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GREAT SOUTH _EOND

Lyons - Skwarto did a previous base line survey and a modified

eutrophication index for 41 ponds in Plymouth.

Great South Pond ranks 3 using a modified trophic level index.
It is a natural, non-stratified pond, partially spring fed, warm
water, with maximum depth of 40 feet. Macrophyte population was
practically non-existent. On the plant trophic index, it ranked
4th. The secchi disc reading was 18 feet, which ranked it 3rd. No

microphytes., The nitrate readings were satisfactory. The phosphate

readings were satisfactory.

Number of houses affecting system: approximately 34, Cranberry

acreage affecting impoundment: none directly.,

Problems: Non-visible., This pond is rated as oligotrophic. Nothing

has changed in Great South Pond and it is still rated oligotrophic,

oy




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.

OLIGOTROFHIC: Aquatic plant production 1s 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
f] - high; aquatic plant nutrient £lux 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,

kf,such,as algal blooms.

' MESOTROPHIC: Lakes exhibit conditions between eutrophic and oligotrophic,

“their water is less transparent than oligotrophic waters, but moTe 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 hypereutrophﬂ:is used for this other extreme.

l:he above is a brief description of classification, and the trophic index

~was developed along these qualifications. The following parameters were



canside;ed in rating.

l. oxygen depletion

2. trangparency

3. phytoplankton

4, nitrogen .
S. total phosphorous

6. biological

-

Plant production was very low throughout the growing season, there was an
absence of both macrophytss and microphytas. The elodea population was
dense out :a the seven foot contour line which included 90% of the pond
btottom. Blue-green filamentous algae was found in the deepest points.

Phosphorus is usually the most important mitrient controlling lake pro-
ductivicy, therefors, total phosphorus is an impartant measure of a lake's
trophic state. An average figure would generally be taken as between .015
.02 prm as the lowest dividing line between eutTophic and oligrotrophic lakes
with a .04 ppm being a critical reading. Readings were taken during the nom-
_productive season. The March, April and early May readings vere wvell within

.:‘:he accapted critical.

) Nitrogen is an important plant nutrient, but limmologists have done little

to develop quantitative trophic critaria for aitrogen concentrations .25 ppa
of nitrate is generally takan as a critical point, above vhich algae and plant
¥;rnwth are greatly accelerated. The March readings are all high with station 2
ﬁgd‘oucfall very high, so high as to indicate nutrient pollution.
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GREAT SOUTH

Eu:rcphici:ion = 4 natural enrichment process of 2z lake, which may
Le accelerated by man's activities. Usually manifested by one or more

of the following general characteristics.

1. Excessive biomass accumulations of primary produceré.
2. Rapid organic and inorganic sedimentation and shallowing.

3. Seasonal and diurnal dissolved oxygen deficiencies.

Indices of eutrophication

3iological parameters .

Macrophyte identilication and coverage
Both emersed and submersed aquatic species were

very sparsely populated. Dominant emersed species
were sedges. Submersed macrophyton consisted of
Sago Pondweed, Najas, Elodea,and Fanwort.

——— - we— s ==

Macrophytes - Phytoplankton

Algal Generic identification - algal pigment - chlorophylla.
Average summertime count of chlorophylla on trophic scale
.005 bpm oligotrophic .Cl ppm eutrophic
Water color in July and august had a heavy green tint,

with green unicellular alge predeminant.

Physical indicators - species pediastrum duplex at 10“/m1 count 10“/m1
oxygen depletion. '

This is a non-stratified pond and being so it exhibits
standard fluctuations of oxygen common in shallow bodies
of water. Readings are often high but oxygen depletion
results when plant and animal respiration and and decay of
organic material remove the dissolved oxygen from the wasler
faster than it is replaced by photosynthesis.

Below 4.0 mg/l is considered eritical.

Transparency
In oligotrophic lakes the secchi disc reading is 3 meters
plus and the eutrophic reading ranges from 1 foot to'Z;O‘

neters. Great South readings ranged from 17 feet ( 5.23M)

Py

to 18 feet (5~53M ). - 4 =



Great South

Depth - Mean depth 25', 7.62 M

Minimum depth 41', 12,50 M

Has very little littoral zone.

Chemical Parameters

Total phosphorus readings in Great South Pond averaged

less than .015 - well within oligotrophic classification.

Indices of Eutrophication
readings were well within the oligotrophic

1
[

All nitrogen

classification.

Great South Pond is an oligotrophic pond with all

Conclusion:
parameters well within this classification.




GREAT SOUIH POND

Great South Pond Scale 1:580

Plymouth, Mass,

Watershed type: coastal Topo sheet: USGS 1:24000 Plymouth
Acres: 292 Position Topo sheet: up 5.5 right 10.7
Altitude: 0100’ Shoreline distance; 3.2 miles 16.896'

Water type: warm

Pond type: natural

Stratified: no

Pond use: drinking water, fishing, esthetic
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GREAT SOUTH POND

1 (Bathymetric Map)
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GREAT SOUTH POND
Impoundment Map

Little South Pond

Flow rate

Great South Pond

Flow 211 gal/min

Boot Pond
el, 100

éE 6 acres bogs

# Cranberry bogs

-8- Scale 1:1230



i

(3]

GREAT SOU¥Il POND

Submersed Aquatic Plant Map with Key

Very little submersed aquatic plant
growth samples obtained.0-5 foot
contour line.




Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
§ Potamogeton
; ‘ Potamogeton
¥ Potamogeton
Potamogeton
Najas

Zannichellia
" Elodea

Ranunculus

7 - Alisma
Nasturtium

Utricularia
‘Vallisneria

 Cgbémba

: 4Cyarpophyceae

SUBMERSED AQUATIC PLANTS

LATIN

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

" Ceratophyilum D.
© Myriophyllum

Heteranthera D.

COMMON

Pondweed

Large Leaf Pondweed
Curly Leaf Pondweed
Waterthread Pondweed

Leafy Pondweed
Variable Pondweed
Floating Brown Leaf
American Pondweed

MAP NUMBER

Sago Pondweed
White Stem Pondweed
Richardson Pondweed

Giant Pondweed
Bushy Pondweed

Horned Pondweed
Waterweed

Water Buttercup

Coontail

Water Milfoil

Waterpiantain

Water Star Grass; Mud Plantain
Water, Cress

Bladderwort

Wild Celery

Addenda

4o Y

Fanwopit

Blue--green

=10~



¥ : GREAT SouUtl POND

e Emersed Aquatic Plant Map with Key

Scale 1:530
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LATIN
Peltandra

Pontederia
Sagittaria
Polygonum
Typha

y Eleocharis
[ Scirpus

Juncaceae

EMERSED AQUATIC PLANTS

COMMON MAP NUMBER
Arrow Arum
Pickerel Weed
Arrowhead; Duck Potatoe

Watersmart Weed

Cattail

Spike Rush Sedge -}
Bulrush Sedge 2

Juncus Rush

Addenda

-12-
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GREAT SOUwll POND

Chemical Sample Stations
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PHOSPHORUS

The discharge of phogphorus-con:aining 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 formsforthophosphnti

+ polyphosphatas or condensed phosphates and organic phosphorus compounds.

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

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

to be about 2.3 lb. per capita at present. Thus exclusive of industrial
wastes and other phosphorus sources, such as water softening or sequestering
agents, the domestic phosphorus contribution to wastewater is about 3,5 1b.
per capita per year. Tpe Cornell findings being "human activities are
responsible for 75 - 80% of the dissolved phosphorus reaching the lakes in

central New York."

FPhosphorus 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., 1f the assets of inorganic nitrogen and phosphorus

" exceed .3 and .0l - .Ol5 mg/l respectively at start of the growing season,

 nuisance blcoms 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

.;his report reached the important basic conclusion that dissolved phosphorus
(organic and inorganic) has a far more important influence on algal growth.

il
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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 columm is still open to raserve.

The EPA guidelines in ;t's welear lakes progzam' states "phosphorus is usually
the most important mutrient 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 l0ug/l

(.0l mg/1) and between mesotrophic and eutrophic lakes as about .02 mg/l."
3est reading times are in wintar sonthg, the most non-productive season.

Concentrations of total more than .0l ag/l in the groundwater are not
considered normal and when this value 18 attained, a source of contamination
is suspect. Soluble phosphorus concentraticns in groundwatar are virtually
non~existeant bacause of chemical fixation and precipitation as insoluble
ccnoounds of calcium, magnesium, iron and aluminum; this is in contrast

to ni:ra:as which have grea:ar mobili{ty. 1In The Carver Soil Series, however,
fixation is virtually non-existant.

FThosphate 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 southern Massachusetts, it is found

, that the sorption capacity of the sandy soil is exceedingly small with the

‘f results that septic tank disposal systems located in the watershed area with
sandy soil, rarely have problems wich plugging. Those systems readily trans-
rmi: the nutrients from the household to a nearby water course via ground’wa:er.
- High phosphorous readings in aquifer.and springs feeding Little Long Fond

.are evidence of this phenomencn.

;Accnrding to a Cornell s:udy. the phosphorous content of domestic sewage ranges
from.1l - 2 kilograms (2.2 - 4,4 lbs. ) per capita per year depending primarily

' on whether laundry de:ergencs containing phosphates are being used by house-
holds,




4 Tecanc study aske in Vermenc showed that all the lakes so restad were Souns

ts be ohospherous limitad.

A Cormell zesazrzch taam conducced a study of 13 lakes ia cenczal lNew fork -

of the relation becween 0..0SPHOTOUS

zhis study led T2 & quantitative axprassion

leading and econcentTations of algae.

Skosphorous in -unafZ cczurs ia 3 generzl formst

- ual

gf, 1. Dissolved orzanic
{ 2. Dissolved inorganic
3. Pareticuluzed

e dissolved phosphorous ia boch Zorms has . Iar 2OTE L2p0TCa .S

influence on algal growch than has phasphorous whiek i3 astaciad

=5 soil pazticles.

Sourcas of Dissolved Zhosphorous:
Sewage - 35%

Agricultural sunofs - 184
Torast runefZ - L3

Residential runofs - 6%

Atoospheric fall-out - Crd

16~




NITROGEN

According to Sawyer, the critical concentration of nitrogen, below which

algal growths were not troublesome, was .3 mg/1l, provided that phosphotus

was kept below .0l5 mg/l.

For some algae, the optimum nitrogen: phosphorus ration appears to be

Ea b R v e

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 {f 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/1. Although
free ammonia is often of vegatable origin and without hygienic significance,

ft's concentration of plus .10 mg/l renders water suspect of recent pollution.

