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FRESH POND

Fresh Pond ranks 6 using a modified trophic level
index. It is a natural, atratified, spring-fed, steep sloping,
cqld water pond, with maximum depth of 30 feet. Macrophyte pop-
ulation was low in all catigories. 6n plant trophic index, it
ranked 7th. The secchi disc reading was 19 feet, and in thia
{ndex it ranked 7th. The phosphate readings were criticallhe
nitrate readings were high. - |

Number of houses affecting impoundment: approx. 65. The
crinberry acreage affecting system: approx 45 acres.

Problems: Southwest shore showed medium infestation of el-
odea and bladderwort. This would indicate nutrient influx Erom
this area. A potentially heavy contribution could be the park
area if policing should fail down. rEog contributicn must be

appreciable. This pond was rated mesotrophic.
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IN ﬁXEEMETATION QUTFALL
1 % 3 ' 123
Total P .04 .03 .04
Nitrate (M) 26 .20 .00
Free Acid 0
Total acidity a
Alkalinity 0
DO .10 '
Total Hardness 14
CUZ 12
Ph 63
Temp (C*+F) 1' Levels 18° ¢ -
Secchi ‘ 19
H;avf Metals
Zn  ,004
CD  .ool
Sn .0l4 ——_
Au .002
Fe =393
P .01 ;
AL .05
Cu .008
Ni 020 |
AG .007 .
Benthos
Total P 293
| Total Nitrogen _ 10.9
Percent solids 2.3
i Total volatile solids .58

All figures in mg/l unless otherwise noted.

SOURCES

1

2 3




LAKE TROPHIC CHARACTERISTICS

CLASSIFICATION DEFINITION

The trophic state of a lake 1is determined by a large number of factors
including latitude, altitude, climate, watershed characteristics, soil
types, human activities and lake morphometry. Three factors are found

to be most important. They are climate, nutrient supply and lake depth.

OLIGOTROPHIC: Aquatic plant production is low; aquatic animal production

is low; aquatic plant nutrient flux is low. Oxygen is present in the

hypolimnion. Depth tends to be deeper. Water quality for most domestic
and industrial use is good, total salts or conductance is usual}y lower
Number of plant and animal speciles 1is varied and diverse. Oligotrophic

waters have only a small supply of available nutrients, hence, they support

little organic production.

1. Oligotrophic Lakes

a., Very deep, thermoclihe high; volume of hypolimnion large; water
of hypolimnion cold.

b. Organic materials on bottom and in suspension very low.

c. Electrolytes low or variable; calcium, phosphorus, and nitrogen
relatively poor; humic materials very low or absent.

d. Dissolved oxygen content high at all depths and throughout year.

e. Larger aguatic plants scarce.

f. Plankton gquantitatively restricted; species many; algal blooms
rare; Chlorophyceae dominant.

g. Profundal fauna relatively rich in species and quantity; Tanytarsus
type; Corethra usually absent.

h. Deep—dwelling, cold-water fishes (salmon, cisco, trout) common to
abundant.

i. Succession into eutrophic type.

EUTROPHIC: Aquatic plant production is high; aquatic animal production is
high; aquatic plant nutrient flux is high. Oxygen in hypolimnion is Absent.
Depth tends to be more shallow. Water quality for most domestic and in-
dustri&} uses is generally poor. Total salts or conductance is mostly higher.
Number of plant and animal species is feWng Eutrophic waters are waters
with a gyod supply of nutrients, they may support rich orgenic production,

such as algal blooms.



2. Butrophic Lakes

a. Relatively shallow; deep, cold water minimal or absent.
b. Organic materials on bottom and in suspension abundant.

c. Electrolytes variable, often high; calcium, phosphorus, and nitrogen
abundant; humic materials slight.

d. Dissolved oxygen in deep stratified lakes of this type minimal or
absent in hypolimnion.

e, Larger aguatic plants abundant.

f. Plankton quantitatively abundant; quality variable; water blooms
common, Myxophyceae and diatoms predominant.

g. Profundal fauna, in deeper stratified lakes of this type: poor in
species and quantity in hypolimnion; Chironomus type; Corethra present,

h. Deep-dwelling, cold water fishes usually absent; suitable for perch,
pike, bass, and other warm-water fishes.

1. Succession into pond, swamp or marsh.

MESOTROPHIC: Lakes exhibit conditions between eutrophic and oligotrophic,
their water {s less transparent than oligotrophic waters, but more transparent
than eutrophic waters. Supplies of dissolved oxygen decrease during the
summer months in deep water, but do not disappear entirely as in eutrophic

waters. Less all-around production than eutrophic waters.

The term ultraoligotrophic is sometimes used for lakes on the lowest extreme

scale while thé term hypereutrophicis used for this other extreme.

The above is a brief description of classification, and the trophic index

wvas developed along these qualifications. The following parameters were

3. Mesotrophic Lakes

It is characterized by nutrient levels and amounts of plant bidmass
that are intermediate to those found in eutrophic and oligotrophic
lakes and ponds.



EUTROPHICATION LIST

1. Long | 34. Bartlett

2. Little 35. Hedges

3s Great South " 36. Indian

4, Little South 37. Fresh Meadow
5. Bloedy 38. Halfway

6. Fresh ' 39, Spring-

"7. Gallows 40. N. Triangle
8. Micajah 41. Grassy West
Fe Samoy # B{1lington Sea would rank 31

10. Boot

11. Round

12, White Island
13. Little West
14, Ezekial

15. Wall

16. Little Sandy
17. Island 39 .
18, Gunners Exchange
19, Long Island
20. Morey Hole

21. Russell Mill
22, Island 52

23. Great Herring
© 24, Little Herring
28 Claas

26. Big West

27. Kings

28. Hoyts -
29. Forge

30. Scokes

31. Little Long
32. Savery

33. Ship



_ parameters

Secchi Disc Readings Rank 1 - 41
1. Phytoplankton coloration

clear
green tint

1
moderate green 2
3

: deep green

9. Macrophytes
emergent
floating
gubmersed.

o

none 0
sparse 1
medium 2
dense .3

x I covered

3. Algae Filamentous

Total of 1 + 2 + 3

none 0
sparse 1
medium 2
dense 3

x 7 area covered

Secchi Rank <+ Macro and Microphyte Rank = x

x times &

Nutrient Points

1. Phosphates

2. Hitrate

0 ppm. - .025 ppm. =
.025 - .03 =
.03 - .04 -
.04 - .06 -
.06 - -

0 - .05 =
.05 - .1 =
) | -.25 =
25 - .4 =
.4 - -

PLUNMHO

P NHO

FUTROPHICATION INDEX USED TO RATE 41 PONDS IN PLYMOUTH

Rank
= Points
= Points
- Points
= Points = Rank
= Ranking Points

Points

Points
Ranking Points

Total Ranking Points
Ponds Rank 1 to 41



EXAMPLE

BIG WEST
Parsmeter ‘
Secchi Disc Reading 1 - 41 8 1/2 ft. = 22nd
1. Phytoplankton _
Clear + 0 x 100% volume 0
2., Macrophytes - Emergent and Floating
Denge .5 acres 3.752 x 3 11.25 points
Hedium 5.7_2 14.0 2 x 2 28.00
Submersed
Dense 8.7 21,752 = 3 65.25
Medium 31.3 78.25 x 2 153.56
3. Algae Filamentous
Nome 0 x area 0 = 0
Total 1 +2 + 3 = 261.00

Rank 1 - 41 Plant Index = 28
Secchi Rank 22
Plant Rank 28
50 TRanked 26th combined

Combined rank = 26 X 4 = 104

Nutrient
a. Phosphate .03 ppm. = 1 point
b. Hitrates .1 oppm. ‘ = 1
2
Y = a + b = 2 x 2 = 4
X = 104
Y = 4

108 Total This ranked it 26th overall
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esh Pond
ymouth, Mass.
tershed type: coastal
res: 62

titude: 014&'

ter type: cold

ad type: natural
ratified: yes

ad use: recreation, esthetic, irrigation
10 sheet: USGS 1:2400 Manomet, Mass.
sition Topo sheet: up 5.3 right 9.3
steline distance 1.3 miles 6864’

LOuD

Scale

B 3is”




Maximum depth 30' 9.l44 M

Mean depth 15' &4.572 M
Surface area 62 acres"
Acre feet 930 ;
Total gals. 303,041,430

251

FRESH LOND

(Bathymetric Map)




FRESH JOND

Impoundment Map

|

pr

45 acres cranberry bogs affecting this
impoundment by flooding release.

_inlet flow 21.8 gals/min

<

inlet flow L5 gals/min

outlet flow 73.5 gals/min

Cranberry Bogs

Scale 1:1260°
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FRESH [YOND

Submersed Aquatic Plant Map with Key

All counts classified as very low.
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SUBMERSED AQUATIC PLANTS

LATIN

Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamageton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogetaon
Potamogeton
Najas
Zannichellia
Elodea
Ranunculus

Americanus
Ampl. Folius
Crispus
Diversifolius
Filiformus
Filiosus
Gramineus
Natans
Nodosus
Pectinatus
Praelongus
Richardsonij
Robinsii
‘Vaginatuys

Ceratophyllum D.
Myriaphylium
Alisma
Heteranthera D,
Nasturtium
Utricularia
Vallisneria

NiTeEla

COMMON MAP NUMBER
Pondweed

Large Leaf Pondweed
Curly Leaf Pondweed
Waterthread Pondweed . - i— 1

Leafy Pondweed
Variable Pondweed

Floating Brown Leaf

American Pondweed

Sago Pondweed ———— e 2

“White Stem Pondweegd

Richardson Pondweed

Giant Pondweed

Bushy Pondweed

Haorned Pondweed

Waterweed T it
Water Buttercup

Coontajl

Water Milfoil

Waterplantain

Water Star Grass; Mud Plantain : — b
Water, Cress
Bladderwort
Wild Celery

Addenda

—e . Y
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FRESH LUND
Emersed Aquatic Plant Map with Key
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EMERSED AQUATIC PLANTS

LATIN COMMON MAP NUMBER
Peltandra Arrqw Arum —_—— — '
Pontederia Pickerel Weed . _ 2 & - 2
Sagittaria Arrowhead; Duck Potatoe
Polygonum Watersmart Weed
Typha Cattail 3
Eleocharis Spike Rush Sedge - - goen _— 4
Scirpus Bulrush Sedge .- e . s
Juncaceae Juncus Rush = b

Addenda



FRESH LOND

Floating Aquatic Plant Map with Key

.

Scale 1:375'
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FLOATING AQUATIC PLANTS ATTACHED

LATIN COMMON MAP NUMBER
Nuphar Cow Lily, Yellow Water Lily, Spatterdock
Nymphaea Water Lily, White Water Lily ——-— - -- y )
Brasenia Watershield —_ - &
Addenda

1

FLOATING AQUATIC PLANTS - UNATTACHED

LATIN COMMON MAP NUMBER
Lemna Duckweed
~ Spirodelia Big Duckweed
T Wolffia Watermeal

Addenda

11"
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Chemical Sample Stations
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PHOSPHORUS

The discharge of phospﬁorus—containing wastewaters
into the surface waters of the United States has contributed
to their over-fertilization and eutrophication.

Phosphorus is found in wastewater in these princi-
pal forms: orthophosphate polyphosphates or condenced phos-
phates and organic phosphorus compounds.

The quantity of phosphorus resulting from human
excretions reportedly ranges from .5 to 2.3 1b. per capita
per year. The mean annual excretion is estimated to be 1.2 1b.
per capita. The mean annual contribution of phosphorus from
synthetic detergents with phosphate builders is estimated to
be about 2.3 lb. per capita at present. Thus exclusive of
industrial wastes and other phosphorus sources, such as water
softening or sequestering agents, the domestic phosphorus
contribution to wastewater is about 3.5 1b. per capita per year.
The Cornell findings being "“human activities are responsible
for 75-80% of the dissolved phosphorus reaching the lakes in
central New York".

Phosphorus is considered a key element in the
eutrophication of surface waters in the New England Region.

Sawyer and Curry and Wilson suggest a concentratiar
of .01 mg/1 of inorganic phosphorus as a maximum permissible

without the danger of supporting undesirable growths. If the




assets of inorganic nitrogen and phosphorus exceed .3 and
.01 - .015 mg/1 respectively at start of the growing season,
nuisance blooms of algae may occur.

If orthophosphate levels of .01 mg/l or greater
occur, then the lake is susceptible to algae blooms and mac-
rophyte growth (Sawyer, Vollenweider) .

The so-called Cornell Study "Lakes and Phosphorus
Inputs" (see Addenda to this report) reached the important
basic conclusion that dissolved phosphorus (organic and
inorganic) has a far more important influence on algal growth.
This has the phosphorus attached to the soil particles (Par-
ticulated). The benthic transfer of nutrients is complex
and thé transfer to and from the water column is still open
to reserve.

The EPA guidelines in its "clear lakes program"
states "phosphorus is usually the most important nutrient
controlling lake productivity, therefore, total phosphorus
(i.e., the phosphorus present in both inorganic and organic,
dissolved and suspended forms) is an important measure of
trophic state. The dividing line between oligotrophic lakes
1s usually regarded as 10ug/1 (.01 mg/l) and between meso—
trophic and eutrophic lakes as about .02 mg/l." Best reading
times are in winter months, the most non-productive season.

Concentrations of total more than .01 mg/1l in the



groundwater are not considered normal and when this value 1is
attained, a source of contamination 1s suspect. Soluble
phosphorus concentrations in groundwater are virtually non-
existent because of chemical fixation and precipitation as
insoluble compounds of calcium, magnesium, iron and aluminum;
this is in contrast to nitrates which have greater mobility.
In the Carver Soil Series, however, fixation is virtually non-
existent. |

Phosphate is usually strongly sorbed by aquifer
materials except in sandy areas. Quartz and other sands that
have low iron, carbonates, aluminum, clay mineral and organic
content will readily transport phosphate in groundwater.

In sandy soil such as those contacted in southern
Massachusetts, it is found that the sorption capacity of the
sandy soil is exceedingly small with the results that septic
tank disposal systems located in the watershed area with sandy
soil rarely have problems with plugging. Those systems readily
transmit the nutrients from the household to a nearby water
course via ground water. High phosphorous readings in aquifer
and springs feeding Little Long Pond are evidence of this
phenomenon.

According to a Cornell study, the phosphorous content
of domestic sewage ranges from 1 - 2 kilograms (2.2 - 4.4 lbs.)

per capita per year depending primarily on whether laundry




detergents containing phosphates are being used by households.
A recent study made in Vermont showed that all the lakes so
tested were found to be phosphorous-limited.

A Cornell research team conducted a study of 13
lakes in central New York. This study led to a guantitative
exéression of the relation between phosphorous loading and
concentrations of algae.

Phosphorous in runoff occurs in three general forms:

l. Dissolved organic

2. Dissolved inorganic

3. Particulated

The dissolved phosphorous in both forms has a far
more important influence on algal growth than has phosphorous
which is attached to soil particles.

Sources of Dissolved Phosphorous:

Sewage - 55%

Agricultural runoff - 18%
Forest runoff - 15%
Residential runoff - 6%

Atmospheric fall-out - 6%

14



THE CHEMISTRY OF PHOSPHORUS IN MINERAL SOILS
Natural occurrence of phosphorus in mineral soils:
At any one time the amount of phosphorus in the

soil solution is very small. Thus even in the most fertile

soils the concentration is much less than 1/2 ppm.

The four main groups of phosphorus compounds in
soils are as follows:

1) compounds of calcium and phosphorous or mag-

nesium and phosphorus

2) phosphorus with organic matter

3) compounds of iron, aluminum and phosphorus

4) compounds of the apatite class

5) colloid and clay complexes or soils

Calcium and magnesium phosphates are usually insol-
uble and unavailable for plant use. This 1s a common occur-
rence in sandy soil types, such as those in Plymouth.

Phosphorus with organic matter, usually in high
organic soils, and not a factor in the Outwash Plain complex.

Iron and aluminum phosphates have a low availability
to plant growth. In fact, the solubility factor is low.

Apatite (calcium flurophosphate) class of basic rock
from which soil was derived is very resistant to action of
water and other solvents. It is present in mineral soils and

is very low in availability to plant growth. Again, an

R 5




occurrence in Qutwash Plains.

The mineral soils, that make up the Outwash Plain
of Plymouth, are of two basic types: The Carver and Glou-
chester series. 1In this complex the Carver is the predomi-
nant series.

Both mineral types are made up of mainly granite,
gneiss feldspar and quartz.

For the sake of brevity, the following very brief

descriptions are in order.

Gneiss is a coarse-grained rock composed of quartz,

feldspar and mica.

Granite is also composed of quartz, feldspar and

mica.

Quartz is silicon dioxide 5102.

Feldspar is mainly aluminum silicates.

Mica is mainly complex silicates.

Mineral soil phosphorus presents a difficult prob-
lem in so far as it is available to.plant life. The various

soil phosphates are very insoluble and even when the normal
agent, carbon dioxide (C02J is supplied in large amounts, the
rate of solution is slow. The situation is made still more

difficult by the small amounts of the element present.

A sample soil formula would be as follows:

13



Chemistry of Phosphates in Mineral Soils:

CA3 PO4 + water (HZO) + Carbon Dioxide (COZ) = Ca H, (P04)2 .
(Calcium phosphate) (water soluble)
( insoluble )

However, soils rich in iron and aluminum causes a
reversion and its availability is lost and reverts back to
insoluble forms.2

The above is a rough sketch why phosphates in
mineral soils, such as the Plymouth Series, are found to be
in the less-than .02 ppm range. In fact, in most soils there

is very little available phosphorus. Hence anything over a
+ .02 ppm leads to cultural impact cause, not a natural cause.

