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Licttle Herring

Using a relative trophic index Little Herring renks 24th.

Little Herring i{s a natural, non-stratified, spring fed, warm water pond

with a maximam depth of 6 feet. The littoral zone covers the pond. The
submersed plant population covers 907 of the bottom ranging from light to
heavy infestation, the predominant species was elodea. On the plant trophic
index it ranked 18th. Emergent plant population along the shore is classified
as medium. The Secchi reading was 5 - 6 feet, which ranked it 3lst in this
catagory. The phosphate and nitrate readings were permissible, however, an
aquafer sample was taken on the extreme northern end of the pond and the
phosphate reading was .02 mg/l. There are no houses within.2,000 feet of

ﬁhe sample site, and no flow from northern section as this pond depends

almost completely on aquifers for its volume (some surface run-off).

Number of houses affecting pond: approximately 7

Cranberry bogs affecting pond: approximately &4 acres on extreme southern end.
Problem: With such a light cultural i{mpact and the cranberrty bogs on the
outfall side the heavy plant infestation would appear to be maintained by

the aquifer influence.
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LAKE TROPHIC CHARACTERISTICS

CLASSIFICATION DEFINITION

The trophic state of a lake is 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 }ake depth.

OLIGOTROPHIC: Aquatic plant production is low; aquatic animal production

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

hypolimnion. Depth tends to be deeper. Water qualfity for most domestic
and industrial use is good, total salts or conductance 1s usually lower
Number of plant and animal species is varied and diverse. Oligotrophic

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

little organic production.

1. 0ligotrophic Lakes

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

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

c. Electrolytes low or variable; calecium, 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 ébsent.
Depth tends to be more shallow. Water quality for most domestic and in-
dustrial uses 1s generally poor. Total salts or conductance is mostly higher.
Number of plant and animal species is feweéf Eutrophic waters are waters
with a gpod supply of nutrients, they may support rich organic production,

such as algal blooms.




2. Eutrophic 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 aquatic 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 is less transparent than oligotrophic waters, but.morertransparent
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 ché term hypereutrophﬁ:is used for this other extreme.

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

vas 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.
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EUTROPHICATION INDEX USED TO RATE 41 PONDS IN PLYMOUTH

Parameters

Secchi Disc Readings Rank 1 - 41
1. Phytoplankton coloration

clear
green tint

0

1
moderate green 2
3

deep green
2. Macrophytes
emergent
floating
submersed.

3. Algae Filamentous

Total of 1 + 2 + 3

none (o}
sparse 1
medium 2
dense .3

none 0
sparse 1
medivm 2
dense 3

x

x % covered

x Z area covered

1002 Volume

Secchi Rank <+ Macro and Microphyte Rank

x times &

Hutrient Points

1. Phosphates

2. Nitrate

0 ppm.
.025
.03
.04
.06

.05
‘l
-25

i

.025 ppm.
.03
.04
.06

.05

.25

BWN MO

SN O

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

Points

Points
Ranking Points

Total Ranking Points
Ponds Rank 1 to 41



EXAMPLE

BIG WEST
Parameter
Secchi Disc Reading 1 - 41 8 1/2 fr. = 22nd
1. Phytoplankton
Clear + 0] x 100Z volume 0
2. Macrophytes - Emergent and Floating
Dense 1.5 acres 3.75%2 x 3 11.25 points
Medium 5.72 14.0 T x 2 28.00
Submersed
Denge 8.7 21.75% = 3 65.25
Medium 31.3 78.25 x 2 153.56
3. Algae Filamentous
None 0 x area 0 = 0
Total 1.4 2+ 3 = 261.00

Rank 1 — 41 Plant Index = 28
Secchi Rank 22
Plant Rank 28
50 Ranked 26th combined

Combined rank = 26 x & = 104

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

108 Total This ranked it 26th overall
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itle Herring Pond

mouth, Mass.

tershed: Herring River, Capd Cod Canal
les: 90

titude: 036
é‘31'5}‘}:“3:: warm

{d Cype: natural
atiffed: no

Id use: irrigation, esthetic,; recreation
io sheet: USCS 1:24000 Sagamore
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teline distance: 2.3 M (12,144 fr.)

HMERRING POND

Scale

L:4HS



LITTLE HHERRINC POND

(Bathymetric Map)

fax{mum depth 6' 1.83 M
fean depth 4* 1.22 M
urface area 90 acres .36.5 gy

cre feet 360

otal gals. 117,306,360 Scale 1:485"'




LITTLE HERRING POND
Heavy aquifer

action Impoundment Map
A

Little Herring

2 acres active bogs

) Discontinued bogs

Lt}

Outlet Little Herring 5083 gal/min 1

Great Herring

e
Active bogs 6A. app.

Do not flood

e ©
Active bogs 5A. app. &
Do not flood

4 —0Outfall 6034 gals/min

Cranberry bogs

Cape Cod Canal . Scale 1:200

o



LUTTLE HERRLNG POND sl

Submersed Aquatic Plant Map with Key e

Elodea very dense.

Elodea dense

Elodea dense

-

_—

( Area is‘free
( of Elodea.

—

From north to south
Elodea thins out.

Sl LRy
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SUBMERSED AQUATIC PLANTS

LATIN

Potamogetan
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Najas
Zannichellia
Elodea
Ranunculus

Americanus
Ampl. Folius
Crispus
Diversifolius
Filiformus
Filiosus
Gramineus
Natans
Nodosus
Pectinatus
Praelongus
Richardsonii
Robinsii
Vaginatus

Ceratophyllum D.

Myriophyllum

Alisma

Heteranthera D.

Nasturtium
Utricularia
Vallisneria

Sphagnum

COMMON
Pondweed

Large Leaf Pondweed
Curly Leaf Pondweed
Waterthread Pondweed

Leafy Pondweed

Variable Pondweed
Floating Brown Leaf
American Pondweed
Sago Pondweed

MAP NUMBER

White Stem Pondweed
Richardson Pondweed

Giant Pondweed
Bushy Pondweed
Horned Pondweed

Waterweed -
Water Buttercup -

Coontail

Water Miifoil

Waterplantain

Water Star Grass; Mud Plantain
Water, Cress

Bladderwort

Wild Celery

Addenda

Moss



LUTTLE HERKING POND ' L

Emersed Aquatic Plant Map with Key

el bedsinst




LATIN
Peltandra

Pontederia
Sagittaria
Polygonum
Typha
Eleocharis
Scirpus

Juncaceae

EMERSED AQUATIC PLANTS

COMMON MAP NUMBER

Arrow Arum
Pickerel Weed
Arrowhead; Duck Potatoe

Watersmart Weed

Cattail SESSERSE T
Spike Rush Sedge - 1
Bulrush Sedge 3

o

Juncus Rush

Addenda
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Chemical Sample Stat{ions
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PHOSPHORUS

The discharge of phosphorus-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 estiﬁated 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 1b. 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 concentration
of .01 mg/l of inorganic phosphorus as a maximum permissible

without the danger of supporting undesirable growths. TIf the



assets of inorganic nitrogen and phosphorus exceed .3 and
S = JOLS BmEsl 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 Cornsll 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 the 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 lakeé
1s usually regarded as 1l0ug/l (.01 mg/l) and between meso-
trophic and eutrophic lakes as about .02 mg/1." Best reading
times are in winter months, the most non-productive  season.

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

A1




groundwater are not considered normal and when this value is
attained, a source of contamination is 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 gfeater mobility.
In the Carver Soil Series, however, fixation 1s 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, i1t 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 1in 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
expression of the relation between phosphorous loading and
concentrations of algae.

Phosphorous in runoff occurs in three general forms:

1. Dissolved organic

2. Dissolved inorganic

3. Particulated

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

Sources of Dissolved Phosphorous:

Sewage - 55%

Agricultural runoff - 18%
Eorest runoff = 15%
Residential runoff - 6%

Atmospheric fall-out - 6%

a




THE CHEMISTRY OF PHOSPHORUS IN MINERAL SOILS

Natural occurrence of phosphorus in mineral soils:

At any one time the amount of phosphorus in the

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

;oils the concentration is much less than 1/2 ppm.

The four main groups of phosphorus compounds in

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

S) colleoid and clay complexes or soils

Calcium and magnesium phosphates are usually insol-

le and unavailable for plant use. This 1s a common occur-

‘ence in sandy soil types, such as those in Plymouth.

Phosphorus with organic matter, usually in high

M"anic soils, and not a factor in the Outwash Plain complex.

Iron and aluminum phosphates have a low availability

plant growth. In fact, the solubility factor is low.

Apatite (calcium flurophosphate) class of basic rock

m which soil was derived is very resistant to action of

er and other solvents. It is present in mineral soils and

ery low in availability to plant growth. Again, an



occurrence 1n Outwash 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 1s a coarse-grained rock composed of guartz,

feldspar and mica.

Granite is also composed of quartz, feldspar and

mica.

Quartz is silicon dioxide SIOz.

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 vérious

'soil phosphates are very insoluble and even when the normal
agent, carbon dioxide (COZ} is supplied in large amounts, the
rate of solution is slow. The situation is made étill more
difficult by the small amounts of the element present.

A sample soil formula would be as follows:



Chemistry of Phosphates in Mineral Soils:

CA3 PO4 + water (HQO) + Carbon Dipxide (COE) = Ca H4 (P04}2 4
(Calcium phosphate) (water soluble)
( insoluble )

However, soils rich in iron and aluminum causes a
reversion and 1ts availability is lost and reverts back to
insoluble forms.

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

1s 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: 1in 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 guaternary epoch. Most of
the overburden in Plymouth was deposited during this glacial
pericd.

The 3 to 4 glaciation epochs, previous to the

A



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 méy 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 agquifer at these depths.

The Woodswqrth and Wigglesworth Report: Phosphatic2
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 ClLiff 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




overall results in phosphate testing would indicate no

concentrated deposits at this time.

lCalcium phosphate of shells or boits is not

avallable 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.

ZAvailable 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 sesguioxides
(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 silicate 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/1l.
For some algae, the optimum nitrogen:phosphorus
ration appears to be about 30:1, for other algae rations
15.318=1
The presence of .01 mg/1lof 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.
Imhoﬁf 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/1l 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

y
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fact that they are quickly 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 efflgent_ In addition, nitrogen from
these can be fixed by certain photosynthetic blue-green algae
and some bacterial species.

Within the aquatic en?ironment, ammonification,
nitrification, assimilation and dehitrification can occur as
shown in figure S. 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. Figure

5 shows the major aspects of the nitrogen cycle associated

AL



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. 1In addition, nitrogen-fixing bacteria convert nitrogen
gas into forms available to plant life. Usually more than
90% 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

quality problem in many locations.



LITTLE HERRING

GENERAL ¢ UIDILINYNES
Permissible Levels Critical
Total phesphorous mg/l .025 .04
Orthophosphorous mg/l .004 opl
Organic Nitrogen mg/l . 20 | .40
Ammonia mg/1 .02 .05
Nitrate mg/l - .10 . w28
Nitrite mg/l less than .00l ©.002
Inorganic Nitrogen mg/l .12 .30

The general approach is to stress violation of coliform 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 1s generally understood.

Station 1l: All systems good except phosphorus, which was high but not critical.
High phosphorus readings could be expected . See Lyons-Skwarto groundwater study,
also in conclusive remarks in this report. '

Station 2: Phosphorus readings high in August and September.

Station 3: Phosphorus readings were high in August and September.

1%



Little Herring

Chemical Parameters

% Station No.l

Total Phosphorus Nitrate N Nitrite N Kjeldah!l N
| Mg/L Hg /L Mg/L Hg/L
!January less than .005
iFebruary
.Harch .02 .05 _ t D
April .02 .06 B 75
Hay 15 3 4035 " -80
May 30 L0235 .05 " 75
Pos— .02 .06 " -80
| .03 .07 ¥ <85
June 30
}uly 1s .025 .05 " .65
luly 30 .04 .05 " .70
ugust 1S _ _. .04 .057 s .75
i, 5 .04 .05 " .90
beptember 03 06 L .90
Iccober .02 .05 n .95
oxemhe r
eéember

29




Little Herring

Chemical Parameters

Station
; Total Phosphorus Nitrate N Nitrite K Kjeldahi N
| Mg/L Mg/L Mg /L Hg/L
[ — less than .005
February
‘\ Hecch .02 .06 " .70
April 02 .05 " .70
May 15 .02 .06 ! 75
EHay 30 .03 .05 B .80
.03 .05 " .75

|June 15
_June 30 .03 .05 a .80
|Juty 15 .03 .06 L .70
July 30 05 .06 i .65
August 15. . s = gD LR .70
hugust 30 . .06 .06 L .85
1September ' N4 0% - .85
@gcobcr .04 .05 " .90

Navemhe r
I )
December




Little Herring

Chemi{cal Parameters

Station HNo. 3
Total Phosphorus Ni{trate N Nitrite N Kjeldahl N
Mg/L Hg/L Mg /L HMpg/L
g less than .005
anuary
February
Harch .02 .025 % .70
April .02 .025 " <79
Hey 15 .02 .04 i .80
May 30 .02 .05 U .85
.02 .05 " .95
June 15
June 30 .03 .05 " 1.00
July 15 .03 .06 H 1.10
July 30 .04 .05 o .90
hugust 15 «13 .05 o .90
ugust 30 +11 .04 i .65
. - .09. .04 . 2 .70
September
<05 .03 " N
Cober

lnvemhe -

ecember




Little Herring

Chemfical and Fhysicel Paramenters

Station 1

o Temp. Secchi  Conductivity Ph Do Total Total
| M Mhos/cm Standard Units Hardness Alkal{ir
EFcbruary
\iHarch 6.0 157 6.3 10 40
hpril 10.0 197 6.2 10 35
%dy Ls 13.5 182 6.4 10 50
|
liHay 30 154 167 6.3 9 40
Lune L5 16.2 147 6.4 8 '35
Lune o 16.3 198 6.3 8 35
|
fU1y 15 16.8 227 6.3 7 40
‘!u'ly 30 171 242 6.3 6 40
lpuse 13 16.2 217 6.2 7 40
Fugust 30 16.2 198 6.3 7 35-
}S—J?Cmb*’—f 141 165 6.1 8 40
Lt ber 11.4 161 6.2 10 40
[Ujmber
Ecember

at



\

Temp.