—

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

. often indicative of pollutiom.
As a very important nutrient and a common constituant in septic tank effluent,

'Vitr°gen has a much greater mobility then phosphorus and hence as an in-

dicator would be first to make it's appearance.

-17-




The nitrogen cycle in surface waters _and lake sediments. A modified
representation of the nitrogen cycle applicabie 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 i
and dew.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 1

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 902 of the nitrogen present in

'Eisoil is organic.

'_;Thg nitrate content is generally low due to assimilation by plaant roots and
'}ledching by water percolating through the soil. Nitrate pollution is the

;principal groundwater quality problem in many locations.

TIherproblem in Plymouth is the Carver soil series.and it’s inability to

filter or bind any polluting plumes.and nitrates are readily transported

18-




Great South Pond

G ENTRAL GUIDILINES

Permissible Lavels Critical
Total phosphorous mg/l .025 .04
Orthophospherous mg/l .004 . .01
Organic Nitrogen ag/l .20 ' .40
Ammonia wg/1 .02 .05
Nitrate ag/l .10 .25
Nitrice mg/l less than ,001 | " .002
Inorgenic Nitrogen mg/l .12 .30

~Station 1, inlet. The inlet contributes most of the mass to Great Herring.
However, the residence time is lengthy (503 days) and hence other factors
"-“may affect the ecosystemf sediments, in-lake loading, run-off, ete. The

" March reading of .07, a reading in the non-productive season, was a tip-

-pff on what was to follow and the readings accelerated till July as expected.
'As,productivity increased nutrient utilization increased and hence lower
;iéadings in July, August and September. Other nutrient readings were critical
and followed the same trend.

Station 2 and 3 were phosphorus satisfactory with exception of March reading
n - station. The nitrogen readings were high in the non-productive season
n both statioms.

tation 4 readings were generally the same as 2 and 3. Phosphorus readings

ere high in productive season through August indicating a lower lake
utrient influx.

fter 2 years of observing algae blooms in July and August, coupled with high
?fienc readings, the conclusion must be a high cultural impact. The
Eésraphy. high shoreline along with housing density spells future trouble

ore homes convert from seasonal to year-round residences.

-19-~




Chemical Parameters
Station No.l

Total Phosphorus Nitrate N Nitrite N Kjeldahl N
Mg /L Mg/L Mg /L Mg/L_
less than
st 15 .02 .05 .005 .35
ust 30 .02 .05 H .35
enber .02 .05 o .30
o o1 05 : 0
e .01 05 .25
i1 .01 .06 n .30
01 0L " 40
.01 04 " 45
.01 QL " L5
.01 0L " .40
.02 Ok " L0
02 0b " L0
02 0l . 40
02 05 . .35
102 .0 " .25
.02 S0 " .25

-20-
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Chemical Parameters
Station No., Outfall

Total Phosphorus Nitrate N Nitrite N Kjeldahl N
Mg/L Mg/L Mg/L _Mg/L .
less than

gust 15 .0t .05 .005 20
gust 30 .01 .05 A " : .20
s;ptember .01 05 i " .15 ' !
stoher ,01 Kol " .15 1
zeh 01 0L " .20 |
Ql .01 Ol " .20
;v 13 .01 .05 " .20 L
iy 30 .01 .05 o .25

01 .0l " ~ .25 i

oL .05 " ] 25

01 .05 " .25

.01 .05 v | .20

.01 .05 SR ST

| .61 Ob | " | .15

.01 04 " .10
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CHEMICAL AND PHYSICAL PARAMETERS

Station - 2
" Temp Secchi  Conductivity H Do Total Total
of oC Ft. M MHos/CM Standard Units MG/L Bardness Alkalinity
1t 15
it 30 63 17.5 S0 7.1 9.0 15 0 ‘
mber €0 18.0 85 ' 7.1 10.0 17 " |
er 55 18.0 85 7.0 11.0 - 16 "
Ser . |
ber i
24 i
iry g
51 18.0 95 7.0 11.0 17 " !
53 18.0 g0 7.1 11,0 16 "
; | 55 18.0 70 7.0 10.5 18 "
- 56 18.0 85 7.0 10.5 19 "
5 8 |17 & 6.9 10.0 18 "
9 59 17.5 95 7.0 9.5 _ 17 " "];‘
5 &0 12,5 70 6.9 9.5 17 " |
L 61 17.0 85 7,0 9.5 15 o
E 62 17.0 %0 7.0 9.5 18 " M
30 63 17.0 75 7.0 9.5 19 " ﬂz
;%'
|
R i
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CHEMICAL AND PHYSICAL PARAMETERS

Station - 3
" Temp Secchi Conductivity 2| Do Total Total
oF oC Ft. M MHos/CM Standard Units MG/L Hardness Alkalintty
ust 15
ust 30 65 17.0 125 7.2 8.5 20 0
tember 62 17.5 110 7.0 9.5 19 "
sber 56 18.0 115 7.0 10.0 20 "
wmber
mber
ary
uary
h 51 18.0 130 7.0 10.0 19 "
1 5l 17.5 120 7.1 10.0 - 20 "
15 24 12.5 115 6.9 9.5 17 :
0 52 17.0 130 6.9 9.5 20 "
: 59 17.0 125 7.0 9.0 18 "
3o 60 17.0 120 7.0 9.0 17 "
15 61 17.0 125 7.1 9.0 19 "
f 62 17.0 110 7.1 9.0 19 "
it 15 63 17,0 120 7.0 8.5 20 "
. 65 17.0 115 7.0 8.5 18 o
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Great South

Heavy Matals

Natural waters may contain elements other than thesa considered
by EPA standards. Manganese {s conmonly found. Aluminum, zinc,
and copper are usually found in natural waters in varying quan-
tities. Traces of molybdenum, gallium, and nickel have been
occassionally found.

A new test was run on Hexavalent Carcmium, for this is a carcinogen.
All the analyses checked by the Taxas Instrument Company Lab show
all metals well within the range commonly found in natural waters.
1t can be concluded that industrial wastas do not present a problem

in °’ either by ground water or by rain.
Metal EPA 1976 Drinking N.¥. State Proposed EZA
Water Standards Ground Wataer Ground Water
Regulations . Classification

Zine - o6 5.0 . 004

Cadmium - | .01 .02 .01 .001

Selenium .01 .02 .01 .006

Gold - - - -

Iron - .6 .3 .037

Palladium - - - .020
- Aluminum - - - .006
'Copper .01 b - .004 ’

Nickel - - - . 005
- Lead .05 .1 .05 .001
| Chromium .05 .1 .05 .003
1Boron - .01 - .002
- Chromium .05 .l .05 . 001

:(Hexavalent)*

* notad carcinogen
*% not considered to date
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Héavy metal readings were so low as to conclude that industrial pollution

was not to be considered in this report.
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TIAVY CEZMICALS, HIaVY ZTa AND AaSUTFZR TOLLETICH

'S

The Carver soil series anc all sand and gravel soil series have a

A

sotantizl aquifer pollution croblem with heawy metal and chemical com-
sounds as they have with nuctrient compournds, along with the added rpro-
blems cf cdensity. any industrial land-ill anc household contaminants
have a much greater density range than with the nutrient chenmicals.

Thus, along with solubility and aquifer flow you have the added factors

of gravity and density to censider in the ciffusion of contaminants.

!

e effect

[8)

: densities of various pollutants on the migration in an

uncenfined aquifer is shown in figure €.

®roducts of greater densities Zall to the dase of the aquifer and Ilow
generally in the direction of, ‘rom 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

anount.

faterials of lesser densities generally follow the direction of the

flow of the aquifer,

In the landfill area of Plymouth, the density and solubility pazameter
become important factors, as the landfill is located on the Lllisville

‘oraine, situated between the Manomet outwash plain and Manfields and

the warehan outwash plain.

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

taminents is strongly suggested so as to piek up at once aquifer cama

>a
oS-
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and any uoward trends in vantities would give first warmin sigas.
- b o

1s heavy rmetals Teadings are all well within the Xnown
stancards. iowever, future periodic testing§ shculd include nhemolic
compound, chlorides, fluorides, sulfates, cyanides, magnesium and
manganese. &s new standards and testings are continually being added

to this psarameter, close touchk siould be maintained with the mOSt recent

develocmenrs,
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Blue Green Algae

Great South

Cyanophyta

Biological Measurements

Pigment, Genera Volume

Chlorophyta

Flagellates Chlorophyll

Unicellular Filamentous. Unicellular Filamentous Mg/M3
Cells/Ml Cells/M1 Cells/M1  MG/M
2 L 7 2
2 ] 6 4
2 A 8 S5
4 9 8 -
5 9 10 6
6 9 12 8
8 10 13 8
8 12 13 3
10 14 16 10
10 - 17 17 10
6 16 8
3 10 &
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_Great South

Nutrient Budget

August
%
Tributary Total Flow G. Total P PPM >  1bs./Month  Total N PPM'> 1bs/Month
1
2
3
- Total
.. Outfall
*]
34,100,000 2.44 694.3
*2 *3
Total Gallons Total PPM 1bs/Month Total PEM 1bs/Month
2,378,713,306 0l5 297.7 .045 893.2
*1 Rainfall - Fhosphorus data not available NH, .48 PPM No 5 1.96 PEM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl ,Nictrates, Nitrites.
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Great South
Nutrient Budget

September
* *
Tributary Total Flew G. Total P PEM 2 1bs. /Month Total N PPM 3 lbs/Month
{

! |

2

3
Total
Jutfall

1

2

3
‘otal
‘ainfall L 30,100,000 2,64 612.8

! *2 *3
.n lake + Total Gallons Total PPM tbs/Month Tatal PPM lbs/Month
-2,378,713,306 015 297.7 045 893.2
*] Rainfall - Phosphorus data not available NH,, .48 PEM No, 1.96 PEM.
*2 Total P, = All orthophosphates, condensed, organic and inorganic species,

: *3 Kjeldahl MNitrates, Nitrites.
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Great South
Nutrient Budget

October
: *2 *3
ributary : Total Flow G, Total P PEM l1bs./Month Total N PBEM lbs/Month
i
1 l !
i
2 | f
3
ytal
itfall
1
2
3
cal
infal] ! 28,200,000 2,44 574,2
*2 *3
lake . Total Gallons Total PEM lbs/Month Total PPM 1bs/Month
2,378,712,306 .01 198,5 .04 740
*] Rainfall - Phosphorus data not available HH* .48 PEM Nc.'a3 1.96 PEM,
*2 Total P, = All orthophosphates, condensed, organic and inorganic species.
*3

