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Lyons-Skwarto did a previous base line survey and a modified
eutrophication index for forty-one ponds in Plymouth and Little

Long ranked thirty-first (31). It ranked high on the plant trophic
index, it was thirtieth (30). Both the phosphate and nitrate readings
were high and the pond was ranked as ultra eutrophic (hypereutrophic).
Further studies were recommended mainly for its impact on Long Tond,
which is oligotrphic. The outfall of Little Long contributes the only
tributary to Long Pond and its volume per day is substantial. The
nutrient loading from this known point might be substantial enocugh to
change the trophic state of Long Pond from oligotrophic to eutrophic.
Thus it was, the program was started and completed, always keeping in
mind the updated guidelines of federal and state programing; most

expecially the guidelines of the Federal Clean Lakes Program.

Another problem that was always present: would restorative remedies
affect Long Pond? It was paramount that remedies should not endanger

the trophic state of Long FPond.



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 is usually lower
Number of plant and animal species is varied and diverse. Oligotrophic
waters have only a small supply of available nutrients, hence, they support

little organic production.

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

such as algal blooms.

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

waters. Less all-around production than eutrophic waters.

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

scale while the term hypereutrophicis used for this other extreme.

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

was developed along these qualifications. The following parameters were




considered in rating.

oxygen depletion
transparency
phytoplankton

1.

24

3.

4, nitrogen
5. total phosphorous
6.

biological

A previous report rated Little Long Pond as a highly eutrophic pond
and with the various parameters examined in this report this was brought

into a sharper focus.

Plant production was very high throughout the growing season, there was
an abundance of both macrophytes and microphytes. The elodea population
was dense out to the seven foot contour line which included 90% of the

pond bottom. Blue-green filamentous algae was found in the deepest points.

Phosphorus is usually the most important nutrient controlling lake pro-
ductivity, therefore, total phosphorus is an important measure of a lake's
trophic state. An average figure would generally be taken as between .0l5 .02
ppm as the lowest dividing line between eutrophic and oligrotrophic lakes,
with a .04 ppm being a critical reading. Readings taken during non-productive
season, The March, April and early May readings were well over the accepted
critical., If the pond was nitrogen limited the above would not be so critical
and the emphasis would be on the nitrogen readings. Little Long Pond is a

phosphorus limited pond.

Nitrogen is an important plant nutrient, but limmologists have done little to
develop quantitative trophic criteria for nitrogen concentrations .25 ppm of
nitrate is generally taken as a critical point, above which algae and plant
growth are greatly accelerated. The March readings are all high with station 2

and outfall very high, so high as to indicate nutrient pollution.

Little Long is a shallow non-stratified pond. Most eutrophic lakes tend to

be shallow with a relatively extensive littoral zone.



LITTLE LONG PCND - & Troblem Lake

Eutrephication = 4 natural enrichment process or a lake, which may
be accelerated by man's activities, Usually manifested by one or more

of the following general characteristics.

l. Excessive biomass accumulations of primary producers.
2. Rapid organic and inorganic sedimentation and shallowing.

3. Seascnal and dissolved oxygen deficiencies.

Indices of eutrophication

3iological parameters

Macrophyte identification and coveragsz
Submersed aquatic plant vegetation population was
dense, with 95% of the benthos covered. Dominant
species was Elodea, Heavy Elodea count out to 3

foot contour line,

Macrophytes - Fhytoplankton
Algal Generic identification - algal pigment - chlorophylla.
Average summertime count of chlorcphylla on trophic scale
.005 ppn oligotrophic .01 ppm eutrephic

Water color in July and August had & heavy green tint,

with green unicellular alge predominant.

Physical indicators - species pediastrum duplex at 104/m1 count lDQ/ml
oxygen depletion.
This is a non-stratified pond and being so it exhibits
standard fluctuations of oxygen common in shallow badies

1

of water. Readings are often high but oxygen depletion
results when plant and animal respiration and and decay of
organic material remove the dissclved oxygen from the water

faster than it is replaced by or photosynthesis,

Selow &,0 mg/l is considered critical,
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Chemical Parameters
Nitrogen. Zutrophic Lakes: WNitrates plus ammonie nitrogen,

The lowest acceptable limit for eutrophic classification. 1In

Long rond the nitrate and ammonia nitrogen were usually above
the bare ainimum of .3 nmg/l

Conclusion: Little Long Pfend is a highly eutrophie Zond with & prospect
oi generally worsening conditions unless strong counter

neasures are instituted. The following includes testing in-

rn
L3

4]

-
C

I
=)
0
Hom

n

-
o
H
)
(W]
—
I
&)
ct
=]
[t
o
m
o
]
0}
e
=
i
T
O
Q



LITTLE LONG FPOND

Planimetric Map

ittle Long Pond

lymouth, Mass.

atershed type: coastal

cres: 45 = 18,23 Hectares

ltitude: 068!

iter type: warm

ond type: natural

fratified: no

ond use: recreation, esthetic

2P0 sheet: USGS 1:24000 Sagamore
sition Topo sheet: up 21.6 right 1.6
oreline distance: 1.25 miles 6600




Maximum depth 8' 2.44 M

Mean depth 05' 1.52 M
Surface area 45 acres 18.2 H
acre feet 225

Total gals. 73,316,475

LITTLE LONG TLOND

(Bathymetric Map)

Scale 1:520!

e




LITTLE LONG POND

Impoundment Map

el.
70 Little Long Pond

Flow 2880 gals/min

Long Pond

Culvert to bogs
on Halfway Pond

There are no commercial agricultural

enterprises affescting the surface flow

of this impoundment.

Scale 1:1030°



Heavy infestation
Potamogeton Sap.

Na jas

with large clumps
of elodea.

LITTLE LONG POND

Submersed Aquatic Flant Map with Key

Water has green tint.

Chlorophyceae
algae unicellular

Heavy elodea count out to
7 foot contour line.

Scale 1:520"



SUBMERSED AQUATIC PLANTS

LATIN COMMON MAP NUMBER
Potamogeton Pondweed
Potamogeton Americanus
Potamogeton Ampl. Folius Large Leaf Pondweed
Potamogeton Crispus Curly Leaf Pondweed
Potamogeton Diversifolius Waterthread Pondweed 3
Potamogeton Filiformus
Potamogeton Filiosus Leafy Pondweed
Potamogeton Gramineus Variable Pondweed
Potamogeton Natans Floating Brown Leaf
Potamageton Nodosus American Pondweed
Potamogeton Pectinatus Sago Pondweed q
Potamogeton Praelongus White Stem Pondweed
Potamogeton Richardsonii Richardson Pondweed
Potamogeton Robinsii
Potamogeton Vaginatus Giant Pondweed
. Najas Bushy Pondweed 5
Zannichellia Horned Pondweed
Elodea Waterweed I
Ranunculus Water Buttercup
Ceratophyllum D. Coontail
Myriophyllum Water Milfoil
Alisma Waterplantain
Heteranthera D. Water Star Grass; Mud Plantain b
Nasturtium Water, Cress
Utricularia Bladderwort
Vallisneria Wild Celery
Addenda
Algae
Chlorophyceae green 2
unicellular
filamentous 7
Cyanophyceae blue~-green
filamentous
Sphagnum moss q =




LITTLE LONG FPOND

Emersed Aquatic Plant Map with Key

Scale 1:520°'




EMERSED AQUATIC PLANTS

LATIN COMMON MAP NUMBER
Peltandra Arrow Arum
Pontederia Pickerel Weed
Sagittaria "~ Arrowhead; Duck Potatoe
Polygonum Watersmart Weed
Typha Cattail
Eleocharis Spike Rush Sedge |
Scirpus Bulrush Sedge -
Juncaceae Juncus Rush —_— e e

Addenda



LITTLE LONG POND

Floating Aquatic Plant Map with Key

Scale 1:520!



FLOATING AQUATIC PLANTS ATTACHED

LATIN COMMON MAP NUMBER
Nuphar ~ Cow Lily, Yellow Water Lily, Spatterdock
Nymphaea Water Lily, White Water Lily 1
Brasenia Watershield 2
Addenda

i

FLOATING AQUATIC PLANTS - UNATTACHED

" LATIN COMMON ) MAP NUMBER
Lemna  Duckweed
Spirodelia Big Duckweed

- Wolffia ' Watermeal
' Addenda




f LITTLE LONG FPOND

Chemical Sample Stations

Sedle 115201




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 principal forms orthophosphat

polyphosphates or condensed phosphates and organic phosphorus compounds.

The quantity of phosphorus resulting from human excretions reportedly
ranges from .5 to 2.3 lb. per capita per year. The mean annual excretion

is estimated to be 1.2 lb. per capita. The mean annual contribution of
phosphorus from synthetic detergents with phosphate builders is estimated

to be about 2.3 1b, per capita at present. Thus exclusive of industrial
wastes and other phosphorus sources, such as water softening or sequestering
agents, the domestic phosphorus contribution to wastewater is about 3.5 lb.
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 .0l mg/l of inorganic
phosphorus as a maximum permissible without the danger of supporting
undersirable growths., If the assets of inorganic nitrogen and phosphorus
exceed .3 and .0l - ,015 mg/l respectively at start of the growing season,

nuisance blooms of algae may occur,

1f orthophosphate levels of .0l mg/l or greater occur, then the lake is

susceptible to algae blooms and macrophyte growth (Sawyer, Vollenweider).

The so-called Cornell Study "Lakes and Phosphorus Imputs'(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.



Residential runoff - 6%

Atmospheric fall-out - 6%

Studies have shown that approximately 50% of the phosphorous present in
domestic waste water is derived from the phosphorous that is used in various

cleaning compounds such as detergents,

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

ground water.

In sandy soil such as those contacted in scuthern 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 trans-
mit 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 phenomencn.

According to a Cornell study, the phosphorous content of domestic sewage ranges
from I - 2 kilograms (2.2 - 4.4 1bs.) per capita per year depending primarily
on whether laundry detergents containing phosphates are being used by house-

thdSc

Various researchers have recorded the ennual per capita contribution of
phosphorous in pounds from domestic sewage as 2-4 (Bush - Mulford 1954);

2.3 (Metzler et al 1958); 1.9 (Owen 1953); and 3.5 (Sawyer 1963).

The eutrophication of a lake can be controlled or its effects on water
minimized by reducing the nutrient input into the lake, increasing nutrient
output from the lake, immobilizing nutrients within the lake and controlling

excessive growths of algae and macrophytes within the lake.




This has the phosphorus attached to the soil particles (particulated). The
benthic transfer of nutrients is complex and the transfer to and from the

water column is still open to reserve,

The EPA guidelines in it's “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/l

(.01 mg/1) and between mesotrophic and eutrophic lakes as about .02 mg/1."

Best reading times are in winter months, the most non=productive season.

Concentrations of total more than .0l mg/l in the 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 a&s insoluble
compounds of calcium, magnesium, iron and aluminum; this is in contrast

to nitrates which have greater mobility. In The Carver 5011 Series, however,

1

fixation is'virtually non-existent.



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 .0l mg/l of 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 vegatable origin and without hygienic significance,

it's concentration of plus .10 mg/l renders water suspect of recent pollutionm.

Nitrites in water are generally formed by the action of bacteria upon ammonia
and organic nitrogen. Owing to the fact that they are quickly oxidized to
nitratés, they are seldom present in surface water in significant concen-
trations. In conjuction with ammonia and nitrates, nitrates in water are

often indicative of pollution.

As a very important nutrient and a common constituant in septic tank effluent,
nitrogen has a much greater mobility then phosphorus and hence as an in-

dicator would be first to make it's 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 precipita-
tion, dustfall, surface runoff, subsurface groundwater entry and direct
discharge of wastewater effluent. In addition, nitrogen from these can
be fixed by certain photosynthetic blue-green algae and some bacterial

species.

Within the aquatic environment, ammonification, nitrification, assimilation
and dei..tricication can occur as shown in figure 5., Ammonification of organic
matter is carried out by microorganisms. The ammonia thus formed, along with
nitrates, can be assimilated by algae and aquatic 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 dustfall.
In 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 assimilation by plant roots and
leaching by water percolating through the soil. Nitrate pollution is the

principal groundwater quality problem in many locatioms.

The problem in Plymouth is the Carver soil series.and it's inability to
filter or bind any polluting plumes.and nitrates are readily transported

into the groundwater.



GENERAL GUIDELINES

Permissible Levels Critical
Total phosphorous mg/l .025 .04
Orthophosphorous mg/l .004 .01
Organic Nitrogen mg/l .20 .40
1' Ammonia mg/l .02 ' .05
; Nitrate mg/l .10 | 23
Nitrite mg/1 Less than .001 . 002
Inorganic Nitrogen mg/l .12 .30

Little Long Pond has no tributary feed, under normal conditions. The
only contributions to volume are rainfall, aquifer action and some surface

runoff. All factors point to in-lake nutrient loading.

Station 1 = All P readings in the Bellwgather months, March,'April and
October were critical or above. The nitrate readings were exceedingly
high except in August and September, see nutrient utilization. Total
nitrogen readings are so high as to suspect bad septic leakage somewhere
in the area of station 1. Such high nutrient loading in time will show up

in changing of trophic state of Long Pond.

Station 2 = The loading here, though high, is not as high as station 1. All
‘nitrate readings were lower. The March and October readings were high, in

fact, critical. The phosphate readings were eritical from March to June.

The outfall phosphate readings were very high March through June. The high
phosphate reading makes suspect a pollution infiltration along outlet

stream. (see locating faulty septic systems.).



"Little Long

Chemical Parameters

Station No. !

