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RUSSELL MILL POND

Using a modified trophic level index Russell Mill Pond ranks 2lst.

Russell Mill Pond is an artiﬁicial, warm water, tributary fed, non-stratified
pond with a maximum depth of 19 feet. Macrophyte population is dense in
about 50% of the pond. Floating aquatic plants cover about B acres with
medium population, all species representéd. Emersed aquatic plants are

heavy on some shores. Submersed aquatic plant growth is dense on 23 acres
with all species represented including cabomba, if there is a dominant species
it would be elodea. Heavy infestations of filamentous green and blue-green
algae is present in some areas. It ranked 17th on the plant trophic list.
Secchi disc reading of 7 feet ranked it 28th for this parameter. Of three
phosphate_samplings one was critical, the second was high, the third one
acceptable. Of three nitrate readings one was marginal while the other two

were within permissible limits.

Number of houses affecting pond: approximately 5
Cranberry bogs affecting pond: approximately 60 acres
This pond is rated eutrophic

Problem: The Eel River impoundment is greatly affected by agriculture.

"



Total P
Nitrate (N)
Free Acid
Total Acidity

Alkalinity

DO
Total Hardness

CO2
Pn

Temp (C+F) 1' Levels
Secchi

Heavy Metals

Zn . 004
cD .ﬁbl
Sn .006
Au .001
Fe 035
pD .011
AL .008
Cu .00%
Ni .006 .
AG .001
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Total P
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Percent solids

Total volatile solids
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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 lake depth.

OLIGOTROPHIC: Aquatic plant production is low; aquatic animal production

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

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

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

little organic production.

1. Oligotrophic Lakes

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

b. Organic materials on bottom and in suspension &ery low.

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

d. Dissolved oxygen content high at all depths and throughout year.
e. Larger aquatic plants scarce.

f. Plankton quantitatively 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 ta
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 ;bseﬁc.
Depth tends to be more shallow. Water quality for most domestic and in-
dustrial uses is generally poor. Total salts or conductance is mostly higher.
Number of plant and animal species is fewerf Eutrophic waters are waters

with a good 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.

i. Succession into pond, swamp or marsh.

MESOTROPHIC: Lakes exhibit conditions between eutropﬁic 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 ultraocligotrophic is sometimes used for lakes on the lowest extreme

scale while thé term hypereutrophicis used for this other extreme.

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

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

Jarsmeters
Secchi Disc Readings Rank 1 - 41 Rank
1. Phytoplankton coloration :
¢clear 0
green tint 1 x  100Z volume - Points
moderate green 2
deep greea 3
2. Macrophytes
emergent none O
floating sparse-1 x I covered = Points
submersed. medivm 2 ‘
. dense 3
3. Algae Filamentous
none O
sparse 1 x % area covered o Points ! P
medium 2 [ S
dense "3 ‘
Total of 1 + 2 4+ 3 = Points = Rank

Secchi Rank + Macro and Microphyte Rank = x = X w
x times 4 = Ranking Points :

Hutrient Points

1. Phosphates 0 ppm. - .025 ppm. = O
.025 - .03 = ]
.03 - 04 = 2
.04 . = 06 = 3
a06 - = &
Points
2. Nitrate 1] - .05 = 0
.05 - .1 = ]
o -.25 = 2
23 - .4 = 3
iy - = .4
Points
Y = 1+2 x 2 Ranking Points
x + ¥ = Total Ranking Points

Ponds Rank 1 to 41



EXAMPLE

BIG WEST
Parameter
Secchi Disc Reading 1-41 g 1/2 £¢. = 22nd
1. Phytoplankton _
Clear + 0 x 100% volume 0
2. Macrophytes - Emergent and Floating
Dense L.5 acres 3.752 x 3 11.25 points
Medium 5.72 14.0Z x 2 28.00
Submersed
Dense 8.7 21.752 x 3 65.25
Medium 31.3 78.25 =x 2 153.56
3. Algae Filamentous
None 0 x area 0 = 0
Total 1 +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. Nitrates .1 ppm. - L
2
Y = a + b = 2 x 2 =4
X = 104
Y = 4

108 Total This ranked it 26th overall
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Impoundment Map
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Elodea heavy out to 12 foot contour line.
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SUBMERSED AQUATIC PLANTS

LATIN

Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamaogeton
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

Chlorovhyceae
Unicellular
Filamentous

Cyanophyceae
Unicellular
Filamentous

COMMON
Pondweed -\

Large Leaf Pondweed
Curly Leaf Pondweed
Waterthread Pondweed

Leafy Pondweed
Variable Pondweed
Floating Brown Leaf —m8 —— 3
American Pondweed

Sago Pondweed “
White Stem Pondweed

Richardson Pondweed

o

Giant Pondweed
Bushy Pondweed S
Horned Pondweed

Waterweed v
Water Buttercup
Coontail
Water Milfoil _ "
Waterplantain
Water Star Grass; Mud Plantain — ¥
Water, Cress
Bladderwort 4
Wild Celery
Addenda
Alzae
Green Algae e £~
S 1 BY
Blue Green Algae ——— =
e — \s

MAP NUMBER
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LATIN
Peltandra

Pontederia
Sagittaria
Polygonum
Typha
Eleocharis
Scirpus

Juncaceae

SPARGANIUM

EMERSED AQUATIC PLANTS

"COMMON
Arrow Arum

Pickerel Weed
Arrowhead, Duck Polatoe
Watersmart Weed

Cattail

Spike Rush Sedge
Bulrush Sedge

Juncus Rush
Addenda

-BuR Reed. e s

MAP NUMBER
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FLOATING AQUATIC PLANTS ATTACHED

LATIN COMMON MAP NUMBER
Nuphar - Cow Lily, Yellow Water Lily, Spatterdock 5
Nymphaea Water Lily, White Water Lily i
Brasenia Watershield . 1

Addenda

FLOATING AQUATIC PLANTS - UNATTACHED

LATIN COMMON MAP NUMBER
Lemna Duckweed 4
Spirodelia Big Duckweed '
Wolffia Watermeal

Addenda

\ls
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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 estimated to be 1.2 LBk
per capita. The mean annual contribution of phosphorus from
synthetic detergents with phosphate builders is estimated to
be about 2.3 1lb. 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/1l of inorganic phosphorus as a maximum permissible

without the danger of supporting undesirable growths. If the

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

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

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

The EéA guidelines in its "clear lakes program"
states "phosphorus is usually the most important nutrient
controlling lake productivity, therefore, total phosphorus
(i.e., the phosphorus present in both inorganic and organic,
dissolved and suspended forms) is an important measure of
trophic state. The dividing line between oligotrophic lakes
is usually regarded as 10ug/1l (.0l mg/l) and between meso-
trophic and eutrophic lakes as about .02 mg/1l." Best reading
times are in winter months, the most non-productiwe season.

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

S



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 is virtually non-
existent. |

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

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

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

per capita per year depending primarily on whether laundry



detergents containing phosphates are being used by households.
A recent study made in Vermont showed that all the lakes so

tested were found to be phosphorous-limited.

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

Phosphorous in runoff occurs in three general forms:

l. Dissolved organic

2. Dissolved inorganic

3. Particulated

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

Sources of Dissolved Phosphorous:

Sewage - 55%

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

Atmospheric fall-out - 6%



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

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

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

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

1) compounds of calcium and phosphorous or mag-

nesium and phosphorus

2) phosphorus with organic matter

3) compounds of iron, aluminum and phosphogus

4) compounds of the apatite class

5) colloid and clay complexes or soils

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

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

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

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

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

4%



occurrence in 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 is a coarse-grained rock composed of quartz,

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 various

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 still more

difficult by the small amounts of the element present.

A sample soil formula would be as follows:

a R



Chemistry of Phosphates in Mineral Soils:

: : 1
PO, + =
CA3 O4 water (HZO) + Carbon Dioxide (COZ) Ca H4 (P04)2

(Calcium phosphate) (water soluble)

(

insoluble )

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

The above is a rough sketch why phosphates in
mineral soils, such as the Plymouth Series, are found to be
in the less—than .02 ppm range. 1In fact, in most soils there
is very little available phosphorus. Hence anything over a
+ .02 ppm leads to cultural impact cause, not a natural cause.

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

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

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

The 3 to 4 glaciation epochs, previous to the



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

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

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

The Woodsworth 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 Cliff in the
Marshfield Hills, Marshfield and Duxbury and Gay Head on
Martha's Vineyard. No known deposits have been found in
Plymouth.

The deposits mentioned above could in no way affect
the unconfined aquifer in Plymouth for one outstanding reason.
The groundwater flow is generally from the Northwesﬁ 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
available as such to plants. Acid soils usually turn calcium
phosphates into more soluble forms (plant available), giving
a continual supply. However, phosphorus loses its availa-
bility in soils basically rich in iron and aluminum, both

present in the Plymouth soil series.

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

Necessary for photosynthesis.

3Horizonation of soil series in Plymouth caused by:
1) leaching of salts and carbonates
2) Accumulation of organic matter and seéquioxides
(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/l.

For some algae, the optimum nitrogen:phosphorus
ration appears to be about 30:1, for other algae rations
15.18:1.

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

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

in the growth of algae.

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

N is below .6 mg/l.

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

Nitrites in water are generally formed by the action

of bacteria upon ammonia and organic nitrogen. Owing to the

Ry



‘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,
sur face runoff, subsurface groundwater entry and direct
discharge of wastewater effluent. In addition, nitrogen from
these can be fixed by certain photosynthetic blue-green algae
and some bacterial species. |

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

The nitrogen cycle in soil and groundwater. Figure

5 shows the major aspects of the nitrogen cycle associated



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.
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Russell Mill

Chemical Parameters
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Chemical Parameters

Russell Mill

Station
Total Phasphorus Nitrate N Nitrice N Kjeldahl N
Mg /L Mg /L Mp/L
Less than .005
ary
uary
" .02 .025 " 41
1 02 .03 " .35
15 02 03 " .40
30 .03 .04 I .65
15 .03 .03 " -50
" i

30 .03 .02 «75

.03 .03 " 3 s
L5

. .04 " .45
30 U6 ? :
£ 09 025 " .50 Ly

i

t 30 .09 .04 " .50
mber “.07 <03 ks 45

.05 .04 g =
- S
ART
rer




Russell Mill

Chemical Parameters

Station No. 3
Total Phosphorus Nitrate N Nitrite N Kjeldahl N
Mg/L Mg /L Mg /L Mg/L
less than .005

jnuary
bruary
rch .015 .025 3 -25
ril .015 .025 " .25
y 15 .015 .03 " .35
; 30 .02 .03 ) 40

.02 .03 " .40
e 15
e 30 .02 .05 " -75
y 15 .02 .10 " - 80
y 30 .03 .10 " .80 !
ust 15 .07 .237 "o 1.0

B
"

hse 30 .08 .20 -90

.08 .20 ! -80
tember
aber .05 .20 " .80
’_mb.PT
imber ]

-8



Chemical and Physical Paramenters

Russell Mill

Station 4
- Temﬁ. " Secchi  Conductivity Ph Do Total Total
E C~ Feet H Mhos/cm Standard Units Hardness Alkalinity
cy
1Ty
5.8 7 128 7.0 10 18
10.0 7 143 6.9 10 17
5 13.5 7 148 7.0 10 16
) 17.0 6 153 7.0 9 18
3 18.0 6 168 6.9 9 18
0 19.5 6 183 Lol 8 18
5 20.0 6 178 6.9 _7 i?
0 20.5 6 _.163 7.0 7 20
- 21.0 5 168 2.1 1 17
i 21.0 6 148 6.9 8 19
ber 20.0 6 158 7.0 9 19
= 15.0 7 138 7l 10 19
er
er




Russell Mill

Chemical and Physical Paramenters

Station 2
Temp. Secchi Conductivity Ph By T
o o otal Total
F C~ Feet H Mhos/cm Standard Units Hardness Alkalinity

uary

ruary

ch 5.0 7 128 7.0 10 18
(1 10.0 7 135 7.0 10 19
LS 13.5 7 140 7.1 10 19
20 17.5 7 148 6.9 9 19
: 15 18.0 6 163 7.1 8 18
s 30 19.5 6 178 7.0 8 20
Ly1s 20.0 6 173 7.0 7- 20

0
£3 —— 205 5 _15.8 6.9 8 17
st 15 21.0 5 162 6.9 8 20
st 30 21.0 6 143 6.8 8 18
biber 20.0 6 154 7.0 9 17

15.0 7 134 7.0 10 19

ber
mber
mber




Chemical and Fhysical Paramenters

Russell Mill

Station 3
Temp. Secchi  Conductivity Ph Do T
o a otal Total
F G Feet M Mhos/cnm S tandard Units Hardness A?kﬂlinity

Y
Ty

5 0 7 128 7.0 10 18

10.0 7 135 6.9 10 19
: 13.5 F 140 6.9 10 19
| 17.0 7 148 7.0 8 19
5 18.1 6 163 2.1 8 18
0 19.5 6 178 7.0 8 20.
o 20.0 6 173 7.0 8 20
o 20.5 6 158 6.9 8 17

15 21.0 6 162 6.9 8 20

30 20.0 7 143 6.9 8 18
et 20.0 7 154 7.0 9 17
" 15.0 7 134 7.0 10 19
ar
i

AL



Russell Mill Pond

Heavy tMetals

Natural waters may contain elements other than those considered by

EPs 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 cccasionally 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. It can be con-
cluded that industrial wastes do not present a problem in

either by ground water or by rain.