Kjeldahl Nitrates, Nitrites,

Ly
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Great South
Nutrient Budget
March
*2 *3
ihutary Total Flow G. Total P PEM lbs./Month Total N PEM 1bs/Month
1
!
2
3
tal
tfall
1
2.
3
al
nfa1g 1 42,600,000 2,44 867.4
*2 *3
lake Total Galloms Total PEM 1bs/Month Total PEM lbs/Month
2,378,712,306 .0l 198.5 .04 740
*] Rainfall - Phosphorus data not available NHy .48 PEM No, 1.96 PPM,
*2 Total P, = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites.
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Great South
Nutrient Budget

April
*2 *3
Tributary Total Flow G. Total P PPM 1bs,./Month Total N PEM lbs/Month
1 ! ‘}‘
i |
2 |
3
otal
utfall
l
2
3
tal
*]
infall 34, 600,000 2.44 704,5
i *2 *3 .
lake - Total Gallons Total PFM Ibs/Month Total PEM lbs/Month
, -
2,378,712,306 .01 198.5 . 045 893,2

*] Rainfall - Phosphorus data not available NH, .48 PPM No, 1.96 PoM,
*2 Total P, = 4ll orthophosphates, condensed, organic and inorganic species.
*3

Kjeldahl MNitrates, Nitrites.
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Great South
Nutrient Budget

May
*2 *3
‘ributary Total Flow G. Total P PPM 1bs./Menth Total N PEM Lbs/Month
|
!
2
3
otal
iefall
1
2
3
cal
*1
infall 18,200,000 2.44 370.6
, *2 *3
lake » Total Galloens Total FFM lbs/Month Tocal PPM lbs/Month
2,378,712,306 .01 198.5 045 893.2
*] Rainfall - Phosphorus data not available NH., .48 PBEM No3 L.96 PENM,
*2 Total P, = a1l orthophosphates, condensed, organic and inorganic species.
*3

Kjeldahl MNitratas, Nitrites.
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Great South
Nutrient Budget

June
ributary Total Flow G, Tocal P PEM 1bs./Month Total N PEM lbs/Month
1 '
|
2 i
3
otal
sefall
!
j
2
3 ?
real .
infall “t | 24,200,000 2,44 492.7
*2 7 *3 v
. lake . Total Galloms Total PEM lbs/Month Total PPM l1bs/Month
2,378,712,306 .01 198.5 .04 740 }
*] Rainfall - Phosphorus data not available NH, .48 PPM No, 1.96 PEM,
*2 Total P, = All orthophosphates, condensed, organic and inorganic specieé.
*3 Kjeldahl Nitrates, Nitrites.




Great South
Nutrient Budget

July
*9 *3
Tribytary Total Flow G. Total P PEM lbs. /Month Total N PEM Lbs/Month
?
l 1
2
3
fotal
huefall
1
2
3
‘otal
ainfall ! 17,400,000 2,44 354.3
*9 *3
n lake + Total Gallons Total PEM lbs/Month Total PEM lbs/Month
2,378,306 .01 198,5 + 045 893.2
*] Rainfall - Phosphorus data not available NH, .48 PEM No, 1.96 PeM,
*2 Total 2, = all orthophosphates, condensed, organic and inorganic species.
*3

Kjeldahl Nitrates, Nitrites.
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~ Great South
Nutrient Budget

August
. %*
‘ributary Total Flow G. Total P PEM 2  lbs./Month  Total N ppy™3 1bs /Month
|
! | |
2 i
3 ’
otal N
utfall
1
2
3
cal
.*1
infall 12,100,000 2.44 246.4
*2 *3
. lake + Total Gallons Total PPM 1bs/Month Total PPM lbs/Month
2,378,712,306 015 297.7 .04 740

*] Rainfall - Phosphorus data not available NH, .48 PPM No, 1.96 PPM,
*2 Total P, = All orthophosphates, condensed, organic and inorganic species,
*3 : K jeldahl Nitrates, Nitrites.
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-Great South
Nutrient Budget

September
*2 *3
‘ributary Total Flow G. Total P PBPM 1bs./Menth Total N PPM 1bs/Month
!
1 |
2
3 ’
otal "
atfall ¥
1 {
2 !
. i
il
3 i
tal
*] 1o
4Anfall 6, 600,000 2.44 134,64 g
|
* * '
lake . Total Gallons  Total PFM > 1Ibs/Month  Total PEM"3 1bs/Month |
2,378,712,306 015 297.7 .04 740 |
X
L
*] Rainfall - Phosphorus data not available NHy .48 PPM No, 1,96 PEM,
’ i
*2 Total P, = All orthophosphates, condensed, organic and inorganic species, 1
L
*3 : Kjeldahl Nitrates, Nitrites.
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Great South
Nutrient Budget
October
*
Tributary Total Flow G. Total P FPM >  lbs./Month  Total N PEM'> 1bs/Month
]
1 |
2 !
3 ’
Total N
Qutfall
1
2
3
Tocal
*1
Rainfall 32,500,000 2,44 667.8
*2 *3
in lake i Total Gallons Total PEM lbs/Month Total PEM lbs/Month
2,378,712,306 015 297.7 .04 740
*1 Rainfall - Phosphorus data not available NH, .48 FPM Nt.'J:a 1.96 PEM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
' *3 Kjeldahl Nitrates, Nitrites.
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Macrophyte,M/crophytes and Nutrient Ltilization

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 .O8ppm, and in the same
system read as low as .0l - .02 ppm in July and august. Thus, iz 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 uligotrophic levels.

It 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 garly spring
readings for non-stratified bodies of.water are the indicators of the

actual trophic condition of these lakes and ponds.
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HYDRCLGGY, GROUNDWATER GZOLCGY

Nearly all of Flymouth and parts of Carver, wareham, and Zourne
lie over an unconsolidated aquifer, '"The Flymouthk aquifer'., This
aquifer is located primarily in the soil series called "The Carver

Series,”

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

from northwest to the southwest.

There are two types of aquifers: the water table (unconfined aquifer)(see fig. 2

and the artesian (confined aquifer). The type that concerns this report is
the unconfined and not the artesian classification, although the protection

of the upper (unconfined) would lead generallv to the protection of the nther.

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

natural recharge to a water table aquifer is precipitation.

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

of Ilow volume due to atmospheric recharge.

The rainfall in 1680 being 29.4 inches, as against 42.3 normal, a deficit of
13.1 inches., The deficit is reflected in general .lowering of the water level
in the various kettlengles. Thus reflecting a variation of precipitation in

a corresponding lowering or raising of the water table.



Streams cap 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 novement of ground water is from
regions of high hydrostatic head towards those of lower hydrestatic head.

See figure 2, for these interalationms.

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 1O
feet per year and only in coarse material or {issures does the velocity
exceed 1 mile per year. Coupled with minimum rates of laterzl 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, vwhen 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 saoil types

govern a great deal the speed of contamination.



iell drained soils, Geology, and potential aquifer Follution

Iavestigations of Childs 1972a, Childs 1972h, Dudley, ancd Stephenson
1973 show the soil problem areas,
1. Where coarse sancés and gravels are principle
sub-soil materials
2. Very impermeable materials where the effluant may
bYecome ponded above horizons at short distances from

the point of release.

3. 1In poorly drained soils with high water tables.

Soils that percolate water very quickly are most citen inadequate
in terms of removing waste water impurities, such as bacteria, phosphorus

|
!
and nitrogen. These impurities can cause potential ground and surface i
water pollution problems. See figure 3, !
i
!
i

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

o the consideration.

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

tential leach field sites.

The characteristics of the Carver soils makes the whole ecosystem susceptabdle

v

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

~56-



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

guards must te implemented to protect this valuable natural resource.
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Figure 3
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Great South

HYDRAULIC PARAMETERS

Hydraulic 3udget Gallons Liters Inches
Precipitation 233,032,360 882,027,519 29,39
Inflow surface streams 211 gal./min,

tributaries

Inflow thru lake bottom
aquifer recharge

Evaporation 181,181,236 685,770,978 22,93

Flow thru surface outlet

outfall 1.6 per day water supply,

Qutflow thru lake bottom

Hydraulic Residence Time

Flushing Rate

=61~

Cche.

74,65

58.21
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HYDRAULIC TARANETERS HONTHLY

Trib., 1 Trib. 2 Aquifer Rainfall Raiufall Outfall Outfall LEvap. Evap, Lake Bottom T. Gain T. Loss
Inflow Loss

' Gallons Gallong Gallons Inclies Gallons Gullons Gallons Inches Gallons

doe S smanr stase mma i LYY TR T I ST TP B A Y L Y PR Py evpn - ——tecege

LT LTS 3.15 | _24,9

-
(PR RN PR KRS S~

..August cremtee e L= ] e =)~

September 3.8 | 30.1 ' 2,01_| 15.9

October .53 282 0 ... ). l vLar e |

on . r— -~ —— — 4 . © ee e m e PIERTRES B 2 Rl

November .. V487 0031.3 | L emeb ] 4.8

December 4.34 1 34.4 0 0

January T I R T =TT T R S 0 0

-——— b

February e oo L88.] - 6.9 T R 0 0 -

March 1 5.37 | 42,6 o7 5.6

R

April |._4.36 | 34.6 | oo} 2,78 | 2

‘May 2:30 18.2 3.63 | 28.8

June | - 3.03 1.268.2 | | ) —3.73 | 21,6 -

Lduly — ) 2,20 174 Ve )] 436 34,6, I

Aupust 1.55 12.1 2 299 | 25 ¢

September .83 6.6 2,33 ]_18.5 _

&~
.

—
I~

_Octoher. . | e, —).4.14 ) 32,8 ——1.57 ) 12,4

November 3.01 23,9 .6 4.8

i December .97 7.7 _ 0

! a mg = million gallon * Used Government data (see Addendn) *Normal 42.52 fnches
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GREAT SOUTH GEOLCGY

. Soil Series Discussion

Carver soil series consist of excessively drained, nearly level to
Steep sandy soils that formed in thieck deposits of coarse, pebbly quartz
sand. In most places, Carver soils are coarse sand, but in some-places

the surface layer and the upper part of the subsoil are loamy coarse sand.
X,

“a

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. ihe permeability of Carver soils
is a rapid 6.3 inches per hour. This was the most rapid ecosystenm
susceptible to groundwater contamination. Many of the lakes, pondé and
kettleholes in Plymouth County are fed by aquifers and Little Long.is one

such example (see hydrologic information), and any nutrients transferred

by this means aids in the eutrophication of these systems. Long range

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

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

stony Gloucester soils make up the rest,

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

somewhat excessively drained soils that formed in glacial till, derived

chiefly from granite.




T

Gloucestar soils are extremely stony except where they have been

cleared for tillage.

Unmarked arezs: Yo danger to aquifers with normal use.