Total Phosphorus Nitrate N Nitrite N Kjeldahl N
Mg/L Mg/L Mg/L __Mg/L
.04 1.5 2005 270
04 1.9 4
.04 1.3 " .50
203 1.2 " 130
.05 1.7 " . 40
.04 1.3 N <45
=02 L v .75
i .40 B .70
205 230 N .70
.05 o35 e .70
ii‘! 15 .04 « 45 u .50
aly 30 .04 235 & .50
jgust 15 .03 N b .45
gt 30 .63 .20 i .45
eptember .02 «15 y . 40
Eober _64 7;35 ; " .35




Little Long

Chemical Parameters

Station No. 2
Total Phosphorus Nitrate N Nitrite N Kjeldahl N
Mg /L Mg/L Mg/L Mg/L
ﬂgﬁis .03 A% .005 60
 _August 30 03 220 " .55
B o ocenver .03 > ] .45
| october .03 .22 " .35
M_ .04 .30 " .50
_April L04 o185 1 . 65
_May 15 .04 25 " .85
—EE? 30 | .04 « 253 - .85
June 15 .04 s 25 L .90
June 30 .04 .30 " .90
Jﬁly 15 .03 .30 " .65
Iuly 30 .03 .30 - 55
August 15 .02 .20 it .527
August 30 : _'02 .20 " . 50
September .02 wl 3 it 235
October "04 .40 | " $35




Little Long

Chemical Parameters

Station No. Outlet

Total Phosphorus Nitrate N Nitrite N Kjeldahl N

Mg/L Mg/L Mg /L Mp/L

.04 .90 ,005 .50

.04 .80 " ol 2290
.!t;mber .04 .70 - s 60
Qer .03 .70 0 )
b .06 1.13 " 40
aril -08 : .50 " .50
w 15 | il .40 ] .70
;_Lso | JO7 L .30 " .70
i!E-_lS .07 .30 H : . 60
me 30 .07 20 " 60
1y 15 .05 20 " N
ily 30 .04 .15 .on | 2%
sgust 15 .03 .10 C .45
112!111' 0. 4 | -02 .nF} i -35
sptember <02 .20 " : .30
:tober .63 -;14 | B L .30
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Chemical and Physical Paramenters

L Station 1
i: Secchi Conductivity Ph Do Total Total
g- P c® Feet M Mhos/cm Standard Units Hardness Alkalinity
30 62 6.5 280 ga 6.2 17
i1
tember 60 70 275 2,0 7.0 18
o 57 7.0 275 7.0 7.0 18
ch 54 7.0 300 7.0 Tl 17
57 7.0 325 7.2 7.5 17
59 7.0 330 7.0 1.3 19 o
61 6.5 330 7.0 7.2 19 "
<
63 6.0 335 7.0 g 18 %
E.q
63 5.0 340 250 7.0 18
64 5.0 350 7.0 7.0 18 "j‘
: 1=
65 5.0 345 v 6.5 L P
65 5.0 340 6.9 6.4 18
Bt 10 64 5.0 310 7.0 6.5 19
' September 62 6.5 285 7.0 7.0 18
October 58 7.0 260 7.0 7.0 18




Chemical and Physical Paramenters

Station 2
Temp. Secchi  Conductivity Fh Do Total Total
E° c® Feet M Mhos/cm Standard Units Hardness Alkalinity
| geptembel 61 7.0 230 6.4 6.7 18
—
Detober 58 7.0 210 6.4 6.8 18
o
March 54 7.0 250 6.3 7.2 17
-—_"""“_-—-
April 57 7.0 260 6.3 7.2 18
May 15 59 7.0 280 6.4 7.2 19
| May 30 61 6.5 280 6.4 7.1 19
, o
i 62 6.0 280 6.4 7.0 19 =
- June 30 65 ' 5.0 285 6.4 6.8 20 =
! <
B 5 65 5.0 285 6.4 6.7 19 =
duly. 1 . =
July 30 66 5.0 285 6.3 6.5 18
. %!
August 15 68 5.0 280 6.3 6.4 18 »
1=
August 30 A8 5.0 260 6.4 6.0 18 —
| September 64 6.5 240 6.4 6.5 17
- October 58 7.0 250 6.4 6.8 17




Chemical and Physical Paramenters

Station 1

5 Temp. Secchi Conductivity Fh Do Total Total
F c® Feet M Mhos/cm Standard Units Hardness Alkalinity
.ﬁguSt 30 68 170 6.0 6.0 19
sptenber 65 160 6.0 6.2 19
jctober 60 160 6.0 6.8 20
: 54 180 5.9 7.2 19
farch -
s 59 200 5.9 7.0 19
\Ef“-__

; =
tay 15 64 200 5.9 70 18 -
(ay 30 66 210 6.0 6.9 18 o
% e
fune 15 69 210 6.0 6.9 19
june 30 72 210 6.0 6.7 19 =

0
July 15 72 220 6.0 6.6 20 -
uly 30 73 200 6.0 6.3 19 =
wugust 15 73 190 6.0 6.1 19
\ugust 30 72 190 6.0 6.1 18
september 67 180 6.0 6.5 19
Dctober 60 180 6.0 6.7 18




Heavy Metals

Natural waters may contain elements other than those considered by

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

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

Metal EPA 1976 Drinking N.Y. State Proposed EPA Little Long Pond
Water Standards Ground Water Ground Water
Regulations Classification

Zinc - .6 5.0 .004
Cadmium .01 .02 0L .001
Selenium .01 .02 .01 .007
Gold - - -

Iron - .06 3 .021
Palladium - - - .005
Aluminum - - - .00€
Copper vl b - .006
Nickel - - - .005
Lead J05 .1 .05 .001
Chromium 05 ol .05 .001
Boron - .01 - . 008
Chromium .05 ol .05 .000

(Hexavalent)®

; * noted carcinogen

i - = not considered to date



Heavy metal readings were SO low as to conclude that industrial pollution

was not to be considered in this report.




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 metal and chemical com-
pounds as they have with nutrient compounds, along with the added pro-
blems of density. HMany industrial land-fill and household contaminants
have a much greater density range than with the nutrient chemicals.
Thus, along with solubility and aquifer flow you have the added factors

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

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

unconfined aquifer is shown in figure 6.

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

amount.

Materials of lesser densities generally follow the direction of the

flow of the aquifer,

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

the Wareham outwash plain.

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

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



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

Little Long's 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. As new standards and testings are continually being added
to this parameter, close touch should be maintained with the most

recent developments.



Figure 6
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Biological Measurements

Pigment, Gemera Volume

Diatoms Cyanophyta Chlorophyta Flagellates Chlorophylla
Blue Green Algae Green
Unicellular Filamentous Unicellular Filamentous Mg!M3
Cells/M1 Cells/Ml Cells/M1 Cells/M1 Cells/M1 Cells/M1 MG/M3

January
February
March 10 110 210
April 10 | &3
May 15
Hay 30 20 10 10 15
June 15 10 10 40 140 60
June 30 10 190 200
Julv 15 30 20 10 80 220 2
July 30 20 210
August 15 140 40 30 240 350 100
August 30 160 70 40 240
September 250 228
October 140
November l 220
December !




Little Long

L T el T SR R A BT

Benthos
Paramenter Station 1 Station 2 Station 3 Station &
p—
i
Mg/L
Total Phosphorus 166 190 185
i
Total Nitrogegg/L 2.6 3.0 2.8 i
Solids 4.8 4.9 4,4
Total volatile
. 68 .65 .71

solids




Nutrient Budget

August 1979

*
Total P PEM

*
Total N PEM

3

sributary Total Flow G. 1bs./Month 1bs/Month
1
2 -
3 L
‘otal i
yffall _
1 128,563,200 R 48,7 1.4 1501.9
2
3
‘otal
=1
E}nfall z 5,303,176 0 0 2.44 107.9
; i *2 *3
n lake i Total Gallons Total EEM 1bs/Month Total PPM lbs/Month
73,316,475 .035 21.4 1.47 899.3
*1] Rainfall - Phosphorus data not available NHy .48 PPM Nc_3 1.96 PEM,
*2 Total P, = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites.




Nutrient Budget

September 1979
*2 %3 .
Total Flow G. Total P FDM lbs./Month Total N PPM lbs/Month
S
E
2
js 4
| fotal i
Cpuefall
1 128,360, 160 .04 42.8 1.4 1499.5
i2
3
Tatal
*1 P
fainfall 4,007,930 2,44 81,8
; ! *2 *3
o lake ! Total Gallons Total EEM lbs/Month Total PPM lbs/Month
73,316,478 .035 21.4 1,12 685.2
*1 Rzinfall - Phosphorus data not available NH .48 PEM No 4 1.96 PPM,
*2 Total F, = All orthophosphatss, condensed, organic and inorganic species.
*3 Kjeldahl MNitrates, Nitrites.




Nutrient Budget

October 1979

3

* *
Total Flow G. Total P PEM 4 lbs./Month Total N PPM lbs/Month
}
|
e
9
; s I
Ly
itfall
—
f 1 127,963,200 - .03 32.2 1.3 1388.1
fe
3
atal
* | f
ainfall 4,337,852 2,44 8.3
| *2 %3
n lake i Total Galloms Total PEM lbs/Month Total PPM lbs/Month
73,316,475 .03 18.35 1.04 636.3
*1 Rainfall - Phosphorus data not available NHy .48 PEPM No 5 1.96 PEM.
*2 Total B. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl MNitrates, Nitrites.




Nutrient Budget

March 1980

*2 *
Total P PPM 1bs./Month  Total N PEM ° 1lbs/Month

==

.06 . 67.2 1.43 1794.0

1 6,561,764 2. 44 119.3

Sl
e
il

b * *
ﬁyfotal Gallons Total PTM “ 1bs/Month Total PPM 3

1os/Menth

SR

73,316,475 .05 30.6 1.45 887.5

Rainfall - Phosphorus data not available NH, .48 FEM Ne 4 1.96 PEM,

?_ Total 2, = All orthophosphates, condensed, organic and inorganic species.

i Kjeldahl Nitrates, Nitrites.
Ly
i.‘fi'



Nutrient Budget

April 1980
‘ * *
Total Flow G. Total P PEM 2 1bs./Month Total N PPM 3 1bs/Month
[
150,347,520. .08 89.6 .90 1129.1
5,327,614 ' 2,4 96.8
| *2 *3
i Total Gallons Total PEM 1bs/Month Total PPM 1bs/Month
735316,475 .04 24.5 1.28 783.1
Rainfall - ?hosphcrﬁs data not available NHy .43 PEM No 4 1.96 PEM.

Total P. = All orthophosphates, condensed, organic and inorganic species.

Kjeldahl Nitrates, Nitrites.




Nutrient Budget

May 1980
*9 *3
Total Flow G. Total P PPM lbs./Month Total N PPM 1bs/Month
[
148,428,000 .08 88.4 1.1 _ 1362.4
*1 -
2,810,439 ‘ 2,44 5.1
! - *2 ' %7
i Total Gallons Total FPEM lbs/Month Total PEM lbs/Month
73,316,475 - .05 30.6 1.13 691.3
%] Rainfall - Phosphorus data not available NH, .48 PEM  No 4 1.96 PEM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.

#3 : Kjeldahl Nitrates, Nitrites.




Nutrient Budget

June 1980
. *9 *3
Total Flow G. Total P PPM 1bs./Month Total N PPM 1bs/Month
i—_ -
146,196,000 S07 762 .8 975.9
3,726,887 2,44 . 677
i *2 *3
i Total Gallons Total PEM 1bs/Month Total PEM lbs/Month
73,316,475 .05 30.6 1.08 660.7

Rainfall - Phosphorus data not available NHy .48 PPM  No 4 1.96 PEM.

Total P. = All orthophosphates, condensed, organic and inorganic species.

Kjeldahl Nitrates, Nitrites.




Nutrient Budget

July 1980

3

* *
Tributary Total Flow G. Total P PFM 2 1bs./Month Total N PPM lbs/Month
| |
l :
|
H
2 |
3 L
Total b
OQutfall
1 135,616,320 .04 45,3 .65 735:6
2
3
Total
¥
Rainfall 2,688,246 0 0 2,44 54,7
*9 *3
in lake . Total Gallons Total FEM 1bs/Month Total PEM 1bs/Month
73,316,475 .04 < 3645 .9 550.6
*] Rainfall - Phosphorus data not available NHy .48 PPM No 4 1.96 PEM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites.




Little Long

Nutrient Budget
August 15980

* *
‘ributary Total Flow G, Total P PEM ¢ 1bs. /Month Total N PPEM . 1bs/Month
! 3
1
2
3 ' g
lotal i
jutfall
1 129,326,080 .02 ppm 21, b L4l 442,46
2
3
Total
*1
lainfall 1,893,992 0 0 2,44 38.6
: : *2 *3
in lake i Total Gallons Total PEM 1bs/Month Total PPM Ilbs/Month
! e
73,316,475 .03 18. 4 .70 428.3
*] 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 .01 - .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.

1t is for this reason that nutrient readings 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

of the actual trophic condition of these lakes and ponds.

bodies of water are the indicators




YYDROLOGY, GROUN WATER GEOLOGY

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

Series."

This series 1s exceedingly well drained and the water moves rapidly
through the soil profile to the ground water, with little or no
purification action. The surface run-off is very lov, and infiltration
capacity is very high in the Carver soils. This combination 5f 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 figs 2)
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.

1n an unconfined aquifer the water is under atmospheric pressure and the upper
saturated surface is known as the wateT 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 1is precipitation.

An example of this is the lowering of the water table in many xettleholes in
Plvmouth, i.e. Island Pond, Sandy Tond, and Clear Fond. Also, the various
ponds (natural) spring fed, i.e. Little Herring into Great Herring Sea, (flow
data in Great Herring report), reflect 2 corresponding raising and lowering

of flow volume due to atmospheric recharge.

The rainfall in 1580 being 29,4 inches, as against 42.5 normal, a deficit of
13.1 inches. The deficit is reflected in general lowering of the water level

in the various xettleholes. Thus reflecting a variation of precipitation 1in

a corresponding lowering or raising of the water table.




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

See figure 2, for these interalations.

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

streams and 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 minimum rates of lateral and vertical
diffussion, the low velocities of flow cause two significant conditions to
develop in ground water basins or streams. First, pollution that is being
added to the ground at one point may not affect the quality of water supplies
or water quality in surface waters at nearby points for many years, or at
distant points for decades, consequently, no complaints are registered and
no one may be 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 primary self-evident conclusion is that soil types

govern a great deal the speed of contamination.



Well drained soils, Geology, and motential Aquifer Pollution

Investigations of Childs 1972a, Childs 1972b, Dudley, and Stephenson
1073 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 often 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 pellutants at po-

tential leach field sites.

The characteristics of the Carver soils makes the whole ecosystenm susceptable

to groundwater contamination. Hay of the lzkes, ponds, anc kettleholes in



Plymouth are fed by aquifers and any nutrients transferred by this

means aids

guards mus

in the eutrophication of these systems. Long-range safe

t be implemented to protect this valuable natural resource.

oo |




Figure 1
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Figure 2

water gain by water loss by

precipitation
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Figure 3
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HYDRAULIC  PARAMETERS MONTHLY

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

Gallons Gallons Gallons TInches Gallons

Gallons Gallons Inches Gallons

. August g il 127'..]5_..“].5. | 4 34-'4 D3 mg _%‘.28_: 6__mg 315 3.8 mg 128.6 my

——— S & el T B T S —

Septen[ber 126.8 3.28 l&.O 128.4 2.01 2.5 128-‘!}

October SIETRRE . 128.0 | 1.7 1.8 128.1

November _ 124.1 | 4.87 |5.95 130.1 .6 o7 130.1

e ———— e L

December 127.3 4,34 (5,3 132.6 0 0 132.6

e B b Rl N

January T Spw— ) 1P T Y L ¥ s A2 | —— 0 0 140.2

. February | s JRO%0 ] 088 Ly laasa | 0 0 145.1

March _j1as.6 | 5,37 |6.6 150.3 .7 .85 150.3

H_Apziih__m__h#_”.____uﬂ____h_ﬁniéaﬁa_;m_-_mﬁlaﬁ..5*3_MHW 1303 . A .| 2:78 . 13,4 150.3

__May 150.1 .____‘gtgo,k 2.8 ].148.4 S .7 4.4 148.4

June e |147.0 3.05 (3.7 146.2 3.73 4.6 146.2

B et R e

Y h38.3 | 2,20 |27 | 135.6 4:36_ [ 5.3 135.6

August 131.4 1,55 1.9 129.3 323 3.9 129.3

September 130.3 82 11.0 128.5 2.33 J28. . ... lim. s

— Qectaher W ——— 1268_ 4.14 2.1

129.9 1.57 | 1.9 1129.9

_ Novembor 128.8 3.01 |3.7 121.7 .6 .73 1131.7 ]

__December

134.7 | 97 11, P 135.9 l 0 0 _j_w___lxﬁ¢L“]“

mg = million pallon * Used Covernnent data (sece Addendal) *Normal 42.52 inches

— e —_—
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ITTLE LONG GEOCLCGY

Soil Series LCiscussion

Carver soil series consist oi excessively drained, 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 the upper part of the subsoil are loamy coarse sand.
Water moves rapidly downward through the solum and underlying substratum.
These soils do not retain sufficient moisture for good plant growth and

are extremely acid,

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

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

CeD - Carver and Gloucester soils - 8-357% slopes
These soils occupy moraines in the southeastern parts of the county.
Sandy Carver soils make up about two-thirds of this unit, and extremely

stony Gloucester soils make up the rest.