Chemical and TFhysi{cal Paramenters

Secchi

Little Herring

Station

2

Conductivity Ph

o o Do Total Total
| F G Feet M Mhos/cm Standard Units Hardness Alkalinict:
‘Januarl
febTuary
ﬁnarch 6.0 8 155 6.3 10 40
farc
i 10.0 7 197 6.2 10 42
Mil
-“F‘L L5 15.1 y 182 6.3 10 44
lﬂay 30 iT.2 7 167 6.2 9 42
fune 15 18.6 7 147 6.3 9 40

B 8 40
30 10.1 6 198 62 .
r@y 15 19.5 6 227 6.3 8 41
ly 30 20.6 6 242 6.3. 7 40
T 1.0 6 215 6.2 7 42
ugust 30 18:1 7 202 6.2 7 41
eptember 18.1 8 167 _ 6.3 10 40
ctober 15.4 8 162 6.3 10 42
ovember
ecember

33




Little Herring

Chemical and Physical Paramenters

‘ Station 3
|

F° S FeiECChiH SESE?EELVitySti:dard Unicts > gzsiiess E?;iiinib

. :

Januéry
%cbruary
%Huch 6.0 7 155 6.3 10 40
?;Pfil 10.0 T 195 6.2 10 35
Hay LS 15 7 180 6.4 30 50
L&y 30 171 7 165 6.3 9 40
|
;June 15 18.9 7 145 6.4 8 35
fune 30 19.0 6 200 6.3 8 45
Iluly s 19.5 6 225 6.3 7 40
Wy 30 20.0 6 240 6.2 6 40
%EUSE 15 21.0 7 215 6.3 7 40
:ugust 30 21.0 7 200 6.3 7 55
fggtember 18.1 8 165 6.1 8 40
\mbﬁ 15.4 8 160 6.2 10 40
ovember
—_—

34



.

Little Herring

Heavy letals

Natural waters may contain elements other than those considered by

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

A new test was run on Hexavalent Chromium, for this is a carcinogen. all
the analyses checked by the Texas Instrument Company Lab show all metals
well within the range commonly found in natural waters. 1t can be con-
cluded that industrial wastes do not present a problem in

either by ground water or by rain.

Metal EPA 1976 Drinking i.Y. State Proposed EPA
Water Standards Ground Water Ground Water Little
' Regulations Classification Herring
Zine - « B 5.0 .002
Cadmiunm .01 .02 ;01 ‘ .001
Selenium .0l .02 .01 004
Gold | - - = .001
Iron - .06 o3 .040
-~ Palladium - - = .006
Aluminum - - - .012
Copper .1 L4 - .010
Nickel - - - .009
Lead .05 .1 + 05 .002
Chromium 05 s L 05 .001
Boron - R - =
Chromium 15 il .05 -001

(Hexavalent)*

* noted carcinogen

- = not considered to date
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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
Horaine, situated between the Manomet outwash plain and Manfields and

the Wareham outwash plain.

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

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

Dte



and any uvpward 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 phenolic
coapound, chlorides, fluorides, sulfates, cyanides, magnesium and
manganese. A&s 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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Little Herring
Biological Heasurements

Pigment, Genera Volume

Diatoms Cyanophyta Chlorophyta Flagellates Chlorophy
Blue Green Algae Green
Unicellular Filamentous Unicellular Filamentous . Hg/H3
Cells/M1 Cells/M1 Cells/Ml Cells/H1 Cells/H1 Cells/Ml1 ﬁG/H3
January
February |
ik 20 16 17 13 11 104 14
Aees g 24 18 27 92 30 119 16
Hay 15 27 32 36 9 , 36 - 114 22
. 42 34 40 168 40 134 28
Mav 30 )
June 15 62 34 45 177 45 135 17
June 30 77 91 46 187 59_ 140 65
47 - 64 4
il TS 98 93 | 7 198 13 124
Tl 50 113 94 57 20% 70 131 136
119 128 61 198 76 165 136
Aupust 15 :
117 145 64 165 78 136 144
August 30
September 115 135 68 A 175 | 74 135
— 95 kL 56 106 | 62
November
December

20




Little Herring

BENTHOS

Parameter Station 1 Station 2 Station 3 Station 4

Total P
i Mg/l 11.2 15, 7.2
|

Total N

Mg/L

3.2 1.5 3.9

i

Percent

Solids 4.7 4.1 3,7

Total Volatile

Solids
( .62 .75 .59




Little Herring

Nutrient Budget

3

* *
Tributary Total Flow G, Total P PPN = 1bs. /Month Total N FEM lbs/Month
|
1
2 i
3 ’
Total &
Qutfall
; 206,000,000 .038 65.32 .038 65.32
2
3
Total
*
Rainfell 1 dylll; 790
*2 *3
in lake Total Gallons Total FEM 1bs/Month Total PPM lbs/Month
117,306,400 .03 29.36 L0475 46.4
*1 Rainfall - Phosphorus data not available NH .48 PPM No 1..96 PPM.
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 : Kjeldahl Nitrates, Nitrites.



Macrophyte, Microphytes and Nutrient Utilization

The pefiod 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.

& phosphate reading in March 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.

Iﬁ.is for this re#son that nutrient readings tsken in the spring and
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.



HYDROLOGY, GROUNDWATER CEOLGGY

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'uell 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

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 {s constantly moving from points of
recharge towards points of discharge. The novement 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 swamps, 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 |, ground water discussion.

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

feet per year and only in coarse material or fissures does the velocity
exceed 1 mile per year. Coupled with minfmhm 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 mey 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 awvare 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 metrely by stopping the pellution,
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 soil tvpes

gOVern a great deal the speed of contamination.



Fell drained soils, Ceology, and notential Acuifer Pollution

Investigations of Childs 1972a, Childs 1972b, Dudley, and Stephenson
1273 show the soil problem areas.
l. Where coarse sands and gravels are principle
sub-soil materials
2. Very inpermeable 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 most cften inadequate
in terms of removing waste water impurities, such as bacteria, phosphorus
anc 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 ceternined by
soil type, along with the soils hydraulic capabilities, purification
capabilities, and physical constraints. The slope problem should be part
oI the consideration.

Thé present methodology in regards to percolation rates should be upgraded
S0 as to accurately assess the soils ability to remove pollutants at po-

tential leach field sites,

The characcteristics of the Carver soils makes the whole ecosvsten susceptable

L groundwater contamination. May of cthe lakes, ponds, anc kettleholes in

7=
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Ylymouth are fed bv aquifers and any nutrients ctransferred by this

means aids in the eutrophication of these systems. Long-range safe
P b 14

guards aust be implemented to protect this valuable natural resource,
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Figure 3
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Little Herring

HYDRAULIC PARAMETERS

Hydraulic Budget Gallons Licers
Precipitation 82.9 mg 313.78 ml
Inflow surface streams 0

tributaries

Inflow thru lake bottom ' 1846. 3 ng 6988.2 ml
aquifer recharge

Evaporation 74.2 mg 280.8 ml

rlow thru surface outlet
outfall 1855 mg 7021 ml

Outflow thru lake bottom

Hydraulic Residence Time
17.07 days

Flushing Rate 13.6 days

mg=million gallons
ml=million liters

Lnches

33.92

30.42

cn.

86.16

77.27



Trib, 1 Trib. 2 Aquifer Rainfall Rainfall Outfall Outfall Evap. Fvap. Lake Bottom T. Cain T Losg
Inflow

Loss
%
Gallons Gallons Gallons Inches Gallons Gallons Gallons Inches Gallons
e
January
February mg mg . mg
249.5 3.98 9 7 259.2
March . I | R—— .
April 274.4 | 3.75 | 9.2 | 275.1 | 3.48 8.5
Hay. 224.2 3.85 9.4 221.2 5.09 12+9
Tt 166.0 2.96 Faid - 159.4 6.06 14.8
luly i—353%:0) 286 1. 2.0 .| 346.3 ) . | 5.62 | 33.7 |
Aupust 146.5 4,41 10.8 145.2 4.96 12,1
Sepr_e_mber 21143 3.4 8.3 212.4 Jald biw T
21.328 3.8 9.3 217.6 2.04 4.98
Qctober : |
207.81 4.91 11.99 219.8
November | |
December
okl 1846.79 33.?2 82.9 1855.2 30.42 74.18

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



GEZOLCCY

Soil Series Discussion

Carver soil series consist of excessivelw draired, nearly level to

steep sandy soils that formed {n cthick deposits of coarse, pebbly quartz
sand. In mast places, Carver soils are coarse sand, out in some places
the surface laver 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 ecosysten
susceptible to groundwater contamination. May of the lakes, ponds and
kettleholes. in Pfymouth_county are fed by‘aguifers and Little Long is one
such example (see hyvdrologic information), and any nutrients transferred
by this means aids in the eutrophication of these systems. Loag range

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

Ccd - Carver and Gloucester soils - 8-35% slopes
These soils occupy nmoraines in the southeastern parts of the county.
Sandy Carver soils make up about two-thirds of chis unit, and extrenmely

stony Gloucester soils make up the rtest.

Cloucester series soils are nearly level to steep, well crained, andg
somevwhat excessivelv drained soils tzhat formed in glacial till, cderived

chiefly from granite.



Gloucester soils are extremely stonv except where they have bSeen

cleared for tillage.

Unmarked areas: No danger to aquifers with normal use.
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SYMBOL

Afa
Afg
AgA

g8

AuA
Au8

Baa
Bad
868
BbC
BeB
BeD
Bda
Ba

Be

Bsa
Bra

CaA
CaB
CaC
CCIE o
Csa
CsB
Gl
CeD

Dea
0«8

EnA
En3
EnC
€A
EsB
EiC
Er3

EiD
Eu8

EuC

Fr

Goa

Gal

Gaa
GoB
GbC
GCe3

GO

Gd8
GdC
G.2

SOIL LEGEND

The firat copital latrer 13 the initigl one of the soil mama. 4 yecond

cooital letrer, A 8 C D, or

. thowt thy slaoe. Symbals =ithgur g

tlooe letter ore thasa of meorly lavel 1ails or lond Iyoes.

NAME

Agawom fine 10ndy loom, 010 ] percent 1lopas

Agowom line 1ondy loom, 110 8 percenr 1looes

Agowomn line 1ondy loom, tilty subseil verienr, O 1o 3
percent slooas

Agawom fine sondy loam, 1ilty 1ubisil voriear, 3 B
percent slooas -

Ay Gren ond Worahom loamy zonds, Q ro 3 percent tloper

244 Gres ond Woreham loamy sonds, 310 8 percenr slopes

Baelgroda silt loam, O ro 3 parcent slopes

Belgrode 31lt loam, 3 10 B percent 3looaes

Bemardsron 1ilt loem, 113 8 percent slopas
Barnardaton silr icam, B 10 15 percent slopes
Bemardaton very tt1ony 1ilt loam, 1 1o 8 parcant tlopes
Bemordstan very 1tony silt loem, B 1o 25 parcent slopas
Birdaall gilt loam, 0 16 3 percent slopaes

Bosraw land, loomy material

Bomrow lond, 10ndy ond grovally matsricls

Brockroa loam, 0 10 J percanr alooaes

Brockron ewtremaly stony loom, 0 1o J percent slooes

Corver coorse sand, 0 re 3 percent 1lopes

Corver coorie 1ond, 3 to B gercent tlopes

Corver coorse tond, B 10 15 percenr slopes

Corver coorie sand, 151g 5 percant slopes

Corver loomy coerie sond, 0 10 J percent slopas
Carver loomy coorse zand, Jto B percenr slopes
Carver loomy coorta 10nd, 8 1o 15 percent slopas
Corver ond Gloucaester 1ails, 8 to 15 percenr slopes

Ceerfield sondy loam, O 1o 3 percent 1lopes
Casrfield vondy loam, 110 B percant 1lopas
Oune lond ond Coasrtal baoch