H

i

O——



Monks Hill
moraine

. Wa'i'cﬁ'a'r:n'

y ~Sandwich
moraine

? ? 4|» MILES

oo -
_t 2 3 4 KILOMETERS

X = Great South Pond location
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Great South Pond

Soil Survey Map with Soil Legend
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SOIL LEGEND

The firat c30iral lerter i3 the inimnial ane of the 101l name, A secand
caoiral lerrer, A, B, Z, O, or E, shows rhe siope. Symools witheur o
sicoe lerter re thase of nearly level sails ar land ryoes.

NAME

Agawam iine sandy lcem, 2 1o 3 sercent sicoes

Agowam fine sonay laem, Jto B cercanr sicoes

Agawam fine sandy laam, 3iity subsarl verant, O 1o 3
aercant sicoss

Agawom fine sandy loam, silty subsoil variant, 3o 3
sercent sicpes -

Ay Gres and Ncreham lcamy 1cnds, O o 3 cercent slages

Au Gres snd Ncreham ioemy sonds, 1 ra 3 sercent sicoes

Seigrade 11it lgam, 9 ro 3 gercent sicoes

Belgrade it loam, 3 ro 8 percent sicoes

Semardsten it loam, 3 'o 3 nercant sicoes
Bemardston 1ilr iagm, 3 re 1S5 gercent sicces
Bermardsten very sreny silt loam, 310 8 percent siapes
Semardston very stony silt loom, 3 to 25 percent siopes
Sirdsall silt loam, 3 o 3 parcant siocoes

Barrow lang, loamy materiat

Serraw land, sendy ond gravelly mareriala

Sreckron loam, I ra 3 percant slages

Brockion extremeiy steny loom, 3 ta 1 aercent sicoes

Carver ¢sorie 1gnd, O ra 2 cercent slopes

Carver coarte send, J ro 3 gercent sicpes

Carver coarse sond, 3 1o 15 percent sicges

Czrver coarse sand, 15 ro 35 oercent sicpes

Carver laemy coarse 3and, G 1o 3 oercent sloces
Carver logmy cocrae sand, 1 ro 3 percent slcces
Carver tacmy coarse sand, 3 'o 15 gercanr sicoes
Carver and Gloucsarer soils, 8 ro 15 percent slcpes

Deerfieid sandy loam, 3 ro J gercent sicoes
Ceerieid sandy lcam, 3 ro 3 gercant sicoes
Cune land end Csosrai beach

Enfieid very fine 1ondy loam, O to J percent slopes

Eniieid very fine sandy laam, 3 ro 3 gercent sioces

Enfreld very fine sondy leam, 3 ra 15 gercent sicces

Easexn coarse senay loom, O to I gercent slopes

Sssex coarse 1endy loam, 3 1o 8 sercent siopes

Sasex ¢ogrse sandy laam, 3 ro |5 percent slapes

Z3sex very stony coarse sandy loam, J ro @ percant
siapes

Essex very srony coarse sendy loam, 3 ro 15 cercent
sicoea

S33ex very 1tony coarsa sandy leam, 15 ro 25 sercune
sicoes

Essex extremely stcny cocrse sandy lcem, 110 3
sercent siopes

Ss3ex exrremely srony cocrse sondy icem, 8 ro 25
percent slooes

Frash water marsh

Gioucester fine sondy loam, firm subsrrarum, O 1a 3
percenrt slooes

Gioucaster fine scndy loam, firm subsrrarum, 3 ro 3
cercent sicoes

Gloucesrer iine 1andy loam, firm suostrarum, 3 10 18
sercent slcoes

Gloucester loamy sand, O o 3 gercenr sicoes

Gisucester loemy sand, 3 ro 3 zercent slcpes

Gloucesrer loamy 1and, 8 ro 15 percent sicoes

Gioucester very stony fine sandy loam, flem substrarym,
3 ro 8 percant alapes

Gloucester very stony fine sandy loam, firm subsrrarum,
3 v0 15 sercant sicoes

Sloucaster very stany fine sandy leam, hirm substratum,
15 rq 25 cercent sicoes

Gloucesrer very stony loamy sand, 3 ro 3 sercent sicoes

Gloucesrer very stony loamy sana, 3 ra 1S oercenr sicoes

SCicucesrer extremely stony icamy sand, 2 ro 15 sercent
sloces .

Sicucesrer entremeiy srony lccmy sand, 1§ to 1S sercenr
slooes .

SYMEOL

HaA
Hod
HaC
LT
Ho8
HaC

jalae

e

Ma

Med
Med
MeC
VFA
wig
WFC
wiE

Viv
NnA
NnB

NoA
No8
Noa
Nod

Pe
Pea
Pud

Qua
v
CuC
E

sfa
Sf8
SqA

Sqd

Td
RETY

LL7Y

wha
wu8
woC
WeC

HUnA
Nnd

-~

Mng

NaNE

Hinckley jraveilv loamy sand, 3 ro J sercenr slooes
Minckiey gravelly tagmy sand, ] '0 3 aercenr slopes
Hinckley gravelly loamy sand, 3 o 15 cercent sicpes
Hinckiay zraveily loamy send, |5 r0 33 cercent sicoes
Mollis=Charlten fine 1cndy loams, 310 3 sercent sicoes
Hailis~Chariten very rocky fine 1andy lcgms, 3 r0 1§
sercent sicoes
Hollis~Cherlron extremely rocky fine sandy loams,
3o 15 sercent sicoes
Hollis=Chariten extremely rocky fine scndy icams,
15 ro 25 percent sicpes

Mads lend

Merrimac fine sandy loom, O to 3 peresnr slopes
Merrimoe fine sandy leam, 3 ro 8 percenr sicoes
Merrimac fine sandy leam, 9 ra 15 percent sicoes
Merrimae sandy loam, O o J nercenr sicoes
Verrimac sandy loam, J ro d oercant sicoes
Merrimac scndy lacm, 8 ro 15 percenr sicoes
Mernimac sangy lcam, 15 to 1S sercent jicoes
\uck, snailow

Myck, deen

Ningrer sandy isam, silty subseil varient, O s 3
sercent sicoes
Ninigrar sanay loam, siity subsoil variant, 3 1e 3
sercent siopes
Neorwell sendy loam, Q ta J sercent 1icoes
Norwell sandy loam, 1 1o 3 cercenr slooes
Norwell extremely sreny sandy lsam, O 10 3 percent slcoes
Norwell extremely stony sandy loam, 3 o 3 sercent sicoes

Peat
Pirrsrown siit loem, 9 ro 3 sercent siopes
Pirtstawn very stony sir laam, 3 to 15 sercenr sloges

Quonset sanay loam, 3 to I sercent 1lcoes
Cuenser sandy loam, 3 to 3 percent sicoes
Quonser sandy lcam, 3 10 15 percent slaces
Quonser sandy icam, |5 10 IS cercent sicoces

Raynham 117 leam, O ro 3 oercent sicoes

Saco very fine aanay loam

Sandea mucx

Scaroaro sandy locm, O ro I percent slcoes

Scarocro fine sanay lgem, nilty subsanl verienr, 0 rg 3
sercant sicoes

Seituate soncy feam, O ro J cercent sicoes

Seituate sandy loam, 3 ro 3 percent slopes

Scituare very stony sandy loam, O 1o J cercent sloces

Seirugte very srany sandy loam, 3 1o d cercenr siapes

Scituare exrremely stany sandy leam, O 1o 3 gercent
1loces

Scituate extremely stony sandy loam, 3 1o 3 aercant
sicoes

Tidal marsn
Tisbury very Fine sandy icam, O 1o 3 sercenr sicoes

#aipole fine sendy lsem, siiry sudsad verienr, O ro 3
percent sicoes

Worwick fine sandy lsam, O to I percent slcoes

Warwick fine sordy loam, J ro 3 percent slcpes

Warwick fine sandy laam, 3 ro IS nercenr tlcoss

Warwick very racky fine sandy loam, 3 o |5 sercent
slooes

Windsar lagmy sand, J ' J gercent sicoes

Mindacr loemwy send, 1 1o 3 sercent siooes

‘Nindsor loemy send, 3 1o 15 sercent slaces

Windsor loamy sand, 15 ro IS setcen’ slooes
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Great South

Geologic Data

Carver: coarse sand 0 - 3 percent slopes
" " " 8 - 15 percent slopes

Carver and Gloucester soils, 8 - 35 percent slopes

Sand and muck




Great South Pond

Soil series very sensitive to groundwater pollution.

Soil series sensitive to groundwater pollution.
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GUIDELINES FOR REHABILITATION

OF

GREAT SOUTH FPOND

LONG RANGE CONTROL TECHNIQUES

IN-LAKE MANAGEMENT METHODS

-7i-



LONG RANGE CONTROL TECHNIQUES

1. Controlling Nutrient and Sediment Influx

2. Watershed Management R

A. Non-Structurzl

3. Structural

_?2 -




NON-STRUCLURAL CCNTROL TECHNIQUES

1. ZONING REGULATION

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

D. RESTRICT HIGH POLLUTION GENERATING SOURCZS

1. NEAR SEORE
2, .NEAR TRIBUTARI:S
3. IN FLOOD PLAINS

2. DEVELOPMENT CONTIROL

A. RESTRICT DIVISION OF LANL FOR BUILDLRG OR SETTLL.G
B. LIMIT DEVELOPMENT IN EROSION AREAS

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

D. ENCOURAGE FORMS OF DEVELOPMENT WHICH
FACILITATE EFFECTIVE AND ECONOMIC.WASIE
DISPOSAL PRACTICES AND PRESERVATION OF
MATURAL SPACES, ‘

3. PHOSEHATE BAN




ZONING REGULATION

The town of Pliymouth can impliment the broad state and federal laws by
zoning and non-zoning ordinances and by-laws. Subdivision and Health Board
regulations to cover the whole system of water within town boundaries, including
lakes, straams, wells, wetlands, and groundwater.

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

local govermments: watershed
aquifer
subdivisions
geptic gystenms
lake management
road salting
vatar conservation
carver soil series and immediate lake enviroment

Lot sizes should depend om:
1. Soil conditions
The state of Maine uses an in-depth soil percolation method
" called site evaluation for subsurface waste water disposal- it
includes guidelinesfof wmonitoring high gvound water levels,

2. FEnviromental conditionsa
Such considerations include size of developments, if ground water
can become contaminated with large numbers of dwellings and/or
tusinesses.

Building set-backs
State of Maine has established a minimum distance of 100 feet from
leaching field to any river, stream, lake, pond, ocean, or drinking-

water supply.

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

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

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

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

" to:

1. The seil's hydraulic capabilities
2. The soil's purification capabilities

3. Any physical constraints

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

pollution.