Gloucester series soils are nearly level to steep, well drained, and

somewhat excessively drained soils that formed in glacial till, derived

chiefly from granite.




Gloucester soils are extremely stony except where they have been

cleared for tillage,

Unmarked areas: No danger to aquifers with normal use,




Monks Hill
moraine

-----

- Hog Rock:" il 8
. - -moraine:.: ] iy

.....

=

Sandwich
moraine

2 3 4 MILES

2 3 4 KILOMETERS

X = Little Long Pond location.




ttle Long Pond

i
1

L

Map with

Survey

i

o]

Legend

Soil




SOIL LEGEND

The first capital lerrer is the initial ane of the sail name. A second
_ capiral letrer, &, B, C, D, or E, shows rhe slope. Symbeis withour o
slope lerrer are those of neorly level soiis or land rypes.

SYMBOL NAME SYMBOL NAME
AFA Agawam fine sandy leam, 0 to 3 percent slopes HaA Hinckley gravelly loamy sand, 0 1o 3 percenr slopes
AfS Agawom fine sandy lcam, 3 to 8 percent slopes HaB Hinckley gravelly loamy sand, 3 tc B percenr slopes
AgA Agawam fine sandy laam, silty subsoil varianr, 0 15 3 Hal Hinckiey gravelly losmy sand, 8 10 15 percenr siopes
percent slopes HaE Hinckley gravelly loamy sand, 15 to 35 percent siopes
AgB Agawam fine sondy ioom, silty subssil varianr, Jre 8 Hed Hollis =Chariton fine sondy loams, 3 12 8 percenr sicpes
percent slapes = Hpl Hollis—Chariron very rocky fine sandy looms, 310 15
Auh Ay Gres and Wareham loomy sands, C ro 3 parcent sicpes nercent slopes
AuB Au Gres and Warenom ioamy sands, 3 to & percent sicpes HrC Hollis =Cherlton extremeiy rocky fine sandy loams,
. Jto 15 percent siopes
BaA Belgrade silt loam, 0 to 3 percenr siopes HrD Hollis=Chariton extremely rocky fine sandy loams,
Ba8 Selgrode silt loam, 3 o B percent slopes 15 10 25 percent sicpes
368 Bernardston silt laam, 3 o 8 percenr slopes
BbC Bernardsron silt ioam, 8 1o IS percent siopes Ma Made lend
8cB Bernardston vary stony silr loam, 3 to 8 percenr slopes Mef Marrimac fine sandy lsam, 0 10 3 percent sicpes
BeD Bernardston very srony silt loam, B to 25 percent slopes MeB Merrimee fine sandy leam, 3 to B percent slopes
Bda Birdsall silt loam, 0 ro 3 percenr slopes Mel Merrimac fine sandy loam, 8 ro 15 percenr sicpes
Ba Borrow land, lsamy material MFA Merrimac sangdy isam, 0 to 3 perzenr slopes
o Br Berrow land, sandy and grovelly mareriais MFB Merrimac sandy lcam, 3 to B percent slopes
3 BsA Brockron loam, O ts 3 percent slapes MFC Merrimas sondy laam, 8 1o 15 percenr slopes
2rA Brockton exrremely stony leam, O to 3 percent siopes MFE Merrimac saondy loam, 15 1o 35 percent siopes
§ Mu Muck, shallow
CaA Carver coarse sond, 0 tc 3 percent slopes Mv Muck, deen
& Cad Carver coarse sand, J s 8 percent slapes
3 CeC Carver coarse sond, & to 13 percenr sicpes NnA Ninigret sandy leam, silty subsail variant, O 1o 3
CoE- Carver czarse sand, 15 to 35 percent siopes percenr slopex
: Cha Carver loamy coarse sand, Q ra 3 percenr sioges NnB Ninigrer scndy ioem, silty subsoil varianr, 3 1e 8
2 Cha Carver loamy coarse sand, 3 ro 8 percent slopes percent sioges
ChC Carver loamy coarse sand, 8 1o 15 percent siopes NoA Norwell sandy loam, O tc 3 percent siopes
CeD Carver and Gloucester scils, 8 to 35 percent siopes NoR Norwell sandy leam, 3 10 8 percent siopes
¥ NpA Marweil extremely stony sandy loam, O re 3 percent slopes
CeA Deerfield sandy leam, 0 ro 3 percenr siopes NeB8 Norwell exrremely srony sandy loem, 3 to 8 percent slepes
CeB Deerfield sandy loam, 3 ro B parcent slopes
Cu Cune lend and Coostal beach Pe Pear
BtA Pitrstown silt loam, O to & percent slopes
EnA Enfield very fine sandy loom, 0 to 3 percent sicpes PyB Pitrstown very stany silt loam, 3 ro 15 percent slopes
EnB Enfield very fine sandy loam, 3 1e 8 percenr sicpes
EnC Enfield very fine sandy loam, B 1o 13 percenr slopes Qua Quonser sandy loam, O ts 3 percent siopes
EsA Essex coarse sandy loam, 0 ra J percent slopes Quid Cuenser sandy loam, 3 1o 8 percent slopes
EsB Essex coarse sandy loam, 3 1o 8 percent slopes QuC Quonser sendy loam, 8 ra.15 percent slopes
EsC Essex coarse sandy loam, 3 1o 15 percent slopes QuE Quonser sandy loam, 15 1o 35 percent sicpes
Erd Essex very stony coarse sandy laam, 3 to 8 percenr
sicpes RaaA Raynham silt loom, 0 to 3 percent sloses
ErC Essex very srony coarse sandy loam, B to 15 percent
slopes Sa Sacz very fine sandy Icam
D Essex very steny coarse sandy loam, 15 to 25 gercenr Sk Sanded muck
[ slopes A Scerbors sondy loam, O to J percenr siopes
Eub Essex extremely srony coarse sandy loam, 3 1o 8 SdA Scarboro fine sendy loam, silty subsoii variant, O to 3
percent siopes perzent slopes
EuC Essex extremely srony coarse sandy leom, 8§ ta 25 SeA Scitucte sondy leam, O to 3 percenr siopes
percent slapes Sed Sciruare sancy loam, 3 e 8 percent slepes
SiA Sciruate very srany sandy leam, Q te 3 percent slopes
Er Fresh water marsh S8 Scituare very srony sandy loam, J re 8 percent slopes
: SgA Seituate exrremely srony sandy lsam, 0 ro 3 percent
GeA Gloucester fine sandy loam, firm substrarum, 0 to 3 siopes
‘percent slopes SqB Scitugte exiremely stany sondy leam, 3 to 8 percent
Gad Giscucester fine sandy loam, firm substratum, 3 to0 8 siopes
percenr slapes " Td Tidal mersh
GaC Gloucesrer fine sandy loam, firm substrarum, 8 1o 15 TsA . Tisbury very fine sendy laam. O'te 8 percent el
percent siopes
EPA Gloucester loamy sand, G 1o 3 percent siopes Wl Walpale fine sandy loam, silty sutsail variant, O ro 3
Ge8 Gloucesrer loamy sand, 3 to B percent slopes
i B percenr slopes
EOC Gioucester loamy sond, 8 to 15 percent siopes Wh A Warwick fine sandy loam, 0 re 3 percent slopes
GeB Giou:ufrer very stony fine sondy loam, firm subsrretum, WhE Warwick fine sandy loam, 3 ro 8 percenr sloses
3 ta & percent slapes a WhC Warwick fine sondy loam, B ta 15 percenr slopes
GeC Gloucester very stony fine sendy loam, firm substragrum, Wel Warwick very rocky fine sandy loam, 3 re 15 percent
S 1o 15 percenr siopes Slopes
Gel Gleucester very stony fine sondy lcam, firm substrarum, Wrh Windsor loamy sond, O ro 3 percenr slopes
5 to 25 percent slopes . WnB ‘Wingsor leamy sand, 3 ro & percenr sioges
£ Gd8 Gloucester very streny lsamy sandl, Jro £ percent sicoes WnC Windsar laamy sand; 8 re: 15 percenn slonss
i GdC Gloucester very stany loamy sand, 8 1o 1.5 percent slopes WnE Windsor foamy sand, 13 ro 35 percanr slopes
Sed Gloucesrer exrremeiy srony loamy sanc, 31e 1S percenr
sioces
ZeD Gloucesrer exrremely stony loamy sand, 15 12 35 gercenr
slcoes

|
|
I
|
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3 - 8 percent slopes

Carver coarse sand
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8 - 15 percent slopes

15 - 35 percent slopes
& - 35 percent slopes
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GUIDELINES FOR REHABILITATION

OF

LITTLE LONG POND

LONG RANGE CONTROL TECHNIQUES

IN-LAKE MANAGEMENT METHODS




LONG RANGE CONTROL TECHNIQUES

1. Controlling Nutrient and Sediment Influx

2. Watershed Management

A, Non-Structural

B, Structural
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NON-STRUCTURAL CONTROL TECHNIQUES

: 1. ZONING REGULATION

k
i.
4 A, MINIMUM LOT SIZES
| B. BUILDING SET BACKS
=
i C. DISCOURAGE DEVELOPMENT OF PORTIONS OF SHORELINE
;}’ D. RESTRICT HIGH POLLUTION GENERATING SOURCES
i 1. NEAR SHORE
; 2. . NEAR TRIBUTARIES
: 3. IN FLOOD PLAINS
i 2. DEVELOPMENT CONTROL
B 4. RESTRICT DIVISION OF LANU FOR BUILDIRG OR SETTLL.G
s
: . LIMIT DEVELOPMENT IN EROSION AREAS
C. LIMIT DEVELOPMENT IN AREAS WHERE SOIL CHIRACTERTSTICS
; PREVENT ADEQUATE ON-SITE WASTE DISPOSAL.
i
# D. ENCOURAGE FORMS OF DEVELOPMENT WHICH
K FACILITATE EFFECTIVE AND ECONOMIC WASIE
ks DISPOSAL PRACTICES AND PRESERVATION OF
e NATURAL SPACES.

3. PHOSPHATE BAN




ZONING REGULATION

Lot sizes shoulcd depend on:

1. Soil conditions

The state of Maine uses an in-depth soil percolation method caliled
site evaluation for subsurface waste water disposal - it includes

guidelines for monitoring high ground water levels.
2. Ezvironmental conditions
Such considerations include size of developments, if ground water
water can become contaminated with large numbsrs of dwellings wnd/
or businesses.
3uilding set-backs:
State of Mzine has esteblished a minimum distaace of 100 feet from
leaching field to any river, stveam, lake, pond, ocean or drinki:ig-
water supply.
Ziscourage deveiopment of shoreline:

Use these areas as nor.-polluting recreation areas.
o

r.2strict high pollution generating sources:

Especially ir areas that could possibly contaminate groundwater.

It is possible that one of the best methods to control nutrient in-flux for a

given lake ig to control land use within the watershed.




NON-STRUCTURAL DEVELOPMENT CONTROL
DEVELOPMENT CONTROL

Lot size should be determined by actual soil Cype with particular interest devotad
Co:

1. The soil's hydraulic capabilities

2. The soil's purification capabilities

3. Any physical constraints

adequate in terms of removing wastewater impurities such as bacteria, phosphorous

and nitrogen. It is these impurities that can cause ground and surface watar

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
whether 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 adequace absorption fields an Steep slopes, as well as erosion problems
associatad with steep slopes call for further adjustment of lot sizes according to the

capability of the natural slope.

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

Streams, topograpny, vegetation and ground cover,




Where soil characteristics prevent adequate on-sits waste disposal or if an aresz
is heavily developed, closed system sewage disposal is recommended. Included in closed
systems are:
1. recirculating toilets
2. gas incinerating toilets
3. electric incinerating toilets
4, composting toilets
5. chemical toilets
6. low water flush toilets
7. vacuum toilets

8. sewerless toilets

A list of manufacturers is included in the Addenda.

.

Investigations (Childs 19724, Childs 1972B, Dudley and Stephensen, 1973} indicate
that problem areas occur:
1. Where coarse sands and gravel are the principal subsoil
meterials.

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.
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VOLUNTARY PHOSPIATE 3AN

b

Though . feﬁ studies have been made in depth, reports by Sawyer (32}
and Vollenweider (l17) pertaining to Wisconsin and Swiss lakes respectively
indicate chat when inorganic nitrogen (ammoniz plus nitrzte nitrgen) is

equal fo or greater than .3 mg/l znd the orthophosphete is equal to or greater
than .0l mg/l, then the lake is likely to have excessive crops cf alg.. and

other aquatic plants.

A recenc study make in Vermont showed chat all the lzkes so testad were founc
to be phosphorous limited.

A Cormell research team conducted a study of 13 lakes in centrzl New York -
this study led to a quantitative expression of the reslation between p..osphorous

loading and concentrations of algae.

Phosphorous in runoff occurs in 3 generzal foras:
1. Dissolved organic
2. Dissolved inorganic
3. Particulaced
The dissolved phosphorous in both forms has = far more Liporta ..

influence on algal growth than has phosphorous which is atracued

to soil particles.

Sources of Dissolved Fhosphorous:

Sewage - 55%
Agricultural runoff - 18%
Forest runoff - 13%
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Most lakes so studies are phosphorous limited, any reduction iIn their
phosphorous loading mey slow their eutrophication. One sure method of
reducing phosphorous loading is to reduce the zmount of phosphorous entering
weter t:eatment‘facilitias znd domestic waste water facilities (septic systems
as-phosphate detergents may contribute over 50% of the phosphorous in domestic
was:awaters,-eliminating this source éan have a significant impact. The

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

free detergents.

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

and cleaning fluids containing more than .5% phosphorous.

Advantagas:
1. Bettar 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

Tais is classified as a2 long-range control technique but za immediate

execution will initiata an in-lake comeback,




STRUCTURAL CONTROL TECHNIQUES

DIVERSION

CONTROLLING NUTRIENT AND SEDIMENT INFLUX

a. Locating faulty septic systems
b. Flow reducing devices

c. Controlling nutrient and sediment influx
SOIL EROSION CONTROL

SANITARY LANDFILL LEACHATE

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 encouragaed by the state when:

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

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

Little Long Yond is aquifer fed with no tributaries, hence diversion

[

s & structural control technigue that cannot be used in restoration

£ Little Pond,

Q2
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LONG FANGE CONTROL TECHNIQUES

FLOW REDUCING DEVICES

lHost 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 fistures,
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, reduce loads
on leach fields and reduce the potentiazl for depletion and contamination

of groundwater.

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

watershed areas.



LOCATING FAULTY SEPTIC SYSTEMS AROUND LITTLE LONG 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.
1. This factor allows for far superior planning
techniques and can represent substantial savings.
This is a very useful tool in pinpointing nutrient influx by tracing
septic leachate. Gives exact location of septic plumes by surveying

perimeter of lake where homes are located.