A general conclusion can be safely made: in the
mineral soils that make up the Plymouth soil series, little
soluble phosphorus is present and hence its impact on lake
eutrophication and groundwater contamination is negligible.

The question of miocene deposits, as a possible
source of phosphorus in the groundwater, was raised by other
researchers.

The biggest impact on the soils of Plymouth was
caused by the latest glacial period. This period is classified
as the Wisconsin Glaciation in the quaternary epoch. Most of
the overburden in Plymouth was deposited during this glacial
period.

The 3 to 4 glaciation epochs, previous to the

e
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Wisconsin, were.also contributing factors to the soil pro-
file, though to a lesser degree.

There has been research data on the late tertiary
deposits (i.e., miocene deposits).

The miocene deposits have been partially located at
North Truro and Provincetown. Well drilling 75 to 180 feet .
below sea level may have encountered this layer. The conclu-
sion reached in the Strahler Report was "The layer of miocene
deposits is probably-patchy in distribution and not signifi-
cant in terms of water resources". It certainly would not

be a factor on the unconfined aquifer at these depths.

52
The Woodsworth and Wigglesworth Report: Phosphatic

materials in miocene green sands and the American Association
of Petroleum Geologists have pinpointed various miocene

deposits in New England.

Deposits have been found at Third Cliff in the
Marshfield Hills, Marshfield and Duxbury and Gay Head on
Martha's Vineyard. No known deposits have been found in

Plymouth.

The deposits mentioned above could in no way affect
the unconfined aquifer in Plymouth for one outstanding reason.
The groundwater flow is generally from the Northwest to the
Southeast, well beyond the location of the deposits.

Another argument could be reasonably injected; the

Ny



overall results in phosphate testing would indicate no

concentrated deposits at this time.

1Calcium phosphate of shells or boits is not
available as such to plants. Acid soils usually turn calcium
phosphates into more soluble forms (plant available), giving
a continual supply. However, phosphorus loses its availa-
bility in soils basically rich in iron and aluminum, both

present in the Plymouth soil series.

2Available means available phosphorus acids as used
by plants P205. This is needed for plant protoplasm.

Necessary for photosynthesis.

3Horizonation of soil series in Plymouth caused by:
1) leaching of salts and carbonates
2) Accumulation of organic matter and sesquioxides
(3 atoms of oxygen with 2 other elements or
radicals)
3) Downward movement of silica
4) Residual concentration of silica in upper moraines
5) Reduction and transfer of iron and aluminum
6) Some destruction of siliéate clay minerals

7) Some movement of clay and silt-size particles



NITROGEN

According to Sawyer, the critical concentration of
nitrogen, below which algal growths were not troublesome,
was .3 mg/l, provided that phosphorus was kept below .015 mg/l.

For some algae, the optimum nitrogen:phosphorus
ration appears to be about 30:1, for other algae rations
15 . 18w d..

The presence of .01 mg/l of phosphorus and .30 mg/1
of inorganic nitrogen in ponds or lakes at the time of spring
overturn will probably foster the production of algae bloom.

Gerloff and Skoog suggest that in many instances
nitrogen rather than phosphorus may be the limiting element
in the growth of algae.

Imhoff and Mueller point out that enormous growth
of plants in streams, lakes and ponds does not occur if the
nitrate as N is kept below .3 mg/l and the total nitrogen. as
N is below .6 mg/l.

According to Lavfer, a generally accepted limit for
free ammonia for sanitary purity of water supplies is between
.05 and .10 mg/l. Although free ammonia is often of vegetable
origin and without hygienic significance, its concentration

of plus .10 mg/l renders water suspect of recent pollution.
Nitrites in water are generally formed by the action

of bacteria upon ammonia and organic nitrogen. Owing to the



fact that they are gquickly oxidized to nitrates, they are
seldom present in surface water in significant concentrations.
In conjunction with ammonia and nitrates, nitrates in water
are often indicative of pollution.

As a very important nutrient and a common constitu-
ent in septic tank effluent, nitrogen has a much greater
mobility than phosphorus and hence as an indicator would be

first to make its appearance.

The nitrogen cycle in surface waters and lake

sediments. A modified representation of the nitrogen cycle
applicable to the surface water environment is presented in
figure 4. Nitrogen can be added by precipitation, dustfall,
surface runoff, subsurface groundwater entry and direct
discharge of wastewater effluent. In addition, nitrogen from
these can be fixed by certain photosynthetic blue-green algae
and some bacterial species.

Within the aguatic environment, ammonification,
nitrification, assimilation and dehitrification can occur as
shown in figﬁre 5. Ammonification of organic matter is car-
ried out by microorganisms. The ammonia thus formed, along
with nitrates, can be assimilated by algae and aquatic plants,
such growths may create water guality problems.

The nitrogen cycle in soil and groundwater. FlLgure

5 shows the major aspects of the nitrogen cycle associated

- B



with the soil/groundwater environment. Nitrogen can enter
the soil from waste water or waste water effluent, artificial
fertilizers, plant and animal matter, precipitation and dust-
fall. In addition, nitrogen-fixing bacteria convert nitrogen
gas into forms available to plant life. Usually more than
902 of the nitrogen present in soil is organic.

The nitrate content is generally low due to assimi-
lation by plant roots and leaching by water percolating through
the soil. Nitrate pollution is the principal groundwater

guality problem in many locations.




FRESH POND

GENERAL GCGUIDELTIUWES

Permissible Leavels Critical
Total phosphorous mg/1 .025 .04
Orchophosphorous mg/1 .004 <01
Organic Nitrogen mg/l .20 | .40
ammonia mg/ 1l .02 .05
Nitrate mg/l .10 25
Nitrite mg/l less than .00l | ©.002
Inorganic Nitrogen mg/1 .12 .30

The general approach is to stress violation of coliforn bacteria standards,
research shows that nutrient pollution over a period of time is as important,
or may be more important than bacterial pollution. A set of general standards
should be put forth and it is suggested that violation of nutrient standards be
incorporated in the pollution standards.

Incorporation of the above nutrient levels in the general pollution standards
would be a positive approach toward solving the problem of nutrient loading
from all sources and would redefine pollution as it is generally understood.

Station 1:

Station 2:

Station 3:

Station 4:

The total phosphorus and nitrate readings were high in August and
September.

Phosphate and nitrate readings were high in September. This indicated
agriculture impact on the ecosystem.

Same as station 2. Station 2 is a tributary and station 3 the
outfall. A circular motion from tributary towards outfall could
produce high readings in both with no effect on deepest area of
pond.

High phosphorus readings in July and August, not above critical
range, a 2 and 3.



Fresh Pond

Chemical Parameters

Station No. ]
Total Phosphorus Nitrate N Nitrite N Kjeldahl N
Mg/L Mg/L Mg/L Mg /L

January less than .005

February "

"
Harch 0L .07 .30
.01 .07 " +31
P April
May 15 01 Q7 L 30
May 30 «01 .08 5 .31
June 15 .02 .08 N .35
n .

( June 30 -02 -08 .35
|
\LJHU 15 02 .09 " 35
July 30 Q2 09 - 35—
August 15 .02 10 r#i 14
|

hugust 30 .03 #15 il .50
September .04 .20 " .76
I i : :
| .03 .10 u .60
Dctober

Nnvemher

December




Fresh Pond

Chemical Parameters

\ Station No. 2
| Total FPhosphorus Nitrate N Nitrite N Kjeldahl N
‘ Mg/L Mg/L Mg/L Mg/L
i
| January less than .005
(;;bruary "
i
| Harch .015 .07 Ry «95
| ¥ -
| n
|april .015 .07 .95
—
Hay 15 .015 .07 n .85
L1}
Hay 30 .02 .09 3 I
. .02 .09 " 1.1
June 15
June 30 .03 .10 " .90
July 15 .03 .20 " .85
|
Uuly 30 .03 .20 " .75
I - :
%ugust 1S .07 .07 g .8 :
' i
hugust 30 .10 .06 .85
September e .063 " .30
October .20 .05 i .70 1
dnvemhey
december

G .

3




Fresh Pond

Chemical Parameters

| Station No. 3

Total Fhosphorus Nitrate N Niterite N Kjeldahl N
Mg /L Mg/L Mg /L Mg /L
| January less than .005
1"
February
|
Harch 1 .45
L .02 B 10 : .
\AEFil : .02 .10 " .60
Hay 15 .02 .10 n .55
rf
‘May 30 .02 .10 " .60
| wo | .75
June 15 .02 .14
!June 30 a3 T " .85
= —_
July 15 .03 .16 " : .75
]7 - . -t .,
July 30 .03 .17 iy : .70
| i - r
august 15 .04 .19 wis 1.1
| B r
August 30 - .04 .20 i 1.1
L | .o .. .85
September -08 _ o
<
lecober : 04 06 i _ | .60
avemhey
Ecember

T3



Chemical Parameters

Fresh Pond

Station No. 4

} Total Fhosphorus Nitrate N Nitrite N Kjeldahl N
‘ Mg/L Mg/L Mg/L Mg/L
‘ leas than .005

J
| January :
| February
| Harch .02 .07 o "
|April .02 - .07 i .40

.02 <07 " .45

gagglj

May 30 .02 .07 i .50
} .02 .07 " .45
{June 15
June_30 .02 .08 " 5
July 15 .03 .08 " .40
Uuly 30 .04 .08 g .50
\ = -
August 15 .04 .08 W .50
b 10 .03 .07 # .35

' .02 .07 " 40
September .
October .02 .07 " <35

vemher
Qecember

34




Chemical and Physical Paramenters

Fresh Pond

Station 1

1 o Temp. 5 Secchi  Conductivity Ph Do Total Total
| F C” Feet M Mhos/cm Standard Units Hardness Alkalinity
|

|

[January

R

February

harch 1.0C 19 126 6.3 10 14
pril il.0 © 19 125 6.2 10 14
L&y 15 14.0 C 19 127 6.3 10 15
EE

L 17.0 C 19 125 6.3 9.5 14
ay 30

%une 15 18,5 C 18 130 612 9.0 14
?une 30 19.5 C 18 130 6.3 9.0 14
lily 15 20.0 C 18 135 6.2 8.5 15
L

hiy 30 20.0 C 17 1137 6.1 8.0 14
F""f*" .

lru;:usr. 15 21.0 ¢ 16 110 £.3 8.0 | 14
l .
}ugust 30 21.5 € 16 195 6.1 7.5 14
E

kptember -9.0 C 18 110 6.1 9.0 15
ﬂ 16.0 C 19 110 6.3 10 14
ctober

|

Pvember

Lcember

3¢



Fresh Pond

Chemical and Physical Paramenters

Station 2
0 Tenp. . Secchi  Conductivity Ph Do Total Total
F c Feet .M Mhos/cm Standard Units Hardness Alkalinity
lanuary
‘ebruary
arch N 19 127 6.3 10 14
pril 11.0 © 19 " 125 6.3 10 14
i 15 14.2 19 126 63 10 15
gy 20 16.9 C 18 127 6.3 10 14
une 15 18.4 C 18 131 B 9 14
une 30 19.3 ¢ 18 136 6.3 9 | 14
s 20.1 C 18 138 6.2 8.5 16
y30 | _sazc 12 147 Gl 8.0 15
sgust 15 21.0C 16 131 |0 6.3 S 8.0 14
igust 30 21.5C 16 1126 6.1 7.8 14
—— 18.9C 18 111 6.1 9.0 15
:tober 16.1C 19 111 6.3 : 10 - 14
wember
cember

36




Chemical and Physical Paramenters

Fresh Pond

Station 3
Temp, Secchi  Conductivity Ph D
o o Y o Total Tota
i F C” Feet M HMhos/cm Standard Units Hardness A?kaiinit
ianuar)-
Fcbruary
farch 7.0C 19 125 6.3 10 15
ppril 11.1¢C 19 “127 6.2 10 14
fay 15 14.13C 19 128 6.3 10 14
ay 30 16.8C 19 131 6.2 10 14
June 15 16.9C 18 133 6.2 9 15
lune 30 16.9C 18 138 6.3 9 16
uly 15 17.04C 18 140 6.2 .9 15
Wly 30 17.cC 17 134 6.3 9 14
ugust 15 17.2¢ 16 133 6.2 8 14
tgust 30 17.2¢ 16 128 6.2 8 16
eptember 16.9C 18 113 6.3 8 10
ttober 16.1¢ 10 112 6.3 10 _ 14
|
vember
tcember

a1



Chemical and Physical Paramenters

Fresh Pond

Station ¢4

{ 5 Temp. . Secchi  Conductivity Ph Do Total Total
{ C~ Feet M Mhos/cn Standard Units Hardness Alkalinity
?anuary
hbruary
lacch 7.0 19 125 6.3 10 15
I
lpril 11.1 19 " 128 6.4 10 16
lay L5 14.2 19 130 6.4 10 14
b
lay 30 17.2 19 138 6.4 10 14
june 15 18.7 19 133 6.3 9 15
une 30 19.6 18 135 6.3 9 16
uly 15 20.1 18 138 6.4 ‘9 17
iy 30 19.9 18 . 135 3 8 15
pgust 15 21.0 16 134 6.3 ok 8 ik
pgust 30 21.5 16 1138 6.3 8 14
tptember 19.0 18 115 6.2 9 15

16.0 19 114 6.4 10 . 16
ttober
vember
icember




Fresh Pond
Heavy tMetals

Natural waters may contain elements otner than those considered by

EPs standards. Manganese is commonly found. Aluminum, zinec, and
copper are usually found in natural waters in varying quantities.
Traces of molybdenun, gallium, and nickel have been occasionally found.

A new test was run on Hexavalent Chromium, for this is a carcinogen. all
rhe analyses checked by the Texas Instrument Company Lab show all metals
well within the range commonly found in natural waters. It can be con-
cluded that industrial wastes do not present a problem in

either by ground water or by rain.

Metal EPA 1976 Drinking H.Y. State Proposed ETA

Water Standards Ground Water Ground Water Fresh
Regulations Classification Pond
Zinc - .6 5.0 .004
Cadniun R0l .02 .01 .00l
Selenium .01 .02 .01 .014
Gold - - @ =
Iron - .06 3 .393
Palladium - - - .001
Aluminum - - - <05
Copper o & | b - .008
Nickel - - = .020
Lead w05 sl 05 .001
Chromium .05 .l s 05 .003
Boron - .01 - .001
Chromium .05 .1 .05 .002

(Hexavalent)*

* noted carcinogen

_ = not considered to date



HEAVY CHEMICALS, HEAVY METALS AND AQUIFER POLLUTION

The Carver soil series and all sand and gravel soil series have a
potential aquifer pollution problem with heavy metalSand chemical com-
pounds as they have with nutrient compounds, along with the added pro-
blems of density. Many industrial land-fill and household contaminants
have a much greater density range than with the nutrient chemicals.
Thus, along with solubility and aquifer flow you have the added factors

of gravity and density to consider in the diffusion of contaminants.

The effect of densities of various pollutants on the migration in an

unconfined aquifer is shown in figure 6.

Products of greater densities fall to the base of the aquifer and flow
generally in the direction of, from greater to lesser slopes of the
confining bed, with some small amounts follo;éng the direction of
groundwater flow, the quantity depending on the solubility and the

amount.

Materials of lesser densities generally follow the direction of the

flow of the aquifer,

In the landfill area of Plymouth, the density and solubility parameter
become important factors, as the landfill is located on the Ellisville
Moraine, situated between the Manomet outwash plain and Manfields and

the Wareham outwash plain.

Periodic monitoring of lakes, ponds, kettleholes and stratigically
situated wells for heavy metals, industrial wastes and household con-

taminants is strongly suggested so as to pick up at once aquifer damage



and any upward trends in quantities which would give first warning signs.

heavy metals readings are all well within the known
standards. However, future periodic testings should include phenmolic
compound, chlorides, fluorides, sulfates, cyanides, magnesium and
manganese. As new standards and testings are continually being added

to this parameter, close touch should be maintained with the most recent

developments.
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Fresh Pond

Biological Heasurements

Pigment, Genera Volume
Diatoms Cyanaphyta Chlorophyta Flagellates Chloroph
Blue Green Algae Green
Unicellular Filamentous Unicellular Filamentous Mg /M
Cells/M1 Cells/HM1 Cells/Ml Cells/Ml Cells/M1 Cells/M1 HG/H3
January
February
i 1 2 1 1 1 1 2
Harch
1 2 1 1 1 6 4
April
May 15 2 2 2 4 7 8 5
Mav 30 2 4 | 3 g : 6 8 8
8 7 12 9
June 15 3 4 2
3 7 3 10 8 13 9
June 30
Julv 30 7 10 5 14 _10 17 12
August 15 10 12 8 20 12 20 16
August 30 6 14 6 16 10 15 12
4 12 4 12 7 11 7
Septeaber
Ccrtgber 2 4 3 4 5 6 3
November
December :

%3



Fresh Pond

BENTHOS

Jarameter Station 1 Station 2 Station 3 Station 4
Total P
Mg/L ' '

293 175 196 135
Total N
Mg/L

10.9 ) 15.2 17.4 16.1
Percent
Solids 2.3 4.1 3.9 3.0
Total Volatile
Solids ‘ g

.58 - 1.1 1.0




Fresh Pond

Nutrient Budget

*
Tributary Total Flow G. Total P FPM 4 lbs./Month Total N PPH*3 lbs/Month
B
1 950,400 .018 .143 .09 o7
L .
2 648,000 .074 .40 .089 .13
3 ’
| Total W
_Egtfall
} i 3,}96,800 .018 .48 wd. 2.67
2
3
Total
*
J Rainfall L 2,138,132
I
‘ *2 *3
| in lake i Total Gallons Total PEM lbs/Month Total PPM 1bs/Month
303,042,000 .022 5.57 .072 18.18
*] Rainfall - Phosphorus data not available NHy .48 PEM No 4 1.96 PEM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites.

i &



Macrophyte, Microphytes and Nutrient Utilization

The period of greatest biological activity occurs in a lake or

pond ecosystem during the months of July and August. This is the
period of maximum utilization of nutrients by both plants and algae.
The long periods of daylight, coupled with high water temperatures,
provide the physical thrust for this utilization. So it is at this
period the limiting nutrient, as well as others, are shown in many

cases to be the lowest of the readings during the yearly cycle.