To best determine the above 3 factors a soil evaluation program should be established

(the state of Maine guidelines are recommended). The site evaluation would determine

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 adequate absorption fields on steep slopes, as well as erosion problems

associated with steep slopes call for further adjustment of lot sizes according to the

capability of the natural slope.

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

Streams, topography, vegetation and ground cover.

_?5...




Where soil characteriscics prevent adequates on-site waste disposal or if an area
is heavily developed, closed system Sewage disposal is recommended. Included in closed
systems are:
L. recirculating toilets
2. gas incinerating toilets
3. electric incinerating toilets
\ 4. composting toilets
5. chemical teilets
6. low water flush toilets
7. vacuum toilets

8. sewerless toilets

A list of manufacturers is included in the Addenda.

Investigations (Childs 19724, Childs 19728, Dudley and Stephensen, 1973) indicate
that problem areas occur:
1. Where coarse sands and gravel are the principal subsoil
materials,

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

3. In poorly drained soils with high water table.

_?6..




VOLUNTARY PHOSPEATE 3AN

Taough Few studies have teen made in depth, raporzs by Sawyer {325

and Vollenweider (17) pertaining to Wisconsin and Swiss lakes respectively
indicate chat when inorganic aitTogen (ammoniz plus nitzate nitrgen) is

equal to or greater than .3 mg/l and the orchaophosphate is equal o or greaisr
than .0l mg/l, then the lake is likely to have excessive crops o] alz.: and

other aquatic plants.

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

A Cornell resezrch team conducted a study of 13 lakes ia cencral Mew ‘(ork -
this study led to a quantitative exprassion of the relation between p..osphorous

loading and ccncentrations of algae.

Phosphorous in runoff oceurs ia 3 general foras:
1. Dissolved organic
2. Dissolved inorganic
3. Particulu.ted
The dissolved phosphorous in boch forms has : Zar more L:poria .l

influence on algal growth than has phosphorous which is attac:.ed

to soil particles.

Sources of Dissolved Fhosphorous:
Sewage - 554
Agricultural runoff - 187

Forest runeff - 13%

-77-



Most lakas so studies are phosphorous limitad, aay recucczion ia sheis
phosphorous loading @2y slow their eusrophication. One sure methed of
Teducing phosphorous loading is to reduce the amouat of phosphorous entering
waler treatment Zacilitias and domestic wasta water Zacilities (septic sysiems)
as phosphate detergents may contTibucte over 50% of the phosphorsus in domestic
wastewarazs,. elimizating this source éan have a significanc impacz. The
solution is simple: stop using detergeats with phosphates and use punosphate-

free detergents.

A voluntary loczl ban or even a stafe wide ban of household laundzy decergencs

and cleaning fluids containing more than .54 phosphorous.

Advantages:
1. Bettar water guality
2. Algze free lakes and ponds

3, Yo cost ta state or town

Disadvantages:
1. Thera may be a slight added cosI To consumer

2. Ring around the collar

1. Newspaper articles
2. Local zadio
3. Town government .
Tais is classified as a long-range concTol Sachnigue burc aa immediace

execution will iaisiata.zn in-lake comebdack,




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 EROCSION CONTROL

SANITARY LANDFILL LEACHATE

SEWERING
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The =ost frequently used zethod to reduces lake eutrophication is to

civert waste waters around or away from the lake.

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

will be encouraged bv the state when:

l. Sevage treatment plant effluent or storm sawer outflow
enters a lake or pond by its tributaries or direct outfall,

2. Rerouting of the inflow does not have a significant negative
impact on the biota or hydrologic cycle of the system, adlacent
wetlands or ary other riparian habitats within the ccurse of

diversion,

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

Great South is aquifer fed with the only tributary contributing minor
seasonal flow, hence diversion is a structural control ‘techniaqu that

cannot be used in the restoration of Great South Pond.

P
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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 levels
of pollutants into lakes and streams. This is expecially true where a

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

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

matter.

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

basins, sediment basins, recharge basins and settling ponds.

A sediment basin is a small impoundment which retains storm water run-off
long encugh 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 £ill with sediments. Construction of basins of this type would be an

effective means of capturing sediments eroded from developed areas and

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

with oils and heavy metals.

Basins should be located in natural depressions to reduce construction cost
and diversion methods should be applied to direct run-off to these basins.
(The water table at Great South Pond will not be affected by any diversion
methods as it's water budget is supplied by underground aquifers.)
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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.

At present, the traffic problem and storm water Tun-off is not a problem.

As the population impact becomes a problem then consideration should be
given to this technique.

-82-
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DYZ METHCD

LCCATLNG FLULTY SZFTIC SYSTEMNS AROUND .GREAT SOUTH

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

problems hecause the dye may:

1.

2.

4,
5.

6.

SEPTIC SNOOZES ' !

A,
B.
CI

D.

-
ry
-

This is a very useful tool in pinpointing nutrient influx by tracing
septic leachate. Gives exact location of septic plumes by surveying

serimeter of lake where homes are located.

This technique not to be used at present..

Have a long travel time.

React in the soil and lose its fluorescent characteristies
(fluorescent dye when introduced into an acadic septic tank
can lose its fluorescent character)

The dye may be bound in soils, especially clays. Consequently,
pollution may be occurring even though the dye is not de-ected
and the septic tank is allowed to continue poiluting.

sccess problem

High cost

Many other small but complex problems. 3

Hinimal time
Mo access problem i

Very simple in application
Low cost

Data is more special and discriminating.

1. This factor allows for far superior planning
techniques and can represent substantial savings.




LCNG 2ANGE CONTRCL TECHMIQUZS

FLOW REDUCING DEVICES

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

existing fixtures.

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

of groundwater.

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

watershed areas.



SOIL EROSION CCNTROL

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

town can do this by:

1. Controlling land use.

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

The Carver soil series have low to very low water holding capacity and
a rapid intake rate. Water moves rapidly through soil profile.

All these factors lead to naticnal erosion control. Extensive lawn

and agricultural practices should be discouraged because of low moisture
re:engion and nutrient holaing capacity. Ground cover native to area

should be encouraged.
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SANITARY LANDFILL LEACHATE

Great South is not affected by sanitary landfill leachate. ‘3
1

1. Landfill is located on eastern shed of Ellisville i

Moraine. i

2, Low metallic readings.

3. About 24,000 feet from landfill.

~86-




SEWERTLUWSG

-

The ultimate aim of the Town of Plymouth or in Zact any town siould be z sewage
system. The Cornell study recommends; £irstly, 2 ban on phospuate detergents,
then tertiary treatment of sewage plant eZfluent; however, sewage systems beyond
tertiary are being used for mineral stripping with the end result being neerly pure
water. This report deals with phosphorous removal, hence chis position is only
secondary, however, with all factors being considered sewering should be consicered

as an ultimatas goal,

The State of Massachusetts would encourage sewering:

(23

l. If septic system leachate is or will become : significan
contributor to the overall nutrient flux of the lake or pond,

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

3. If the construction of a sewer system does 10t eacourage

growth in the watershed which coulc lead Lo .. significant
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degradation of the environmenta'! guality o

and lake ecosystem.

The physical characteristics of the Plymouth soils; the number of potas, lakes
-ang kettleholes being fed by deep aquifers and ground water, Lend tc the conc..siun
“that the ultimace gozl should be a sewage system encoupassing =he wicla cown .izh
 terciary treatmernt system that would elimirnats any furure danger of certamina.ion.
Eastern Massachusetts is presently plagued with outbreaks ol aven arce lun weul

contaminzticn., Human waste and industrial contamination must Se concained., .-
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ALTERNATIVE SEPTIC WASTE SYSTEMS

Ia areas where soil characteristics pravent adequate on-site waste disposal, the

fo.lowing alternatives should be considered:

Non water-using :toilets

The single most important non-point source of pollution in surfice 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 associztion makes not cnly the shore-

line & t--get of non-point source autrient loading, bSut possitis
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Eliminating toilet discharge as a contributing factor to subsuriace disposal

svstens would significantly reduce both the problem of malfurnctioning svwstems and

- problem of nutrient migration into ground and surfice waters.

-
-

-

iz is recommended chat non water using toilets be use ' i: the 5 'lecw Lg
=dgrapnic zreas:
L. Islands

2. Existing development adjacent to surace waters,

3. On marginal soils where groundwac.r pollucion would te 2 danger.
Two recommended systems are: composting toilets and incinerating toilets;
there are many otlier types such as vacuum toilets, cliemical toilets, etc., but com-

Bosting and incinerating ctoilets are the most popula%.

Comnostine Toilets

There are a number of composting toilets on the market (see Add-ada) burc ~a30

Units the decomyosition of the wasta is accelerated vy 2 heazin
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the unit and aeration from a fan, which drazws air through the compost znd ocut a -~eat

pipe. The fan runs continuousiy and removes all odors whereas the heating cs:.

functions intarmittently depending on room temperacure.

Buildings using a self-contained sawage dispo:al system, instead of o sub-

E surface disposal system could reduce the amount of nutrient pollution 20-50% cdepending

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

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

operatirg cost o $6.00 - $7.00 per month.

Incinerating Tcilets

Thase toilecrs consist of a cabinet similar o 2 corventional tailec o=:zn

. -

- -
-

U :3 propane or natural gas to incinerate the was-e and an axhzust fasn t.ows
§=¢28 out the exhaust vernt. The incinerating ¢ycle is contrniled by a prescc ‘iimcf
ari lasts 13 - 20 minutes. Periodically the mineral ssh in rthe Zirebox amusc
cleaned by & vacuum clezner. One LLit can service up ©o 12 people on a Sull-Ljse

basis, lhe unic is easily installed, requiring only zas ang eicctrica: o

ane the attachment of z vent pipe to the oucside.

The price for an incinerating toilec is about $600.00 plus delivery and
installation charges. Operating costs using bottled z&s weculz be abour & cencs per

incineration cvcie or about $45.00 a month Zor a family of

wi
.

another system which uses air inscead of water for che transeors of

Tom the toilet is recommended for Zfurther study. The .acuum s¥stem uses ovnlv 3 sints

£ water per flush rather than the conventional 4-5

2llons per Zlusk. Secazuse oF e

(13}

educed voluma of ligquid, the sewage is collected in 2 holding t.

ink and transperted
‘to an existing treatment plant.
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IN-LAKE MANAGEMENT METHODS

A. CONTROL OF MACROFHYTES AND MICROFHYTES 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




aquatic plant harvesting is a2 widely used zechnicue Zor in-lake
management in lakes or bays with excessive local plan: growths.

it invclves three stages to be at aaximum efZiciancy.