Enfiald very fine sondy ioem, 0 1o J percenr slcoes
Enfiald very fine sondy loom, J to B percenrt 1lopes
Enfiald very fine sondy loom, 8 10 15 percenr sloces
4 coarie sandy loam, 0 ro J percent slopes
coorse sondy loam, 3 ro B percant slooes
coorse sondy loam, 3 ro 15 parcenr 1lopes
Ettax vary slony coorze sondy loam, ] 10 8 percent

tlooe

Essex vary 3rony coarse sandy loam, 8 1o 13 parcent
slopes

E3sax very 1tony coarse tondy loam, 15 10 25 percent
3looes

Essex enmwemaly srony coorse sondy loom, J1a B
percant slopes

Essen enrremaly stony coorse sondy loom, 8 ro 25
percent tlopes

Fresh water morsh

Glowcesrer fine sandy loam, firm subatrarum, 0 1a ]
percent slooes

Gloucester fine 10ndy loom, firm substrarum, 3 to 8
percent slopes

Gloucester fina 10ndy loam, firm substrotum, B 1o 15
oercant slapes

Gloucester loomy sond, 0 to 1 percent slopas

Gloucasrer loomy 1ond, J 10 B parcent slooes

Gloucesrer loomy wond, 8 10 15 percant 1looes

Gloucesrer very 1tony fine sandy foom, firm subatratum,
3 10 B percent 1lopes

o PR SRR i o e e T e R
8 ro 15 percent 3lopes

Gloucasrer very stony fina sondy loam, firm subafrarum,
15 1a 25 parcanr 1looen

Gloucairer vary stony loamy 1and, 1 ta B percent slooes

Glowcastar very 3tony loamy sond, 3 10 15 percent slooes

Gloucester autramaly stony loamy sand, J 1o |15 sercent
ilocas

Giowcasrer autremaly srony loamy sand, 15 ra 35 parcenr
tlooes

SYWBOL

HoB
HaoC
HaE
HoB
HeC

HeC

HeD

Nad

NaoA
NaB

Np8

Pe
Pra

Qua
Cud

CuE

Sea
S«8
SFA
Sf8
S54

Sq8

Td
Tia

whA
wbB
whC
WeC

W A
Wad
WalC

HnE

HANE

Hinckley gravally loomy sand, Q to 3 percenr 1looet
Hincklay gravally loamy sand, 3 10 B percenr slopes
Hinchiey gravally loamy 10nd, 8 10 15 percent slcows
Hinchley gravelly loomy 1ond, 15 to 35 percenr slopes
Hollis =Charlron fine sondy loome, J 10 8 percenr slopes
Hollis —Chorlton very rocky fine 1andy loams, 1o 15
percent slopes
Hollis~Chorlton sutremely racky fine sandy loams,
Jro 15 percent slopes
Hollit=Chorlton extremely rocky fine sandy loams,
15 10 29 percent 1lopes

Mode tond

Merrimoc fine sondy loam, 0 o 3 percent slooas
Maerrimac fine sondy loam, 3 ra B percent slopes
Merrimac fine sandy loam, B ra 15 percent slooes
Merrimac sandy loam, 0 1o 3 parcent slopaes
Merrimac 1ondy loam, 3 ro B percent sloces
Marrimac sandy loam, B ro 15 percent slcoes
Marrimoc 1ondy loam, 15 1o 15 percenr 1loces
Mock, shallow

Muck, dewo

Ninigrer sondy loam, silry subsoil voriant, O 1o J
percaent gloves
MNinigrer sandy leam, silty subsoil werianr, Jro 8
parcent tlopes
Nocwell 10ndy loom, 0 10 J pereant slopas
Morwall 1andy loam, J ro B percant slopes
Marwall extremaly s1ony sondy loom, 0 1o J percent slopes
Norwall entremely s1ony sandy loem, 3 1o B percant slopes

Pear

Pitrstown salr loom, 0 1o B percent tlogas

Pirnu?m very stany 1ilf loom, J 1o 15 percent slopes
Oucntaf tondy loam, 0 ro 3 parcenrs slooes

Ouontaer sandy loam, 3 10 8 percenr 1lapas

Cuoniet sandy loam, B 10 |15 percenrt 1lopaes

Duonset sondy loom, 1510 15 percent tiopes

Raynham 141t taam, 0 10 3 percent 1lopes

Saco very fine 1ondy loom

Sanded muck

Scorbora sondy loeam, O ta J parcent sloows

Scorboro line 1ondy loom, silty subsail worienr, Q1o ]
percent tlooes

Scituate sondy loom, 0 10 1 parcenr slcoes

Scirvate sondy loam, 3 to 8 percent slopes

Sciruate vary 1rony sondy loam, O te ] cercanr slooes

Scituarte vary trony t1ondy loam, 3 ro B parcenr slooes

Scituafe enrramely ttony 1andy toam, 0 to J cercenr
1looes

Scitucfe extremaly 3fony sondy loem, Jro B percent

sloows

Tidel marah
Titbury wary fine sandy lcam, O ro 8 percent slocer

Walpale fine 1andy loam, silty subsodl vorioar, Qrg 3
percent slooces

Warwick fine sondy loam, Q10 J percenr slopes

Worwsch fine sarndy laam, 110 8 parcenr sloper

Warwick line sandy loam, 3 10 |5 percent slooas

Warwich wary rocky fine 1andy loom, 3 re 15 parcenr
slooas

Windsor loomy sand, O 1o ] percent tloces

Windsor loamy sond, 3 ro 8 parcent slccen

Windsor loamy sand, 8 1o 15 percenr slooan

Windaor loamy sond, 13 ro 15 cercent vlooes
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MORAINE

As a glacier 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

is the outwash plain, a sheet of clay, sand and gravel built
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up by the glacier meltwater. This material is generally
thicker and coarser than the terminal moraine.

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

plains.
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LONG RANGE CONTRCL TECHNIQUES

l. Controlling Nutrient and Sediment Influx

2. Watershed Management

A. Non-Structural

B. Structural




NON-STRUCTJRAL CCNTROL TECHNIQUES

1. ZONING REGULATION

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

D. RESTRICT HIGH POLLUTION. GENERATING SOURCZS

1. NEAR SEORE
2. NEAR TRIBUTARTI=ZS

3. IN FLOOD PLAINS

2.

2. DEVELOPMENT CONTROL

A. RESTRICT DIVISION OF LANL FOR BUILDLiL GR O SATTLLEGS
E. LIMIT DEVELOPMENT IN EROSION AREAS

C. LIMIT DEVELOPMENT IN AREAS WHERE SOIL JhaiiiCTERISTICS
PREVENT ADEQUATE ON-SITE WASTE DISPO=.L.

D. ENCOURAGE FORMS OF DEVELOPMENT WHICH
FACILITATE EFFECTLVE AND ECONOMIC WASTE
DISPOSAL PRACTICES AND PRESERVATION OF

NATURAL SPACES.

3. FHOSFHATE BAN



ZONTNG REGULATION.

The town of Phymouth can impliment the broad state and federal laws by

zouing and non-zoning ordinances and by~laws. Subdivision and Healch Board

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

lakes, straama, wells, wetlands, and groundwater.
The wmetropolitan srea planuning council's 1978 recommendation was the

following water related parametars and their protection to be considered by

local governments:- watershed
' aquifer
subdivisions
septic systems
lake management
road salting
vater conservation
carver soil series and {immediate lake enviroment

Lot sizes should depend on:

1. Soill conditiocns
The state of Maine uses an in-depth soill percolation method

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

2. FEaviromental conditiomns
Such considerations include size of developments, 1if grouad water

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

Building set-backs

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

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

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

It {5 possible that one of the best methods to control nutrient in-flux for
a given lake, is to control land use within the watershed.




NON-STRUCTURAL DEVELOPMENT CONTROL
DEVELOPMENT CONTROL

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

to:
L. 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 becteria, 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 scate of Maine guidelines are recommended). The site evaluation would determine

vhether a specific parcel of land would be considered suitable for the proposed disposal

sysCem,

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 sliopes call for further adjustment of lot sizes according to the

capability of the nacural slope.

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

stresms, ctopography, vegetation and ground cover.



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

L. recirculating toflets

2. gas incinerating toilets

3. electric inciner;ting toilets

4. composting toilets

5. chemical toilects

6. low water flush toilets

7. vacuum toilets

8. sewerless toilets

A list of manufacturers is included in the Addenda.

Investigations (Childs 19724, Childs 19728, Dudley and Stephensen, 1973) indicate

“that problem areas occur:

l. Where coarse sands and gravel are the principal subsoil
materials.

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

3. In poorly drained soils with high wvacer table.

L3




VOLUNTARY 2HOS?HATE BAN

Though few studies have been made in depth, teparts by Sawyer (32}

and Vollenwaidgr (17) pertaining to Wisconsin and Swiss L2kes respectively
indicate chat when inorganic nitrogen (ammania plus nitrate nicrgen) is

equal to or greater than .3 mg/l and the orthophosphate is equal Co or greatér
thén .0l mg/l, then the lake is likely to have excessive crops of alglec and

other aquatic plants.

A recent study make in Vermont showed that all the lzkes so testad were founc
to be phosphorous 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..0sDHOTOUS

loading and concentrations of algae.

Phosphorous in runoff occurs in 3 general foras:
1. Dissolved organic
2. Dissolved inorganic
3. Rarticulaced
The dissolved phosphorous in both forms has & Zar more eportant

influence on algal growth than has phosphorous,which is accaciead

to soil particles.

Sources of Dissolved fhosphorous:

Sewage - 55%
Agricultural runoff - 18%
Forest runoff - 13%

Lot



Most lakes, so scudiea,are phosphorous limitad , any reauction 4 fheir
phosphorous loading may slow their eutropnication. One sure method of

reducing phosphorous loading is to reduce the amount of phosphorous entering
waterrtraatmen: facilitias and domestic waste water Zfacilities (septic systems),
as phosphate detergents may contribute over 50% of the phosphorous in comestic
w&stewaters;.eliminating this source éan have a significant impact. The
solution is simple: stop using detergents with phosphates and use paosphate-

free detergenté.

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

and cleaning fluids containing more than .5% phosphorous.

Advantagas:
L. Better water guality
2. Algee free lzkes and ponds

3. No cost to state or town

Disadvantages:
L. There may be a slight added cost to consumer

2. Ring around the collar

How:
1. Newspaper articles
2. Local radio
3. Town government
This is classified as a long-range control technique but za izuediaca

execution will iniciate a2n in-lzke comeback,

vl
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STRUCTURAL CONTROL TECHNIQUES

A. DIVERSION

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

C. SOIL EROSION CONTROL

D. SANITARY LANDFILL LEACHATE

E. SEWERINC



D I VvV E R S 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:

l. 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.
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Controlling Nutrient and Sediment Influx

Storm water, in plcking up of pollutants from the land surface, becomes
the transporter of degradatfon. 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 end 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 £1ll 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 agqouyp Little Herring

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

problems because the dye may:
1. 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 may be occurring even though the dye is not detected
and the septic tank is allowed to continue polluting.

4. Access problem
5. Hiegh 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 locarted.

.

This technique is not to be used. The cost would not be justified. The
few homes are will set back and the nutrient readings point to nutrient

influx from other sources.
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LCHC  PANGE CONTROL TECHNIQUZS

FLOW REDUCINC DEVICES

llost conventional homes are presently not equipped with water-saving

devices. These devices vary in design, but all basically acconmplish

the same results - reduce the amount of water consumntion. These devices.

range from specially designed attachments that replace existing fixtures,
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 vater savings program, recuce loads
on leach fields and reduce the potential for depletion and contamination

of groundwater.

The twoiold 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

vatershed areas.



SOIL EROSION CONTROL

AL present, this is noC a problen however, as population increases
the town must guard against the ever present danger of erosion. The

Lown 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. ‘Yater maves 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 capaclty. CGround cover native to area

should be encouraged.



SANITARY IANDFILL LEACHATE

Little Herring is not affected by sanitary landfill leachate.

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

2. Low metallic readings.

3. About 28,000 feet from landfill.



[re ultimate aim of the Town of Plymouth or in fact anvy town should be = sewage
system. The Cornell study recommends; firstly, a ban on phosphacte detergents,
then tertiary traatment of sewage plant effluent; however, sewage systiems beyond
tertiary are being used for mine;a[ 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 being considered sewering should be considered

as an ultimate goal.

The State of Massachusetts would encourage sewering:

l. If septic system leachate is or will become = STpHisYeans
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 coes not encouraze
growth in the watershed which coul: lead wu .. significant
degradacion of the eavironmenta: quality of the waterihed

and lake ecosvscem.

Tne physical charzcteristics of the Plymouth soils; the number of ponags, lakes

an¢ kettleholes being fed by deep aquifers snd ground water, liad to the CORE . 5 fun

that the ultimace goal should be a sewage system encompassing zhe whola sown wizh

tertiary treatmert system that wouid elimirates any future danger of cemtamin-.ion.
Eastern Massachusectts is presently plagued wich outbraaks <. even arce lna waeil
fOntamincticn. Human wasce and industrial contamination must bSe contaized. To-.-
€0SI of such systems is great - buc the destruction aud pollucicn of ciean waler

*¥stems will be of far greater cost to everyone. To clean cooimminazed water iz
€ostly and pertiaDs some waters will not be able co be clean2d. DPreveni:

dra Cantamounc .




ALTERNATIVE SEPTIC WASTE SYSTEMS

In areas where soil characr

eristics prevent 2dequate on-siCe waste disposal, zhe

fo.lowing alternatives should be considerecd:

Non wdater-usine toilets

The single most important non-point source of pollution in suri.ce waters

may well be nutrienr loading from shoreline subsurface Sewage disposal svstems. The

Tesults of the Billington Sea groundwater sampling point dire~tly to this conclusion

The prevalence of the Carver -

Gloucester soil association makes nol only the shore-

lire a t--get of non-point source nutrient loeding, bdurt pussibly the zn_ire wi.rershed.