Estimated cost for 1 mile of shoreline on Little Long Pond about

Time: 1 day.

Due to high nutrient readings on outfall, septic snooper should be used

along tributary between Little Long and Long Pond, roughly 750 feet in

length, to locate any possible plumes.
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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 level
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 pollute

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 perforated 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 contaminat

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.
(The water table at Little Long Pond will not be affected by any diversion

methods as it's water budget is supplied by underground aquifers.)




Sediment basins will not have a great effect on phosphorous loading, how-
ever, following major storms and thaws they will substantially affect

lake visibility, turbidity and prevent sediment and oil residues. Their
relatively low cost and easy maintenance (most town D.P.W.'s have equipment
that can easily do this type of work) make them a very useful tool in

watershed management.

The reduction of surface pollution: A significant reduction in the nutrient
load of storm water, can be accomplished by regulatory control measures or

by other structural means such as street cleaning in the watershed area.

Parking

The area between Long and Little Long Pond is an area where such structural

control measures can be used along with the preventative measure such as

road cleaning the parking areas.



SOIL EROSION CONTROL

At present, this is not a problem however, as population increases

the town must guard against the ever present danger of erosion. The

town can do this by:

1. Controlling land use.

2. Develop programs 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. Vater 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

Little Long Fond is not affected by sanitary landfill leachate.

1. Landfill is located on eastern shed of Ellisville

B . Moraine.
% 4 2., Low metallic readings..
3, About 12,000 feet from landfill.
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SEWERTING

The ultimete aim of the Town of Plymouth or in fact any town should be a sewage
system. The Cornell study recommends; firstly, a ban on phosphate detergents,
then tertiary treatment of sewage plant effluent; however, sewage systems beyond
rertiary are being used for mineral stripping with the end result being nearly pure
water. This report deals with phosphorous removal, hence this position is only

secondary, however, with all factors being considered sewering should be considered

i es an ultimate goal.

The State of Massachusetts would encourage sewering:

1. If septic system leachate is or will become 2 significant

;L contributor to the overall nutrient flux of the lake or pond.
2. If alternate methods of waste dispusal (l.e. no-discharge

- waste disposal methods) are not available.

3. If the construction of a sewer system does not encourage

i growth in the watershed which coulc lead Lo u significant

.

b degradation of the environmental! quality of the watarshe

and lazke ecosystem.

Tne physical characteristics of the Plymouth soils; che number of ponds, lakes

I asd kettleholes being fed by deep aquifers and ground water, lead to the conclision
S " . 1 1

thit the ultimate goal should be a sewage system encompassing <he whola cown wich a

tertiary treatment system that would eliminate any future danger of contamina_Zon.

“astern Massachusetts is presently plagued with outbrzaks ¢ even arte. lan welii

c Btk 1 1 - o - - . 5 3 -
“Ontaminztion. Human waste and industrial contamination must be contained. T

2

cost ; 3 ; p . ; 3 _
“O8t of such systems is great - but the destruction and pollucion of clean wacer

S¥s 21 5 of I : . . S
ystems will be of far greater cost to everyone. J[o clean cocntaminated water I3

cos X ; ; ) .
tly and perhaps some waters will not be able to be cleanad. Prevenzative methods

i f_[‘.j: oy
| tan;amounC‘




ALTERNATIVE SEPTIC WASTE SYSTEMS

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

fo.lowing elternatives should be considered:

Non water-using toilets

1 The single most important non-point source of pollution in surface waters
may well be nutrient loading from shoreline subsurface sewage disposal systems. The
results of the Billington Sea groundwater sampling point dire~tly to this conclusion

-

The prevalence of the Carver - Gloucester soil association makes not only the shore-

line a t-rget of non-point source autrient loading, but possibly the en.ire wetershed.

Eliminating toilet discharge as a contributing factor to subsurrace disposal
svstems would significantly reduce both the problem of malfunctioning systems and
: tli- problem of nutrient migration into ground and surface waters.
1t is recommended chat non water using toilets be use: i: the I.llowirng
geographic areas:
1, Islands

} 2. Existing development adjacent to surface waters.

3. On marginal soils where groundwatoer pollution would bte a danger.

Two recommended systems are: composting toilets and incinerating toilets;

there are many other types such as vacuum toilets, chemical toilets, etc. but com-

posting and incinerating toilets are the most populat.

Composting Toilets

There are a number of composting toilets on the market (see Addenda) but most
consist of a tough plastic container in which compostable wastes are placed, ia some

units the decomposition of the waste is accelerated Ly a heating coil at the base oI
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the unit and aeration from a fan, which draws air through the compost and out

pipe. The fan runs continuously and removes all odors whereas the heating coil

functions intermittently depending on room temperature.

‘ Buildings using a.self-contained sewage disposal system, instead of a sub-
surface disposal system could reduce the azmount of nutrient pollution 30-50% depending

on the nutrient loading of the gray water discharge. (Uttormark et al 197&4)

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

i operating cost of $6.00 - $7.00 per month.

Incinerating Tcilets

These toilets consist of a cabinet similar to 2 conventicnal toilet which

u' +s propane or natural gas to incinerate the waste and an exkzust far tlows the

T T —

paces out the exhaust vent. The incinerating cycle is contrnlled by a presec timer

4 lasts 15 - 20 minutes. Periodically the mineral ash in the firebox must e

cleaned by a vacuum cleaner. One unit can service up to 12 people on a full-iiaze

basis. The unit is easily installed, requiring only ges and elcctrical connco.ions

and the attachment of a vent pipe to the outside.

e ST —————

The price for an incinerating toilet is about $600.00 plus delivery and

installation charges. Operating costs using bottled gas would be about & cents per

incineration cycie or about $45.00 a month for a family of 5.

A

Another system which uses air instead of water for the transport of sewage

: ‘tom the toilet is recommended for further study. The vacuum system uses only 3 pints

water per flush rather than the conventional 4-6 gallons per tlush., Because of che

et L
@]
t

re G = ; ; :
duced volume of liquid, the sewage is collected in a holding tank and transpcerted

to = w g
an existing treatment plant.
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IN-IAXE MANAGEMENT METHODS

A. CONTROL OF MACROPHYTES AND MICROPHYTES BY HARVESTING

B. REDUCTION OF MOTOR BOAT USE

C. CHEMICAL INACTIVATION OF NUTRIENTS

D. CHEMICAL CONTROL VIA ALGICIDES AND HERBICIDES

E. LAKE BOTTOM SEALING

F. DRAWDOWN

G. BIOLOGICAL METHODS

a. Herbivorous fish

b. Biomanipulation

H. DILUTION

I. AERATION AND MIXING OF WATER

J. DREDGING
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MACROPHYTE HAKVESTING
|
? \
:
i -
§ Aquatic plant harvesting is a widely used technique for in-lake
i
k management in lakes oT bays with excessive local plant growths.
o
5
?5 It involves three stages to be at maximum efficiency.
b
b 1. Cutting
g
2. Collecting
i
2 A, Harvesting machines effective out to the 5 foot
i contour line both harvest and collect plants together
H with a portion of the rooted mass.

3. Disposal

4. Front-end loader and dump truck handle the disposal
5 process. Disposal can become difficulit, however,

$ when submersed aquatic plants approach 7 tons/ucre

¥ wet weight and contain 3.2 1bs./acre phosphorous.
(MacKenthun and Ingram) Large areas are needed for
disposal and Plymouth has ample sand t.anes and sand
bank erosion areas which could benefit from spreading
of the harvested material.

b ADVANTAGES

Z’ 1. The primary advantage is that it is an ecologicall,

elegent sclution to nuisance planc controi. Nutrieats
. are removed from the aquatic ecosystem and wre not recycleu
: through bacterial decomposition of dead matcer. Further
growth may become impaired or even iimited by the removal
of macro-nutrients (phosphates, nitrates, carbon, etec.)

4 2. No chemicals are added to the aquetic cnvironmentC.

3. No'closing' of the lake.

A. Intervals of up to 2 weeks .re nucessary with
chemical application.

L. No lowering of dissolved oxygen.

5. Controls all species
A. Chemicals have resistant species problem.

6. No build-up of detritus.




DISADVANTAGES

1. Cost: S$300 per acre was average cost in State '79
program. Towns must also assume cost of disposal.

2, Effective only to depth of 5 feet.
3. Does not harvest all roots.
A. Many aquatic plants reproduce by rhizome as well
as seed and root.
The aquatic plant harvesting program is recommended for Little Long
Pond, not only for the above advantages but also because most disadvantages

are overcome by the physical characteristics of Little Long Pond itself:

Shert flush time

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

Depth

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

Relatively smooth bottom

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

Elodea

A. The target species is susceptible to efficient harvesting.

Disposal

A, Dune stabilization
B, Erosion control

Recreation
A. Lake is immediately available for recreation.
Rental Cost:

1980 state bid average cost $250/acre.

A, Town attends to disposal.

DEQE Eutrophication and Aquatic Vegetation Control Program

Hachinef?urchase:
Small Chub - $§12,900
Trailer L5250

Capable of 1 - 2 acres/day, 2 man crew, manual operation
H-400 $28,000

2 - 4 acres per day, l man crew, hydraulic operation

Aquamarine Corp. Vaukeska, Wisc.
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Hacrophyte Harvesting Map

Area to be harvested

Total acreage 19A. App.

Scale 1:520!




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 0oil 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 50% unburned fuel mixtures.

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

1. There is no significant adverse aquatic life impact.

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

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

Most of the data gather by these studies indicates no firm support for
either complete restriction, or size restriction. Little Long is 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
|

This method can be used to remove nutrients that are essential for plant or algae

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

pany activators that are used for a variety of reasons, such as, aluminum, alum,

iron, ion exchange resins, polyelectrolytes, ﬁly—ash, etc. |

n salts can be added directly to. the lake to remove phosphorous

-

Aluminum and iro

=

from the lake water and carry it to the sediments.

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

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

4. Sediments regenerate enough nutrients to promote moderate tO
excessive algal growth.

5. When nutrient loading from the watershed is not sufficient to
promote eutrophic conditions in the pond without the contribution

of internal nutrient loading.

Little Long Pond has an average retention time of 18 days, and most phosphorous

comes from in-lake sources, not from sediment release. The end result of this

technique would not solve the basic problem. Long-term effectiveness would be

limited by continual nutrient input.
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would ¥ s v ; B T £ ; 3

have a direct impact on Long Fond. Therelore, any in-lake procedures attenpted
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Little Long's outfall is the major tributary to Long Pond and any such
treatment would have a direct impact on Long Fond. Therefore, any in-lake
procedures attempted on Little Long Pond would directly affect Long Pond.
1t is therefore deemed more prudent to stay with long term watershed

management techniques.

In activation 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 if proper procedures for dose determination and application are followed.

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



CHEMICAL CONTRCL BY ALGICIDES AND HERRICIDES

Herbicide control should NOT bhe used.

Chemical control of algze might have to be used until suggested programs

are implemented, particularly if algae blooms render Little Long FPond
undesirable for recreation purposes, State aid can be applied for through

the Department of Environmental Quality Engineering.
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Three necessary conditions are:
; . 550 -
1. Midday water temperatures do not exceed 27°c (80°F)

2, Dissolved oxygen within 2 meters of surface is above
4.0 mg/1.

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

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

sediments to hold nutrients.

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

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

range effects have still to be evaluated.

Large amount of groundwater present in Little Long Pond would in all liklihoo
preclude the possibility of state participation in such a project. The
state would consider sealing if the following conditions prevailed:

1. 1f drawdown is possible.

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

3, 1f shallow area is being considered (littoral zone - less
than 5 feet.)

4., 1f considerable groundwater seepage does not occur.

Generally, the state prefers chemical sealants over physical.




Physical sealants:

A. Plastic Sheeting

1. perforated
2. non-perforated

B. Rubber liners

Chemical sealants:

A, Clays
B.. Zeolites

G Flyash

In summary, sediment covering retards rooted plant growth, but only
screen and sheeting materials have been shown to be both effective and
ecologically safe. Because both of those materials are very expensive,
it is generally recommended that they be used selectively -- around
docks, beaches or boating areas, for example --- rather than in the
entire shallow area of the pond, unless silation is rapid, one in-
stallation may last several years before plant growth can begin on top

of the sheeting.
Little Long Pond has too much groudwater influence to consider sealing
methods. The high flush rate is one of Little Long Pond's greatest

assets and should be maintained at any cost.

Note: See E.P.A. policy statement for funding practices.




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 content and they may no longer release
nutrients 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 Little Long 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 plants 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.

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

Lake level drawdown is a multipurposed lake improvement technique.

It has been used to attempt control of nuisance rooted plants, to
menaga fish, to consolidate flocculent sediments by dewatering, to
prﬁvide access to dams, docks and shoreline stabilizing structures

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

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

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

of lake sediments.

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

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

water when the lake is refilled.

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

closing dam until too late in the season.

Little Long Pond is a natural pond and with it's geologic placement

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



Biological Controls

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

another.)

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

/ay use of biological control methods must be approved by tue Division of Fisn

and Wildlife. The use of biologiczl controls on excessive growths -1 zlgae .nc
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macropiiytes has not.been developed to the point where any pocentially

agents are likely to be found in the near future.



Herbivorous Fish

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

use has been discontinued.

The White Amor or Grass Carp, has been widely recognized in Europe and
the United States as a plant control agent. This species, a native of
the Amor Basin in China and Siberia, consumes nearly all forms of vegetation
and will also eat invertebrate animals. 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 cyeling plant nutrients
and thus in promoting algal blooms, needs further research. In Europe, the
Amor 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.




BIOMANTIPULATION

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.
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DILUTTON

Dilution is a process whereby eutrophic lake water is replaced by water
lower in nutrients. A lake can be flushed out with lesg 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
autrient 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 ifi

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.

This in-lake procedure could not be used in Little Leng Pond. Release

of the waters into Long Pond would have a deleterious side effect.




AERATTION

Aeration and circulation can be used to improve weter 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.

(Little Long has a high enough nutrient level with-
out addition by aeration).

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.

Little Long Pond with it's physical characteristics, i.e. shallow depth
(5 ft. average); surface area (45 acres); and high flush rate (18 days average)
make it an unsuitable candidate for any long-range benefits from any aeration

or circulation technigues. 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 of EPA,




DREDGING

Dredging removes nutrient rich sediments and rooted agquatic plants from shallow
water areas. A lake's aznnual 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-water interface nutrient transfer is very small.

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

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

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

~

3. The buffering capacity of a lade to external changes in nutrient
loadings may be lowered.



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

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

7. Disposal site - discharge problems

Morse's Pond in Wellesley has been dredged after two or three nutirent
inactivation efforts., Dredging was applied to reduce lily growth, 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.



ENVIRCHMENTAL IMPACT

Land Use

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

Physical
No construction other than sediment basins.
Air Quality
No effect.
Hydrology
No effect, no diversion, dredging or construction.
Aguatic Life

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

Cultural Impact
None.

Economic Environment

None.
Resource Impact
None.
Energy Use
Not applicable.
Soecial Environment
Beneficial, better water quality
Displacement of Feople

No.




Changes in Noise Levels
None.
Effect on Flood Plain, Management or Wetlands
None,
Dredging and Other Channel, Bed or Shoreline Modifications
None.
Feasible Alternatives to Proposed FProject
None.
Cther Necessary Mitigative Measures

None.