L. Cutting
2. Collecting

A, Harvesting machines effective out ta the 3 fost
contour line both harvest and collect plants together
with a portion of the rootad mass.

3. Disposal

A. Front-end loacder and dump truck handle the disposal
process, Disposal can become cdifficuit, however,
when submersed aquatic plants approach 7 :zons/ucre

- wet weighc and contain 3.2 lbs,/zere phosphorous.
(MacXenthun and Iagram) Large areas ~re needed :or
disposal zad Plymouth has ample sand - nes and sand
bank erosion areas which could benefi:z Irom spreazding
of the harvested material.

ADVANTAGES

1. The primary zdvantage is that it is an ecologicall,
elegent solution to nuisance planc contro.. Mucrieacs
are removed from the aquatic ecosystem and .r2 not racycles
through bacterial decomposition of dead maczer, ~Zurther
growth may become impaired or even limited Sy the removal
of macro-nutriencs (phosphates, nitrates, :.rbon, ecc.)

2. No chemicals are added tc the zqu..tic uaviracment.

3. No"closing" of the lake.

A, Iatervals of up to 2 weeks ..re nczessary wit..
chemical application.

L. No lowering of dissolved oxygen.
5. Ceattols al

1 species
A, Chemiczal

s have rasistant snecies praclazm.

¢. Jo bduild-up of detrTitus.,
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1. Cost: $3C5 ner acre was average cost in State '79
srogram. -owWnRs must also assume cost of disgosal.

2, ZfZective only o depth of 3 Zeet.
3. Does not nazvest all roots.
a. Manv aguatic plants reproduce by thizome as well
as seaed and rcot.
The aquatic plant harvesting program is recommended for Little Long
Fond, not only for the above advantages but also because most disadvantages
are overcome by the physical characteristics of Little Long Pond itsell:

P

Shert £lush time

aA. Suspended material would be flushed out of the aquatic
systen.

Denth

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

Relatively smooth bottono

A. There are no stumps or cebris such as is prevalent in
an artificial systenm.

£lodea

A, The target species is susceptible to efficient harvesting.

Jdismosal

a. Pune stabilization
8, Zrosion control
Recreation

A. Lake is immediatelv available for recreation.

Rental Cost:

1980 state bid average cost $250/acre.

a. Toun attends to disposal.

DCQE Eutrophication and aquatic Vegetation Control 2rogram

lachine Purchase:
Szall Chud -~ 312,9CC
Trailer 1,256

Casanle of 1 - 2 acres/day, 2 man crew, manual ope-ation
#-4C0 §23,000

- 4 acres per day, 1 ma2n cTew, hvdraulic ogeration

~

aquamarine Corp. laukeska, ise.
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Restriction of Motor Boat Use

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

motors.

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

B. Older engines manufactured before 1972 release as high
as 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 completa 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.
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NUTRIENT INACTIVATION

This method can be used to remove nutrients that are essential for plant or algae
growth by addition of chemical activators which are added to the lake. There are
many activators that are used for a variety of reasons, such as, aluminum, alum,

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

Aluminum and {ron salts can be added directly to. the lake to remove phosphorous
from the lake water and carry it to the sediments.
The state will encourage the chemical inac:iva:fon of essential nutrients in the
water column if:

l. Only a small watershed is involved.

2. The lake has a rélatively long recention time (ove; .3 year)

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

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

S. When nutrient loading from the watershed is not sufficieac to '
promote eutrzophic conditions in the pond without the concribution
of intermal nutrient loading. '

At the present time, this body of water has no need of in-lake restoration
methods.




CHEMICAL CONTRCL 3% aLGICIDES ayl HEXRRICIDES

Al alaad

Herbicide control should UCT bve used.

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

the Department of Environmental Quality Engineering.

Three necessary conditions are:

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

2. Dissolved oxygen within 2 meters of surface is above
4,0 mg/l.

3. Copper in sediments does not exceed 130-300 mg/kg (dry weight),



LAKE BOTTOM SEALING

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

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

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

3. 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 liklihood
preclude the possibility of state participation in such a project. The
state would consider sealing if the following conditions prevailed:

1, If drawdown is possible,

2, If 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.
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Physical sealants:

A. Plastic Sheeting

1. perforated

2. non-perforated

B. Rubber liners:

Chemical sealants:

A, Clays
B, Zeolites

C. Flyash

Little Long has too much ground water influence to consicer sealing methou:.
The high flush rate is one ofLittle Long's greatest assets and should be main-

tained at any cost.
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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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Lake Level Drawdown

Lake level drawdown is a multipurposed lake improvement tachnique.

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

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

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

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

resistent species but also from failure to achieve sufficient dewatering
of lake sediments.

In lakes and ponds where water level can be controlled, drawdowns have
been used to 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
vater 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 tco late in the season.

Great South Pond is a natural pond and with it's geologic placement

drawdown i{s an in-lake management method not to be recommended.




Biological Controls

Biological éontrol 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 contzol
organisms are being viewed by aquatic scientists with caution sinece the

j introduction of exotic species to native waters could cause more problems

l 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., Scientists are therefore attempting to evaluate biological control
species in a step-by-step fashion. '

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

and alligatorweed.

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

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

iny use of biological control methods must be approved by tue Divisioa of Fishn

and Wildlife. The use of biologiczl controls on excessive grewins ~: iigae .nd
macropiiyces hs: not been developed to the point wher2 any pocentially effective

agents are likely to be found in the near ZJuture.
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Berbivorous 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). 1t has become a8 nuisance in Florida where
it was introduced to test it's ability to control rooted plants -- it's

use has been discontinued.

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

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

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

temperatures and can stand low dissolved oxygen concentrations.

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

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

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

that portion of the animal cowmunity 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 f£ish 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. 1In 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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DILUTION

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

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 ~rojec:.

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

3. Cost problem on pumping in dilution watar. -

The State would encourage the implementation of dilution if:

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

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

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

4. Nutrient rich sediments do not contribute significant quantities
to overall nutrient flux cf 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 Great South because there

is no significant source of nutrient-free water available.
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freration and circulation can be used o improve vater quality Zor
& wizte crray of beneficial uses including domestic vate
Counstream releases, incustrial use, fish managzementz, and a
control. Maintenance of aerotbic conditions may also affect nuzrient
exchange within the laxe, .

]

zotal aeration would not be encouraged by the state if aeration

techniques would de-stratify a lake.

Zvpolimnetic aeration increases the oxygen content of a lake wizhout

ce-stratifying the lale. :
Fositive
1. Reduction in sediment/water nutTient 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 suificienc

to promote eutrophic cocnditions in the lake with-
out the addition of intermal nutrient loacding.

2. ‘here concentrations of IC in the hynolimnion are less
than 3.0 =g/l and are not the result of naturzl springs
or ground water seepage.

(Dissolved oxygen in Great Southis never this low;
dissolved oxvgen in aquifers leading inte Great South
is relatively high).
3. When an increzse in hypoliznetic oxygen will significantly
decrease the loss of nutrients IZrom secdiments ia the water

column and internal nutrient loading is an important factor
eontributing to the occurrence of planktonic algal bleooms,

The oxygen content in the hypolimnion was more than adequate in this

oligotrophic lake.

The aeration technique is not to be considered in Great South.
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DREDGING

Dredging removes nutTient rich sediments and rcotad acuatic plants Zrom shallow
watar areas. A lake's annual process of sealf-fertilization and subsegquent raleases
of nutrients Irom sediments to overlying waters may, for some lakes, de one oI the

primary sources of cthe lakes nutrients.

Dredging has often been suggested 2s a means for removing nutrients stored in sediments,
The sediments are usually rich in nitrogen and phosphorous and represent aa accumu-
lation of years of settled organic materials. Some nutTrients may te recirculated
within the water mass and furnish food for a new crop of organic growch. However,

in an undisturbed mud-water interface nucrient transier is very small.

The state encourages dredgiag if:
1. Nutrient loading is not from external sources.
2, Removing substrata would promota plant growth.
3, Sedimencs are important source of nutrients.
4, No toxic sadiments are released during dredging.
S. Dredging will not increase watar turbidity.
6. Dredged areas are less than 15 feet deep.
7. Does not afZfect downstream wetlands.

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

Some problems encountared in dredging:
l. Nucrient content does not change drasziczlly,
2. A possible resulting shift from rootad plaaczs oo algae.

3. The bulfering capacity of a2 lade to extarnz! changzes in nutriant
loadings may be lowered.
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¢. Resuspension of fine particle and plant nutrients.
5. Toxic substnaces may be released in water color.

€. May destroy the community of 3eathic crzanisms 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,
3efore 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.

-106-



ENVIRCIMENTAL LNPACT

Land Use

No effect on residential, agricultural, parck, scenic, historical,

archeological. Mo changes in land use pattarns.
chysical
lo construction other than sediment basins.

ir Quality

v

o effect,
lydrology
No effect, no diversion, dredging or construction.

Aquatic Life

Cultural Impact
None.
Econoric Environment
Hone.
lesource Impact
hone,
Energy Use
Hot applicable,
Social Zavironment
Senelicial, better water quality
Displacement of Feople

No.
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Changes in Noise Levels
None.
Zifect on Flood Plain, Management or Wetlands
None,
Dredging and Other Channel, 3ed or Shoreline Modifications
None.
Feasible Alternatives to Proposed Project
Hone,
Other Necessary !Mitigative Measures

None,

Will the project adversely affect short term or long term

ambient air quality? ........... Ne.
Will project be located in flood plain? .u........Mo.
Will structures be constructed in flood plain? ereeasasNO,

Will the project have a significant adverse effect on fish and
wildlife, wetlands or other wildlife habitate? tecseasss.No,

Will the project adversely affect endangered species? A -

Are there other measures not previously discussed which are necessary

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

Time Schedule

Any programs inplemented on Great South will be directly managed
by the Plymouth Conservation Commission and coordinated with any other
town departments that are needed.

The voluntary phosphate ban should take place immediately

.

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

Construction of non-water using toilets where needed

Water-saving devices to be usged

Street élaa;ing equipment to be used in parking area

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
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Great South Pond

Conclusion:

All the readings in all parametersare in the permissible range. The
other lakes involved in this study are all in the Wareham outwash plain,
Great South intersects the Ellisville and Hog Rock Moraine and it is the

only one that shows all chemical parameters as permissible.

1t is also the most isolated with the cultural impact being very limited.
The body of water is fine and it must remain in this state. Zoning
regulations, development controls, phosphate ban, the whole of non-
structural control techniques must be enforced and guarded in order

to maintain the high quality of this system.