Metal EPA 1976 Drinking H.Y. State Propose% EPA Russell Mill
Water Standards Ground Water Ground Water Pord
Regulations Classification

Zinc - .6 5.0 .004
Cadnmiunm J01 .02 .01 .001
Selenium .01 .02 .01 .006
Gold - P - =
Iron - .06 g .035
Palladium - . - .001
Aluminum - = - .08
Copper .1 ol = .009
Nickel - % - .006
Lead .05 .1 .05 .02
Chromium .05 .1 .05 .008
Boron = o) _ .001
hromium .05 .1 .05 -008
(Hexavalent)*

* noted carcinogen

- = not considered to date

- 37 =



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 £low
generally in the direction of, from greater to lesser slopes of the
confining bed, with some small amounts folloﬁing the direction of

groundwater flow, the quantity depending on the solubility and the

amount.

Materials of lesser densities generally follow the direction of the

flow of the aquifer.

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

the Wareham outwash plain.

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

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

3V



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

heavy metals readings are all well within the known
standards. However, future periodic testings should include phemolic
compound, chlorides, fluorides, sulfates, cyanides, magnesium and
manganese. A4s 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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Russell Mill Pond

Biological Measurements

Pigment, Geners Volume

Diatoms Cyanophyta Chlorophyta Flagellates Chlorophylls
Blue Green Algae Green
Unicellular Filamentous Unicellular Filamentous ' Hng3
Cells/M1 Cells/Ml Cells/M1 Cells/M1 Cells/M1 VCellsle MG/H3
January
february
. 15 9 10 64 5 91 5
17 11 20 84 23 111 7
April
May 15 21 25 27 Rl 27 105 12
May 30 35 26 51 161 31 125 19
Tune 15 55 29 35 165 36 124 26
June 30 70 76 36 170 51 131 51
90 84 38 . 181 55 125 115
Julv 15
Julv 30 105 85 51 191, 61 126 1264
August 15 110 115 52 185 68 154 125
tugust 30 109 135 54 161 65 125 141
: 105 125 55 ' 172 67 132
September
85 106 48 98 63
October :
i
November .
Decemher ! ;




Russell Mill Pond

BENTHOS
Station 1 Station 2 Station 3 Station 4
323 325 275
7L 93 | 110
e - Bl 6.0 7.2
.a.l. Volatile
e L1117 1. . .80




Russell Mill

Nutrient Budget

; . "
Tributary Total Flow G. Total P PPM 2 lbs. /Month Total N PPM 3 l1bs/Month
. i
1 35,640,000 .10 : 29,73 113 33 6
z 135,232,000 .049 55.29 .033 37423
3 *
[otal N
utfall
1 208,440,000 .04 69.57 .10 173.93
2
3
‘otal
*1
ainfall
I *2 *3
n lake : Total Gallons Total PEM lbs/Month Total PPM 1bs/Manth
123,171,678
*1 Rainfall - Phosphorus data not available NH, .48 PPM  No 4 1.96 PEM,
*2 Total P, = All orthophosphates, condensed, organic and'inorganic species.
*3 Kjeldahl Nitrates, Nitrites.



Macrophyte, Microphytes and Nutrient Utilization

The period of greatest biological activity occurs in a lake or

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

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

A phosphate reading in 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.

It is for this reason that nutrient readinés taken 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 {ndicators

of the actual trophic condition of these lakes and ponds.



HYDROLOGY, GROUNDWATER GEOLOGY

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

Series."

This series is exceedingly well drained and the water moves rapidly
thrdugh 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 FPond, 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 1983 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 wvarious 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
2quifer. Groundwater in an aquifer. is constantly moving from points of
recharge towards points of discharge. The movement of ground water is from
regions of high hydrostatic head towards those of lower hydrostatic head.

See figure 2, for these interalations.

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

streams and swamps, ponds, lakes and the sea.

Confined or artesian aquifers are bound above and below by geologic formations
of lower permeability. The aquifers can receive recharge from leakage out
of confining beds or from precipitation and surface water bodies in the

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

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

feet per year and only in coarse material or fissures does the velocity
exceed 1 mile per year. Coupled with minfﬁhm_rntes of lateral and vertical
diffussion, the low velocities of flow cause two significant conditions to
develop in ground water basins or streams. First, pollution that is being
added to the ground at one point may not affect the quality of water supplies
or water quality in surface waters at nearby points for many years, or at
distant points for decades, consequently, no complaints are registered and

no one may be aware of the damage being done. Second, when pollution is
finally discovered or when the quality of water is degraded, the damanged
cannot be repaired or otherwise rectified merely by stopping the pollution,
for purification by leaching and dilution will require a longer time than the
period of original pollution. Thus the speed of groundwater pollution depends
on many things but the primarv self-evident conclusion is that soil types

govern a great deal the speed of contamination.




Hell drained soils, Geology, and potential Aquifer Pollution

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

the point of release.

3. In poorly drained soils with high water tables.

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

water pollution problems. See figure 3.

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

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

tential leach field sites.

The characteristics of the Carver soils makes the whole ecosvstemn susceptable

tc groundwater contamination. Hay of the lakes, ponds, and kettleholes in

4



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

guards must be implemented to protect this valuable natural resource.
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Figure 2
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Figure 3
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Hydraulic Budget

Precipitation

Inflow surface streams
tributaries

Inflow thru lake bottom
aquifer recharge

Evaporation

Flow thru surface outlet
outfall

OQutflow thru lake bottom

Hydraulic Residence Time 20.96

Flushing Rate 18.8

i
A

mg = million gallons
ml = million liters

TR AT T e T LT T T S R YT R

Russell Mill

Gallons

38.6 mg

15448 mg

'38.3 mg

34.7 mg

1587 mg

days

days

HYDRAULIC PARAMETERS

Liters Inches

146.1 ml 33.92

5847.06 ml

1597 ml

131.3 ml 30.42

6006.8 ml

Chl.

86.16

3127



IIYDRAULIC = PARAMETERS MONTHLY

Trib, 1 Trib. 2 Aqulfer Rainfall Rainfall Outfall Outfall Evap. Evap. Lake Bottom T. Gain T Los;
Inflow * Loss
) Gallons Gallons Gallons Inches Gallons Gallons Gallons Inches Gallons
January
February 08 ne ne ne mg
Harch . 155.1 ] 42.8 | __ 3.98 4.5 208.1
April 150.1 38.8 3.75 4.3 199.1 3.48 3.97
May 142.2 35.8 3.85 4.39 189.2 5.09 5.8
138.1 27.9 2.96 3.37 162.1 6.06 6.9

June
it 129.2 25:1 ] 2.86 3.2§Hﬁ 1571 y 5.62 . 6.4
August 1281 26.2 4.41 5.0 158.3 4.96 S
" 123.9 26.5 3.4 3.88 157.9 .07 3.6
September -
Qctober 142,.2 29.3 3.8 4.3 167.5 2.04 263
Hovember 143.6 39.9 4.91 5.6 187.4
December

1252.5 292.3 ‘ 33.92 38.6 . 1586.7 30.42 34.7
Totals I

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

Carver soil series consist of excessively draired, nearly level to

steep sandy soils that formed in thick deposits of coarse, pebbly quartz
sand. In most places, Carver soils are coarse sand, but in some places
the surface laver and tke upper part of the subsoil are loamy coarse sand.
Water moves rapidly downward through the solum and underlying substratum.
These soils do not retain sufficient moisture for good plant growth and

are extremely acid.

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

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

Ced - Carver and Gloucester soils - 8-35% slopes
These soils occupy moraines in the southeascern parcCs of the county.
Sandy Carver soils make up about two-thirds of chis unit, and extremely

stony Gloucester soils make up the rest.

Cloucester series soils are nearly level to steep, well drained, and
somewhat excessivelv drained soils that formed in glacial till, derived

chiefly from granite.



Gloucester soils are extremely stonyv except where they have been

cleared for tillage.

Unmarked areas: HNHo danger to aquifers with normal use,
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SOIL LEGEND

The frear capital letrar 13 the wnitial one ol rhe ta:l name, A sacond
copirol letrer, A, 8, C, O, or £, shows the tlope. Symbols =rthour a
slope lerrer ore thase ol neorly leval 3g0ils or lond Iypas.