Will the project adversely affect short term or long term

ambient air quality? ........... No.

. Will project be located in flood plain? e.........No.
Will structures be constructed in flood plain? .........NO,

Will the project have a significant adverse effect on fish and

wildlife, wetlands or other wildlife habitate? ...ce......No.

Will the project adversely affect endangered species? ..........No.

Are there other measures not previously discussed which are necessary

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




CONCLUSTION

In most lakes the short retention time of about 30 days would be

more than adequate to flush the system, and if the soil series were
different the problem would more than likely be within 100 feet of the
shoreline; however, on the basis of this report, a broader range of
recommendations, and long-range zoning programs are strongly recommended
in order to cover the broad spectrum of contributing non-point sources.
It is not physically possible for the soil series to tie up, ionically,
any appreciable amount of non-point source loading. How much the water-
shedis involved will be better determined when data from other lakes and

ponds in the area becomes available.

This report has enumerated counter pollution measures such as a voluntary
ban on high phosphate detergents; this is considered a very important step -
this ban could eliminate 50% of the phosphorous input from domestic sewage
or about .8 kg. phosphorous per capita per year. The only cost would be

ads in newspapers, radio or any source at the commissions disposal.

It is also recommended that the "Septic Snooper' be applied to locate:
faulty septic systems and that such systems be replaced with non-water
using svstems. '"The results of the Lake Region Planning Commission ground-
water sampling and soil retention study have indicated the effluent from
subsurface sewage disposal systems is a primary source of water pollution."
There are so few houses around the pond that the cost would be more than
off-set by the results. One or two faulty systems would have a disastrous

effect on so small an impoundment.

To put teeth into local and state laws it is strongly suggested that the

definition of pollution be revised to include acceptable nutrient levels.

The outfall shows such a jump in phosphate readings an added emphasis should
be made to used snooper through it's short length. The high volume of flow
coupled with high nutrient readings endanger Long Pond and if continued, time
would favor a shift from oligotrophic to a eutrophic state of this valuable

lake.




Stormwater run-off problem can be solved by initiating catch basins,
recharge basins, settling pond and sediment basins; all of which can be

designed and implemented by local D.P.W. and engineers.
Street cleaning equipment to be used in the parking area.

Zoning and percolation tests should be upgraded to the Lakes Region
Planning Commission, State of Maine soil evaluation concept and Maine
and New Hampshire set backs with lot sizes based on soil and ground

water criteria.

Harvesting out to a 5 foot contour line will give some immediate relief

until long range techniques can be implemented and results achieved.

Water saving devices should be used as both a conservation saving method

and for aquifer protection.

Any faulty septic system that is made evident by the septic snooper should
be redone with consideration given to the use of closed systems, especially

those around the shore line.

A complete updating of all septic systems in the watershed area. Little
Pond does not have tributaries and it is mainly feed by the non-confined
aquifer. The end conlcusion has to be point and non-point nutrient influx.
There are no outside agriculture influences. The nearest agriculture impact
is over 12,000 feet away. The aquifer must be protected by long range con-
trol techniques, controlling nutrient influx and by water shed management
control procedures as previously set forth. It is strongly suggested that
the houses around the pond should be checked to see if any plumes are finding
their way into Little Long by means of septic snooper. Any contamination
here has a direct effect on Long Pond . (see flow data and nutrient loading

tables)



Management TPlans

Time Schedule

Any programs implemented on Little Long Pond 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
Two year harvesting program 1981-1982

Sediment basins - engineering studv by D.P.W.

Construction of non-water using toilets where needed
Water-saving devices to be used

Water-saving devices to be used in the parking area

Street cleaning equipment

Septic snooper program 1981

Updating faulty septic systems 1981-1982

Zoning laws should be updated to include aquifer protection

Pollution laws revised and updated to include nutrient concentration



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:

1. Water quality of Little Long Pond
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, 5F

(A copy of this act is included in Addenda)

This usually covers chemical control and harvesting of aguatic

nuisances.

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

208 covers sewage construction.

Little Long satisfies the anticipated benefits to the public. Its
immediate impact on and possible degradation of Long Pond, one of the

most used ponds in South Eastern Massachusetts.



Revision of Pollution Definition

The general approach is to stress violaticn of coliform bactaria standards, research
shows that nutrient pollution over a period of time is as important, or may be more
{mportant then bacterial pollution. A set of generallstandards should be put forth
and it is suggested that violation of nutrient standards be incorporated in the

pollution standards.

_ GENERAL GUIDELINES

Permissible Levels Critical
Total phosphorous mg/1 .025 .04
Orthophosphorous mg/1 A .004 ‘ .01
Organic Nitrogen mg/1 .20 ‘ .40
Ammonia mg/1 .02 o 05
Nitrate mg/l .10 : 25
Nitrite mg/l less than .00l " .002
Inorganic Nitrogen mg/l L2 - | .30

Incorporation of the above nutrient lewvels in the general pollution standards would
be a positive approach toward solving the problem of nutrient loading from all sources

¢nd would redefine pollution as it is generally understood.
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FEDERAL LEVEL: ENVIRONHENTAL PROTECTION AGENCY =

OFFICE OF WATENl AND WASTE MANAGEMENT

M

1. Couslrucilion Grants for Wastewnter Treatment Work:u.
Projoct granis (v¢ooporative agrecments) are avalloble for
tho conslruction ot municipal wnastewntor trentment works
Including privately owned Individunl treatment Bystems 1f a
munlelpulity applles on behnlf of a number of such Byslomu,
Such works muy serve all or portlons of Individual communi-
tles, motropollitan areas or reglons. The project muy in-
clude but moy not boe limlted to Lreatmont of Industyial
wnstes, The program is consldered sultable for jJolont fund-
Ing with clovoly reluted federal financin] anesletance pro-
grams in nccordunce with OMD Clrcular No, A-111. The grant
muy bo for 75 percent of eliygible projuct costs or B6 pur-
cent for Innovative or allernative technnlogy projeclsa.
Progruma huve ranged from $075 to $200,800,000 with an aver-
ugo of $4,000,000, FY 80 estlmated obligatlons are

$3,600, 000,

Any munlclpality, Inter-municipnl agency, slate, or Inter-
plute ugency having Jurlsdictlon over wiutlte dlsponul la
vlljglbleo for assistance under thils progrum. [t ls avallable
Lo each atute, Lthe District of Columbia, und each tarvitory
or possession ol the United States.

Proappllication suslstance Is avallable through the state
watar pollutlon agoney or the pppropriate EPA reglonnl of-
fleo, Appllcations must be submitted through these sgen-
clea., Applicationu aro subjoct to skate and aroawlde clenr-
Inghouse review., An envirommental assessmenlt s requirved
which mny lend to the requirement for an environmentul im-
pocl slatemont. Approval or disapproval pormally requlrue
D0 dnys.

Conlact; Information muy bo obtonlned from the stnte wotor
pollutlion control agoncy or the approprimto EPA reglonal
offlco.

2. Wutor Pollution Contvoel - Htate and Intorutate Program

:chpm_wmm1mhMWWm.HOHE:—=na::«nnﬂcn<=_nﬂr.cc=aan
thia program for the estublluhment and mulntennnce of ndo-
quale munsures for preventlon and control of wuler pollu-
tlon. Nroad support ls availuble for permliting, pollution
control studles, plonning, survelllence, und enfovcement,
Advlce nnd nuslatence lu avallable to locn)l sgoncles,
Tendndng and publice lnformmtlon aro also ovallabloe, ‘unda
connot bu used for conslructlon, opoerntion or mulntenunce
of wnale troutmanl plants nor for cosls [lunnced by other
fedornl gronts, Thie progrum ls cousldured sultuble for
Joint funding with closely rulatod federnl flpunclol asule-
Lannce propgramg in sccordance wilth OMD Clrculur Ho, A-111,
Filnuncinl nsslatance hue ranged from $65,400 to $3,086,000

with an averuge of $038,000. FY 80 eslimnled obllgut lonn
aro $48,730,000 for grantw. 8tate and Interslole waler
pollutlon contyol agoneles ure eliglble for funding undor
Lhls progrum. It s available to ench state, Lho District
of Columbla, and all territurles and posnunslonn of the
Untted StLules. _

Informul meelings Are held botwoon tho roglonn) offlco nmd
slule npplicunt agency concernlng program preparation.
Appllcations are subject to slate and areawlde clearing-
house roview. Complefed mpplication forme must ho sub-
mlttod to the appropriate EPA reglonal offlce, Grants
Administration Drunch. Buggested dotes of submlssion aro
June 1 for drafl stale/EPA agroemouls and no lator than
Seplomber 1 for final state/EPA agreemontu. Approval or
disapproval time normnlly takes 30 duys.

Contact: [Informalloun may be obtalned from Lho appropriatle
EPA reglonal offlce.

J. Water Pollution Contrel - State sand Areswide Waler
Quallty Management Plannlng Agoncy (Bection 408 Grants).
Project grants ure cnccmmumlﬂw aveawlide and sinle plannlng
agencles Lo develop a waler quality managemont plun for the
aron or areus approved by the appropriate reglonal EPA
administrator. 7This program 1s consj)dored sultuble for
Jolnt funding with closely relsted federul flnunclal ssusls-
tance programs in aceordance wlith OMB Clycular No. A-111.
The foderal nsslstance rato §n 76 percenl for all granla.
The rango of flnanclal assiatance haa been from $100,000 to
$4,000,000 with an avarage of $440,000. FY BO estimoted
obligations are $40, 000, 000,

This program ls nvallable to a local or reglonal planning
agency designated by the governor or appropriate local
afflcials ond approved by the adminlstrator or EPA as the
offlcial arouwldo waste treoatmont mnnagement plunning
rgency. The program Is avallable to ench stnle, the DLiu-
trict of Columbla, and all territorlies and posscsalona of
the Unjted Siatos,

Proapplicatlion coordinntion with tho uppropriate reglonal
EPA offlce 1a rocommended. Applications sre subject to
sloto and arenwlde clearlnghouse revlew. Standurd appll-
catlon forms nre furnlshed by the agency. Grant applica-
tlona are submltted to the approprinte EPA roglonal admin-
letration offlce. In the cnse of an aron designutod by tho
govarnor, Lthe applicatlion and supporting datn must be sub-
mitted by Lthe stnte reviowlng agenclos prior to submission
to EPA. 1In Inlorstate cuses, Lho applicatlon must he sub-
mitted to the governor of the state whoreln the grentlesl
portlon of the pluanning urea !les. Grant npplicntions




wusl bo submlitiod asccording to dates eatablished by the
roglonal EPA administralors. Approval or disapproval time
normally te 46 doays,

Contuct: Informntion nay be obinlned from tho reglonal
EPA offlcus.

4. State Underground Water Source Pratectlon Program
Granta, Undey thTe program project granls aro avallable
Tor Lhe developmoent and Implowentation of underground
Injectlon control programs adequale ta enforce the require-
monly of the state drinking wator act, PFederal ussistance
ls 1imiled to 76 percent of ellglble costa, not to exceed
the uwtuto allotment. Thiu program ie consldered sultnble
Tor joint funding with closely related fodoral financial
asslstunce programs In accordance with OMD Ciroular No.
A-111. FY B0 estimnled oblligatlons are $7,703,000,

dtule sgenclus denlignated by Lhe governor or the chief
exocutlve offlcor by one of the states, the District of
Columbin or any of the U.3. terrltorles or possesslons
which hus been 1isted by the EPA adminlutrator aa requlr-
Ing an underground injection control program nra elligible
for funding undor this program.

Proupplicatlion coordination with appropriate roglonal
offlcos 1s rocommended. Grant applications are submltted
to the appropriste FI'A reglonnl administrator. Appllca-
tlons ure subjoecl to state and arcawlde clearlinghouse
rovicw. Approval or disapproval Lime is approximately

45 dayas.

Contact; Applicants should contact the approprinte EPIPA
reglonal offlce for informmtion concerning this program.

6. 8olid and lNuzardous Wasle Uunugoment Prograum Support
Granls,  Formula grants and project grants wro avallabls to
noalat In the dovolopment and Implomentstlon of alule wund
locnl programs and support rural and speclial communities in
programy and projecle leading Lo the solutlon of solld
wutle munagemont problems, Asslstunce Includua support

of fucility planning, fonaiblil ity studloee, oxperl consul-
tullon, surveys and analysls of markol needs, mnrkoting of
rocovored resources, technology asgensment . legul exponsos,
canttruction feasibllity studfes, source preparullion pro-
Joceta, and flescal or economle Investigation or atudiuvs,
Funda way bo used by spoclal communit lon for convernslon,
rovomunt or consolldution of oxfuotling solld wasle dis-
pounl fucllittlos or for construct lon of wow fnclllitles,
Abulutunce Is uleo avallablo to low populatlon munlclpnl-
Itlen lor clowlng or upgradlng exlating open dumps or

mooting requlrements of roestrictions on opon burnlng or
other requirvemente arlsing under the Cloan Alr Acl or the
Foderul Mater Pollution Control Act. This progrum le con-
sldored sultable for jJolnt funding with closoly rolated
fodoral fiuvancial asulntnnce programe in mccordunce with
Oun Circular Ho. A-111. The federal sahare of a project

nuy be up to 76 percent although 100 percent may be funded
for conducting Inventories of opon dumps. Filnancial assle-
tance has rangod from $71,600 to $1,31B,200 wilh an aver-
age ol $260,000. FY BO eslimuled obligatlons are
$86,050,000. Htate and substate solld wuste ngencies,
authorities and orgeanizations In all states, the Dlstrict
of Columbla, Puerto Nico, the Virgln Islands, Guam, Ameri-
can 8amoe, and the Mariana Islands are eligible for fundling
under this project. .
The stundard application forma furnlshed by the agoucy ure
roquired for thie program. Preapplications for resource
conservat ion and rocovery projects are soliclited In the
Commerce NDusiness Dally and evaluated with published eri-
lerla. TRequeste for appllicatlon forms and completed appli-
catlons are submitted to the appropriate EPA regloneal
grante admlinlstrntlon office. The staff at the appropriate
offico Is avalluble to asslst in preparation of the appli-
catlon. Applications are subjected to adminletrutive
ovaluutlon Lo determine adequacy In relatlon Lo grunt regu-
Intlons and to technleal and program evaluntion. Approvnl
or dlsapproval time runges from 30 to 00 duys dependlng
upon the type of application. Appllcutions are subject to
slaote and areawlde clearinghouse review. Environmental
fwpact assesements may be required for implemountullon pro-
Jeets Involving major construction or alting.