A phosphate reading in Harch might be .08ppm, and in the same system
read as low as .0l - .02 ppm in July and August. Thus, it is that
nutrient reading at the season of maximum activity in the biomass
could well be below the accepted eutrophication level in a high

eutrophic lake, and might even approach oligotrophic levels.

It 4s for this reason that nutrient reading; taken in the spring gnd
fall overturn, in stratified lakes, are the real indicators of the
trophic condition of the lake. The late fall, winter, and early
spring readings for non-stratified bodies of water are the indicators

of the actual trophic condition of these lakes and ponds.



m™

HYDROLOGY, GROUNDWATER GEOLGGY

Nearly all of Plymouth and parts of Carver, wareham, and Bourne
lie over an unconsolidated aquifer, "The Plymouth Aquifer". This
aquifer is located primarily in the soil series called "The Carver

Series."

This series is exceedingly well drained and the water moves rapidly
through the soil profile to the ground water, with little or no
purification action. The surface run-off is very low, and infiltration
capacity is very high in the Carver soils. This combination of physical
factors endangers the water table. The general flow of the aquifer is

T

from northwest to the southeast.

There are two types of aquifers: the water table (unconfined aquifer)(see fig.
and the artesian (confined aquifer). The type that concerns this report is
the unconfined and not the artesian ciassification, although the protection

of the upper (unconfined) would lead generally to the protection of the other.

In an unconfined aquifer the water is under atmospheric pressure and the upper
saturated surface is known as the water table. The water table is responsible
to changes in the amount of stored water and fluctuates seasonally in response
to the variations in the rate of natural recharge. The principal source of

natural recharge to a water table aquifer is precipitation.

An example of this is the lowering of the water table in many kettleholes in
Plymouth, i.e. Island Pond, Sandy Pond, and Clear Pond. Also, the various
ponds (natural) spring fed, i.e. Little Herring into Great Herring Sea, (flow
data in Great Herring report), reflect a corresponding raising and lowering

of flow volume due to atmospheric recharge.

The rainfall in 198 being ¢ ' inches, as against 42.5 normal, a deficit of
13.1 inches. The deficit is reflected in general lowering of the water level
in the various kettleholes. Thus reflecting a variation of precipitation in

a corresponding lowering or raising of the water table.



Streams can be areas of recharge to or discharge from the water table
aquifer. Groundwater in an aquifer is constantly moving from points of
recharge towards points of discharge. The movement of ground water is from
regions of high hydrostatic head towards those of lower hydrostatic head.

See figure 2,for these interalations.

Discharge locations for aquifers can be springs, pumped wells, gaining

streams and swanmps, ponds, lakes and the sea.

Confined or artesian aquifers are bound above and below bv geologic formations

of

lower permeability. The aquifers can receive recharge from leakage out
of confining beds or from precipitation and surface water bodies in the

outcrop area of the aquifer. See figure 1, ground water discussion.

The velocity of flow of ground water may in any aquifer be as low as 10

feet per year and only in coarse material or fissures does the velocity
exceed 1 mile per year. Coupled with minfﬁhm rates of lateral and vertical
diffussion, the low velocities of flow cause two significant conditions to
develop in ground water basins or streams. First, pollution that is being
added to the ground at one point may not affect the quality of water supplies
or water quality in surface waters at nearby points for many years, or at
distant points for decades, consequently, no complaints are registered and
no one may be avare of the damage being done. Second, when pollution is
finally discovered or when the quality of water is degraded, the damanged
cannot be repaired or otherwise rectified merely by stopping the pollution,
for purification by leaching and dilution will require a longer time than the
period of original pollution. Thus the speed of groundwater pollution depends
on many things but the primary self-evident conclusion is that seil types

govern a great deal the speed of contamination.




Vell drained soils, Geology, and potential Aquifer Pollution

Investigations of Childs 1972a, Childs 1972b, Dudley, and Stephenson
1273 show the soil problem areas.
1. VWhere coarse sands and gravels are principle
sub-soil materials
2. Very impermeable materials where the effluant may
become ponded above horizons at short distances from

the point of release.

3. In poorly drained soils with high water tables.

Soils that percolate water very quickly are wost cften inadequate
in terms of removing waste water impurities, such as bacteria, phosphorus
and nitrogen. These impurities can cause potential ground and surface

water pollution problems. See figure 3. .

Lot sizes and set backs, type of sewage system should be cetermined by
soil type, along with the soils hydraulic capabilities, purification
capabilities, and physical constraints. The slope problem should be part

of the consideration.

The present methodology in regards to percolation rates should be upgraded
SO as to accurately assess the soils ability to remove pollutants at po-

tential leach field sites.

The characteristics of the Carver soils makes the whole ecosvstem susceptable

tc grouncdwater contamination. May of the lakes, ponds, and kettleholes in

wa



?lymouth are fed by aquifers and any nutrients transferred by this
means aids in the eutrophication of these systens. Long-range safe

guards must be implemented to protect this valuable natural resource.
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Figure 2
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Figure 3
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Fresh Pond

HYDRAULIC PARAMETERS

Hydraulic Budget Gallons
Precipitation 73.68 mg
Inflow surface streams 13.37 mg

tributaries
Inflow thru lake bottom - 8.60 mg

aquifer recharge

Evaporation 51.2 mg
Flow thru surface outlet 27.2 mg
outfall

OQutflow thru lake bottom

Hydraulic Residence Time

Flushi Rat
ushing Rate 386 dags

mg = million gallons
ml = million liters

Liters

278.8 ml

50.6 ml

32.74 ml

197 ml

102.9 ml

Inches

33.92

30.42

Cm.

86.16

71.27




HYDRAULLLU - FAKAPMELERD MUNLNLY

Trib., 1 Trib, 2 Aquifer Rainfall Rainfall Outfall Outfall Evap. Fvap. Lake Bottom T, Gain T Losg
Inflow * Loss
Gallons Gallons Gallons Inches Gallons Gallons GCallons Inches Gallons
January
February mg mg mg mg mg
.95176 .621 3.98 6.7 3.31
March - |
.94130 .625 3.75 6.3 3.32 3.48 5.8
April |
Hay .91210 .622 3.85 6.5 3.05 5.09 8.6
.8862 551 2.96 4,98 2.92 6.06 10:2
June 2
Iy .8215 | .531 |_2.86 | a8 | 2,73 | | .5.62._|._.9.46.|_
August .8102 «311 4.41 7.4 2.69 4,96 8.35
September .93120 533 3.4 5.72 2+75 3.17 5.34
.94176 .6048 3.8 6.4 3.175 2.04 3.43
Qctaober
November 96176 £13 4.91 8.3 .
December
8.158 5.21 33.921  57.1 ' 27.2° 30.42 51.28
Totals !

mg=million gallons
*-uged government data (see addenda)




GEOLGGY

Soil Series Discussion

Carver soil series consist of excessivelw drainéd, nearly level to

steep sandy soils that formed in thick deposits of coarse, pebbly quartz
sand. 1In most places, Carver soils are coarse sand, but in some places
the surface layer and the upper part of the subsoil are loamy coarse sand.

Water moves rapidly downward through the solum and underlying substratum.

These soils do not retain sufficient moisture for good plant growth and

are extremely acid.

Carver soils are excessively drained. The permeability of Carver soils
is a rapid 6.3 inches per hour. This was the most rapid ecosystem
susceptible to groundwater contamination. May of the lakes, ponds and
kettleholes in Plymouth County are fed by éﬁuifers and Little Long is one
such example (see hydrologic information), and any nutrients transferred
by this means aids in the eutrophication of these systems. Long range

safe guards must be implemented to protect this valuable natural resource.

CeD - Carver and Gloucester soils - 8-35% slopes
These soils occupy moraines in the southeastern parts of the county.
Sandy Carver soils make up about two-thirds of this unit, and extremely

stony Gloucester soils make up the rest.
GCloucester series soils are nearly level to steep, well drained, and

somewhat excessively drained soils that formed in glacial till, derived

chiefly from granite.

5




Gloucester soils are extremely stony excegt where they have been

cleared for tillage.

Unmarked areas: Ho danger to aquifers with normal use.
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SYMBOL

Afa
afg
agA

258

LA
AuB

Boa
BeB
b8
8uC
B<8
8<0

Caoa
Ca8
CeC
Cat.
Cha
CsB
CsC
CeD

Cea
De8

EnA
End
EnC
EsA
Es8
£:C
Erd

ErC

ErD

EuB

EuC

Fr

GaA

GoC
Goa
Ge8

GuC
Ge8

GeC
GeD
Gd8
Ge3

GeD

SOIL LEGEND

The hirsr caperal letrer s the inirial one of the 1oil name, A second
caosial tetrer, A B, C, D, or £, thows the slope. Symbtols withour o

tlooe latter ore thote of neorly level 10ils of land 1ypDes.

HAME SYMBOL NAME
Agawam fine sondy loom, 0 1a ) percent slooas Had Hinchley gravelly loamy sand, O ro J percent tlooas
Agawaom fime sondy loam, 3 1o B percent slopes HaB Hinckley grovally loamy sand, J ro 8 cercenr slopas
Agowom fina 1ondy loam, silty subioil vorienr, 010 3 HaC Hinchley gravally loamy sond, B ro 15 percent 1lopes
percant 1looes Ha& Hinckley gravelly laamy 3and, 15 to 1S percenr slooes
Agawom [ina sandy loom, silty subseil voriant, I 8 HoB Hollis =Charlion fine sondy loams, J 16 B percent slopes
percent slopet = HaC Hallis=Choriton very rocky fine sandy loams, J 1o 15
Ay Gres ond Worehom loamy tanda, O re J percent sloper percent slopes
Ay Gres ond Woreham loamy sonds, 3 ra 8 percant slopes HeC Haollis =Cherlion euntremely rocky fime sandy loams,
) J 10 15 percent 1lopes
Belgrode 2ilt loom, 0 10 J percent slopas HD Hollis =Chaclton extramely rocky fine sandy toams,
Belgrode silt leam, Jre B parcent slopes 15 10 25 percent slopas
Bemordston 1ilt loam, 3 to B percent slopes
Barmardston silr icom, 8 10 15 percent slopas Ma Modae lond
Bernordatan wery stony silt loam, 1 ra 8 percent slapes MeA Marrrmac fina sandy loam, 0 ro J percenr sloges
Bermardston very stoay silt loom, 8 ta 25 parcent slopes MeB Merrimac fina sondy loam, 3 1o B parcent sloaes
Birdsoll silt loam, 0 10 ] percenr slopes MeC Merrimac fine sandy loam, B to 15 parcent slapes
Borrow lond, loomy materiol MEA Marrimac sandy loom, 0 to J percent slopas
Borrow land, sondy ond gravelly matericls mfg Marrimoe sandy loam, 3 10 B parcent sloges
Brockton loam, O ta 3 percant tlooas MFC Maerrimac sondy loom, B ta 15 percenr slacas
Brockion extremaely stony loam, O ro 3 percent slopas MFE Martimoc sondy laom, 15 10 15 percenr siopes
‘ My Muck, shallow
Corvar coorse sand, O to J percent 1lopes M Muck, deeo
Corver coorie 10nd, 3 1o B percent slopes
Corver coarse sond, 8 10 15 percent slopes NnA Ninigrat sandy loom, silty subsoil varianr, 0 ro 1
Corver coorte sond, 15 10 35 percent slopes percent 1looes
Carver loomy coorie sond, 0 to 3 percent slopes NaB HMinigrer sandy loam, silty subsail vorionr, 310 B
Carver loomy coorie sond, J ro B parcenrt slopes percent slooes
Carver loomy coorse sand, 8 1o 15 percent slopes Mo Norwell sandy loom, 0 to J percenr slcoes
Corver ond Glowcester sails, B to 15 percenr slopes NeB Norwell sandy loam, 3 ra 8 percanr slaces
NoA Norwell exrreamely stony sondy loam, 0 ro J percent siopes
Deerfiald sandy loam, O 1o J percent slopas NpB Norwell extramaly stony sondy loam, 3 1o B percent slopes
Dearfield sondy loam, 3 10 8 percent slones
Oune lond ond Coastal beoch Pe Pear
Pra Pirtgrown 1ilt loom, O ro 8 parcent slopes
Enfield very fina sondy loam, 0 1o 3 percent slopes PuB Pirtstowey very tfony 3ilr loam, 3 1o 15 parcenr slopes
Enfield very fine sondy loom, 1 to B percent tlopes ey
Enfrald very fine 1ondy loam, B ta 15 percenr slaoes OuA Ouoniter sondy loam, O ro 1 oercant 1looes
Essex coorie sondy loam, 0 10 3 percent slopes Oud Quonsaer sandy loam, 3 ro 8 percenr sloses
Es1ex coorse sondy loom, 3 to B parcent slopes CuC Quonter sandy loam, 8 re 15 percenr slopas
Exsex coorse sondy foom, 3 10 15 percenr slopes CuE Ouonsaet sandy loam, 15 10 15 percent 1laces
Estex very tfony coarse sandy loom, J 19 8 percent
ilaaas Rad Raynham silr loom, O ro J percent 1lcoes
Estex very t7ony coorse sandy loam, 8 10 15 parcenr
tlopes Sa Saco very fine sondy loom
Ezsex very stony coarse sondy loam, 15 ro 25 percens Sh Sonded muck ;
1loges Sca Scorboro sandy loam, 0 1o 3 percent sloces
Essex exremaly srony coorse sondy loam, 3 ra 8 SdA Scorboro fine 1ondy loom, silty subseil veriont, 010 3
percent slopas percent slooes
Estex entremaly stony coorte sondy laam, 8 ro 23 SaA Scitvare sondy loam, 0 1o 3 percenrt slopas
percent slopes SeB8 Scitware sondy loam, 1 ra B percenr slopes
SFA Scituate very stony sondy loam, O to ] percent slopes
Fresh water marsh 58 Scituate very stony 1ondy loam, 3 re B cercenr slooes
Sq9A Scituale extremely stony tondy loam, 0 to 3 percent
Gloucesrer fine sondy loam, firm substrarum, 0 1o 3 slooes
parcent 1lopes S8 Scituare extramely steay sandy loam, J 10 8 saercent
Gloucasrer fine 1ondy loom, firm subitrarum, J 1o B tlooes
percent al
Gioucester l?::‘xm—-dy loam, firm subsrratym, B 1o 15 L I.ddl mpcah
" " TsA Tisbury very fine sandy loam, 0 10 B percenr slcoas
percent tlopes
Gloucaster loomy sond, O to 3 percent slopes Wo A Waloale fine tondy loam, silry subsadl vorsanr, Q1o 1
Glaucester loamy sand, J 1o 8 percenr sloges percent glooes
2oiitnot ey b ki 5 i Sttt pdpngedin
310 8 percent slomes . iy waid Worwich fine sondy loem, J ro B percenr slooes
whC Warwick fine sondy loam, 3 to 15 percenr sloges
Gloucester veey stony fine sandy loam, firm substrarum, WeC Worwich vary rocky fine sondy laam, 1ro 15 percenr
3 10 15 percent sloces slopes .
Gloucasrer very stony fine sondy loam, liem substrorum, Wl Windsor logmy sond, 0 ta J percent 1loces
15 ro 25 percant 1looes Wnd Windsor loamy tand, 3 ro B percent slacaes
Gloucesrer very trony loamy 1ond, J 1o 8 percent 1lopes Wal Windsor loomy sond, 8 ra 15 parcent slooer
Gloucesrer very srony loamy sand, 8 ro 15 peveent slaoes Wl Windsor loamy sond, 15 ro 1S oercent slooes

Glowcatter extramaly sfony loamy sand, J 1o 15 paceant
sloces 3
Glowcetrer auiremaly 1fony loamy tond, 15 re 135 gercenr

slooes
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MORAINE
As a glaciler melts, its whole load is deposited,
and the ground is covered with an irregular sheet of debris

called a ground moraine.

They are deposits of glacial till formed either as
arcuate mounds at the snout of the glacier or as sheets of

till over considerable areas.

They are made out of a variety of unsorted rock
fragments in an unbedded clay matrix.

At the terminus of a glacier the melting ice drops
its load in the form of mounds and ridges referred to as

terminal moraine.

KAMES
Kames are Glacio Fluviatil deposits. They are
rudely conical hills deposited by heavily-burdened glacial

meltwater streams.

They are isolated hills of stratified material
formed from debris that fell into openings in retracting

or stagnant ice.

OUTWASH PLAINS
Spreading out fan-wise beyond the terminal moraine

1s the outwash plain, a sheet of clay, sand and gravel built



up by the glacier meltwater. This material is generally
thicker and coarser than the terminal moraine.