SYuBoL NAME SYMBOL NAME
afa Agawom line 1ondy loom, 0 10 J percent slogas HaA Hinckley gravelly loamy sand, Q ro J percent slooes
afg Agowom fine sondy loom, 110 B percent slooes HaB Hinckley gravelly loamy sond, J to B perceant slooes
AgA Agowom fine sondy loom, 1ilty subsail vorient, O 1o 1 HaC Hinckley gravelly loamy sand, 8 10 15 percent slooes
percent slopes Ha € Hinckley gravelly loamy sond, 1510 35 percenr slopes
Aq8 Agawom fine sondy loom, silty subsoil verionr, Jro B HoB Hollis =Charlton fine sondy loame, 3 ro 8 percenr slopes
percent slopes % HeC Hollis=Choriron very rocky fine 1ondy looms, 310 15
AuA Ay Gres and Worshom loamy sonds, O to ] percant slopes parcent slopas
AuB Ay Gres ond Woreham loamy sonds, J to B percent slooes HeC Hollis=Chorlton eutremaly rocky fine sandy loams,
- Jro 15 percent slopas
BaA Belgrode silt loam, 0 1o 3 percent tlopas HeD Hollis=Chorlton axtremaly rocky fine sandy loams,
Bad Belgrode silt loam, J 1o B percent slooes 15 10 25 percenr slopes
8s8 Bermordaron silt loom, 110 8 percent sloges
BsC Bermordston silt iocom, B 1o 15 percenr slopaes . Ma Mode lond
BB Bermordston very stony silt loom, J to B percent slopes Meh Maetrimoc fine sandy loom, 0 1o 3 percent sloces
B<D Bernordston very stony silt loam, B to 25 percent 1lopes MeB Merrimoc fine sondy loom, 3 10 B percent sloges
BdA Birdsall silt loam, O ro 3 percent slopes MaC Merrimac fina sandy loam, 8 ro 15 percent slooes
[ Borrow lond, loomy materlal MEA Maerrimoc sondy loom, 0 10 J parcent slopes
Br Borrow lond, sondy ond gravelly marerials Mg Marrimoc 1ondy loom, 3 1o B percent sloces
BsA Brochron loom, 0 16 J percent slopas MEC Merrimac sondy loom, 8 1o 15 parcent sloges
Bra Brockton antremaely stony loam, O ro 3 percent slooes MIE Marrimac sandy loom, 15 1a 15 percent slopes
. My Muck, shallow
CoA Corver coorsa sand, 0 1o 3 percent slopes My Muck, deeo
CaB Corver coorse sand, J 10 8 percent slopes
CaC Corvar coorse sond, 8 to 15 percent slooes NaA Ninigret sondy loam, silty subsoil vorianr, 0 re 3
CaE. Corver coorse sond, 15 to 13 percent slopes percent slooes
Cha Carver loomy coarse sond, O ro J percent slopas NaB Minigret sandy loam, silty 1ubseil vorianr, J 1o 8
Cba Corver loamy coorse sond, J ta 8 percent slopes percent sloces
ChC Corver loomy coorsa sond, B to 13 percent slopes NaA Norwell sondy loam, 0 ro ] percenr slopes
Ce0 Corver ond Gloucesrer soils, 8 1o 15 percent slopas Ne3 Norwell sondy loam, 1 to B percent slooes
NoA Morwell axtremely stony sendy loom, 0 1o J percent slopes
DeA Daeerfiald sandy loom, O ro 3 percent slopes Np8 Norwell axtramely stony sondy loam, Jre 8 percent slopes
De8 Daerfield 10ndy loam, 3 10 B percent slopas .
[+ V] Duna lond ond Coastal beoch Pe Pear
Pra Pirrarown 11dr loom, O to B parcent slopas
Ena Enfield vary fine 30ndy loom, O to 3 percent slopes PuB Pittatown very stony silt loom, J 10 13 percenr slopes
En3d Enfield very fine 10ndy loom, 3 to 8 percenr slopes o -
EnC Enfiald very fine 3ondy loam, B to 15 percent slopas Cua Ouonser 1ondy loam, O re J percent slooes
EsA Essen coorsa sandy loam, 0 1o J percenr sloces Oud Ouonset sondy locam, 3 1o B percenr slooes
EsB Essex coorse zondy loom, J 1o 8 percent slooes GuC Ouonter sondy loam, 8 to 15 percent slooas
EaC Essen coorse sondy laom, 8 1o 15 percenr slopes OvE Ouonset sondy loam, 1510 15 percent slooes
3 E3 Estan very sfony coorse sandy loam, ] to B percent
sloces RaA Raynham silt loam, O ro J percent slopes
EC Essex very srony coarse sandy loam, 8 to 15 oercent
slopas Sa Soca vary fine 10ndy loom
ErD Essax very stony coarse sondy loam, 15 10 25 percent Sb Sonded muck
slopas ScA Scarbora sondy loom, O ro 3 percent slopes
EuB Esten enrramaly stony coorse sondy loam, J 1o 8 SdA Scarboro fine sandy loom, 1ilty subsail vorionr, O 1o 3
percant sloges percent slooes
EuC Essex aurremaly stony coorse sondy loam, 8 1o 25 Seh Scituate sondy loom, O re J percent sloves
percent slopes S«B8 Scituare sandy loam, 3 ro 8 percenr slopes
Sta Scituate very ttony sondy loam, 0 10 ] percent slooes
Fr Fresh warer marsh sSiB Scituate very ttony 10ndy loam, J 1o 8 sercenr slooes
S9A Scituafe enfremaly stony sandy loam, Q1o J percens
Gaa Glowcesrer fine 10ndy loam, firm substrarum, 0 ra 3 sloces
percant slopes Sqgd Scituare exrramaly stony tondy loam, ] ro B percent
Gad Gloucesrer fine 10ndy loam, fiem substratum, J 1o 8 tlooes
percent tlopes Td Tidal mareh
GaC  Gloucester Fina adndy loom, Firm aubatrarom, 8 16 1S Toh T i A WS & SRR
percent slopes
Gaa Gloucaster loamy sand, 0 1a J percant sloces WaA Waloale fine 1ondy loam, silty subsorl vorione, 0 1o J
Ge8 Gloucester loamy sand, J 1a B percant slooes B R
g:g g:::::::: im'l r::"d'ﬂs te Lsdp.'ﬂ:"" :‘bp-:b - i WhA Worwick line sandy loam, Q to 3 parcenr slopes
I 8 m::'l ¥ Tite sondy. Ieam, oM aubEiratum, Y] Worwsck fine sardy loem, 10 8 percent tlooes
slagas whC Warwick fine sandy loam, 8 10 15 garcent slooes
GeC Gloucester very stony fine sondy loam, firm subsirarum, weC Wormich vary rocky fine sandy lagm, J 1o 15 percent
8 ro 15 percent slogpas slocoes
G<D Gloucester very stony fina 1ondy loam, fiem subsrratum, Wa A Windsor laamy 1and, 0 10 3 percent slooes
15 10 25 pevcant 1laoes Wnd Windsor loamy 10nd, 1 ra B percent siccas
Gd48 Gloucaster very stony loamy sond, J to 8 oercenr tlopes Wl Windsor loomy 10ad, B 10 15 parcent slooes
GdC Gloucester very stony loamy 1and, 3 to 15 percent 1looes Nn Windsor loamy sond, 15 to 15 sercent slooey
Ge3 Glouceiter eutreamaly 11ony loamy 1and, 1 1o 15 percent
sloges ;
SaD Gioucester autramely sroay loamy sond, 15 10 35 percenr
slooes
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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



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

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

plains.



LONG RANGE CONTROL TECHNIQUES

1. Controlling Nutrient and Sediment Influx

2. Watershed Management

A. Non-Structural

B. Structural
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NON-STRUC1JRAL CCNTROL TECHIIQUES

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 TRIBUTARI=S
3, IN FLOOD PLAINS

2. DEVELOPMENT CONTROL

A. RESTRICT DIVISION OF LANL FOR BUILDLin GR OSAVTL:LAS
5. LIMIT DEVELOPMENT IN EROSION AREAS

C. LIMIT DEVELOPMENT IN AREAS WHERE SOIL <:HAR:GCTERISTICS
PREVENT ADEQUATE ON-SITE WASTE DISPO:..L.

D. ENCOURAGE FORMS OF DEVELOEMENT WHICH
FACILITATE EFFECTIVE AND ECONOMIC WASTE
DISPOSAL PRACTICES AND PRESERVATION OF
MATURAL SPACES.

3. PHOSFHATE BAN



ZONING REGULATION

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

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

lakes, streams, wells, wetlands, and groundwater.

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

local governments:- watershed
’ aquifer
subdivis{ions
septic systems
lake msnagement
road salting
water conservation
carver soil series and {immediate lake enviroment

Lot sizes should depend om:

1. Soil conditions
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. Enviromental conditions .
Such considerations include size of developments, if ground water

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

Building set-backs

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

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

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

It {3 possible that one of the best methods to control nutrient in-flux for
a given lake, is to control land use within the watershed.

L3



NON-STRUCTURAL DEVELOPMENT CONTROL
DEVELOPMENT CONTROL

Lot size should be determined by actual soil type with particular incerest devoted
to:

1. The soil's hydraulic capabilities

2. The soil's purification capabilicies

3. Any physical constraints

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

pollution.

To best determine the above 3 factors a soil evaluation program should be established
(the state of Maine guidelines are recommended). THe site evaluation would determine

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

system.

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

capability of the natural slope.

Other factors to be coasidered are ground water flow, watersheds, nearby wells and

streams, topography, vegetation and ground cover.



Where soil characteristics prevent adequate on-site waste disposal or if an area

{s heavily developed, closed system sewage disposal is recommended. Included in closed
systems are:

e l. recirculating toilets

2. gas incinerating toilecs

3. electric incinerating toilets

4 4. composting toilects

S. chemical toiletCs

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:

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

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

3. In poorly drained soils with high water table.




VOLUNTARY Z2HOSPHATE BaN

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

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

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

other aquatic plants.

A recent study make in Vermont showed that all the lzkes so testad were foun:
to be phosphqrous limited.

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

loading and concentrations of algae.

Phosphoroué in runoff occurs in 3 general foras:
1. Dissolved organic
2. Dissolved inorganic
3. Particul.ced
The dissolved phosphorous in both forms has & Zar more Important

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

to soil particles.

Sources of Dissclved Fhosphorous:
Sewage - 55%
Agricultural runoff - 187%

Forest runoff - Ll3%




Most lakes, so studied,are phosphorous limited, any Teauction Ia their
phosphorous loading may slow their eutropnication. One sure method of

reducing phosphorous loading is to reduce the amount of phosphorous entering
water treatmenc.facili:ies and domestic waste water f;cilities (septic systems),
a#lphcsphaCe detergents may contribute over 50% of the phosphorous in domestic
wastewaters,. eliminating ﬁhis source éan have a significant impact. The

solution is simple: stop using detergents with phosphates and use phosphate-

frese detargents.

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

and cleaning fluids containing more than .5% phosphorous.

Advantageas:
L. Better water guality
2. Algae free lakes 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

1. Newspaper articles
2. Local radio
3. Town government
This is classified as a2 long-range control technique but aa izuedizte

execution will initiate zn in-lake comeback,

1.1




STRUCTURAL CONTROL TECHNIQUES

A. DIVERSION

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

C. SOILL EROSION CONTROL

D. SANITARY LANDFILL LEACHATE

E. SEWERING
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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.

La



Controlling Nutrient and Sediment Influx

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

and nutrients into the lake or pond tributaries.

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

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

than the effluent at the municipal treatment plant.

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

matter.

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

basins, sediment basins, recharge basins and settling ponds.

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

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

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

a basin with run-off provided by a pe;forated vertical riser pipe ringed

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

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

with oils and heavy metals.

Basins should be located in natural depressions to reduce construction cost

and diversion methods should be applied to direct run-off to these basins.
Al
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LOCATING FAULTY SEFTIC SYSTEMS AROUMD Russell Mill Pond

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. High cost

6. Many other small but complex problems.
SEPTIC SNOOPER

A. Minimal time

B. No access problem

C. Very simple in application
D. Low cost

E. Data is more special and discriminating.
L. This factor allows for far superior planning
techniques and can represent substantial savings.
This is a very useful tool in pinpointing nutrient influx by tracing
septic leachate. Gives exact location of septic plumes by surveying
perimeter of lake where homes are located.
This technique is not to be used. The cost would not be justified.

The few homes are will set back and “on the outfall side. The nutrient
readings point to nutrient inflow from other sources.

b B



LONG PANGE CONTROL TECHNIQUZS

FLOW REDUCINGC DEVICES

tlost conventional homes are presently not equipped with water-saving
devices. These devices vary in design, but all basically accomplish
the same results - reduce the amount of water consumption. These devices.
range from specially designed attachments that replace existing 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 water savings program, recduce loads
on leach fields and reduce the potential for depletion and contamination

of groundwater.

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

vatershed areas.
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SOIL EROSION CONTROL

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

town can do this by:

1. Controlling land use.

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

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

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

All these factors lead to national erosion control. Extensive lawn

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

should be encouraged.



SANITARY LANDFILL LEACHATE

Russell Mill is not affected by sanitary landfill leachate.

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

2. Low metallic readings.

3. About 18,000 feet from landfill.



SEWERTIWNG

‘[he ultimate aim of the Tcwn of Plymouch or in fact any town should be & sewage
fgystem. The Cornell study recommends; firstly, a ban on phosphate detergents,

‘then tertiary treatment of sewage plant effluent; however, sewage sysiems beyond

water. This report deals with phosphorous removal, hence this position is only

The State of Massachusetts would encourage sewering:

l. If septic system lLeachate is or will become 2 signiZicant
contributor to the overall nutrient flux of the lake or pornd.

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

3. If the construction of a sewer sfitem coes not encou
gzrowth in the watershed which coulu lead o . significant
degradation of the environmenta!l quality of the wat:rzhed

and lzke ecosystem.

dne physical characteristics oi the Plymouth soils; the number of ponas, ilinkes

anc kettleholes being fed by deep aquifers and ground water, lead o the CORE. 8 fulk

it the ultimate gzoal should be a2 sewage system encompassing zhe wiola lown w2l 2

fertiary treatmert system that wouid eliminate any future danges of centzmins._ion.

fontaminccicn. Buman wascte and industrial contamination must be cantained. Lo

ystems will be of far greater cost to everyone. 1o ciean contininated waler Is

Ostly and perkaos some waters will not be able to be clean2d. Preveazativ. m2tiols

15



ALTERNATIVE SEPTILI( WASTE SYSTEMS

]

A

Eln areas where soil characteristics prevent adequate on-site waste disposal, the
3 4 5 2

E fo.lowing alternatives should be considered:

)

F

i 4 ;

ENon water-using toilets

f The single most important non-point source of pollution in suriice waters
1
i'
|

}may well be nutrient loading from shoreline subsurface sewage disposal systems. The

¥

results of the Billington Sea groundwater sampling point dire-=tly to

| g - - -
The prevalence of the Carver - Gloucester soil association makes no:
ilire 2 t--get of non-point source nutrient loading, but possiktiy the

this con¢ lusion

v the
£l AR A

-

shore-

.tershed.

| Eliminating toilet discharge as a contributing factor to subsuciace disposal

svstems would significantly reduce both the problem vf malfurctioning
ti- problem of nutrient migration into ground and surface watérs.