Contact: Informmtion may be obtuined from the appropriate
EPA reglonal adwinlstrator,

0. Solld Wasle Manugement Demonstrallion Orants, Project
grants nre nvalluble To promote Lhe demonstation und appli-
cutlon of solld waste mansgement and resource recovery
tochuology und sssistance which presorve and enhance tho
quallity ol the enviroument mnd conserve resources and to
conduct solld wauste manngoment and resource recovery studlos,
Investigatlons nnd surveys. This progrum {uv consldered
sullable for jolnt funding with closely related fedoral
[inanclnl assletance prograums ln accordance with oMU Clr-
cular Ho. A-111. nNusource racovery sysloem demongtration
projects may be funded up to 76 percent Ly thls federal
prograum. Conelruclion of now or lmproved solid wnste
dlsposnl focllitlos sorving an aroa of only one munlel-
pality may be fundoed up Lo 6O percent of eligible project
cosle, or 76 percent In any other casca,

dtuto, Intorstelo, munictpul, Intermunicipnl, or other
public nuthoritics and agenclos nro avallablo for the varl-



ous components of thils progrum. ~In addition, publlu or
private colleges and universities and private nonproflt
aggncles and Institutions aro aveiluble for Lhe resource
recovory aysloms demonstration projecls or for the con-
atructlon of new or Improved solld waste disposal fucil-
Itfes. All stales, the District of Columbla, Puerto Rlco,
the Virgin fulands, Guam, Amorlcan Samon, mnd the northern
Mavlunue Islands are eligible for naslistunce under this
program.

Stundard application forms are furnlshod by the agency

for thls program. RNeguestas for applleation forms and com-
plated npplicatlions are submltted to the Environmental
Protecllon Agency, Grante Admlnlstratlion Division. Appli-
cenllons aro subject to stale and mreawlde clearinghouse
roviow. An environmental impact assussmont is requirod
only for major demonstration and constructlon projects.
Approval or dlsapproval time normally takes 80 duys.

Contnct: Information may be obtained from the appropriate
EPA ruglonul offlice.

OFFIUCE OF REJEANCH AN) DEVELOPMENT

1. Environmental Protectlon - Consollduted Nesearch Grants.
Project granis are available undor thla program to support
research Lo determine the environmentnl effecls and control
requiremonts assoclntod with eneorgy, to #dentify, develop
and demonutrute necassary pollution control! technlques, and
to svaluate Lthe economic and soclal consoquences o wuwnW|
nutlve strateglies for pollutlion control of energy systoms.
Grunts may also be used Lo explore and duvelop siralogloa
and mochanisms for those In the economic, soclal, govern-
mental, and onvironmental systems to uso in envivonmental
manngement.,  Thls program is sultable for jolnt funding
wilh closely related fedoral Ilnanclal asualstance progrums
In sccordunce with OMB Circular Ho. A-111., Projects must
be cout uhared at a minlmum of 5 percent., Finnnelsl assldg-
tance hus ranged from $1,000 to $1,810,680. FY 79 averago
finunclal nsslstance was $08,304. FY 80 eslimated obliga-
Llons are $20,800,000 for granla, This program o avall-
uble for publle und private state universitles und colleges,
houpltuly, laboratories, stete and locnl governmont depart-
monts, other publie or privale nonprofit institutlons, and
Individuals who have demonstrated unusually high sclentliie
ability. IL 18 avallnblo Lo each state, lerrltory and
posseaslon of Lthe Unllod States including Lhe Dlstrilct of
Columbla.

Prospplicatlion dlscusslons with the EPA program offlce ls
advisable. Standord application forms must bo usod.
Nequusts for appllcatlon formn ond compluted appllcations

musat be submitted to the EPA Grante Administratlion Divislon.
An eunvironmental Impact mseessment Ia reaquired. Approval
or dluapproval normally takes B0 doya,

Contuct: Individunls are encouraged to communlicote with
the appropriate EPA roglonal office. For Informalion on
grant applications und procedures, conlact the Envirosmental
Protection Agency, Granls Adminlstration Divislon, PH-216,
¥Vashlngton, D.C. 20400. For program Informatlion, contact
tho Environmental Protectlon Agency, Offlce of Nesourch and
MMMM_c=Ea=n. ND-674, Washington, D.C, 20460, (202) 766-

2. Solld Wasto Disposal Nesearch Grants. Projoct grants
are avalTabie to pPromete and support tha coordination of
research and devolopment In the area of colluctlon, slorage,
utilization, and salvage or finel disposnl of solld wasto.
The program ie conslidered sultable for Joint funding with
closely relnted federal financial ansisltance programs In
accordance with OMD Circular Ho, A-111. Thoese grants
require a minlmum of 6 percent cost sharing. Flnoncinl
nsslstance bus ranged from $16,000 to $350,000 with an
eatimated avernge In FY 70 of $80,000. FY 80 ealimatod
obligatlons are $2,600,000 for grants.

The program ls available to public or prlvate ngencles;
public, private, slate unlverslties und colleges; state

and local governments; and individuals in ench state, Lerrl-
tory and possvesion of the U.8. including the Dlatrlel of
Columbia.

Preappllcallon dlscusslon with the EPA program is andvisable.
Requusts for required standard applicalion forms and com-
pleted applicutions must be submitted to the EPA Urants
Adminiutrallion Division. An environmontal lmpact assess-
mont s requlred. The range of approval or dlsapprovel

timoe Is PO days,

Contact: Indlvliduals are encouraged lo communicato with
the mpproprinte EPA reglonm} office. Information concern-
ing grant spplliculions and proceduros may be obtalned from
Environmentnl Prolection Agency, Grantas Admlnlstratjon
DPlviston, PM-210, Washinglon, D.C. 20460. Program lnfor-
matlon may be obitnlned from the Environmental Protectlon
Agency, Offlco of Resvarch and Davelopmont, nD-6874, wWash-
Inglon, D.C, 20180, (203) 755-8787.

J. MWater Pollutlon Control Rosearch, Dovelopment, and
Demonstratlon Grants. Project grants aro avallabls under
thila"program Lo support and promote the coordinatjon and
aceeleratlon of research, developmentl, and demonntration

projucts relating to Lhe cnuaes, offocts, oxtent, preven-




tion, reduction, and elimination of water pollutlon. The
progrum ls considored sultable for Joint funding with
closely related federanl financial nsslslance progrums in
atTordunce with OMU Clircular No. A-111. Granls under cer-
taln sectlons of this program require a minfmum of 6 poer-
cunl coul sharing, whila the remulnder require 25 porcent
cast sharlng. lNewoarch grants have ranged from $1,000 to
$772,012 In FY 78 und 78 willh an averagoe Iin FY 78 of
$01,710 and a projected average for FY 80 of $76,000,
Domonsleation grants have ranged from $37,600 Lo $0,5600, 000
in FY 78 und 70 with an average of $1:1,330 in FY 70, FY
80 projectod demonstration grant avevage 1s $100,000. FY
80 outimnbed obligations aro ﬂ-q.aac.cac for research and
demonatratlon grantse.

This program {s available to public, private, state and
commulily unlveralty and colleges, hospitals, laborntorles,
slato waler pollution control ngencies, Interstate agenclos,
#lole und local governments, other publlc or private non-
profil ngencles, Institullons, and organizatlons In ouch
olote nnd nll territories and possvsslons of the Unlted
Stuten Including the District of Columbin. Grants muy be
awarded Lo Individuals who have demunstrated unusually high
sclent!ifle abillty., Qrants under cortain svctlons of Lhia
progrum may be awnrded Lo proflbt-making orgunizatlions.

Proapplication discusslon with the EPFA Progrnm Offlce ia
advisnble. llequestn for the required standard applicotlon
forms und compleled applications must be sulmitted to the
Environmentnl Protectlon Aguncy Grants Adminlairation
Divislon. Demonstralion grant applications are subjact

to state und areawlde clearingliouse review. An environ-
mentnl lmpact uwssessment is requlred for thils progrum,
Runge of spproval or disapproval time is 90 days.

Contact: Individunls are enconrugod to communicate with
approprinte EPA reglonal offlce. Information concernlng
grant upplicntions and procedures muy be obininod fyom

Ehe Environmental Proteatlon Agoncy, OGranls Admintstralion
vislon, Pu-218, Wasalngton, D.C. 20460. Program Infor-
mulion may be obluined fvom the Envirvonmentsl Protectlon
Agency, Offlce of Nesuarch Progrum Manugement, HD-674,
¥nuhlnglton, D.C, 20460, (202) T65-8787,

OFFICE OF PLANNING AHD MANAGEMENT

1. loun Gunruntess for Conslructlon of Treantment Worka.
Guaranteod/Tnsured Touns ave avallabis g aneslst and @orve
no an Incentive in construclion of munlclpnl scwnge trownt -
ment works which are rogqulred to must siate und federal
winter quulity standarda. 7The progrom ks deslgned to Insuro
that taabllily to borrow necosvary funda from olher sourcoes

\

on rousonsble terms doou not provent the constructlon of any
wastewnlor treatment works for whlech a graut hes Loun or
will be swarded. Applications for lonn gunraniees will be
limljod to finuncing certaln portlons of the eligiblo and
allowuble local shere of a grunt for constructlon of wunte-
water treatment works. EPA guarantees the loan from ho
Federal Flnanclng Dank,

A vtule, Intorutate ngency, u municipnlitly, or an Inter-
municipal ageucy which hns mpplied for a constructlon grant
undor Title IT of the Clean Wnter Act or which hune commit-
tod iteolf to flnonco Lhe local share of any project for
which a grant has been awarded or for which an application
18 belny processed nre eliglble for funde under this pro-
gram. It 18 avnlloble to euch atato, terrltory und pooses-
slon of the Unlted Stutos LIncluding Lhe District of Colum-
bia,

Prenpplicntlon conuultation with Lhe approprinte EPA lleg-
lonul Conutructlion Grants and Grant Administrution Offlces
ls reconmonded, Application is moado through the state
agency to the appropriate EPA reglonal office. Feea aro
charged fuor processing of the application and for lssuance
of a coumitmont to guarantee, 1f Lho upplication is ap-
proved by Lho EPA adwinistrutor, loan gunranteed contractls
will ba losued to the federal flnnncing office which dlu-
perges funds.

Contnct: Contaet the appropriate reglonnl office of the
EPA for Intormatlon concerning this progrnm or Environmental
Protactlion Agency, Orants Administration Divislon, PH-214,
Washington, D.C. 20400, (202) 765-0850.



STATE/LOCAL PROGRANS
STATE LEVEL: MARYLAND
DEPANTMENT OF NATURAL RESOURCES

Walor Nesdourcos Adminlatration

1. Cloun Lakes Program wcacﬂn—wu Ho agency has been offl-
T4 Cloun Lukes appllications
snd 314 Clenn Lokes graunts from the Enviroumental Protectlon
Agency. The Watar Nesources Adminlstration hus been fnvolved
with 208 Plannlng and soma of the 208 Regional Planning Com-
mlsulony huve applied for and recefved 314 Cloan Lakes fund-

cluiTy dosTgnuted to adminlster

Ing. At the present time, the local projest sponsor a re-
quired Lo provide matching monles,

Contuect: Huryland Depariment of Hnturul Resources, Wataer
flesources Adminlstration, Tawes Biale Office Dulldlag,
Annupolls, Maryland 21401, (301) 20p-2224, :

allotment) to local governmental unlts for tho dovelopment
of park and recruationul facilities. MHalfl the monles re-
celved by Lhe local commuulty moy be used for land acqulal-
tion and half for recrentional development. A 25% maleh in
required of the local sponsor on Lhe portlon that applles
to recrontlonnl development. Ho mantch 18 required on the
portion for land acquisltion.

Contact: Appropriate county offlce or Maryland Departmont

of Haturnl Nesources, Program Opoen Bpace, Tawes Blute Offlce

Dullding, Aswapolls, Mavylend 21401,

STATE DEPARTMENT OF NEALTI

grants to countlas and munTelpn

1. MWontor, Teo swil Suwoerage anﬂhsa. Thia program provides

u mutahing funding for the fedoral Sewogo Constructlon
Gruntu Program (projocts must quulify for federnl wid).

Tha stule will) cost share 604 (Lhe other 60% Lo be providod
by Lho locul sponsor) of Lthe nonfedernlly funded portlon of
projuct costs on u 764 fodorul grunt und 75%/25% (utate/
local) on a 86% foederal grant.

Contuct: Muryland State Doepurtmont of Hoanlth.

- Program Open Space. Tho Dopariment of Natural Nosources
providea TTnanclul tealetunce in the form of granta (formula

ItTes tor sewage and coantral
sowrcy aystem dovolopmont, Monles aro to bu used Lo provide
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STATE/LOCAL PROGRAMS
SYATE LEVEL! MASSACHUSETTS
DEPARTMENT OF ENVINONMENTAL QUALITY ENGINEERTHG

Divislon of Waterways

1. Eutrophlcntlon end Nuisanco Aquatlc Vegotlation Control
Program,  This program involvea & preapplication and final
application process in order for a communlty to recelve
funds for controlling u problem In tholr luke. Furmerly an
slmple weed control progrum, thias program now glves firsl
priority to projocts which seek to solve the eutrophication
problem at ita source, The compluote apan of restoration
technlgues are ollgible for fundlng (about $120,000 avall-
able statowlde during FY 80). The usunl applicant is a clty
or town through the board of selectmon, conservatlon commla-
alon, health department, etc. Thia program s expected fo
be tranaforred to the Divislon of Water Pollutlon Control

in order Lo comsolidate and coordinale al) lake functlons
state-wlde,

Contuct: :wmunnszcmwnw.catsﬂnawaw of Environmeptal Quality
Englneering, Division of Waterways, Room 532, 100 Hushua
Street, Duslon, Manssachusotts 02114, (617) 727-4707.

Diviuion of Wuter Pollution Control (314 doslgnated ugoncy)

1. Mussachusetis Lnkes Pro rum. This progrom embodles the
stuta’s own progrum. Actlvitles tnclude stotewlde lnke
clausification studles, dingnostic-foauslbllity studles,
waler neslutunce ressarch toum surveys (WART strikes), 3l4
coordlontlon and project application administrution, 1imno-
loglenl dats publication, state project prlority llsting,
lako nasociatlon asslstance, coordinntlon of federnl-atate-
local leke rehnbilitation efforts, aud related sctivities.
Loglelation presontly under review, if successful, would
provide up to $2,000,000 in state matching funds Yor 314
projecta au woll an provide a flrm loglalative mandate for
admlnlstering n statewldo lakes program,

Contact: Massnchunotts Dopartmont of Environmental Quality
Englncering, Dilviatlon of Wntor Pollulion Control, P, 0. Dox
546, Woslborough, Massachusotts 01581, (617) 368-0181.

2. Accuolorated Wnter Pollutlon Conlrol Program Ch. 21,
Suct. u~»¢ Thia progrmm provides granlo Lo public entltlsa
repreaenting sovoeral munlelpalitien for reglonal sewage and
waler pollution abatemoent planning. Granls are nol to ex-—

ceed $16,000 por publlic entity.

Contuct: Mausanchusclts Departmont of Environmental Quality
Euglneoring, Diviuslon of Water Pollutlon Control, 110 Tre-
mont Stlyoot, Doston, Massanchusclts 02108,




3. Busonreh and Dumonstrallon tnﬁ*cspz and Focllitiou, The
biviglon ol Wator Pollutlon Contlrol can provide tochnlénd
ustlatunco und gront ald for studlos wnd domoustratlon pro-
Jects tnvolving tunovatlve ways of troating uawage. Anyone
with approprinte tdens, lncludlag consultunts, unlvorsllies,
cgmununillos, ote., moy upply. $1,000,000 has been sulhor-
lzed for FY 80, In the past, thils program provided somo
malching montes for the 314 Clean Lakes Program bufore em-
phuavls shlftad to sowngo Ltrentment. It 1s unllkely thut ft
will bo used to mateh 314 funds i the fulure.