R

Eliminating toilet discharge as a contributing factor to subsurrace disposal

(£

vsteas would significantly reduce both the proolem of malfunctioning svstems and

tli- problem of nutrient migration into ground and surface waters

o

* is recommended :hat non water using toilects be usre
Srograpnic zreas:

1. Islands

2. Existing development adjacent to surface wotoers.

(V5]

In margiral soils where groundwat.r polluction would -

Lo & dinzer,
Two recommended Systems are: composting toilets :nad incinerating toilets;
there are many other Lypes such as vacuum toile:s, chemical toilets, wic. but coum-
boscing and incinerating toilets are the most popula‘,

Comoosting loilers

There are a number of composting toflecs on the markst (See Addenda) bine wese

“Onsist of a tough plastic container in which compestable wiaiZes are placad, i.. some

YNits the decomsosition of the waste is accelerated Y

o
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Che unit and acration from a fan, which draws air through the compost and our -

vent
| pipe. The fan runs continuously and removes all odors whereas the heating esil
] functiors intermittently depending on room cemperature.
|
Buildings using a. self-contained sewage disposal system, instezd of & sub-

surface disposal system could reduce the amount of nut

rient pollution 3G-50% depending

on the nutrient loading of the gray water discharge. (Uttormark et al 1i974)

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.

‘ Incinerating Tcilets

‘ These toilets consist of & cabinet s$imilar to ~ conventional coiler w=<oi-

—r.

natural cas to incinerate the was-e ard an axk

‘ u* S propane or Zust Eowm Loows 5L

r=€rs out the exhaus: vert. The incinerating cycle Is contrnllaed by 4 presce  rimes

ar-? lasts 15 - 20 minutes. Periodically the mineral csh in vhe Jirebox mus: ..

cleaned by a vacuum clezner. One unit can service Lp to 12 people on a full-gi;c
requiring only gas and ei.ctrica: conn. I, {ons

ana the atzachment of z vent pipe to the outside.

|

‘ basis. lhe unirt is easily installed,
] The price for an incinerating toilect is abour
!

£

$000.00 nlus galivecy and

| installacion charges. Operating costs using bottled ges wculc be about o cents per

i incineration cvcie or about S$45.00 a month for a family of 5.

Another system which uses air instead of wiater for che transzurt of sewize
from the toilet is recommended for further study. The racuum sVvstem usges only 3 nincs

Of water per flush racher than the conventional 4-6 sallons per lush. Beczusze af che

feduced volume of liquid, the sewage is collected in

2 holding tank and LIZnsou roed

to an existing treatment plantc,

nty
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IN-LAKE MANAGEMENT HETHODS

CONTROL OF MACROPHYTES AND HICROFHYTES BY HARVESTING
REDUCTION OF MOTOR BOAT USE

CHEMICAL INACTIVATION OF NUTRIENTS

CHEMICAL CONTROL VIA ALGICIDES AND HERBICIDES

LAKE BOTTOHM SEALING

DRAYDOWN

BIOLOGICAL METHODS
a. Herbivorous fish

b. Biomanipulation
DILUTION

AERATION AND MIXING OF WATER

DREDGING



MACROPHYTE HAKVESTING

Aquatic plant harvesting is a videly used technique for Za-lake

management in lakes or bays with excessive 'ocal plant growths.

It involves three stages to be at maximum efficiency.

L. Cutting

2. Colleccing

3

Harvesting machines effective out to the 5 foor
contour line both harvest and collect plancs togecther
with a portion of the rootad mass.

Disposal

A. Front-end loader and dump truck handle the disposal

process. Disposal can become difficuic, however,
vhken submersed aquatic plants approach 7 zons/acre
wet weight and contzin 3.2 lbs./acre phosphorous.
(MacKenthun 2nd Ingram) Large areas sre needed for
disposal and Plymouth has ample sand ::nes znd send
bank erosion areas which could benefic Zrom soreading
of the harvested material.

ADVANTAGES

The primary advantage is that it is an ecologicall,

elegent solution to nuisance planc controi. Nucrieacs

are removed from the aquatic ecosvstem and .re not racvclieu
through bacterial decomposition oI dead mac-er. Further
growth may become impaireg or even limited by the removal
of macro-nutriencs (phosphacas, nitrates, rs.roonm, <«cCc.)

No chemicals are added tc the 2ou..Cic cavironmenc.

do'closing' of the lake.

A. Intervals of up to 2 weeks .ice DeEessary wic,,

chemical application.

No lowering of dissolved oxygen.

Controls all species
A. Chemicals have resiscanc spacies nrosiem.

build-up of detritus.

-y -
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QISADVANTACES

L. Cosc: $300 per acre was average cost in State '70
nTozram.  Towns must also assume cost of c¢isposal.

ha

Zffective only to depth of 5 feec.

3. Does rot harvest all roots.
4. Manv aguatic plants reproduce by rhizome as well
as seed and root.
et

The aquatic plant harvesting program is recommended for ﬁittle Herring

Zond, not only for the above advantages but also because most disadvantages

are overcome by the physical characteristics of Little Herring irseis:

Shere flusa time

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

Depth

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

Relativelvy smooth bSottoo

A. There 2re no stumps or debris such as 1is prevalent in
an artificial systen.

#. The target species is susceptible to efijicient harvesting.

Disposal

A. Dune stabilization
8. Erosion control

Recreation
~n. Lake is immediatelv zvailable for recreation.
Rental Cost:

1980 state bid average cost $5250/acre.

A. Town attends to discosal.

OCGE  Eutrophicaction and ~quatic Yegetation Conctrol drogram

‘lachine Furchase:

Small Cheb - 312,9C0
Trailer 1,250
Cabable of I - 2 acres/dav, 2 man crev, mopual operatiorn
H-460 $28,000
Z - 4 acres per day, | man crew, hydraulic zsrceration
aguamarine Corp. ‘Vauliesia, Wisc.



"In this lake the technique of harvesting {s not considered prectical
et this time".



Restriction of Motor Boat Use

The Environmental Protection Agency and Massachusetts Resources
Commuission have conducted recent 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 cutboard manufacturers have included a

Tecycling device to reduce discharge or unused gasoline
and oil.

B. Older engines manufactured before 1972 release as high
as 50L unburned fuel mixtures.

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

l. There is no significant adverse aquatic life impact.

2. Most volatile aromatic constituents of gasoline and oil
evaporate.

3. Some non-volatiles persist but are decomposed by. bacteria.

Host of the data gather by these studies indicates no firm support for

either complete restriction, or size restriction.Littlé Herringis a

recreational lake and hence, widely used for fishing and boating - to
use restrictive measures might put an unnecessary burden on both the
Town and lake inhabitants. New engine designs coupled with looming

petroleum shortages might solve the problem without added procedures.

As nev data becomes available, perhaps then, a new approach may precipitate;

other eutrophic causes are ma jor, this at present is minor.



NUTRIZNT INACTIVATION

This method can be used to remove nutrients thar are essential

for plant or algae

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

many activators that are used for a variety of reasoas, such

‘iron, ion exchange resins, polyelectrolytes, fly-ash,

Aluminum and iron salts can be added directly to. the

from the lake water and carry it to che sedimencts.

The state will encourage the chemical inactivation of essancial

water column if:

L. Only a small watershed is involved.

2. The lake has a relatively long recention

ece.,

as, aluminum, alum,

lake to remove pnosphorous

time (over .3 year)

3. Total phosphorous in water exceeds .03 mg/l

4. Sediments regenerate enough nutrients to
excessive algal growch.

5. When nuctrient loading from the watershed
promote eutrophic conditions in the pond
of intermal nutrient loading.

In ectivation of phosphorus release from sediments

promoCe moderate to

is nat suffic

ien
without che conc

H n

EQ
ibu

with aluminum salts

-
[

nutrients in

-
f5 &

appears to be a successful technique for lowering phosphorus concentration

to levels limiting to algal growth when used {n conjunction with a program

the

to manage phosphorus income from the watershed. The technique has a longevity

of at least 5 - 6 years and there are no known deleteriocus 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 plafin

EPA 625/2 BO 25 Restoration of Hedical Lake - Washington



Little Herring

Nutrient Inactivation

Due to its short retention time, the end result of this technique would
not solve the basic problem. Long term effectiveness would be limited by

continual nutrient input.



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°c (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).



LAKE BOTTOM SEALING

physically retarding exchange, or by increasing the capacity of surface

sediments to hold nutriencs,

Lake bottom sealing covers can have additional advantages such asg:
l. Elimination of suitable substrates.
2. Erosion control by bottom stabilization,
3. Minimization of water lossg by infiltration, ‘

A recent effort hasg been in Thirty-Acre EFond, Brockton, Massachusetts,
where thig technique has been applied as a;éorrective measure, The
short-term effect of this technique seems to be desirable, however, long-

range effects have still to be evaluated,
Preclude the pPossibility of gstate participation in such a Project, The -

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

3. If shallow area 15 being considered (littoral zone - less
than 5 feet.)

4. If considerable Broundwater seepage does not occur.

Cenerally, the state prefers chemical sealants over physical.



Physical sealants:
Plastic Sheecing

1. perforated

2. non-perforated

Rubber liners

Chemical seatants:

Clays
Zeolites

Flyash



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
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 susceptible species are present and where rigorous

conditions or dry, cold or heat can be achieved for 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 consclidate 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.

Little Herring is 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. With few
exceptions, such as insect control of alligatorweed, biological control
organisms are being viewed by aquatic scientists with caution since the
introduction 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 attempfing 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 interactions.

l. 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 or

another.)

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

#ay use of biological control methods must be approved by tue Divisioa of Fish
and Wildlife. The use of biologiczl controls on excessive growtihs -1 zalpg2e .nd
macropiiyces has not been developed to the point where any pocentially effective

agents are likely to be found in the near future.



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 important 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.
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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 alligatorweed.



DILUTION

Dilution is a process whereby eutrophic lake water is replaced by water
lower in nutrients. A lake can be flushed out 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:

l. 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:
1. No significant source of nutrient-free water available.

2. Will not affect basic problems of nutrient influx from point
and non-point sources.




AERATTION

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. Yhere 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 high).

3. When an increase in hypolimnetic oxvgen will significantly
decrease the loss of nutrients from sediments in the water

column and internal nutrient loading is an important

contributing to the occurrence of planktonic algal blooms.

Little Herring has high enough DO readings throughout productive season.
Being nonstratified and having a large surface area, natural causes, wind

and sun, would be enough to maintain high DO rates. 1In the winter, the

northern end remains ice free because of heavy aquifer action. At present

this technique is not to be considered.



DREDGING

Dredging removes nutrient 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 of 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 wacter mass and furnish food for a new crop of organic growth. However,

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

The state encourages dredging if:
L. Nutrient loading is not from external sources.
2. Removing substrate would promote plant growth.
3. Sediments are important source of nutrients.
4. No toxic sediments are released during dredging.
5. Dredging will not increase water turbidity.
6. Dredged areas are less than 15 feet deep.
7. Does not affect downstream wetlands.

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

Some’ problems encountered in dredging:
l. Nucrient content does not change drastically.
2. A possible resulcing shift from rooced planzs to algae.

3. The buffering capacity of a lade to external changes {n nutrieac
loadings may be lowered.



4. Resuspension of fine particle and plant nutrients.
5. Toxic substnaces may be released in water color.

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

7. Disposal site - discharge problems

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

This project was funded under 314,

Before such a costly, chancey method is used, the nore positive, lcng-
range efforts should be put into effect, combined with in-lake methods

as recommended in this report.




ENVIRONHENTAL IMPACT

Land Use

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

Physical
lo construction other than sediment basins.
Air Guality

llo effect,

-llydrology

Ho effect, no diversion, dredging or construction.

Aquatic Life

Fish or aquatic organisms - no adverse effect, possible beneficial
effects.

Cultural Impact
None.
Zcononic Environment
Mone.
lesource Impact
lione.
Energy Use
Hot applicable.
Social Environment
Deneficial, better water quality
Oisplacement of People

Ho.



anges in Noise Levels
None.

ect on Flood Plain, Management or Wetlands

None.

None.

ible Alternatives to Proposed Project

Hone.

r Necessary Mitigative Measures
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Ehe project adversely a
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ffect short term or long te

nt air quality? el T e

Project be located in flood piain?

6 e e 00 eess

Nb.
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Little Herring
Management Plans
Time Schedule
Any programs implemented on Little Herring will be directly managed by the

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

The voluntary pPhosphate 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

Updating faulty septic systems 1985-86

Zoning laws should be updated to include aquifer protection

Pollution laws revised and updated to include nutrient concentration




Little Herring

The main aquifer input is normal in natural nutrient content. However,
in the layers of lesser volume, the readings can be high under certain conditions,
causing a natural eutrophication acceleration.

Previous studies indicate that in some instances, principal sources of
phosphorus could be from vegatation decomposition, rather that the agriculture
fertilization impact. The upper vally, at the north end of Little Herring Pond
is a natural amphitheater of about 50 acres. In this area was previous
agriculture activities, long since vanished. This plus the natural valleys,
accumulation of centuries of vegatation, all natural, all seasonal, all decomposing
would lead to an accumulation of highnutrient readings in the semi-impermiable
soild located above the out wash strata.

Another factor at work was erosion. This took place on the steep sides of
this upper valley. This, no doubt was an added contributing factor.