Much of the material laid down by glaciers 1is
reworked by melting water streams, which build up outwash

plains.
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LONG RANGE CONTROL TECHNIQUES

1. Controlling Nutrient and Sediment Influx

2. Watershed Management

A. Non-Structural

B. Structural
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NON-STRUC1JRAL CCNTROL TECHWIQUES

1. ZONING REGULATION

A. MINIMUM LOT SIZES
B. BUILDING SET BACKS
C. DISCOURAGE DEVELOPMENT OF PORTIONS OF SHORELINE

D. RESTRICT HIGH POLLUTION.GENERATING SOURCES

1. NEAR SEORE
2. NEAR TRIBUTARIZS
3, IN FLOOD PLAINS

2. DEVELOPMENT CONTROL

A. RESTRICT DIVISION OF LANL FOR BUILDLiRi OR SITELL A0
B. LIMIT DEVELOPMENT IN EROSION AREAS

C. LIMIT DEVELOPMENT IN AREAS WHERE SOIL SHARACTERTSTICS
PREVENT ADEQUATE ON-SITE WASTE DISPOE..L.

D. ENCOURAGE FORMS OF DEVELOPMENT WHICH
FACILITATE EFFECTIVE AND ECONOMIC WASTE

DISPOSAL PRACTICES AND PRESERVATION OF
MATURAL SPACES.

3. PHOSPHATE BAN

" |



ZONIHNG REGULATION.

The town of Phymouth can impliment the broad state and federal laws by
zoning and non-zoning ordinances and by-laws. Subdivision and Health Board

regulations to cover the whole system of water within town boundaries, including

lakes, streams, wells, wetlands, and groundwater.

The metropolitan area planning council's 1978 recommendation was the
following water related parameters and their protection to be considered by

local governments:: watershed
’ aquifer
subdivisions
septic systems
lake management
road salting
water conservation
carver soil series and immediate lake enviroment

Lot sizes should depend on:

1. Soil conditions
The state of Maine uses an in-depth soil percolation method

called site evaluation for subsurface waste water disposal- it
includes guidelinesfof monitoring high goound water levels.

2. FEnviromental conditions ,
Such considerations include size of developments, if ground water

can become contaminated with large numbers of dwellings and/or
tusinesses.

Building set-backs

State of HMaine has established a minimum distance of 100 feet from
leaching field to any river, stream, lake, pond, ocean, or drinking-
water supply.

Discourage development of shoreline:
Use these areas as non-polluting recreation areas.

Reatrict high pollution generating sources:
Especially in areas that could possibly contaminate groundwater.

it {s poasible that one of the best methodas to control nutrient in-flux for
a given lake, is to control land use within the watershed.



NON-STRUCTURAL DEVELOPMENT CONTROL
DEVELOFPMENT CONTROL

Lot size should be determined by actual soil type with particular interest devoted

to:
1. The soil's hydraulic capabilities
2. The soil's purification capabilities

3. Any physical constraints

Some soils like the Carver series pecolate water rapidly but such soils are in-
adequate in terms of removing wastewater impurities such as bacteria, phosphorous
and nitrogen. It is these impurities that can cause ground and surface water.

pollution.

To best determine the above 3 factors a soil evaluation program should be established
(the state of Maine guidelines are recommended). THe site evaluation would determine
vhether a specific parcel of land would be considered suitable for the proposed disposal

system.

Slope should be another limiting factor on lot sizes; the difficulty of designing and
building adequate absorption fields on steep slopes, as well as erosion problems
associated with steep slopes call for further adjustment of lot sizes according to the

capability of the natural slope.

Ocher factors to be considered are ground water flow, watersheds, nearby wells and

streams, topography, vegetation and ground cover.



Where soil characteriscics prevent adequate on-site wasCe disposal or if an area
{s heavily developed, closed system sewage disposal is recommended. Included in closed
systems are:

l. recirculating toilets

2. gas incinerating toilecs

3. electric incinerating toilets

4. composting toilets

5. chemical toilets

6. low water flush toillets

7. vacuum toilets

8. sewerless toilets

A list of manufacturers is included in the Addenda.

Investigations (Childs 19724, Childs 1972B, Dudley and Stephensen, 1973) indicate

that problem areas occur:

1. Where coarse sands and gravel are the principal subsoil

materials.

2. Very impermeable materials where effluent may become ponded
above horizons at short distances from point of release.

3. In poorly drained soils with high water ctable.

"



VOLUNTARY PHOSPHATE BalN

Though . few studies have teen made in depth, reports by Sawyer (32)

and Vollenwéidgr (17) pertaining to Wisconsin and Swiss Lakes respectively
indicate chat when inorganic nitrogen (ammonia plus nitrate nitrgen) is

equal to or greater than .3 mg/l and the orthophosphate is equal to or greater
thﬁn .01 mg/l, then the lake is likely to have excessive crops of algde and

other aquatic plants.

A recent study make in Vermont showed that all the lakes so testad were founc
to be phosphqrous limited.

A Cornell research team conducted a study of 13 lakes in central New York -
this study led to a quantitative expression of the relation between p..osphiorous

loading and concentrations of algae.

Phosphorous in runoff occurs in 3 general foras:
l. Dissolved organic
2. Dissolved inorganic
3. Particuluaced
The dissolved phosphorous in both forms has & Zar more important

influence on algal growth than has phosphorous, which is accaci.ed

to soil particles.

Sources of Dissolved Phosphorous:

Sewage - 355%
Agricultural runoff - 18Z
Forest runoff - 15%
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Most lakes, so studied,are phospniorous limitad, aAny recauction ia their
phosphorous loading may slow their eutrophication. One sure method of

reducing phosphorous loading is to reduce the amount of phosphoroué entering
water treatmenc.facilities and domestic waste water facilities (septic systems),
as phaosphate detergents may contribute over 50% of the phosphorous in domestic
wastewaters,. eliminating Ehis source éan have a significant impact. The
solution is simple: stop using detergents with phosphates and use phosphate-

free detergencé.

A voluntary local ban or even a state wide ban of household laundry decergents

and cleaning fluids containing more than .5% phosphorous.

Advantages:
L. Better water guality
2, Algae free lakes and ponds

3. No cost to state or town

Disadvantages:

1. There may be a slight added cost to consumer

2. Ring around the collar i

1. Newspaper articles
2. Local radio

3. Town government

This is classified as 2 long-range contzol tachnique but aa immediace

execution will initiate an in-lake comeback,



STRUCTURAL CONTROL TECHNIQUES

A. DIVERSION

B. CONTROLLING NUTRIENT AND SEDIMENT INFLUX
a. Phosphate ban
bh. Locating faulty septic systems
c., Flow reducing devices

C. SOIL EROSION CONTROL

D. SANITARY LANDFILL LEACHATE

E. SEWERING



DI V E R § I 0 N

The most frequently used method to reduce lake eutrophication is to

divert waste waters around or away from the lake.

Diversion of nutrient-rich water away from eutrophying lakes and ponds

will be encouraged by the state when:

1. Sewage treatment plant effluent or storm sewer outflow
enters a lake or pond by its tributaries or direct outfall.

2. Rerouting of the inflow does not have a significant negative
impact on the biota or hydrologic cycle of the system, adjacent

wetlands or any other riparian habitats within the course of
diversion,

3. Further treatment of waste water or storm water cannot render
it nutrient-impoverished, or is not cost-effective.



Controlling Nutrient and Sediment Influx

Storm water, in picking up of pollutants from the land surface, becomes
the transporter of degradation. The storm water run-off can discharge
directly into the lake or pond or storm water can discharge sediments

and nutrients into the lake or pond tributaries.

Strom water run-off has the potential of picking up and carrying high levels
of pollutants into lakes and streams. This is expecially true where a

long period without rain is followed by intensive rainfall, under these
circumstances, the initial surge of run-off carries oils, fertilizers,
organic matter, eroded soil as well as other forms of pollution to the
aquatic ecosystem. At times, this initial surge can be more highly polluted

than the effluent at the municipal treatment plant.

The two basic control measures that are used are: Surface pollution should
be reduced and the storm water can be treated to remove the transported

matter.

The structures that are used to control this sediment influx are: catch

basins, sediment basins, recharge basins and settling ponds.

A sediment basin is a small impoundment which retains storm water run-off

long enough to allow heavier sediment particles to settle to the bottom of

the basin. They can be constructed in various ways such as a dam forming

a basin with run-off provided by a peFforated vertical riser pipe ringed

by a collar to collect trash. Periodically the basins must be attended as
they fill with sediments. Construction of basins of this type would be an
effective means of capturing sediments eroded from developed areas and

unpaved roads. On paved areas they are aimed at catching run-off contaminated

with oils and heavy metals.

Basins should be located in natural depressions to reduce construction cost

and diversion methods should be applied to direct run-off to these basins.

\



LOCATING FAULTY SEPTIC SYSTEMS ARCQUMDFRESH POND

DYE METHCD

The often used dye test is a poor indication, defining only blatant

problems because the dye may:
l. Have a long travel time.

2. React in the soil and lose its fluorescent characteristics
(fluorescent dye when introduced into an actdic septic tank
can lose its fluorescent character)

3. The dye may be bound in soils, especially clays. Consequently,
pollution mav be occurring even though the dye is not detected
and the septic tank is allowed to continue polluting.

4, Access problem
5. High cost

6. Many other small but complex problems.
SEPTIC SNOOPER

A. Minimal time

B. No access problem

C. Very simple in application
D. Low cost

E. Data is more special and discriminating.
l. This factor allows for far superior planning
techniques and can represent substantial savings.
This is a very useful tool in pinpointing nutrient influx by tracing
septic leachate. Gives exact location of septic plumes by surveying

perimeter of lake where homes are located.

Estimated cost of .6 mile of shoreliﬁe on Fresh pond, about $1000.00 :
Time: 1 day

uy-



LCHG EANCE CONTROL TECHNIQUZS

FLOW REDUCIHNG DEVICES

llost conventional homes are presently not equipped with water-saving
devices. These devices vary in design, but all basically accomplish
the same results - reduce the amount of water consumption. These devices
range from specially designed attachments that replace existing fixﬁures,_
such as faucets or shower heads; to special in-line devices that adapt to

existing fixtures.

widespread utilization of such devices by homeowners and industrial
complexes will affect a substantial water savings program, recduce loads
on leach fields and reduce the potential for depletion and contamination

of groundwater,

The twofold benefits, water saving and protection of the grounduater,
coupled with lov cost, shouldmake this attractive to every homeowner
occupying home sites on the Carver soil series, expecially those in the

wvatershed areas.

-



SOIL EROSION CONTROL

At present, this is not a problem however, as population increases
the town must guard against the ever present danger of erosion. The

town can do this by:

L. Controlling land use.

2. Develop proérams that minimuze loss of soil and fertilizer
on building sites, expecially where slope is a problem.

The Carver soil series have low to very low water holding capacity and

a rapid intake rate. Water moves rapidly through soil profile.

All these factors lead to national erosion control. Extensive lawn

and agricultural practices should be discouraged because of low moisture
retention and nutrient holding capacity. Ground cover native to area

should be encouraged.

as



SANITARY LANDFILL LEACHATE

Fresh Pond 15 not affected by sanitary landfill leachate.

1. Landfill is located on eastern shed of Ellisville
Moraine.

2. Low metallic readings.

3. About 6,000 feet from landfill.



SEWERTIWNG

[he ultimate aim of the Tcwn of Plymouth or in fact any town should be & sewaga
system. The Cornell study recommends; firstly, a ban on phosphate detergents,
then tertiary treatment of sewage plant effluent; however, séwage systems beyond
tertiary are being used for mineral stripping with the end result being nearly pure
water. This report deals with phosphorous removal, hence this position is only
secondary, however, with all factors bging considered sewering should be considered

as an ultimate pgoal.

The State of Massachusetts would encourage sewering:

l. If septic system leachate is or will become 2 significant
contributor to the overall nutrient flux of the lake or pond.

2. If alternate methods of waste dispusal (l.e. no-discharge
waste disposal methods) are not available.

3. If the construction of a sewer syitem does not eacouTraze
growth in the watershed which coulw lead to .. significant
degradacion of the environments! quality ot the waratihed

and lake ecosvstem.

Tne physical charac:eristics of the Plymouth soils; cthe number of pond:, lakes

anc kettleholes being fed by deep aquifers and ground water, l.:zad Co the conc. .slon
thit the ultimate goal should be a sewage system encompassing zhe wholz lown wich
Certiary treatmerC system that would elimirate any future danger of centamine_lon.
Eastern Massachusetts is presently plagued with outbroaks ¢l even ar:ce i waid
contamincticn. Human waste and indusCrial contamination must be contained. Too-
cosz of such systems is great - but the destruction and pollucicn of clean wzier
systems will be of far greater cost to everyone. 1o ciean cc.otamirated water is

costly and perhaps some waters will not be able to be cleanad. Prevenzztiv. amathols

are taidtamounc.

1



ALTERNATIVE SEPTIV. WASTE SYSTEMS

In areas where soil characteristics prevent adequate on-site wasce disposal, the

fo.lowing alternatives should be considered:

Non water-using toilets

The single most important non-point source of pollution in suri.ce waters
may well be nutrient loading from shoreline subsurface sewage disposal svstems. The
results of the Billington Sea groundwater sampling point dire:tly to this conc lusion.
The prevalence of the Carver - Gloucester soil association makes not ouly the shore-

lire 2 t-rget of non-point source autrient loading, but possikiy the ei.ire wi.tarshed.

Eliminating toilet discharge as a contributing factor to subsuriace disposal
svstems would significantly reduce both the proolem of malfurctioning svstems nd
tli- problem of nutrient migration into ground and surface witers.
L2 is recommended chat noa water using toilets be use ' .. the 7 'lewing
Seograpric zreas:

l. Islands
2. Existing development adjacent to Surface woroers.

On marginal soils where groundwat.:r polluction would i¢ a dinger.

(V3]
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Two recommended Systems are:! composting toilets and incinerating toilets;
there are many other Lypes such as vacuum toilets, clhemical toilets, rtc. but com-

posting a-ad incinerating toilets are the most papulalt,

Compostine Toilets

There are a number of composting toilets on the market (see idd:ada) bz wase

consist of a tough plastic container in which compostable wi:les are placed, i, some

units the decomzosition of the waste is accelerated by 2 heating coil at the basy of



the unit and acration from a fan, which drzws air through the compost and out a vent
pipe. The fan runs continuously and removes all odors whereas the Heating ¢ail

functiors intermittently depending on room Cemperature.
Buildings using a. self-contained sawage dispo:tal system, instead of & sup-
surface disposal system could reduce the amount of nuirient pollution 3G-50% depending

on the nutrient loading of the gray water discharge. (Uttormark et al 1974)

A system for a family of 5-6, can be purchased for about $700 and has an

operating cost of $6.00 - $7.00 per month.

Incineratine Tcilets

These toilets consist of a cabinet similar to 1 conventional coiler
'S propane or natural gas to fncinerate the was=e and an exbzust fa- tlows zhu
f2ses out the exhaust vert. The incinerating cycle f% contrnlled bv a prezec  Limers
art lasts 15 - 20 minutes. Periodically the mineral &sh in the “irebox A L
cleaned by a vacuum clezner. One unit can service up to 12 peopie on a fuli—;iJc

basis. lhe unir is easily installed, requiring only gas and eiwctrical conn. @.iong

and the atzachment of z vent pipe to the ourside.

The price for an incinerating toilec is about 3600.00 plus galivecy an?
installacion charges. Operating costs using bottled 7¢s weula be about o cents per

incineration cycie or about $45.00 a month for a2 family of 3.

Another system which uses air instead of water for the Crams;ur: of sewige

from the toilet is recommended for further study. The sicuum system uses only 3 pincs
of water per flush rather than the conventional &4-6 gallons per lush., Becuuse of cihe
feduced volume of liquid, the sewage 1s collected in 2 holding tank and CIEnsSud Tted

0 an existing treatment planc.



IN-LAKE MANAGEMENT METHODS

CONTROL OF MACROPHYTES AND MICROPHYTES BY HARVESTING

REDUCTION OF MOTOR BOAT USE

CHEMICAL INACTIVATION OF NUTRIENTS

CHEMICAL CONTROL VIA ALGICIDES AND HERBICIDES

LAKE BOTTOM SEALING

DRAWDOWN

BIOLOGICAL METHODS

a. Herbivorous fish

b. Biomanipulation

DILUTION

AERATION AND MIXING OF WATER

DREDGING




MACROPHYTE HAKVESTING

Aaquatic plant harvesting is a widely used technique Zor in-lake
management in lakes or bays with excessive 'ocal plarnt growths,

It involves three stages to be at maximum efficiency.

L. Cutting
2. Collecting

A. Harvesting machines effective out to the S fasc
concour line both harvest and collect plants togecher
with a portion of the rooted mass.

3. Disposal

a. Front-end loader and dump truck handle the dicposal

process. Disposal can become difficuic, however,
when submersed aquatic plants approach 7 :ons/acre
wet weight and contzin 3.2 lbs./acre phosphorous.
(MacKenthun and Ingram) Large areas =re needed for
disposal and Plymouth has ample sand ::nes znd sand
bank erosion areas which could benefir Zrom sJsreading
of the harvested material.

ADVANTAGES

1. The primary advantage is that it is an edslogicall
alegent sclution to nuisance planc contro.. Nutriearcs

are removed from the aquatic ecosvstem and ..re not Tacycles
through baccterial decomposition ci dead maczer. Further
growth may become impairea or even limited by the removal
of macro-nutriencs (phosphatas, nitrates, s.rbon, ece.)