Contuct: HMunsunchusolts Dapartment of Environmoental Quonlity
Englasoring, Divislon of Wanler Pollutlon Control, P. 0. Dox
646, Westhorough, Mussachunotts O1681.

208 Neglonnl Plannlng Commluslons

The 208 deslgnated Neglonel Planning Comnlsslons huve boen
vpocinlly actlve ta Mussachusotis and have coordinnled
Lhulr ufforts with the Department of Environmentinl Quulity
Englnooring to provide informatlion on priority lukes and Lo
ovgandzo publle meotings to lnvolve Lhe public in loke res-
toratlon ploans und projecls.

Contuct: Locanl Plonnlag Offlce ur Depariment of Environ-
tnd Quallty Buglneeving, 208 Plannlog Divialon, 100
Cambridge Sureot, Noston, Mesonchusolin 02104,

EXECUTIVE OFFICE OF ENVIROUMENTAL AFFAING

Dlvislon of Contervation Hervice

providee grants to Bantelpul Conwervat fon Comnlealons Lo
cover up to 508 of the coslas of Yund sequivlition for pasnlve
vecrentlonul use. Flling deadline for applications s
August 31 vach yeany, Ounly lund acqulsition costlu are wll-
glbla and oonly Municipnl Conservatlon Commlssions muy upply,

1. m:_q:zc.m,mwwnqsér The Dlviston of Conservatlon Sorvico

Contacl: Exvcutive Offlee of Euvironmental Affutvy, Divi-
slon of Consnorvation Jervicn, John Sa)tonetanl Dullding,
LOO Combir Ldge Jirvat, Bouston, Mausachuselts 02108,

i, Fho Divislon of Conservatlon
SorvIice reTalninos Tocul Purk and Rocroentlun Commlselons of
munlelpulltlon with a populnticn of greanter thap 36,000 for
up to HOY of tho costs of land ucquilsition for park wnd
rocreat lonnl fueld it own, Only lund nequistition conts (in-
cluding npprulanls) are oligiblo rfor volwburnement . Appll-
cnbions shouwld be In by August 31 oach yarr.  Thilo projgram

fu due to end tn Juno Youo but oxtenslon of the progvam lu
bolng requestod,

4. Urban Qulf-llolp ewumm

Convnel :
ulon ot ¢
YOO Camly

Ancutlve Offleo of Envivonmunial Affulvra, Divi-
Miurvul Lo :.:....__-:C. v Hultonat nhit 3:_—.:_.2.
Guo Bivoul, Woulooe mchuuntlin O2ion

HASHACHUSETYS CONGRESS OF LAKE AND 1ohD ASHOCTATIONS, IHC,

Tho wajor uctivity of the Congrosn s to forward the cnuan
of lukes und ponda on every front. Thelr constitutlon glntos
Lthe purposes as follows:

1. To perform all acts approprlute to n nonprofit,
selentifle, Htorary, und educationnl corporntion dedl-
cuted Lo the promolion end dovelopmant of covironmental
quallty standards esveutial for sallsfactory 1lfe
stylea and conditions In the nuturel communlitry,

4. To praserve the uesthetic, recreatlonal, and com-
morcial vulues of lukea and lakeshore propertliey
through tho maintenance and fuprovemont of such en-
vironmental factors as wutershed ecology, water qunl-
ily, lako watur levels, shorellne woodlund manngemont,
agricultural sollg practicos, recreatlonul and rosi-
dential building standards, and rolated influences,
such usg waler and bouting aufoty,

Dearely one yuar old, the Congrosws g only Just boglnning to
grow and contlououaly experiments 1n Inmovatlve wuys Lo be-
come effoctive for the cause of lakes and ponds.  As Lholr

axportiac lucrenses Lthe Congress should be uble to contrl-

bule wore and more Lo the state und fodoral lake efforts in
Massachusotta.

Cuontact: Moassnchusottin Congrean of Luke and VPond Assoclu-
tions, Inc., I, 0. Nox 412, Weotminotor, Masuschusolls 01473,
STATE LEVEL: HMICHIGAN
DEPAI'TMENT OF NATUNAL NESOUNCES

Lund Reson

:¢ Progrums Diviston

1. 314 Cloun Lukes Progrom (Federal),
Naturnal Rosourceos Ta ilo ngency deslgnated to administer the
311 Clean Lukes Program, They are able (o provide technlenl
nsalstance to lake bhoarda (vpeclal distrlcts ompoweroed to
wusena for and ongage In anctiviglon rolotod Lo luke fwprove-
mont) concevnlng in-lpke pollution control measuren nnd
englnvoring deslgn,  Such nselstunce mny ald in providing an
Ln-ktnd wnteh tor federnlly-funded 314 Clean Lokes projucta,

The Deparvtmont of

Contaal: Michignn Department of Naturnl Nosources, Land
Nousuyree Programy Divigion, Inland Lake Ma mgement :..-r.

dtovon T, Mason Bullding, Lanslag, Mlehignn 48p26, (517)
373-8B000, ¥
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Clean Lakes Program

U.S. E.P.A. Policy on Grants

Funding preferences will be given to projects which eliminate pollutant
sources and reduce pollutant loading in contrast to projects relying 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 important lake restoration tools in two situations.

Lakes which have problems of excessive shallowness and rooted aquatic

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

a combination of procedures may prove to be most beneficial.

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

2. When material accumulated in the lake constitutes a significant
source of pollutants which is independent of controllable activitie
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.



The Clean Lakes Program

Section 314 of the Federal Water Pollution Control Act Amendments of
1972 (Public Law 92-500)* directed the United States Envirommental Protection
Agency to assist the States in contrc11ing.sources of pallution which affect
the quality of freshwater lakes, and in restoring lakes which have deter-
forated in quality. = EPA is fulfilling this mandate wi*h the Clean Lakes
Program, which provides technical and financial assistance to the States ta:

l. Classify publicly owned freshwater lakes acccbding to tro-
phic condition;

2. = Conduct diagnostic studies of specific publicly awned lakes, and
develop feasing pollution control and restoration programs for
them; o o

i Implement lake restoration and pallution control projects.

Assistance is made available to the States through the EPA Regional
Officas in the form of cooperative agreements. Becausa program funds are
limited, and the number of publicly owned lakes with present or paotantial
water quality problems is large, awards must be made salectively. Projects
chosen for funding are those which maximize public benefits. Such projects
meet three general critaria.

First, projected public benefits must be significant. A lake tao be
studied and restored or protected should be cne which can provide beneficial
usas te a large number of people.

Second, the water quality improvement must be long term, %o insure
lasting benefits. EPA will not support restoration measures which merely
ameliorate symptoms of pollution in a lake. Instead, the Agency emphasizas
watarshed management -- a comprehensive effort to identify and eliminate
Present or potential causas of lake watasr quality deterioration. Pollution
is to be controlled at its sourcs, not in the lake. When pollutant sources

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

/
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are being controlled, however, in-lake restoration techniques to speed
recovery are also eligible for funding.

Finally, projects éhou]d promote integrated, coordinated water quality
management. Other Federal, State and local programs can supplement the Clean
Lakes Program. For example, the 201 Construction Grants Program can comple-
ment a lake restoration agreement by helping municipalities eliminate pollu-
tion from domestic sewage. U.S. Department of Agriculture assistance is
available to farmers to implement agricultural pollution control measures,
supplementing Clean Lakes Program watershed management. Combining water
quality management resources in this way enhances the effectiveness of
expenditures under aﬁy single program.



© = THE CLEAN LAKES PROGRAM

This saction is summarizes the Clean Lakes Program -- its Jegislative.
basis, regulations, program description, application procadures, and results

to data.

® LegisTative Basis

Section 314 of the Clean Water Act of 1977 is the 1egislative basis
for the Clean Lakas Program.

SEC. 314.

(a)

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

trator for his approval -

(b)

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

(2) procedures, processes, and methods (including land use
requirements), to control sources of pollution of such lakes;
and

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

The Administrator . shall provide finmancial assistance to States in

order to carry out methods and procadures approved by him under this
section. The Administrator shall provide financial assistance to States
to prenare the identification and classification surveys required in
subsaction (a)(l) of this saction.

(c)

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

(2) There is authorized to be appropriated 350,000,000 for
the fiscal year ending June 30, 1973; $100,000,000 for the fiscal
year 1974, $150,000,000 for the fiscal year 187%5; $£50,000,000 for
the fiscal year 1977; $60,000,000 for the fiscal year 1978;
60,000,000 for the fiscal year 1979; and 380,000,000 for the

iscal year 1980 for grants to States under this section. These
sums shall remain available until expended. The Administrater
shall provide for an egquitabie distribution of such sums to the
tates with approved methods and procadures under this saction.
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Restriction of Awards

One of the ways in which the Clean Lakes Program will effact this
coordination is by limiting award of Federal lake funds to dreas that are
applying an integrated watarshed manayement a&apgroach. BaTore making an
award, the Regional Administrator must detamine that any watar pollution
contral measures in the lake's watershed authorized under section 201,
included in an approved 208 plan, or required by section 402, have been
completad or are proceeding on approval schedules {40 CFR 35.1650-2(b0)(2)J.

Goals

The goal of the (Clean Lakes Program is to implement, through assis-
tance to the States, methods and proceadures to control sources of pellution
to the Nation's publicly owned freshwater lakes and to restore degraded
lakes. Recognizing, however, that this applies to all publicly owned lakes
and several thousand may need immediate action, the program has established
a more specific goal for the 1980-1985 period. The goal is to protect at
least one lake wnhose water quality is suitable for contact recreation, or
to restore a degraded lake to that condition, within 25 miles of every major
population center. A population center, in this context, usually is a
Standard Metropolitan Statistical Area (SMSA) as defined by the U.S. Bureau
of the Census. However, this definition will be applied with discretion in
selecting projects for funding. Some SMSAs are so populous that a single
clean lake would not be sufficient to meet user demand. Conversely, in SMSAs
near the ocean beaches, bays, large rivers, or the Great Lakes, theres may be
Tittle demand for lake protection or restoration.. In vacation and tourist
areas wnere seasonal populations are high, and in other situations where lake
water quality is important to regional economy and quality of life, projects
may warrant priority equal to that accorded urban lakes. More explicit
guidance on this aspect of project selection will be developed, but the nead
Tor flexibility will never be eliminatad.

/



TECHNICAL AND FINAMCIAL ASSISTANCE PROGRAMS

As discussed in eariier sections, the Clean Lakes Program provides
up to S5100,000 per award and requires a 30 percant non-Federal share for
Phase 1 diagnostic-feasibility studies. Phase 2 awards are available for
pollution control and/or in-lake restoration methods; thers is no specified
maximum, but they requirs a 50 percent non-Federal share. Thus, significant
'amOUnts of money must be supplied by State, local or privata sources. As a
genera]l rule, Federal grant programs or other Faderal monfes.cannot be used
to supply the State and local share; however, two excaptions do exist. The
exceptions ars the General Revenue Sharing Funds from the Department of the
Treasury and the Community Development Block Grants from the Department of
Housing and Urban Development, both of which may he used as a nsart of the
State and lccal matching funds for the Clean Lakes Program.

o Non-Federal Match

A number of Stateé have set up specific funded programs to be used as
non-federal matching funds for the Clean Lakes Program. Others have orodrams
which, although not specifically designed for that purpmess, could be used to
provide the local match (see Table 11-1). [n the Stats/local section of the
matrices, in Table 11-2, under the "Federal Program Matched" calumn, the
phrase "314" denctes States with funded programs specifically designed to
match the Clean lakes funds and "314 pessible," denctas Statas whers pregram
funds may provide the match under certain conditions. Thirty-two States dc
not providé‘matching funds. Conseguently, local units of qovernment mus:
provide all the matching funds for the Clean Lzkes Pregram. However,
Stats tachnical and administrative assistance may be used as an in-kind
match.

As can be seen in Table 11-2, most Statas have indicatad that they
do provide technical assistance which can be used as an in-kind matech. Such
Stata sarvicas as water quality monitoring and installation of monitoring
equipment, Tahoratory servicss, and analysis of datz can and hava been



STATES WITH PROGRAMS TO MATCH CLEAN LAKES FUNDS

Specifically
Desiagned Proarams

Programs Applicablie
Under Certazin Conditions

Connecticut
Florida
Massachusetts~*
Maine*
Minnescta

Mew Jersey
North Carolina
Oregon*

Puerto Rico
South Dakota
Washington**
Wisconsin

Arizona
Arkansas
California
Montana
Nebraska
Rhode Island

*Oroposed.

**Proposad, Phase 2 only.



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

Combination With Other Comolementary £fforts

In addition to providing diresct matching funds, other programs at the
‘Federal, regfdnal, and Stata levels can be coordinated with Clean Lakes
projects by providing funds for activities that ara not directly a part-of
the work funded under saction 314, These are also summarized in Table 11-2.
As an example, the Clean Lakes Program regulations specifically exclude costs
for controlling point source discharges, where the sources can be alleviated
by permits issued under either section 402 of the Clean Water Act, or by the
planning and construction of wastewater treatment facilities under saction
201 of the Act. Nevertheless, it is recognized that such control of paint
sourcs discharges is extremely important in the lake restoration procsss, and
that where possible, this work should be coordinatad with Clean Lakes projects.
Thus, while references to section 201 programs are not included in the Stats
pregram sactions of the matrix, it is important to check with the appropriate
program office to detarmine their applicability to Clean Lakes restoration.

Other examples are recreational facilities development orograms, such
as the Land and Water Conservation Program under the Department of the
[nterior's Heritage Conservation and Recreation Servica. They may not be
usad to provide matching funds to a Clean Lakes project, but activitias
funded under them can greatly enhances the benefits obtainable with Clezn
Lakes funds. Again, as with 201, no reference apoears in the matrix to these
LAWCON programs.

Oepartment of Agriculture programs, especially in the Agricultural
Stabilization and Conservation Service, the Farmers Home Administration, and
the Soil Conservation Service, are other examples of funded programs which
may be usad with the Clean Lakes Program. [t is important to remember that
applications for Clean Lakes projects proposing coordination with cther
complementary activities will recaive more favorzble considsration for
funding by EPA.

/
/



Sources of Additionzl Information

Written descriptions of Federal, regional, and State programs can be
found in Appendix 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 flean
Lakes Program have been summarized fn the matrices in this chapter. The
matriczs indicate the department, agency, and program identification; type of
assistance; type of orojects which are eligible for the funds; and the
eligible recipients. This information, along with the total obligations for
fiscal year 1980, average project size, and various applicaticn information,
has been obtained from the Catalog of Federal Dcmestic Assistance (available
in majer libraries, or may be purchasesd from the Superintendent of Documents,
U.S. Government Printing Nffice). Where necessary, the matrices have been
supplemented by data obtained directly from program managers.

Two other Federal programs are not included in the matrix but may be
useful. The U.S. Army Corps of Engineers has a program which is.prfmari?y
research-orientad, dealing with projects such as aquatic plant control, beach
erosion control, flood control, debris clearance. and channel straightening.
Tnis assistance is usually in the form of tachnical consulting and research
by fLorps personnel.