The relatively high phosphorus readings in Little Herring reflect this admixture
through the upper layers and the main volume fesder. Not a cultural influx,
but a natural influx caused by natural characteristics (excepting the 5 acres
of discontinued cranberry bogs). The main aquifer was clean, but outside forces
were at work, natural forces causing natural eutrophication.

A cross section of soil frofile in the upper valley showed a semi-impervious
layer of clay and fine silt present at 25 feet. At 20 feet there was another layer
of impermeability, though of lesser degree. All layers had a low volume of
groundwater. These layers deflect the nutrients from vertical to lateral
movement towards Little Herring Pond. A good example of natural nutrient influx.
(Lyons Skwarto groundwater study).

The aquifer must be protected by long-range control techniques, controlling
nutrient influx and by watershed management control procedures, as previously
set forth.

Little Herring Pond is situated in the east center of the Wareham outwash
plain in a relatively isolated position. It is a natural pond primarily aquifer
feed, situated in a carver soil deposit. Due to its isolated position, this pond
has not fully undergone a cultural shock impact, other than a handfull of houses
and about 6 acres of bog cultivation, it is in its natural state. The
recommendations £iven can be taken as preventative medicine.

The basic s6il series, the carver series, is the nub of the problem. If the
8oll series were different, the problem would more than likely be within a 100
feet of the shoreline. However, in view of future development, a broader range
of recommendations and long-range zoning programs are strongly recommended, in
order to cover the potential broad spectrum of contributing non-point sources.
It is not physically possible for the soil series to tie up, ionically, any
appreciable amount of non-point loading.

Zoning and percolation tests should be upgraded to the New Hampshire Lakes
Region Planning Commission level. Use the state of Maine soil evaluation
concept. Use Maine and New Hampshire setbacks with lot sizes bases on soil and
groundwater criteria. The steep slope of Little Herring must always be kept in




mind as to future development.

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

 Long Pond Road: Stormwater run-off problems can be solved by initiating
catch basins, recharge basins and sediment basins, all of which can be designed
and implemented by local DPW's and engineers.

Water saving devices should be used both as a conservation saving method
and for aquifer and pond protection.

This report has ennumerated counter pollution measures such as voluntary
"ban of high phosphate detergents. This is considered a very important step
in counteracting ground and open water pollution. It is inexpensive and
effective. This could eliminate 50% of the phosphorus input from domestic
sewage or about .8mg of phosphorus per capita per year. The only cost would
be ads in newspapers, radio, or any source at the commission's disposal.

The main thrust of all corrective measures is aimed at future protection
of Little Herring Pond.
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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 amended general laws

Chapter 40, Section 5 and Chapter 111, SF

(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.



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 solely
on in-lake activities to ameliorate the symptoms of lake degradation with-
out attacking {t'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 ILevel drawdown, while lakes which have excessive algae may respond
to dilutionlflushing, nutrient inactivation or aeration. In some cases

a4 combination of procedures may prove to be most beneficial.

2. VWhen matefial accumulated in the lake constitutes a significant
source of pollutants which ig 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 Lreatment.,
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Avelslunce programe In accordasnce with OUD Clroular Ho.
A-111., FY BO eglimalod obligatlons are $7,703,000,

Stale sgunclus danlgnated by the governor or the chlef
oxucullvuy offlcor by onw of the ataleu, Lhe Dislrict of
Culwmbla or any of the U.8. territorles or PoRsBuE lune
which huw been 1jsted by the EP) adalnlutrator as requlr-
Ing an undoerground Injuctlon control prograw arae ellglible
for funding under this program.

Fruspplicutlon coordinatlion with lﬂvqovﬂnspc ruglonal ¥
offlcuy la rocosmmunded, Grant appllcatlons sre submltted
to Lhe swpproprinte Fia reglonal adoinletrator, Appllea-~
tlonu wre wubjuct tn wtate and areawlde clearinghouse

rovivw, Approval ur disspproval {me lu approximalaly
45 dayase,

Contlaet: Appllicants should contact the approprinla Epa
reglonnl offlce for Informut lon Goncernlng thiu program,

6. Sulld and Muzardous Wuste Henugomunt Program Su art
Oranta, "Formula grants and vqohanm grants are avallabls to
28858t 10 the developmenl and Implementat fon of salule and
loeal programww and supporl rural apd spsclal cownunitive |n
Programe and projucle leading Lo tLhe solutlon of wnlld
waulo menagemunt Problemy. Asslalanco inaludua support

of fauclllty planning, foaeibll Ity nn:;-c-. expert consul-
tatlun, wurveys and analyslu of markul nuedy, markotlng of
recovurud resourcew, technnloygy aasensment, lugu) sxpunsuae,
wunwlrucl log foauilllfty studles, source hreparullon pro-
Jecele, and flgual or econocule —:cclp_:-nucz or studlus,
Funde muy bo ysod by spuclal) Cummunlt low fo'r converulon,
Improvemunt or conwolldstlon of vxlullng anlid wvasle dlg-
oval fuellitlow ap tor conutruct jon of now facllitlas,
Anvlutluncu Iy ulwo avalluble Lo luw populat lon munlelpul-
Itlew for clowlng nr upgruding Oxlullng opun dumpu oy

Fodorul Yator Pollutlon Control acg, Thls program v con-
sldorod wultable for Jolnt funding with closoly rolatwed
fedoral financlal assintancs Programs In sccordunce witlh
Oud Circulur HNo, A-111, The federal aliare of a projuct
muy bo up to 75 percont ulthough 100 purcent may bLs funded
for conducting Inventories of opon dumpe. Fluanclal auala-
lance has ringud from $71,500 to $1,318,300 wilth an aver-
age of $260,000, Fy go sullmated obligations are

$86, 050, o0n, Btate and subutate. solld wuale ngencles,
sulhorities and organizatlons In all gty the Dlatrict
of Columbla, Puerto Mlcu, the Virgin Ielands, Guam, Amur|-

can- Bamon, and the Marlane Talands are eligible for funding
under this projoat.

4=o-n-=anan- vu“n-n_oanawua furnlshed by the syoncy are
raquired for —ﬂuo pProgrum. Preapplicatiohs for rosource
conservation and rucovery projeots are sollclted In the
Commerce Nuslinesw Daily and evaluated with publiahed cri-
terla, Ruquests for applicatlon forms and compleled applt-
catlunas are sulmitted to the appropriate Epg reglonal
grante admlnletration olfice, The slatf at the sppropriate
offlce lg avallablo to aaslut jig Preparatlion of the appll-
catlon. Appllicatlione tre subjectsd to adalnletrative

n lo deteymine adequacy In relation to grant regu-
and to technlcal and program evaluatlon, Appraval
or diuapproval tlmy ranges from 30 to 90 daya depending
upén the type of applicatlon, Applicationu are subject to
slate and arsawide clearinghouse teview, Environwental
lupact amvessmonty may be required for lmplemuntallon pro-
Jocts Involving major construction or slting,

Contact: Information may be nbtained from the appropriate
EPA reylonal adulnlsetrator,

a. 8olld Yasty Mupw enunt Dumonslralion Orante, Project
grants are avalluble fo promote the demonstation and appl)-
outlon of sulid waste mansgement and rescurce recovery
technology und asvletancs which pPresurve and onhance llo
quality of Lhe environmenl and conuerve resources and to
conducl sulld waule managemunt and regource recovery asludlus

financial ssslutance Programe In mccordunce with OuD Qfp-
cular Ho, A-1)1. Nusourco recoveary syslunm dewonstrat]on
I'rojecls muy Lo funded up to 76 peraent Ly this federa]
brogrum, Cunelrucllon of AYY or lmproved 80l ld wnatle
divposul favllllles sorving an arwa of vnly ono muniey-
Pality may Le funded up to B0 porcont or eligible project
tonlu, or 76 percont In any othur caRua,

Hiule, Intorgluto, munlelpal, hspcw!zz_nuv-_.

or olher
nublle puthorit ey and wgeonolug ary avall

ablo far the var|-




oue cumpunenly of (hjw pProgrum, In addlition, publly ur
rrivele colleges and unlvursltiey and Privale nonprofli
'ggnelou wnd Inetltutfons aro avallublo for the resource :
recovury ayslowy demonstratfon proJecte or for the con-
slruction of new or Improvaod solld wuulu dlspoval fugll-
Itluw, ALl @tales, Lho Districl of Columbla, Puerio Iilco,
Lhy Virgin luland + Ounm, Anmuricun 8amow, and the northern
Harfuna lulandy are eliglble for anvlutunae under thig
Progrum,

Jtundard application forws are furnished by thn agency

for Uhis program, Nequastw for application formw and com-
Pletod applicatlons are subnltted Lo Llhe Envirommunta}
Prutuctlion Aguncy, Orants M=ulnlatratjon Divlslon, Appll-
culluny ary wubJect Lo stale and areawlde clearinghoune
roviow, Ap onvironmuntal Impact amesssemont is requirud
unly fyr wy jor demuonatration and construgtlion projects,
Approval op dleapproval time Rormally tukes 00 duys,

Contact ; Information may bo obla{ned from the approprinte
EPA ruglonul nlflce, . '

OFFILCE OF NEYEANCH AN) DEVELOPMENT

| [ Environmental Protectlen -
Prujecl ¢granls arg avalla
Fewearch Lo delermins Lthe environmenlal elfeclw and control
roqulrumunts assoclatud with enargy, to fdontiry, develop
snd dembntrugg necosuary pollutlan aontrul teuhnlnguow and
Lo uvalusty Lhe oconvinle and wocelal convunquencau o m_weft
nul vey ulraloglow for rollution cantrol of energy ayatoms,
Orants may alyo Le used Lo ex lore and duvalop straluglos
sud wuchantsmy for those In the Sconvrle, soclal, govern-
munlal, ane onvironmantal yutoms Lo uwe In envivonuental
Billugument,  Thly Program le sultable for Julnt funding
willh clugely related fedora} Iluanclal asulatance Progrumy
In securdunce wilh Qup Clreular Ho, A-111, ProjJeclu muut

be coul wharyd at 8 mlnlaws of & percwnl. Financlal wyufa-

tance haw ranged frow $1,000 to 31,816,660, py 79 Average
[lnuncial svulutance way $08,304., ry B0 oullmalod obliga-
Llonw are $20,800,000 for granlu,  This program Ja avall-

alle for publle and private wlate unlvursltley un( collogaes,
nézthﬁ-_g. _-rcﬁppaﬂ_:u. atele and locul) kovurnmunt dupart-

munlae, other publle op private nonprofly _=:—.~:p_c=¢. and

Individualy who have domonulrat ey unuwuully hjgl velunt | f]e

-rh__ﬁ*. | O ™ avallallla (o cach -p:ﬂe. —anh_Cqu and

PUuNsunslon of Ly Unilod Btatew Ineluding (e Dlutrlct or
Coluwbiy,

11c=t:__c-__c= dlucusulong wilh Lhe ppap Brogrum offfce Jy
sdviuahly, Blundurd appllestlon fopmy musl Lo yuod,
Nuiuugtly pyp spplicatian foran and complul gy appllcatlouny

Cansol lduted Neswvarch (Oronte,
& program to support

muul bo Bubmittod. Ly the EPA Urantn Adulnluvtrullng Diviwle
An unvlronwontal lmpuct REGowNmonl |g roqulred, Approval
or dluspproval normally Lakes gQ days,

Contuct: Individuslas are oncouraged Lo coummunicaty with
the wppropriate EP4 roglounal off{ge, Yor informaljon on
grant applications wund procedurea, conlact tle Envlronmant
Proleat Jon Agency, Grants Mdmlnlatratjon Unquzhca. Pu-218,
¢-u=_:u~¢=. D.c; 30400, For Program _nnnnl-nhaa. cunlact
Ltho Environmontal Protectlon Agoncy, Offlee o lewonrch ap
U¢<c—0tza:". nn-074, npz:panncz. D.C, 204@0, (202) 786-
8787,

2. Solld vaste cmuuonnu Nosenrch @ Project grante
are avallahls g promate an ® coordinallon of

rowesroh and devolp aent In the ares of colluctlon, olorag
cp.-_u-—hcc. and :-ﬂ

The program g consldervd sultable for joint fundling with
closoly reluted fodoral finanotial anslaslanne Programas |n
tccordance with Qup Clroular No, A-111.,  Thuue grante
requlre a minlmuy of & percent gost sharing, Flnanclal
suslgtance hus ranged from $16,000 ty $359,000 wit)y 4p
8stllmated Average In ¥Y 79 of $80,000, §y 80 eulimaley
obligatlons are $3,500, 000 for grantas,

The program la avallable tg publilc or prlvate sgencles;
publia, Private, asilate unlversitles sng Colleges: alaje
and Jocal guvurnmantse; apd Individuale in each State, teryp|

noq<-== PouBsueslon of Lhe u.s, Including e Dlatriul or
Columbia, ,

Preapplical ton discusslon wit)
Noquusta fo, requirud standard
plelad appllcullona mugt be ay
Adminfutrallon Divislon, an envlrunmen
wmount |g requlroed, Tle range of approy
timo Is po days,

Lho ippropriute EpPj reglonal olffce, Information concern-
ing grant upplicutions angd Proceduroa may Lo obtalney from
Environmontsl Protect Jon Agoncy, Oranta »nhma_-—w-p_c=
Divialun, PU-d10, Yanhlinglon, D.c, 20400, Program Infor-
mutlon may Le ublalned frpm the n:<_wc=la=p-u Protectlon
Agonay, Offlcu ol llesunrch and Dovelopmant, RD-874, wagh-
h:u—az. D.iC. wc;ma. (203) T65-8787,