L

is recommended chat non water using toilecs be use ' : the

isograpric zreas:

1. Islands
2. Existing development adjacent to surface watars.
3. On marginal soils where groundwat.: pollution would

Two recommended systems ar2: composting toilets znd incinerati

‘ere are many other types such as vacuum toilezs, chemical toilets,

'sting and incinerating coilets are the most populat.

mpostine Toilers

o

sSCems

Vit

but

G

ng toilecs;

cum-

There are a number of composting toilets on the market (see Add=nda) bt wasc

NSist of a tough plastic container in which compostable wizZes are placad, 1i..

its the decomzsosition of the waste is accelernted Dy a heatins coil

Ll |

.

Che bas» of

S



which drzws air through the compost and out a vent

| unit and acration from a fan,

The fan runs continuously and removes all odors whereas the heating cail

inctions intermittently depending on room temperature.

Buildings using & self-contained sawage disposal system, instead of o sub-

nutrient pollution 3G-507% depending

ace disposal system could reduce the amount of

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

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

srating cost of $6.00 - $7.00 per month.

necatine Tcilets

These toilets consist of a cabinet similar o 7 corventional coiiect w82k

propane OT natural gas €O incinerate the waste arnd an exhzust fan L .OWE tha

sps out Che exhaust vert. The incinerating cycle Is conttnlied by a presec Cimas

laszs 15 - 20 minuCes. Periodically the mineral ash in the Sirebox wUSI o

aned by a vacuum clezner. One unit can service up tu LI neople on Q Sall-t Lae
s. lhe unit is easily installed, requiring only gas and ei.ctrica. conun. I.iond

the at-achment of & vent pipe CO the outside.

The price Zor an incinerating toilec 1is about 3600.G0 plus delivery anz
stallacion charges. Operating cOSCS using bottled 3&s woule be about o ceats per

Cineration cvcie or about $45.00 a month £or a family of 5.

Another system which uses air instead of water for the transgart of sew:ige
the toilet is recommended for furcher study. The sacuum system uieS only 1 pirits

it wvater per flush rather than the conventional 4-6 gallons peT “1gsh. DBecause 2f che
uced volume of liquid, the sewage is collected in » holding rank and cranspy Ttec

an existing treatment plant.

-1



IN-LAKE MANAGEMENT METHODS

A. CONTROL OF MACROPHYTES AND MICROPHYTES BY HARVESTING
B. REDUCTION OF MOTOR BOAT USE
C. CHEMICAL INACTIVATION OF NUTRILENTS
D. CHEMICAL CONTROL VIA ALGICIDES AND HERBICIDES
E. LAKE BOTTOH SEALING
F. DRAWDOWN
G. BIOLOGICAL METHODS
a. Herbivorous fish

b. Biomanipulation

H. DILUTION

T T T N T s I e I TR

1. AERATION AND MIXING OF WATER

e J. DREDGING




MACROPHYTE HARVZSTING

Aquatic plant harvesting is a widely used technique Zor :in-lake

management in lakes or bays with excessive local plarnt growths.

It involves three stages to be art maximum efficiency.

L. Cutting
2. Collecting

A, Harvesting machines effective ouvt to the 5 fost
contour line both harvest and collect plants togecher
with a portion of the rooted mass.

3. Disposal

A. Front-end loader and dump truck handle the dicposal
process. Disposal can become difrficuit, however,
when submersed aquatic plants approach 7 cons/acre
wet weight and contein 3.2 lbs./acre phosphorous.
(MacKenthun and Ingram) Large areas are needed ior
disposal and Plymouth has ample sand :ines znd sand
bank erosion areas which could benefic Zrom spreading
of the harvested material.

ADVANTAGES

1. The primary advantazge is that it is an ecologicall,
alegent solution To nuisance planc controi. Nutrieacs
are removed from the aquatic ecosvstem and ..re not ra2cyclec

through bacrerial decomposition o dead maczer. ~FCurther

growth may become impairea or even limited by the removal

of macro-nutriencs (phosphatas, nitrates, ..rbon, <cc.)
2. No chemicals are added tc the a2gu.tic :rnvironment.

3. Ho"closing" of the lake.
A. Intervals of up to 2 weeks .ire necessary wit.,
chemical application.

L. No lowaring of dissolved oxygen.

$. Caontrols e2ll species
A. Chemicals have resistant species prosiem.

No build-up of detritus.
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DISADVANTAGES

1. Cost: S3C0 per acre was average cost in State '79
nrozram. 10Wns mUST also assume cost of cisposal.

2. Zffective only to depth of 5 feet.
3. Does not harvest all TooCs. ]
A. Manv aguatic plants reproduce by rhizome as well }
as seed and root. ’
Y
The aquatic plant harvesting program ismreconmcnded for Russell Mill.
Pond, not only for the above advantages but also because most disadvantages

are overcome by the physical characteristics of puggell Mill - itself:

Shert flush time

4. Suspended material would be flushed out of the aquatic
systea.

Depth

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

Relatively smooth bottonm

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

4. The target species fis susceptible to efficient harvesting.

Disposal

A&. Dune stabilization
5. Erosion control

Pecreation
4. Lake is immediately available for recreation.
Rental Cost:

1680 state bid average cost S250/zcre.
4. Town attends to disposal.

DEGE Eutropnication and aquatic Vegetation Control Zrogram

‘lachine rurchase!

Small Chub - 312,9C0
Trailer 1,250
Capeble of | - 2 acres/day, 2 man cTev, manual operation
H-4G0 528,000
2 - 4 acres per cay, L man cTiew, hyvdraulic oreration

aquamarine Corp. viaukesha, VWisc.



"In this lake the technique of harvesting is not considered practical

at this time'.

a




Restriction of Motor Boat Use

The Environmental Protection Agency and Massachusetts Resources
Commission 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 outboard manufacturers have included a
‘recycling device to reduce discharge or unused gasoline
and oil.

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

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

1. There is no significant adverse aquatic life impact.

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

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

Most of the data gather by these studies {ndicates no firm support for
either complete restriction, or size restrictionRussell Mill 1is 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 new data becomes available, perhaps then, a new approach may precipitate;

other eutrophic causes are major, this at present is minor.



NUTRIENT INACTIVATION

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

f from the lake water and carry it to the sediments.

. The state will encourage the chemical inactivation of essential nutrieats in the

§ wvater column i€:

l. Only a small watershed is involved.
2. The lake has a relatively long retention time (over .3 year)
3. Total phosphorous in water exceeds .03 mg/1l

4, Sediments regenerate enough nutrients to promote moderaCte to
excessive algal growch.

5. When nutrient loading from the watershed is not sufficienc to
promofe eutropnic coanditions in the pond without tzhe conctribucion
of internal nutrient loading.

In ectivation of phosphorus release from sediments with aluminum salts |
appears to be a successful technique for lowering phosphorus concentration
to levels limiting to algal growth when used in conjunction with a program
to manage phosphorus income from the watershed. The technique has a longevity
of at least 5 - 6 years and there are no known deleterious side effects to

biota i{f proper procedures for dose determination and application are followed.

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



Russell Mill Pond

Nutrient Inactiviation

Due to its very short retention time, it would be impossible to use

this procedure. Most nutrients enter the pond from its tributaries.

S vt M oot i B0 o R
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T




CHEMICAL CONTROL BY ALGICIDES AND HERBICIDES

Herbicide control should NOT be used.

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

the Department of Environmental Quality Engineering.

Three necessary conditions are:
1. Midday water temperatures do not exceed 27% (80°F)

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

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

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

physically retarding exchange, or by increasing the capacity of surface
sediments to hold nutrients.

Lake bottom sealing covers can have additional advantages such as:
1. Elimination of suitable substrates.
2. Erosion control by bottom stabilization.

3. Minimization of water loss by infiltration.

The short residence time of Russell Mill Pond would in all likelihood
preclude the possibility of state participation in such a project. i

B ’ The
short-term effect of this technique seems to be desirable, however, long-

range effects have still to be evaluated.

Largg amount of groundwater present in Russell Mill Pond would in all liklihood
preclude the possibility of state participation in such a project. The -
state would consider sealing if the following conditions prevailed:

1. 1f drawdown 1is possible.

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

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

4. If considerable groundwater seepage does not occur.

Generally, the state prefers chemical sealants over physical.
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Physical sealants:

. Plastic Sheeting

1. perforated

2. non-perforated

Rubber liners:

Chemical sealants:

Clays
Zeolites

Flyash



DRAWDOWN

In lakes and ponds where water level can be contolled drawdowns

have been used to consolidate sediments, reduce their release of

nutrients and kill aquatic plants. While exposed to air, sediments

lose much of their water contenﬁ and they may no longer release

autrients into lake water when the lake is refilled (DUNSET ETAL 1974).
Beds of aquatic plants may dry out during drawdown and if their roots

are exposed, some species may die or not be able to reproduce (BEARD 1973).

Drawdown is not possible in ‘R Mill at present, water-level control
technology would have to be applied before drawdown could be effectively
used as a short-range control measure. This and other shortcomings have

the decision not to consider this technique.

Responses of some common nuisance aquatic piants to lake level drawdown:
Alligator weed, naiads and potamogeton spp. increase in abundance
after drawdown.

Chara, hyacinths and white lilies decrease in abundance after
drawdown. i

Cabomba, elodea, milfoil and bladderwort exhibit no change or
clear response after lake level drawdown.



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. Hith few
exccptionh, such as insect control of alligatorweed, biological control
orgnnisﬁs are being viewed by aquatic scientists with caution since the
i{ntroduction of exotic species to native waters could cause more problems
then it solves. A well known example is the common carp, which was brought
to this country as a food fish but has probaﬁly caused as much damage as
benefit. Scientists are therefore attempting to evaluate biological control

species in a step-by-step fashion.

There are several different types of organisms presently being evaluated.
A fungus which attacks water hyacinth has given good results and insects
have been released which give at least local control of both water hyacinth

and alligatorweed.

The control of a particular problem species by manipulation of biotic interactionc<.

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

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

another.)

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

iny use of biological control methods must be approved by twe Divisioa of Fish
and Wildlife. The use of biologiccl controls on excessive gtewshis ~{ alpas nd
macropiiytes ha: not been developed to the point where any pocentially effective

agents are likely to be found in the near future.

b



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 SSOF). 1t hes 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. 1t 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.



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. In 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.

1. 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 encourage the implementation of dilution if:

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

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

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

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

No clearcut advantage could be gained by using this method for two reasons:

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

aseration and circulation can be used to improve water quality for

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

exchange within the lake.

Total aeration would not be encouraged by the state if aeration

techniques would de-stratify a lake.

Hypolimnetic aeration increases the oxygen content of a lake without

de-stratifying the lake.

Positive Effects:

1. Reduction in sediment/water nutrient exchange.

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

Hypolimnetic aeration would be encouraged by the state when:
1. Nutrient loading from watershed is not sufficient

to promote eutrophic conditions in the lake with-
out the addition of internal nutrient loading.

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

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

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

Russell Mill with it's physical characteristics, i.e. shallow depth (9ft average);
surface area (42 acres); and high flush rate make it an unsuitable canidate for

any long range benefits from any aeration or circulation techniques. Wind, sun

and flow would be enough to maintain high DO rates if the nutrient influx problem

was solved or even curbed. — Note 500 policy statement EPA.

