n catagorlzes the Billington- Sea'as.a

modarate prlorlty per fisheries surveying and management in

comparison to the other 2,500

Bailtimore
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cof fish
S 1982.

‘Largemouth Bass

'Smallmouth Bass

- Boston

 ' Tab1e'27;‘mSpeéies_composiﬁionrand percent‘ﬁy”weight and number

collected from the Billington Sea in 1978 and:

"_Péféeﬁf (%) o f.Péfcent'(%)

-~ by Number - by Weight -
11978 1982-1 : 1978 1982
8.8 . 20.8 22.6 .52.1.
- 1.5 ---- 3.0

8.6 -

-Chain Pickerel f16;9
k Pumpkinseed-Sunfishr . c27.7
Bluegill | | 7.
Yellow Pérch
White Perch 24..6
Golden Shiner 2.6
White Sucker 1.8
Brown Bullhead -1.2

1.5

0.5

10.9
48.5
12.9

3.5

21,

12.
10.
5.
2.
18.

N N V=TI OO N

3.3
0.06
3.9

26.3
7.9

3.5

Baltimore
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r lakes that are managed by the divisidn,-'Therefore, the 
lake's fish community_is ohly likely to be surveyed -every

m ten. (10) years. 1In lieu of this fact, the Division offered'”

the following general recommendations:'

1. Encourage the "catch-and-release" of gamefish

species {chain pickerel and largemouth bass).

2. ZFnitiate a panfish derby to reduce the abundance of
white perch, perhaps involving the elementary school.
system (the MDFW's "Aquatic Education Program” may be a

good resourcel).
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~‘and alaal blooms. .The lake shotreline is a particulariy
sensitive area since: 1) the ground water depth is shalliow,
-encouraging soil water saturation and anaerobic conditions:

2.12 SEPTIC LEACHATE SURVEY (See Figure 25)

In porous soils, ground water 1nflows frequehtiy convey
wastewaters from nearshore septic units through bottom.
sediments and into lake waters, causing attached algae growth

2) septic units and'1each#ng fields are frequiently located
close to the water’s edge, allowing only a short distance for
bacterial degradat1on and soil absorption of potential

contaminants: and "3) the recreational attractiveness of the
-lakeshore often induces temporary overcrowding of. homes _

Teading to. hvdrau11ca11v overloaded septic units.
Rather than a passive release from lakeshore bottoms

.ground water plumes from nearby on-gite treatment units mav

actively emerge along shorelines, raising sediment nutrient

levels and creating local elevated concentrations of
o nutrients.  The contribution of nutrients from subsurface
discharges o.,shore11ne septic units has’ Deen estimated at uo
Lo 60 percent. of the tota1 nutrient .toad in certain New .

Hampshire lakes (LRPL 1977).' Kerfoot and Skinner first useo

- fluorometry to detect lakeshore sewage.piumes {1981).
- Further independent verification of the usefulness of.
fluorescent - ana]ys1e wae prov1ded by Jourdonna1s ano'

Stanford {1985).
The capillary- 11Ke structure of sandv soils and

horizohtal ground water . movement 1nduces a fairty narrow

 @1ume from ma¥funct1on1nq septic units. “|he point of. .
discharae dlona the shoreline 18 often throuah a ‘smal.l aresa

of ‘lake bottom common ly-. Torm1nq an OVai—Snaoed areaa several

"metere wide when the septic unit 1S cltose to the shoreline.

In denser subdivisions conta1n1nq several overloadeo units,
the d1seharqes mav over]ao form1nq a broader 1ncrease

Ground Water P1umes

“Three different tyDes of ground water re]ated wastewater
plumes are commonly encountered during a septic 1eachate'“
survey: 1) erupting plumes, 2) passive. plumes, and 3) stream’
source plumes. As the s0i1 becomes saturated with dissolved
solids and organics during the aging process of teaching on-
lot septic system, a breakthrough of organics occurs first.

followed by inorganic penetration (principally chlorides

sodium, and other salts). ' The active emerging of the-
combined crganic and inorganic residues into the shore11ne

Jake water describes an erupting plume. In seasonal

dwellings where wastewater loads vary 1n time, a plume may be
apparent during late summer when shoreline cottages sustain
heavy use, but retreat during winter during low 7low
conditions. : '
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Residual organics from the wastewater often still remain ’
attached. to soil particles in the vicinity of the previous
erupting plume, slowly releasing into the shoreiine waters.
This dormant plume indicates a previous breakthrough, but

- sufficient treatment of the plume exists under current

conditions so that no inorganic discharge 1is apparent.
Stream source plumes refer to either ground water Teachings
or near—-stream septic leaching fields which enter into
streams which then empty into the Tlake.

Runoff Plumes

Tradﬁtional_féi1ures of septic systems occur in tight
8611 conditions when the rate of inflow into the unit is

" greater than the soil percolation can accomodate. Often

leakage occurs around the septic tank or leaching unit
covers, creating standing pools of poorily-treated effluent.

CIF suificient drainage 18 present, the effluant may . flow
. laterally across the surface into nearby waterways. In
~addition,. rainfall or snow melt may also create an excess of

surface water which can-wash the standing effluent into water
courses. In either .cause, the poorly treated effluent
frequently contains elevated fecal coliform bacteria,

“indicative of the presence of pathogenic bacteria and, if

sufficiently h1gh must be considered a threat to pubiic

- hea 1 th

-'Soec1a1 Survey Tmchn1oua and Equ1oment

wastewater effluent conta1ns a mixture of near-uv _
filuorescent organics derived from whiteners, surfactants, and
natural degradation products which are-persistent under ihe

Lcomb1ned conditions of low oxygen and 1imited microbial
activity. The aged ‘effluent percolating through sandy loam

soil under anaerobic conditions reaches .a stable ratio
between the organic content and chlorides which are highty

" ‘mobile anions. It is this stable ration (conjoint signal)

between flourescence and conductivity that allows ready. .
detection of leachate plumes by their conservative tracers.

‘Such identified plumes are an early warning of potential
'nutrjent breakthrough or public health problems. The septic
leachate detector utilizes this principle. o



Sept1c survevs For shore11ne wastewater d]SCharges are

'iconducted with a septic leachate’ detector - ENDECO R Type 2100? ffJ””'"'

"Septic Snooper TM" or KVA Model*: Peeper Beeper ; and the

"_FVA Model 30 Ground Water Flow Meter.,

The leachate detector can. be: operated out of any. smal1

boat.  It- con81sts of the- subsurface probe (water intake
system), the analyzer control unit, .and an anajog. etriochart
.recorder InitiaTly the unit is ca11brated against :

incremental- add1t10ns of wastewater effluent of the type to
De detected to the bafquound Take water. Nationwide studies-

.'have indicated that a mixed effluent from a wastewater piant

within the survey area rece1v1nq Dr1mar11v domestic effluent
represents the most "average” effluent for calibration
(Krause and Peters, 1979). Because of differences in
background water supplies and domeéstic. products, the
amplitude of conductance and fluorescence changes with
. geographic area. After ca11brat1on the pump end of the-
"probe unit is submerged in the lake water along the near
"shorelinse. - Ground water seeping through the shoreline bottom’
1s drawn . into the screened intake of the probe and travels
upwards to the analyzer unit. As -1t passes. through the -~
analyzer, separate conductivity and Tluorescence signals atre.
‘genreated. The responses are sent to the signal processor
which registers the separate sighals on a stripchart recorder
as the boatl moves forward. The analyzed water is cont.inously
discharged from the unit back into the receiving water. The -
battery—-powered unit used for field studies can record : '
thdividual fluorescence and cohductivity or a combination
~signal.. It has. been modified to operate under the
conductivity conditions encountered in the field.,

. At locations of observed discharges, small water samples
are taken and retained for tater laboratory. fluorescence.
Here a Tluorescent scan is emploved to segregate “septic
discharges from bog" discharges. ' The wastewater sample is
“fingerprinted” and compared to peak locations observed
arcund the lake. ' The: reiat1ve magn1tude 1S 1n01cated by

mapping in F1gure 26 -
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Figure 26. A, Spectral fluoresceace pattern for .1 mg/l
solutions of purified whitener {WH), fulvic acid (FAY and
humic zcid (HA}. B, Spectral fluorescence patterns. observed’
in samples of secondary sewage (2°), samples from a seep iIn
Big Arm "Bay '(SP), and saamples frem a humus bag
{MM). 1In both A and B maximum fluarescence cccurred at 448
nm_ . .

116~



Results of Septic Survey

. The sezptic leachate survey identified two major types
of plume discharges into the Billington Sea water system: on-
site septic system ground water plumes and bog discharges
(both surface and ground water). Table 28 shows the results
of the survey taken by K-V Associates. Isolated groundwater
septic plumes were found around the western and southern
Billington Sea (Figure27L No traditional failures '
{overflows) were observed.. A large number of bog discharges

. were indicated for the sea region, predominant1v on'the
southern shore.

Several 1ocat1ons along the Bx]]1ngton Sea shore11ne
‘showed increased levels of organics,. generally’ without a
corresponding conductivity rise. Fluorescent scanning of
water samples indicated a bog origin. Some of these sites
were not sampled for bacteria or nutrient levels because
either the. intensity of the reading was not high enough or
scanning fluorescence analysis--1n the-lab 1nd1cated that they
were not septic in origin.

On the western shoreline, septic systems o]¢! appear to
have a substantial 1mpact on the shoreiline:. Seasonal heavy
vegetative regrowth occurs each summer. ~Previous sampling of
private wells and_p?ume observations show that nitrogen
readily penetrates the lakeshore at concentrations up to 10
ppm. . The observed high concentration of phosphorus (8 ppm)
and nitrogen (5 ppm) during late summer which. disappears
guring late Tall likely reflects the h1gh groundwater
velocities and summer seasonal loadings.. Particularty
nitrogen in the form of nitrate ~ N may readily penetrate the
lake bottom depesit. There is some possibility. that the
shoreline is nitrogen - limited, despite the overall lakewide
phosphorus ~ Timited condition.  -Phosphorus may be reieased
from the lake sediment deposits, combining with the
groundwater n1trogen to result. in substantial vegetative

-growth
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13 INVENTURY OF ON SITE WASTEWATER,DISPOSAL PRACTICES

_ An 1nventorv of on-— s1te wastawater and 1and use
practices was conducted for households within 300 meters of
the 8iilington Sea. The quest1onna1re 1ncluded the following

information:

a. Type of system
b..Distance of system from shoreline
c. MNumber of occupants per unit
d. Number of days unit. is used per year 1.e. seasonal (s},
vs year round (yr) S :
Age of system :
* Types of appliances used
types of add1t1ves used

Lawn area
Type and frequency of 1awn fert111zer apm]1uat1on

i B W61

-l
.

The survey was conducted durina Auqust 1988, and January,
1989, :
Over 34 homes were v1s1t°d a]onq the shoreline of:

“Biilington Sea with an on-lot survey of septic systems and
lawns. (Table 29). Although there was some reluctance of
residents to fully answer the aquestionnaires, " most lakeshore
owners were vecally supportive of efforts to improve the
‘quality of the sea. Of course, most homes (60%) interviewed
during winter were vear—-round residents. Roughiy 40% of the
homes are seasonal (7 of the- first 16}, indicating a '
progresswve change from seasonal cottages to year- round
ocGuUDancy . in a number of cases. the nhomes have risen from
hunt1nu blinds or summer shacks to two story buildings.

" Many of the homesites, even though haorizontally close to
the water: between 15 and 200 ft.. exist at some elevation
above the sea (10-35 ft). F]ood1ng of homes or basements 3s
‘unusual. The average sept1c system age was 28 years, with
older units being cesspools while recent?v built homes
contained the septic tank-leaching pit combination required
by the Title V sanitary code. . A number of the res1dents do .

- annual maintenance pumping of the septic systems.

: The average occupancy was 2. 3 persons per dwelling forr
‘year—-round residents. Since seasonal occupancy is
sianificant, even though & persons/dwelling 1s not uncommon,
only a 3 month habitation 1eads to rouahly 2 persons per

dwe111nd




TABLE 29.0N- SITE WASTENATER AND LAND USE PRACTICES AT THE_
BILLINGTDN SEA ' ' o
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Some additional fTowagé méy occur from disnwasher use,but

most homes only contain washing machines.

At present, lawns are not a significant factor in
nutrient loading to Billington Sea.  The average size of .
observed lawns was 180 square feet. Most homes do not have

the manicured lawns of suburban areas. - Only one home had a

noticeable lawn (8400 sq.ft.). No commercial fertilizing
(ChemLawn, Green Lawn, etc.) was observed. Most lawns are

';;f1not regularty fertilized, - In many cases, the mowed areas
.are natural grass fields wh1ch are ma1nta1ned w1th onty.

occas1ona1 chem1ca] Fert111zer use.

—122-
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2.14 Lake Sedinent Characteristics &_"Reverse Layering"”

Feasibility

Lake Sediment Characteristics

Measurements of -the thickness of the soft. sediment layer in
the Billington Sea were conducted, concurrently with the
-bathymetric sufvey, by driving a probe to first.requal. As
indicated in'Figure 28, tﬁree 5. 0m~thick'sOft sediment
'depOSLts exist in the shallow western ba51n. 'The tﬁo
noreheranSu deposits are small and. located in a shallow
cove which is sheltered from wind actlon, thus reducing the
--llkellhood of sediment transport from,thls area. A larger
dep051t is located ln the southern portlon of. the Western_
-ba51n. The sediment thickness w1th1n the 5 om contour was -
-unable. to be aecermlnea 51nce ‘this . portlon of the lake was.
f-_not frozen at the time of the survey. i However, thlS ‘
e_dep051t consmsts of two lobes whlch appear to extend.
Jtﬂlakeward from the shorellne dlscharge p01nts of Trlbutarles
 ﬁ'A,and B Channellzed flow from these trlbutarles appears to
be redlstrlbutlng flne gralned lake sedlment partlcles, ' :
forc1ng them to be dep051ted 1n ‘the. center of the_weste;n_s o
‘_:'ba51n,l Redlstrlbutlon of the soft sedlment layerxia'this'
* basin was. noted durlng the summer._ Muck dep051ts_whiéhfWere”
.':. observed at the in- 1ake statlon durlng the w1nterfwereiae§{fs“¥”
:ev1dent in the same locatlon durlng the follow1ng’suﬁmef. 
IgAs a result of ‘the shallowness of th1s bas1n,,f1ne gralned
sediments can ea51ly ‘be redlstrlbuted by wlnd actlon,

o motorboat act1v1t1es,'and accelerated surface water - and/or

groundwater-lnflows.'

‘Sediment samples were eollected, on November 11, 1988, at

+he station shown on the soft sediment thickﬁeSs_map;5 The

‘Baitimore
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FIGURE 28
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'sedlment sample collected on. the western ba51n Was not
4obta1ned at the 1n-1ake statlon 51nce this area con51sted of .
- ¥ homogeneous sand’ 1ayer. The chemlcal characterlstlcs of
_'ethe two Sedlment samples are presented 1n Table ‘30 and theE
 fnphys1ca1 characterlstlcs,'observed from vert1ca1 core '
"'samples, ‘are descrlbed w1th1n the follow1ng subsectlon. _1
‘351gn1f1cant varlablllty ex1sts between the chemlcal t“'
: c'comp051t10n of the sedlments in the two lake baSLns.“f'sf;i :
 ‘e”Approx1mate1y thlrty—nlne percent (39%) “of ‘the phosphorus;‘“
”tload and - nlneteen percent (19%) of the- annual n1trogen load -
iwere predlcted from the nutrlent budget calculatlons to be
~accrued within the lake.- Unexpectedly, hlgher ' _
-fconcentratlons of total phosphorus nitrogen and volatlle f
'orgen;cs were obtained in the eastern ba51n rather than the -
'_heavilf~vegetated:weStern‘basin.- As prev1ously dlscussed ‘
the sample collected from the western b351n was .
characterlzed by a greater_sand fraction, - and tnus, 7
'containee-less organic; nutrient-rich muck. Addltlonal
:”3sed1ment sampllng in the western basin 1s recommended in :
norder to deflne the dlstrlbutlon of organlc sedlments duflng

the grow1ng season but 1S beyond the present scope of work.

A comparison_cf the lake's sedinent quality with the
Massachusetts 'Criteria for the Classification of Dredged or .
"Filled Material' (DWPC, 1979} indicates that the Station ll
sample (western basin) would be classified as Category I,
Type B material. The. Station 2 sample (eastern basin) Would

be classified as Category III, Type C material.

These designations mean that both of these areas could

‘either be hydraulically oxr mechanically dredged but that

Boston 135 Baltimore



. TBLE 30" BILLINGTON SEA SEDTHENT CHARACTERTSTICS.

""',.PAEAHE:ER R  1- :'?rarlog' o s
: : T 12/e9/sg R S VAR VET R
| ;QJ;JJ;EE;;'E;;E;?;}"'-"'_"-"-""7'5._55"'___,_"."_'"'"_'_7_*'77';5_' 5
' :-Cadmfum {mg/kgE I | :;<e.o§_ 3 R 97
Enﬁ¥:¢;wubw SO "'_1f .chroﬁiym fmé/kgi '”' .‘_ : ”.- §;é4 -  ;'; ﬁf.'f;' “':15.6
Coppe:r [-mgf_kg] __  _ _ : _ ..-'0;33 S "16.6
Tron (ngtka) o B ..-'200.70' R 12.39d;d
Lwdfmwkﬂ‘r o '&7$ X S
Manganese (ngfka) SERT 8.8
neréuéy'(agfngrf L ootsr et
Niﬁkei faofka) . R (RY) '_' 9
Venasion (asfke) (0.15 : o 73.2 :
Zine {mgfkgll ' 3.07 102.4
Ni.trate Nitroger [m_g/lkg) 1.32 : 108. 8
Tatél' Kieldahl Nitrogen (mg/ke) 823.8 . 5588.0
Total Phogphate_{mgfng 67.66 ' 66,5
‘Percent Water 57.70 89.8
0i1 & Gresse, Tetal (1) . g.o3 | 1.20
Total Volatilé Solids (%} 1.95 20.00
PCB's (mg/ke} | (0.1 o (3.8

[(] Indicates less than detection limit which can vary with each sample.
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effluent control measuree'would‘bejrequired for land
disposal.  Additiona11y,'sediment removed from Station 2

would require containﬁent throughcut the dredging process.

Sediment collected from this Station would be elassified as
"heavily polluted" in comparlson to sedlment samples -
collected. from the Great Lakes (Table 31). The elevated
concentrations of lead and arsenic in these sediments is of
particular concern. The_source of‘lead_in the sediments is
suspected'te‘be eSSocieted'with‘the-use of leaded gasoline.
'Once‘airborne,.theTIead would.retﬁrn to the sediment_due to
wet and dry deposition; The elevated arsenic concentration
may have resulted from the herbicide treatments of the 1ake,
conducted in July,71970 at whlch lee 6,000 galleons of _
sodium arsenite were added‘to the lake at a concentration of
7.5 ppm.  If dredglng of the lake sedlments is conducted, in
the futﬁre, the distribution of arsenlc 1aden sedlments |

should be further deflned

‘Boston ~ Baltimore



Table 31. Great Lakes Sediment Rating Criteria

Constituentt

" Nonpolluted

'_Volatile Solids 5
) o ' o
cop - <40, 000
TN . <1,000
-0i1 & éfease o ?1,000
(Hexane Soluble).
Lead L <40
 2inc - <90
‘Ammonia <j5
_ Cyanidé - _ R <0vi0
'Ehospﬁbrﬁs' : <420
Iroms © <17,000
' 'Nickei,  <20
??Hanganeseﬁ" <300
A:seﬁic €3
Cadumivm’ %k
' CHmeiqm';-. w ..f};<25ﬂ ‘
Barium <20
" copper <25
; iHéréﬁr&. _ Tx
; ' f§ichlorinataa-'_f7i s
L Biphenyls(PCB's)
sex ... 5.3

Moderately Polluted

5.8 -

40, 000-80, 0600
.. 1,000-2,000
1,000~2,000

4060

90-200

75-200
0.10-0.25
420-650

-17,000-25,000 -

20-50 7
300~500
3-8

-

" 25-75
20-60

Heavily Polluted

8

>80, 000
>7,000

>2,000

>60°

'>200

>200
>0.25
>650
>25,000
>50

. >500
 >8

>6
>75
>60.

>50

>1

1. A1l éoncént:aticné given in MG/KG Dry Weight except as otherwise indicated.

*No lower Jimits defined.
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-organic sediments.

"-regrowth unless removed by dredging or covered bf blanketingL

jgrowth of macrophytes

'restoratlon process for over 30 years (Mlsre 1938—

Reverse Layerlng of Bottom Sedlments'

The current. regrowth of aquatlc plants in the western and eastern
baslns of the Bllllngton Sea demonstrates that w;thout remedlal
actlon the lake will contlnue to be congested w;th submerged
vegetatlon. The source of the problem may be alded by phosphorus -rich.
Regardless of reduction imn nutr;ent inputs to
the lake, this stored reservoir of_olant fertilizer willrpromote
y dr. The
proposed alternatlve of blanketlng does not attempt to seal the

lake sedlments {as fly ash treatment does) but to bury the organlc

' fleyer whlle malntalnlng a porous bottom substrate allow1ng flow to

occur. - '_' : -f_" ﬂt. o - _f'l g‘ "f;,

v Sand appllcatlon is- a recognlzed retardant to establlshment and

Sc1ent1f1c studies have been conducted on’ ﬂf

~ the effectlveness and 1mpact of sand appllcatlons as-a lake‘_7

Peltler and

"'.-Welch 1969- Nlchols : 1974}.

Appllcatlon of sand/gravel onto ex1st1ng sedlments to thlckness

'of 16-20 cm has been used to control machrophytes (NlCthS' 1974)

As a restoratlon technlque .1t is appllcable to smell arees,;bqtf -

usually not used 1n large lakes because costs/un;t are. hlgh for

transport and appllcatlon (Welch 1980} . On Red Llly Pond the_
.Qpresence of beach sand’ underlyrng the organic sedlment layer requlres“'
-only that the orlglnal sand bottom sedlments be brought up aga;n to

the surface - hence the term."reverse layerlng (flgure 20) .

Corings” were conducted durlng December 1987 and revealed

sandy bottom layers which can be reversed layered- Heavy vegetation

Tesulting froim cultural eutrophication'is not conducive-tp_pond

life or water guality for the follow1ng reasons:

1. Low dlssolved oxygen lavels  increase flSh mortallty and'
produce nulsance odors . .

2. Heavy vegetatlon limits water circulation and recreatlonal
‘usage such as sw1mmlng and_flshlng.

3. The'heavy biomass aids sedimentation=whi9h raeduces

groundwater inflow and flushing.
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:cove of Blll;ngton Sea in December,.1987r
"mud pump. was connected to a 2-inch ID PVC plpe placed down” :|.ns.1de RS

a 4- lnch casing. - The ca51ng was 1n1t1ally hand—augered to 3

“valune.

Zrevealed condltlons suitable" for reverse-layerlng.

end bass.

'A test“of the‘procedﬁre'was'eondeoted'off‘e”dockfin theyﬁeStero:

A modlfled centrlfugal

feet below the lake bottom through 2.7 feet oﬁ peat depos;t- The.

hydraullc flow was adjusted to suff1c1ent ve10c1ty to transport

medlum sand up the cross-sectional area between the 4- 1nch ca51ng

and 2—1nch ID- plpe-
The test showed that the underlying sand can be effect1vely-.=

transported to the surface. (s flgtxe A& 3]_)

A series’ of corlngs {l 5) conducted in the western ba51n all
The botfom
sediments are-malnly-flne to medlum ‘sand wrth scatteréd §ebbles-7

Advantages of. appllcatlon of sand: _
1) 15- 20 em (5= 8 1nches} layer of sand reduces by 400%

regrowth of macrophytes (Peltle: and Welech, 1969}, reduces

colonization and species diversity, particularly submerged algae

and weeds {Potamogeton, Myriophyllum, and Najas} {Pearsall, 1920,

1929). _

2} The porous sand- substrate provides aeretion-to_sediments
and limits ion exchange with phosphorus. - h |

3y Improves'the eandy substrate nesting sitee for bluegills
The increase in aerated sediment will decrease mortality

by increasing egg ‘and fry.surv;val, Mortality is dlrectly related

Lo oxygen content and water movement.

4) Penetration of the'organic sediment layer encourages

groundwater inflow.