2. No chemicals are added tc the 20u.tic «rvirormenc.

J. Ho"closing" of the lake.
A. Intervals of up to 2 weeks .ice necessary wit..
chemical applicacion.

No lowering of dissolved oxygen.

I~

5. Centrols 2ll species
A. Chemicals have resistant spucies prosiem.

¢. No build-up of detritus.



DISADVANTAGES

l. Cost: 3300 per acre was average cost in State '79
prozram. Towns must also assume cost of cisposal.

2, Zffective only to depth of 5 feect.
3. Does rot harvest all roots.
A. Manv aguatic plants reproduce by rhizome as well
as seed and root.
et .
The aquatic plant harvesting program is reconmmended for Fresh Pond
Pond, not only for the above advantages but also because most disadvantages

are overcome by the physical characteristics of Fresh Pond . ;iq0¢;

Shert flush time

A. Suspended material would be flushed out of the aquatic
sysCeq.

Depth

A. With 2 5.0 foot average depth, much of the lake area
is available to the harvester.

Relatively smooth botton

Aa. There are no stumps or debris such as is prevalent in
an artificial systen.

A. The target species is susceptible to efficient harvesting.

Disposal
A. Dune stabilization
~ B. Erosion control
PRecreation
~. Lake is immediately available for recreation.

Rental Cost:

1580 state bid average cost $250/zcre.
A. Toun attends to disposal.

JEQE  Eutropnication and Aquatic Vesetation Control Zrograrc

‘lachine Furchase:
Small Cheb - 312,9C0
Trailer 1,250

Capable of 1| - 2 acres/dav, 2.man crev, manual operation
n-4C0 326,000

2 - 4 acres per day, | man crew, Svdraulic oceration

Aaquamarine Corp. Vaukes!:z, Yisc.
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“"In this lake the technique of harvesting {s not considered practical
at this time'.



Restriction of Motor Boat Use

The Environmental Protection Agency and Massachusetts Resourcesg
Commission have conducted r;‘.cent investigations focusing on biological
effects of oil and gasoline discharges specifically; raw fuel, phenols,
lead, volatile and non-volatile oil discharged by two-stroke outboard

motors.

A. Since 1972 outboard manufacturers have included g
Tecycling device to reduce discharge or unused gasoline
and oil.

B. Older engines manufactured before 1972 releASe as high
as 50% unburned fuel mixtures.

However, results of the E.P.A. and state studies conclude:

L. There is no significant adverse aquatic life impact.

2. Most volatile aromatic constituents of gasoline and et}
evaporate.

3. Some non-volatiles persist but are decomposed bybbacnrig.

Host of the data gather by these studies indicates no Ffrm mpport for
either complete restriction, or size restriction. Fresh Pond figi &
recreational lake and hence, widely used for fishing:xﬂﬂ'&u.fhg - to

use restrictive measures might put an unnecessary burden mmjoth the

Town and lake inhabitants. New engine designs coupkaﬁﬂﬂiﬁhhbming
petroleum shortages might solve the problem uithoute;ﬂﬂﬂﬁ~y-¢gdures.

As new data becomes available, perhaps then, a nev approachyy Precipitate;

other eutrophic causes are ma jor, this at present Ls=iménexr.

Py



NUTRIENT INACTIVATION

This method can be used to remove nutrients that are essential Zor plant or zlgze

growth by addition of chemical activators which are added to the lake. There are

many activators that are used for a variecy of reasons, such as, aluminum, alum,

iron, ion exchange resins, polyelectrolytes, fly-ash, etc.

Aluminum and iron salts can be added directly to.the lake to remove phosphorous

from the lzke water and carry it to the sediments.

The state will encourage the chemical inactivation of essential nutrients in the

water column if:
l. Only a small watershed is involved.

2. The lake has a relatively long retention time (over .3 year)

3. Total phosphorous in water exczeds .03 mg/l
4. Sediments regenerate enough nutrients COo promocte moderate Lo
excessive algal growch.

5. When nutrient loading from the watershed is not sufficieac &2
promote eutropnic conditions in the pond without the concribucion
of intermal nutrient loading.

In activation of phosphorus release from sediments with aluminum salts

appears to be a successful technique for leowering phosphorus concentration

to levels limiting to algal growth when used in conjunction with & program

to manage phosphorus income from the watershed. The technique has a longevity
of at least 5 - 6 years and there are no known deletericus side effects to

biota if proper procedures for dose determination and application are followed.

Examples of EPA grants using this method:
‘EPA 625/2 80 27 Lake restoration in Cabbossee watershed plain
EPA 625/2 80 25 Restoration of Medical Lake - Washington

95



Fresh Pond

Nutrient Inactivation

At the present, this body of water has no need of this

procedure.




CHEMICAL CONTROL BY ALGICIDES AND HERBICIDES

Herbicide control should NOT be used.

Chemical control of algae might have to be used until suggested programs
are implemented, particularly if algae blooms render
undesirable for recreation purposes. State aid can be applied for through

the Department of Environmental Quality Engineering.

Three necessary conditions are:

1. Midday water temperatures do not exceed 27°% (80°F)

2. Dissolved oxygen within 2 meters of surface is above
4.0 mg/l.

3. Copper in sediments does not exceed 150-300 mg/kg (dry weight).

%0



LAKE BOTTOM SEALING

Significant amounts of exchangeable nutrients are usually found in the
benthos of a lake or pond and in some instances removal by dredging {is
recommended (ex. Morse's Pond, Wellesley) to reduce the nutrient contact.
However, at a greatly reduced cost, bottom sealing has been used instead.
Several covering materials are showing promist of surpressing the transport
of nutrients from the sediments into the overlaying waters by either
physically retarding exchange, or by increasing the capacity of surface

sediments to hold nutrients.

Lake bottom sealing covers can have additional advantages such as:
l. Elimination of suitable substrates.
2. Erosion control by bottom stabilization.
3. Hinimization of water loss by infiltration.

A recent effort has been in Thirty-Acre Pond, Brockton, Massachusetts,
where this technique has been applied as a'corrective measure. The
short-term effect of this technique seems to be desirable, however, long-

range effects have still to be evaluated.

Large amount of groundwater present in Fresh Pond '~ . would in all 1iklihood
preclude the possibility of state participation in such a project. The -
state would consider sealing if the following conditions prevailed:

l. 1If drawdown is possible.

2. If dealing with a limited area (generally less than 1 hectare)

3. If shallow area is being considered (littoral zone - less
than 5 feet.)

4. Lf considerable groundwater seepage does not occur.

Generally, the state prefers chemical sealants over physical.

vy



A.

B,

A

B.

C.

Physical sealants:
Plastic Sheeting

L. perforated

2. non-perforated

Rubber liners:

Chemical sealants:

Clays
Zeolites

Flyash

%9



Lake Level Drawdown

Lake level drawdown is a multipurposed lake improvement technique.

it has been used to attempt control of nuisance rooted plants, to -
manage fish, to consolidate flocculent sediments by dewatering, to

A provide access to dams, docks and shoreline stabilizing structures

for needed repairs, to permit dredging using conventional earthmoving
equipment and to facilitate application of sediment covers. The
procedure is often an inexpensive one which can be effective in aquatic
plant control where suscgptible species are present and where rigorous

conditions or dry, cold or heat can be achieved fpr 1 to 2 months.

Certain species of aquatic plants are susceptible to drawdown, however,
failure to achieve plant control can result not only from presence of
resistent species but also from failure to achieve sufficient dewatering

of lake sediments.

In lakes and ponds where water level can be controlled, drawdowns have
been used to consolidate sediments reduce their nutrient release and

thus kill aquatic plants. While exposed to air, sediments lose much of
their water content and they may no longer release nutrients into lake

water when the lake is refilled.

An always present danger is the failure of the lake or pond to refill,
caused by insufficient watershed drainage area, drought, or delay in

closing dam until too late in the season.

Fresh Pond 1s a natural pond and with it's geologic placement

drawdown is an in-lake management method not to be recommended.



Biological Controls

Biological control of rooted aquatic plants and algae through grazing
activities of such organisms as fish or insects is one of the more recent
experimental approaches to controlling excessive vegetation. HWith few
exCEpcionS, such as insect control of alligatorweed, biological control
organisms are being viewed by aquatic scientists with caution since the
{ntroduction of exotic species to native waters could cause more problems
then it solves. A well known example is the common carp, which was brought
to this country as a food fish but has probaﬁly caused as much damage as
benefit. Scientists are therefore attempting to evaluate biological control

species in a step-by-step fashion.

There are several different types of organisms presently being evaluated.
A fungus which attacks water hyacinth has given good results and insects

have been released which give at least local control of both water hyacinth

and alligatorweed.

The control of a particular problem species by manipulation of biotic interactione.

1. Predator-prey relationships (the White Amur is a well documented
example).

2. Intra and interspecific manipulation (one plant species is intro-
duced or manipulated in order to induce a limiting condition ox

another.)

3. Pathological reaction (controlling blu-green algae blooms by viruses
has been attempted.)

iny use of biological control methods must be approved by tue Divisioa of Fish
and Wildlife. The use of biologiczl controls on excessive growtins =i algae .nc
macropiyces ha: not been developed to the point where any pocentially effective

agents are likely to be found in the near Zuture.



Herbivorous Fish

The Mozambique Mouth-brooder has been suggested as possible controls of
algae and certain rooted plants. The species thrive only in warm water
(greater than 10°C or 55°F). It has become a nuisance in Florida where
it was introduced to test it's ability to control rooted plants -- it's

use has been discontinued.

The White Amor or Grass Carp, has been widely recognized in Europe and

the United States as a plant control agent. This species, a native of

the Amor Basin in China and Siberia, consumes nearly all forms of vegetation
and will also eat invertebrate animals. It grows rapidly, resists low

temperatures and can stand low dissolved oxygen concentrations.

Concern about the Grass Carp comes from past experience with exotic animals
such as the Common Carp. The role of Grass Carp in cycling plant nutrients
and thus in promoting algal blooms, needs further research. In Europe, the
Amer are notorious spreaders of fish disease, for example, research has
found a tapeworm which is a serious fish pest in Europe in some grass carp
from Arkansas. This suggests the parasite could spread in this country.
Some findings report no interference with game fish while others found
significant declines in fish population. These and other concerns are
sufficient to restrict the general use of Grass Carp as a plant control until
more research has been completed. At present, only a few states allow
possession of Grass Carp, except for experimental purposes. Herbivorous
fish may become an import&nt tool in plant control, but the present wide-
spread shipment and use of Grass Carp is being done without sufficent
knowledge of possible adverse effects and should be stopped until more

information is obtained and shared with the public and scientific community.



BIOMANIPULATION

Several lake techniques which include altering food web of lake to favor

that portion of the animal community which grazes on algae. Biomanipulation
of food webs may be particularly useful in those situations where diversion
of nutrient income is insufficient to lower in-lake concentration and thereby

control algae growth.

The next level in the food web which depends on planktonic algae is the
small, free-floating animal called zooplankton. This grazen is an important
food source of many fish, for example, Blue Gills, Crappies, etc. 1In many
lakes and ponds, huge populations of small fish exist and their predatory
activities are so intense that few, if any grazing zooplankton are found

in the summer. There is good evidence that in some water bodies, if the
dominance of these small fish can be greatly reduced, grazing zooplankton
can become a significant force in controlling algae and higher water clarity
will result. The fish could be controlled or eliminated by introducing
predators or by eliminating all fish followed by balanced restocking.
Elimination of all fish would have the additional advantage of removing
Carp, Bullheads and other fish which recycle nutrients from sediments to

the water column.  Biomanipulation is in the experimental stage at this
time, but it is a promising approach which avoids the introduction of an

exotic fish and could improve water clarity and sport fishing.

Biological controls of nuisance plants and algae are largely undeveloped
lake improvement techniques. In the southern part of the country, advances
have been made with insects and plant pathogens, but these are largely
unavailable to the general public at this time and are aimed at specific

problems of aligatorweed and water hyacinths.

The journal of aquatic plant management of Fort Meyors, Florida has published
many articles on biomanipulation advances for control of both water hyacinths

and slligatorweed.



DILUTION

Dilution is a process whereby eutrophic lake water is replaced by water
lower in nutrients. A lake can be flushed ocut with less productive water,
or it can be pumped out to another watershed and allowed to refill through
rain or groundwater infiltration. Dilution simply decreases the lake waters
nutrient concentrations. The advantage of dilution is that many nutrients

as well as plants are removed from a lake when it is flushed out.

L. Sufficient quantities of low-nutrient water may not be
available for such a project.

2. Nutrients may flow into the lake and quickly replace those
flushed away.

3. Cost problem on pumping in dilution water.

The State would éncourage the implementation of dilution if?

1. Nutrient poor water diverted from it's natural course does
not have an adverse effect on it's own ecosystem.

2. No point sources of nutrient rich water discharge directly
or indirectly into the lake.

3. Dilution water is well below nutrient levels which promote
eutrophication.

4. Nutrient rich sediments do not contribute significant quantities
to overall nutrient flux of the lake.

No clearcut advantage could be gained by using this method for two reasons:
l. No significant source of nutrient-free water available.

2. Will not affect basic problems of nutrient influx from point
and non-point sources.
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Aeration and circulation can be used to improve water quality for

a wide array of beneficial uses including domestic water supply,
downstream releases, industrial use, fish management, and algal bloom
control. Maintenance of aerobic conditions may also affect nutrient

exchange within the lake.

Total aeration would not be encouraged by the state if aeration

techniques would de-stratify a lake.

Hypolimnetic aeration increases the oxygen content of a lake without

de-stratifying the lake.

Positive Effects:

1. Reduction in sediment/water nutrient exchange.

2. Increased habitat for fish, zooplankton, and
benthic fauna.

Hypolimnetic aeration would be encouraged by the state when:

1. Nutrient loading from watershed is not sufficient
to promote eutrophic conditions in the lake with-
out the addition of internal nutrient loading.

2. Where concentrations of DO in the hypolimnion are less
than 3.0 mg/l and are not the result of natural springs
or ground water seepage.

(Dissolved oxygen in Little Long is never this low;
dissolved oxygen in aquifers leading into Little Long
is relatively highl.

3. When an increase in hypolimnetic oxygen will significantly
decrease the loss of nutrients from sediments in the water
column and internal nutrient loading is an important factor
contributing to the occurrence of planktonic algal blooms.

The oxygen content was more than adequate in this mesa tropic lake. The
aeration technique is not to be considered in Fresh Pond.



DREDGLNG

Dredging removes nutTient rich sediments and rooted aquatic plants from shallow

water areas. A lake's annual process of self-fertilization and subsequent release

of nutrients from sediments to overlying waters may, for some lakes, be one oI the

primary sources of the lakes nutrients.

Dredging has often been suggested as a means for removing nutrients stored in sediments.

The sediments are usually rich in nitrogen and phosphorous and represent an accumu-

lation of years of settled organic materials. Some nutrients may be recirculated

within the wacer mass and furnish food for a new crop of organic growth. However,

in an undisturbed mud-water interface nutrient transfer is very small.

The state encourages dredging if: )
1. Nutrient loading is not from external soucces.
2. Removing substrate would promote plant growth.
3. Sediments are important source of nuctrients.
4. No toxic sediments are released during drecging.
S. Dredging will not increase water turbidity.
6. Dredged areas are less than 15 feer deep.
7. Does not affiect downstream wetlands.

8. Dredgec sediments do not pose a health or environmental probiem.

Some’ problems encountered in dredging:
1. Nucrient content does not change drastically.
2. A possible resulting shift from rooted plants to algae.

3. The buffering capacity of a lade to external changes in nucrieat
loadings may be lowered.
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4. Resuspension of fine particle and rlant nutrients.
5. Toxic substnaces may be released in water coler.

€. May destroy the community of Benthic organisms which are
important to the £ish

7. Disposal site - discharge problems

Horse's Pond in Yellesley has been dredged after two or three nutirent
inactivation efforts. Dredging was.applied to reduce lily growch, but
after a short period of time, Milfoil took over as a target species.

This project was funded under 314.

Before such a2 costly, chancey method is used, the more positive, long-

range efforts should be put into effect, combined with in-lake methods

as recommended in this report.



ENVIROMMENTAL IMPACT

Land Use

No effect on residential, agricultural, park, scenic,
archeological. No changes in land use patterns.

Physical

‘lo construction other than sediment basins.

Air Guality
llo effect.

Hydrology

No effect, no diversion, dredging or construction.

Aquatic Life

historical,

Fish or aquatic organisms - no adverse: effect, possible beneiicial

effects.
Cultural Impact
None.
Econonic Environment
lNone.
Jesource lLmpact
lone.
Energy Use
Hot applicable.

Znvironment

w
0
n
e
¥
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Beneficial, better water
Displacement of Feople

Ho.

quality

4%




Changes in Noise Levels

None.

Effect on Flood Plain, Management or Wetlands

None.

Dredging and Other Channel, Bed or Shoreline Modifications

None.

Feasible Alternatives to Proposed Project

Hone.

Other Necessary Mitigative Measures

Hone.

Will the project adversely affect short term or long term

anbdent air qualiby? ..cexsswens No.
Will project be located in flood plain? .......... No.
Hill structures be constructed in flood plain? ...... ...NO,

Will the project have a significant adverse effect on fish and

wildlife, wetlands or other wildlife habitate? .......... No.
“ill the project adversely affect endangered species? ......... .No.

Are there other measures not previously discussed which are necessary

to mitigate adverse impacts resulting from the project? ........NO,



Fresh Pond
Management Plans
Time Schedule
Any programs implemented on Fresh Pond will be directly managed by the

Plymouth Conservation Commission and coordinated with any other town
departments that are need.