The main thrust must be on future protection.
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The following data will provide the Town of Plymouth with necessary
information to justify application to the U.S. Environmental Protection
agency for 507 matching funds to conduct the proposed programs, as
authorized by Section 314 of the Federal Water Pollution Control Act
Amendments of 1972 (PL 92.500)

The preceeding report has established:

l. Water quality of Little Long Fond
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 S and Chapter 111, 5F

(A copy of this act is included in Addenda)
This usually covers chemical control and harvesting of aquatic

nuisances.

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

208 covers sewage construction.
Little Long satisfies the anticipated benefits to the public. 1Its

immediate impact on.and possible degradation of Long Pond, one of the

most used ponds in South Zastern Massachusetts,
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Tae Zollowing data will provide the Town of Plymouth with necessary informacion co

justily apolicacion to the U.S. Eaviroamenczl Proceccion Agency for 50% aatching funds
to conduct the proposed programs, as authorized by Section 31ls of the Federal Water

Pollution Control Act imendments of 1972 (PL92-300)

The preceeding report has established:
l. Water quality of .

2. Lake restoration procedures

3. Environment Impacts
4. Zxpectad results

5. Ma:agement Plans

funding by tha Commonwealth of Massachusaectts:

722-1969- DZQE amended general laws
Caapter &0, Section 5 and Chapter lll, SF
(A copy of this act is included in Addenda)
Tais usually covers chemical control and hazsvesting of aqua:i; agisances,
Chapzer 91 under DEQE, Wa:erﬁays Div,, is for dradging nrograms
208 covers sewage constTuction.

A - - — — e
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A DDENUD A

e te e

;if; Revision of Pollution Definition

v

pollution standards,

GENERAL GUTIDE LINES

Pefmissible Levels

Total phosphorous mg/1 .025
Orthophosphorous mg/1l ' .004
Organic Nitrogen ag/1l .20
Ammcnia mg/1 .02
Nitrate mg/1 .10
Nitrite mg/1 less than ,001
Inorganic Nitrogen mg/1 .12

e o — . ¢ e m——— - ———— — —— . .= . o ———— g o

-
- -

The general approach is to stress Vicolation of coliform bacteria standards,

e —— . v tmiac mimcara, -

research

shows that nutrient pollution over g period of time is as important, or may be more
lmportant than bacterial pollution. A Set of general standards should be put forth

and it is suggested that violation of nutrient standards be incorporated in the

Critical
.0&

.01
.40
.05
.25
" .002

.30
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SIATEZLOCAL PROGRANS
SYAJE LEVEL: MARYLAND
DEPAIRTMENT OF NATINIAL QESOURCES

Walur Resources Adwinlatratlogn

). Cluan Luhes Program Fudoral). Mo agency hos been offl-
s.:.—wlumrqmmmmmmyﬂu adnlnlster w-; Clunn r:meu applications
and 311 Clenn Lakus grants from the Eavironmental Protaction
Agency.  The Woter Resouccon Adinlulutratlon hou bsan fnvolved
with 200 Plannlug and gomo of the 203 fteglonal Plamnlng Com-
mleslons huve applied for and recoived 314 Cloun Lokes fund-
Ing. AL the prevent time, tho local projesl sgonsor Ja re-
guired (o provide mntching awnlos.

Contact: Maryland Departmont of Hnturul Revources, Water
flvvources Adwinlulration, Tawse Stale Office Dullding,
Aunapolts, Haryland 401, (301) 20p-2224,

3. IProgrum Opun_dpace. Tho Dupartment of Nntural Nusources
veovidoa Fluanclal naabatunce §n Lthe form of geants (formule
allotment) to Jucal govornmental wnlils for the dovaelopment
ol park and reoveationul facilitien. Nall the monles rTo-~
celdvod by Lthe lugal communlty may bo used for land acqubuf-
tion and half for rocronttlona) development. A 25% match la
requirod of the local sponsor on Lhe ortion that npplies

to vocrosulionnl dovelopment, No malch Ia regulred on Lhe
rortion for dand acquitalition.

Contacl: Appropriate county offlcu or Barylaml Departmont
ol Huturnl Nosources, Progrom Opun Bpoce, Tawes Blute Offlce
Dotiding, Annopolie, Mayyland 2140},

YTATE DEPANTMENT OF BEALTH

V. Wator, lco and Suwerngo I'rugram, Thia nrogram provides
grania o counting and munlclpalltlos ftor suwage and contyal
Uiurca nystem dovelopment. Monles sro Lo bu used o provide
u anlehing fundlng for the fedorn) Suwago Conatruct fun
runte Program (projocis muut qualily for federnl ald),

The slote wil) costl share BOL (the olher 501 to bo providod
by Lhuo Joeal nponsor) of the nonfudecnlly fuanded portlon of
Projuct coste oo u 76% fodoral geant and 76L/26% (utatef
loent) on a BGY fuders) grant.

Contuce: Mnryland Statoe Depurimont of Hondth,

STAIE/LOCAL PrOGRANS
STATE LEVEL: MASSACHUSETYS
DEPANTMENT OF ENVINONMENTAL QUALITY ENGINEERING

Divialon or Waterwaya

1. Eutrophieation and Nulaunce Aquatic Ve otation Control
Program,  Thia program Inve vea a =HMN33-—WMMﬂmm ond final
applleation process fu ovder for a community to vocelve
fumla for controlling s problem i tholr luke. Furmorty u
oimple weed contro)d brogram, thia program now glvenw firut
priority to projocts which eeek to solve the cutrophicat jon
problem at ity avurce, The complute tpan of restoratinn
techniques aro oliglivle for funding (ahoul $120,000 avagl-
nble statlowide durfng FY 80). The usunl spplicant tuy g clty
or town through the board of aelactmen, conservat lon commip-
alon, health departiment, ole. This program e expuclied to
be tranaferred to {lhe Divialon of Water Pullution Control

In ordor o consolidate and coordinate all lake functlonn
state-wldo,

Contact: Unesachuuotta Dopartment of Eavironmentnl Qunlfty

Englooertug, Division of Watorwayus, Room 633, 100 Nughua
8troot, Buslon, Massachusotte 02]14, (617) 127-4707.

Dlviulon of Water Pollution Contreol {314 deuignated agoncy)

—.:nnnnn::uc-pcruraa Program. Thie Program embodles the
etato’a uwn program. -mmuemm_cn includo atatewlde lake
clauaiftcation atudlea, n-:n:een-onnoocne-—-—< studlose,
walor naslstance rugoarch toum surveya (WANT strikes), 314
cuordiantton and pvojoct application naﬁ_s-znqcp_oa. Hmno-
luglcal date DPubilcation, elate projoct priovity lating,
lako nanoctatinn asoiastance, coordination of fedoral-otata-
local lake ruhabilitatlon efforta, and rolatod activities.
luginlation presantly undoer roview, ¢ Succoasful, would
provide up to $2,000,000 in stale matching funds ror 319
projocts au woll wae provide a flem logislatlve mandate for
adninlsloring o statewtdo lakes program,

Contact: Masanchunotls Dopartaunt of Environmental Qualfty
Englnvertng, Diviston of Watur Pollution Contrvol, P, 0. pox
646, Youlborough, Hnasachusetts 0150), (817) 380-0191.

2 Accolorated ¥ator Pollytion Conlyel Program Ch. 21,
fuct, a1 Thle program nrovidos granila Lo pubile entltiue

repreacnt ing savoral munleipalitivs for reglonal sewoge and
woler pollution abatomont rlanning. Grante are nof to ex-
«couvd $16,000 por public ontity,

Contact: Maseachusette Dopartment of Enviromnental Quality
Englnvoring, Divislon of Water Pollutton Control), 110 Tro-
mont Stroeat, boston, Hosunchugeltls 02108,
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Clean Lakes Program
U.S. E.P.aA. 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 witha
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 rootad 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 Oor aeration. 1In some cases

a combination of pProcedures 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 managewment.

2. When materia] accumulated in the lake constitutes a significant

Source of pollutants which is independent of controllable activities
in the watershed.

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

E.P.A. 625/2 - 80 - 27 Lake restoration cobbossee watefshed -
Maine used nutrient inactivation treatment.,

E.P.A. 625/2 - 80 . 25 Restoration of Medical Lake - Washington
used nutrient inactivation treatment,
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ine Clean Likes Program

Section 314 of the Federa] Watar Pollutian Control Ace Amendments of

1972 (Publie Layw 92-500)* directed the Unitad Statas €nvirorments] Protaction
- Agency t3 assis: the States in comtrolling soureas of pallution wniex arvacy
e quality of freshwatar lakes, and ip restoring lakes whiehr have detsr.
'fcrétad in quality, -

“Pragram, which providas tae

l. Classify Publicly awned freshwatar lakes ac
phic candition;
2.  Conduce 4i agnostie st

develop feasible poll

cording $2 tpro.

'V

udies of specitic publicly awned lakes,

and
ution contral ang rastaration programs

Tor

1

3. Implement lake restoration and pallystign control praje

-

- L}

Assistance is made available =3 the Statss

f¥icas in the form of cooperative dgraements.
imitad, and the numder of pudlicly owned 1akes
atar quality problems is large,
Chosan

througn the &Spa Regicnal
Becausa Program funds are
With presant or potantial
dwards must be made salectively,

for Tunding are thosa which maximize public benefits.
89t three general] critarta,

First, projected nublic denefits must be significant.
“Udied and resiored or protactad should be one
85 to 3 large number of people,

Second, the watear quality
Sting benefits.

Projeces
Such arojecss

A laka t0 be
wnich can provide deneficial

improvement myse be leng temm,

E2A will not support restaoratiaon MB3syres wini
liorata sympeoms of 20llution in a laka,

tarshed mana gement
Pesan

Lo

L0 insure
ch merely
[nstaad, she Agancy enghasizss
*= & cmorshensive effore 10 identify ang eliminata
T or gotamtial clusas of laka watasr quality detariaration.

te cantrolled at i=s sourcs

Pollution
2, AOT in the lakae,

“hen osoliytane sourcas

Q." known as the Clean Watar Acs of 1977 (2.1

. 95-217)
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are being controlled, however, in-lake restoration technigues o Spead
recovery are also e]igibIg for funding. '

Finally, projecss should premoce intagrated, coordinated water quality
management. (Qther Federal, State and loeal programs can supplement the Clean
Lakes Program. sor example, the 201 Construction Grants Program can comple-
ment a lake restoration agresment by helping municipalities eliminate poliju-
tion from demestic sewage. U.S. Demartment of Agriculture assistance is
available to farmers to implement agricultural pollution control measures,
supplementing Clean Lakas Program watershed management. Cemoining watar
quality management resources in this way enhances the effectiveness of
expendi tures under aﬁy single program.
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) THE CLZAN LAKES PROGRAM

This saczion is summarizes the Clean Lakes Program -- jt3 Tegislative .
basis, requlatiens, program descripticn, application procadures, and resyl:s
t2 data.