=131~

The transport sand volume was about 2% ‘of water_ '"
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BILLINGTCN SEA BOTTOM CORINGS : _ o ;

Depth B.S. #1
1! dﬁ bfn, organic, mod std, f-gse sand, with v cse sand
2 dk grey,. poorly std, f-v cse sand trace fing pebbles
3 ] grey brn, poorly std sand & gravel up to lg pebbles
4 dk grey, poorly sft sand and gravel '
45" brn, mod std, med-v c¢se sand and fine pebbles
5 grey, poorly std sénd and gravél up fo sm. cobbles
6; - grey, mod std. med-v cse sand and fine ﬁebbleé
Depth o B.S. #2
3 " dk grey, mod. std, silty,‘med—vc sand, some fine pebbles
1 dk grey, mod-std, med-vc sand, some fine pebbles
20 . '_ltﬂ tan, mod—stdt med-vec sand, trécefine peﬁbles
3 - 1t. tan,. mod-std, med-vc Sand, trace fine pebbles
'32‘_ 7. lt. tan,.mod—std, med-ve sand and'fine pebbles, soﬁe sSm. cobb}es
4% ' 1t. tan, poorly std, méd sand to fine pebbles and Sm.‘cobble$
5* . ili. tan, well std, .med-ve sand,.traCe fine pebbles | h
Depth . - B.S. #3 )
3 - - dk brn,_perly std, sand.énd gravél
1t .f -reé'brn, ﬁod‘std; vf-— med éand,-some é and ve sand
'2" 1.-‘ réd_brn,_mod-std, f-med sand, some Crénd Qc_sand
3' ,"_ ':red.brn, mod ;td,'f;med‘sand, sbme c‘and.vé saﬁd
av. . red brﬁ,fwel;-std, f-med sand, some c andlyc,Sand
75;'i? L féa bfn}[médf#td,'f;cfséhd With Vcléaﬁd, tfa;e fiﬁé ﬁebbles
Tﬁ'r.‘ - :éa:bfn, wéll_std, £-c sahd_ B
‘65;“““} : rédﬁbrﬁ}:moa'sﬁd; f«e'saﬁd: fracé ve saﬁa-and fina-pebbies

‘Q%1345
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Depth,“-

N 3-:‘

20
kN 3‘ V‘

.4'.
.6‘

LT

‘Deﬁth.

'3"
1l
PR

.-3‘

4t
»
6"
7

81

red brn, “mod std med cse sand

dB_S. #4 | :1 1.-_ ‘-, n. ._K :: ;. ‘ : s ﬁ_-
bfn,'organlc, poorly std 'sand and gravel ' T_ : _
some flne pebbles and cobbles fﬂ

';brﬁ. mod std, 'med cse sand some vc-sand and sm. pebbles,”.‘s

‘_bfn,dpoorly std fine=~ ~v cse sand and flne pebbles

brn,:mod std med -v cse sand trace flne pebbles_f

brn,rﬁell.stdrrf»med sand, trace cse sand and flne pebbles'

" brn, .well std, f-med sand, trace cse: sand

B.S. #5

‘dk tan, organic, mod std, vf med sand _some, fine graﬁel R

grey, poorly std, 51lty, vf—med sand and flne gravel
ak grey, mod . std f-med sand trace c¢se sand and fine pebbles

grey, mod std, f—med _sand, some cC ‘and v cse sand and fine pebbles :

grey, poorly std, f -v cse sand. and gravel

. brn, poorly std f-v cse sand and gravel

brn, peoorly std, £-v cse sand, some fine pebblés.
brn, mod std, f-cse sand, and small cobbles

brn poorly std, med-v cse sand and small cobbles
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FEASIBILITY. As’sESSMENT '

" The perm1551ble 1oad1ng rate for a - lake deflnes the carrylngiﬁl
-capac1ty of the water body of a crltlcal 11m1t1ng nutrlent.
For 1akes the phosphorus concentratlon should not exceed
0.025 mng/1 (EPA, '1986). Beyond this level the lake is .
overloaded and may result in heavy vegetatlon growth. The
_ computed annual accrual of phosphorus for BllllngtOu Sea

' stands at 453,660 kg/yr (See Table 4). The accrued
:.phosphorus is potentlally equlvalent to a concentratlon of
0.19 mg/1l. ‘Thls inflow pf phosphorus must be reduced to

maintain a healthy lake.

Tributarlenflow.

Currently, the 12-month menitoring of water quality has
shown that 63% of the total phosphorus originates from the
stream inflows. The source of the slevated phosphorus
Rappears to be cranberry bog operations, A reduction
ﬁenv1ronment, as occurs during bog operatlons, favors the
release of phosphorus into the stream channels. Teal and
Howes . (in press} state that “"soluble phosphorus in the
outflow from'the bog is high enough to_contribute:to
'fertilization of fresh waters nearly half the time, though
if the oatflow ls pfocessed by a shallow pond before
discharge, fhe‘phosphorus concentration meefs strict

standards 94% of the time."

The trlbutarles alone contribute an estlmated 721 kg of
phosphorus per year {See Table 4}. If the inflows were
‘ceased the total- incoming load would be reduced to 455
kg/yr, well w1th1n perm1551ble guldellnes (Refer to F1gLres.
32, 33, & 34). '

-Bosten . B e o Baltimore
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_ the B:Llllngton Sea.
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Figure 33. Reduction in Phosphorus and Nitrozen Loading to the Billington
Sea following Limited Action and Gomplete Tributary Cessation.
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As a practical alternetive, phosphorus loading could be
lessened by diverting some of the stream inflows of A, D,

and E to groundwater discharge.

Septic System Input

Upgfeding septio.system treatment in the shoreline rechafge
zones coﬁld'also'benefit the‘Billington Sea. Reduiring
.upgreded systems'for'new.homes or'additions to cottages
‘would be beneficiai. Coupling this with upgrading of zoning
wouidrréduce futufe groundwater phosphorus loadings.

Two OpthnS ex1st to upgrade the level of treatment:

1) Increa51ng leachlng fleld area to double current size ' |

- and requiring an alternate dousing system.

2) -Consider imstallation of UAF (upflow anaerobic filtexs)

between Septic'tank and leaching field.

PhOSphorus movement is due to low oxygen conditions promoted
by organic (BOD) 1oad on. the aqu1fer. Upflow anaerobic
-,fllters have shown a removal frequency of 74% of the. applled
~ BOD (Mltchell Univ. of Arkansas). An anaerobic filter
".Hcon51sts of a column'isolated from;contact with air'and
_contalnlng a solid media (1. 1/2 to 2 1nches in graln size}.
H'Anaeroblc bacterla grow on the media and uptake nutrlents in

Vt'the waste stream flow1ng upwards through the fllter.m

Boston - - . : "'7'_ ;izof' _:Behhnote-
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- release of phosphorus from the sedlments¢l

'measured 1nput loading.
due to the recycllng of phOSphorus form tha lake dep051ts.-5“'

IN SITU DEPOSI‘I‘S

Sedlment surveys and chemical analyses have revealed a_ 7V

'”sxgnlflcant store of nutrlents 1n lake bottom sediments.rr

'”jDurlng late summer, 1ow oxygen condltlons encourage the

The extent of

‘1mpact of the 1ake~bottom recycllng can ‘be seen by the mean;_ﬂg_ﬁf&;_;"

5r‘ob$erved,water column content of phosphorus at - .050 ng/1,

20% hzgher than . 040 mg/l expected on the ba51s of exlstlng-;_
The 1ncreased level 1s mogt llkelyf '

. Prev1ous benthic sedlment ana1y51s (Lyons and Skwarto,

1978) has shown a phosphorus aontent above 112 mg/kg. This 15"

'-con51dered excessive and a clear lndlcatlon of enrlchment.

Fven ;ﬁ the. 1nflow 1cad1nq of the streams were entlrely

removed, the 1nsmtu deposit recycllng would malntaln the

'soluble water column phospharus 1evel in excess of eutroPhic

conditlons. Lake restoratlon clearly_requlres_lnlake as wel;

as out-of—lake attentlon. _ ' o
In=-lake management/restoratlon alternatlves are

generally lelded 1nto two categories, short-term and long-

term. The first group 1nc1udes technlques such as mechanlcal

harvesting or herbicide treatment which prov1de short—term

weed contrel and generally must be repeated each year at a

recurring expense. - Sediment removal (dredging), fall-winter

drawdown, and in some cases, mechanical weed raklng, are

usually considered longeterm weed control strategies. The-

initial cost for design and implementation of these



TR

toration technlques may be hlgh, but the expense for

annual maintenance of the waterbody 15 often reduced or

-ellmlnated.w

-Of partlcular 1mportance to the evaluation of these

dlfferent in-lake strategles is flrSt deflnlng the

'_restoratlon program s goal and objectlves.‘ Bllllngton Sea
_'}maintains active swimmlng beaches, flshing and recreatlonal
' boating act1v1ties. ' The sea shoulé be malntalned for primary}f
.-T'and seoonaary contact usages 1nc1ud1ng swlmmlnq, flshlng, '
-,boatlng, nature study, waterfowl and w1ld11fo habltat and

"aesthetlos. For the prlmary and secondary contact usages, o

tho aquatlc plant communlty throughout the sea should

be brought 1nto balanoe w1th reduced plant den51ty but

4

malnteﬁaioe of a_u gh sp *ec leerSltY.' Alqal blooms should

-be reduced to perlodlc ocourrences 1nstead of annual

oocurrances. _ 7
0t foremost prlorlty, the. current nutrlent loadlng to

the sea and the recycllng cycle from hlstorloal bottom

'oepoolta must be reduoed.‘ vascular aguatic plants and

nuisance algal pooulatlons are currently the prlmary problem
at the Bllllngton Sea, both orlginate and are maintained by
overwfertlllzatlon. .Therefore, the fOllOWlng dlSCUSSlOH of
management strategles focuses upon those technlques/methods

that are known te be effectlve for controlllng‘algal blooms

and macrophytes. Tableiﬁ summarizes the technigues

considered for use at the Billington Seaand their respective costs,

~142~
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- Watershed Management : _ ' ' - ' o

Tailwater Recovery and Relocation of Bog Qutfalls

The major source of pPhosphorus loading to the‘Billington Sea
is tributary inflow, primarily from cranberry bog

tributaries “D". and "E". Prior to implementing ahy_iﬁ-lake

" restoration measures, tailwater recovery and the relocation

of discharges from bog tributaries "D" and ‘"E" shouldlbe‘
completed.' Discharges from bog tributary "A" should be

controlled in a similar. manner due i o¥'s) thelr effects on the

water gquality of the- Western lake bas1n.. The.control of

_nutrlent loading- from bog trlbutary “C", may be accomplished

by increasing the detentlon time of water w1th1n Trask FPond

through the- 1nsta11au101 OL a water level contrOl structure.

‘Tailwater recovery is a wat&r’Conservation'meésure which
.1nvolves collectlon of the water applied to a ‘bog and its

'transport to a storage ba51n for future use. The spec1f1c

fitallwater recovery methods to ‘be employed will vary

Besion

'dependlng upon site-— spec1f1c condltlons and w111 be
:determlned follow1ng a "Best Management Practlces
'evaluatlon of each bog operatlon.- ThlS 1ssue was dlscussed

: w1th the Cape Cod ' Cranberry Growers Assoc1at10n whlch 15-5

currently dev1smng such an evaluatlon and may be able to

lprov1de technlcal a551stance as ‘well as the U.s. 5011
'Conservatlon Serv1ce (See Appendlx G) . “As 1nd1cated in
-Flgure 35 ex1st1ng waterbodles may serve as’ fea51ble
istorage ba51ns for some bog outfalls and others may requlre

”the excavatlon of dlscharge ba51ns whlch coula be shared by

Sﬂvﬂral growels ‘Table 33 summarizes. nutrlenL load

,leductlon nmeasures from bog dlscharges.'

Baltimore
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.ngradlng and Malntenance of Subsurface Wastewater Dlsposal

sttems

The results of the septic leechate-survef'indicated.that
‘grouhdﬁater plumes'of high nitrogen'aﬁd phosphofﬁe content
are being transported through the sandy shorellne 50115 and
leading to the accumulation of these plant nutrients in the
lake. The severlty of this problem is compounded by the'
acceleratlon of this nutrlent loadlng process as a result. of
high groundwater recharge velocities, particularly along the
western basin shoreline.- The results of the;dooreto—door.
surVey of wastewater'disposal practices indiceted thatl..
~disposal systems located within 300 meters of the lakeshore
"averaged twenty eight (28} years in age and many do not meet
. the standards of the‘Title V regulations. Twenty percent
(20%) and sixty four percent (64%) of the. lake's phosphorus
and nitrogen loadings, respectively, are attributable to

groundwater inflow.

Sewage disposal alternatives are limited to upgrading
existing subsurface disposal systems, sewering and the
installation of a cluster septic system. The latter
alternative requires tﬁe dwellings to be clustered together
o thelr wastewater can easily be collected and tra ansported
to a centrallzed location for subsurface disposal. - This '
alternatlve is not recommended for the Bllllngton Sea '
watershed since, in addition to potential slope, space and
s0il restrictions, dwellings are located along the '
_shoreline, rather than-clustered Although sewering‘of the.
dwellings ‘located w1th1n the recharge zone of Bwlllngton Sea
would be the most efleotlve "long-—term means of reduczng

"nutrlent loadlng to the lake from subsurface wastewater

" Boston. - o e g ‘Baitimore



'7; sedlments, vegetatlve growth would be substantlally reduced.”-ﬂ

| Although the method of reverse layerlng is belng
E explored at present lt appears to be less costly than
dredglng. It also has hlstorlc appeal since the orlglnal

1ake bottom 13 belng recovered and transported back to. the - | .
 surface.- Depend;ng upon the depth of burial of the bottom VXZWDJ

The cost of reverse layering/for the Bxlllngton Sea :
L nghan eka T
basin is estmmated to be $500, 00—-700 000 Funds may be.

B
..:avallable for a- demonstratlon of the process 51nce 1t woul

be applicable to other eutrophlc kettle ponds with SLmllar o

i stratlgraghy as an alternatlve to dredglng

_DREDGING ‘
thhough gelectlve dredglng could serve to greatly

- 1mprove the sea, the unit costs would be qu1te high glven_ 
that the lake/pond cannot be grav1ty lowered and 1ack of

'su;table dredge‘spoll dlsposal sites 1n close prox mlty to
the pond | Wetlanas cannot be used as dlsposal locations.

Therefore trucklng of. the sedinment would almost assuredly be
required The absence of a suitable land parcel,near the pond
for éediment disposal heavily weights against the'feasibility
of hydréulic'dredging. To put the estimated cost of dredging
in perspective,'we ﬁave an estiméted cost of $8.00/yd3 for
removal and trucking tg_a contaihment area within one mile of
the pond. For removal of 1,000,000 yd3, the estimated cost

iz $8,000,000 plus an additionalrszoo,ooo to $300,000 for

final engineering design and containment area preparation.
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These cosfs are likely to be conservative and if the total

- volume of material to be removed were reduced, the'unit costs

would rapidly escalate.
Because of DWPC (628) Clean Lakes fundlng avallablllty

and-appllcatlon prioritizaticn criteria,The Billington Sea
would stand very little chance of receiving funds for a

costly dredging project.

DRAWDOWN/WATER LEVEL MANIPULATION
The present outlet structure at the Bllllngton Sea. does .

'not allow for lowering of water level by more than 1 to 2.

feet. A drawdown of at least four feet would be requlred to

expose the lake bottom for freezing and drylng of the aquatlc o

"plants. A major 1owaring of the lake woald 'be very

T dfaW&GWR-féSIhuaﬁt p;ants.-

detrimental to flSh and further, nalad is ane of the most

Drawdawn Lb ﬁBL v1ewea as a

" -v1ab1e or effectlve technlque nere.

e CHEMICAL S

IJHerblcide Treatment

Herb1c1de or chemlcal treatment 15 Stlll the most L

-"w1dely-used method for controlllng nulsanca aquatlc

"vegetatlon.'h Relatlve to other technlques, herb1c1des are

'usually less expenslve, equally or more effectlve and the -
results are apparent w;thwn a few days to several weeks. The‘
.-Commonwealth of Massachusetts requlres ‘that all herb1c1des“

applled to Dubllc water bOdlea be preformed by ! llcenced ’

167-



_k,,_,,,w‘ S

'_,herbicidés nientioned above, 2,

applicators" Naturally, only'EPA/State~approved chemicals

can be used, with permlt,approval required form the DEP and

the 1ocal Conservatlon Comm;ss;on.
Herbicide treatment would provide effective shart—term
control cf the naiad, pondweed and waterlilies which are
dominant throughout the seé. Either 2, 4-D qranulay of RODEQ
(a glycophosphate compound) WOuld be needed to control the

white waterlilies and watershield. RODEO is far more

=effeCtive on_yellcw'lilies or spatterdock. Aquathol K

(dlpotasSLum endothol) would provide annual control of the
nalad and pondweed. Based upon a treatment of $350/acre, the

total cost would be about $3,500, and control of the lilies

fmight be effective for two years. Conditions at the ponds

which make hérbicide treatment less attractive .arex (1) the
high density of vegetation which could lead to increased

algal growth following plant decomposition, and (2) public

'.acqeptancé as to the long~term safety of the chemicals to be
" used. Redualng the total area treated would, in part, help
teo lessen the potential for increase algae growth -The
-"_second concern (long-term,risk of the herblcldes) is not

easily addressed. Base upon review of the literature on the

4-D is widely used both fof

aauatlc as. well as . terrestrlal Weed control, yet there is

'ﬂcon51derable contraversy among ‘the SClentlflC communlty as to'
ltS lonauterm effects on non-target organlsma. RODEO is

."relqtlvely new, yet its actlve 1ngred1ents have long been

used,ln.a Lerrestrlal-herb;clde called Round-up. The
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Vlsmanufacturar of RODEO (Monsanto Chemlcal) reports lcw acute e
‘Hand chronlc toxlclty,‘no bloaccumulatlon Wlthln the food 7
rchaln, and falrly complete and rapid blodegradablllty. Tﬁe;‘f Lo
_nanufaaturer CaUthDE against use of the RODEO herblcide o

w;thln 0 5 mile of a potable water 1ntake, but there are no-rir;:'

restrlctlons on use of the treated water for lrrlgatlcn of

recreatlcnal purpcses. Aquathcl K rapldly degrades form both

water and soxl w1th1n several days to -3 to 3 weeks.

' LIGHT SUPRESSION/DYES

Aquashade, an 1nert dye, has been used in recent years__“

“to control both vascular aquatlc plants and mlcroscoplc f'

alqae;r The blua color ‘of the dye suppresses weed and alqae

growth through llght reductlon. Experience w1th Aquashade in

‘Massachusetts has been limited to treatment of small, non-

flowing péndS} ;Aqﬁésha6e or other dyes are not recommended
for use at the Billington Sea. The anticipated extent of
weed or algalﬂgeduétiﬁﬁ'is not well=documented and the ponds
are s0 Shallbé‘that'effecﬁive screening of iight may not '

"

oCCur.

BIOLOGICAL CONTROL

The most'coﬁmonly discussed biological control technique
is the use of the grass carp, which is a non-native fish that
consumeé aquatic‘vegetation, It is presehtly illegal to |

bring this fish into the Commonwealth, although a proposal

- for a "pilot project™ to introduce sterile (triploid} grass
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carp 1nto CHEbaCuO Lake in Hamllton 1¢ pendlng before the -
"ﬁaasachusetts DlVlSlon of Flsherles and wildllfe Adv1sory

fBoard._ The introduatlon of the grass carp lnto Blllington '

Sea is not recommended. The area is a prlme sport flsherleS'

‘The carp would be caught and to malntaln effectlve

"populatlon would impact mare de31rable specles. .




Alternatives to Reverse Lavering.

To addrees in—lake sources of'nutriente'éhould reverse
layering prove to be not feasible in the. western basin then
we would recommend an integrated management approach. .Ther
1ntegrated_managementlapproach qlll include selective use
of hydroraking end5mechanica1 hefvesting.‘ Hydroraking and
mechanical harvesting were described previously in this

. '~ section. short term aesthetic improvement in the lake can -

be achieved by herbicide treatment,.although nutrient

removal will not*occur;“A relatively non-toxic herbicide

that is affectlve agalnst plants such as Elodea Sp . and

Ceratophleum demersum 1s Flurldone (trade name is Sonar}

Bostoﬂ__
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Lake Use Plan
The implementation of a lake use plan, shown in Figure 41,

can serve as a mechanism for achieving a balance between the
'fisheries/wildlife habitat and recreational uses of the lake
(Engel, 1987)}. Lake use ZOﬁing_within the Billington Sea
WOuld permit muitiole uses to concur by minimizing the

. current user confllcts whlch exlst as a result of

competition for llmlted space.

The current unrestricted ﬁse of‘power boats on the
Biiiington Sea“is dangerous to the boater and'bather'aﬁd may
be negatlvely 1mpact1ng 1ake water quallty and
flsherles/wlldllfe habltat. The operatlon of power boats 1n.
the heavily vegetated, snallow western basin is- advised
T_agalnst because sedlment resuspen51on and 1ncreases in plant
‘biomass may occur. Resuspended sediments 1ﬁcreaee turbidity
and may_cauSe-increased phosphorus levels in the water
COiumn'ae ﬁell'as the'destruction of fish spawning areas and
,Nthelr benthic food sources.*rFurthermore, the cutting action,
of boat propellers ‘may- cause an 1ncrease in the blomass of -
t'Elodea sp.,'the predomlnant aquatlc plant spec¢ies in the
weStern_basln,.whmch can reproduce by fragmentatlon-_- _
P0werboating also confllcts_w1th w1ndsurf1ng'and the use of
”“other_unpowereébcraft in_the.western-basin} The presence of =
'two'sﬁbmergederocky-ehoaie*(Figufeudo) in this ba51n are
 fdangerous to power boaters as well as 15 travellng through
i&fthe shallow channel whlch connects the two lake ba51ns '

'Powerboatlng should not be permltted ‘near ‘the- Hathaway P01nt'

: bathlng area for publlc safety reasonsm

The su1tab111ty of spec1ﬁ1c Take zones Ior flsh/w11d11fe

habltat and’ Dartlcular Yecreatlonal uses were assessed

Boston Balrimore
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" AQUATIC VEGETATION

 BATHING .
UNPOWERED CRAFT AND
FISH/WILDLIFE HABITAT

POWERBOATING -

gHOAL -

SCALE: 1 cm =100 m

NOTE: ALL DEPTHS GIVEN IN METERS

NOT TC BE USED FOR NAVIGATIONAL PURPOSES

FIGURE 41. LAKE USE MAP

BILLINGTON SEA
PLYMOUTH, MASSACHUSETTS
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R , aCCCrdihg to lake hYdrology'(water depths) and:vegetative
"a=fr-e;-g]:’ﬂ'cover.f:Zone‘A which currently is a bathlng area, appears
L -to be the best locatlon for thls type of use- 1n that thls 1s

K . H_-';J,shallow and characterlzed by sandy sedlment and sparse '
1t§;:{;“} : f':f;vegetatlve growth. The boundarles of this bathlng zone _
should be’ dellneated w1th a float llne and posslbly a buoy

slgn warnlng powerboat operators -to steer clear. of +hls

-area.  Weekly monltorlng of fecal collform bacterlal
'den51t1es and Secchl Dlsk depth Whlch 1nd1cates water
,column transparency, should be conducted 1n this area durlng
the bathlng season Zone B. whlch 1nc1udes most of the .
' western ba51n, 1s shallow and heav1ly Vegetated R ThlS area
is best suited for fisheries and wildlife hab1tat and '
recreat10na1 activities utlllzlng unpowered craft.
._Motorboatlng activities should be restrlcted to Zone C
whlch 1nc1udes the largest amount of deep water area
avallable in the lake, including a leng stretch of deep
. water for water skiing. Thls basin supports less vegetatlve

growth" and contalns the boat launch area._

Implementation of the proposed lake use plan wlll require
pub11c education and enforcement measures. Since many of
'the recreational users of the B1111ngton Sea are not local
re51dents, signs de51gnat1ng the uses of each Zone are 7
recommended. A permanent buoy 51gn, indicating "Danger no
power allowed beyond this. point", wouid,‘be beneficial 1if
installed in the channel between the two basins. Boaters
who are lakeshore residents can be set a good example by
‘only utilizing the western basin of the lake for -access to

the eastern basin (Zone c},

. > Baltimore
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Implementation of Recommendations

3.3

Implementation of the lake restoration project may be more.
effective if it is overseen by a Watershed Managementl ;
Committee composed of at least one representative from the.
Conservationrcnmmission, Board of Health and Plsnning '
Board, a Plymouth'citizen from outside the watershed, a:\l
member from the Billington Sea-Lake Association and a local
cranberry grower. This committee would be charged with-
establishing a timetable and.methodology for 1mp1ement1ng,:

the various restoration components. The committee would

‘work with the Board of Health to implement the wastewater .

management recommendations and the planning board to
implement the ls“e'and land use zoning re mmendetions.
This committee may establish a subcommlttee to set up a .

publlc educatlon ‘program or gather and disseminate

E educatlonal broahurea and publicize seminars glven by.the

 Massachusetts Congress of Lake and Pond Assoc1atlons

'themselves.' Thls commlttee would work Wlth the varlous

'rlake user groups to’ see. ‘that each group s needs are met and

t_concerns addressed In partlcular ‘thls group would work

as a cooperatlve effort W1th the Cape Cod Cranberry Growers.f.

'_-Assoc1atlon and the U 5. 5011 Conservatlon Serv1ce toiﬁlF

saSSlSt the’ growers w1th 1mp1ement1ng the agrlcultural

_‘management practlces

Boston . S : s
: . R R -‘*1/5—f

rTable 3 summarlzes the permlts requ1red for 1mp1ement1ng
‘the watershed management and 1ake restoration B '

'recommendatlons “the potential meacts and pOSSlble fundlng

sources for the prOJECL Table 35 descrlbes the varlous'

funding programs.