The voluntary phosphate ban should take place immediately
Sediment basins-engineering study by D.P.W.

Construction of non-water using toilets where needed

Water-saving devices to be used

Street cleaning equipment to be used in parking area

Septic snooper program 1985

Updating faulty septic systems 1985-86

Zoning laws revised and updated to include nutrient concentration

Constant policing of recreation area



FRESH POND

Fresh Pond is located in the Manomet section of Plymouth. It is a
natural pond, primarily aquifer fed, gituated in a carver soill deposit area.
At present, it is rated as a mesotropic pond, as are most stratified ponds
located in this soil series. The reason being most are predominately aquifer
fed and the culture and agriculture impacts are less and with normal watershed
problems tributary action minor, hence diminished watershed area along with
its possible nutrient inputs, lower nutrient influx possibilities.-

If the soil series were different, the nutrient problem would more than
likely be within 100 feet of the gshoreline, On the basis of this report, a
broader range of recommendations and long-range zoning programs are strongly
recommended in order to cover the broad spectrum of contributing non point
gources. It is not physically possible for the soil series to tie-up, ionically,
any appreciable amount of nonpoint source loading.

To pinpoint locations of point nutrient influx sources, this report
recommends structural control techniques.

The main aquifer input is normal in pnatural nutrient contxt, hence, its
impact on Fresh Pond is of a positive nature, natural flushing (see Lyons-Skwarto
groundwater study). Any above normal nutrient readings would just be of a
cultural or agriculture source.

The four contributing cultural factors are campgrounds, houses, cranberry
bogs, and roads. The campgroung area in the southern end no doubt contributes
to the nutrient influx. The permanent and seasonal homes located on the western
and northern shores are also a contributing factor, always remembering the non-
buffering quality of the predominant soil type, as well as lack of sewering. The
close proximity of 45 acres of cranberry bogs must be a contributing factor. The
nearness of a well-traveled highway is also a good nonpoint source.

The physical characteristics of the pond, with its highly populated crests
is a continual danger point. Driveway runoffs, home refuse, with this physical
characteristic, continually impacts the pond.

This report has enummerated counter pollution measures, such as a
voluntary ban on high phosphate detergents. This is considered a very important
step. This ban could eliminate 50% of the phosphorus input from domestic sewage
or about .8mg phosphorus per capita per year. The only cost would be ads in
newspapers, radio, or any source at the commissions disposal.

It is also recommended that the "septic snooper' be applied to locate
faulty septic systems and that such systems be replaced or abolished. The
results from the lake region planning of New Hampshire groundwater sampling and
goil retention study have indicated the effluent from subsurfagesewage disposal
systems is a primary source of water pollution. There are so few houses around
the pond, that the cost would be more than offset by the results. One or two
faulty systems would have a disasterous effect on so small an impoundment.

To put teeth in local and state laws, it is strongly suggested that the
definition of pollution be revised to include acceptable nutrient levels.

)
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Stormwater runoff problems can be solved by initiating catch basins,
recharge basins and sediment basins, all of which can be designed and
implemented by the local Department of Public Works.

Zoning and percolation tests should be upgraded to the Lakes Region
Planning Commission, state of Maine soil evaluation concept, and Maine and
New Hampshire setbacks, with lot sizes based on soil and groundwater criteria.

Watersaving devices should be sued both as a conservation saving method
and aquifer protection.

Zoning regulations, developmental controls, phosphate ban, the whole of
nonstructural control techniques must be enforced and grarded in order to maintain
the gquality of this system. The basic points have to be aquifer protection by
long-range control techniques and controlling nutrient influx by watershed
management control procedures, as previously set forth,
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A D D E N D A

The following data will provide the Town of Plymouth with necessary
information to justify application to the U.S. Environmental Protection
Agency for 507 matching funds to conduct the proposed programs, as
authorized by Section 314 of the Federal Water Pollution Control Act

Amendments of 1972 (PL 92-500)

The preceeding report has established:

l. Water quality of
2. Lake restoration procedures

3. Environment Impacts
4, Expected results

5. Management Plans

Funding by the Commonwealth of Massachusetts:

722-1969 - DEQE emended general laws
Chapter 40, Section 5 and Chapter 111, 5F
(A copy of this act is included in Addenda)

This usually covers chemical control and harvesting of aquatic

nuisances,.

Chapter 91 under DEQE, Waterways Div., is for dredging programs

208 covers sewage construction.
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Clean Lakes Program
U.S. E.P.A. Policy on Grants

Funding preferences will be given to projects which eliminate pollutant
sources and reduce pollutant loading in contrast to projects relying solély
on in-lake activities to ameliorate the symptoms of lake degradation with-
out attacking 1t's causes. E.P.A. emphasizes lake watershed management

in making funding decisions.

This policy does not mean that in-lake restoration techniques will not be
supported. Dredging; aeration, nutrient inactivation. and other in-lake

techniques are important lake restoration tools in two situations.

Lakes which have problems of excessive shallowness and rooted aquatic

plants may benefit most from dredging, harvesting, sediment covering or
lake level drawdown, while lakes which have excessive algae may respond
to dilution/flushing, nutrient inactivation or aeration. In some cases

a combination of procedures may prove to be most beneficial.

1. When sufficient pollutant reduction is being accomplished
in the watershed to allow desired lake quality to be maintained,
but recovery from degraded condition will be slow or will not
occur simply as a result of watershed management.

2. When matefial accumulated in the lake constitutes a significant
source of pollutants which i{s independent of controllable activities

in the watershed.

Examples of E.P.A. grants using in-lake restoration methods:

E.P.A. 625/2 - 80 - 27 Lake restoration cobbossee watershed -

Maine used nutrient inactivation treatment.

E.P.A. 625/2 - 80 - 25 Restoration of Medical Lake - Washington

used nutrient inactivation treatment.



FEDERAL LLEVEL: ENVIRONHEHTAL PROTECT 10N AGEHCY -
OFFICE OF ¥aTEN AND WASTE MANAGEMENT
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1. Counslruction Grants for Wustewutor Trestment Woyky,
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Ineluding Privatuly ownod Indlvidual lreatment Bystemg {|f a
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Bgency, The program la avallable lo each atals, tha DLjy-

trict or Columbla, ani all tarritorten ung Posuusnlonn of
the Unjtod Slatow,

Preappllcatlon vvordlnation with tho sppropriatu rugluan)
EPA offlco 1e rucommended,  Applleatlonu wye subjeect to
wtutlo and areawlde clearlinghouge reviow, Slandurd sppll-
callon furms nre furnishod Ly the “gonay. QOraot applica-
tions are submltted to the appropriate Epa roglonal adeln-
latrutlon offlcu, In the case of an aroa dealgnatod Ly Lo
guvurnor, Lho upplication and supporling data musl Le sub-
mitlod Ly Lo wlalo reviuwlng agennlus prilor Lo sulbwmlseglon
lo EPA, In Inturstate Cugos, Lhe application muwt e sub-
mllled to the guvornor of tho stats whoreln {lLe crenleul
partlon of the planning urea llve, drant applicatlons

V8%
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ouy cumponenls of Lhile progrum, "Iy adilltlon, publle ur
privute colloges and unlvursltiow and privale nonprolflt
sgenelov und fnetitutlons aro avallublo for the resourco |
recovury ayslums demonstratlion projoels or for Lhe con-
slructlon of new or improved solld wuusly disposal fuall-
Itivs. All stales, tho Dlatriot of Columbla, Puerio lico,
Lhy Virgin Tulands, Quam, Ainwrlcan Samox, and Lhe northern
Marluns lulande are eliglble for ravluetunce under thie
progrum,

Stundurd spplicallion forms ara furnished by the ageanuy

for thls program, Noquests for appllcation formw and com-
pletod applicatlons are sulm{tied Lo Lhe Environmuntal
Protuctlon Agency, Oranta Adwlnlstration Divislon. Appli-
cullous aru wubjeat Lo state and sreawide clearinghouue
roviow, An environmustal impact assusumont s raqulroed
unly fur wajor demonstration and constructlon projects,
Approvsl or dlwappravsl tims sormally tukes 00 duys,

ﬁc=n-ap“ _=acu!-n_onl-wwo mcp-h=un from Lhe appropriate
EPA ruglonul afflce, ;

OFFIUE OF REJEANCH AN) DEYELOPMEHNT

1. Environmental Protectlon - Consol lduted Neswarch QOrante,
Projecl granls are avallabls on or 8 program to support
revearch Lo determline the environmontal esffecls snd control
roqulrumentis agsoelnlud witl enorgy, to Idontify, develaop
and demonytruto necosunry pollutlon contrul technlouewy and
Lo vvaluslo Lhe ecanuvmlo mnd soclal conwuquoncaw ol a)ler-
nellve wlralogles for pollutlon control of energy sysloums,
Oruntes may Alwo be uged to explore and duvelop stratuglos
end muchunlsms for Lhose In the econvnle, soclal, govern-
munlal, and onvironmenlal systems to weu In envirunwenlal
matingument,  Thiw program la sultable for julnt funding
wilh clusely rolated fedoral Ilnanclal svslatance pProgrumy
In scourdance with Oup Clrecular No, A-111, Projecls muut
Le coul wharud st a minlmws of 6 percent. Floancelal wnsjg-
tanco limw ranged [rowm $1,000 to 31,810,680, Y 790 Averago
flnuncial awwlulance wun $08,304, FY BO eullmated obliga-
Llonw are 320,800,000 for granls, Thias program la avall-
sble for publle und private slate unlvorwltiey und colloyges,
howpliely, laboraloriva, state any loenl govurnment dupart-
munle, olher public or privale nonproflt fnutituliony, and
Individualy who have domunwlraled unuwually hilgh weluntlifie
sUIlIly. IL Is avallablo to oach slute, lerritory and
Povdussion of Lhe Unllod Btatuy Including the Distrlet ot
Columbla,

Pruoupplicatlon dlwcusulons wilh Lhis EPA progrum offlce lu
sdvivable, Htundupd applicutlon formu muntl Lo usod,
Neguustly for spplicatlon formn and compluted applicationy

—_——

musl bo Bubmittod.ly the EPA Urantn Mualnlutrutlon Diviwle
An vnvlronwontnl Impuct sssowsment Ja requlred, Approval
or dluapproval nurmally takes 00 dayas,

Conluct: 1Individuule are oncouraged Lo communleate with
the appropriale Epa roglunal offlce, Yor Informaljan on
grant applicatlons und proceduros, conlact the Enviro nt
Proleatlon Agoncy, Granta Admlnistration Diviwlun, Pu-218,
Yashington, D,cC, 100, For program Informatlon, cuntact
tbo Environmontal Proteat lon Agoncy, Offlee of llogonreh an

Duvoulopmant, h-074, -nm=—=uwo=. D,C, 30480, (202) 786-
5787,

2. Solld ¥aste Digposal Nosearch Grants, Projecl grante
are avallabls {5 promate and suppor 8 coordination of
rossarch and devolopament {n the bran of collyctlion, alorag
ulllizatlou, and unlvage or flnal dlsposal of solld wvaole,
The progrum Ja consldervd sultable for Joint fundlng with
closoly relulud fodoural finanaial anslelanne programs |n
sccordance with OUB Clroylap Ho. 4-111. Thuose grants
require a minlmum of 8 hercent cost sharing, Flnanclal
ausletance hus ranged from $16,000 ty $359,000 with an
ostlmated averugs In ¥1 70 of $80,000, ¥y 80 eul lmaleod
obligatlong are $2,600,000 for grants,

The prograx la available to publlic or privatae sgencles;
public, privatae, alate unlversltles und colleges; atale
and local guvurmmente; and Indlvidusls in ench state, tarrl|

—owwpzztcuccac_oz oﬁﬁ:nc.u. Including the Distrlul of
Columbia, .

Preappllcaltun dlecusslon with thoe EPA program la advisable
Requuats for required alandard *pplication forms and com-
pldled applicationa must be sy silted to the EPA Granla
Adminiwtrallon Dlviajon. An anvirunmental Impact aswosa-

munt ls regulrud, The range of approval orp dleapproval
timo 1e 00 days.

Contact; Individuale nre enoouraged (o comwmunlcale with
Lhe appropriste EPA raglonal office, Information cuncerp=~
Ing grant wpplicstlions and proceduros may be olLtalned from
Environmontnl Protectlon Agency, Orantg Adminlatralion
Divislun, PH-d10, ¥awhinglon, D,C, 20400, Program lnfor-
mutlon may Le ublulned from the Enviroumental Protectlon
Agenay, Offlce of llesuarch and Developmant, RD-874, ¥ash-
inglon, D.C. aclen, (zo03) 163-8787,

J. V¥ater Pollution Control Rowenrch Dovelopmunt, and
DomonulratTon Grants, ProJect grants aro avallabls under
Thls program 1o suppart and promote tha courdinat|on and
acuoleration of rowenrch, nn<o_ov3a=~. and demnnutrution
BrojJuels rolutluy to the cauaue, ulffecty, exlent, pruven-




Lion, ruductlon, and eliminatlon of weter pollution, The
progrum lu conuldured sullable for Jolnt fundling with
clowuly reluted foedural financial mawlulance progrems in

stiordunce wlth Qup Clroular Ho, 4-111, Grants under cur=- .

tadn suctllons of this prograw require a minlwum of & pur-
cunl coul shuring, whilo the reuulnder requlre 35 percent
cowt wharlnyg, MNeweurch grants have rangod from $1,000 to
$772,012 In FY 78 and 78 wilh &n averagu In FY 79 of
301,710 and » projested sverage for FY 80 of $76,000,
Donwnulratlon grantas have ranged from $37,600 Lo $0,600, 000
in FY 78 und 70 with an avarage of $131,330 in FY 70, vy
80 proJeclod demonslration graut aversge s $100,000, ¥y
B0 vutlwmabud obligatlons aro “uq.mmm.oco for ressarch and
dewwnutrntlon gEranta.

Thly progrem lu avallable to publig, privute, slate and

“omranully unlverelty and collegsa, lwospitals, laborutorivs,

luln walor pallution econlrul agenules, Intorastale ugencloa,

wlale and local Eovurnments, other pullice or private non-

prollt -:nzn_-u.‘_aen_pzpnoac. and organizallons In wuch Ce
ulale and all territorjes and powsusslonn of Lhe Unitad o
Stulew Including Lhe Dlatrict of Columbia, OQuvants way be

awarded Lo Individualy who bave demunslraled unusually high
welentific abillty, Qrants undur cortales swucllions of thig

pPrugrus may be awarded Lo proflt-making urgunlzalliona,

Prespplication dlescusaslon with the El'A Prugram Offlce Ju
adviwable. lequestn for the requlred atandard application
forsu snd completed applications mualt be sulmiltled to the
Environmontal Protoation Agwnoy Orantas ddalnislration
Diviulon, Demonastralion grant applications aro subjact

lv stele and areawlde cluaringhouso revlow, An environ-
menlnl lwpact awsusnment le required for this Program,
lunge of approval nr disapproval time is 90 days,

Cuntecy; Individuals are sncolrugod ln communloute wilh
appruprinte EPA ruglonal offlce, Informatlon concernlng
grantl upplicatliona and procudures muy bLae ubluinod frow

the Environmenta) Proteotjun Aguncy, Oranla Admlniulrution
Myviuton, 'u-218, Yagulngtun, D,C, 204400, Program [nfor-
mullon may Le oblulned [vum the Enviranwoenty] Praotucllon
Akuncy, Offlce of Meauvarch Program Vanugumunt, ho-674,
Yuuhlngtlon, D,C, 20460, (202) 765-8787, .