3. VWaler Pollutfon Cantyp] Roseuruh Dovelopmunt an
Domunnlratlon rania, roJect grante arg avalla T
ﬁmﬁﬂlﬁﬁcnwnnlﬂo BUPport and promote Lhe courdinat jon and
acaolerat (4n of resenrch, nueu_oﬁs°=~. and ;aﬂ&::"ug_hou
pProjuclu reluting 1o thae CRugus, vilacty, exlent, =q¢(a=-




Uon, ruoductlon, und elimination of water pollution, Tha
progrum lu conwldured sullable for Jolnt funding with
clowvly ruluted fodwral Iinanoial asululance Progrems in

stBordunce with OMB Clroular Ho., 4-111, Orenty under cer- :

taln suctlons of this prograw requlire & minluwum of & per-
cunl cosl sharing, whilo the rewuinder vequire 36 percent
cowt wharlng, MNeweurch grante have rangod from $1,000 to
$772,012 (n PY 78 and 79 wilh an averagu iIn FY 710 of
$01,710 and o pProjeuted avevage for FY BO of $76, 000,
Dumonuleation grants have ranged from $37,500 (o $0,600, 000
In FY 78 wnd 70 with an Bverage of 3111,330 Iu FY 70, FY
80 projeclod domonslration graul average {s $100,000, py
80 vutlimalud obligstivns are $17,608,000 for research and
dowwnutrat lon gErants,

Thlu program fu avallable to publlic, private, stale and

“omauully universlty and colleges, lwspitals, laboratorlus,

“lulo walor pollution conlrul sgencivy, Inlerslatle ugencloa,

Ulale and loesl govurnments, other publjy or private non-

profllL n:a:n_.-.‘-zcﬁ_pcp_oac. and organizallons In wyoh o
“lale and all tarritories and possveslons uf the Unitad =2
Stulow Including the Dlsirict ot Columbia. Orantg may bes

awarded Lo Individuals who bave demunsiraled unusually hLign
wclantlific abllity., GQrants under certalns wvctlonw of Lhilu

Prugrum may be awarded Lo proflt-making orgualzalionns,

Proapplivatlon dlacusalon with the El'A Prougram Offlcs Ju
sdvivable, llequastn for the requlred atandard application
formu and completed applicationa miat be wulmitiad to the
Environmantal Protuction Aguncy Qrantg ddalniulration
Divislon, Demonatral ion gvant applicationa are subjaat

lo stale and areawlde n—c-q_=-=o=-n;q-<_a¢. An environ-
manlal lwpact ausvsnment ls required for this program,
Nange of spproval nr dlsapproval timo ls 80 days,

Cuntact: Individusls are onnouruged in communlonle wilth
sppruprlele EPA ruglonsl offlce. Information concerning
grant upplicallions and procudures muy be ublninod frow

the Envirenmental Protectjun Aguncy, Orante Adwinistratlon
Divieioa, ru-21a, Yaeulngtun, D,C, 20400, Program Infur-
sullon may Le wblatnaed [vom the Environmunte) Praotuct lon
Agency, Offlece of Nosuarch Progrum Vanugumunt, HL-874,
Yuublngton, D.C, 20460, (202) 785-8787, .

Orrice op PLANHING aND MANAUBMENT

1. lnun Uusruntoes for Conwlructjon o Treatment Worky,
Gusrsatend/Tnsurod Joars are ava *-rnohﬂmlunc_nﬂ and surve
AU an Incunllyy nauooacnqch_oz of munlclipal Suwuge Lruul-
munl worky which are roqulred to must wiaste end fudura)
wuler quulity standarda., The Program lu deslgned to [pnure
Lhat Inabllily to lurrow wacunvary fundu from olher Holurceoo

on rouwonublo luerws dooy oot .pruvent the Cunslructlion of s
wastowalur treatweng| works for whieh a grant has Loun or
wlll be awarded, dpplications for luas guursnleew willl Le
Halpod to finuncing certaln portlons of the ellgluly and

Allowsble locul sharo o
wator trontmept works,
Fadural Flnanclnyg Dank,

A utuie, Interwtate agancy, sunlclpalily, or ap Inter-
munleipal agency which hag applied for a constructlon grant
undor Title IT of Lhe Clean Yatur Act op which has comm)t-
tad ltuelt to flnenca Lhe local share of any project for
which a grant hag been awarded or for which an application
is belng proceusay are wliglble for funde under Lhle pro-

slon of Lhe Unlted Blutos Including Lhe Dletrict o Colus-

Prebpplicatlion conuyltas
lonul Cunutruction Gran
lu reavamonded, Applic
Bguncy to Lhe appropria
charged fur procesuing
of & comallmont to guar
proved by Lhe EPA sdmin
wlll ba lusucd to the [

‘Perses funds,

Contact; Coutact the a
ElA for lnformatlon con
Protuelfon Agoncy, Qran
Vawhlnglon, D.C, 204400,

I a grant ncq.ha=unu=n«_ce of waule-
EPA guarantees the luan from Lho

lo euch stato, territory und puesew-

tloa with Lhe Appropriste EPA llug-
s and Grant Admlalaleation Offlcuy
ation i3 made through the staty

te RPA reylonal office, Faeo sre
of the applleation end for lesusune
entee, If Lho application g ap=-
Iatrutor, luan guaranteed contracts
vderal financling offlce which dlu-

rpropriate reglons} office of the

cernlng this program or Envivonmenta:
ts Administratiog Divislon, Pu-210,
(203) 786-0880,




STATE/LDCAL PROGRAMS
STATE LEVELT MARYLAND
DEPAINIMENT OF NATURAL RESOUNCES

Yulur lludourcos Adminlstration

_.c_:z:rnrcc vqcnnni wancﬁ-ﬁw. Ho aguency hew been off|-
clully dosTgnated to adalnlator 314 Cloun Lskes spplications
sud 314 Clean Lakes greants from the Environmental Proteatlaon
Agvncy. The Water Nssourcuo ddwlulutration how boen Involyed
wilh 208 Plannluyg and sowo of the 203 Raglunal Planning Cuw--
wlowlonw huve applied for and vrocelved 314 Cluen Lakus fund-
Ing. At the prewsent timo, the local project spousor la re-
qulred tu provide matching monles,

Contuct: Muryland Departmont of Haturul Rewources, Water
Muenurcen Adulnlslrution, Tuwus Btale Orfice Dulldlog,
Annapulle, Usryland 21401, (201) 200-2224,

3. Prugrum Opun 3psce, Tho Dupariment of Hatursl Nesourceu
vrovidua TTnancls] wes eluncy In thoe form of grants (formula
allotmuntl) to laocal govoromental uwnits for tho dovelapmant
of park and rucrostionul facilitien, MNalf! Lho wonluoy ry-
¢vlvod by Lhe louual coamunlty may be used for land acqulul-
tlon sud half for rucrentlonal development, A 251 malel In
reyulrud of thoe loeal 8ponuor on the purtlon that appllow

to rucruntlonal development. Mo mulch is Fagqulred on the
portion for Jand acygulelitlon,

Conluct: Apprupriate county offlev or Uuryland Dupartmant
ol Hutural lvsvurces, Progrum Opun 8pacu, Tawaw Bluto Off[ce
Bulldinyg, Annapolle, Marylund 21401,

HTATE UEPANTHENT OF HEALTH

| v ¥utur, leo wnd Suwurage vhmdﬂui. Thila prugrvem providew
grunts Lo countles mnd munlclpulltTou tor suwage nud contrnl
Ynurcu nydlum duvelopmont, WHonlos sru to bu used to provide

B mulohilng fundling for the fedural Buwugu Conslructlony
Orunlu Progruw {proJuctle muut quuellfly for feduru) wid),
The wiale wil] cowl whure 0% (Lhu olhur 601 tu bu providod
Ly the Jueal Hpunaor) ol Lhe nonfuderully fundoed portion of

Prujuet cusle oo u 7Y fodorwl grunl and 75L/254 (utulo/
lverl) un » BUL fudurul gErunt.

Comtuet:  Unryland Stule Depurtmunt of Huulth,

STATE/LOCAL PROGRAMS

STATE LEVEL: HASSACHUSEYTS .
DEPANTHENT OF ENYIDONMENTAL QUALITY ENGINEERING

Diviglon ot ¥atorwayn

1. Eutraphlcution sind ‘Hulaunco Aquatle Vegoutatlon Control
Program, ~ This program Tnvolven a preapplication and 1[aal
app wn-m_o: process {u order for g communlty te recelva.
funds for controlling a problea In tholr laky. Furmerly a
@lmple weod control progrem, this program now glvaw [lry
prlorlty to projocts which snek Lo solve the eutroplilcatlon
problem at Jta Sburce, The complute span of restoration
technlques arg eligible for tunding (about $130,000 avafl-
able stalowlde durlng FY 80), The usurl spplicant lu a elty
or town through Lhe board of @sslectmon, consorvatlon coumg-
slon, heallh departmsnt, ote. Thle program la expucted to
be tranaforred to the Divislon of Water Pullutlon Contrul

In order Lo consolldate and coordinate a1l lake funcilons
atuto-wida,

Contuct: :;n:-n:cuanan.c@t-wPSaan ol Eaviroumental Quallty
Englnoerluy, Dlviulan of Talerwayu, Roou 632, 100 Nuulus
8treot, Dualun, Hussachusaltta 02114, (617) 727-4707,

Diviwlon of Water Pollution Control (314 deslgnated ugoency)

1. Mussachussetts lLukes Program, Thle program umbodles the
slats’a vwn program, ctlvitTas tucludo statvwide luke

clawalfication studles, L_-qsaunnn|na-=hc—ﬁ_w1 vtudles,
waler asalulunce ruswvarch toum eurveys (WART atrikes), 314
cunvrdloatlon and project appllcation adulnistrutlon, 1lwne-
lugleul data publicatlon, stats projact priority llsting,
laka aenociatiag suslatance, coardination of fedural-state-
local lakw rohnblilitation elforta, aund relatud uctivit]ea,
luglulation presantly under review, If succosuful, would
provide up Lo $2,000,000 1y wtate matehling funds for 314
projJocts su woll um provide a [lrm loglulativey mandate for
admlnlsturvling a glutewldo lakes pProgram,

Coutact: Ussunchunotle Dupartmunt of Environmental Quality
Englneortng, Diviuton ur ¥ator l'ollutjon Control, P, 0. Dox
G646, Yusulborough, Hansuchusulls ol1s81, (817) 366-p181,

2. Aceuvlursiud Yutur Pollullon Canlrol Program Ch, 2
8ucty 3T ThTa prograim providus granis is publle entlitivn
represonting wevural munlelpalitivg fop roglons]l wewoge and

waler pollution abatowont plaunlng, Qrants Are unf to ex-
auved $16,000 por publle autity, .

Conluct: Mussuchusctly Dupartount of Envirommental Quality
Englovoring, Divislon of Yuter Pollullop Control, 110 Tre-
mont 8lruot, Noston, Haswsnchusylty 02108,

a8




. e ud _Dumanpirstlon Vrojoets vl Fuellitliou, The
W.<~m«mMFWwﬁwmﬂmq Pollullon Coutrol can provide tochnTan)
soglutunce wil yrant wid for sludlow wnd duwdnslretlon pro-
Juctu fuvoelving lunovullve wuys ol truablng szsns...>=ﬂw::
wilh wpproprluto ldens, lacluding consullenty, :=_<c~¢“ MY,
cguuunllloe, vte,, muy upply. $1,000,000 has boon suthur-
fzud for PY B8O, 1n tho pasul, thle prograwm providoed swmso
sulehing wonlew for tha 314 Closy lakes Vrogruw buforas cEMP
pheuls shlflod Lo Bowugu troutwout, ITL lu unllkaely thul
wlill bu waud Lo wmuleh 314 funds In Lhe fuluru,

Contuct: MHussuchusolls Dopsrimant of Envivonwontsl Quullty
Engluovaring, Diviwlon of ¥atur Pollullan Control, P, 0. Dox
646, Yuulborough, Mauguchunutts 01681,

408 lNlugloual Plawnlng Conwwluslons

The 208 duslignatad Noglonul Planning Comslsslons huve boen
utipuceinlly active in Mussachunotliuw and have coordinaled

thulr uiforts with thu Dupartment of Environmunial Quallty p
Englnovring Lo pruvide Inforwsllon on prlority lakes mud to

orgrnive publlc moetinge Lo lnvolve Lhe public in luke ras-

toerstlon plons und projecls.,

Contuct; locsl Plunning Offlee or Dapsrimunt of Environ-
wminlnl Quallty Buglneavinyg, 208 Plunnlug Divislon, 100
bridige Jirewt, Doston, Hsunschusalin 02)04,