Raltimore *
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TABLE 35. POTENTIAL FUNDINGVSOURCES

s ~TYPE OF R D o
FUNDING ‘SOURCE '~ WORK FUNDED ‘ % FUNDED . 1989 STATUS
- 'Rivers and Harbors  Restoration & Preser- . 75% No funds available
1 Program-Department . vation of Massachu~ . .~ - " until FY 1992
‘. of Eanvironmental _setts Waterways B S A e T
I Management, Division | o
. of Waterways ‘
;- Public Access Board - Design & Construction - 100%. -- Applications taken -
-~ Dept. of Fisheries,: of public use access -~ - -~ . presently.  They - .
P Wildlife Law En~ . . to ponds, lakes. and .~ . . work with 1eg15- =
: forcement Division coastal areas . . 0 lature to aqu1re
S S S : - R ‘.funds 7/,~ :
' Small Watersheds Pro-: iAgrlcultural 8011 and Water 60: 40 -‘Long-term lmplemeuta—a
: tectibn“Program(PLESGG)‘ﬂ ~Conservation Measures : -  Fed. ég?ower thU, (approx. 4 years)
. $100, OOO/grqwer SR
REE S
i“
‘Aquifer Land Aquisi- ©Purchase of land , " For . No new grants un~
- tion Program, Ch 286 for water protection ' - studies = til FY 1991 - = =
Sec 5.20. DEQE - . - 100% to . .
o “ S e . - $50,000.
“Grantg ‘to - -
$250,000
including
purchase
- of land.
- $15,000,000
~authorized. -
‘Agricultural i S N : 100% of  Restricted.
Preservation - o . S purchase Probably nothing
Restoration Program , ' : available until
' : ' : - FY 1991 .
Feasibility Study Grants made to towns  $30,000 -  Future funding un~-
Grants Executive w/less than 50,000 - limit per = certain.
0ffice of Community pop. for dredging project
and Development projects '
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disposal systems, it does not appear to'be.a viable
alternative in the near future. Upgrading of the overloaded
.Plyﬁoﬁth wastewater treatment facility is in the planning

"stages. An interim action plan for reduc1ng wastewater
1oad1ng to the lake is needed.;
An interim plan for mitigating wastewater impacts to the
Billington Sea involves the upgrading of failed and subgrade
systems to meet Tltle V standards and local health bylaws.

- Sewage dlsposal systems located upgradient of leachate

" plumes identified from the septic leachate survey should be
inspected in an attempt to identify operational feilures
end/or'subgrade systems. Additional information regarding
the condition of a disposal system may be available through
.the review of'installation,‘repairs and tank pumping'

- records, ae.ﬁell as through coneultation with the Plymouth
Health Agent Proper septic system meintenance practices
should be a component of a public education program
;lnltlated for watershed residents. The use of non- phosphate

'_detergents, implementation of household water conservation.

' measures, septlc tank pumplng frequency and the ellmlnatlon

of garbage dlsposals are among the issues Wthh should be

addressed.

The effeCtiveﬁess:of this.mitigatioﬁ measure is dependent
'upon-the'stringency of local bylewsrand.enfercement‘efforts.
For example, the adoption of Eylaws_which'require the
| upgrade of a eyétem upon resaie of a dwelling or the
-conver51on from a seasonal to a. year round dwelllng are.

'useful enforcement tools

CI T © ¢ BRaltimore .
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Zoning/Land Use Planningl

Land w1th1n the lake watershed and recharge zone . should be
,1managed in_ such ‘a. way as to mlnlmlze future 1mpacts to the.
'water quallty of Bllllngton Sea. The adoptlon and ‘
enforcement of zonlng bylaws which establlsh watershed and
,paqulfer protectlon zones would complement the use of
existing land use control regulatlons to reduce nutrlent _
loadlng. Delineation of ‘the Bllllngton Sea recha;;e zone;i'
on Zoning Map Number 4 of the Aqulfer Protectlon District
(See’ Figure 36), would aid in enforc1ng the Plymouth aqulfer
protection bylaw for recreatlcnal waterbodles' '
(401.17(C) {3){a)). Undeveloped parcels of ‘land located
within critical nutrlent loading zones may ‘be earmarked for
land aqulsltlon and nutrient loading controls may be placed
on future land development prOJects through the adoptlon of
bylaws whlch regulate stormwater, wastewater{,and ‘ '

agricultural discharges.

~ An ekample of a zoning bylaw that would contribute tcward
‘easing the nutrient loading to Billingtonrsea'would be to
require that any future residential development within 300
feet of the shoreline utilize pump-out holding tanks for
septic waste. ZIn.addition, any existing system that has

failed must be replaced by a holding tank.

Existing regulations such as 310 CMR 10. 00 which pertaln to
-'wetlands protectlon, may - also aid in the mltlgatlon of land
use 1mpacts to the Bllllngton Sea. The entlre watershed is
located within an area which contalns habltat for rare
wetland w1ld11re‘spec1es {Figure 37), whic¢h means that even
"limited prcjects“'require the filing of an Appendix "A"

form. Furthermore, the primary recharge zone for the Lout

‘Baltimore
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Aquifer Protection District-Zoning Map No. b oo

Figure 36,
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o Pohd well includes the.Billington-Sea and a large portion of

fhe iake'é recharge zone. Special restrictions apply to

development projects in these areas.

_Publlc BEducation Program

A public education program on- the 1mpacts of human

activities on the Billington Sea would encourage public

participétion\in the lake management and restoration
efforts. Residents would be encouraged to implement "best

' management practices" for septlc system maintenance,

lakeshore 1awﬂcare, shoreline stablllzatlon and the adoption
of a lake use plan. Sources of 1nformat10n for ‘this

pro;ect include the 5011 Conservatlon Service, the Plymouth

-.Councy Cooperative Extension berv1ce, the 01d Colony

© Planning Counsel, and the Massachusetts Audubon Society.

' In—Lake Restoration

“Approkimately:thirty;nine percent-(39$):of the phosphorus_'

inQutmand'nineteen percent (19%) of the nitrogen input to

_the"Billington Sea is accrued in the lake., Although some of

'thls nutrlent accrual is contained w1th1n the water column

and plant blomass, the majorlty is contalned within the

i uppermost_layer,of the lake sedlment where it is ava;lable

. for aguatic plént”and-éigal'growth Thick nutrient-rich

dep051t5 in the western basin of the Billington Sea have |

_promoted exc9551ve vegetatlon growth in this &srea. This

"plant growth_may increase sedlmentatlon, which réduces'

grqundwater inflow and flushing, as well'as'impe&é in~-lake

5..wate;_ciréuiation agd recreationalﬂﬁsage of .the lake for

Boeston C T T e
o _ o S . R A

. swimming and boating. 1Low_ﬂissbived'oxygen-1evels in the_.

. 1aké5 résulting from the high_oxygen'demand of these

Baltimore




"ﬂ*nutrlent-rlch dep051ts durlng the summer, may caUse flsh
Ckills and the release of sediment phosphorus.' ThlS release‘

can subsequently trlgger algal blooms._ Data collected

'-durlng this study suggest that thls 1nterna1 nutrlent
- recycllng 15 occurrlng within- the B1111ngton Sea. and that
‘without its control the lake will contlnue to sustaln dense’

‘aquatlc plant growth and algal blooms.-

'The'objective of the following in¥1ake'mitigatibn'measures

Care to control 1nternal nutrlent recycllng, primarily by

reduczng the amount of nutr1ent~r1ch sedlment which’ remalnsﬁ
in contact w1th the overlylng water column. Longfterm 1nf.
lake restoratlon measures must be implemented following the

relocatlon of bog dlscharges in order to 1mprove and

"maintain the flsherles_habltat, recreatlonal and aesthethlc

values of the Billington Sea.

Sedlment Cover (Reverse Layerlng)

E-Reverse Layerlng is an in- 1ake restoratlon technlque whlch
is currently,belng 1nvest1gated w1th funds from the Clean

Lakes Program for its effectiveness in reducing internal

nutrient loading in Red Lily Pond (Barnstable) which is a
euthrophic kettle lake euch as. the Billington Sea. (RV
Associates, Inc., 1988). The process is based on
conclusions derived from nrevious studies which demonstrate
that sand applications of 15-20 cm. in debth can reduce the
regrowth of aguatic plants by as much as 400% (Nlohols,
1974, Peltier and Welch, 1969).

The procedure employs the use of a modified centrifugal.

"mud” punp  to transport sand depoéits located beneath the

lake's nutrient-rich organic sediment and deposit them on

Baltimore
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_-top of thlS upper layer of sediment (Flgure 38} f Harvestlng
ri-of aquatlc plant blomass prior to conductlng reverse '
‘layerlng would further retard plant regrowth. In addition'
to retardlng plant regrowth reverse layerlng may control
'1nterna1 nutrlent loadlng by reduc1ng the amount of
nutrlent rlch organlc sedlment remalnlng 1n contact w1th the'
water- ¢olumn and thus reduc1ng the llkllhood of sedlment
__phosphorus release. Reverse’ layerlng iz less costly than
'.sedlment removal and does not requlre the design and
constructlon of a sedlment dlsposal area._'Environmentei
1mpacts from reverse layerlng may be reduced by conductlng
the procedure in alternatlng squares within a 100 ft. by 100,
ft. grid to allow for recolonlzatlon of the lake bottom by
benthic organisms. The resultant siltation is controlled
with booms'conetructedﬁof'filter cloth and the use of a
cyclone separator.l Reverse layerlng may allow for some
deepenlng of the lake by redep031t1ng a portlon of the mined
sand in another locatlon._ Thls‘technlque, however, should
not be substituted as an alternative. for.sediment removai
" when the objective'of'the latter restoration technique is to
remove contaminated lake sediments and to significantly

deepen a lake.

' anp tests were conductedrin'order to determine the
feasibility of enploying reverse 1ayering in the western
basin (Figure 39) of the Biilington Sea. This testing

-indicated that adequate sand deposits are located beneath
the nutrient-rich organic sediments.in the lake and that
these deposits_can.be readily transported to the sediment .
surface. The dense beds of submerged aquatic'vegetation and
thick nutrient-rich organic deposits, located primarily
within the western basin (Figure 40}, are targeted for

'conducting reverse 1ayering. The installation of

-'Boston ' : - : @ Baltmore
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. SCALE: fem=100m . -

_ NOTE : . ALL SEDSMENT THICKNESSES GIVEN IN METERS . =

FIGURE 40.  SOFT SEDIMENT THICKNESS MAP
SILLINGTON SEA |
PLYMOUTH, MASSACHUSETTS
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interception wells along the western shoreline of the lake
may be neccessary in order to reduce the velocity of
groundwater flow. up through the buried nutrient-rich
deposits. Secondly, the implementation of a lake use plan
which restricts motorboat usage.in the western bésih is
‘recommended in order to curtall the resuspen51on ‘and

transportatlon of silt in this shallow basin.

Boston T Baitimore



| MECHANICAL -
Harvestlng._ In recent years the use of commercxally
Smanufactured weed cutters/harVesters has. become prevalent. S

There are several Massachusetts—based companles that prov1de .

contract Weed harvestlng services to munlclpalltles and. pond o

assocxatlons. Recently, several munlclpalltles have"
purchased thexr own equ1pment for operatlon by Town DPW :

‘ persennel. These machlnes range in cost from about $20 000
:ta $80, OOG dependlng upon wmﬂth of cut and load cana01ty '.A_;
small model harvester (1. e., Aquamarlne H4w100) sultable for -
residentlai snorel;nes uas a productivity e- app“cx‘mafe “
0.1 to 0.2 acres/hour. If the capltal cost were $40, 000 and
wrltten off over a perlod of 10 years, the annual cost would o
be754,000.00, nssumlng base - 1abor costs were equlvalent the
cdst of operation runs about $200/acre with cemmer01al "
companies, compared to about $100/acre, where a town owns its
own harvester. Roughly 40 acres would have to be harvested
annually for the break even p01nt to be reached where lncome
received balances cost of equlpment.

The mechanical harvesters have sickle-bar type cutters
which cut the weeds from a variable depth from the pond
‘surface to a nmaximum of about five feet. Behind the
hdrizénﬁal/vertical cutter bars 1is arconveyor'system which

simultaneously collects the vegetation for on-board storage.
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'fﬂWhen a full load has been obtalned the harvester backs into
_'shore aﬂd autonatlcally enptles it contents on shore. The
_veqetatlon may be trucked dlreatly away oy the contractor or

lse allowed to dewater for a day or two and then be picked

i up by the Town DFW for dl«posal. | R | | o

Harvestlng has the advantage over. chemical because the'

'fvegetatlon is. removed from the water body rather than

“iedulpment plus a "lump sum" moblllzatlon fee.

 _decomposing._ Harvesting pro;ects are seldom followed by o
 :,a1ga1 bloams and no potentlally t0x1c materlals are. added to

 the water. However, waterlllles are controlled by harvestlng

ﬁ¥ 'for a perlod of only 2 to 3 weeks before compleLe regrowth
”L[occurs.i ' - _   _ o '
_ The dlrect purchase and operatlon of ‘a omall harvester .
by the Town of Plymouth for ‘use at these and other publlc -
water bodles may nake economlc sense. The unlt cost of weed
harvestlng with Tawn—owned equipment sharply declines as’ the ::1l Lo f

machlne is utilized to its capaclty.

Most harvestlng contractors charge hourly for thelr -
The costs for .
harvesting a the Bllllngton Sea are likely to be

approximately $450/acre, 1nclud1ng trucking of the cut

vegetation. Harvestlng should be directed at prlorlty areas,
such as éécess points used for shoreline fishing and secondly
within éreas of greatest plant biomasé, Based upon 100
acresf the cost of one'harveétiﬁq wQuld probably run about
$45,OOOQOO. Two and preferable three harvests pef sﬁmﬁer

wonld be desirable.
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Unfortunately, at the current level of nutrient input,

the beneficial effect would be short-lived. Affer 2-3 years,
harvesting would have to be repeated to maintain clear

shorelines.

'HYDRO-RAKING
The hydro—raking'cdnsists‘of a barge prbpelled through

the water by paddle wheels. On the barge is mounted a back-

hoe with a six*foot wide Ycrk—Rake_diggihg’attachment.
Unlike a WGed harvester, the Hydro-Rake is cdpable of
B scraping or dlgglng soft bottom materlals to a depth of 12 to
_._14 feet. The Hydro~Rake has no on—board storage capac1ty
"Therefore, each rake full (500 to 600 pounds) must be '

o~

. dep051ted e;ther on Shore or else onto a separate Lransporu
'.l.barge. | _
”-‘ N The nydro~Rakﬂ w11¢ erfect*vely remove v1rtually all
_  fcommon types of aquatlc vegetatlon but works best Wlth
'h-'_tuberous rooted rhlzome plants. Hydro—raklng ls not cost—
" effect1ve cn aquatlc plants w1th flne root systens such as
'{naiad and thxn»leaVed pondweeds._ These specles wlll fully
-  regroW, usually w1th1n a year or two of raklng. Hydroraklngw‘°'
‘gls not recommended for the Bllllngton Sea 51nce the domlnantR

‘ﬁveqetatlon does not possess rhlzomes or tubular roots.'g"
'-BENTHIC BARRIERS

Thare are several types of commercially available .

benthic barr;grs that have‘spécifically'beén develQped to
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COhtrol nuisance aguatic vegetation. One such product,
Aquascreen, is a'éoated fiberglass material that has the
'appearance of window screen. The mesh gsize has been
develeped to preclude suff1c1ent light beneath the screenlng
such that rooted aquatic plants cannot survive. The
scréening lies on the pond or pond bottom. Gases from the
sediments or from decomposing vegetation can escape through
the scféen; in eontrast to black plAstic sheeting which often
balloons when used for this purpose.

; Aquascréen is usually ordered in panels 14 feot wide by
-lSO or 100'feet'in length. The écreening is prided at about.
.0424/ft2 and pins to_anchor thé sbreehing_and installation'
7 'are addeé costs. Scfeeniﬁgris‘quite'expenéivé when used to'
-cbverjlarge_areas, Material costs alone run approxlmately |

$1b 454/ACre, ‘and 1nstallatlon is likely to cost an
dzulonal $¢,OOO or so._ hn manufacturer pvageqts,é minimum

llfe expectancy of 10 years for the materlal. Screening may -

 'become lneffectlve withln a year or two if used in prOlelty

'.to storm draln outfalls or wnere tributar;es enter a pond

e since sediment may accumulate on the screenlng Plants may

:'fstart to grow on top of the screenlng if it is. covered w1th

“even a thin layer of sedlment.{ Wlthin the sea, sedlment
ﬁ_movemant has been observed under strong w1nd condltlons._
_;Aquascreen or aven 1ower~cost barrlers such as Dartek (a
‘.black nylon materlal) are not recommanded for larqe~sca1e use'
at the uonda. Decompoc;ng w ds/algae nnd otbev suspended ”

' mate?wal wh;ch settles to the bottom would p?obably soon_"
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. _cover the screenlng._ Further, it would not be de51rable to

f-cover all benthlc llfe beneath the screen. o o

‘. -'_?:-.'REVERSE LAYERING OF BOTTOM SEDIMENTS

:¥ The current regrowth of aquatlc plants in the mxddle

M*V[ba91n of Bllllngton Sea demonstrates that without remedlal

”, act1on the lake Wlll agaln become congested with submerged

vegetatlon w1thin a ehort period of tlme., The source of the'ei

problem 15 phosphorue—rlch organic sedlments._ Regardlees of

‘_reduction 1n nutrlent inputs to the lake, this stored

":reservo;x of ‘plant fertilizer w111 promote regrowth unless

removed by dredging or covered by blanketlng the proposed
_'alternatiVe of blanketlng doés not attempt to seal ‘the lake

- sedlments (as oly ash. treatment doee), but to bury the.:

orgenlc layer whlle maintalnlng a porous bottom subetrate

‘:allow ng flow to ocour. ' -

| Sand appllcatlon is a recognlzed retardant to -

establishment and growth of macrophytes. Sc1ent1f1o studles

have been conducted on the effectlveness and 1mpact of sand
applications as a lake restoration process for over 30 years
{Misra, 1938; Peltler and Welch, 1969; Nichols, 1974)
Applicatlon of sand/gravel onto existing sediments to
| thickness of 16-20 cm has been used to oontrol,macrophytes
(Nichols,‘1974). as a festorationltechnique, it is
applicable to emall_areas, but usually'not ueee in large

izkes becausze costs/unit are high for transport and

application (Wegch,'1980}o On Red Lily Pond in Barnstable



Pt ey

| surface - hence the term "reVerse layerlng"
 dock at the basa of Lake Ellzabeth 1n Aprll 1986.

'?vc pipe placed down inside a 4-inch casing.

1D pipe.
‘ vélume;
 effectively transported to the surface.

where a test pragram 15 underway, the presence of beach sand

| ]‘underlying the organlc sedlment 1ayer requlres only that . the

ormginal saﬂd bottom sediments be brcught up again to the

-\ test of the procedure was conducted of f the Gavitt-‘s
A

modifled_centrlfuqal "mug" punp was connected to a 2-inc¢h ID
The casing was

initially hand-augered to 3 feet below the lake bottom:

‘ through'z.V feet of peat deppsit} ‘The hydraulic flow was

adjusted to suffiecient velocity to transgort medium sand up
the. cross s~gactional area betwean the 4 ~-inch ca51ng and 2- lnch
The transport sand volume was about 1% of water

The test showed that the underlying -sand can be
Similar

testlng has shown success of t;anonrt at the Blllwngton Sea.

: Advantages of appllcatlon of sand:
1.) 15-20 ¢m (5-8 inches) layer of sand reduces by 400%

| regrowth_o; macrophytes (Peltler and Welch, 196%).
;Reduées colonization and species diversity,
pértibularly submerged algae and weeds
Lpbtamoqéﬁon, Mygiopﬁzllum, and Najas) (Pearsall,

1920, 1929).
2.}  The perous sand sLbstrate provides aeration to
| Hsedlment and llmltS ion exchange with phosphorus

3.) Imnroves the sandy substrate nestlng sites for
bluegills and bass. The 1nc1ease in aerated
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' sedlment wxll decrease mortallty by 1ncreasmng egg

'.1and fry 5urv1val.. Mortallty is dlrectly related to'

oxygen content and water movement.

.4.')7

Penetratlon of the organlc sedlment layer 3

_Vencouregee groundwater 1nflow.

Reduction

1)

z;y

of negatzve 1mpacts during layering process‘
Clrcular booms Would limit turbldlty to worklng

area.‘ A cyclone ﬁeparator may be used to segregate -

gilt from the sand fractlon.

Patcbwork appreach allows macrophyte etande to be.

'present.out31de working areas during sand -

application within confined working areas. Work'

: could be staggered to allow recolonization of

'3.)

benthlo (bottom) organlsms during restoration

activxtles.'

_Vegetatlve harveeting'would precede sand

application to reduce regrowth.

4.)

5.)

Bottom restoration work would invelve a notice-of-
intent proceeding and monitoring of impacts prior .

tot'during, and after sand application.

,A‘reeearch and developmént phase for defining most
cost-effective and environmentally suitable

procedure iS’being’cohdUcted initially on a limited

area (3 acres) of Lake Elizabeth in the Town of

Barnstable prior to conducting full-lake

activities. 1A report on the results will be

~available in 1960 from +he DEP.

Lo Aese



TABLE 35. POTENTIAL FUNDING SOURCES(cont.)

mass. Small Cities
Program Executive
Office of Community -
and Development
Federal Clean Lakes

- Program Sec 314 of

. PL 92-500, U.S. Fn-

 -Vir0nmental Protec~-
'«tiQn'Agency.'; 7‘
sMésleieaﬁ:Lakes:._

.. Program, Ch:628 =
~ DEQE . TR

‘Pilgriﬁ'Resourcé=Con-

. servation and Develope-~
- ment Program,S5CS,USDA- . .-
.Agricﬁlturéi Conservation - Agricultural Sbil;and,Water . 75:25

- Conservation Measures

Program, ‘ASCS, USDA

- % $30,000 has been requested by ASCS to be earmarked specifically for the
- rvation measures on bogs in the Billington Sea
‘watershed ("Special Project"), a long-temm agreement may be signed by a grower
which could entitle hin to $35,000 to be awarded up

erower per year for up to ten (10) years

~ funding of soil and water conse

-and ponds

" Dredging when it is.  varies
associated with pro- | -
viding public service
and  improvements.

Restoration of lake

50%

o Réstorafioﬁ offlékés'aﬁd‘pbnd$_

“pgricultural Soil and Water 100%
- Conservation Measures - S

front, or $3,500 per

" Uncertain.

All funding is
through state run

programs.

" No grant program :
- currently in existence -

Technical assistance ™ -
and funding referrals. = -

Féd,/Growetii High1y°réc6mmEHdEd" .
T b $3, 500/grower/yr Fast implemen—
LT ,.ftatiOﬂ . : .

o i

AL

7
7

74%
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Implementation Monitoring Progranm

The'following baeeline water guality monitoring program
should be conducted during the implementation perlod in
order to ensure that the de51red water quallty 1mprovement
Vob3ect1ves are achleved. Thls monltorlng programn should
alsé be conducted‘fdr g period of three'(B) years following
implementation of the recommendatlons in ‘order to evaluate.f
the effectlveness of the progect. Additionally, programs
‘whlch_monltor water quallty 1mproveﬁents-from bog outfall .
relocations, on- 51te wastewater dlsposal system 1nspect10ns.
and upgradlng and "reverse layerlng" should also be '

'conducted for this three (3) year perlod-

Boston o . S o . Baltimore



A. Baseline Water Quality Momitoring

Sampling Stations:

Sampling Frequency:

In-lake Stations 1 (surface and 1.5m) and 2

(surface and 3.5m), Inlets A-E, and
the oOutlet |

Flrst and thlrd week of Aprll July, October

'and January (sample during two (2) ‘storm

events)

Water Quality Parameters:

- Boston -

orthophosphate

'total phosphorus

TEN

‘nitraté-nitrogen

ammonia-nitrogen

‘dissolved oxygen (l-meter profiles at

in-lake stat1ons*

conduct1v1ty

pH _ _

total alkalinity

total;suspénded solids .
chlorophyll a (in-lake stations only)

3Secch1 dlsk {1n lake stations only).

fecal collform bacteria

:fecal streptococcuS'bactéria ,
“temperatqrei(lfm profiles in-lake) -

;phytOplénktoﬂ composition and abundance

(1n—1ake statlons only, depth integrated .

samples)

dlschargé {Tnlets A-E and outlet)

Bahhnor¢
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. Other Samplingi - macrophyton den51ty and dlstributlon durlng
' o August (verlfy 1987 maps) e

The estimated féarly Cdst #ouiarbé,approximately $100;000;00.l '

B. Bogfdutfall‘Relocétions-
Sampling Stations: Tributaries A-E .

_Sampliﬁg Frequency: First and third week of April, July, October.
' "_ and January (sample during two (2) storm.

events Wﬁich-éxceedro,S inches of rainfall)

Water Quality 7 _ _ _
Parameters : dischafge (use dye‘to_detect-low inW
| nmovement from bog'into-tributéry)
orthophosphate | '
'_total phosphorus

TRN

nitréte—nitrogen'

chlorophyll a

settleable solids

dissolved oxygen

,pH

~conductivity

total alkalinity

total suspended solids

Boston e - . - Baltimore’



Other Sampling:

B T

! "L

fWell—point'sampling of groundwater*at three 

locations downgradlent from each new
dlscharge ba51n on one occasion for. .

orthophosphate"

'“_total phosphorus;,,
_ﬁitrate—nitrogen

'ammonla*nltrogen”

Groundwater flow dlrectlon and veloc1ty at.

each of these thLee StﬁthﬁS

"C. On-site Wastewater Disposal System Inspections and Uparading

Sampling Stations:

Sampling Frequency:

Wéter Quality

Parameters:

- Bosion

Septic leachate survey with Peeper Beeper
Model 15 septic leachate detector

stern and southern_lakéshbre.