.y
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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 water 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 souzces.
2. Removing substrate would promote plant growth.
3. Sediments are important source of nuCrients.
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 wetiands.

8. Dredged sediments do not pose a health or environmental probizm.

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

3. The bufiering capacity of a lade te external changes in nuctrient
loadings may be lowered.



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

€. May destroy the conmunity of 3enthic organisms which are
important to the fish

7. Disposal site - discharge problems

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

This project was funded under 314.

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

as recommended in this report.



ENVIRONMENTAL LMPACT

Land Use

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

Physical
Yo construction other than sediment basins.
Air Guality
tlo effect.
Hydrology
Ho effect, no diversion, dredging or construction.

Aquatic Life

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

Cultural Impact
None.
Economic Environment
lone.
2esource lmpact
lone.
Energy Use
Hot applicable.
Social Snvironment
Beneficial, better water quality
Displacement of People

Ho.



Changes in Noise Levels

None.

Effect on Flood Plain, Management or Wetlands

None.

Dredging and Other Channel, Bed or Shoreline Hodifications

None.

Feasible Alternatives to Proposed Project

Hone.

Other Necessary Mitigative Measures

None.

Will the project adversely affect short term or long term

ambient air quality? ........... No.
- Will project be located in flood piain? CPER—— , (- T
Hill structures be constructed in flood plain? .........NO. -

Will the project have a significant adverse effect on fish and

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

Are there other measures not previously discussed which are necessary

o mitigate adverse impacts resulting from the pEoject? uisess 0.



Russell Mill
Management Plans
Time Schedule
Any program implemented on Russell Mill will be directly managed by the
Plymouth Conservation Commission and coordinated with any other town
departments that are needed.
The voluntary phosphate ban should take place immediately
Sediment basins-engineering study by D.P.W.
Construction of non-water using toilets where needed
Water-saving devices to be used
Updating faulty septic systems 1985-86
Zoning laws should be updated to include aquifer protection

Pollution laws revised and updated to include nutrient concentration



Russell Mill

Russell Mill Pond is located in the Plymouth kamefield on a watershed that
feeds into Warram Cove on Plymouth Bay. This is an artifical pond on the Eel
River, which has many acres of cranberry bogs in its upper impoundment. All its
tributaries are affected by the agriculture impact.

An agriculture area, such as this would use fertilizers, insecticides, and
herbicides and all their breakdown products. The high nutrient readings during
the productive cycle reflects such activitdes.

The one factor that saves this pond from being ultra-eutrophic is its very
short retention time. The flow in and out is so rapid that it is nothing short
than a holding tank. 1Its seasonal flushing is a strong factor in averting a
complete collapse and a highly accelerated eutrophication rate. It will never
be anything else than what it was meant to be, an agriculture tool.

A plus factor is its flushing rate, if ever agriculture use of the watershed
would cease. The recovery rate would be very rapid. Such impoundments recover
fast when the adverse factors are removed.

The following are recommendations concerning the aquifer protection. The
aquifer flow follows roughly the flowlines of Eel River and hence itse<protection
benefits the community as a whole and not an isolated section.

The Plymouth kamefield soil series have the same non-buffering characteristics
as do the outwash plain series. With this in mind, the non-structural approach
is the most sound one to be followed.

The voluntary phosphate ban on high phosphate detergent is an excellent
starting point for aquifer protection. This voluntary ban could eliminate 50%
of the phosphorus input from domestic sewage of about .8mg phosphorus per capita
per year. The only cost would be ads in newspapers, radio, or any source at the
commission's disposal.

To put teeth into local and state laws, it is strongly suggested that the
definition of pollution be revised to include acceptable nutrient levels.
Nutrients are predictors of pathogenic infestation. They sound the alarm much
in advance and can be used as predictors. They can predict bacteriological
infestation, the same standards that are now being used as pollution guidelines.

Zoning and percolation tests should be upgraded to the New Hampshire Lakes
Region Planning Commission levels. The soil evaluation concept should also be
included. The Maine and New Hampshire lot sizes and set-back based on soil and
groundwater criteria should also be included.

Water saving devices should also be used for three reasons. Conservation.
Protection of man's major enviromental problem, water. And, the protection of
the Plymouth aquifer from which so many people draw their potable water.

Russell Mill Pond is an agriculture tool and, once this stops, the high
flushing rate will cure its basic problems.

Y
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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 50% 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.

L@



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 it'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 f{mportant lake restoration tools in two situations.

Lakes which have problems of excessive shallowness and rooted aquatic

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

a combination of procedures may prove to be most beneficial.

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

2. When matefial accumulated in the lake constitutes a significant
source of pollutants which is independent of controllable activities
in the watershed.

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

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

Maine used nutrient inactivation treatment.

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

used nutrient inactivation treatment.
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Pruograme and projucte leading Lo the swolut lon of wnlid
waulu managumonl problemu. Awwlslunce Inaludus support

of fuelllty planninyg, fuasibility sludlue, axpert conaul -
Latlun, wurvuys ang analyslv of markol needy, mnrkot lng or
rucovurud rumourcew, technnloygy sasvnumenl, lugul expunsva,
sun¥trucl oy foauibllfty studive, source breparul lon pro-
Jecle, and flaus) op econosle Investiygalion of atudivse,
Funduw may he used by gpocial Cummualitllow for converwlon,
Improvemunt orp conwolldutlon of sxlullng anlid waele dig-
Pounl facilitlve or tor conulruet jon of now facilitlas,
Avulutluncy ly wlao avajluble to low populat lan munlelpul=-
Itlea (ur clowlng or upgradling axlsling upun dumpa op

mooting requlremuntuy of rostrictions on opun burnlng or
otlier requiromenty arlsing under the Clean Alr Ael or the
Fuoderal YWater Pollutlon Control Aet. This progrem lv con-
uldorod wultalble fof Jolnt funding with clusoly rolated
fadoral financlal asselntnnce Programe In accordunce with
Oul Circulsr No. A-111. The federal shaye of a projuct

muy be up lo 76 peycont slthough 100 purcent = y Le funded
for conducting Inventories of opon dumps, Plusncial susla-
lange has ringud from $71,600 to $1,318,200 with an aver-
age of $250,000, ¥y 80 ealimaled ubligations are
480,050,000, 8tate and subutate solld wuasle agencies,
authorities and organizations Ia all statea, the District
of Columblia, Pusrto Mlco, tho Virgln Islande, Guam, Amur|-
can Bamon, and the Marjana Islands are eligible for funding
under Lulg projact,

ﬂso-.-=a-1n- vu_n-hoa—own-n:qu_n od by the sgoncy are
roquired for ﬁﬂ—e Pruogrum, Preapplicatliohs for rowource
conservation and rucovary projects are sallcited In the
Commerce Nuslnpsw Dally and evaluated with published eri-
terla. Requests for applicatlion forms and comploeted appli-
calions are sulmitted to the appropriate EPA reglonal
Erante adminlstratlon office, The silaff at the spproprilate
offlce |m avallublo to asslut {n proparatlon of the apply-
cation. Applications are subjected to adalalutrutlve

latlouns and to technlcal and Program evaluallon, Approval
or dlevapproval tlmy ranges from 30 to 00 days nnvnaa_nn
upién the type of appllication, Applicationu are subject to
slate and areawide clearinghouse review, Environwental
lmpact asuessmunts may be required for implemuntalion pro-
Jocta Involving ma Jor construction op siling,

Contact: Information may ba nbtained from the appmropriale
EPA reylonal edulnletrator,

a, 0lld Yastly Mnnsgenent Demongiralion Orante, Project
Eranta are =<-Hmwmqﬂ o promote @ demonatation and appll-

cutlon of sulld waste mahsgement and resource recovery
techunology und ssuletance whigh prevorve and onhance Lo
quality of Lhe environment and conuarve rasources snd lo
conducl sulld wavte m gumenl and resource recovery sludliug
Invewtjgations snd wiurvoys, Thie Progrsm lw conuidered
sultable for jolnt funding with closely relatoed fedoral
flnanclal aswletance programs In accordance wilh OUD Cig-
cular No. A-111. Nusourco recovery sysion demonatratlon
projocls muy Lo fundod up lo 76 percent Ly thig federal
brogrum, Conslrucllon of puw or Improved solld wasle
dlupossl faclllljog sorving an ares of unly eno muniel-
Pelity may Le Funded up lo B0 wuwou:. of eligible project
vonle, or 76 perceont In any othur canua,

Hiulo, Intorulalo, munlcipal, hapcw!:z_nhu-a. or olher
publlc nuthoritles and uyonaluva wru avallable Inr the vari-




h
m
|
|

ouy cumponentu of Lhily progrum, " In addition, publle or
rrivute colleyes and unlvursltlev and private nonproflt
sggncleou and {netltutlons aro avallublo for the resvurce
r¥covury syslows demonstratlon projocle or for the con-
slruction of new or {mproved solld waulo dlwposal fucll-
Itivs. ALl otates, tho Distriol of Columbla, Puerto lilco,
Lhe Virglu Iulands, Ouam, Awerloan Bamwos, and the northern

Harlunu lulandw are eligible for aswistsnae under Lhlae
progrum,

Btundurd applicalion forms are turnishud by tha agenuy

for Lhle program, MNequssts for appllcation formw and com~
Pletod applicetlions are sulmitied to Lhe Environmuntal
Prutuclion Agency, Orantas Adalnlstration Divislon. Appll=-
culluouy are subject Lo stale and areawlde clearinghouue
roview, An environmontal Impact assussmont is ragqulrad
unly for major demonstratlion and conatruatlion projects,
Approval or divapproval time normally takes 00 duya,

nc:-c-m.znoql-u-ou.l-w‘v. me-:-tenﬂwnal the appropriate
EPA rugionul affice, s .

Nk Envlr
‘Projec

and

rocccz—c nnw_Owa and dovelop stratoglos
and wmuchunlsme for those In Lhe econvislc, soclal, govern-

munlal, and onvirunmental uyulems Lo uwe In environwenlal
manugenent,  Thlw program le sultable for Julnt funding
wIth clugely related fedoral fluanclal swulatance progrumy
In sccurdanco wilh OuD Clircular Mo, A-111. Projuclu muust

Le vout ubarud al a ninlaws of 6 purcunt, Flnanclel anulg-
Lanco haw ranged {row $1,000 to 31,810,680, Y 70 Averago
[lnuncial awulutance was $08,2304, ry B0 eullimnlod obliga-
Llonu are $20,800,000 for granle. This program fu avall-
sble for publle snd private wiate univurultley wnil collogesn,
hwupltely, _-rcﬂnwaﬂheu. atete and logal govurnmont dupart-
sunle, olher public or privale nouprofif _n:-hﬂcpncaz. and
Individualy whe have domunwlraled unuwuslly hilgh weluntlfic
sLilIty., gt le avallablo Lo each slute, paqn__cqwnzn .

Pavdunslon of Lthe Unitod Stlatey Including the Distriot url
Columbln,

Pruoupplicat)on dlucusulons with
sdviuably, Btundurd appliastlon
Negquusty ryp applicatlon

Lhe EPA progrum offlee lu
formu musl Lo uwod,
forme and compluled applleatlonsy

mccordance with oun ¢y

Wuut be submittod.lo the EPA Urants Admlinlutrul oy Diviw
An onvironmwontul lmpact aesowsment la roquired, Approva)
or dluapproval normally takes 0O n-wl.

Conluct:. Individusle are encouraged to co
Lhe appropriate Epra roglunal offlce,
grant applications mnd procedures,
Protegt lon Agency, Granta Administratjon Divisloun, Pu-218
Yashinglon, D.C, V400, For program -nowl-n_o-. cuntact
the Environmontal Protection Agoncy, Offlece of llesonreh g5
bﬂme.oraaan. nn-074, Yashington, D,C, 20480, (202) 755~
p787.

2. 8olld yaste Dig oual Nesenrch Oranta Projeot grants
are -qnﬁuumqul o promale and suppor @ coordlnalion of
research and devolo meat In the ares of oolluctlon, slors,
ulilizatlon, and ,...?... oF flnal Jlepoedl. of s0l4d waetse
The!program Js conslderod sultable for:joint fundlng wilh
closely relunled fedoral! financial asslelamce programs |n
r ular Ko, .A-11] Those grante
roqulire a minimun' of 8 percent cost -v-wm-nn: FPlasaclial
elatance hisirs ged: from $16 000°t0%$359,000 wit) 1
for 80, 00047780 eat Imated .