EXECUTIYE OFFICE OF ENVIROUMENTAL AFFATILS

Dlviulun of Cunsuerval lon Hervicu

H.mz_qc:m_:1HthEwr%rc=ﬁ<_t—0=:nnc=n:ﬁ<-——a= Hurvinvo
providis yrants to Tunlclpul Consurvatlion Conalsulons Lo
cuver up b 503 of Lthe cosle of lund scqulultlon for pasulve
rourvatlonnl uso, Plling desdllne for appllcutions 1s
Auggust J1 oueh ysar, Only lund acqulultlon ecuslu aruv ull-

glblu und valy Uunlcipsl Consurvatlon Comalsulons why upply,

Contaul: Exuveutlive Offlce of Euvironamontsl Alfulvu, Divi- ’
slon of tonngrvatlon Serviea, Joha Yn)tonelahl Dullding,
100 Cvmbirlidge Ytruot, Bouton, Mewsuchudulls 02108,

4. Urhun 8ulf-llulp Pro vum,  The Divislon of Cousorvallon
BarvIre relmlivaos focul Purk sand Rucront lun Cowaluwlone of
munleipullition with s pupulutlon of grouler thun 38,000 foy
up to HOL of Lhe cowtn af land sequlslllon for park wnd
rucrout lunul rucllitlus, Only lund wequisitlion couts (ln-
cluding wpprulawls) are wllglble for rolmburnemunt, Appll-
callous uhould Le In by August 3i vieh yanr,  Thilu progron
Tu duv to vud In Junu 10EO butl oxtenvion of tho prugvam |u
Lalnyg reguostod,

Contuel: Exucutlve Offlev ol Lovivonmental Affulru, Div]-
wionw ol Connurvul lon Jurvive, Jul ultunutuhl Dultding,
100 Cuwdivlilgy Siraut, Movlon, Uusauchuygt un 02Ziuy,

:>mz;ﬁ::mﬁ1ﬂm CONGIEUS OF LAXE AMD 1'onn ASSOCTATIONS, IHC

The wajor wellvity of thoe Congruean
of lskes und ponde on evory [ront,
the purposes as follows:

ls Lo furwerd the cauwe
Thelr conutltution glatos

1, Tu porfors all aets approprlete to n nonprotflt,
gclontifle, lltorary, und oducatlonal eorporation dudi-
aated to the prowgtion and dovelopwant of vuvironwuntsl)
quallty stundards csuential for Ballulactory lifu
ulylea and conditions In the naturul cossaunlty,

4. To preserve the uesthatic, recreational, and com-
morclal values of lukew and lakeshorw prupertley
tbrough tho maintenance and lwprovemunt of wueh won-
vironmuntal factors as watershed eculogy, waler qual-
ity, lake watur levele, shoreline wovdland mansyowont,
agrlculiural solls practlcos, recrvatlonal and rosl-
doutlal Lulldlng standardu, and related Influeunces,
auch us walor snd boatling anfaty,

Durely one yuar vld, tho Congrovs is oaly Just Loglanluyg to
grow and voolinuously exparimente In lnnovatlve wiya Lo Lu-
cuma effoctlve for the vauve of lakes and ponde, As thelr
expurtlse lucrewves Lhe Congress should be sble to contrl-

bule woru and more to the witate und fodoral lske aefforts Iu
Maagachusotls.,

Contact; Massnchusutls Cungresu of Luke and Jond Assuciu-
tivus, Ine., I, 0, Dox 412, Weutmlinalor, Wussschuralle 01473,

STATE LEVELt HICIIGAN
DEPAITMENT OF NATUNAL NESOUNCES

Lund Resource Progrumy Divisglon

1., 314 n-o=:IHHWM¢ Pru rum (Foderal), The Depsyiwont of
Hatural Noeourceos ls Hmw mmﬂmn< cdlgnatod to "cn_a_nnrq the
J14 Clunn Lukuw Program; Thuy are ably to provide tuchuleal
udslatance Lo Juke busrdu (speclal dlsutrlctn twpowurod to
uuueua fur and unyage In aotivitlow roloted to Juke luprovo-
munt} concernlug In-lake pollution control moasures and
suglovoriug deslyn, Such nsulalunce may ald Jy providing an
In=%ind wuteh for foderally-fundud 314 Clusn Lakes projucty.

Conlucl! Michigun Dupartmant of Hatural lluwoureus, Land
lonource Progrima Llvliglon, Inluud Luke Munaguwmont Unit,

mrc<=:4.===c: Dl lding, lLanslnyg, Hlahigun 48020, (B17)
373-avuaq, '




The Clean Lakes Prodram

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

l. Classify publicly awned freshwater lakes according to tro-
phic condition;

2. Conduct diagnostic studies of specific publicly owned lakes, and
develop feasible pollution control and restoration praograms for
them; . o X

3. Implement lake restoration and pollution control projects.

Assistance is made available to the States through the EPA Regional
0f7icas in the form of coagperative agreementé. Because program funds are
1imited, and the numober of publicly owned lakes with present or potential
water quality problems is large, awards must be made salectively. Projects
Cchosan for funding are those which maximize public benefits. Such orojects
mest three general criteria. _

First, projected public benefits must be significant. A lake %tao be
Studied and restored or protected should be one which can provide beneficial
usas toc a large number of people.

Second, the water quality improvement must be long term, to insure
lasting benefits. EPA will not suppor: restoration measures which merely
dmelforatz symptoms of pollution in a laka. [nstead, the Agency emphasizes
¥atarshed management -- a comprehensive effort to identify and eliminata
Present or potemtial causas of lake watsr quality deterioration. Pollution
Is to te camtrolled at its source, not in the lake. When pollutant sourcas

‘_'_.__-__—-'__——-— !
ow known as the Clean Watar Ac= of 1977 (F.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 Should promote 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-
tion from domestic sewage. U.S. Department of Agriculture assistance is
available to farmers to implement agricultural pollution control measures,
_ sﬁpplementing Clean Lakes Program watershed management. Combining  water
quality management resources in this way enhances the effectiveness of

expenditures under any single program.




THE CLEAN LAKES PROGRAM

This section is summarizes the Clean Lakes Program -- j:s Tegislative .
basis, regulations, program descripticn, application procedures, and resylts

to date.

Legislative Basis

Section 314 of the Clean Watar Act 0¥ 1977 is the legislative basis

for the Clean Lakes Praogram.

SeC. 314..

(a) Each State shall prepare or establish, and submit to the Adminis-
trator for his approval -

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

State;

(2)  procedures, processas, and methods (including land usa
requirements), to control sourcés of pallution of such lakes:;

and

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

(b) The Administrator shall provide financial assistanca to Statas in
order to carry out methads and procedures approved by him under this
section. The Administrator shall provide financial assistance to Statas
to presare the {dentification and classification surveys requirsd in
subsection (a)(l) of this saction.

(e) (1) The amount granted tg any State for any fiscal yéar under
this secticn 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 saction. -

(2) There is autharized to be 2pprooriated $50,000,000 for
the fiscal year ending June 30, 1973; 5100,000,000 for the fiscz]
year 1974; $§150,000,000 for the Fiscal year 1§75; $50,000,000 for
the fiscal year 1977; 560,000,000 for the fiscal year 1978:
$60,000,000 for the fiscal year 1972; and $80,000,000 for the
fiscal year 1980 for qrants to Statas under this saction. Thesa
sums shall remain available unti] expended. The Administratcr
shall ‘provide for an equitable distribution of such sums to the
States with approved methods and proczdures under this saction.




Restriction oFf Awards

One of the ways in which the Clean Lakes Pregram will affact oui
coargination is by limiting award of Federal lake funds to 4reas that ar
2pplying an intagrated watarshed managyement approach. BaTore making 2
award, the Regional Administrator must detarmine chat any wactar pgallutio
contral measures in the lake's watarshed autchorized under saction 201
included in an approved 208 plan, or required by saction 402, have bee
ccmpletad or.are agroceeding an approval schedulas {40 CF: 35.163G-2(v)(2);

Goals

The goal of the Clean Lakes Program is to implement, through assis-
tance o the States, methods and procedures to control sources of pollution
to the Nation'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 established
¢ more specific goal for the 1980-1985 period. The goal is to protect at
least one lake whose water quality is suitiﬁle for contact recreation, or
to restore 2 degraded lake to that condition, within 25 miles of every major
population center. A population center, in this context, usually is a
Standard Hetfopoiitan Statistical Area (SMSA) as defined by the U.S. Bureay
of the Census. However, this definition will be applied with discretion in
selecting projects for funding. Some SMSAs are so populous that a single
clean lake would not be sufficient to mest user demand. Conversely, in SMSAs
near the ocean beaches, bays, large rivers, or the Great Lakes, there may be
little demand for lake protection or restoration.. In vacation and tourist
aredas 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 1lakes. More explicit
guidance on this aspect of project selection will be develaped, but the need

vor {lexibility will never be eliminated.

’
L




TECHNICAL AND FIMAMCIAL ASSISTANCZ PROGPAMS

As discussed in eariier sactions, the Clean Lakes °regram providas
up to 5100,000 per award and requires a 30 percent non-Federal share for
Phase 1 diagnostic-faasbeTfty studies. Phasa 2 awards are available for
pollution control and/or in-lake restoration methods; there is no specified
maximum, but they require a S0 percent non-federal share. Thus, significant
'ambunts aT money must be supplied by State, local or private sources. As a
general rule, Federal grant programs or other Federal monies cannot be uysad
to supply the State and local share; however, two exc2otions do exist. The
exceptians ars the General Revenue ‘Sharing Funds from the Department of the
Treasury and the Community Development B1lock Grants fram the Desartment of
Housing and Urban Oevelaopment, both of which may be used as a sart of the

Stata and local matching funds for the Clean Lakes Srogram.

’ Non-Faderal “atch

A number of Statas have sat up specff%& funded pragrams ta be uséd as
non-federal matching funds For the Clean Lakes Pregram. Others have araqrams
which, althaough not specifically designed for that purpese, could be used tg
provide the Tocal match (sae Table 11-1). Ia the Stata/Tocal section of the
matricas, in Tahle 11-2, under the “Federal Program Matched" column, the
phrase "314" (despotes Statas with funded programs specivically designed tg
match the Clean lakes funds and "214 possible," denotas Statas whers orcgram

tunds may aravide the match under certein conditions. Thirty-two Statas dc
Aot provide matching funds. Consaquenmtly, lacal units of dovernment muss

arovide all the matching funds For the Claan Lakas Program. However,
Stata tachnical and administrative dssistanc2 may be usad as an in-kind

match.

As can be seen in Tabia 11-2, -most Statas have indicatad that they
do provide tachnical assistancs which can be usad as. an in-xind match. Such
Stats sarvicss as water quality manitoring and installation of manitoring
equipment, laboratary servicas, and analvsis of data czaa and nheve been

’
’



used as the in-kind match. Thesa sarvicas can also be provided at the
local level and may include donated time and equipment from qualified loca]
sources. Specific reference to using in-kind servicss is made in the hyro-
thetical case in Section 12.0 of this manual.

Combination With Other Comolementary- Efforts

[n addition to providing direct matching funds, other proqrams at the
‘Fedaral, regioﬁal, and State levels can be coordinated with Clezan Lakes

projects by aroviding funds for activities that are .not directly a part of
the work funded under section 314. These are also summarized in Table 11-2.
As an example, the Clean Lakes Program regulatians specifically exclude costs
for controlling poimt sourcs discharges, where the sources can be alleviatad
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 coatrel of paint
sourca discharges is extremely important in the lake restoration procass, and
that where possible, this work should be coordinated with Clean Lakas orojects.
Thus, while references ta saction 201 programs are not included in the State
program sections of the matrix, it is important ta check with the appropriats
program offica to detarmine their applicability to Claan Lakes restoraticn.

Qther examples are recreational facilitfe; development nrograms, such
2s the Land and Water Conservatian Program under the Oenartment of the
[ntarior's Heritage Conservation and Recreation Servica. They may rnot bhe
usad to provide matching funds to a Clean Lakes praject, but activities
funded under them can greatly enhance the benefits obtainabia with Clezan
Lakes funds. Again, as with 201, no referencs appears in the matrix ta these
LANCON programs.

Oegartment of Agriculture graograms, especially in the Agriculturz!
Stabilization and Canservation Service, the Farmers Heme Administraticn, and
the Soil Consarvatioan Servica, are other examplas of funded arcgrams which
may be usad with the Clean Lakes Procgram. [t is imporzant to remember that

i applications for Clean Lzkes orojects proposing ccordination with ccher

] complementary activities will reczive more favorabla consideraticn Far

funding by Z2A.

’




STATES WITH PROGRAMS TO MATCH CLEAN LAKZS FUMNDS

Specifically
Desianed Procrams

Programs Applicable
Under Certain Conditions

Connecticut
Florida
Massachusetts®
Maine* .
Minnesota

New Jersey
Nerth Carolina
Orecon~*

Puerto Rico
Sauth Dakota
Washington**

Wisconsin

Arizona
Arkansas
Califarnia
Momtana
Nebraska
Rhode Island

*Oroposed.

P rogosed, Phase 2 only.



Sourzes of Additional InTormation

Written descriptions of Federal, regional, and State programs can he
found in Acpendix ¥ to this manual. The Federal programs are divided into
three sections: those providing financial assistance; those providing
technicatl, informational, or advisory services:; and those providing labor.
Programs providing financial assistance to be coordinated with the Clean
Lakes Program have been summarized in the matrices in this chapter. The
matricas indicatas the department, agency, and program identification; type of
assistance; tyne of orojects which are eligible for the funds; and tha
eligible recipients. This information, alonc with the total obligations for
Tiscal year 1980, average nroject size, and various appliéation information,
has been obtained from the Catalog of Federal Dcmestic Assistance (available
in major libraries, or may be purchased Frocm the Superintendent of Documents,
U.S. Government Printing Dffice). ‘hers necassary, the matrices have hean
supplemented by data obtained directly from frogram managers.