Once during late August

Any leachate plumes shall be mapped and

sampled for:

fecal coliforms

total phosphorus'
conductivity

nitrate-nitrogen

-ammonia-nitrogen

Baltimore



D.  "Reverse Layerlng"

Sampling Statlons.

Sanmpling Freguency:

Water Quality

Parameters:

In- lake Stations 1 and 2 (Surface and'bottgﬁ

of water column) and the dutlet;

-Weekly from two weeks prior through two weeks

.fOIIOWlng reverse 1ayer1ng"

tetal euspended sclids
total phosphorus
orthophosphate‘

-chlorophyll a
settleable solids

dissolved oxygen

Other sampling prior to “reverse layering”:

Contact Natural Heritage.Program to map

habitat of wetlands wildlife species.

"Verify distribution of organic lake

sediments. . Sample'each "reverse layerihg“

statlon for arsenic. 'Conduct a benthlc

'faunal survey —-sample four (4) square meter .

’rfquadrats for species abundance and dlver51ty

:w1th1n each reverse layerlng area., Other .

“sampling prlor to and follow1ng "reverse

"elayerlng

-~ and follow1ng "reverSE layerlng") of rel?t?Vﬁr'””

'Fisheries survey {conducted by MDFW prlor to.

abundance and spec1es dlver51ty,.bass_and;"'”

' :-plf‘h’erﬁf!E P.S,D.-_

Bo'sto_n

Baltimore
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'Fishefies-SUrvey (conducted by MDFW prior
- to and following ''reverse layering') of
'~ relative abundance and species diversity,

bass and pickerel P.S.D.

Macrophyton species distribution and
density (prior to and following ''reverse

1ayefing”).‘;'

' Table 36 presents the milestbné schedule
for implementing the monitoring and the

~ other restoration recommendations.

Boston Raltimore
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3.4 Public Hearing

- PUBLIC COMMENTS — BILLINGTON SEA STUDY FINAL PUBLIC MEETING

January 25, 1990

Q: "How do you know which septicssystems are discharging into
the lake?"
A: "Additional investigations of septic systems located .

upgradient of the leachate plumes detected during the

. shoreline septic leachate survey are nesessary. The

. Plymouth Board of Health must conduct inspections and dye
testing of these systems to detect operatlonal fallures and

subgrade septlc systems.

Q: . "How will the lake use plan be enforced? It will be.

difficult to control motorboat use on the lake."

AE ‘ "The Department of Fisheries, Wildlife, and,Env;ronméntal
- Law Enforcement has the authority to regulate metorbeat
activity on Great Ponds in Massachusetts. It is suggested’

that the Town contact them to request assistance in drafting
" a bylaw. to regulate motorboat use on the Town's lakes and
.ponds. The lake use plan relies on visual signs and the

~ "honor system since no enforceable boating bylaws currently

" exist in Plymouth. The signs should emphasize public safety
and be posted in key locations. Bathing areas should be.
-posted as such and their boundaries designated by floating
markers. Posting the word ‘DANGER' on the sign located at
Hathaway Point should prevent most visitors from operating
their motorboats in the restricted area, the western.basin.
The western shoreline residents should set a good example by.
~only operating their- motorboats 1n thlS area to get to and
:from docks and moorlngs

Q:‘ Were the copper sulphate and sodlum arsenate treatments of

‘the lake benef1c1al9"

'  Af;'v"Both treatments consisted of herblCldes applled to controll'

the lake's algae blooms, however they may have caused more.
‘harm than good. Data collected before and after the sodium:

- arsenate treatments 1nd1cate a post-treatment reductlon in o

EQ_the fpeCﬁes dlverswty of t e benthlc 1nvertebratc commun1ty

" Boston . o e Baliimore

s;~186— 



Boston

'and ellmlnatlon of 1mportant flSh food sources.r'
.Additionally, elevated .arsenic -levels were detected 1n_the :
'sedlments at 1n lake statlon 2 in the eastern ba51n.ﬂ' i

""Will homeowners be able to have reverse—layerlng

conducted along their shorellnes and docks’"

"'Reverse layerlng is Stlll being tested as a 1ake

restoration measure in a Research and Development Program.

If publlc funds are awarded through a state grant program to

. conduct 'reverse- layering', public bathing-areas and densely

vegetated portlons of the western basin Wlll 11ke1y be glven
top prlorlty. .

"Isn't 'reverse-— layerlng Just a way of burylng the problem

so that the next generatlon will have to deal w1th 1t°“

"No,_the permits necessary to conduct reverse—layerlng
require tesing of the sediments for pollutants. During the

‘permit process it would. be determined whether sediment-
- removal is necessary dependlng on the concentration and typej

of pollutant detected.

"How do you. know which direction the groundwater flows 1n

~relation to the lake?"

"A K-V Associates, Inc. flowmeter was inserted into 17 holes
augered into the shoreline sediment of the lake perimeter..
This flowmeter was calibrated to the shoreline sediments and
was used to measure groundwater flow directions and
velocity. Groundwater moves into the lake or recharges it
along all shorelines except the eastern shoreline where it
discharges in the direction of Lout Pond. ' '

"Who will fund the work needed to improve the water quallty
of the cranberry bog dlscharges7"

*Several funding sources, mainly Federal cost-share programs
currently exist. A cost-share program administered by the
ASCS, entitled the Agricultural Ceonservation Program, 1is
still available to cranberry growers who agree to pay 25% of
their costs to install soil and water conservation measures
in their bogs. Approximately $30,000.00 has been sgarmarked
for such improvements to bogs in the Billingiton Sea

Baltimore.
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watershed and is available to cranberry growers who
volunteer to make these improvements. Additional funding .
sources are the PL~566, Small Watersheds Protection Progran,
which will fund up to 60% of such. improvements to cranberry

“bogs 'and the Massachusetts Nonpoint Source Pollution Control

"Program grant,for'controlling agricultural_ruhoff.

Technical assistance is also available from the regional

-~ Soil Conservation Service office and the Cape (Cod Cranberry
Growers Association. The Growers Association is in the
.process of establishing criteria and methods for ‘assessing

.+ s0il and water conservation needs-bn_bogs}_.PerhapS'the o
" Billington Sea cranberry bogs could be used in a -pilot -

program for'these assessments."

7'+What can 1éké§hore’fesidents do‘ohxthéir_OWH_td improve the &
- lake's water .quality? I harvest the  weeds growing around my

 _ dock and beach.".

- "Lakeshore residénts can'reduce'Eﬁvironméntal impacts to the   .
“lake by: 1} upgrading their septic system if it is subgrade -

and/or it has failed,”2f:utilizing ﬁo phosphaté'fértilizers*.-”"
and detergents, 3} not utilizing gargage.dispOSals, 4) e .
not disposing of oil, paint and/or other household hazardous .

‘materials in househdld'drainsior"street'drains, 5). enforcing’
‘the lake use plan, and §) applying for permits to conduct

1%work on or within 100 feet of the lake.'™:

"Did you sample all of the drinking water wells around the
lake's shoreline? If so, what is the general water quality
in these wells?" - : : '

"No, but shoreline wells were'samplea in 1981 by GeoSciencs
arnd the results indicated that several wells are receiving

-septic leachate discharges. K-V Asscciates, Inc. found

similar results when they analyzed groundwater samples
collected with a well point sampler. .Shoreline residents

- should periodically have the water quality of their well

supplies tested by a State-certified laberatery.”

@ : Baltimore
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TTEST™

pH

Total A}kg]inity
Nitraté .

Ammonia

Total Kjeldahl Nitrogen

1Total Phosphate '

Orthq Phosphate
. ch1oéide_' -
| ,Qéﬁéanése‘;:
 ' Cadmfum'_ :

Chromium .

. Copper
U Iren "
: 'Leﬁd5 _

--'Jﬁ”N%Ckeii: o

Zine
- Vaﬁadiuﬁ_~ 
_, Aféenf¢
_'Hercuryg;

U Turbidity

'thal Sﬁspénded;Sc]ﬂds, ‘
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Appendiﬂx A

LIMITS OF DETECTIO&
;QETHODCLOGY"

‘Method NO. 423

“Hethod No. 403

*Method No. 353.1

- #Method No. 350.2

“*Method No. 351.2
Method No. 424(C) & 424(E)
Method 424(E)

Method No. 407(A)

- Method No. 303(A)

.

-
a

ae
- . “

='-'_'-_’ Method No. 305 . -
“Hethod.ﬂof 304

" Methoad No. 320(A)

Hethod Mo. 214(A)

Hethod Ho. 209(C) -

"LIMITS OF DETECTION™

0-14

1 mg/1

-.02 mg/1

.01 mg/1

.04 mg/1

.01 mg/1

.01 mg/1
1 mg/ll_'
.02 mg/1

0.02.

0.02

0.02 -

002
0.10
o o,di;ﬁ
 5;62;1.  
fZ}d,OQFU"""
0.005
_b.ooOs

LAY

1 mo/1 .
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CRANBERRY FERTEIZER CHART

LE DEMORANVILLE CRANBERRY EXPERMENT STATION. MASS. AGRICULTURAL EXPERIMENT STATION, .
2. pEM mnvru.: COQPERATIVE EXTENSION REVISED Juausry 38, 1508

This chact Is Intl.-ndué to n:mhk general treatments: Detalled Infacmation may be abtaited from
Caanbiorry Espesiment Statlon, East Warsham, Mass,

NU‘I‘ICE.: ‘The Cranbeery !.up:rimenllmlnn and Jts siaff do:l nol zams any terpasaibllity for ptm:m-t Injury or preperly damage,

NOTES

I ODOD DRAINAGE ANB ADEQUATE iRRICATION are eisenilat for best peipansd is 5
fuctittowt, Foll Maliture I the 2o lneh shoild T Ehoeked Swcd o ariek it o 351 inspiet -
duririg the gowlrg season. One (nch of waser per week from raln of leigation s ample.

-1t 50 ralndifl secvtn W dneh applleations by sprinkler ag 3 or 4 day latetrln sre b,

Spiinkier ppteind yohy e uied 1o apply feriliizer but unlews distribution {s unlform

fertilizsilas ifl not be uniform The wyazem thould be checked before wsing [t to spply

fertlitzer. Pollar feoding bt uced to vapplement & batanced solf fertiileer program, ot Lo

repliga It

1 DICOLORATION simlir 1o nlictren defitloney miay be sauged by Unoedt, sod mlie or % A aalslum-bator comblnation (Cafl Lettingweit: no other product was bonted) & 3 qt/a
dscund Infury, . Improved act. Applleation n full blaom, three yairs 0 & row hid po adwme effeas,

+ Applicatlon by wiremady Is move effective than sprinkler application. If pousible, apply esriy

1. FARTILIZER RATION of 12 and 112:2 qn bt apecied 16 produce & betier meponie
Khan & Bilaf sl Balanawd npptheasians of NEX plus minor ﬂlhnms ety by mipetsd 1o
Peosoe betler rauite (han NPK slane,

4, SUSCEPTIEILITY TO $FRING FROST INJUXY may bu increaned by fertifieer applied
o he 1M o eacky rpeing. Bt fertllizes appfieation (Dcl.-Nm)J.mma mhmonrtnu

In the morning, ¥xy ned work an begx triated wlth manch or mancozeb, or with 2 miem.
Akt saskage contalning manganese

e wppiteatian in sarly bloom (wbout 10W) s sakgeted. Do Aat s mork than indlcated
and do mot ure CaB If the feaf analyris flempler isken (m May) shawr boron levels abave
73 pprt, The sombinetion (hould be more effective than the individunt nutclenss.

o wimierk Injum

LN MOQUMJWANDOONR oy e

3. Awold manginese on hm traled with mancs a2 mancosh, Mangenese Pasy boeee plelds,

of Inértased shading and highee meliure.

! nitrogen b 3

Use sall and vaaoe wnalyses only 1o helis you muke deedslons, osr experlence i more

imporient thin a computer prinlout, .

B

FERTILIZER FOR CRANBERRY BOGS

RECOMMENDATION

TIMING

PRODUCTIVE VINES

Yields above 100-120 bhlA.

2040 lbf';k nitrogen per yoar depending

- Barly bud elongation © 10208
. “on yleld, growth and bog conditlon, (Roughneck)- of total
Early Black Mew Growth 2.3% Inches . X ] -
. Formlatlon used should be based on Early {10%) bloom Jee Note 7,
Howes New Growth 2)44 inches sofl analysts, o
Full bloom 50-70%
: " of totai
August 5:15 10.20%% .
of totat
October-November 24 1b/A
) nitrogen
See Note 4,

-OVER VEGETATIVE VINES

Early Black Ne\jr drowth aver 214 inches

Howes New Growth over 4 Inches

If excsssive runner growth and uprights
use NO aitregen, Use P and K
a¢¢ording to soil analysis,

1f runner growth and uprights net
excessive use 50% of normal nitrogen

-dosage.

ag for productive vines

NO nitragen befors bloom

WEAK VINES

" Barly Black Now Growili tess han 2,
inches |

Howes Mew Growth less than 2% inches

V40 Tb/A nitroger

as for prodiictive vines

NEW OR REBUILT BOGS

“Vines shioulé be pushed during the first

" Ib/A nitrogan

" two years, Transitlon towards production fizst year second year third year
in the third year. . 20 20 5 ‘April
H Hy 10 Roughneck
10 0 13 Full bleom
10 10 5" August

Cornp{ete fartilizer may be used.

Uze micromitrients where deficiencles have been diagnosed,

FERTILIZER NEEDED PER ACRE

GRADE FOR 20 /A N FOR 40 ib/A'N
16-20-20 200 400
16-20-10 200 400
12-24:12 167 334
13-34-10 154 308
14-14-14 143 286







" page 2 - LIMITS OF DETECTION

~TEST™ : “METHODOLOGY™ ~LIMITS OF DETECTION™
Total Volatile Solids Hethéd No. 20§(F) B 1 mg/1 |
0i1 & Grease (Sediﬁentj'-Héthod No. 503(A) | D 0.1-m§/1
ChTorophy11'§- . VMethod NO. 1002(G) T :.05 mg/m3
Pcb's ‘sMathod No. 608 | Dependent upon: sample

Fecal Coliform Bacteria Hethod Ko. 909(C) 1 - 100 coionies/!OO mY
' Dependent upon sample

Method No. 910(B) 1 - 100 colonies/100 ml

Fecal Streptococcus
' Dependent upon sample

" Referenced procedures were taken from "Standard Methods for the Examination
of Water and Wastewater, 16th Edition, 1985". B . :

A1 prdcédures'referenced with an asterisk were taken from: EPA-600/4-83
Edition “Hethods_qu‘Chemical Analysis of Water and Wastes™.
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_oeneral Lranbelly LUlLULdi PLaCLlLEb..s.erlng Demoranville, U1reotoL
. : -Cranberry Experlment Statlon

, Generally, cultural practices have “been divided into seasons of
the vyear beginning with winter management which is December through

- 2arly March.. We begin with winter flood for the protection of the
- dormant cranberry plants against wind and low temperatures, "The
- cranberry - plant is shallow-rooted with most of the roots being in the

V-'top four inches of so0il.  When temperatures are below freezing and

“the ground is frozen with winds blowing. consistently for  at least

'j: .seventy-two ‘hours, plants . are extremely susceptible to drying out.
" This condition - is ‘winter dessication - or . "winterkill®. This

f;w1nterk111 process beglns with the termlnal, or tip, bud belng killed '
" and . proceeding 'to kill . leaves - and stem' of the plant. To my

miknoledge;3 there - has never been -an instance . where the roots are

killed. The roots will remain alive and will regenerate - the plant,
but there will  be no crop that year.. What is visible and evident is .
that everythlng above ground turns © brown" arid’ dies. The usual time
for beginning winter flood is the first half of  December. It will be
'left on until early March 1f other compllcatlons are. not experlenced

] One. compllcatlon in w1nter management is oxygen' deflclency ln]ury_*
- which may occur if there is  snow cover on top of the ‘ice or a
meltlng/freezing situation. This creates opaque ice or snow ice

.which blocks the sunlight’ causing the plants to deplete the oxygen in

" the water. The cranberry plant "is alive but dormant and when

rsunlight_cannot get through to replenish oxygen, oxygen~def1c1ency.
injury occurs. The plant survives by .breaking down its food reserves
which results 'in a stress 51tuatlon. Oxygen—def1c1ency injury is.
very, very difficult to assess. There are various stages and some
)0gs are more prone to injury than others., Commonly, there are signs

ranging from a minor loss of leaves to complete defoliation with ' a
‘resulting  reduction in crop.: But the plant does not die. This
occurs in the early spring after removal of the winter flood when the
plants start to "green up™ and grow. The old-leaves will fall off
and the bog resembles a field of dead twigs. This condition can be
avoided by draining the water from under the ice and leaving the snow
and ice cover which affords protectlon. I1f there are conditions,
such as a January thaw, the "bog must be reflooded if 90551b1e,
because w1nterk111 can occur through the first week of March.

. Cranberry bogs are sanded in the winter to protect from breakage,

friction burns, and other winter-related injuries. The ' cranberry
plant requires a thin (172"} layer of sand spread over the bog
"surface every three to five vyears. Besides ‘being an injury

preventive, sanding also renourishes the bogs. It is a necessary -
cultural’ practice and should be performed when the ice 1is thick
enough to hold the weight of the spreading egulpment and the load of
sand. Ice thickness should be at least five to six inches. .

Spring management usually begins in early March and  lasts to
mid-June.  We begin w1th the re—assembllng of the sprinkler systemg

_;7;_
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. General Cranberry Cultural Practlces (cont 3

whlch should have been dlsassembled in ‘early winter. -Generally
}speaklng, theé sprinkler - lines  are buried, but risers and sprinkler
*+-~ads are above the bog surface and must be taken out and brought in
. ¢ the winter or ice breakage will occur. Sanding. can also be done
jln the spring but only if absolutely necessary and then only from -
“mid-March to late April. Sprinkling as a -cultural. practice is vital
.to crop protection because of the very. crucial danger of crop. loss
from frost. Almost any amount of crop can be lost in just one night
‘lof frost on unprotected bogs. The general time to take preventive
measures against frost begins' in late April and runs until mid-June.
TThere are exceptlons, but this is the general time. The purpose is
ito prevent injury from cold temperatures or frost to the blossom buds
‘and from the vegetative material. The cranberry vine has what are
wcalled "uprights™ right in the tip where there is the terminal bud.
Irhis is where the flower buds and all future - growth of the plant is
“Jocated and this is what is. being - protected in “-the - spring.
.PFortunately, there is a certain amount of natural hardlness. At the
beginning . of the season, in late April, the terminal bud will
withstand temperatures of 209F and -even ‘a little colder. As the
Season progresses and approaches mid-May, the bud will only withstand
‘temperatures of approximately 30°F. We don't worry about 320F.
iThis hardiness tolerance is the tolerance of the bud to withstand

temperatures.

3 Weed control begins with spring. management and there are many,
many weeds on bogs.  They cannot be controlled by conventional
ragricultural practices such as cultlvatlng or harrowing as there is a

mplete groundcover. Handweeding is expensive -and. -finding labor to
. the job is difficult., We rely on chemicals which are applied in ‘

.spring during .the dormant or semi-dormant period of the plants. ~All

‘of" the herb1c1des used durlng thls perlod are granular. o

N _”Regardlng fertlllzatlon, there are "dlfferlng ideas and
recommendations. We recommend having a first application in late May
:with a  complete ~application of fertiiizer-nitrogen, phosphorous,
fpota551um as a granular formulation. 'Cranberries do not use -as much

'fertilizer eas’ most -other plants. "As ‘a general rule, use about:

;one-fifth of -‘the. total amount  of ;fertlllzer durlng "~ the. flrst
appllcatlon in late May.r.n:_' - : e _

Insect control gets ‘into - the IPM program ‘and to me, . 1t 1s ‘the

7second most - important practice in cranberry growing. right ‘behind - IR
tfrost control.' T tell people that if they can control frost and
- insects, they stand a good chance of raising a’' crop of cranberrles. L

‘The. bogs ‘should be monitored weekly beginning in-the latter ‘part of_'
. May. ~.Sweep . nets -or long—handled insect or butterfly nets are ' used. -

"The procedure is to walk across -the 'bogs, ' swinging the: nets across.;f
. the tips of the vines and using a certain number-,of ‘sweeps = 25, 50 ~

‘whatever.' Then fold up the net so that nothing gets out . of it and

" then. count the_.lnsects_ thatr‘are in the net that are injurious to ffff:”_:

—g-



general Cranberry Cultural Practices (cont.)

 cranberry plants, flowers, or fruit. If there is an insect pest that
exceeds a sSpecified number listed on our,spray recomméndations,
-eatment 1is necessary. This is called the T"economic threshhold™ and
used in the .IPM program now, but has been in use by - cranberry
growers for many, many Yyears. Simply stated, it means the number of
‘insects per acre that will cause more”~ damage’ than the cost of the
treatment. If the number is below the "economic threshhold", we do

not. recommend treatment._

_ " The summer 'management period is from mid-June to mid-September.
‘Insects should be monitored as is done in the spring using the IPM
practices, etc. By early July, the fruit worm or berry worm appears
"against which . the sweep-net methed of insect control cannot be used
_because the moth emerges, lays the egg in the calex end of the berry,

s?whereupon the worm hatches, enters the berry: and eats the “inside.

s'going from one berry  to’ another. Honltorlng for ‘fruitworm means
- .picking green berries at random and using a magnifying glass, look
“for the: eggs in the calex end. . If two eggs per 100 berries are

”*found it's time to treat. There is a more recent method ~where the
. cranberry flowers . are monltored ‘The cranberry blooms over a period
" of about four weeks (the flowers open up over this period of time)

-where there are approximately as many open flowers as .small berries
and unopened flowers .- the bog is 50% in bloom. Seven.days after
;that} the . first- treatment is applled. - This method seems to be
;worklng out very well. _ _ ) ' S L

Dlsease control is usually'necessary"tOjcontrol fungi that cause
, u1t rots either -in the field .or in storage. There have been meore
‘Jstances of. plant diseases in recent years. .. - Current - and: futursz
- treatment will have - to include keeping -the plants disease-free as
- 'well as the berrles.' Disease control applications are  over by early
_‘August.;- S e T T ' BT
- ‘Most, weed control is done in the sprlng, -Forfcleaning ‘up - summer.
7weeds, ‘we “make herbicide solution for ' use -with a sponge-type
. applicator and swab the weeds being careful not to touch the vines.,
this. practice 1is generally begun in mid-July - with a minimum time
‘interval before ‘harvest ~which is ‘usually thirty days. - Some

_1weed~contr01”'substances:-Willo have'Va shorter interval and some will
“~ have a 1onger one.. e TR - IR S

- Fertlllzlng should begin- in late June with ‘a minor elementsspray_‘
- of a calcium-boron mixture which increases the set of ~the berries. .
in early July, complete fertilization .should be done again being

“about three-fourths of . the total fertilization. In late July and-

early August the other one—flfth should be applied. We work toward a

. total of thirty pounds of nitrogen per acre per 5eason. This is our
- recommendation. - Some bogs will not require that much fertilizer,

- They become over-vegetative and the fruit quality declines.

—o-



- General Cranberry Cultural PEaCtICES (cont )

) Even though the  cranberry flower is botanlcally considered to be:
a perfect flower (having both male and female components), it must be
~ross-pollinated. The pollen is heavy and the orientation of " the
blossom is such that never "the twain shall meet™. Bees carrying the
pollen from -one flower to another are really the -only method that -
works. Most growers will rent bees which are delivered in mid-June
and stay for about five or six weeks. We recommend one healthy hive
© per acre or per two acresy, dependlng ‘on the situation. -There are an
- average of fifty million flowers per acre.  Generally speaking, a
fflowerlng upright will have one to five blossoms  although two to four
‘'ig the common number. Try as we may, we haven't been able to come up
with much better than a twenty to- twenty—flve percent of fruit set
. which is one  flower of flve sets a. berry. Sometimes a grower can do
' better. E : - - - e S

The sprznkler’syetem "comee into-play égain with ifrigation;-'Erem

zl}mid—June to. early September,. or about -ten weeks, ' is the growing

season when the plant needs an inch of water per week.. If it does .
. “not rain, use theisprlnkler system. - We _recommend a half—lnch per
: ﬁappllcatlon twice 'a week: when necessary,-. R

Fall management begins in mld—September and- proceeds toh November o

. ‘and’ primarily consists of protecting the crop from frost prior to . efh

harvest and then harvesting. -Frost: protection at. _this® time . means -

-"protectlng the fruit, not the plant, as the fruit-is not frost hardy.]_'h

_:'The grower begins his frost. protection iin'-early September and‘v
‘Hcontlnues until the harvest is flnlShed..—- : ‘ L

There are. two types of harvest Dry harvest has been the method“dfi?“

from the very beglnnlng of cranberry - growing. = The" method includes.

"everything from picking the berries by hand; picking them with small,_.'h
one-handed -scoops which are called "snap machines" which are- seen -

- probably only in museums now; the regular ‘scoop for which two hands’
. are needed and which is seen in plctures or used as  magazine ' racks;
“and the mechanical harvest machines. 1In Massachusetts we must have
the dry-harvested berries . for fresh. fruit. -. The dry -berries are
delivered in one-third barrel boxes. & barrel eguals 100 pounds and "

the boxes hold 33-35 pounds of berries.  The berries can also be I

dellvered in bulk blns which hold about ten barrels each.