;s ; Tk '] .vﬂﬂua L_h _ .._
IPr ) Yoito publ Sior PEIVate bge clos;
publd ‘Ieat u _¢.ﬁo_n-m4rq.pno_nr-.-“ stale
and "local nccnwannan-“‘-sn Individuals in each otate, tery
tory and possusslon of the U.3. Incllding the Dlatriut ot
Columbia, .

mmunlcale with
For fnlformaljon on
conlact the Environmen

&

Preapplication dlvcusslon witl
Roquusts for roquired standard
pPlated appllcutjong nusl ba au
Adminlutrallon Divislon,
munt e requlroed
timu la PO days,

tho EPA program im advigabl
rpplication forme and com-
Lullted to tho Epa Oranta
An envirunmental Iwpact aswoas-
« The range of Bpproval or dlsapproval

Contacl: Individusls Are encouraged lo communleste with
Lho appropriate EPA raglonal offfce. Information conecern-
log grvant uppllenlions and proceduros may Le obtalned from
Environmontul Protection Agency, GOrantg Adminlistratioun
Plvlstlun, Pu-u1q, Wanhlnglon, D,cC, 20400. Program lofor-
miatlon may be vblulned from the n:c_qozlnapnu Protectlon

Agonay, Offleu of llewvarch and Ua<-uoﬁlo=w. RD-874, Yash-
Inglon, D,C. acian, (203) 4uu|=qaq.

J. Nator Pollutlon Control Romenruh Davelopmunt, and
Dumonuirailon Grants, Pro °ct granls aro ayalls ° under
thila program 10 support and promote Lhe coordlnatlon and
acuoeleratlinn of rewoarch, mn<o~avlo=n. and demonntrul lon
Prujucly relutluy to the caugue, ulfacty, extent, preven-




. on rumsonul|e Lurma dogy
tiow, ruduct lop, “nd wliminatjog of water pollutlon, gy,

wavtowalyr trvatweny works Jop whiclh a Eraut hag Lyup o)
Progrum fu Conuldured wujlable for Jolnt funding wigy ¥l1l ba awarded, Applicationg for loan Euaruntloew wi])
clowuly related fudury] inanofag asuiylance Progrums in Hmljod (o h_zzzn_zn certaly Portiuny op the eligibly an
-wuc~q==co with Oup Clroular Ho, 4-111, Orantw under cur- i ) allowuble loecal share of , grant for conatructlup of wau
taln suctiong Of thls prograw Feaulre s minluum of 5 par= . wator tyontmept works, gpg EUarantess tho losn froa (he
Cunl coyl shuring, whila the rowmu lndyy requlre 38 perconl

| Cout wharjuy, Newouruh grantg have ranyod from $1,000 to

Fedural Flnanclny Dank,
3773 912 |, FY 78 ana 79 wllh an Aveéragu In FY 79 o¢

: A utute, Inturytate Agency, o l::-nhb-—h—w. Or an Inter-
$01,710 4ng A’ projected Average tar FY §o g 478, ooo, munlclpal Agoncy which fag applied for , conutlruction gy,
i Domonsteation grunte have ranged frow 337,500 Lo 30,600, 000 undar Tille If or gy, Clean ¥ater a¢yp of which hay cown)y
In FY 18 ung 79 =Ith an average oy «_...:.u_uo x_cm*cuw. “...« tod Ituelf g4 [lnanca the 1gcq) share of apy Project ror
; MM ”“w““mwhm Mnﬂ%nunumh“o”q“nmqw mmmhm“m auw noau-wnr and wwhmw_- SnL s Deoy a1l i ar op shich en g iabal il
. L}
nu:C:zsﬁzﬁ_oz Eranta,

MY proceugay ire wligible for runds under t)ile
Erum, |t g avalluble tgo tuch statg

= "enq_anw und pugae

8lon of Lhe Unlted 8lutos Hzo_:n_su Lhe Dlslr]ct ol Colus
Thiu Progrem |y ivallaoble g publiag, Private, grate and bla,
¢ Honrmuy Ly Unlveralty apg colleges, uﬁnuh.p_n. H-roqgnoqhta.
1 wluln wylop Pollutiog conlryl agancive, _anuwan-wo sgenclos, wnnruubunnwpoa Conuultatiog with the SPpropriste Epy -
; ¥lale ang loeal EQvUrnmanta, other pyllje or private nyp- lonu) oc::-q:nphon Grants ang Orunt »alnu_-—wn»hcz Oftlcus

vroliy Sgoncleg, _azpuﬁcp_nae. and organizalong In wuah oa 1y recoamonded,

H Hlale und »1) tarritorieg and Poususslons of (py United i

Appllecation ig mado through ()e Staty
Brency to the ayp ropriste Epyg Teglonal oha_nq
Stuley Ineluding ghe Dlatlrict of Coluablifa, Orants wuay be r E naid a

« Vaog are
Awardud (o -:quhzzauc who Laye na!::c—ﬁ.neu

ATy T rui charged fur Processing of the application and for lasuannyg
Unusua gl of a Commlilmont o Euarantye, Jp¢ tho “pplication 4g ap-
] velentif)g ablllty, Orants under nn“n-_u.qcmnncuq of Lhlu proved by L)o gpy -aa_n_.nw-noq. lvanp guirantegd Colitracty
| PFOUTum may be awardeq Lo profit-making Urnunlzationa, w111 ba lusuey tq the rudera] financlng off)ce which dfy-
! erses fundse,
w 1ne-tt__c-.hc= dlscuasiay ¥ith the gy Program Offjce la i 3
| dvivalle, llequestn gor the requiraey standard applicatlon

Contact; Contact the Appro
-cnltnan comapletgd applicatiaona mist be suloiliied gq the ElA [or Informa pe
M=‘~n==!==n- Protactigg Agvnoy Uranle nnl—a_zwwsphca

Proteetfon Agoncy, Grangg aglhnnunw-n—on Divi
ire subjaeal ¢

n-::.:u-::. D.c. 20480, (2032) 165-08E0,
« An envirop- s
monlul lupagt Susvsnment |4 Fequlved fop thie Prugram,

Runygou of ijproval ap Alsapprova] timo 1a po dayg,

. Ihe m=<hw=:!m=p-_ vnoﬁcun_:n »nc:aw. Orante Ay
& :_c_:_za. Pu-210, nnu:_zunca. D.c, 2044ap, Pro
i mallon may by vblytngy fvum the w=<~1:=!c=a._ vﬂapccwho=
3 Aguncy, Oftlee of Nesuarc) Program :-::uc!c=n. rCamqh.
1 q:::_:uﬂa:. 0., 204480, (202) 765-878 5 .

i_z_tﬁq-p_::
Kram Infur-

Orricy op PLANNI NG AND :>z>:x:n:4

L. loun Uuurante Trustment Yorky, _
Gun snlend]Togyre Hﬂlﬂﬂnnnpnﬂam BUl've
AU ap Incuntgyy in ¢

of munlelpal Buwhyge tyryyg.
Bmunl worky whilech are

. wuler Muul |ty wlandurd, dewlgnod to fnnurg
Lhat _=-rh__—w lo burrow 4 from othyr Hulircog




STATE/LOCAL PROGRAMS

STATE LEVEL! HARYLAND
HEPANTWENT OF HATUNAL NESQUICES

Yulur lNubourcos Adisinlastratlon

_.c_cz:rnrcuchw-: Fodoural), Mo aguncy hus beon off]-
clul Ty uor_nsnnourdw adalnlator wﬂ4 Cloun r-mwu appllcutions
end 314 Clean Lakug grents from the Eavironmental Protectlon
Agency, The Water Hewourcuo Adwlulstratllon hus bLoen: Involvad
wlilh 208 Plannlug and wowo of the 3203 Neglunal Planntng Cowm-
mleulony huve applled for and recelved 314 Cluwn lakes fund-
Ing. At the present tize, the local project spousor la re-
qulred Lo provide malching monlos,

Contect: WMuryland Departmant of Hutursl Newources, ¥ater
Nuwnurcen Adalulutlration, Tuwus Btale Offfce Dulldlug,
Anspulle, Usrylany 41401, (301) 200-9224,

3. Progrum Opon Spasce, The Dupariment of Matural lovourceu
providua ﬁd:-:n“-ﬂ uasigtuncy In Lthe form of gErante (lormula
allutment) to loeal Bovoramental unltas for thae dovalopment
of park and vocrustlonul facilitiow, Mall the monley ru-
tulvod Ly Lhe luual commuulty may be used for land acquiul-
Llon oud halt for recreutlonal development, 4 25% malch In
feyulrud of the local 8ponwor on the portlion that appllow

to rucrustlonal duvelopmunt, Ho wmateh Jg requlred on the
portlion for Janpd acquisltion,

Countucel; Apprupriate county offles or Waryland Dopartmont
ol Hatursl lusourcwes, Progrsm Opun Bpace, Tawas Bluto Offlce
Dullding, Anmapulle, Warylund 21401,

YTATE DEIANTMENT OF HEALTI

1. Yutur _lea wnn Buwurago Pruyrum Uly progrem provides
grunla ﬂmrnozznnﬂﬂ.-au lzamn_urﬂdnﬁoz fur wowage wud contynl

Honreu myslum doevulopmunt, Mounlos Bru Lo bu used to provide

a mulehlong funding for the fudura)l Buwayu Conslruetlon
Oruntu Progruw (projJocte auut quulifly for fedurul wid),

Tho winto wil] eout shurv 601 (thu olher 601 to bu providud
Ly Lhe Jucul Hpunaor) of the nonfudurully Tunded portion or
Projuct cosley on o 784 todurul grunt und 751/254¢ (uluto/
luocal) un » H0L fudurael gErant.

Comtunt: Muryland Stula Dopurtmunt of Huulth,

STATE/LOCAL PROGRAMS
STATE LEVELI HASSACIUSETTS
DEPANTMENT OF ENVINONMENTAL QUALITY ENGIKEERING

Divislon ot Watorways

V. Eulrophicution snd ‘Nuleunco Aquatle Vepoutation Contrul
mhmmwnl mﬂa.chnq-t avolvea a preapplioation and 1lnal
app wnpn—o= Procesu In order for g vosaunity to recolvae,
funds forp controlling n problem In thulr luko, Furmeriy ,
ulmple weed countrol Progrem, thie prugram now glveuw (1ru}
priorlty to projoctu whieh awak Lo solve the eutropbicatlion
prublem at Jtg source, The complute opan of rewturallan
technlquea arag ollgible for funding (about $120,000 avall-
able statowlde durlng Fy B0)., The usunl applicant lu a elty
or town through he buard of seloctmon, convorvatllon coum|g-
a@lon, huealll nmv-npzczp. ole. Thle program la expuctud to
be tranafarred to the Divialon of Water Pullullon Control

In ordor Lo coneolldate and coordinate all Jaky functlons
Btutle-wlde,

Contuct: Husuachuuotta Departwment ur Enviroanmantal Quality
m:u—:uanuzﬂ. Divluvlon ot Yalerwayu, Roouw 812, 100 Huuhuz
Sireat, Duslon, Museachusottg 02114, (617) 727-4797.