The other Federal program which does not aocpear in the matrix is the
General Services Administration's Disposal of Federal Surplus Real and
Personal Property Programs. This program provides for the transfer c¢c*f
property such as ahandoned military installations from the Federa?zgcvernment

- to eligible recipients. The transfer is usually on a specialized basis and

depends on the location of the proposed project. _

Information concerning State and regional programs was obtzined Frem
interviews with State and. regional officials. These programs zre described
in Appendix 4, and presented in the matrices in this section.



RANGES OF PROMULGATED STANDARDS FOR RAW WATER

Constituent

BOD (5-day) mg/1
Monthly nvernge:

Maximum day, or snmple:

Coliform MPN per 100 ml
Monthly nvernge :

Maximum dany, or sample: .

Dissolved Oxygen
mg/! average :

%% saturation:

pll
Average:

Chlorides, max. mg/1
Fluorides, mg/l

Phenolle compounds, max, mg/1
Color, units

Turbidity, units

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

0.75-1.6
1.0-3.0

50-100
Less than 59 over 100

40-76
T6% or belter

6.0-8.6

B0 or less
Less than 1.6
None

0-20

0-10

SOURCES OF DOMESTIC WATER SUPPLY

(ood source of water supply,
requiring usual trentment such
as filtratlon and disinfection

15-2.6
3.04.0

650-6,000
T.ess than 209% over 6,000

4066
60% or better

6.0-0.0
60-260
1.5-3.0
0.006

20-160
10-260

Toor source of water supply,
requiring speclal or nuxilincy
treatment and disinfection

y  Over 2.6 ,
Over 4.0

Over 5,000
Less thnn 6% over 20,000

4.0

8.8-10.6
Over 250
Over 8.0
Over 0.006
Over 160
Over 250



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

Concentrations In Milligrama Per Liler .

WIH O Internalional (1958) W0 European (1961) U.S.P.JL.S. (19G2)
Permiasible Iaecessive Mazimum RRecommended Telerance Mazimum
Chemical Constituent Limit Limit Allowable Limit Limit Allowalle

Alkyl benzene sulfonate .. ——eooomoom = . w= = a5 N
Ammonin (NIL) e B - == e s 056 _= - .
Arsenle oo o T - = 0.2 e 0.2 0.01 0.05
Barlum e S— e, == = - o s 1.0 '
Cadmium - e == e - - 0.05 o 0.01
Caleium oo EoaT 6 200 S - —_— == e
Carbon chloroform extrnet = s - = — - 0.2 -
Chlorlde oo 200 00 . 360 = 260 =
Chromium (hexavalent) oo — - 0.0 S 0.05 = 0.06
| i0 15 - 3.0* . 1.0 -
Cynnide oo i = 0.01 — 0.01 0.01 0.2

: Fuoride oo e e S ‘ = =t 15 — 0.8-1,7# 1.0.34%

| Iron oo e 03 10 == 0.1 - 0.3 —
Lead - m e [ e 0.1 o 0.1 . 0.05
Mugnesium _ - oo —m o ——mmm = 60 150 . 125** e i3 .
Magneslum 4 Sodium gulfnte___ - ——— 600 1000 __ : - e e .
MANEANESe - o mmm o —mmmmmm === ST 01 0.6 __ 0.1 - 0.056 -
Nitrate (ns NOs)——cov e R - s = 50 - 45 S
Oxygen, dissolved (minimum) - — s - 5.0 - — -
Phenolic compounds (ns phenols) - 0.001 0.002 - 0.001 — 0.001
Helenlum oo o e = - 0.05 s 0.06 = 0.01
BIlVEr oo e mmmmmmm e m o i sl 1 - . o 0.056
Sulfate o e T — S~ 200 400 — 250 = 260 s
Total solid8 _ oo 500 1600 = = — 500 o
S SN 5.0 16 — 5.0 _. 6.0 :

® After 16 hours contact with new pipes; but waler entering & distribution system should have less than 0.05 mg/1 of copper.
s4 | here are 250 mg/) of sulfate present, magreslum should not exceed 30 mg/1.
£ Recwmmenided limits and maxlmum allowable concenlrutions sary Inversely with. mean annual Lemperature. See lable G-1.

e fogts g o s ——- o
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THE NITROGEN CYCLE IN SOIL AND GROUNDWATER
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Figure 5

THE NITROGEN CYCLE IN SURFACE WATER
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LBs

(Kgs) Nutriant in Lake

MNutrient Calculations

1 Gal = 3.85 Liters x ppm =

Mg/Gal.

1'4g/Gﬂ.1 .

1bs.

in lake x .454 =

% Total Gallons in Lake =

453 590 Mg/lb.

1bs.

Kgs in lake

Flowing Streams

Cubic Meters

in lake

( Need gals. per sec. and ppm)

Kg/sec = Mg/Liter x (Gallons x .00378)
1000
Sec's Day Month
Kg/sec x 86400 x Days = Kg/mo x 2,2046 = lbs/month
Conversion Factors
Acres x .405 = Hectares Flow
Hectares x 2,741 = Acres
L ¥ 10,000 sq. Meters width w
Acres x 4047 = sq. Meters 7 rx = Av Depth
By MeLers & #0001 = Begtare X xY¥xW = Cubic feet of inches/sec's
Feet x ,3048 = Meters
Gallons x 3.785 Liters IRChes _ c.F. x 7.48 Gals/cf = Gals./sec's
Kg = 2.2046 lbs,
. 454 =
lbs. x .454 = Kg 60
1 = 2
vds. x .9l4h = Meters no. of see's x Gals. Gallons/minute
Flow
1 Acre = 43,560
1 Gal Hzo 8.345 lbs. Culverts = use Robts computerization
1 Cubic foot 820 = 7.48 Gals.
L " "= 62,42 1bs.
1 Acre Foot = 2.719,041 1bs.

Inches x 2.54

ug/L = ppb =

1" 1

325,829 Gals.
cr.

.00l ppm




METHODOLOGY

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 flow from body.

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

discharge outfall + evaporation)




EVAPORATION
Methodology

E = ,771 (1.465 = .0186B) (.44 - .118W) (C8 - CD)

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

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

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

National Oceanic and Atmospheric Administration
Environmental Data Service

Mational Climatic Center

Ashville, N.C.

U.S. Weather Service

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

Evaporation readings are inches.

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

Lake evap.. inches = USWS x .70



COMPOST TOILETS

1. Ecolet 4.

Recreational Ecology Conservation
of United States, Inc.

9800 West Bluemound Road
Milwaukee, Wisconsin 53226

2. Clivus-Multrum
14A Eliot Street
Cambridge, Massachusetts 02138

3. Biu-Let
Bio-itility Systems, Inc.
P.0. Box 135
Narberth, Pennsylvania 19072

CHEMICAL TOILCTS

1. Fiberglass Chemical Toilets 6.

Chic-Sales Company, Inc.
P.0. Box 689
Hillview Building

Santa Ana, California

2. Vapor-Monogram flew-Matic Toilet
Vapor Corparation
6420 West Howard Street

Chicago, I11inois 60648 ' 8.

ad

Mansfield Sanitary, Inc.
Perrysville, Qhio

{Sani-Pottie 947) 9.

4. Mile Ahead Industries Inc.

41 West Putnam Avenue 10.

Greenwich, Connecticut 06830
5. Waterless Comfort Station
Burlway Road
P.0. Box 1026
Rurlingame, California 94011

LOW WATER FLUSH TOILETS

1." Safeway Toilets 3.

Safeway Sanitation
75 Argyle Avenue

Ruffaln, liew York 14226 K

2. Micraphor Tailets 4.

Microphor, Lnc.
475 [ast San [randiscoe Avenun
Jillits, talifarnta 45490

-H1-

/)

AXA Adhesives & Plastics

" P.0. Box 302

Stow, Massachusetts 01775

(Soddy Potty)

Toa-Throne Compost Toilet
P.0. Box 752
Corona del Mar, California 92625

Thetford Engineering Corporation
P.0. Box 1285

Ann Arbor, Michigan 48106

(Aqua Magic, Porta Potti)

Sani-Mate 5
Zurn Industries, Inc.
Erie, Pennsylvania

Todd Enterprises, Inc.
Providence, Rhode Island
(Mini-Pot)

Sani-Matic Corporation
(Uncle John Dry flush)

Monogram Industries
(Tota-toilet)

American Standard
P.0. Box 2003
New Brunswick, New Jersey 08903

Kohler Company
Kohler, WS 53044
(Water guard toilet)

]




T8
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RECIRCUL ATING TOTLETS

1. Thetford Corporation
(Cycle-Let)
Ann Arbor, Michiaan

2. Moncyran
Monogram Industries
1165 East 230th Street
Carson, California 90745

3. Pureway Corporation
Pureway '
301-42nd Avenue
tast Mobile, I1linois 61244

4. Vapor Corporation
Main Office
6420 West Howard Street
Chicago, [11inois 60648

5. Sedrs-Roebuck Company

6. Montgomery Ward
GAS INCINERATING TOILETS

1. (Destroilet)
LaMere Industries, Inc.
227 N. Main Street
Walworth, Wisconsin 53184

2. (Incinolet)
Research Products Mfg. Co.
F.0. Box 35164
fNirlawn Station
Dallas, Texas

3. Tekmar Corporation
(Thermajon)

ELECTRIC INCINERATING TOILETS

1. Incinolet '
Research Products Mfg. Company
P.0. Box 35164
Airlawn Station
Dallas, Texas

1G.

-60-

Ty 1978

J.C.- Penny

Thiokol MPB-10 Chemical Toilat System-

Thiokol Chemical Corporation
Wasatch Division (Model MPB-10)
P.0". Box 524

Brigham City, Utah 84302

Multi Flo Home System for Recycling

Wastewater

(Unit RS-1) (Unit RS-2)
Multi-Flo, Inc.

500 Webster Stroeoet
Dayton, Ohio

Chrysler Corporation
(Aqua-Sans)

Dept. 2100
P.0. Box 29200
Hew Mrleans, Lovwisianna 70129

Clear Water Inc. (Pyrolet)
P.0O. Box 634
Sheboygan, Wisconsin 53081

Lake Geneva A & C Corporation
Box A9

200 Elkhorn Road

Williams Bay, Wisconsin 53191
(A.C. Storburn)

Incinomode

Incinomode Sales Company
P.0. Box 879

Sherman, Texas 75090

N-Con Systems Company, Inc.
Thermox

PRIVATL SLWAGRE DISPOSAL REGULATIONS



BIBLIOGRAPHY

A Limnological Study of 43 Selected Maine Lakes, U.S. Geological Survey, Water
Resources Investigations 80-69, Wetzel, R.G., Limnology - W.B, Saunders Co., 1975.

A Limnological Study of 43 Selected Maine Lakes, Maine Dept. E.P.A. 1980.

A Research Strategy For Social Assessment of Lake Restoration Programs, Homey &
Hogg, U.S. E.P.A. 1978.

Bio Sketches and Abstracts Internmational Symposium on Inland Waters and Lake
Restoration, Sept. 12, 1980.

Bouldin, D.R., H.R. Capener, G.L. Casler, A, E. Durfee, R.C. Loeher, R. T. Oglesby,
and R, J. Young. Information Bulletin 127, New York State College of
Agriculture and Life Sciences at Corness Univ., Lthaca, New York.

Clean Lakes Program Guidance, U.S. E.P.A., December 1980.

Clean Lakes Program Guidance - E.P.A. = Office of Water Regulation and Standards,
Sept. 1980.

Clean Lakes Program Strategy, U.S. E.P.A. 1980,

Department of Environmental Quality Engineering (DEQE) Publication of Eutrophication
and Aquatic Vegetation Control Program, Boston, Massachusetts.

Ecology of Inland Waters A Estuaries, G. Reid. Van Nostrand Co., N.Y., N.Y.
Economic Benefits of The Clean Lakes Program, E.P.A., Sept. 1980.

Eutrophication - Causes, Consequences, Correctives, Proceedings of a Symposium,
Natural Academy of Sciences, Washington, D. C., 1969,

Eutrophication of Lake Tahoe Emphasizing Water Quality; U.S. E.P.A., Corvallis,
Oregon.

Eutrophication of Surface Waters - Lake Tahoe;s Indian Creek; U.S. E.P.A., Corvallis,
Oregon.

Eutrophication in Vermont - 1975 Water Quality Surveillance Series, report no. 33
Dept. of Water Resources, Water Quality Div., Montpelier, Vermont.

Excessive Water Fertilization, Wisconsin, January 1967.

Flushing of Small Lakes; ¥.S. E.P.A., Corvallis, Oregon.

Freeze, R.A. and Cherry, J.A. Groundwater, Prentice Hall, Inc., Englewood Cliffs.
Fundamentals of Groundwater Protection, Seminar Eandbook 1980.

Groundwater. Freeze & Cherry 1979. Frentice Hall, Englewood Cliffs, N.J.
Groundwater Movement, R. Glover, U.S. Dept. Interior 1973.

Guide to Aeration and Circulation Techniques; U.S. EPA, Corvallis, Oregon.




Guide For The Design, Operation and Maintenance of Small Sewage Disposal Systems,
Maine Department of Health Services,January 1978.

Guide for Design, Operation and Maintenance of Small Sewage Disposal Systems, New
Hampshire Water Supply and Pollution Control Commission.

Guidance for the Preparation of Lake Restoration Grant Applications, U.S. E.P.A.,
Washington, D.C.

Hogg, Thomas C., William D. Honey. A Research Strategy for Social Assessment of
Lake Restoration Programs; U.S. E.P.A., Corvallis, Oregon.

Influence of Land Use on Stream Nutrient Levels; U.S. E.P.A., Corvallis, Oregon.

Lakes Region Water Quality Management Plan; Lakes Region Flanning Commission, New
Hampshire, September 1978.

Lee, G.F. Eutrophicaticn,University of Wisconsin, Madison, Wisconsin.
Limnology - R.G. Wetzel - W.B. Saunders Co., Philadelphia, Pa.

Long lsland Comprehensive Waste Treatment Plan, July 1978. Nassau - Suffolk Regional
Planning Board.

MacKenthun, Kenneth. Toward a Cleaner Aquatic Environment U.S. Environmental
Protection Agency.

Management of Bottom Sediments Containing Toxic Substances, U.S. E.P.A., Corvallis,
Oregon.

Non-Point Source - Stream Nutrient Level Relationships; U.S. E.P.A., Corvallis,
Oregon.

Nutrient Diversion: Resulting Trophic State and Phosphorous Dynamics; U.S. E.P.A.,
Corvallis, Oregon.

Nutrient Inactivation as a Lake Restoration Procedure - Laboratory Investigagions;
U.,S. E.P.A., Corvallis, Cregon.

Our Nations Lakes, E.P.A., July 1980.

Plumbing Code, Part 2 Subsurface Wasfeﬁeter Disposal Regulations; Department of
Human Services, Div. of Health Engineering,

Process Design Manual for Nitrogen Control U.S. E.P.A., Technology Transfer, Oct., 1972

Process Design Manual For Fhosphorus Removal - U.S. E.P.A., Technology Transfer,
April 1976.

Quantitative Techniques For The Assessment of Lake Qualities, ¥.H. Reckhow, U.S.
E.P.A., January 1979,

Reid - Ecology of Inland Waters and Estuaries. Nostrand Co. 196l.

Site Evaluation for Subsurface Waste Disposal in Maine;.Maine Department of Human
Services, Division of Health Engineering, Sept. 1979.