. The other type of harvest is wet and’ most berries w111 not stand'_:;"

up as fresh fruit. They don't have the shelf life. - This wet - harvest
is a relatively new process.in Massachusetts having been initiated
only in the past fifteen years or so. Now, ninety percent of the
crop is harvested in. water. . In Wisconsin this " has been common-
practice for eighty to one hundred years or perhaps more. The whole -
secret of water harvest and the way it works - is that the cranberry
floats and everything is harvested, as opposed to dry harvested
operations where a conservative estimate is that twenty percent ' are
lost. Water harvest is faster and uses .less labor; however, the

_10_



Gene:al Cranberry Cultural Practlces (cont )

f@'berrles must be dried and de- trashed after harvest because everythlng
on the bog floats! - dead leaves, pleces of weeds, everything - so

+“he berries have to be  separated. Trailer trucks are used with a.
;apacity of. four hundred barrels to deliver the berries to whomever
will be selling them. o -

It is interesting to note that water-harvested berries, which are
brought in and dried and then put in a freezer, can be used for any
processed product.  But if the berries freeze on the: vines, they are
of no value. - ' : -

Kk
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Fate of Chemlcals in: Cranberry Bog Systems...@;;L........Karl Deubert
: pe . Cranberry Experlment Statlon

"etected in groundwater in areas with intensive - agrlcultural_;}_riﬁnf
coduction ‘' (primarily midwestern United States and Callfornla). In oo
Massachusetts, pesticide residues have been found in’ groundwater dnoo e

{ " Re51dues Of pest1c1des .used' im agrlcultural operatlons have beeni”*”

the Connecticut. River Valley,.-also an .area - with - intensive
o agrlculture. - o c o : UL

Most - pest1c1des used in cranberry productlon are sprayed ron_ thé;f*
- plants’ ‘where 50-80% of the used amounts are intercepted by leaves and

{ﬁwashed off later. Chemicals’ that reach -the ground are largely
Léabsorbed and retained by soil organic matter and broken down by soil -
micro-organisms. - Both processes. occur 51multaneously and thelr‘_

""duration depends on the nature of the chemical lnvolved

. Experiments 'have shown -that . 1 - inch of 51mulated prec1p1tatlonrf*‘

= applied 15 minutes after the_appllcatlon of three chemicals, 1left :
approximately 98% of the .three chemicals in  the top 2 inch soil

- water  did.  Field  samples have shown little or no chemicals at >18
. inches. Modern chemicals are short-lived in contrast to the old ones

“layer. In other words, the chemicals did not move as freely "as the -

* {(>90% breakdown -in 1-2 weeks on the -average), and the chances for a =

hre51due to move >12 inches are remote.

Most chemicals are used during the peak of ‘the growing season

- {(June - July) ~where ~evaporation from the so0il surface ‘and
" transpiration by plants remove -more water from -the top scil than
itural precipitation supplies. This results in 1little or nec

-eplenishment of the groundwater supply Guring the summer months and
- even water soluble chemicals hardly move .past the root -zone at this
~time of the year. Loss of water makes it necessary to irrigate -a bog

during the summer. The amounts of water used for this purpose  are.
-‘about equal to the amounts of water lost to the atmcsphere. L

Cranberry bogs are bu11t on wetland, that is, in areas with poor
. dralnage. One of our studies has shown that under cranberry bogs
- there is an impervious layer which probably separates cranberry bogs
. from groundwater supplies used for human consumption.

ik

—12~
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PHOSPHORUS

GENERAL

'j”Phosphorus (P) is present 1n larger quantltles 1n seeds’ than
“in any other part of the’ plant Young growlng parts 00n+a1n_

con51derab1e amounts of P.

.The eff1c1ency of P uptake by the plant is- lncreased 1n the _
'presence ‘of nltrogen. o . o .

J’_FUNCTIONS AND EFFECTS

: ;P is used to store and transfer energy W1th1n the plant It
is utlllzed in the formatlon of nuclelc ac1ds (DNA, RNA)

 HP stlmulates early growth and flowerlng, prOmotes fru1t1ng

and ‘seed production, encourages root development, balances
the effects of excess nitrogen. P stimilates more v1gorous
plant growth thus maklng plants more re51stant Lo most

.dlseases.

DEFICIENCY SYKPTOMS

Deficiency symptoms can easily go unnoticed. The following -
symptoms have been observed on plants other than cranberries:
slow growth, stunted plants, delayed maturity, poor grain,

-fruit or seed development, reddlshupurple or pinkish
-coloratlon of leaves and/or stems.

Cranberrles show "a Sllght reddening of all upright 1eaves°
Severe shortage changes the color to purpllsh redw {(Pacific
Northwest Coop. Ext. Bull. 247},

It may be difficult to observe these symptoms on the bog :
because of the extensive use of fertilizer. In case of doubt

‘a tissue analysis is indicated (see TISSUE ANALYSIS).



‘ppm PHOSPHORUS

TISSUE BNELYSIS

Table 2. Soil P u51ng Bray (note 1, last page). To convert to
lb/A, see CONVERSION FACTORS.: :

- ‘ Phosphorus'j_ 'No. of Bogs
! {ppm) - : (Per Cent}
e TSI , 12 -
20.1-40.0 B 25
40.1-66.0 | - 27
60.1-80.0 . ERST-
>80.0 o 21

The smaller the amount of s0il used in the analysis, the
larger the variation of the results regardless of the
extraction nmethod. Therefore, good judgement 1s needed in
‘the evaluation of 3011 P tests.‘ : :

A comparlson of s0il P (Bray, note 1, Yast page). with pro—i"'“
, - ductivity shows that more productlve bogs contain more P than
f"_less productzve bogs (Flg. 1)

-j'Flg. 1. 8011 ) (Bray, note 1, last page) and product1v1ty of
' Howes.. The area between the broken lines (standard deV1at10n)ﬁ
. contains data which are considered of equal importance when
. compared to yield data, eig., there is no significant differ—

'.ence between ‘the two B levels assoc1ated with 200 bbl/A._' :

- -
e
[

a R ) Cs200 . 188 .z oza0

YIELD (bbl/A}

Follar P levels vary accozdimg to the developmental stage of -
the plant (Flg., 2), temperature and soil moisture. :



REMOVAL OF NUTRIENTS

A crop of 100 bbl fru1t or one ton of leaves remove about thel
same amount of P (1-1.2 1b/A P each, or about 2.3- 2. 8 lb/A
P,0.}. These data may vary con51derably. ,

To replace P removed with one crop 1nc1udlng leaves. apply 4.6-.
5.6 .1bs P,0sfor a 100 bbl/A crop, 6.9-8.4 1b P,0, for a 200

bbl/A crop, and 9.2~11.2 1b/A P,0, for. a 300 bbl/A crop. For.
fertilizer equivalents see Table 3. - :

Table 3.-Ma1ntenance fertlllzer dosages in lb/A (approxlmate)
according .to removal by crop and leaves (note 2, last page).

1b/A Fertlllzer if the crop was
100 bbl/A 200 bbl/A 300 bbl/A Grade .

"46-56 B 69-04 92-112 "10-10-10 -
33 40‘,';{ A 49—60 i e 66~ 80 14—14—14; Dt
229-35%. .- 43=53. ., . 58~70.. ,16716516L7§:“; -

24-29 . . 36-44 48~ 59“_; ;19f19f19_ﬁw;"‘”‘
. 23-28 - . 35-42 46-56 0-20-0

23-28 35-42 .. . 46-56 - 5-20-20 . -

23-28. _ 35-42 . 46-56 | 10-20-10 "

o 23-28 - 35-42 . 46-56 | 10-20-20
. 19%-23 ‘ 29~35 ... -38-47 12-24-12"
‘ 14f16; 7 - 20-25 - 27-33 7} 13-34-10

*,TO RAISE 'SOIL P

"léﬁei iéfaVldﬁg‘terﬁ"picject'béééhSe“bf -

.Ralﬁln“ tb
-the amounts of fertilizer P needed. To raise the P level in
the top 5 in. soil layer by 1 ppm, 3.45 lb/A P,0, is needed.

| - To f£ind the amounts of fertilizers to raise the 8011 P 1n the

top 5 1n. by 10 ppm see Table 4.

Table 4. Fertlllzer in 1b/A (approxlmate} requlrea to raise
801l P by 10 ppm (Bray, note 1, last page) in the top 5 in.’
a5011 layer (n0Le 2, last page)ﬁ- P 20 requirements 34.5 1b/A.

lb/A Fertllazer ~ Grade
345 T 10-10-180
246 - | 14-14-14
S 2160 | 16-16-16
182 . o . -18-16-19
- 173 ol 0-20-0 -
173 . 5-20-20
173 | 10-20-10
173 ol 10-20-20
144 = o 12-24-12

S0l - 13-34-10
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DEVELOPMENTAL STAGES AND SUGGESTED FERTILIZER TIMING

'ﬁ‘fBased on ‘the results of our. studles on follar nutrlent levels we T;i.ﬁ'
. ipresent a graph that may be useful in timing fertilizer appllcatlons
‘The graph presents various- developmental stages which start slowly,‘
: . .. then progress strongly and level off. The developmental stages are’
: ~ fit into a general growth pattern (dormancy, vegetative phase, .- '
reproductive phase) to faC111tate the selection of fertlllzers and
the timing Of appllcatlons : :

FRUIT DEVELOPMENT

L

ORMANCY -
DORMANCY PORMANCY

' VEGETATIVE PHASE

. a

) REPRODUCTIVE PHASE

'DORMANCY

During dormancy the physiological activities of the plant are slow .
and nutrient requirements are low. The duration of dormancy is in-
fluenced by nitrogen doses applied at the end of the growing season.
In general, large to moderate nitrogen doses (>10 1b/A N} applied in
the second half of the growing season (after early in August) and
moderate doses (>5 1lb/A N) after harvest tend to rrolong the growing
season thus shortening dormancy. Furthermore, after a bhig

1



foliar calcium, boron and manganese levels drop to a seasonal loéw
which suggests. a stress situation which could affect set and, there—
fore, yield. Based on this observation,_Calcium,'bqron and manganese
‘sprays were tested in 3-year field experiments. The best effects of
calcium-boron on set (average 30% increase on 11 bogs— hand, . EER
sprinkler and helicopter applications) were obtained with split ap— .
plications early in June and in full bloom. Applications late in '
bloom and after bloom were less effective., Manganese sprays had .
little or no effect alone and negated the effect of calcium~boron

when‘the_two_were used together.

An adequate NPK supply is necessary to provide nutrients for the
early development of the fruit. Application of a 1:2:2 during early
truit growth (early in August) should supply enough nutrients to in-
sure good growth of berries provided the weather cooperates,

Nitrogen doses applied later in the season may delay the ripening
Process, and problems with early frost become a good possibility.

After harvest, a small N dose (<4-5 1b/A N) may restore the vigor of
the plants. A well-fed bog may not need more fertilizer. An over-
dose will delay dormancy and result in early development in spring
with increased susceptibility to frost. :

-SUMMARY
1. Nitrogen during the'vegetative rhase (April-June) tends to push
vegetative growth, ' - :

- 2. The use of high phosphorus grades is suggested for bloom
fertilizer applications., :

3. Calcium and boron are needed in full bloom because foliar levels
~at this time are at their lowest (see Information sheets on
- calcium and boron). The plants probably get all the manganese
they need from that available in the soil. e :

4 A.1:2:2'during early fruit growth {early in August) will help
- berries to grow if the weather is favorable.

6. After harvest, if a bbg'needs-it, a small dose of a 1:1:1 or 1:2:2
{<5 lb/A'N)_may be helpful. '

September 26, 1986
. Available to the Public without Regérd to Race, Color, and National
Origin. ' - B s ' '
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NITROGEN

GENERAL
Nitrogen (N) is the "Big Guy" among the Elant nutrients.
Although N has been studied more than the RROCESS nutrients,

effective N management still predé€hts_a_greater challenge
than does that of any other nutrient. }

Most‘of the other nutrients have certain residual values
{depending on scil conditions) and build up in the soil,
whereas N fertilizer is applied on a crop-by-crop basis. -
Since the availability of s0il N in bog soil depends on soil
‘temperature and moisture, weather conditions along with plant
'growth are the most important factors determxnlng the amounts |

of Ie[EJ.J.lZEr N to be used.

FUNCTIONS AND EFFECTS

Plants utilize N to form amino acids needed in the synthesis
of proteins. N is required in the formation of chlorophyll,
it governs to a certain extent the utilization of other
nutrients, and it encourages vegetative growth.

If applied in excess, maturation may be delayed by excessive
vegetative growth {delayed ripening, increased. susceptibility
to frost damage). Fruit quality may be impaired and resis-
tance to most diseases is reduced. :

N is used to malntaln optlmal vegetative growth to support
best possible fruit productlon, - : ,

‘DEFICIENCY SYFPTOVS

- In generalg B deficiency affects vegetative growth and stunt-
ced plants with small leaves may be the result. Lack of N



SOIL ANALYSIS

Soil analysis for total N estimates the presence of both -

- fixed and available N. Since there is a correlation between
- so0il N and organic matter, 80il N can be predicted if organic
“matter has been determined (Table 1}.. ApprOxlmately 10~ 40%

of the 5011 N 1s avallable during the season.: .

Table 1.  Soil N in lb/A in the 0 5 in. soil layer based on'
organlc matter.;. :

. Organic Matter : Soil N.
' Per Cent - ib/A -
i.0 - . 15.0 .
1.5 - 22.5
2.0 3000
2.5 = 37. 5.

. No gu1de11nes have been establlshed yet to 1nterprete the
amounts, of ammonlum determlned in soil analyses.-' o

fMost of the nltrate contalned 1n fertlllzer W111 leach 1nt0
the ground : - - R

T1SSUE ANALYSIS-

Follar N levels vary accordlng to the developmental stage of
the plant (Flg. 1), temperature .and 5011 moisture. o

Figure 1. Follar N levels throughout the 1981 and 1582
seasons. Howes, 5 ngb, sampied weekly. '

0.9
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Factors affecting foliar N levels:

1. Developmental stage {(Fig. 1}: Ceomparable patterns in



Table 3. N in 1b/A recommended accordlng to the length of the new
~growth. .

Early Black "~ - Howes .
New Growth - New Growth N - Condition
(inch) (inch) ' lb/A - -
- L2.0 <2.5 40 Weak vines’
- 2.0-3.5 2.5-4.0 ‘ 20-40 . Producing vines
>3.5 >4.0 ; 020 Overvegetative vines

In the case of overvegetative vines (>400-500 uprights/sg.foot
and light yrunner growth) one should not increase the presently
used amounts of nitrogen. Where there is above average runner
growth, lowering of the nitrogen dosage is indicated. If runner
growth is excessive, omit N at least in the pre-bloom :
-application. During and after bloom small amounts to support
set, bud formation and fruit development may be indicated. The
reason for this is to reduce vegetative growth without hurtlng

the CTop unduely.

In proouctlve vines the N fertlllzer should contain at. 1eaast the
“amounts of N removed with the last crop.: For example, Early
Black with about 3 ‘in. new growth on a bog that had a crop of
about 200 bbl/A (see Table 3, -2-3.5 in.), the recommended amount
is between 20 and 40 1b/A H~- then go to REMOVAL OF NUTRIENTS
'“'(paragraph 2) and find 25 1b/A N for a 200 bbl/A crop.  The

~recommended dosage would be 25-30 1b/A N. The final adjustment
nmust be made uslng the grower s experlence w;th the bog

'?rWeak vines need vegetatlve growth to support an adequate Crop,

'[and the removal of N w1th the last crop is of mlnor 1mportance.'

" ’Overdosages 1mbair 4ua11t; and color of the frulr, “favor rhnner

growth and most diseases, and make plants susceptible to- frost

| *;damage (early use of sprlnklers for frost protectlon)

‘:.{Tlmlng Regular pre- bloom dosages may produce runner growth.a

The probable reason is that when temperatures in spring,

- . particularly in April and June, are above average, more soil N is ; ef

~ released. At average spring temperatures the. amounts of s0il' N
~are lower. Therefore, the N dosage that caused runner growth in .
‘one year may not produce runners in the next year and vice cersa. -
.The. pre-bloom N dosage should be small and can be supplied in. May
‘or early in June to support the new growth. Where the vines are

- weak, a first pre-bloom appllcatlon in April followed by a second

_pre-bloom application late in May may be. of advantage:  About: 10- =~

20% of the total dosage may be applled before blooma : -

o
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.qieﬂtiful-eunbiy
the soring and fail_a
_Wost nrnwnﬁs harveqt the crﬁs DV +luc :rg

‘bérries-for collectlcn.: watgr
'ithat utlll’e water onlv For slant grcwth needs,_
cranberry
non—consumotlve Y= For a short Darxcc of ti

'reservolrs 1n the cranberry grow1ng

Antr oduction-

:t,has,heen said“many'tjnes'that water is tha life blocd =F the cranbarry
1ndusfrv 1n s uthaastern ﬂassachu:@ttsﬁa~Eraﬁberry plants_reguipe_a‘

u*=water:rnr Fra Ft protect1nﬂ of tﬁe buus awd bErF'ES in

sJWé;l;asg?orfsummer irrlnatlon to cﬂet cran need3, fr

the bo ur‘and'fioatihg_thé’:

to nrctect the V1nes Fro 1J*kintér'ki11“.

the water heeds of the

v nog are several tiwes hzgher or - a per—acre has;s. ﬂn adequate

'suuply ef water is necessary nearlv vear around if cranberry productxon i

to be 00t1m1*ed- Most of the cranberry urower's need fcr water is for -

me hefcre-retu, ning the wateku

to the grouﬁawater or surface water systpm. Mény'of‘the:pcndéJand'

areas were developed by growers Lo

assure themselves of a deoendable source of water-

in Nassachusetts, cranberry grow1ng 15-ccmcentrated in Plymauth Codnty
'Qiﬁh significant but jesser acreage in Barnstable, Bristqir Nantdckéts

ﬁDukes, Norfdlk, and Worcester Courties. The cranberry growing area- lxes

south of Boston and east af Providernce, Rhode Island. Newly completed

additians tm the Interstate Highway System are makiﬁg this once samewhatb

isolated rral area intc a more attractive residential area for city

High techﬂologv 1ﬂduscwles whlcﬁ have comcewtrated along

workeirs,
o4 a view high_%ech

Massachusetts Route EE& are now @xpanding outward an

manufacturing boom is occmrrqu along IﬁterState Route 435, the outer

e Eimas memanrl BOSt O

is needed to flood the boqs 1n tha wxncer  f.

In cwmuar;50ﬂ w1th other crogs &



as demands for muﬁlCIUal Hater uuosxy 1ﬂcrease, state gdyernment has

regpondedfwith_a'series'df_uruuwnms internded to bring apdxtxnnal qrdﬁr

and lang range thaought to water resource Dldnﬂing_ih the T monwma‘th

Symicibalities are Pequired-tg'devElop‘plan For meetingrlong Lerm waler

_suonlv néeds,' uu1de11nes are ﬁe1nq‘develuped %o aﬂcouracp CHanﬁluieg'tg

mclument ‘water conserva:1un SCAT EQ{PS ‘ta cuntr w i demaﬂd uruwuh and wagze-

of .water.: Gf speciai irternst tu cranbarry gruwers nas been the'effgrt =

pass Iegis;aulon ta require 1arge~sca1e users of water tao reglster tnplr-

.wafer use with state uovernment and to u;t;matelv develop a Dermnt system

and allocation plan for water resources in river basiﬂs that are

experiencing chraonic wnater shortages..

With the situation of increasing urbanization of the. cranberry growing

region of Massachusetts, statewide needs for water, and greater state and

locar'gcvernment conitral of water resources, cranberry growers have baoer

concerned about arﬁtectlﬂq the water supp11es that are so vital to their

_enterprise; of SGECial_lﬁterest to thaﬁcranberry growerﬁ is documentatic

af oresent water use and needs to support applications fér withdrawal

permits should this becone necessary. Growers are also interested in

determining: measures to conserve water and reduce water use to the minimt

reguired to efficiently oroduce & Ccrobe Srate government agencies are

interested in developing accurate agricultural water use estimates for

varlous rlver bas1ns iv

the gtate in order To develop present water need:

‘data and to develop comaonents  for a future allececation plan if such is

 dictated by increasing demand.

Cornservation avd Utilization Study was Ins itutﬂﬁ to address

—|
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same of the rneeds Tor water use data in the crarnberry crowirg region

and hewmefits for instail

Massachusetts and to evaluate the ootenilals aw s ier
af measures to reduce water n2eds in cranberry oroducticr.
Data_Gatherirg

accuratsz infarmaticor: concerning tﬁe water needs af tne

cranbkarry growers, a sumescicnnaire F CT Was deve-roed by the Cane Tad -
C*amber“v Crﬁﬁers Association iny cooperation with,ﬁh UsBA, Soil
Coﬁservation Service (SC5) .and the U.3. Beological Survey (USES).

Crannerrv boa Locatluns were dEllﬁEatEG on USGS 1:85000 scaie topographic

uuadrangle =sheets bv SC5 nersonnel. Bou locat10hs were 1denP1fled Frof

several sources including bag -symbols on the LsSGS quads,:aerialﬁ'

hctocraoh1c lnternretaflon, Massachusetts Map Down cover and land u )-

Mans;_and local knowledge DQﬁSESSEd by SCS mployees.\ A unique

identification ﬁumber was ass;gned-to 2ach bog. Ownershlp 1nformatxon_“c

each bog was determnined from the data in the Fiié of the cdunty,SCS ard

Rgricultural Stabzlizaaian‘and Consaervakion Service offices. ther'bog
fﬁwﬂershlp was determ:nedqra queetxonnaxre w:th tbe owner's name and bag

ixdentxfxcat1on ﬁumber was at‘ached *o a ahutocaoy of the USGS quud Sheﬁt

‘1nd1cat1ng the locat1on or the bou.' Quest1onnazreg aﬂd attached maps wer

'malled to growers wlth a cover ietuer exolaxnlng the ﬂeed ¢Gr accuwate

data and requegtznu he grawer to comolete the survey aﬂd Peturﬁ tﬁe

'cuestiennaireyg THE Cace Cod Cwanbewry Growers Rssocxation DTJV\ded

acataae ror mallzmq ouest*onnazres amd The' Massachusetts Cranberrv

Eﬁoéﬁimaﬁt Statlon Der?@wmed the “uwctlchﬁ necessary to mall the SuPVﬁV -

The Pilgrim Rescurce Cornservation and Develooment office persanmel



-made field visits to accessible ooos tomotaln

- pataf acras of 503, sartakiar sifuaticn, and readily apparently

information

:Caveningf7566 acres.

+tahulated réturred surveys. OFter three months, growers who nad not

~aturned auesticonnaires ware cortacted by celephone and asrked Lo return
the ccorocleted auvestionmairea- OFter two acdcitional months, SCS cersannel

-masic water . manaseqsnd

nEsc =0

measures to oromete water CﬁﬁE;ﬂVB-lgh).

=
T

elg

4

611 of the infarmation obiaivead from the cuestiorraivres and 508

i '+sfwas,enkered'into*an-eiegtronic.data base.'This was done_to'put the

visit

*ntu a Tﬁ”mat tﬁat c~uld be man*culated to analyse varlcus

portions of the‘déta. For bogs where Hne queat10nna1res were returned ar
" where field visits were nat made,_cnly the bao number,owhers name, and Ix

‘acreage was entered into the data base.

-Quésﬁicﬁnairas;and fleld v151t5 annerated data fcr S46 cranberry bpus

Da*a was thus oatanned ch 63:&% of; the- r1, 939facr‘

Cof tne 1dent1f1ed srnduc1ng bous,in the stuuy area couﬂtzes of

Massachusetts; ﬁverage 51ze of the chs thh water use data ﬂollected

(13 g acres) wWas h:gher than the averane slue boc (7.2 acres) for wn:ch
ouestxonnalre data was’ not obtalned.s Th1s may have been due to the Facb

that small bcgs were not v151fed by SCS employees in ordew to maxzm:ze t

acreage that “could be visited in a lxmxted ceriod of time. In additiom,

mora ccﬂcefted_éffqrt waﬁ.expenced to obta:h data from anners thh harne

acreages who coincidently, had larper average size bogs.