OFriICE oF PLANHING AND MANAUKUENT

1. loun lusruntows for Conutructjon o Truulment Yurkw,
Guwranlend/Tnsured Tonns aro -<-_Hnd4whﬂm|nﬂeunﬁ|n= Sul've
AU an Incuntlive In conulruutlion of munlelpal SUwuya trgul.-
wenl works which are roqulired to muet ulate and fudura)

wuler quulity stundards, The Progvem lu dewlgnod to ipaurg
Lhat tuablllly Lo Iwrrow necusvary fundn from olhor HOurceoo

e . .

on vowsonable terws duow not prevent the cunslructlon of a,
vastowalor truaslwenl works tor whileh a graut heae Loun oy
wlll Le awarded, Applleatlona fur loan guarunieey wlll be
Haltod to flnuncing certaln portione of the ellgluly anuy
allowable locul shury ol a grunt for constructlon of wayle-
wator trentment works, EPA guarantees the loan from Lthe
Fedural Flnanclng Dank,

munlelpal agency which hag applied for a conslructlon grant
undor Tille IT of the Clean ¥ater Act or which has conm]t-
tad Itwelf to flnanca Lhe local share of any project for
which & grant hag been awarded or for whieh an application
is belny procussed are vliglble for funds under thle pro-
Erum, It 18 avalluble Lo vuch atato, territory and PuUBEBY-

slun of the Unlted Slutos Including Lhe Dletrlet of Colum-
Ihia,

Prebpplication consultation with Lhe appropriale EPA lug-
lonul Cunutructlion Grants and Grant Adainlstratlion Offleps
ly recoswmondoed, Applicatlion is madu through the staly
fgency to Lhe appropriate EpA roglonal offica, Feea ire
charged fur processlng of Lhe spplicstion and for lswvrnny
ol & cowm|lmont to guarantee, If Lho appllcation is ap-
proved by Lhe EPA -ni_u-nw-naq. luan guaranteed contracle

will ba lusucd to the federal finanalng offlce which dluy-
perses [unda,

Contact: Contact the appropriste reglousl office of the
EPA for luformatlon concerning this program or Environmenla’
Protucllon Agoncy, Oranta Administration Divialon, PH-218,
Yashinglon, D.C. o400, (303) T06-08F0,

YAl




STAIE/LDCAL PROGRAMS

STATE LEVEL1 HARYLAND
DEFAITMENT OF HATURAL RESOUNCES

Yutur lludourcos Adwinlstration

p.C-:x:rsrczvqcnq-: 1o;:ﬁ-¢w. zo-::a«rrutcc=c~h_n
elu)ly doulgnuted to adulnlsTor 3T4 Cloun Lskes applicstions
and 314 Clean Lakes yrunts from ths Eaviromssulal Proteestlon
Aguncy. The ¥ater ltesourcon Adwlulstrstlon huw bLwsenr involvad
with 208 Plannlug snd sowo of Lbu 303 Reglonal Planuing Cowe
wlyglony huve applled for and recelved 314 Cluwun lakus fund-
Ing, At the prewent Lims, the local prolesl spousor la re-
qulred Lo provide matehing aonloes,

Coutuct: Muryland Departmant of NHutural flevources, ¥Water 3
Rusourcen Adwinlatration, Tuwus Btale Offlce Duilding, ‘
Annapolls, Uaryland 31401, (301) 200-2224,

4. VPrugruw Opun Apace, Thu Dupartment of Hatursl Nusourceu
providoa TThanclsl nes etunce In the form of grants (formula
allutmuent) to local govorsmental unita for tho dovelopment
of park and reervatlonul facilitles, Half tho wonluy re-
colvud by the loval cosmunlty may be used for land acqulul-
tlon sud hall for recreswtlonal develupment, A 25% match Ia
requlrud of thu local sponwor on the purtlom that sppllow

to rocrustlonal duvelopment, Ho s=~nﬁ g rayuired on the
purtlon for lund acgulsltion.,

Contuctl: Appropriste county offleuv or Mauryland Doparimont

ol Hutural Nusvurces, Progrum Opun Bpace, Tawas BLslo Ofrlce
Bullding, dnnapolis, Marylund 21401,

BTATE DEVARNTHMENT OF HNEALTH

J. ¥utur, leo wnd Buwerague v~c4q3= Thivw prugrem provides
gruntls Lo countles snd munlcipellilos for vuwage und cuntral

gnnreu vyslum dovolopmont, MHonles sru to bu used to provide
a mulehing funding for the fedural Buweygu Conslructlon
Orunlu Progruw (projucts muust quellfy for (edurul wid),

Thay wlslu will coust whure 60% (thu olhey 60% tu Lu providud
Ly the luckl wpunsor) ol the nonfuderwlly funded portlon of
projJuct vosle oo w 78% fodurul granl snd 7817254 (ulutu/
luesl) un w HUL fudursl grant,

Contunt:  Mnryland Stule Dupurtwont of lowlth,

STATE/L.OCAL PROGRAMS
STATE LEVEL! MASSACHUSEYTS
DEPANTUENT OF ERVIRONMENTAL QUALITY ENGINEERING

Divialon ol ¥Waturways

1, uznqs.:_nrn_oz sund NHulsunco Aquatle Vepgotatlon Contrul

Hhmmqnn hTs prograw Involven a preapplioation and 1[nsl
spp mn-muo= procesy lu order for a cowaunlty to roecolva,
funds for controlling » problem in thoulr laku, Furmerly a
ulmple weed control progrum, this program now glves f{rul
priorlty to prujoctu which awek to solve the eutroplicatlon
problem at lta source, The complute span of rewtouratlon
technlquea srv wlligible for tuvding (about $130,000 avall-
able statowlde during FY 80). The usunl spplicant lu a elty
or town Lhrough Lhe board of seleotlmon, consorvalion couamla-
alon, heallh departwant, ote, This program ls expucled to
be trunaforred to Lhe Divialon of ¥ater Pullutlon Contrul

In ordor Lo consolldate and coordinate all lake functlons
Btute-wlde,

Contuct: :nmcrn:=50wp:.Cntpqn5c=n ul Environmentsl Quallty
Englnoeriuy, Divigion of Taterways, Roow B33, 100 Muulua
Streot, Duslun, Mussnchusolis 02114, (617) 727-47897,

Dlviwlon of Water Pollutlon Control (314 deslganted wgoncy)

1. Hussachusetls lukes Program, This program uvmbodles the
stute's own program, KActlvitles Includo wtatuewlde lake
clausifleatlion studles, ;_-nsonﬁ_n-aa-z_c_uhfq studles,
waler asslulunce rvuusarch tosm eurveys (WART strlkes), 214
cunrdlontlon and project applicatlon adsinlatrutlion, llwmna-
loglcul data publication, slate project priority llstlng,
lako asmoclatlon syslstance, coordinstion of fedsral-state-
local lake vuhnbllltatlon efforts, and relatud uctivillea,
luglalation presontly undur roview, I[ successful, would
provide up to $2,000,000 In atate matchilng funds for 314
Projects au woll wu provide a {lm logislative mandate for
edmlnlstoring n stutewldo lakes program,

Contact: Mesunchunotis Doparlsunt of Environmental Quallty
Englonvoriug, Diviulon uf ¥Wator 'ollution Control, P, 0, Dox
G646, Yunlhorough, Massuchusolls 01581, (817) 366-0181,

2. Acculurstud ¥ulur 1wwwcm_c= Control Program (Ch, 21,
Suety 3T ThTa prograim providus granis Lo publle entliles
roprosonting wovoral munlclpalltiva for reglonal uewsge and
waler pollutlon abatoment plannlng, Oranla Bre unf to ex-

coed 316,000 por public entity,

Contuct; Mussuchuectlwe Dupurtmunt of Envlrommental Quallty
Englneoring, Divislon of Yuter Pollullon Control, 110 Tre-
munt Sirvot, Doslon, Mswwachusulls 02108,




:zn:::;_E=§:=nﬂ:~_:=:nc_ca—===;1=mm__w_cm.an
Wﬂ<_uﬁuu ol ¥ator Pollutlun Conlrol can provide Tochnicul
wodluluncoe vl grunt wid for studlow sud dumdnwlratlion pro-
Jucty Tuvulving lunovallve wuyw of troaling sewsge. .a:xc:c
wlth wpproprisie tduny, lncludlng consultunty, zahcc.m_p_:z.
cguaunl Lioe, wte,, wuy wpply. $1,000,000 hay boon aulhur-
lzud for PY BO, 1o thu paut, thls program provided somo
wulchlng wonles for Lho 314 Clousn lakesn Progrums bufors ow-
pheuls shilftod to sowugou trestwont, IL {s unllkely thut It
will Lo usud Lo melch 314 funde In thoe futluru,

Contecli Massuchusolls Dupartmont of Environwmontsl Quullty
Englonovuring, Divislon of ¥atur Pollutllon Contrul, P, 0. DNox
646, Yuulthorough, Msuouchunuotits 01681,

408 NWuglonal Plannlng Cowslunlons

The 208 dusignated Roglonul Planning Comslssalons huve bean
usipncinlly wsetive in Uuwaachusotts and have cooridinnlod
thulr ulforts with thu Dupartment of Environmontal Quulity
Englovuring Lo provide informatlon on prilorily lukes und to
organlzo publle mostings to Invalve Lhe publie In luke ras-
turatlon pluns und projecls.,

Contuet: loesl Plunning Offlcee or Depsrimunt of Environ-
menlnl Nuallity Engloneoving, 208 Plunalng Divislon, 100
Cwmblirldgze Strest, Douton, Mssnschusulin 02104,

EXECUTIVE OFFICE OF EHYIROUMENTAL AFFATUS

Diviulun of Cunsurvallon Hervice

1. m;_alzcu: Prougyws The Dlvislon of Consuvvatlon durvicoe
71:<ﬁzmm.mwmann FMrnﬁwhﬁh:-p Conuervallon Cunsloulons Lo
Covar up to 503 of the couls of lund sequiultlon for pasnlve
roeruvutlonul uso, Flling desdline for appllicatlions Ik
August J1 wuch Yeur, Ounly lund scyuliulllon cuslu aru ull-
¢lblu und wnly Munlelpul Consurvullon Comvalsulonug wmay upply,

Contaul: Exucutlve Offlce of Envivonmontsl Alfulvy, Divl-
slun of Connorvat Loy Survien, Johin k) tonelall Bullding,
10O Cuwmbir lilge Ytiruuot, Bouton, Muywuchunulra 02108,

4. Urhun m:_nlzc_ﬁ Pray

thun 8ulr- Jgrem The Diviulan of Convorvat jun
Borvire relmbiraos ﬁNMrm Purk and Rocront lun Lomaluwlons of

munlelpulltlon with a populutloen of groutur (han 36,000 fur
up to BUL of Lhe coslu af land sequlislitlon for purk wad
recrusl funel fuclilillow, Only lund nequisition eouts (In=-
cluding sppreluula) are wllglbio for volmburnowunl,  Appll-
eallons uhould be [n Ly Augusl 31 uneh yatpp, hle progren

lu duv Lo wnd 1n Junu 1UH0 bLut bxlanvlon of tho program |
Lalny reguostued,

Contuclt ; Eancutlve Ofllew uf Environmuntyl Al fulru, Nivl-
Mlun ul UCounurvul lon Survive, Joly

Sultunutunl Nu i Ll by,
100 Cawdivinga Slroub, Woawlun

oo Husuuchuseal Us OZ100

—a—s

STATE LEVEL;

VASHACHUS Y CONGIIEYS OF LAKE AHD [RS1ITH) ASHOCIATIONS, 1HC,

Tho wajor selivity of the Congross lu to furward Lle
of lukes wund ponde on svory front,
tho purpones ay follows;

CAuNY
Thelr conutliutlion glaton

1. To porform all acts approprluly to & nonprofllt,
wcluntifle, llturary, und oducatlonal corporation duedl-
aated to Lhe prowgllon and develapmant of vnvironamuntial
quality swtandurds csuential for astlulactory 11ty
stylue and conditions In the nutursl cossmunity,

3. To prouerve Lhe uedthetic, racreatlonal, and com-
worclal values of lukew and lakeshors propeartley
through tho maintenance and luprovemoat af wuch un-
vironmuntaul factors as watershed ccology, water qual-
1ly, laku watwur levels, shorellue woodland mausgowont,
agrlcultursl sollw practlcas, recruational and rosl-
dontfal bullding standardu, and related lafluencas,
such sy walor and bouting sasfaty,

Durely one yuar old, thu Congrouu iy only Just beglinnluyg to

grow and wontlououuly uxpuriments in innovatlve wuys (o Lu-
cusid effoutlvo for the saume of lakea and poundu, Aw Lhulr
expurtlac lncrouves Lhe Congress should Lo sbla to contrl-

butln woru and more to the wlate und fodaral lake elforts In
Uaagachuaotlie,

Contecl: Musunchusulty Congreay of lauke and Vond Asaouciu-
tiowa, Inc., I, O, Dox J12, Weulmlnalor, Musoechunells 01473,

HICITGANH
DEPAITMENT OF HATUNAL IEY0URCES

Lund Resource Progrums Divislon

1. 314 n~n=:IWNWM¢ Progru Foderal),
Hatutal Todources 18 Lho mManx cslgnatod to admlnlster Lhe
Ji4 Cluan Liukuw Program, Thuy are asblu to provide tuchnlcal
avuietance Lo Juke bowrdy (speclal dlstirlectn swpowurod Lo
uwuuena fur and ungayge In activitiou roloted o luke luprove-
munl) concernlog In-lake pollutlon coutrol ueaHUYren and
dugluoeriug doesign, Such naulalunco may uid fy providling an
n-kind wmateh for foderully~tupdod 334 Clusn lakes projuctu,

The Dopavtmunt of

Contaucl: Michiyan Dupavtmant of Natural llusvourcus, land
Nonouree Programs Ulviglon, Inluad Luke Hunagemant Unit,

Stuvun T, Macon Dullding, ?-:u—:n. Mlehlygun 48020 51
273-8000 ' « FA)




The Clean Lakes Program

Section 314 of the Federal Water Pollution Control Act Amendments aof
1972 (Public Law 92-500)* directed the United States Environmental Protection
Agency ta assist the States in controlling sources of pollution which affect
the quality of freshwatar lakes, and in restoring lakes wnich have deter-
iorated in quality.  EPA is fulfilling this mandate with the Clean Lakes
Pragram, which provides technical and financial assistance to the States to:

1. Classify publicly owned freshwater lakes according to tro-
phic condition;

.48 Conduct diagnostic studies of specific publicly owned lakes, and
develop feasible pollution control and restoration programs for
them; - _

3. Implement lake restoration and pellution control projects.

Assistance is made available to the States through the EPA Regianal
O0fvicas in the form of cooperative agraementé. Because program iunds are
limited, and the number of publicly owned lakes with present or potantial
water quality problems is large, awards must be made salectively. Projects
chosan for funding are those which maximize public benefits. Such projects
meat threa general critaria. .

~ First, projected public benefits must be significant. A lake ta be
studied and restored or protescted should be one which can provide beneficial
usas to a large number of people.

Secand, the water quality improvement must be laong term, to insure
lasting benefits. EPA will not support restoration measures which merely
ameliorata symptoms of pollution in a lake. Instead, the Agency enphasizes
watarshed management -- a comprehensive efiort to identify and eliminata
sresant or potemtial causas of lake watar quality deterisration. Paollutiaon
is to be controlled at its sourcs, not in the lake. When pollutant sourcas

*Now known as the Clean Watar Act of 1977 (°.L. 95-217).

!
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are being controlled, however, in-lake restoration techniques to speed
recovery are also eligible for funding. -
Finally, projects Shou]d prcmote integrated, coordinated water quality
management. Other Federal, State and local programs can supplement the Clean
Lakes Program. For example, the 201 Construction Grants Program can comple-
ment a lake restoration agreement by helping municipalities eliminate pollu-
tian from dcomestic sewage. U.S. Department of Agriculture assistance is
available to farmers to implement agricultural pollution control measures,
supplementing Clean Lakes Program watershed management. Combining water
quality management resources in this way enhances the effectiveness of

expenditures under any single program.

R



s THE CLEAN LAKES PROGRAM

This section is summarizes the Clean Lakes Program -- jts legislative .

basis, regulations,'prugram descripticn, application procadures, and results

to date.

Legislative Basis

Section 314 of the Clean Watar Act of 1977 is the legislative basis
for the Clean Lakes Program. '

SEC. 314.-

(a)

Each State shall premare or establish, and submit to the Adminis-

trator for his. approval -

(b)

(1) an identification and classification according to eutro-
phic condition of all publicly owned freshwater lakes in such
S5tate; ‘

(2) procedures, processas, and methods (including land usa
requirements), to control sourcgs of pollution af such lakes;
and

(3) methods and procedures, in conjunction with aporcoriata
Federal agencies, to restore the quality of such lakes.

The Administrator shall provide financial assistance to Statas in

order to carry out methods and procedures approved by him under this
saction. The Administrator shall provide financial assistances to States
to prenare the f{dentification and classification surveys required in
subsection (2)(l) of this saction. >

(c)

(1) The amount granted to any State for any fiscal year under
this section shall not exceed 70 per cemtum of the Funds expended
by such State in such year for carrying out approved methods and
procedures under this section.

(2) There is autharized to be appropriatad SED,OO0,000 far

‘the fiscal year ending June 30, 1973; 5100,000,000 for the fiscal

year 1974; $150,000,000 for the Fiscal year 1975; $30,000,000 vor
the fiscal year 1977; $60,000,000 for the ¥iscal year 19783
€60,000,000 for the fiscal year 127%; and $80,000,000 for the
fiscal year 1980 for grants to States under this saction. Thesa
sums shall remajn available until expended. The Administratcr
shall ‘provide for an eguitable distribution of such sums to the
tatas with approved methods and procadures under this seccion.

tile



Restriction of Awards

One of the ways in which the Clean Lakes Prcgram will affacc 2his
coardination is by limitiny award of Federal lake funds ta dreas that are
apolying an integrated watarshed manayement apgroaach. Batare making 2n
award, the Regional Administrator must detarmine that any watar pollution
control measures in the lake's watarshed authorized under saction 201,
included in an approved 208 plan, or required by saction 402, have been

ccmpletad or are proceeding on approval schedulas {40 CFR 35.163C-2(bd)(2)..

Goals

The goal of the Clean Lakes Program is to implement, througn assis-
tance to the States, methods and procedures to control sources of pollution
to the HNation's publicly owned freshwater lakes and to restore degraded
lakes. Recognizing, however, that this applies to all publicly owned lakes
and several thousand may need immediate action, the program has estabiished
2 more specific goal for the 1980-1985 period. The goal is to protect at
least one lake whose water quality is suitéﬁle for contact recreation, or
to restore a degraded lake to that condition, within 25 miles of every major
nopulation center. A population center, in this context, usually is a
Standard Hatfﬁpo]ftan Statistical Area (SMSA)} as defined by the U.S. Bureau
of the Census. However, this definition will be appli;d with discretion in
selecting projects for funding. Saome SMSAs are so populous that a single
clean Take would not be sufficient to meat user demand. Conversely, in SMSAs
near the ocean beaches, bays, 1érge rivers, or the Great Lakes, there may be
little demand for lake protection or restoration.. [n vacation and tourist
areas where seasonal populations are high, and in other situations where lake
water quality is important to regional economy and quality of life, projects
may warrant priority equal to that accorded urban lakes. HMore explicit
guidance on this aspect of project selection will be daveloped, but the nesd

for {lexibility will never be eliminated.

s
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TECHNTCAL AND FIMAMCIAL ASSISTANCEZ PROGRAMS

As discussed in earlier sactions, the Clean Lzkes Program providas
up to 3100,000 per award and requires a 30 percent non-Federal share for
Phase 1 diagnostic-feasibility studies. Phase 2 awards are available for
pollution control and/or in-lake restoration methods; there is no specified
maximum, but they requirs a SC percent non-fFederal shars. Thus, significant
'ambunts of maney must be supplied by State, local or private saurces. As a
general rule, Federal grant grograms or other Federal monies cannot be usad
to supply the State and local share; however, two excaotions do axist. The
excaptions ars the General Ravenue Sharing Funds frem the Deoartment of the
Treasury and the Community Development Black Grants frcm the Desartment of
Housing and Urban Oevelopment, both of which may 5e used as a sart of the

State and local matching funds for the Clean Lakes Program.