Diviwlon of water Pollution Control (314 deslgnatey ugency) {

1, Mussachusutlty l.ukes Pro ruem, This progrum wvwbodles the
utate’s own program, ctlvitTes lncludo wtatwwlde luke

c¢lavaificatlion studles, =h-n=o-nhn-n.-:-c—w_ﬂ< studles,
waler asslutunce rusvarch tosm Surveys (WART strlkes), 314
coordinatlon pnd project application -a:.:—a»w-—-a:. llmno-
loglenl data Publication, wiate pProject priorfity llsting,
lako nwnoctlatiog auslstance, coordinatlon of fedoral-state-
local lake rohnbllltatlon elforta, and relatud uctivitjes,
luglulation Presoutly unduer review, Ir succesvlul, would
provide up to $2,000,000 iy, tate matehlng fundy for 314
Projocts au woll uu Provide a firm loglulative mandate for
adminlstoring glutewldo lakes program,

Contact: :-z:rnrcchre Dopartmunt of Enviroumental Quality
n:gnzcoq_=:. Diviulon of Water Pollutfon Control, p, o, Dox
G465, 1::Froq:==r. Manuuchuanlle 01581, (817) J66-018),

u.mmn:ucq.—c; ¥utor Pollutlon Lonlrol Program (Ch. 2]
Buet; uﬂwﬁ ThTs program providos ¢rania to publTe entlfion
represontlng wevoral munlelpulitivo for reglona)

w“asler pollution abatomont planning
fued $16,000 por Iublle eutlty,

uewage and
- Oranls are not to ex-

Conlsat: Muswuchusctiy Dupurtmunt of Environmental Quallty
N:x—:ccﬁ_zu. Divielon of Wuter Pollullog Cuntrol, 110 Tre-
munt Streot, Nouston, Yuwwuchusulty 02108,




« Nuwenreh snd Dumonotrul lon Projuetn uml Fucllitlou, “The
W_<~mquﬂlm~rmnﬂmq PolTutlon Control can provids Tochnlan
seglutlunce wnd gruant wid for sludlow snd downnutretion pro-
Joetw lavulving lunovatlve wuyw of trualing vawage, Anyuvnu
with wppropristo tdune, Includlng consulluntuy, cz_qcez_n—:c.
Conunlllue, wie,, muy upply, $1,000,000 hae houn suthor-
lzud Tor PY 80, In Lhe puut, Lhla program providod sumo
wutehlng wonles for tho 314 Closn lakes Progyram bufore ow-
phuula ahltind to S8owugu Lrestwont, It I8 unllkely thul |t
will Lu uaud Lo wuteh 314 funds In Lhe fulurou,

Cuntuct; Mussuchusolles Dopartwant of Environwonts) Quullity
Englnuoring, Divielon of ¥alur Pollullon Control, P. 0. Dox
B16, Yuuthorough, Mavawchunoltu 01681,

408 Huglonnl Plaunlng Cossuluslons

The 208 duvignatad Noglonul Planning Comalsslons huve bLown
whpsaclally active In Uuwsachumotls and hava coordinalad
thulr ulfforte with tho Dupartment of Euvlronmuntal Quulity
Englnvoring to provide Inforwatlon on prlority lukes and to
orgsnlzo publle moetings to Involve Lhe publie In luke ras=-
teratlon pluns wnd projecls.

Contuet: lwocal Plunanlng Offlee ur Deparimunt of Environ-
monlul Nuality Englneoving, 208 Plannlog Division, 100
Cumlirldg;o iyvewt, Dostoa, Hewoachusulin 02104,

EXECUTIYE OFPICE OF ENVIRONMENTAL AFYATILS

Diviulun of Cunnurvat lun Hervice

Bull-lulp Progrs The Diviwton of Consurvatlon Soryviuve
11:<4=mm.MHm=~a nc1mﬁw_n_=n— Consurvetlon Cwnalaulone tn
Cuvur up to 50% of the couls of lund sequivitloy fur pasulve
focrvatlionsl uso, Fillong dewdllne for applleutione Iy
Auust U1 vuch yeauy, Culy lund acqulultion codlu arv wll-
glble uwnd only Munlclpal Consurvallon Comnlyylong MmAy upply,

Contrul: Exuvcutlve Diflce of Euvironmontal Alfwlyu, Divy-
slon uf Connorvut jon Aurvice, Jola x)tougtahl Bullding,
100 Cembirhilge Ytruot, Bouton, Muwsuchuaults 02108,

4. v hun Bulf-lolyp Progrus,  Tho IHvlatan uf Convorvat fon
8orvice reTaliravs Tockl Putk and fucrontlun Comaluwlune of

munlelpulltlon wity & populaticen of growlor Lthun 36,000 oy
up to BUL of Lhe couts of Yand ucqulsitiug for pavk wad
rucrust funul fuel) il low, Only lund nequisitlion coutg (tn-
cludlug “Puralvnuly) are aliglbio for volabursemoent ,

n-——::n:rc:unrt —:r*bsuzlpu— unch. yuaw
Auoduu v wha g s g s conts Ly

NGnuurce Progrums L

VASHACHUSETIY CONGUEUS OF LAKE AHD UHD >mzcc_>e_c=m. INC,

Thoe wajor sellvity of Lho Congroswa g {g qpﬁt-qa the
of lskes und ponds on svary front,
the purpuses ag follows:

Causo
Thelr conutliutlon glatoa

1. Tu porform 211 et8 appropriste to a noaproflt,
clentifle, literary, und educational eonrporation ded| -
nated to the prowgfian and dovelopwant of vnvironmental
quulity stundards caventfal far aatlulactory life
slylus and conditiona In the natursl Cusmunltly,

3. To preserve the uesdthetic, recreatlonal, and com-
worclal values of lakew and lakeahore prupartjay

through thoe maintsnance and fwprovemunt of sueh un-
vironmental fuctlora as waterahed ecology, waler qual-

ity, laku watur levule, shorallue woudlaend mauagowonl,
agricultiural acllse practlcos, recruatlonal and rosl-

dontlal bulldling standardy, and related _nnucwnnan.

auch aw walar and bouting snfaty, 4

Durely one yuar uld, thu Congroww {u ooly Just beglantuy to '
grow and vonllnuously experiments In Innovatlve ways Lo bu-
cume effoctlvo for the tause of lakes and pondu, Ay thulr
sxpurtieo lucressss Lhe Congress should be abla to contr] -

bule woru snd more to the wtate und fodoral Jake elforts

lu
Haagachusutlls,

Cuntact; Husunchusutty Congrusu of Luks and l'ond Assouc{u-
tions, lue,, I', 0. hox J12, Weutwminator, Husnuehunally 01473,
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The Clean Lakes Program

Section 314 of the Federal Water Pollution Control Act Amendments of
972 (Public Law 92-500)* directed
_éncy to assist the Statas in controlling sources of pollution which afface
‘érquality of freshwater lakes, and 1in restoring lakes which have deter-
ﬁﬁted in quality. - EFA is fulfilling this mandate with the Clean Lakes
‘ﬁgram, which provides technical and financial assistance to the States tg:

the United States Environmental Protection

l. Classify publicly owned freshwater lakes according to tro-

phic condition;

2i Conduct diagnostic studies of specific publicly owned lakes, and
develop feasible pallution control and restoration programs for
them; T

e Implement lake restoration and pallution control projects.

Assistance is made available ta the States through the EPA Regional
fficas in the form of coaperative agreements.

Because program funds are
ted, and the number of publicly owned

lakes with present or potential
itor quality problems is large, awards must be made salectively.
i0san for funding are those which maximize public benefits.

2t threa general criteria.

Projects
rSuch'prujec;s

A First, projected public benefits must be significant. A lake o be
ﬁﬁfed and restored or protected s

nould be one winich can provide beneficial
es to a large number of people.

Second, the water quality improvement must be lTong term, to

insure
5ting benefits.

EPA will not suppors restoration measures which merely
eliorata symptoms of pallution in a Take.
tershed management --

:sent or pat

[nstaad, the Agency enphasizes
4 comprehensive effort tao identify and eliminata

ential causas of lake watar quality deterioration. Pollution

L L0 te controlled at its sourcsa, not in the ]ake. When pollutant sourcss

%w Known as the Clean Watsr Act of 1977 (2.L. 95-217) .

4
’
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j;re being controlled, however, in-1ake restoration techniques to Speed
recovery are alsgo eligible for funding. '
' Finally, projects should promote integrated, coordinated water quality
Other Federal, state and local programs Can supplement the Clean

;-qt a lake restoration agreement by helping municipalities eliminate pollu-
ficn from dcmestic sewage. UuSs Department of Agriculture assistance s
}vaf]ab]e to farmers to unplemeqt agricultura] pollution control measures,
}upplementing Clean [akes Program watershed management. Ccmbining- watar
ﬁua?ity management resources in this Way enhances the effectiveness oT




| - THE CLEAN LAKES PROGRAM

This section is summarizes the Clean Lakes Program -- its legislative.
hasis, regula;ions,'program descripticn, application procedures, and results

to date.

Legislative Basis

Section 314 of the Clean Watear Act of 1977 is the legislative basis

for the Clean Lakes Program.

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) oprocedures, processas, and methods (including Tand use
requirements), to control sources of pollution of such 1akes;

and

(3) methads and procedures, in conjunction with 2poropriata
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 assistances to States
to prenare the {dentification and classification surveys required in
subsection (a)(l) of this saction.

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

(2) There is authorized to be approoriated 550,000,000 tor
the fiscal year ending June 30, 1973; $100,000,00Q for the fiscal
year 1974; $150,000,000 for the 7iscal year 1975; $50,000,00Q ior
the fiscal year 1977; $60,000,000 for the fiscal year 1978;
$60,000,000 for the fiscal year 1979; and 580,000,000 or the
fiscal year 1980 for grants to States under this saction. These
sums shall remain available until expended. The Administrater
shall ‘provide for an equitable distribution of such sums ta the
Statss with approved methods and procadurss under this sactien.




Restriction of Awards

One of the ways in which the Clean Lakes Program will affact =tnis
csaraination is by limiting award of Federal lake funds to dreas thac ars

' 2polying an intagrated watarshed manayement apgraach. Batare wmaking an
award, the Regional Administrator must detarmine chat any watar pallucion
contral measures in the lake's wataershed authorized under sEETion 204,
included in an approved 208 plan, or required by sactian 402, have been
ccmpletad or.are areceeding on appraoval schedulas {40 CFi 35.1656-2(3)(2j].

Goals

The goal of the Clean Lakes Program is to implement, through assis-
 tance to the States, methods and procedures to control sources of pallution
.ﬁto the Ration's publicly owned freshwater lakes and to restore degraded
E]akes. Recognizing, however, that this applies to all publicly owned 1akes
h;and several thousand may need immediate action, the program has established
Ea more specific goal for the 1980-1985 pefipd. The goal 1is to protect at
Eieast one lake whose water quality is suitable for contact recreation, or
;to restore a degraded lake to that condition, within 25 miles of every major
ipopu]ation center. A population center, in this context, usually is a
%ﬁtandard Metfopc]itan Statistical Area (SMSA) as defined by the U.S. Bureau
;ﬁf the Census. However, this definition will be applied with discretion in
g$electing projects for funding. Some SMSAs are so populous that a single
&1ean lake would not be sufficient to mest user demand. Conversely, in SMSAs
fear the ocean beaches, bays, large rivers, or the Great Lakes, there may be
litzle demand for lake protection or restoration.. In vacation and tourist
ireas where seasonal populations are high, and in other situations where ]ake
¥ater quality is important to regional economy and quality of life, projects
fay warrant priority equal to that accorded urban lakes. More explicit
Quidance on this aspect of project selection will be developed, but the nesd
ior lexibility will never be eliminated.

’
I



TECANTCAL AND FIMAMCIAL ASSISTANCZ PROGRAMS

As discussed in earlier sactions, the Clean Lakes Prcgram provides
up to 5100,000 per award and requires a 30 percent non-Federal share for
Phase 1 diagnostic-feasibility studies. Phasa 2 awards are available for
? pallution control and/or in-lake restaration methods; there is no specified
ﬁ maximum, but they require a 50 percent non-Federal share. Tnus, significant
1fambunts of money must be supplied by State, local or private sources. As a
2 general rule, Federal grant programs aor other Federal monies cannot be usad
-Qto supply the State and local share; however, two exczptions do axist. The
ﬁ exceptions are the General Revenue Sharing Funds frcm the Denartment of the
| Treasury and the Community Development Block Grants frem the Oesartment of
fHousing and Urban Development, both of which may Se used as a osart of the
-'Stata and local matching funds for the Clean Lakes Program.