Utilizing the sortion of the data base for bogs represented by reaturned
gusstionnalres or arg fimld visits, a number of numerical summaries wer

made. This data is oresevted in Table 1.



of Data From Zog U

Table. i

Owner Guesticnnaires and SCS Field Visits

-

Summary
r 7 x
Ttemnm _Number- ScTes tem as ﬁ.‘ftem as

[ ' =fF Mambher HGo-as of

3 ot hacs boos

—~ '"IZEZEE_ﬁIEE_EQEQFZ —————————————————— élaf"—-?égéi—_' <o 100

o e .~~Sur1nk1er dQs;am :

. : wor;nk;ernd’ﬂcﬁeag? TI4H1 57

i .Qﬁsor1nmlered ﬂcreaup‘ 24 3.4

. .4;HarvEst Mntnod—~ o o | o

3 S Wet warveshed Qcresagé R ; =321 o 76.¢

- "Drv HarVQSted ﬁcreaue ‘ - S L1634 o 1. -

. ',n—docs Reu51n§ Harvest water-% 'Eéﬂ Vﬂeif‘_ TRTIBY a1,

f' T ——Nacern01d1na Cauamll1ty-~ - P “_f,f o | T

7 Bogs with, Pooriréaterholdlrg S 35,’ 239 v L B.A% R
"Hogs with Fair Waterheliding ; 1¢a ¥ T1874 - 228. U= - I
74095 thh uoa Naterholdlng JOU‘ 407" 55. 9% . 83. -

w—Source of Hafer*“z R )  -_‘: :-ﬁ. t
Streamn as Sole. Sourcef . BENST. & 130G AL

o . meservoir. oy Dond as. 8 nlﬂ qourd& 7 2784 '50=Q-55&§;333 aVﬂ

o well as Sole Source E 3 SO.S T e

'_:_3__.Huﬁ¢c ipal Uater as Sale Source 3 0.5 e o T

"."*':"SEC??Q,%ndHEOWd as Saurce § - .9 ] f%ﬁ;qg}' "15;

. Stream Tand W '11 as Sourceﬂ ) T 'J.3;$§j" oy
Pond. and Weil. as Source 708 ie.8 B 5o
Municipgal and Weail as Source - 0.z e
“un icipal and. Pond as Source - 1 0.2 O
. s : . . ) - -v

B ——Stream F‘ows Thrnugh Bogﬂﬁ %fﬂgﬁ 3552. 7" -ﬁ?ﬂ?,@ L33
, -—-—Stream Bvoa55e5 Bog-—-& o 1273 1735.54 21.41 - ae
—~Qdeauate Sunolv of Water— z7e 2065.8 43,8 40
e Iradequate Suooly of Water—- 155 2316.1 . Z6. & zC
——Inadeouate Water in Droughis—— 157 2377 128.8' 31
\ = - ) . )
—Well Interference Reported—— 10 120 1.8 i
—~H911 Interference Suspected—— 4 258. & 1.3 KE
—RBag Levelness—— B
Bog §" ta 17 oul «=f Level Ldy EQ%.5 - 8.1 i
Bog 1 to &' cut of lewvel 37 595.8 &8 B
Sags cover &% cut of ievel i& z275.3 29 s

.-—-—...—..:-_...-—.,...—-.—-_.._ ——

In some categorxesq
Fact that some boos are
may total less than

questions;

C Y A ™ T e e e B AT w s P

the sum o aercev%anes may 8HRCe
1 meluded in more tham one cate
10 % due to lack

=g 100 % dun
gory. Somg cated

of response by ﬁro%erﬁ to SpECETE

~

o

P T = G/BQ\AF?) d

~5CS

t/'\

BA -



water Needs Estimates

A distinction must be made regarding the tera "water need" as ocpposed ta

vwater use". tlater need as cilculated for Enis arudy -is the volume of wat

mecessary to adeqguately oravide Tor crambarey raisirg &s oracticec by the

4

averagce orudert grower. Sxeent Tor water used ducing the 2rcwing season
alart reguiremnerts, most oranierry water use is ;rimarily IO S uwn ot v

.

the groundwabtar/surrace water r~egime olase to bhs

[uR
yf
i)

and water is returne

saimpt whore it was temporarily rewmave and irn essertially the same cuvantit:

Cranberry water needs estimataes were dotarmined as cescribed fully in
fippendix A. Table & irndicates the estimateg water needs for varicus

combinations of parameters affecting water use.

Tabie &
Water Needs
‘BHog Physiéal Parameters. ' S HatEPINeeds
: (acres feet per acre of bog)
ko Levelness Waterheolding Tailwater Spriniklered ~ Unsprinklered
‘.'* - - : . N N N - B .
e Level'_ ' Gaod o CNo . 8.3 ' : . 12.9
L3 Level Fair o No . ‘ _ 10.3 ' 15.1.
ke Level. Poor - - - . No o ' 12.3 o . 17.8
i Level . Good - - Yes S 5.8 s 9.5
;Level - Fair - _ Yes P a.8 T le.d
l_evel Poor . Yes . 10.8 _ 14.8
1*Qut - Good .  no - 9.8 | 20.8
5 ‘1Y Qut. -. Fair . .No- i1.8 : az.a
; 4% Qut - = Poor No o 13.8 : 25.5
17 put - Geod . Yes . 7.9 . 11.5
40 put - Fair Yes'. . x 9.9 4.2
% 1" Out . Poor Yes - 11.9 - . 1B.9
E 2T Out o Bocd . - -ho R B P T <> P
Y& Out Fair - ~ ..No S N 23,3
A e Dub Poor ND o as.z.o . e
i &Y Out - Good . - Yes S 8.0 S ia7
-; z° Oui Faivr - Yes L L iil.0 T 15.3
2 - Out Poor - Yes - S13.0 0 . Lo18.0 0
= %5 7 7



:The water needs rates’ presen ed FLE Tamle d wePE_ﬂﬁSIQHEd tO'lﬂleldual
bogs iw ‘the electronic data baﬁe to compute the est imated water reeds Far
.. " the 7,565 acres of bogs where detail ed ohvsxcal'da*a was - avallable.--‘ﬁnse-
1 | begs need 67,643 acre feet of water ‘oer year or an average of 8:3 ac )

- Ffeat. per acre GF bog.- Hverage water  need 1mure5,-ad1usted Far :
: ;,'alf*erencas in bog. size, were’ 35310hed.ﬁu the rema:rxﬁg bhcs wqefu pﬁly
e s::e 1nformat1on was: qul‘aOL : : ' SR

subwatersnpf *H1*'*t was’
=

ch cranberrv bng was 1CEﬂt1*3ec as to th
e ﬁav1nrﬁ are 1ﬁd1ca.ec o

ccated 1r.’_5ubwauershad .ucat-Oﬂa aﬁd

‘3
‘51

ﬂifm-

igure L.

L Water needs estzwatﬂa ware ueVE‘GDEd or-each=subkatev§hgc'Ahd-are'

cresented 1in abLE i

AR Tabl e‘3. .
Aa er N=eas Rqaregaced sy uunwatﬂrshed

et

N - Suywatershed ~ acres of Bogs . kater Need . fiverage
- : ' - - . tacre foet/yr) . - (acre feet .
N ' : ... per acre) .
 BRAEL o i,335 S 17,508 B.8 o T
sg4z - &17s . 89,128 30 T
EBE43 | - : 1,209 . 11,587 9.6 R
oDR&E 1.148 S 10,534 3.2 : S
BB4S . ' 165 - 1,583 3.6 o~
BEA4G ' Y - S : 476 ©10.3 : -\>
coc : J1i56 0 11,096 9.'8 A
is ‘ L A4 - 1,991 ‘B.E T
5526 5 : 53 10-6
5527 324 - 2,501 8.0
s828 , 249 , =, 364 9.5
5829 o 423 4,116 9.7
583 : 505 ‘ 4, E63 9.2
- S83E1 =4=4 ' - 889 11.1
i TR47 : o o , =32 8.5
TA4Y _ 719 5.@33 7.4
TASO - 656 : 5,779 B. 8
TAS1 S 8 o 43 3 11. 6
TASZ . ¥-S A ' 778 : 9.7 .
TAS3 o o 479 : . 4, 381 - 9,1
TASS - 96 . 739 T 8.3
TAS6 =1 ' &1 12.&
TASE . is2 1,188 T4

[y
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-water_ U i c-r.s—:er-va*'xnn Moasures

ax

Water conservation measures ware analysed to determine the potertial © - ™.

: water need reducticw in the imdividual subwatersheds. . The water

e
-
el
i

- ronservation measures uased in the aralysis were: 1) rehabilii ticr of lzak

nerimeter dikes, 2) reoplacemans af water contral sShructures, 33 imskallati

o0F sorinkler systems. and 42 ceveicpment of tailwater recovery systsws. o

imarave waterhaliding cagapiliby of 2ogs o

o}
2

was feit that msasures

[}

lavel:

: i img oFf unlevel bogs ware pﬁjhibitively‘expenSive-aﬁd woule rot be

Taccepotable To many SrDwears. TMis is because,chaaé twa measqwes.wdulg

require re—establishnent of the bogs with the accompanying lass of incone
for two or Three seasons in addition to the cost of levelling o bdg

sealirng. The other measures 1nc1udea i the analygis co hot.fequire ﬁhat

r .
s the boo be taken out of Droductlon and would be more lldely to be acceata!

reported as needed'by.

to growers.

Table 4 summarxves the water conservatzon measurss

owers on returned’ questlanﬁalres or noted by SCS employees during fileld

agr

in Table & are based o

visits. The.water conservation measures indicated

cuesc1mhravres ard field visits reoresentiﬂg 7,565 aCFesrof cranberry bog

ovfaoproximately £3 percent ‘of the zdentzfnec ”PAﬂbEFPy bog screace ire

Massachusetts: . )



) faole 4 _
Water Conservation Measures Reported as Needed
in Bog Owrer (Questiconnaires and SCS Site Visits

! hike Rehabilitation Needed: 30,975 linegar {eet
Water Camtrol Structuires Needed: 111 structures
Sprinkler Rehabilitatiorn MNeesded: S4.5 acres
. . ) -
Sarinkler Instailation Needed? 144 acres

o

Tai'water Recovery Neeced: 33.8 acres

—=Soy tevelrneas—

%og 6" to 1' aut of level . £10 acres ..
Tag 1! fo &' out of level 200 acres
Tags aver ' out of level . 273 acres 5
I s , LT - = - . LT . .-\—

‘Mathemat:cal fTactors were deve]oped ta estimate the water conservatian
measures needed. for bags that did not have grower questionnaires or field
visits. Table 5 indicates the water conservation measures that were

calculated to be reeded in each subwatershed. o : .
- Table S ‘ R , :
; Water Conservation Measures : . R
- Subwatershed . Dike Rehabilitaticm Water Control. Sprinkler Tailwate
' ' {linear feet} @ = Structuﬁes . Systeams Recovery
o ' T o : Systems
BE4L - - - 5100 14 18 - 1z
CBBazZ 10100 5 31 17
BBAS S 4800 34 11 10
BBa44 ' 6500 33 2 13
BB45 - © 1200 z 1 3
aR46 100 1 o )
.cco 0 . 5000 11 91 7
Cise 71200 4 6 2
ssee s o0 Q- e 0
sg27 .. - . 700 = 4 1
- 8828 L - 1500 3 3 2
sgeg . 1900 5 LT 3
5830 - T 4100 8 28 b
8831 800 = 0 0
TA&T A 200 i - g 0
TAKT . . 800 3 & =3
TASe . T 2100 5 5 3
CTASL s SR ¢ IR O o L0
" TRSZ - 0 .. 300 2 i i
. TSz - 2300 10 13 3
N =L o B0 1 2 1
. TAzs . . O o Lo o
. ' Q o 1

TASA. - 400



. the data From Table & Water Needs were utilized to develop Table &

- detailing ' the watérFﬁeed=redqctidns-ékpec%ed-From water conservationm . -
' 1.
!

redsures..
. -Table & -
- . Expected Effects of Water Conservat ion Measures’ .
s e T T . B W T ) “
3 el e : ‘ S R
Bog;?hysical-ﬁarameteﬁs- : ~ HMeasure  Expected Water Savings o
- : RTINS o i - S ST e e e T T

 Levelness ‘Waterholiding Tailwater

Level Goad - No Sprinkler Install. . 4.2

Level Fair '—  T oNo S L 4.9

Level . Poar - N CoLewe . 8.5

Level . Good - - . Yes - w7 A 2.7

Level Fair - Yes ” 3.4

Level Poar Yes _ LB . 4.0 L
1% Out - Boad - Na o e - 10L 4 L
1* Out Fair . Ne - " - 11.1 =';_$)'
1* Qut - Poor C Na e " B " 11.7 g
i* Out | Good - Yes " S . 3.7

1' Gut Fair o Yes T o R R

1* Qut - Poor , Yes S T 5.0

Z2v- Qut Gocd Ne . . . " k 10,4

= Qut Fair  Ne ‘ " S 11.1

&' Qut . Poor No o " S 11,7

&' Out Saod © Yes .o - . E.6°

zZ¢¥ Qut Fair ‘ - Yes " . T Al3

2* Qut oo ' Yes ' * - - 4.9

17 Out Good - _ No Levelling S 1.5=7.7

1* Out Fair Nao " ' "1.5-7.8

i¥ Qut - Poor | No - - . 1.5-7.8

1* Out - Gocod Yes . R o i.1-2.1

17 Qut - Fair Yes . o " C _ 1.1-2.1

1* Qut - Poor ‘ Yas o S 1,1—-2.1

Z7 Qutb Goeod . ' No | . . 3.0-9.2

Z' QOut Fair . N& o ‘ 3.0-9.2

Z' Jut Poor No " : 3.0-9.2

' Dut Gocd Yes " P Z.3-3.2

Z? Qut Fair Yes ) " 2. 3-3.2

=7. Out Poor Yas o 2. 3-3.28

(23
ke

Svaluated.  (acre Feét,pér*bog:acféi ”'“”



Fable &

Exoected Efrects of Water Censervatlon ﬂeasures

Bogmphysiqél Parameters

Levelness Waterholding

Level
{evel
Levai
Lavel
—aveal
Laewval
it Cut
17 Qut
i Dut,
2 Jut
1' Cut
ty Ouk
&' Cut
=Y QOukb
&' Qut
2 Out
2 Qut
2* Qut

Level

tevel

Table 7 xndlcates the potential reduction in water n

accomolished i water conservation measures were installed in bous.

Gaoad
Fair
Poor
Sood
Fair
= lw] o
Good

Fair

p":l or

C Gaod

Faiv
P el o
Goad
Fair
Poor

Good

Fair
Poor

lCevelnes; pwgtngOId;na

Fair
Pooar

aDPlﬂHlEP
Na
NG
Mo
Yes
Yes
Yes
Mo
No
N
Yes
Yeasg -
Yes
N
No
N
Yes
Yes
Yes

_Measure-‘
EValuated

Tallwater Recaverv

Taxlwater Rec.

MNa
No

Inprove Waterholaing

yo

"

cxoected Water baV1nms
(dCPE feet per hoo acre)

—tw

a.

l.

5.

-
 mruo<ac>mLam=nUmenmchocpo'

o
[ ]
o

2. 0"'2-: 7
4.0-5.3

— e et i w— m e m dem

eed that could be




el

o

Tablé 7

‘Potential Reduciiaﬁ i
-Be, chieved . h‘*h Wat er
2ul vatershed L Sresernt
Water

Meec
{acra Taet)

Héter'Needs That Might

Canservaticﬁ Measures

Sotevniial . Sercent
Reduction Paouction .

(acre feet)l

-] 17, 508
SR4Z 20, 128
TRAS 11,587
Ba44 10, 534
R4S 1,583
CR4E 476
ce 11,096
is 1,991
3526 . 53
s827 2,601
5528 2, 364
8529 4,116
S830 4,663
5531 - 583
TA47T , 33&
TA4S : 5,293
TRSO 5,779
Tasz - 778
TAS3 . 4,381
TAS4 S 799
TAS6 — 61
TASH S 1,126

1.

o ]
bl §

213 7.7
162 1G. 3
273 11.0
695 16.0
=33, 16.3
19 3.9
s37 - 14,3
77 13.9
¢ o
155 5.9
330 14.0
396 3.6 -
820 17.6

68 . 9.9

35 1005
=13 41
3234 G.8
s} O

99 12.7
547 12.5
112 14.0
o 0
76 6.8

Cost astimatés,meré prepared

15% for project administration.:

expected water savirngs is Dresented in Table 8.

15% for engineering’
Total project - ‘costs and a comparisan wxi

for each. of the water conservation measures
indicated in Table 7. Costs included the actual construction cost to '

“install the measure oslus 15% for contlngancxesq “and



_ _ Table B - :
Cost of Water Conservation Measures

"and Comparison with Estimated Water Needs Reductiras

. Sybwatershed Cost of = . Potential Gavings = Cost per Arruwal Cost
a B ' Conservat ian af Water . acre Toot (% per acr
Measures (acvre Teet per vaar) saved s eFombd w
ARL: - 235, GO0 "1, Z18 u z2 ==
ETaz S475, 000 IR 3= =4 I - 217 21
. ER4Z 301, 400 1,273 : 237 =3
- SR4L . s387.600° 1,635 228 =32
ERAS s B3,000 259, 24z b4
‘ DR4S _ 7,000 - : 19 3se. 35
E co - $334,000 1,587 210 . 21
is ‘& §3, 000 R v 225 =4
S526 - ¢ 3,000 S S k L
s587 R % 35, 000 L 185 e27 2z
s828 L e 74,000 - Lo 230 ze3 2z
8523 o £ 86,000 - 396 217 Z1
\ S830 £160, 000 8z0 195 19
5531 s 12,000 &8 178 18
TA47 & 8,300 35 56 &5
TA4G s S4, 000 219 246 24
TASO $ B3, 000 354 211 z1
TARS1 s 3,000 ¢ 1 - ;
TASE s z8,000 . . 9% . 280 =8
. TAS3 . +11{5,000 CoseT . . 210 21
TAS4 S & 27,000 1ig - T . 246 24
TRASE ' & . 3,000 1 o : o
3 20,000 ' 76 - z6 26

* Project installation is amortized at & 5/8 %4 {(the current discount rate

for federally ascisted water resources projects) for 25 years.

Comnparison of Costs and _Bengfits of Water Cormservation

The average arnnual costs of installing water conservat ion measures as

43

indicated in Table 8 varies from 518 to 330 per acre foot of water need
reduct ion. :

The value of -the water need réduction or the benefit from the rneed
reduction is more difficult to assign & dollar value to.  The benefit 1w
some measure depends on what the water waulc be used for if it were na
ionger needed for cranberry culture. Since most of the water rneedad by
cranberry growers is rnot & consumptive use but merely a temporary
“diversion of the watar, 1Ff the water is not utilized for some DUrposs
dowrnistream or uostream From the bog the benefit To the water conservatic

measures 1s quite 1owa

r £ +he water need reduction were to be utilized for municpal water suopl

the Den=fit Trom water conservation would squal the cost of providing th



same velume of water From She next -least costly source. The cost of
oroviding an acre Toot par year of municpal water supply from groundwater

varies ftrom S11 to s200 SurTace water develooment has a ‘cost of fror ~O

+g 335 per acre foot. )

CumDar‘hg these bernerits against the 18 to s, .
cast of water conservaticr measu-es indicates that water conservation 15
ir-dustry mioht be a cost effective means of
realliccating wabler rescuroas Lo aunicioal use.  The actual PCORCHLE
‘ﬁﬂdiV=1: mould depend or: cost factors zpecitic to a part: icular oog and
muwicipal water sugniv sifuablion. Factors such as distarce to existing
cuality woulc need to be considered on an

: t is imoortant to note at this Iavel of
Zirg

‘the cranberry growing

water conservation measures in
af m2torning similar dollar values ive

hiph valiug crop. Gross returns oer acre orF

v Cramberriag =

e hes oar zagily exceed =5, 500, As a result, the value of an acre foot orF

EO waiter %o the crower may D2 ﬂu_te high. Although cranbarry culiure '

b "ratuires a high wvsiupne oF water, there ics also an importanmt timing factor
imat reads ta te cansidered. When frost warnings are issued, the grower
riceds To haVe_aufFiciev: water availanle to run the sprlnkler system at
that time."If the water is not available, S0 to 90% of the crop can ba .
imet in one wight.  Even if the lack of water cccurs once in 100 years,

cmst of such an. event can exceed $=2C0 per acre fcot of
. available when it was needed. Thus, if water .
e C ﬁGﬁSEPVﬁqldh measures raduce water reeds to the point where water will be
' ‘availablie when it migh% otharwise not be, the benefits to the grower can’

“reatly EHECEEd *Hﬂ‘wy@ ~age annual. COSt aof 1nstall1rq such measuras. ~

o : _the;averagefaﬂnual
water that was not

o ﬁltérnatiVES'for'Inﬁtailation'of wéter COﬂSEPVatiOH Measurés_
rwa+er CChEEPVa»‘Oﬁ mEa;ures"cr cranberry bngs also ‘penefit the growers i f
making a ore afficient operation that resdlts in lower total costs. o
':wﬂwers_have lJHD_“¢CLQH4 zed thé economic benefits of installing snrxnqu
gystams to reslace the. ald’ pract1ce of flooding “the bags for frast
orgtection and Tor arovzd;ng growing season water. - Over 97 Dercent of thu;

:cranbprry acwﬂaﬂn,ln Massachusetts has. snr;ﬂkler systems installed.
Zetaeen ZD0 and 400 "acres of sar1nwler sysfem are 1nstalled or.z )
renabil ifa*ed each year in the state. :

Federal cdst'sharihg_’or water conservatxon measures ‘in cranberry bogs 1
available through the U. S. Department of Agpriculture,. foricultural :
Stabiiization and Cernservation. Service.
to S0% of the cost of installation of e]:n1ble measures. w:th ary annual -

iimit of £3,-500 per year for each nrower.

gmment measures to improve the ETflClEhCV of wate
. use are eligible'compcnen+s of a watershed protection olan under -
'_9Pov1510nq of Public Law 83-36E&, the Watershed Protection and. Flocod 7
RAct. In crder to develop ‘a. watershed plan under P. L,-SSS &

Freventior.
1 SDOﬂSOPIﬂQ organization must file an. appllcatlon for

gualiftied loca
assictance to the W. 5. Department of Agriculture, -Soil Conservahlon o

the Division of Water Rescources is the <’
S66 aoolications and assisy s

‘Qgricultural water mana

Service. in Massachusebtts,
agency that is designaied to receive Pl

' Cost sharing is rcrmally 11m1te-f'“”



in determining oricrities “ar servicing of applications for assistarnce.
'Qoullcatlons must cover an ertire hydroleogic unit, usually the waterstied
of a river, of less than 250,000 acres in size. '

fost sharing for water conservation measures under P.l. S66 is SOX fedeva:

Fiondsg and 50X “other' mnor—S.i.. 566 fuwnds.

= orolwmznary screening of watersheds that micht be iccical cardicates For

'nrnaect action to ins-all wWater comservation Measures under f.L., ©55 was

urdertaken.

Some of khe watershads wersz el‘mir tea from further consiceration becapse
£ r fewer than four individuals. Although

srogect actions would benaTi
pecitTying a minloum . rumber of oro-sct
de

e
TnE|ere iz nc oroacran critaria

= 17y
cerneficiaries. oraczizal cansideracions do not Favor projects that appear
Ttz give windrall nerefits o a sail iect group of irndividuals. % is alsa
difFicult 3o establiisnh supoort fram a qualh.led sponsoring argantzation
Tor prorects w i h few hensficiarias.

: . Table 9
: Watersheds with Fewer than Three Bog Dwners.
Aatershed T Number of Eeog Owners
- HB4G ' 3 :
15 1 *
2526 i
TA4T 1o
TAS: 1%
' TAS4 1 =
~*ﬂ$6' 1

- Nona of these . owners - indicated with an aster15k responded. fo the Caue uoc
Lwamberrv Growerg ﬂssoc1a ion request for water use information.’

;FPGﬁ fhe natersheds and costs 1nd1catea in Table B, the fbllowinn'
taersheds listed 1n *ﬁbie 1U have est1mated 1nstallatlon costs. of 1e55

a
_th TQ.JOOQ

Z

T]-' | o - ; Table 10
Nacersheds wzth Conservatlon ﬁeasures Cﬁstlng Less | Than $75 Ouo

'Matershed' ; o Estimated Cost of water
IR Conservation Measures '
EB4S . . . . $63,000
BR&AG o L . 97,000
18T T . $63,000
5526 - Sl 83,000
8527 o - .%35,000
ss268 . L ET74,000 L _
5831 - . ) iz, 000 - . - o
TAL7 - S s 3,000 N T
TA%4S . ' - 854,000
TAS: o _ s 3,000
TAS® o 328, 000
TASs , $E57, 000
TASE - ' & 3,000
TASS E20, 000
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'Figum 2

Subwatersheds with Apparent Potential
for Project Type Action To instail

Water Conservation Measures in Cranberry Bogs



AFPENDIX - H

- .301 CMR:. 'EXEGUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS

~ ENVIRONMENTAL NOTIFICATION FORM

MName;

" Environmental Notification Foon-

' SUMMARY

A Projectidenul-c :
" 1.-Project Name illngton sea Reverﬁe Lavcww og

Address/Location }”a(‘lr Cat Raad

hR lClty/Town _Plymouth
2. Project Pro ]Sonent ‘Town Of Plvmouth
© - Address lymouth,. MA :
3. Est. Commencement unknom ___ . Est. Completion

Approx Cost tatus of Project Design % Complete.
" '4. Amount (if any) of bordering vegela{ed wetlands; salt marsh, or tidelands to be dredged,
filled, remaved, or altered (gther than by receipt of runoff) asa result of the. pro;ect

: acres’ . square feer.
- 5. This project is categoncally included and therefare. requxres preparauon of an EIR.
Yes No

B.  Narrative Project Description
Describe projecrand site.

The Billington Sea, a 266 acre Great Pond, is located off Black
Cat Road in Plymouth. This lake is a major recreational resource
- for the town but has experienced an ongoing problem with nulsance
vegetation since the early 1970's. It is recommended that a
process called "reverse- layering"” be employed in order to rid the
poud of excess plant growth and delay the recurremce of same.