Two other Federal programs are not included in the matrix. but may be
usatul. The U.S. Army Corps of Engineers has a program whick is grimariiv
research-orientad, dealing with projects such as aquatic .plant contral, beach
erosion control, Tlood control, debris clearanca. and channei straigntening.
Tnis assistance is usually in the form of tachnical consulting and research
by Corps sersonnel.

The other Federal program which does not acpear in the matrix is the
General Services Administra<ion's Disposal of Federal Surolus Real and
Personal Property Programs. ‘This orogram srovides far the trapsfer ¢~
oraperty such as ahandoned military installations 7rem the Fedara] govermmen:
‘o elicible recipiants. The transter 1s usually on a specialized hasis and
depends on the location of the proposad project.

InTormation concerning State and ragional programs was obtzined
interviews with State and regional ofvicials. These oroarams ar

in Apoendix H, and oresented in the matricss in this section.

1Al




Constiluent

DOD (G-day) mg/l
Moolhly average:

Mazlmum day, or sample:

Collform MPN per 100 m]
Moothly average:

Meximum day, or sample: |

Dlssolred Oxygen
mg/l average:

% saluratlon;

pIl
Average!

Chlorldes, moz. mg/1
Fluorldes, mg/1

Phenolle compounds, mazx, me/1
Color, units

Turbidity, units

Excellent source of water
supply, requiring disinfection
only, ns treatment

0.76-1.6
1.0.3.0

50-100 .
Less than G% over 100

4.0-7.6
T76% or belter

0.0-8.5

60 or lezs
Tess than 1.5
None

0-20

0-10

RANGES OF PROMULGATED STANDARDS FOR RAW WATER SOURCES OF DOMESTIC WATER

(ood source of water supply,
requiring usual trealment such
as Altration and dislnfectlon

1.5-2.6
3.04.0

60-5,000

Lesa than 209 over 5,000

4.0-0.5
009% or belter

6.0-0.0
60-260
1.5-3.0
0.008

20-150
10-260

SUPPLY

Toor source of waler supply,
requiring speclal or nuxflinry
treatment and disinfection

v Over 2.0 .
Over 4.0

Orer 5,000
Tess Lhan 6% over 20,000

1.0

8.8-10.6

QOver 260

Over 3.0 t
Over 0,005

QOver 150

Over 260




g A (it o o o [ ey - |
COMPARISON OF CHEMICAL CONSTITUENTS IN THE DRINKING WATER STANDARDS OF THE
WORLD HEALTH ORGANIZATION AND THE U.S. PUBLIC HEALTH SERVICE
Conecenlrations In illlgrams Per Litcr .
WO Inlernational (1958) WIIO Buropcan (1967) U.8.P.11.8.7106G7)
Parmiziible Eecessive dazimum Recommended Tolcrance Recammended Mazimyn

Chemical Conatituent Limit Limiy Allowalble Limit Liwmit TAmit Allawalle
Alkyl henzene sulfonate________________ __ . — _— i == 0.6 =
Ammonia (NII,) B n. = - iz 0.6 = o -
Arnenle e e e = 0.2 o 0.2 0.01 0.0G
Barlum _____ S & =% - _— = 1.0
Cadminm e L = - o 0.05 . 0.01
Calelum e T 200 "y = - 5 -
Cnrbon chloroform extraet . _________ __ - s - . 02 o
Chlorlde e e e 200 000 = 360 - . 260 e
Chromlum 2.:..:.12.3 e gy - 0.06 - 0.05 o 0.05
Copper s 1.0 1.6 - ~3.0* . 1.0 -
Croolde B - 0.01 - 0.01 0.01 0.2
Fluoride et T — . 1.6 P 0.8-1,7¢ 1.0.3.47
Iron B i S i S e A e 0.8 1.0 - 0.1 i 0.3 .
Lawd oo e S 0.1 s 0.1 - 0.05 &
Mngneslum e wua DO 160 - 126¢¢ _— - - 2
Magneslum + Sodium sullale_._________ GO0 1000 @ s - - .. -
Mangonese _____________ A 0.1 0.6 e 0.1 - 0.06 .
Nllrate (as ZOL||..-|||,.|..||..u|||||| e — - 6O - 45 a
Oxygen, dirsolved (minlmum) __________ e i — 6.0 -t 2 e
Phenolle compounds (ns phenols) _______ 0.001 0.002 L 0.001 - 0.001 e
Belenlum e meee L — 0.05 _— 0.05 s 0.01
Bilver _______ e T == R SO — = - e o 0.05
Sullate e 200 400 _— 260 =2 260 Za
Tolal #ollds —eme e cceeicceaeee. BOO 1600 o 5 s Goo =
Zing e REp——————— G.0 16 - 6.0 = 6.0 .
" Aller 18 hours eonlacl with new plpes; bul waler eulerlng & dllrlbutlon syslem should lare less (han 0.05 mg/1 of copper,
** Il there are 250 me/1 of sullale present, magnesivm shauld nel eacted 30 mg/,
T Rernmmentled Hmilts and mazlmum alloweble eoncenlrallons tary lureisely wlih mean annual lemperslure, Bee lable B.1,




WATER DC_}.C:. OBJECTIVES AND MINIMUM TREATMENT REQUIREMENTS
Water Quallly Oblectives, Applicabls lo Recelvlng Walsrs, for Sall and Fresh Svrface Yalars ond Undergrovnd Walers

Waler quadil Flaall onded Tasle- or odor- Toxle, ealered, or Minimurs Faalment
t.:h _.FlTY Organisims of the & st -ﬂﬂe—oum. producing Dissalved sther ;_L-.-..ﬂ.i FPhensile High lamgerature roquiraments lor
+ eslferm proup & sludpe depanlis aubilancey axypea pH suhslances tampeunds on warles dametle sowaps
LR B Most prebable number | Noas stlributable Lo HNoas attslbulalle o Oresler than Bve | Ilydrogen los coo- | Nons alons et Ia Teos than ve (5) | None J.a_. In sufldenl quan- w.::las_.-c.i.. and
Wﬂﬂhmu HﬂMﬁﬂ.__..H. 332“ Leclerlal cons | sewags, Indusiral sewsge, lndustejal (8) parls per mil. .xﬂ:.: on ar- || combinalon wilk partls per Lilllon Liles alona o [s com. | afective disinlection
ARY & FOOD PRO- Lenlof s represeatalve | wasles of olher wasles | wasles oc olhar wasles | fion steepl for pressed as pll othar pybsls nces o bnatios with ather
CF33INQ sumber of saroples or whick ofler raason- underground should be mala- waales |n sulbclent whiles Lo _..F._r..q.
Withou! Lrealment ather | sboul| averags bou able dilulon & mlsture walary lained belween amouals or of such with Use use [nicatled
thas smple disiafection | Lhan 30 per 100 ml, wilh reotlving walers, §.5and 8.5 aalurg s Lo make
asd removal of aaturslly | In say monlh |aterfers witk tha beal recelviag waler un-
presesl lmpuriUes wee of Lheso walors lor sals of ynpullable
the purposs [ndicaled [ot uee lodiealed
’ (UB.P.I1B. Bids.)
B. WATER BUPPLY, | M.P.N. eolilorm bao- | Bama as for uss ¥A" HNona atldhutable b (realss than fye | Bama ar for usa Bame as for use A" | Lean than Gve (B) | Mons slone | Barms as for use "A™ Belimenlalion and
DRINKING, CULI- berla] eontlanl when vs- | above sewage, lnduatidal (5) parls per mil- | A" sbove sbors pasla per Hllica of In rom- | sbave efeelvs dimlnfeclon
NARY & FOOD FRO- | saclsled #ilh domenlis wasla, of olher wastes | liog exeept for blnatioa
CEBSING vawage of & ropreses- which, afler reasonable | yaderground with other
Wilh Lrealmgni squal Lo | Lalive aumber of sam- . dilution & mlslyre, walers vuhslanees
soaguls Uoa, emlimenla. nh. should average will [ncreass (g Lhogsh- of wasles as
Uon, fllation, didalre. than 3000 per 100 old edar number
Uoa ond say additioan) | mi, 1 '

mnay | ssmples graml
be subsliluled for 340 sled wilh
la platemeat of eoliform | Lic sewage (ses nols

ebjeetire undar “C7 sl left)
D. OROWTII & Coliform baclerin con- | Bama a for use “A" Hoar allribulabls to Qreatar Lhag ofx Barne 3 {or use Noaz alons or |a Bama as lor use Bame a3 for | Henaln ruBideal Bediroentalica for oll a
FROPACOATION OF bentolarepreaenlalive | above sewage, sduslefa] (8) parts per A" above eomblaalion wilh G abave uea HI" aalily sa Lo be fn- mea ynder thls group ’
FISH, SHELLFISH & | sumber of samples warles, or olher wanley -.c_%or_-~ olber subalances or above rious 1o o [nterfers | bul didaleslion to- *
OTNER AQUATIC sboyld sol have n which will Interfery . wasle lo sulicdesl with ths norma) preps- la sddjUen saly
Lire medinn conesa bratioa wilh the markelahility smounl of of pach galion of Bah, phollfeh, | U dischorged lola
uﬂ-r..__rr-..aﬁl ) or Uon of reo- ' sharngler o9 Lo make or olbor squalla Bfe - | walers woed for Lhe
et vl ol , oot Fapmirrvey EES i e e bt P gt g
0 grow pion S : ere ) | . | safe or wram . o oo
] -«-co-l.l-nfﬁ.dv. b | odible saquatls forme : S i f i | Toe uss Jadle ; llm-..fl—r.ilfco!'_
£ © B, AGRICULTURAL . | f ] Bama es for wes "A™ . | Neon sibribalabls ta | Orester thaa Wres | Hydrogen loa sos- | Bama o8 for pes "A" Nona In subficlant | Batne aa for | Bawa a5 for nes “A™ Bodimenlalion and
i . AND INDUSTRIAL . ; | ol above e sawags, Indusbrial . . mm g per - ‘esalrabion e3e o0 ) abore 7 i 1 | quantlly s te we "B" | sbove ofsslve disdnlocliog
; WATEZR BUPPLY - T R it waslen, or waslas ﬁ.-__ | prosmedaspll - 1 <1t | make reorlying ' | above 3 :
| Withesl boalmenles. |- - e ] ; .| which will ﬂl.l_ n o - | should be mala-: | ¢ : "] weler wasuitably ||
4 i orph fer Uba removal of : g g St Y aleed the mar -_-rm_:. : 2o} tadned balwosa : : for v lodionlad
! . valard leperdler o o mip R tural er fa- . TRy : T .
i ,,.llc__ilt. walily ro< predess ' ‘
L e S deel Ligh
) I way 1 ; i
] Hola: For agrieu]lurl
walar supply, mbally
ood eafioms banards pry
datornelned rﬁgtonc.{_s
eonsducitvity X
aad soclum adesrpiien - i
ruile B.”DH—W Walern 5
blgh In wlinily pad
% o gonerally ue-
wullable rlr.—m.-_.rl

i



ADDENDA

RECHARCE ARFAS
WEST GERMAN MODEL

Recharge Area - public wells

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

1.)

2.)

3.)

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

Less protection area
any bacteria deposited 1in 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

Sources

1.) Hydrological mapping
2.) Depth of water table
3.) Saturated thickness
4.) Seasonal fluctuation
5.) Cone of influence

Groundwater availability maps

Profesgional study

U.S. Hydrological Atlas.
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THENFFROGEN CYCLE IN SURFACE WATER
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LBs (Kgs) Nutriant in Lake

Nutrient Calculations

l Gal = 3.85 Liters x ppm

Mg/Gal.

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

453 590 Mg/l1b.
Ibs. in lake x .454 =

Flowing Streams

Kgs in lake

( Need gals. per sec. and ppm)

Cubic Meters

Kg/sec

Hg/Liter x (Gallons x .00378)

1000
Month

Sec's Day

Kg/sec x 86400 X

Conversion

Hectares

Acres x .405
Hectares x 2.741 = Acres

" ¥ 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 1bs,

lbs. x .454 = Kg

Yds. x .9144 = Meters

l Acre = 43,560

I Gal Hzo 8.345 lbs.

Il Cubic foot Hzo = 7.48 Gals.
" L " = 62.42 1bs.

2.719,041 1bs.

325,829 Gals.

1 Acre Foot

Inches x 2.54 cn.

ug/L = ppb = .00l ppm

= Kgfmo x 2.204€ = lbs/month

Factors
Flow
width w
X = Av Depth
L xY xWw = Cubic feet of inches/sec's
inches _ o r 7.48 Gals/cf = Gals./sec'
1725 = C.f. x A als/cf = Gals./sec
60
no. of sec's x Gals. = Gallons/minute
tlow
Culverts = use Robts computerization

\7 A
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METHCGDOLOGY

Hydraulic Parameters

dydraulic Residence Time = Theoretical tipe 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)



EVAPORATION
Methodology

-771 (1.465 - ,0186B) (.44 - .118W) (CB - CD)

E = Eveporation in inches in 24 hours

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

YW = 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

National Climatic Center

Ashville, N.C.

U.S. Weather Service

Evaporation is measured in the standard weather service type
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. Weather
Servive x .70

Lake evap.. inches = USWS x ,70