Non-Faderal Match

A number of Statas have set up specific funded programs ta be usad as
non-Federal matching funds for the Clean Lakes Precgram. Others have proqgrams
which, althauch not specifically designed for that purpcsa, could be usad ta
provide the Tacal match (sae Table 11-1). [In the Stata/local saction af the
matrices, in Table 11-2, under the "“Fedaral Program Matched" column, the
phrasa "314" denotes States with funded programs specifically designed ta
match the Clean lakes funds and "314 gossible," denotas Statas whers prcgram
funds may provide the match under czrtain conditions. Thirty-<wo Statas dc
nat prcvfde'matching funas. Consequently, local units oT dovernment must
provide all the matching funds For the Clean Lakas Program. However,
Stata tachniczl and administrative assistance may be used as an in-kind
match.

As can be seen in Tabie 11-2, most Statas have indicatad that they
do provide tachnical 2ssistanca which can be usad as an in-%ind match. Such
Stita sarvicas as water quality monitoring and installation oF manitoring

equipment, lahoratory servicas, and analysis of data c2n and have been

e




used as the in-kind match. Thesea services can alsa be provided at the
local level and may include donated time and equipment frcm qualitied lccal
sources. Specific referencs to using in-kind services is made in the hypo-

thetical casa in Section 12.0 of this manual.

Combination With Other Complementary- Ef¥orts

[n addition to providing direct matching funds, other programs at the
‘Federal, regioﬁa!, and State levels can te coordinated with Clean Lakes
projects by aroviding funds for activities that are .not directly a part or
the work funded under section 314, These are also summarized in Table 11-2.
As an example, the Clean Lakes Program requlatians specifically exclude costs
for controlling point sourcs discharges, where the sources can be alleviated
by permits issued under either section 402 of the Clean Water Act, or by the
planning and construction of wastewater treatment facilities under saction
201 of the Act. Nevertheless, it is recognized that such control of paint
source discharges is extremely important in the lake restorztion procass, and
that where possible, this work should be coordinated with Clean Lakes projects. {
Thus, while refarences to saction 201 programs are not included in the Stata
program sections of the matrix, it is important to check with the .apprapriata
program oftiica to detarmine their applicability to Clean La2keas restoraticn.

Other examples are recreational facilities developmeat programs, such
as the Land and Water Conservation Pragram under the Department of the
Intarior's Heritage Conservation and Recr=ation Servica. They may not be
usad to provide matching funds to a Clean Lakes praject, but activities
funded under them can greatly enhance the benefits odtainabie with Cleazn
Lakes funds. Again, as with 201, no refersnce agpears in the matrix tg these
LAYCON programs.

Departzmant of Agriculturs praograms, especially in the Agriculturzl
Stabilization and Conservaticn Services, the Farmers Heme Acdministraticn, and
the Sail Conservatian Service, are other examplas of Tunded oregrams which
may be usad with the Clean Lakes Precgram. [t is imporzant to ra2memder Chat
aoplications for Clean Lz2kes orojac:ts progasing ccordination with ccher
comolementary activities will recaive amore Favorablz consideraticn For
iunding by ZPA.

,
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STATES WITH PROGRAMS TO MATCH CLEAN LAKZS FUNDS

Specitically
Desianed Procrams

Programs Applicable
Under Certain Conditions

Connecticut
Florida
Massachusetts™
Maine* :
Minnesota

New Jersey
North Carolina
Orecon”

Puerto Rico
South Dekota
Washington™™*

Wisconsin

Arizona
Arkansas
California
Montana
Nebraska
Rhode Island

*Oropased.

=0 prgngsad, Phase 2 only.




Sources of Additionzl Informatian

Written descriptions of Federal, regional, and State programs cen bhe
found in Appendix M to this manual. The Federzl bprograms are divided in<o
three sections: those providing financial assistance; those providing
technical, informatiohal, or advisory services; and those providing labor.
Programs praviding financial assistance to be coordinated with the Claan
Lakes Program have been summarized in the matrices in this chapter. The
matricas indicate the department, agency, and program identification; type of
dssistance; type of orojects which are eligible for the Funds; and ths
eligible recipients. This information, along with the total obligations for
Tiscal year 1980, average project size, and various applicaticn information,
has beer obtained From the Catalog of Federal Dcmestic Assistance favailable
in major libraries, or may be purchased rcm the Suberintendent of Nocuments,
U.S. Government Prianting Offica). Where necassary, the matrices heve heen
supplemented by data obtained directly from crogram managers.

Two other Federal programs are not included in the matrix but may be
usetul. The U.S. Army Cbrps of Engineers has a progrim which is crimariiy
research-orientad, dealing with projects such as acuatic plant control, beach
erosion control, f1ood control, debris clearanca. and channel straignteaning.

Tnis assistance is usually in the form of technical consulting and r=saarch

by Corps personnel.

ne other Federal program which does not acpear in the matrix is the
Genera] Services Administration's Disposal of Federzl Surslus Rez2] and
Personal Property Programs. This oregram srovides €nr the irapsfar cf
oroperty such 2as azhandoned military installations frcm the Sederzi goveromen:
to elicible recipients. The transtfer is usually on a specialized bhasis and
depends on the location of the oropasad projects

[nTormation concsrning State and rzgicnal progrims was chtzin
interviews with State and regicnal ofFicials. These grodrams 2res de

in Apoencdix H, and oresented in %he matricass in this sec-ion.

iy
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Caonslltuent

BOD (0-day) mgAN
Monthly average:
Maximum doy, or sample:

Celiforrn MPN per 100 ml
Moolhly average:

Mazimum doy, or somple: |,

Dlasolred Ozygen
mg/l average:
Fe saturallon:

pIl
Average:

Chlorides, mazx, mg/1

Fluorldes, mg/1

Phenolle compounds, mez. mz/1
Color, unlts

Turbldity, units

Excellent source of water
aupply, requiring dlslnfection
only, no treatment

0.76-1.5
1.0-3.0

50-100 _
Less thon G9% over 100

4.0-7.5
T6% or beltler

0.0-8.6

GO or leas
Tess than 1.6
None

0-20

0-10

Jood source of water supply,
requiring usual trealment such
ss Altratlon and disinlectlon

1.5-2.6
3.04.0

60-5,000
Leas then 209 over 5,000

4.0-0.0
009, or beller

5.0-0.0
50-260
1.6-3.0
0.005

20-160
10-260

RANGES OF PROMULGATED STAMDARDS FOR RAW WATER SOURCES OF DOMESTIC WATER SUPPLY

I’oor source of waler supply,
requlring speclal or auxllinrey
lrealment and dlslnlection

v Over 2.0 l'
Over 4.0

Over 0,000
T.e33 lhon 6% over 20,000

4.0

3.8-10.5
Qver 260
Over 3.0
Over 0,008
Over 160
Over 260



COMPARISON OF CHEMICAL CONSTITUENTS IN THE DRINKING WATER STANDARDS OF THE
YWORLD HEALTH ORGANIZATION AND THE U.S. PUBLIC HEALTH SERYICE
Concenlrations In Milligrams Per Iiler .
WITO Inlernational (1958) WIHQ Buropcan (10G1) (1.§.P.11.8. 119G2)
Permissible Eecessive Nazlmum Recommended Tolerance Recommended Mazimyn

Chentical Conslituent Limit Limit Allowalles Limlt Llmit Allowable
Alkyl henrene sulfonate.._____ S 2 e s -— 2% e 0.5 =
Ammonia (NIL) _____________________ = - 0.6 - - o
Armenle _________________ sww s - 0.2 s 0.2 0.01 0.06
Narlum e N O S _— _— i - = 1.0
Cadininm  _______ e e e S _— — S 0.05 - 0.01
Cnlclum ___________ = Ty . | - 200 == . - i .-
Carbon chloroform extract._____________ - _— s @ - P 0.2 -
Chlorlde ______ S TEEh e e 200 000 s 350 Zs 260 .-
Chromium (hexnvnlent) _______________ - e 0.06 - 0.05 . 0.05
Copper B ot s e S G R R e 1.0 1.5 - 3.0¢ i 1.0 -
Gyaolde .. _____________________TT™" = —_— s 0.01 - 0.01 0.01 0.2
Fluorlde . e s - 1.0 - 0.8-1.7¢ 1.0.3.47
Iren oo .. 0.3 1.0 — 0.1 . 0.3 -
) 7 1) I = . — 0.1 = 0.1 -- 0.05
Mngnesivm _________ e e saes DO 160 - 1260+ s - s
Magneslum + Sodium sullale.._________ GO0 1000 — i - V- g
Manganese ________ e 0.1 0.5 - 0.1 - 0.05 s
Nitrate (as NOJ)____.______________ - - _— 6o -. 45 e
QOxygen, dirsolved (minlmum) _______ o - . 0.0 _— o i
I’henolle compounds (as phenols) _______ 0.001 0.002 = 0.001 - 0.001 -
Belentum ________ g e T - 0.05 _— 0.05 o 0.01
Bilver ______ B T T —— sz - - S 0.06
Sullate ____________________ ™" - 200 400 a 260 _— 260 s
Tolal rolids S S S S o -- BOO 1600 — - - GO0 -
Zine 2 X T SR————————— 6.0 15 o 6.0 5 6.0

" Aller 18 hours toalsct with new nlpes; bul waler enterlng & dlstribullon systera should hare less (lan 0,05 mg/l ol enpper.
** I ibere are 150 ng/) of wullate presenl, mignesivm should nel exceed 30 me/l,
T Heenmmended llmlts and maxlmurs tllowsble concenlratlons 1ary Jurersely wlih mean annusl (emperslure, Bee (ablg 6.1,



WATER QUALITY OBJECTIVES AND MINIMUM TREATMENT REQUIREMENTS

Walar Quolity Obleclves, Applicable lo Recalving Walsry, [or Sall and Freash Sviloce Walers ond Underground Walers

Waler qualily-3 Fleallng, suspendad Tasle- of sdor- Toxle, vebored, or Minimuem ¥eaalmant
wiler wass Organlslms of tha & sotilaable sollds o odh Dlsaslved slher deloloclous Phanells High lamperalurse requlr sments for
¥ eelllorm proug & sludpe dapaslla subilancss sxypan pH subalances [ ol waslen domestic powape
WATER BUPPLY, Moel probable sumber | Noas allribulable Lo Hoaa alulbulable o Qrealer than fye ”,dmvn loa coo- | Nens nlons or la [ess than ve (5) | Hons Nolln sufBdent guan- | Belimenlalon and
Dnhll INQ. CULIN: | coliform Laclerial con- | sewage, ladustial sawage, fndusleial (§) parla per mI- | cenlralion si- combizelion wilh parls pee Lilllon tilles alona of |a com- | eReclive disinlection
ARY & TOQD PRO- lentof o represenlalre | waslas or other wasles | wasles, or olher waslea | lion sxeepl [of pressed as pll olhar pubalasces or binatice wilh other
CF33IHQ sumber of 2armples or w sler ruazon- underground should be ovala- waales |a sulficlani wislen Lo |ntecfers
Hithout brralment olher | shoull average hom able dliuloa & mizlure walars lalned helwees amounls o of such with Lhe wsa Indicalsd
than dimple disialeellon | Whan 50 per |00 ml, wilh reeelving walers, 0.5 and 1§ nalure s Lo make
sod remoral of naturslly | [a any moalb Inter{tre wilh the basl recelvisg waler ua-
peacel Imperile st of Lhese walers for wals or wneuila
tha purposs Indiealed loc wea lodicaled
(UB.P,11 5, Blda)
B. WATER BUPPLY, | M.P.N, solilorm bae- | Bame s for use “A” Nong alldbulable o Clrealer then § Rama ns [or use Bama us for usa "A™ | Lews than Gve (3) | None slons | Bame 2a lor use "A™ Bellmealslina and
DRINKING, CULI- lerlal eoulent when na- | above sawaga, Industral () parta per mm A" above sbors paris per billioa of |a nom- ve tReelive dinlnlocUon
NARY & FOOD PRO- | soclaled with domestis wasles, or olher wasles | lios excepl for blnalica
CESSING smwrgo of & rapresens whick, aller reascaable ground with other
With Lrealngntl squal lo | Lilive sumber of sam- dilution & mizture, walers whelavees
soagulsloa, slimenla- o should average will Incresss Lhe thresh. or wayles wa
Uoa, Sltslion, didnles eme Lhan 2000 per 100 old ador aum 1o saks
Lloa snd say sddilices] | ml, 3ad should sol 91 abore aight (1) teeriring
Lrealmeal necranary for | eoed thls aymber In waler unfil
rmariag salurally mory Lhaa 20 per esnl or wnsale for
preseal (npuritles of samples q3amined the um
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ADDENDA

RECHARCE AREAS
.WEST GERMAN MODEL

Recharge Area - public wells

Collection area
a.) Cone of depresaion anywhere from 0-20000feet

1.)

2.)

89

area vhere watertable is drawn down when well 13 pumped
New DEQE 1975 regulation = no well within 1/2 mile of dump,
Hankfarm, or salt bed pile

Lesa protection area
any bacteria deposited in the 3011-50 days travel
time to the well

Greater protection zone
1.75 miles out from the well
possibly wider to included total catchment area

Aquifer and recharge area

A
L] .
N N e s

Sources

Hydrological mapping
Depth of water table
Saturated thickness
Seasonal fluctuation
Cone of influence

Groundwater availability maps

Professional study

U.S. Hydrological Atlas.
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THE NITROGEN CYCLI IN SOIL AND GROUNDWA'T'LER
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THE NFTROGEN CYCLE IN SURFACE WATER
FraCIFITATION
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LBs (Kgs) Nutriant in Lake

MNutrient Calculations

1 Gal = 3.85 Liters x ppm

Mg/Gal.

Mg/Gal. x Total Gallons in Lake = lbs. in lake

453 590 Mg/1b.
lbs. in lake x .454 =

Flowing Streams

Kgs in lake

( Need gals. per sec. and ppm)

Cubic Meters

Kg/sec

HMg/Liter x (Gallons x .00378)

1000
Month

Sec's Day

Kg/sec x 86400 %

Conversion

1

Acres x .405 Hectares
Hectares x 2.741 = Acres

w » 10,000 sq. Meters
Acres x 4047 = sq. Meters 7
Sq. Meters x .0001 = Hectare
Feet x .3048 = Meters
Gallons x 3.785 Liters

Kg = 2.2046 lbs.

1bs. x .454 = Kg

Yds. x .9144 = Meters

1 Acre = 43,5€0

1 Cal Hzo B.345 lbs.

1 Cubic foot Hzo = 7.48 Gals.
o n 4 62.42 1bs.

l Acre Foot = 2,719,041 lbs.

" " = 325,829 Gals.

Inches x 2.34 cno.

ug/L = ppb = .00l ppm

= Kg/mo x 2.204€ = lbs/month

Factors
Flow
width w
r;_= Av Depth
X ¥ xWw = Cubic feet of inches/sec's
3%%%%£ = C.F. x 7.48 Gals/cf = Gals./sec'
60
no. of sec's x Gals. = Gallons/minucte
flow

Culverts = use Robts computerization




METHCDOLOGY

Hydraulic Farameters

‘Yydraulic Residence Time = Theoretical time required to displace
lake or pond volume based on known inputs (groundwater* ,

surface flow) into water body.

Flushing Time = Theoretical time required to displace pond or

lake volume, based on flow from body.

Groundwater = (mean inflows surface tribs + rainfall) - (mean

discharge outfall + evaporation)

[ K2

=



EVAPORATION

Methodology

L7710 (1.465 - .0LB6B) (.44 - ,118W) (08 - CDJ

E = Eveporation in inches in 24 hours

B = mean barometric reading, in inches of mercury at 32 F

W = mean speed of ground wind, or water surface wind in miles per hour

C_= mean vapor pressure of saturated vapor at temperature of water
surface, in inches of mercury

C_= mean vapor pressure of saturated air at the temperature of the
dew point, in inches of mercury

National Oceanic and Atmospheric Administration
Environmental Data Service

Mational Climatic Center

Ashville, N.C.

U.S. Weather Service

Evaporation is measured in the standard weather service Cype
pan of 4 foot in diameter. Maximum and minimum valves in the
evaporation and wind table are monthly averages of daily extremes
of temperature of water in pan as recorded during 24 hours ending
at time of observation. Wind is the total wind movement in miles
over the evaporation pan, as determined by a continuous anemometer
recorder located 6-8 inches above the pan.

Evaporation readings are inches.

The loss from a natural water surface = evaporation of U.S. Yeather
Servive x .70 o

Lake evap.. inches = USWS x .70

V30