Please see enclosed narrative and plaﬁs for further description.
ALL INFORMATION IN THIS FORM IS TAKEN FROM "BILLINGTON SEA

DIAGNOSTIC. FEASIBILITY STUDY, FINAL REPORT“ NOVEMBER, 1990,
BY GALE ASSOCIATES, INC. ’

Copies fthe compi e ENF may be obtained from {proponent or agent}):
frwia Biivers tein Firm/Aqency: _.Gal

Address: LS@QQL&AA_EG%W_ Phane No. £17=337=4253

THIS 15 AN IMPORTANT NOTICE. COMMENT PERIQD IS LIMITED.
‘ For lnformarion, call (617).727-5830

J01 CMR ~ 101
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11.28:

F. Has this project been filed with EQEA before? No - Yes EOEA No.

301 CMR: EXECUTIVE OFFI_CE QE ENvtRONMENTAL AFFAIRS

coatinued

P3

X

G. wr—erANDs AND WATERWAYS

1.

Will an Order of Conditions under the Wetlands Protechon Act {c:131s.40) or a License under
the Waterways Act (c.91) be requlred" .

Yes _ X __No

Has a lacal Order of Condmons been
a. issued? Date of issuance
b. appealed? Yes ; No :
Will a variance from the .Wetlands or Waterways Regulatmns be reqmred"’ Yes
No’ .

l:OQE File No.

Il. PROJECT DESCRIPTION

A. Map; site plan. Include an oﬁgma! 8% x 11 inch or larger section of the most recent US.G.S.

7.5 minute series scale topographic map with the project area location and boundanes clearly
shown. If avaalable aftacha sue plan of the pmposed project. .

B. -State total area of prOfGCt ___266—.acres
- Estimate the number of acres (to'the nearest 1/10-acre) dlrecily affected that are currently
1. Developed ........ e acres . & Tidelands _.............. ) acres
2. Open Space/ = - '~ 7. Productive Resources -
Woodiands/Recreanon 266 acreé Agriculture .. ... ... ... acres:
3. Werlands. ... ... PO acres Forestry ...... e acres
- 4. Floodplain .. ..., P : acres . B.Qther .o.......... Can. acres
5. Coastal Area ... Selies e @Eres G 0 :
- C_' Pro_vin_ie'_ the fdl!_ov'ving dimensions, if appil_icable:N/A._ e . 7 o
Gl T : P Existing Increase - Total
. Length in rmles e e T p ...._';-;‘;'._" e .
. Number af Housing Units. .
. Number oi Stories . ... R

" Gross Floor Area in square Eeel e

Number of parkmg SPACES . .... ... L. e K

 Tatal of Dally vehicle trips ta and from site

{Total Trip Ends}) .. o.oonivion ot e )
Estimated Auerage Daty Tratflc on road(s) :

servmgsue e i e PO

o TRAFFIC PLAN ,lfft.he p?‘og(}éed p.roi.ect will: :équiré ‘Vany Iperf‘nit fof access 1o lr')callro'ad.s“ or.

state highways, attach a sketch showina the location and Jayour of the propased driveway{s).

N/A

501 CMR - 103



301 CMR: EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS
11.28: continued

Ps

2. Might the proi;zct signiﬁcént[y affect vegetation, especially any rare or endangered species
of plant? (Prior consultation with the Massachuserts Natural Heritage Program is advised.)

. © (Estimate approximaté number of mature treestobe removed: ) 'YES
i . - - Explanation and Source: :
‘The project is proposed to reduce the amount of nuisance vegetation in
“the pond. The 51te is located in an area or yare wetland wildlife
_ habitat. o :

3. Agricultural Land. Has any pornon of the site beenin agncultural use w1thm the Iasl‘. 15 years’
i yes, spea[y use and acreage. C

Exp!ananon and Source:

Il
i

" [ Water Quality and Quantity : -
1. Might the project result in srgmﬁcant changes in dralnage pa(tems7 NO

Exp!a.rza!zen and Sourece:

-2. Might the pro;ect resu[t in the miroducuon ofany pollutants, mcludtng sedtments o manne
waters, surface fresh waters or ground water? YE S .

Explanation cmd Source:-

.'The reverse—layerlng process by its nature will dlStUIb the sediment in the pond

- but will not increase the amount of sediment already present. During reverse~layer1ng,
‘metals such as copper, arsenic and lead may get resusperided into the water column.
‘Therefore, before full implementation of this process, it is recommended that the - -

sedlment be disturbed and the water column tested for these metals in a limited area.
‘ 3. Does the project involve any dredging? No ¥ Yes Valume . 1( 10,000 . ) ) :
cy ar more, artach completed Standard Application Form for Water Qualm,r Cerufcauon -

Part [ (314 CMR'9. 02(3) 3.90, DEQE wasmn of Wa(er Polluuon Comrol)

rqran : : _ : 301 CMR - 105
1/93/87 . . : . .



101 CMR: EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS

11.28: continued

P.T -

{': : e ’ 9- Does the operation of the pi’oie;it result in any increased consumption of water? NO
Approximate consymption ... gallons per day. Likely water source(s)

" Explanation and Source

“F. Solid Waste and Hazardous Matenals - ) .
I. Estimate types and approximate amounts of ‘waste malenals generated eg_, mdustnal

domastic, hospital, sewage studae, conslrucuon debns from demohshed structures HOW/
~where will such waste be dis osed o{" : ‘ :
e NONE

_ Explcmancn and Source.

L2 Mlght the pro;ect invalve the generanon, use, transportanon. storage, release ar dlsposal
* of patentially hazardous materials? - NO .

-Explanatian and Source:

. -
3. Has the site previously been used for the use, generauon, transporrauon. storage, release
or disposal of potendaily hazardous marenals. NO -

' Explanation and Source:

F. Eneray Use and Alr Quahty
1. Will space heating be provided far the pm]ecr" if 50, descrlbe the type, energy source, ana

approximate enecgy Consumpnon NO

Explanation and Source:

1/9/87 301 CMR - 107



301 CMR: EXEGUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS

11.28: continued

P’

CONSISTENCY WITH PRESENT PLANNING

Discuss consistency with current federal, state and local land use, transportation, open space,
recreation and environmental plans and policies. Consult with local or regional planning
authorities where appropriate.

- The purpose of the proposed project is to allovw greater use of. the
Billington Sea as a recreation source for the .town. It is currently
used for boating, fishing and swimming. The project is designed
to increase the usage of these activities by town residents. Therefore,
consistency with the questioned plans and policies is ensured. '

FINDINGS AND CERTIFICATION

A. The public natice of environmental review has been/will be lﬁﬁblished in the following
newspaper(s): T

(NAME) ___.. _ {Date)

B. This form has been circulated to all age..ncies‘and'persons as required by 301 CMR 11.24.

1/9/87

Dare Signature of Responsible Officer . Date - Signature af person preparing
' or Project Proponent ) ’ ENF (if different from above)

Name {print or type) Lo : : - Name {print or tupe)

"Address ) : _' Address

Telephone Number m : Telephone Number _ .

301 OMR -~ 110
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301 CMR:  EXECUTIVE OFFICE OF ENVIRONMENTAL AFFAIRS -

'11.29- E‘ORMS oF NO’I‘ICE ‘_ _ R
| (1) PUBLIC NOTICE OF ENVIRONMENTAL REV'[EW PROIECT

FORMS OF NOTICE

{1) PUBLIC NOTICE OF ENV!RONMENTAL REVIEW -

Bllllugton Sea Reverse Layerlng

PROJECT: -
. (Bneidescnpnono(pm,ecﬂ "
" LOCATION: Plymouth, MA
PROPONENT Town of Plymouth

The undersugned is submitting an Enwrunmental Nonfication Form {“ENE"} ta lhe Secretary of Envlronmental

Affairs on or before
. (Da:e]

This will initiate review of the above project pursuant to the Massachusatts Enwronmenlal Pu[xcy Act ("MEPA

_ G. L c. 30, secs. 61, 62-62H). Copies of the ENF may be obtamed from:

Gale Assoc1ates. Inc., 8 School Street, Weymouth, MA 02189

{Mame, address, phone numoer of proponent or proponceni’s agemi

Copies of the ENF are also being sent to the Conservation Commission and Flanning Board of _Pu];ii moulth
unicipality)

where they may be inspecied.

The Secretary af Environmental Affairs will publish notice of the ENF in the Environmental Monitor, will receive
public comments on the project far twenty days, and will then decide, within tén days, if an Environmental lmpact
Report is needed. A site visit and consuitation session on the project may also be scheduled. All persoas wishing
to comment on the project, or to be notified of a site visit or coasultation session, should write to the Secrerary
of Environmental Affairs, 100 Cambridge Street, Boston, Massachusetts 02202, Altenuon- MEPA Uait, relerencing

the above project.

By

{proponenc}

301 MR - 111
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“Boston

_uSedlment Cover (Reverse Lavering) ’Hf_

._Reverse Layering is an in-lake restoratlon technlque whlch
‘_1s currently being 1nvestxgated with funds from the Clean
‘Lakes Program for 1ts effectlveness 1n reduc1ng 1nterna1' _
'e nutrlent loadlng in Red Lily Pond (Barnstable} wﬁlch is a_.'
lieuthrophlc kettle lake such as the Bllllngton Sea (KV
;Assoc1ates,71nc.,_1988) ' The process is based on' _
-1conclu51ons derlved from prev1ous stuules Whlch demonstrate
'that sand appllcatlons of. 15 20 cm. 1n depth can reduCe the
'sregrowth of aquatlc plants by as. much as. 400% (Nlchols,
 1974, Peltler and Welch 1969), “1[ L R
:'}The precedure employs the use of a modlfled centrlfugal
| nud" pump to transport sand dep051ts located beneath the

'lake s nutrlent r1ch organlc sedlment and dep051s them on:

o S ... - . . Bauimore
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GALE

top of this upper layer of sediment {(Figure 38). Harvesting
of aquatic plant biomass prior to condueting reverse
layering would further retard plant regrowth. In addition
to retarding plant_fegrowth, reverse layering mdy control
internal nutrient loading by reducing the amount of
nutrient-rich organic sediment remaining in centact with the
weter column and thus reducing the liklihood of sediment
phosphorus release. -Reverse layering is less costly than
sediment removal and does not require the design and
construatioh of a sediment disposal area; Environmental
impacts from reverse layering may be reduced by conducting
the procedure in:alternating squares within a 100 f£t. by 100
" ft. grid to allow for recolonization of the lake bottom by
_behthic organisms. 'Theﬁresultant siltation is cqntrelled
with booms constructed of filter Cloth and the use of a
'cyclone separator. Reverse layering may allow for some
deepening of the lake by redepositing a portion of the ﬁined
| sand in another location. ' This techgiQue, however, should
,no;_be substituted as an alternative :for_sedimenﬁ removal
kwhen the objective of the latter restoration technique is to
remqve'contamidated lake sediments and to significantly

deepen a lake.

Pump tests were conducted in order to determine the
-fea51b111ty of employlng reverse layering in the Western
basin (Flgure 39) of the Bllllngton Sea.d Thls testlng
'{1nd1cated that adequate sand dep051ts are ‘located beneath
‘the nucrlent rlcn organlc sedxnejts in tuc lake and that.
hese dep051ts can be’ readlly transported to the sedlment
‘ﬁisurfacev The dense beds .of submerged aquatzc vegetatlon and g

l'thlck nutrlent rlch organwc dep051ts 1qcated prlmarlly

- w1th1n the Westerb b351n (Figure dO} are targeted for
conductlng.reverse layerlng.- rphe 1nsta1latlon of
ST _ L ﬁahr?ore
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. SCALE: iom=100m

. 'MOTE: ALL SEDMENT THICKNESSES GIVEN IN METERS

| FIGURE 4. SOFT SEDIMENT TH! IGKNESS MAP.

. BILLINGTON SEA R
 PLYMOUTH, MASQAPHUSETTS Sl e
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%}’_-” = interception wells aiong the western shoreline of the lake
may bé‘neCCessafy in ofder to-feduce the velocity of
.groundwater flow ‘up through the buried nutrient-rich
S _'dep051ts. Secondly, the implementation of a lake use plan-:
SR : . - which restrlcts motorboat usage 1n the western b351n 1s
-recommended ‘in order to curtail the resuspen51on and

transportatlon of 511t 1n this shallow basin.

Baliimore

Boston | | ~15%*



.

Save been available for cost sharing

srom ancther oractical stanoaivs, it is unllﬁely that 100 oercent af the
orowers ivy a watershed would. he interestec in installing needed -water
~onservation measures. Pq*?ltloa*lon rates of 50 to 73 percent are -
arobably more realistic. Over a Tive year pericd if 75% of the growe '3ir
the watershed indicated "ir Taole 10 carticipated in installing water T
CDﬁSEPV&thn MeASUres, 120,000 in cast  sharinc wouia be recu*red oFan
average of $30,000 per.yed¢. in Thea nast Ffew vears, oois amaunt would
fhrcough the RAgricultural '
Seabilization and-Ccnsedecien E-é-r'vice.'_r«.enc:eY tnere would bE no ~oal
szrefit to ovojec fypa -action Irothese watersheds . where the on—gaing
srogram could evfectively meal srower needs. ' ' ' ;

Table i a sumizary of e ﬁatercreas ﬁﬁat"eppear tooave  oool
mahernt s SELE mrooroes action to imstall warer Cons rvatior
neasure Sﬁaﬁfﬁﬂlﬁf.ﬁf rzascrnable prcject =ize; 3 ea:igt
senafit 2t simsure. and he catovtunisy bo make a significant
cdnt:ibd o water ~onzhrvaticn in fhe logal area. Thece watersnags. M
TAable 1l Vélsé‘iﬁdzcated ies Eiguﬁerﬁi"ln rptrosuect, 1t is not tea
surgrising That kae greatast po stential for aro ect type acticn to 1ﬂsta1‘
S wEter Cconservasiony measilres is v a Falrly cnnFmguous part of

etbs that,isa h_,ne-near,_of the cranberrv growlﬂg area.

Carcwers, grower ‘organizations and C

'cne 1maortant Ffactor remalining

Massachus

: ‘Taple. i1 -
Aa*ersheds w th ﬂncarent ﬁntehtlal

'E_qu_Ptdject_zyqe,Hcgzon.;o Ihsvall Nater Conservatlon Measures

liatershed . o ? fEst:mated Cost ‘of
R e T e ‘ Measures o
CEEA4L o o 291,000
ER4E B “$475,oooﬁ_
BEAD. . $301,000
CBBR&S o T $387,000
oo 8334, 000,
o529 SO BBB 0000
5530 ' - - #160,000
Tas0 o . .5 83,000
'Tﬁ53~‘*5;” S s1as, 000¢-‘”

%o be assessea is srower 1nterest 1n' ,
sersuing project Type action and ivtarest in imstalling water conserva atic -
measures in coaoeratlon with other urower;. ‘Conservaticn Dlstr:cta,' '
ther groups and 1nd1v1duals are

incs DPESEﬂth in this report and, if

to consult with the local Soil .
aceuures to 1n1txate a P. Lo 566

arcouraged to review “the find
sufficient interest: is- generated,
Corrservat iarm Serv1ce acffice concarnxng pr

anpllcatlonmw
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The Lape Codv'ﬁartha's‘viheyard,, Naaturke, ar

areas nave heen becoming (MOVES angd more agopular as a . gummear vatab ion

destinéﬁion,and it is'noﬁ wmnaiial FTor some‘:cmmunities to mxperieroe fwo

o fTour Told ipcreases in':cﬁulat:éﬂ during July ard Auowst. Durinc the

rast of the year. teoal Gffimialw have rnxtad a Tengthening of the tourist

i

ceason ard the construckion o congoiriums and sacond hoizs nas added To

+he number of secole .iwving i the cranberry groawing region of

MasSachusetts;

'Communltses in soucheas¥ern‘*assachusetts have been experiencing unicipa

'water suamly shurtaaes ard water emergencxes an a relatlvely frequent

'baSis. The mun1ﬂ1pa11t~es have'*esponded to the recurring water shor”™ 1e
bv a varlety oF means-inc“ud1ng demand manacemeﬂc tecﬁﬁiqu95 such as .«..0=

dn_fhe ﬁuts1de use of water, water conservatzon educatxon urograms,‘and

‘water sav1nn devices. ﬂctxvx*v is also underway to 1ocate and develop

5ources oF groundwater aﬂd surrace water Eupplles. Most amail communlt-e

iry ﬁhe regloh rely uponm grouhdwater aqu1pers while some of the lawgér

systemns utilize surface water sourcess

Mun1c1ga1 water supply 15 rec91V1ng attentlon throughaut Nassachusetts d

to a comblnatnon nf 1n:rea51hg populatxon (and Hater demaﬂd) and per ods

of low raxnfalla_ The svﬁtem suaalvxﬂg thn Boston metrooolltan area has:'

'beén eﬂperﬂenc1nn dﬂmands that exceed the ;afe y;elm of the supply

watersheds. - o) ranga_of.aitewhativea to{brlhg demand and supnlj 1nto
'balamce'ié being evaluaﬁedo One éassibie‘alterﬂative is the enpanslc ]
fhe &ostor svstem*s 5ourc95 of atew'supoiy.'to ather reglons af the :

5tates imcluding the lemOAth CarVﬂr aqulfer in Plymogkh County.

o Dl-;rre‘.-:tl_ith Coumty sho-el i

DRSSPV RIS




Below ns the [:xecutwe Summary , o o
¢ ... {rom the Billington Sea = - e ] i —
D:agnostlc /Feasibmty Study done in Nov: 1990.'-"" S YA T R

It shows exactly what is' wrong with Blllmgton S GAL E
Sea and where the excess .~ -~ | ST
nutr_lent_s are coming from. -

 ”Execut1ve Summary

- Confllctlng water use demands are currently belng placed on the - e_"
Billington Sea, a shallow 266-acre kettle pond- located in: : IR

':?Plymouth Massachusetts (Flgure 1). ' The lake serves .as & -

_reglonallyﬁlmportant recreational resource, habitat for rare
“wetland wildlife and as an irrigation source and dlscharge ba51n
for cranberry bogs. Unsewered re51dent1al development is dense -
along the western and southern: shoreline of the lake and aquatlc
recreational activities occur without regard for’ their water
gquality inpacts. The eastern portion of the ‘lake is located ,
W1th1n the recharge zone of a, publlc water supply well (Lout Pond o

well)

The recreational aesthetic, and flsherles and w11d11fe habltat
values of the lake have been reduced as a result of an o
overabundance of submergent aquatic plant growth and the late -
summer occurrence of blue-green algal blooms.. Thus, a year round .
water quality survey of the lake and its LLLbUt&TlEb wWas S
conducted with funds provzded by the Town of Plymouth and’ the’
‘Massachusetts Clean Lakes Program. The physical, chemlcal ‘and.
biological characteristics of the lake were assessed, as were the’
rhyvegical, hvdrogeological and land use characteristics of the
watershed. These data were used to determine the sources of the:
nutrients which are cau51ng the lake's water quallty degradation
and to develop a plan for in-lake restoratlon and watershed s

management.

Every lake has a limited capacity to assimilate nutrient loading .
without expressing the undesirable conditions of nuisance algal
and aquatic plant growth which are asscciated with cultural
eutrophication. Data.collected during the year-round study of
the Billington Sea indicate that annual phosphorus inputs to the
lake from tributaries (61.3%) and residential wastewater disposal
systems (20.0%) are twice as high as the lake's carrying
capacity, resulting in the eutrophlc state previously described.
Tributary and residential wastewater disposal system inputs also
account for 16.9% and 63.9% of the annual nitrogen lcading to the
lake. The shallowness of the lake (mean depth of 2.1m) and low
flushing rate {6.3 times per year), as well as the high
groundwater velocities which occur along the shoreline of the
western basin, make it more susceptible to becoming eutrophic.
Approximately 39% of the annual phosphorus load accumulates
within the lake, primarily within the sediments, where it can be
recycled each year for aquatic plant growth. '

(OVER)

° | _ ' Baltimore
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‘Billington Sea Project Update‘ |
~ Review of 1990 Recommendations for. |
' Bog Nutrient Load Reductions ..

~ Prepared by: - -
- Fugro East, Inc, . *
S 6 Maple Street
.+~ Northboro, MA 01532,

L April1997



Introduction

The Town of Plymouth Department of Publlc Works has contracted Aquatlc Control
Technology, Inc. (ACT) to review the recommendations in the 1990 Diagnostic/Feasibility (D/F. )—
Study prepared by Gale Associates, regarding cranberry bog operations. ENSR (formerly Fugro
East, Inc) was subcontracted to conduct this review. '

The 1990 D/F study identified commercwl crauberry operations as the primary source of
- phosphorus (63%) to Billington Sea. The study made recommendations for reducmg the -
phosphorus loads from cranberry bogs. These recommendations included the use of Best
Management Practices (BMPs) for fertilizer application reductions, increasing bog water
detention time, and tailwater recovery (storage and re-use of bog flood waters). However, the.
quantification of nutrient load reductions possible with the implementation of these =~ -
recommendations was limited to a cursory analysis. The Gale report only identified load
reductions with the complete elimination of discharges from tributaries A, D, and E (limitation -
acuon -- stop, major mﬂows) or all trlbutarles (complete cessatmn of trlbuta:y mﬂows)

The objectwe of this update is to review the D/F Study recommendatlons (and supportmg data)
. and further examine the feasfmhty and potentlal beneﬁts of the recommended actions. ThiS
evaluation included: : : : .
~an independent review of nutnent budgets prepared by Gale Assoc1ates '
“limited” field inspections of various bog operations in the watershed
..an analys1s of the antlc:pated benefits of the recommended management acuons
" an identification of lxkely perrmt requlrements and R S
a prehmmary oplmon of i lmprovement costs '

e e 2 o 8

Rewew of 1990 Gale Assoc:ates Nutrlent Budget

'_Hydrologlc and nutnent budgets are developed to prov1de an est1mate of the relatwe contrlbutlon' S

- 'of water and nutrients from various sources. Gale Associates prepared hydrologlc and nutrient.’ o L

" budgets for Billington Sea. Meteorological records, watershed characteristics, groundwater '

_, K measurements, and surface water monitoring. and flow data (samples taken every 14 to 28 days) = T
" collected durmg the one year diagnostic study were used. The hydrologic and nutrient budgets .~ - oL

presented in the D/F study report were completed using generally accepted practices, al*hough
uncertainty (error) associated with the calculated hydrologic and nutrient budgets was not -
presented. As it is impossible to e[lmlnate uncertainty it is desirable to quantlfy the uncertamty
_"(where possible) and consider it when makmg dec3151ons based on such estlmates

A number of assumptlons and est1mates are used when developmg hydrologic and numenl .
budgets. The accuracy of data used and the assumptmns made contribute to the uncertainty
(en or) of calculated hydrologle and nutr:em budg,e[s Each contnbulmg lZCIl'Il (e. g tnbul‘u ies,



precipitation, ground water, evaporation) within the hydrologic or nutrient budget will containa -
certain amount of error. : -

Tributaries (and their associated bogs) were identified in the Gale study as a significant source of

- phosphorus to the lake. Typically the error associated with estimates of annual tributary loads -

based on biweekly to monthly sampling of tributaries is about 10 - 20 percent (Reckhow and

~ Chapra, 1983). However, the extreme variability of tributary flows associated with bog
operations in the Billington Sea watershed suggests that even greater uncertainty can be expected
for the estimates contained in the D/F report. Based on the observed variability of tributary flow -
and phosphorus concentrations more than 100 samples would be required to accurately estimate
mean flow and concentration (with 95% certainty) in'some of the tributaries. Generally ‘
speaking, the more variable something is, the more samples that are required to estimated the - -

" average with certainty. Cost, however, often limits the number of samples that can be taken and
--often requires that we work with a limited number of samples or make estimates from other.

- published data sources. : - S o

Table 1 provides modified hydrologic and phosphorus budgets for Billington Sea. Average, low
and -high estimates were calculated based on the study data. Our review of the Gale hydrologic
* and nutrient budgets identified some possible double counting of watershed runoff and septic ~
loads. Adjustments were made to the direct watershed runoff and septic load terms as well as
minor adjustments in precipitation to reflect actual precipitation for the period of study. In .
- addition, the single anomalous peak phosphorus concentration recorded for Tributary E on July
7, 1988, was omiticd, as it greatly skewed the resultant load. That sample alone nearly doubles -

 the annual load for Tributary E. This peak becomes inappropriately enlphasized_whcn ‘

calculating the average tribufary value. . o

. High and low tributary estimates represent the 90% confidence limits for the data used to derive -
- annual water and phosphorus load (Table 1). That is, with 90% certainty we can expect that the
annual water and phosphorus loads falls between these two estimates. High and low estimates =~

o for other terms in the hydrologic and nutrient budgets represent the likely range of error basedon -~

- professional judgment and published literature error values. Phosphorus loads are likely fo range -
- from 719 to 1,519 kg/yr, with a likely load of 1,095 for the year of study based on our analysis. -

This “likely” estimate does not differ greatly from the 1,176 kg/yr in the Gale report, and '
~ reasonably predicted the observed in-lake concentration. However, the range clearly illustrates -

. the uncertainty of the load estimates for the period of study. Itis important to note that there is

- some additional uncertainty introduced when we attempt to extrapolate to other years or some

~ future conditions. Variations from year to year are to be expected.