Non-Faderal Match

A number of States have sat up spef1.1c funded programs to be used as
pon -Federal matching funds for the Clean Lakas Pregram. Qthers have oroarzams
j h, althouch not specifically designed for tha= ourpcsa, could be usad ta
T?rovide the Tocal match (see Table 11-1). [Ia the Stats/local saction af the
Qatrices, in Table 11-2, under the “Fedearal °rogram Matched" column, *he

fhrasa "314" denotes States with funded programs specivically designed tg
?atch the Clean lakes funds and "214 nossible," denotas Statas whers orcgram
?nds may pravide the match under cartain conditions. Thirty-two Statas 4c
4@t provide'matching funds. Cansaquently, local units of davernment mus:
fﬁcvide a1l the matching funds 7ar the Claan Lakas Pragram. However,

cachnical and administrative assistancs may bSe usad as an in-kind

As can be seen in Tabie ll~2,-most Statas have indicatad that they
&?pravide technical assistance which can be used as an in-kind match. Such
fta sarvicas as water quality manitaring and installation of manitoring
‘Hipment labaratory servicas, and analysis of data can and have bSeen



sed as the in-kind match. Thesa sarvicas can also be provided at the

kai level and may include donated time and equipment frem qualified local

;urces. Specific reference to using in-kind services is made in the hypo-
fetical case in Section 12.0 of this manual.

Combination With Other Comolementary- Efforss

[n addition to providing direct match1ng funds, other programs at the
u{hra] reg1onaI and State levels can bte coordinated with Clean Lakes
QJec*s by aroviding funds for activities that are .not directly a part ofF
fle work Funded under section 314. These are also summarized in Table 11-2,
§ an example, the Clean Lakes Program regulations specifically exclude costs
; comtrolling point sources discharges, where the sources can be alleviatad
.dennits issued under either section 402 of the Clean Water Act, or by the
ﬂﬁning and construction of wastewater treatment facilities under saction
f of the Act. Nevertheless, it is recognized that such control of paint
;}c= discharges is extremely impartant in the lake restoration pracass, and
{t where possible, this work should be coordinated with Clean Lakes orojects.
Us, while refarences ta saction 201 programs are not included in the Stata
Ogram sections of the matrix, it is impartant ta check with the appropriata
Ogram offica to detarmine their applicability to Clean Lakes restoraticn.
E Other examoles are racreational .ac111t1es develapment praograms, such
 ‘he Land and Water Conservation Program under the Department ot the
%ngOr s Heritage Conservation and Recreation Servica. They may nat be
fd to provide matching funds to a Clean Lakes praoject, but activities
fided under them can greatly enhance the benefits obtainabie with Clean
kes funds. Again, as with 201, no referencs appears in the matrix to these
ftON programs.

Department of Agriculture programs, especially in the Agriculturz!
vbfl:zat1on and Conservaticn Servics, the Farmers Heme Acmministraticen, and
fSof? Conservation Service, are other examples of funded arcgrams wnich

/ be usad w1;h the Clean Lakes Preogram. [t {s imporzant to remember

Y -
vildh

dlications for Clean Lzkes Orojacts prapasing ccordination wish ccher
Molementary activities will recajve more fFavorable caonsideraticn 7or

—_——



STATZS WITH PROGRAMS TO MATCH CLEAN LAKZS FUMDS

Specifically
Desianed Proarams

Programs Applicable
Under Certain Conditions

Connecticut
rFlorida
Massachusetis™®
Maine*
Minnesota

New Jersey
Nerth Carolina
Orecon*™

Puerto Rico
South Dakota
Washington™*
Wiscansin

Arizona
Arkansas
California
Mot ana
Nebraska
Rhode Island

*Oroposed.

=D ronosad, Phasa 2 only.



Sources of Additional Information

Written descriptions of Federal, regional., and State programs can be
found in Acpcendix H to this manual. The Federal programs are divided into
three sections: those providing financial assistance; those providing
technical, 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 chaptar. The
matricas indicate the department, agency, and program identification; tyoe of
&¢ssistance; type of orojects which are eligible for the funds; and *ha
eligible recipients. This information, along with the total obligations for
fiscal year 1980, average project size, and various application information,
has been obtained 7rom the Catalog of Federal Ocmestic Assistance (available
in major libraries, or may be purchased frcm the Superintendent of Documents,
U.S. Government Printing OfFice). Where necassary, the matrices have bean
supplemented by data obtained directly from crogram managers.

Two other Federal programs are not included in the matrix but may be
usaful. The U.S. Army Corps of Engineers has a program which is crimariiy
research-orientad, dealing with projects such as aguatic plant control, beach
erosion control, tlood control, debris clearanca. and channel straightening.
Tnis assistance is usually in the form of tachnical consulting eand resaarch
by Corps personnel.

The other Federal program which does naot acpear in the matrix is the
Generz2l Services Administrazion's Disposal of Faderal Surolus Rea] and
Personal Property Programs. This oragram arovides for the transfer ¢~
property such as ahandoned military installations 7rcm the Fedarzl govermment
~to elicible recipients. The transver is usually on a specizlized basis and
depends on the location of the oroposad project.

Information concerning State and ragional progrzms was cbtzined Frem
interviews with State and regicnal officials. These orodrams 2re des

in Apoendix H, and oresented in “he matricas in this secign.

iy




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

Excellent source of water
supply, requlring dislntection
Constlluent ooly, ns treatment

Good source of waler supply,
requiring vsual trealment such
‘as filtratlon and dislnflectlon

Poor source of waler supply,
requiring speclal or nuxilinry

DOD (G-day) mgN

treatment and dislnfeclion

Monothly average: 0.76-1.6 1.5-2.5 v Over 2.5

Maxlmum day, or sample: 1.0-3.0 3.04.0 Over 4.0
Coliform MPN per 100 ml

Moothly average: 60-100 60-6,000 Over 6,000

Mazlmum doy, or sample: .

Dissolred Oxygen
mg/l average:

Lesa than 6% over 100

4.0-7.6

Less than 209 over 5,000

T#sa than 69 over 20,000

4.0-0.5 4.0

9% saturatlon: T6% or beller 009 or beller o
pIl

Average: 0.0-8.6 6.0-0.0 8.8-10.5
Chlorides, max. mg/ 50 or less 50-260 Over 260
Fluorldes, mg/1 Teas than 1.6 1.5-3.0 Over 3.0
Phenolle compounds, maz, mg/1 None 0.065 Over 0.005
Color, unlts 0-20 20-1560 Over 160
Turbldity, units 0-10 10-260 Over 260




"1t mimedmaes t e o erp=iyrgiasp o - |

COMPARISON OF CHEMICAL CONSTITUENTS IN THE DRINKING WATER STANDARDS OF THE
WORLD HEALTH ORGANIZATION AND THE U.S. PUBLIC HEALTH SERVICE

Concentrations In Ailllgrams PPer Lilcr
WIIO Buropean (1961)

WIIO Internallonal (1058) U.8.P,71.8.71962)

Parmissible Kecesslve azimum Recommended Tolcrance Recommended Mazsimum

Chemical Constituen Limit Limit Allowalble Limit . Limit Limit Allowalble
Alkyl benzene sulfonate._______________ __ = i - - 0.H -
Ammonia (NII,) S o= e 0.6 = - —
Araenie T OO e 0.2 = 0.2 0.01 0.06
Barlum ______ S DU S s . - e o - 1.0
Cadmbwm ____________~ PO . . == 0.05 - 0.01
Calclum R WIS |, 200 - s e .- o
Cnrhan chloroform extroct . ___________ __ - - - s 0.2 e
Chlorlde e 200 600 - 360 - 260 -
Chromium (hexnrnlent) B = 0.06 - 0.05 S 0.05
Copper S e 1.0 1.6 < 3.0* - 1.0 -
Croolde Lt A - 0.01 — 0.01 0,01 0.2
Fluoride _____ =~ T i _— 1.6 s 0.8-1,7¢ 1.6-3.47
Iron e 0.3 1.0 — 0.1 _ 0.3 -
lead T T — 0.1 — 0.1 - 0.05 Qo
Mnagnesluin e e 50 160 . 1254 i — . o
Magneslum 4+ Sodlum sulfate___________ 50O 1000 _ S - - . -
Mangonese _____________ T 0.1 0.6 - 0.1 - 0.05 -
Nitrate (as N eoccecagenae - = - G0 == 45 =
Qxygen, dirsolved (minlmum) __________ __ _— - 5.0 — - S
I’henclic compounda (ns phenols) ._____ 0.001 0.002 o 0.001 = 0.001 G
Belenlum e R e S e aa = 0.05 = 0.05 =% 0.01
Bilver e R o o - = S 0.05
Bullate oo .o 200 400 i 2560 e 260 -
Total rollds _______ 600 1600 s - = GO0 s
Zinc S 6.0 15 o 6.0 - 6.0

.\.:..q_-?!::s..n"q:: new plpes; bul water enterlng distribution systers should luave less Uan 0,05 mg/l of copper,
't there are 250 me/1 of auifite present, migneshvm .?cﬁ nol ereted 30 mp/,

I Reeommended Himlls and matlmum allowsble eoncentrallons Tary Juwversely wlth mean annyal Lemperalure, Bee lable 8.1,




ADDENDA

RECHARCE AREAS
WEST GERMAN MODEL

jRecharge Area - publie vells

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

1.) area vhere Watertable i1s drawn down when well 1s pumped
New DEQE 1975 regulation = no well within 1/2 mile of dump ,
Hankfarm, or salr bed pile

2.) Lesn'orotccciou ares
any bacteria deposited 1n the soil-50 days travel
time to the well '

3.) CGreater Protection zone
1.75 miles out from the well
Possibly wider to included total catchment areg

Aquifer and recharge area

) Hydrological mapping
) Depth of water table
-)  Saturated thicknessg
)  Seasonal fluctuation
) Cone of Influence

Sourcesg
Groundwater availability maps

Professional 8tudy

U.s. Hydrological Atlas.



THE NITROGEN CYCLE IN SOIL AND GROUNDWA'TER
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THENITROGEN CYCLE IN SURFACE WATIER
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LBs

1 Gal = 3.85 Liters x ppm

Mg/Gal.

lbs. in lake x .454 =

Floving Streams

x Total Gallons in Lake =
453 590 Mg/1b.

g

(Kgs) Nutriant in Lake

Mutrient Calculations

= Mg/Gal.

lbs. in lake

Kgs in lake

( Need gals. per sec. and ppm)

Cubic Meters

Kg/sec = Hg/Liter x (Gallons x .00378)
1000
Sec's Day Month
Kg/sec x 86400 x Days = Kg/mo x 2.204€ = lbs/month
Conversion Factors
Acres x .405 = Hectares Flow
Hectares x 2.741 = Acres
s % 10,000 sq. Meters width w
Acres x 4047 = sq. Meters 7 ' x = Av Depth
S M & = .
g. tMeters x .0001 Hectare ¥ etx® = Cibie feek of Lridhcsfolava
Feet x .3048 = Meters
Callons x 3.785 Liters i%%%%i = C.F. x 7.48 Gals/cf = Gals./sec'
Kg = 2.2046 1bs.
lbs: x . 454 = K
8 60
Yie. % 14 = Maraps no. of sec's x Gals. = Galions/minucc
tlow
l Acre = 43,560
l Gal H,0 8.345 lbs. Culverts = use Robts computerization

l Cubiczfoot Hzo = 7.48 Gals.
" " "= 62.42 1bs.
2,719,041 1bs.
' . = 325,829 Gals.

¢ Inches x 2.54

l Acre Foot

cm.

- ug/L = .001 ppm

ppb =



METHCDOLOGY

Hydraulic Farameters

Hydraulic Residence Time = Theoretical time required to displace
lake or pond volume based on known inputs (groundwater® ,

surface flow) into water body.

Flushing Time = Theoretical time required to displace pond or

lake volume, based on £low from body.

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

discharge outfall + evaporation)



EVAPORATION
Methodology

E = .771 (1.465 - .0186B) (.44 - _118W) (C8 - CDJ

E = Eveporation in inches in 24 hours
B = mean barometric reading, in inches of mercury at 32 F
Y = mean speed of ground wind, or water surface wind in miles per hour

C,= mean vapor pressure of saturated vVapor 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. Heather
Servive x .70

Lake evap.. inches = USWs x .70