N



a fiBillmgton Sea Nutr[ent Load Reductmn Goal

E Vollenw:eder (1975) developed equauons that estlmate permxsmb[e and crmcal loads based on-

' the volume and flushing rate of a lake. The calculated permissible and critical loads for -

: 'Bilhngton Sea are 402 and 804 kg/yr respectively. Phosphorus loads above the Vollenweider o
* critical load are fully expected to cause eutrophication problems (poor water clarity and algae .- -

- blooms) whereas loads below the permissible level are not likely to result in problems. The

- estimated load to Billington Sed exceeds the critical load threshold. At least a 30% reduction in - -
o phosphorus Ioad 1s needed to reduce the phosphorus load below the crmeai level. Greater .- .'
~teductions are needed if actual loads are closer to the' hlgh-end loading estimate (about a 600 -

N 700 kg/yr or 50% reductlon) A 30%- 50% reduction in load is expected to improve water clamty | e
- an'average of 1.2 feet (0.4 meters). In out opinion, the 30% reduction in load is the minimum - © e

- aeceptable reduction likely to produce v151ble 1mprovements m water clamy and a recluctlon in:
: _the frequency of algae blooms: - :

Analy51s of Current Bog Operations-

As part of our review, we cornpleted site visits to many, of the bogs w1th1n the watershed except | | |
the Crimson Cove bogs (Tributary A). During the site visit we had an opportumty to brleﬂy
discuss the bog operauons with the owners/operators 7 ‘

A summary of the mformatlon gained from our site visits to each of the bog operatlons is-

- attached. Most of the bogs located in the Billington Sea watershed are headwater bogs. Thatis
there is no upstream surface water discharge flowing through the bog. Groundwater discharge to B
the bogs creating a base flow in the bogs is however likely for many of the bogs: In general, the -
bogs visited appear to be well managed, Fertilizer applications appear to be consistent with |
guidelines provided by the SCS and the Umass Cranberry Experiment Station. Most of the bogs
visitied are out of level to some extent, requiring higher volumes of water to flood the bogs for _'
harvest and frost protection. Our site visits and discussions with the bog operators clearly
revealed that each operation is unique; tailored to the specific characteristics of their bogs.
Therefore, it is difficult to make generalized statements about bog operations or (o fully
anticipate the potential opportunities and limitations of recommended controls without a full and
detailed investigation of each operation. Such investigations were beyond the scope of this
review. )

As an industry, bog operators have invested considerable effort in developmg and adoptmg
sound management practices for their bogs to not only reduce the cost of production but
minimize environmental impacts. For example, Black Cat Cranberry has constructed and put
into operation a tailwater recovery system. In addition, they have constructed a dike within their
largest bog to reduce water volumes required for flooding of the severely out-of-level bog In
addition, a new weir equipped with a slot for a charcoal filter was installed at the Kapell bogs,
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and excess summer water is infiltrated in a retention pond at the Meharg bogs. All of these
actions serve to reduce water usage and discharge while improving the quality of discharges.

Water conservation represents the single largest dpportunity to reduce nutrient joads frombogs
- to receiving water resources. Likewise, there may be an economic benefit to some commercial

- bog operations associated with water conservation. Pamping of water to irrigate and flood bogs
‘may range in cost from $11 - $35 per acre-foot of water (SCS, 1986). Water conservation costs
are génerally balanced against these costs. “ ' ' '

1t should be noted that all of the bogs visited use sprinkler systems for irrigation. The use of
sprinkler systems is one of the most significant water conservation measure bogs can employ
reducing water needs by 30 - 50% (SCS, 1986). Other measures such as improved water
holding (dike repair) and tailwater recovery systenis may reduce water needs by about 20 - 25%.
Leveling of bogs probably has the greatest potential to reduce water need. However, leveling is
not typically feasible unless bog reconstruction is planned for other reasons. Leveling and
sealing the bottom of high leakage bogs would result in the loss of income for 2-3 growing
seasons along with the cost of leveling or sealing, ' '

Review of Recommendations

The Gale ID/F study made several recommendations to reduce phosphorus loads from the bogs.
However, the projected reductions in load included in the report (elimination of loads from
certain tributaries or all tributaries) are not realistic. It is not possible to eliminate the tributary
loads, even were all bog operations to cease. A certain base load associated with watershed
surface runoff and groundwater baseflow would persist. While the recommended measure may
reduce the bog loads, they will fall well short of eliminating all phosphorus loads from the bogs.
Table 2 provides a summary of the recommended controls (per the D/F Study; Gale &
Associates, 1990) and our estimate of the anticipated load reduction éf such controls.

Bog loads were estimated based on the volume of water required to flood the bog areas to an
average depth of 3 feet for fall harvest and twice during the winter/spring. *A second winter or
- early spring flooding is often required to prevent frost damage or damage from anoxia (fack of
oxygen) that may develop under the ice formed on flooded bogs (Demoranville, 1987). The
- amount of water required to provide | inch of irrigation per week over a 4 month period was
~ added to the flood volume. A phosphorus concentration of 0.25 mg/l was assumed for the flood
water releases (BEC, 1993, Gale, 1990). Flow-weighted average concentrations, excluding
apparent harvest and winter flood releases were used for the irrigation discharges. It was
. assumed that 100% of the irrigation water is discharged from the bog, though very little probably
" discharges. This assumpfion in part compensates for diScharges that may cceur associated with
~ excess stormwater runoff during the growing season. . ' '



TO Leighton F. Péck, D.P.W. "Diréctor_
" FROM: Douglasé C Gray, Park_Supérintenden%

.RE: Bﬂlmgton Sea Remedlatlon Meetmg

E DATE September 30, 1997

Enclosed please find a proposal from Nancy Palmstrom of ENSR entltled “Cranberry
"-Bog Discharge Treatment Feasibility Assessment.” This proposal was requested after

- discussion at a meeting held in Town Hall on July 8, 1997. This meeting was attended by =

Nancy Palmstrom-ENSR, Gerald Smith-Aquatic Control Technology, Inc., Elaine Purdy -
and Lorna Hardy-Billington Sea Association, Leighton Peck- Director of Public Works
and Douglass Gray-Parks & Forestry. Others including cranberry bog owners hact been '
invited but were unable to attend. .

This proposal seeks to define monitoring programs designed to “document the benefits
and to assess the feasibility of applying various treatment strategies to commercial
cranberry operations” that release into lehngton Sea. :

There will be a meeting on Tuesday, October 21, 1997 at 10:00 AM in the Mayflower
I Hearing Room to discuss this proposal. Please look over this proposal and note any
questions, conmuments or suggestions in this matter, so that these issues can be dlscussed at
the meeting.

Please advise our office (508-830-4095) of your ability to attend this meeting.

" c.c. Town Manager’s Office
‘Plymouth Conservation Commission
Nancy Palmstrom

* Gerald Smith
Elaine Purdy
TLoma Hﬂrdv .
Jeffrey Kapell _
Black Cat Cranberry Corp.
Eugene D. Cobb ‘

- Susan Meharg
George R. Holmes, Jr.

- Donald V. Holmes
Crimson Cove Cranberry Trust



Table 3 provrdes a summary of the hkely 1mprovements from exrstmg condrtrons assoc1ated with
the implementation of tecommended controls 'on other bogs. Construction of a tailwater recovery
system for the Black Cat bogs (Tributary D) and the replacement of the K'lpel[ Bog weir have

~ been completed and their assocxated benefits already realized.

_ Based on our review of the avalldble mformatton and site visits we have drawn the followmg

- conclusions:

1. The extreme. peak phosphorus coneentratlon observed in Tmbutary E (7/7/88) ocourred -
- ~shortly after a hehcopter application of fertilizer (pers comm., Jeff Kapell). However, it is
" unclear whether the obsefved concentration was a result of overspray (or dnft) actual
discharge from the bog, or possible contamination of the sampling coniainers. As bog
-discharges during the mid summer are limited due to evapotranspiration, it seems unlikely _
that this concentration was associated with d1soharge from the bog. An elevated (>1.0 mg/l) -
concentration was also noted at Tributary A during the summer. However, we do not know .-
- ‘whether this corresponded with a fertilizer application. While fertilizer appheations are made
. several times (typically 3 - 5 times) throughout the growing season, peaks of such magnitude
are not routinely observed (Gale Associates, 1990; BEC, 1993, Davenport 1990) Follow—up
- investigations to determine the cause of such peaks should be made;
-2, At least a 30% reduction i in phosphorus loadmg is needed to produce vmble 1mpr0vements in .

.. water quality in Billington Sea. o :

3. About 30-50% of the fotal phosphorus boc load is likely chscnarged in harvest and winter
flood water. Given the rapid flushing rate of Billington Sea, fall releases probably have only

- alimited immediate impact to recreational water uses. Sedimentation of phosphorus from
these discharges may contribute to long -term internal loading. However at present internal - -
- loading is a relatively small contribution to the nutrient budget. o

4. The recommended tailwater recovery system for the Black Cat Cranberry bogs has been
constructed and is in use. Construction of a bypass to prevent flow through the bog when
Briggs Reservoir overtops should be investigated further.

5.. There is little data available documenting the actual benefits of tailwater systems for the
reduction of nutrient loads. Implementation of a monitoring prograrq on the Black Cat
system would provide valuable information for evaluatmg the benefits of this alternative for

- other bogs. ' ~
6. The raising of the outlet of Trask Pond to improve detentmn times is not fe351b1e as at its
current levels the pond is causing flooding of neighboring yards.

7. Construction of a tailwater recovery system to serve the Kapell bogs will prowde only .
' limited benefit. At least 1/2 of the area identified for the construction of a storage reservoir
is now an active bog. In addition, shallow depth to ground water (<5 feet) at the proposed
location would severely reduce the available storage volume. The available storage volume
is less than 25% of the water needed to flood the bog and about 1/2 the amount needed for
summer irigation. Without better documentation of the potential load reduction associated
with tailwater recovery systems, this alternative i 15 not recommended for nutrient load
reduction purposes alone.

LA



8. Construction of a tailwater recovery system to serve the Meharg/Holmes bogs will provide
only modest benefit. In addition, shallow depth to ground water (<10 feet) at the proposed
- location would severely reduce the available storage volume. The available storage is fess
than 50% of the water needed to flood the bog, but probably sufficient to meet summer
irrigation needs.. Without betier documentation of the potential load reduction associated
- with tailwater recovery systems this altematlve is not recommended for nutrient load
_ reduction purposes alone. ,
9. No site visit was made to the Crimson Cove bogs and little is known about their operatrous -
- Construction of a storage basin for tailwater recovery ‘appears potentially feasible based on -
our review of aerial photos and groundwater elevations. The total load contributed by these
bogs is fairly small. Therefore, even with maximum effectiveness, the benefits to overall
load reduction to the lake will be small. This alternative is not recommended without better
documentation of the potential load reduction associated with tarlwater I'CCOVE:I'Y systems and :
more detailed information about the operations,

- 10. The recommended modification to increase detention times within the Trlbutary B system do-
- not appear warranted as there are no active cranberry operations on this tributary, '
11. In general, we believe that the growers probably exercise prudent use of fertilizers, though :
" some additional reductions may be possible on a case-by-case basis. The Town should work

with the each’ grower to explore opportumtles for further reducmg or better managmg '
. fertilizer applications.

12 Encouragmg the detentxon (7 days) and slow release (3+ clays) of harvest ﬂood waters w1ll
- . result in lttle additional cost to growers while providing minor reductions (<5%) to
'pnospnorus loads. Even an additional one day holding time can provide some reduction in

o discharge concentratrons In some cases, extended holding may not be possrble due tor waier '

‘needs: of downstrearn growets. The Town should work with the each grower to explore
b opportumtles for increasing harvest water detention times. ' S ,
- 13. The cost of water conservation measures sich as dike and Welr repair w111 vary conslderably, B
" but are only likely to reduce phosphorus loads from the bogs by about 10%. It is assumed
_that the replacement of the weir at the Kapell bogs has largely acheived this reduction for -

- ‘Tributary E: Such rneasures should be explored on a case-by-case basis with the bog owners. 5 e _
4. Innovative and sxte-specrﬁc approaches (i.e., the: weir filter fitting use at the Kapell Bogs and PR

- infiltration of exdess ‘water from the Meharg bogs) are recommended for further. .
investigation. The charcoal filter system developed for the Kapell bog could be modrﬁed to
include iron shavmgs and peat to enhance the removal phosphorus and nitrogen. To our =~
knowledge there is no data available quantifying the potential benefits of such a filter. Even.

- without modification, the charcoal filter system will at a minimum reduce the particulate -

' portion of total phosphorus (which in some cases can be a significant portion of the total,
partlcularly in harvest waters). Other possible innovative alternatives would include
mechanisms to aerate discharge waters to facilitate phosphorus precipitation and the use of
constructed or enhanced wetlands downstream of bog discharges to remove phosphorus. -
Constructed wetlands have been demonstrated to remove 70 - 90% of the phosphorus in-
stormwater "unoff ' ‘ -



- Conclusions and Recommendations

Cranberry bog operations probably contribute about 50 - 60 percent of the total estimated
tributary phosphorus load where bogs are present. Total tributary loads (including Tributary B)
are estimated at 735 kg/yr, representing about 60% of the total load to Billington Sea. Bog loads
would need to be reduced by more than 50% overall to reduce the total load to the lake to the
established goal. While lesser reductions in load will provide some level of improvement to the
lake visible improvement (improved water clarity and reduced algal bloom frequency) are

“unlikely. The maximum likely load reduction associated with feasible control measureés is about
105 kg/yr compared with the 300 - 350 kg/yr reduction needed to the nutrient load reduction
goal Given the limited benefits and high cost of some actions, not all potentially feasible actions
are recommended at thls tlme The following provides a summary of recommended actions:

1. Develop and conduct a monitoring program of the Black Cat bog to demonstratc water
quality benefits associated with tailwater recovery systems. In conjunction with this,

- examine the feasibility and potential benefits of constructing a bypass channel to avoid
unnecessary discharge from Briggs Reservoir through the bog. Given the complexity of bog
operations, such a monitoring program is likely to cost $8, 000 - $12,000.

2. No immediate action to construct additional tailwater recovery systems ate recommended at
this time for nutrient Joad reduction purposes alone. The anticipated cost for the construction
~ of tailwater systems will vary depending on site conditions and bog characteristics.
However, a reasonable estimated cost for a system may range from $40,000 to $80,000.
- Further evidence (data) quantifying the benefits of tailwater systems for load reduction, is
- needed to justify the cost of construction. :
3. Work with watershed growers on a case- by-case basis to develop or refine fertilizer
- application programs to minimize potential nutrienit discharge. '
4. Work with watershed growers on a case- by-case basis to evaluate opportunities for 1mproved

- water holding through repair of leaky dikes or weirs.

- 5. Work with watershed growers on a case-by-case basis to evaluate opportumtles fori mcreasmg

" the detention time of fall harvest water prior to release.

. 6. Explore other innovative mechanisms to reduce nutrient loads associated with bog discharges

 (see item 13 above for partial list of possible alternatives). A more detailed feasibility
“analysis of innovative and/or site specific alternatives is estimated to cost $10,000- $25 OOO

o mcludmg the development of conceptual alternatives.

| None of the above recommended actions require permits at this time, The construction of

-+ tailwater recover systems, and the repair, replacement or modification of dikes and WCII‘S may
require various permits including: : ‘ S

Massachusetts Natural Heritage Program :
~Notice of Intent or Request for. Determination (Wet!ands Protection Aat\
‘DEP Water Quality (Secnon 401) Certificate -



| Army Corps of Engmeers Secuon 404 perm1t
" Chapter 91 Watemays License '
MEPA (ENF IEIR)

_ Other perm_lts or approvals may be requlred dependmg on the SpeCiﬁc Iocatlon and scope of the
_ proposed work o o o

B
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Table 1. Billingt-on Sea Hydrologic and Nutrient Budgets

. HYDROLOGIC BUDGET .
Inputs {m’fyr x10%
_ Precip
Groundwater (per Gale)
Tribs (mc[udmg Bog Discharge)
Trib A
Trib B
Trib-C
Trib D
Trib E
Direct Overland Runoff
tmport/Discharge (direct watershed)
- Total Input

Outputs m¥yr x10° -
Outlet
Evaporation

Groundwater -

Tota! Output

Residence Time (Years)
Flushing Rate (tlmes!year)
Areal Water Load (m/yr)

PHOSPHORUS BUDGET . -
Inputs (kgfyr)

Preclp
Septic Systems (<300 ft only)
Groundwater {non-seplic system)

Tribs (Inc[udlng Bog Discharge)

TibA

Trib B
- TribC
~ TribD

: ~TribE-
_ D:rect Overland Runoff -
[nternal Sediment Release - -
' Total lnput '

“ Outputs (kalyr) "

Evaporation

Groundwater Discharge-
Total Output

L Net Retention {kglyr)
" Areal Load (gmlmzlyr)

_ .Predlcted In-Lake Concentration'
. Predicted in-Lake P Concentratlon ‘

©(mg)

" Predicled Secchi Depih (m)

Predicted Chiorophyll (mg/m%) -
Carisen Trophic State Index
. TSitp -
L TSlsd

TS1ehl -

'Outfét- o

Mean

1.2

95

01
0.2
0.8
19

1.0

0.1
0.2
15.0

141
. 0.8

0.3
-15.0

016

13.9

Mean

32
B8O’
248 -

55
14

61
393
165

619 <

.0
4

622

473
101,

Lake Model Predicted Values ~

7 005 .

12

23.8

B0

58

62

34
23
1095

Lower Limit

i2

0.3 -

0.0
0.2

0.4,

0.9
0.7

0.0

0.1
13.8

13.0
0.5

03
138

6
12.8

- Lower Limit

16.

40

20

- 10
21
184

T 32

“ ‘.'4'6'7

R

v.2

: Q.ﬁ?

14.5

~0.47 -

267

T 419

719

469

2507

0.03
15

Upper Limit

42

02

0.3
13

29

12
0.1

02

16.1

15.3
05
03
181

045

7
14.8

Upper Limit

65 .

120

228 .

93
19
82
622
212
62

814
g

- B

141

,..34»5

88

R
1519,

8200 -

Actual
ocs .
1.0

aq
S L
85

Mean % of
Total .
8%

B4%
1%
2%

5%

13%
6%

0%
1%
C100% -

94%
2%
100%

Mean % of .
. Total

~24.5

[S4]

@ -
RURpire

o))
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Table 2. Recommended Controls and Anticipated Load Reduction

Existing Total Load (kg/yr)
Existing Bog Load (kgfyr)®

Gale Recommended Controls
Tailwater Recovery

. Increased Harvest Detention Time
Fertilizer Management

Waler Conservation

- Estimated Reduction Efficiency -
Tailwater Recovery® :
Increased Harvest Detentlon Tlme
Fertilizer Management

Water Conservatron '

.Est:mated Load Red uct:on (kglyr)

. Tailwater Recovery

Increased Harvest Detention Time
Fertilizer Management
-'Water Conservataon .

"Total Possible Load Reductlon
leely Feasible Load Reduction .

-Feas:ble Recommended Controis o

© Tailwater Recovery**

' _Increased Harvest Detentlon Tlme

- Fertilizer Mnnnnpmmnt

K Water Conservatlon

55 .

Wk

. Trib A
26
X
x,
X
34%
- 15%
5%
10%‘
X_

-

Trib C°
51
36
X
X
X
0%
9%
5%
10%
0
3 .
2
"4
" NA
. NF
X

'X_?.

Trib D

5%

393
152
X
X
X
25%
5%
5%
L
61
61
%
- X

.o m o o

Trib E
- 165
102

- 25%
15%
5%
10%

15
10

56
31

_?<'><'><.~°

a Bog Ioad consxstent W|th es!!mates based on unit 2 area Ioad pet bog acre derwed from (BEC 1993)
~ as well as estimates made based on water usage and outflow concentrations ‘
b Bog load for Tributary C does not account for emstmg removals prowded by Trask

- Pond (about 60%) " -

c Varymg load reduction efficiency based on storage volume relatlve to the demand and
- diminished venefits of harvest detennon or other water conservatlon measures

- w/ Tailwater systems.

“* Implementation benefits of tailwater system requires further documentatnon

- potential load reduction not included. | in I[kely feasabie ioad reductuons

* NF = not feasible _
NA = not appll_cable N



. Net Retention (kgfyr)

PHOSPHORUS BUDGET
Anputs (ka/yr)

Precip

Septic Systems (<300 ft only).

Groundwater (non-septic system} -
Tnbs (Includmg Bog Discharge) "

: Trib A.
TribB

Trib C

" TrbD -

TibE

Darect Overland Runoff -+

_ lntema[ Sediment Release:
Total Input'_ .

Outputs (kgfyr} . - _ .

' o Outlet
: " Evaporation
Groundwater Discharge

. Areal Load (gmi/m’lyr)

" Predicted In-Lake C'on-ceﬁtration '

e Predicted In-Lake P Concenlratlon

" {mgfl) S
Predicted Seccht Depth (m)

- Predacted Ch!orophyll (mglm )

" Carlson TrophIcState Index -

TSifp
- TStsd
TS chi

Vollenweider Load Thresholds
Permissible Load o
Critical Load -

‘Total Output -

_ kglyr

1288 Conditions

32
- 80
- 248

55
14
‘51

393

165

34

619

473

005

1147
238

60
68
62

- 804

" Table 3. Load Reduction Analysis

_ With Feasible -

23
1095

622

402

.0.74

154

With Alt
With Prior Recommended Recommended
Actions* © Controls Controls
32 3z a2
80 - _ 80 80
250 284 254°
55 T a7 -
14 . . 14 P
51 - L 42 |46
3/5 332 332
160 109 134
.34 T34 34
_ 23 . 23 23 -
1054 . 959 - 997
819 . T 819 g9
R ¢ A | R R
SRR, SR : 4 o ,4_‘_.'77 .
6220 g2zl S L6220 -
42 a7 Cars
.. bos 089 ‘ Qezl _'f 
, _' Lake Model Pred:cted Values S Goal
'O%fi amﬂ"'?fomﬁ ' 003
- 1.20 SRR - AR F-1: S
226 ©o197 S 208 o 1420
60 " ss 5 55
57 : 56 57 54 .
61 60 60 .
- gmim2/yr
0.37



BOG SITE VISIT SUMMARY

Owner/()perator:
- Total Acreage:

Acreage in Production:

Harvest Method:
Wate_r Source:
Discharges to:

Fertilizer Management:

_ Levelness:
Water Holding:
Notes:

Owner/Operator:
Tatal Acreage:
Acreage in Production:
Harvest Method:
Water Source:
Discharges to:

Fertilizer Management:

Levelness: ,
Water Holding:
Notes:

‘Owner/Operatdr: -
Total Acreage:
Acreage in Production:

- Harvest Method:

Water Source:
Discharges to: -

" Fertilizer Managemeutz

Levelness:
Water Holding:
Notes: .

Black Cat Cranberry Bogs
315+

31.5
- Wet

Billington Sea/Bnggs Res.

Billington Sea

Consistent w/ SCS application rates; hehcopter application

fair; was >3 feet out of Icvel prior to dike constl UCthﬂ*

good ‘
Tailwater recovery system constructed to pump water to Briggs
Reservoir for storage and re-use (insufficient storage for harvest use);
100 % recycled during summer; system construction cost = $35,000+
Has trouble preventing discharge;groundwater discharges into bogs
Instatled dike (15 acre/8 acre split) to reduce water volume reqmred
for flooding : :
Briggs reservoir overflow flows through bog; bypass would avoid th:s
flow through when Reservmr overtops -

G. Holmes Bogs
4+ '

4

Wet

Well.

Trask Pond - ‘ :
Consistent w/ SCS apphcatlon rates and mcthods hand application

fair
' good ,
~ Once drawn down in sprmg/eariy summer bog doesn t generaily
. discharge :

D[scharges wmter flood waters over 2 day permd

Kapell Bogs '
22+

22

Wet

Wells
Tributary E
~ Consistent w/ SCS application rates; hellcopter apphcatlon

poor; was 3 feet out of level

good* (possibly improved with new weir construction)
‘New weir installed for improved water Control probably has he!p to

reduce leakage

~ New weir equipped with ﬂttmg for charcoal filter (used primary after

pesticide applications, but probably also fiiters out pamculate and
sowne dissolved phosphorus)

_ Rechltiy upgraded sprinkler system



" BOGSITE VISIT SUMMARY

Owner/O perator

v Total Acreage:” :
- Acreage in Production:

- Harvest Method:
Water Source:
Discharges to: =

* Fertilizer Management:.

Levelness:
Water Holding:
‘Notes:

Owné_r/Operator: :
Total Acreage:-~

Acreage in Production:

: 'Ha_rvest Method:
Water Source:.
Discharges to:

Fertilizer Management:

Levelness:
Water Holding:
Notes:

"-Meharg Begs
BN TR
5.7
- Wet
- Wells

To downstream bogs (D Holmes) and Tnbutary E
Consistent w/ SCS appl:catlon rates o :

. good

poor (primarily infi ltratxon iosses) '
Inf"ltrates summer excess water m small detention area next {o bog ,

Cobb Bogs

3.4%

3.4
Wet
Trask Pond

~ Trask Pond to Tributary C
"Consistent w/ SCS app[lcatlon rates hand app[lca.tlon

good, about 1 foot out of level

good -

Use of"and recycling to Trask Pond serves similar purpose asa
tailwater recovery system. :
Neighbor abutting Trask Pond has requested that Trask Pond be
maintained 6 inches lower than historic levels as hlgher water ieve[s -
result in saturation of the homeowners lawn. o