Lagislative Basis

Section 314 of the Clean Watar Act of 1877 is the Tegislative basis
for the Clean Lakes Program.

SEC. 314..

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

(1) an idemtification and classificatian according to eutro-
phic condition oF all gublicly owned freshwazer Takes in such
Stata;

(2) procadures, procasses, and methods (including land uysa
requirements), to comtrol sources of pollution of such lakes:
and

(3) methods and procadures, in conjuncticn wish appropriata
Federal agencies, to restors the quality of such 1akes.

(b) The Administrator shall provide Financial assistanes to Statas in
order %o carry cut methods and procadures approved by him under this
section. The Administrator shall provide financial assistancs o Statss
to presare the identification and classification surveys required in
subsaction (a)(l) of this saction.

(¢) (1) The amount granted tg any State for any fiscal yéar under
this section shall not axcsed 70 per centum of the funds sxpended
by such Stata in such year for carrying out dporaved methods and
procadures under this saction.

(2) There is authorized to be appropriatad $50,000,000 for
the fiscal year ending June 20, 1973; $100,000,000 for the fisca]
year 1974; S§130,000,000 for the Fiscal year 1973; $30,000,00Q #or
the fiscal year 1977, $80,000,000 for the Fiscal vear 1973;
$50,000,000 for the fiscal year 1979; apnd 380,000,000 +ar the
¥iscal year 1980 for grants £o Statas under this saction. Thesa
sums shall remain available yneil] axpended. The Adminiscricter
shall ‘orovide for an gquitadble distribution of such sums g %he

tatas with 2oproved methaods and procadures under this sac=sicn.
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= Restriczicn of Awards

Gne ¢f the ways in wnich the Clean Lakas Program will effaac
lardinaticn is By limitiny award of Federal lake funds & dreas that

s

ar

"0

apolying an intagratad watarshed manayement apprsach. 8afare ameking zn

dward, cthe Regienal Administrator aust detamine chat any watar zqlluticn

cantral measurss in the lake's watarshed duthorizad uncder saction 2
included in an approved 298 plan, or recuired by seztien ¢Q2, have

]
-y

4]
Jean
)

ccmpletzd or are grocseding cn approval schedulas L4Q CFR 33.183G-2(9)(2)5.

z " Goals

The goal of the Clean Lakes Program is ts implement, Through assis-
tancs 0 the States, methods and procadures to control saur<as of pollutien
t0 the Nation's publicly owned freshwater lakes and to restore degraded
lakes. Recagnizing, however, that this applies to all publicly owned lakas
and saveral thousand may need immediats action, the program has establisned
4 more specific goal for the 1980-1985 period. The goal is t2 protac: at
least one lake whoss watar quality is suyitable for contact recreation, or
0 restore 2 degraded lake to that condition, within 25 miles of every major
population cantar. "A population center, in this context, usuaily is 2
Standard Metropolitan Statistical Area (SMSA) as defined by the U.S. duraay
of the Census. However, this definitien will be applied with discretion in
- salecting projects for funding. Seme SMSAS are so populous that a single
¢lean lake would ﬁct be sufficient to mest user demand. Conversaly, in SMSAs
near tne ccean beaches, bays, large rivers, or the Great Lakaes, thers may he
Tittle demand for lake protection or restoration.. In vacation and touris:
areas wnere seasonal populations are high, and in ather situations wnere lake
water quality is important to regional econemy and quality of life, projecss
“May warrant priority equal to that accorded urban lakes. More explicit
- guidance on this aspest of project salectian will be daveloped, but the neeqd
for f1exibi1ity will never be eliminated.

'
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TECHNICAL AND FINANCTAL ASSISTANCE PROGRAMS

As discussad in earlier sactions, the Clezn Lazkes °rogram provides
uo o 3100,000 per award and requires a 30 percant non-Federal shaps for
Phass ! diagncs:ic-feasibfifty Studies. Phase 2 awards are availapls ¥or
pollution control and/er in-lake restaration methods; thers 1S no specifiag

_maximum, but they require 2 50 percant non-Fedaral shara. Thus, significzan=
amounts of money must Se supplied By Stats, lecal or privata sourcss. As ¢
general rule, Federal] grant prbgrams ar other Fadara! monies cannot bde ysad
€3 supply the State and loeal share; hewevaer, two 2xc2otions do exis=-. The
2Xc2PTions ars the General Ravenue Sharing Funds *rem the Oepmartment of the
Tressury and the Cemmunity Development 81ock Grants frem She Cesartment of
Housing and Urban Oevelocment, both of which may e used as 2 nare

tata and lgeal matching funds for the Clean Lakes Program,

ot the

. Non-~2daral Mzzch

A number of Statas have sat up specific funded programs o se usad as
nen-federal matcaing funds For the Clean Lakes Program. Qthers hava ar2qgrams
wnich, althaugh not soecifically designed for that surpesa, could he usad &9
oravide the lacal matzh (sae Table 11-1). In the State/leeal section of :he
matrices, in Table 11-2, under the "Fedsral Orogram Matches" ¢alumn, ¢h
ahrase "314" dengtas States with funded pregrams  specifically designed &2
TAteh the Clean Tzkas funds ind "31d4 gossible, ™ denotas Statzs whers orsgram
funds may srovide the match under cartain conditions. Thirty-swo Statas <o
net provfde'matchfng funds. Consaguently, loeal units of goverrment mys-
fravide a1l the matching Funds far the Claan Lzkas Program. Howevar,
Stats tachnical and administrative assistanes may Se usad 3ds an in-kiad
Mmatch, .

As can be saen in Tabia 11-2, most Statas have indicatad shat they
d0 arovide tachnical assistance whieh can bde used 1s an in-xind matsh.  Such
‘State sarvicss as water‘cualfty menitaring and installation of monitaring

[{']

8quigment, T2horatory servicas, and analvsis of ‘daza e¢z2n and have Ssaen

!
/
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B e

usad as the in-kind mazeh, Thesa sarvices can also be provided at she
local Tavel and may include donated time and equipment from qualified Teeal
sources. Specific referances o using in-kind sarvicss is made in the hyrg-
thetical casa in Section 12.0 of this manual.

Ccmbination With Other Cemolementary €7<or=s

In additien &3 providing direce matghing funds, other grceqrams at the

‘Federal, regional, and State levels ean te coordinatad with Clean Lakas

projects by providing funds for activities that are not directly 2 pars of

the work funded under saetion 314, Thesa are also summarized in Tabls 11.2,
As an exampie, =he Clean Lakes Pragram requlations specitically excluda coses
for comtrolling point soures discharges, where the Sourcas can be alleviatad
By permits issued under either section 402 of the Clean Water Act, or Oy the
planning and cInstruction of wastawarse traatment facilities undar saction
201 of the Act. Nevertheless, it ig recagnized that such concral of paint
sourta discharges is extramely impertant in the lake restaorztion procass, and

that whers possidle, this work should be coordinatad with Clean Likas orojacts,

Thus, while refarancas &g saction 201 orograms are not Tncludad in the Stasa
orogram sactions of the matrix, it is imporsant ta check with the aperapriata
Aragram offica to detarmine their apolicability %3 Clean Lakas restoratien.

Other examples are recreational facilities develcpment arograms, such
as the Land and Watar Consarvation Prsgram under the Oepartment of the
Intarier's deritage Cansarvation and Recrestion Sarviea, They may not =e
usad 9 oporovide matching funds te 3 Clean Lakes praject, syt aceivities
funded under them can greatly anhanca the benesizs o0tzinatls with Clean
Lakes funds. Again, as with 201, no refarencs dopesrs in the matrix t1 thass
LAWCON pragrams.

Oenartment of Agriculturs rcgrams, aspecially in the Agriculsural
Stabilization and Consarvation Servics, the Farmers Heme Admﬁnistration, and
the Saoil Censarvation Servics, are gother axamolas ef funded aregrams wiic
T2y Dde usad with the Cleap Lakes Program. [: is imgar=ant a9 remember thaz
applications For Slean Lakas ogrojacss Frovosing coordination wish Cther
comolamentary activitias will recsive Aore fivorzdls ¢snsidarizien ¢ ~
funding hy cP4.

/
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AKZS FUNDS

STATES WITH SR0GRAMS TO MATCH CLEAN L

Speciticaliy
Desianed °rocrams

°rograms Apolicaple

Under Cersain Cen

itions

Connecticyz
Florida
Massachusatss~
Maine* .
¥innesota

New Jersay
Nerth Carolinag
Orecon~

Puerto Rico
Scuth Daketa
Washington=»=
Aisconsin

Arizona
Arkansas
California
Montana
Nebraska
Rhode Island

TOrcocsed.

**Prooosad, Phasa 2 only,
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Soursss of Additicnal Information

Written descriotions of Federal, ragional, and Stitz programs czn he
found 1in Acoendix ¥ to this manual. The Federal programs are divided in=s
three sections: those providing financial assistances; these areviding
technical, informational, or advispry sarvices; and those praviding laher.
Programs providing financial assistanca to ge ceordingtad with the Clean
Lakes Program have deen summarized in the matrices in this chaptar, The
matrices indicata the department, adency, and program fdentification; tyoe of
assistance; type of orojects whieh are eligidle For the funds; and she
eligible recipients. This infermation, along with the tstal cbligations far
fiscal year 1980, average oroject size, and various aoplication information,
has besn obtained ‘rom the Catalog of Federal Ocmestic Assistanca (aveilas e
in major libraries, or may be purchased frem =he Superintendant of Documenss,
U.S. Government Priating OFFica). ‘Where necassary, the matricas have Seen
suppiementad by data obtained directly frem frogram managers.

Two other Federz] PTOgrams are not included in the ma<rix syt may De
usaul. The U.S. Army Coras of Engineers has a2 arogram wnich 1g srimarily
resaarch-orientad. dealing with projects such 45 aquatic plant control, beach
er3sien control, flood cantrol, debris clearanca. and channel sIr2igntaning,
Tnis assistance is usually in the form of tachnical consuliing and resazren
By Coros cersonnel.

The other Federal program which does not &spear in the matrix is the
Generzl Services Administrasign's Disposal of Faederal Surslus Rezl and
Persaonal Property °rograms. This dragram arovides far she Sransfer
orooerty such 2s ahandoned military installations from the fecars

—

gavernmens
29 eligible recipiants. The transfer ig usually on a stecialized hasis and
depends on the Tgeation oT the proposad project.
Infermation concerning Stats ang ragional programs was cht2ined fraom
interviews with Stats and regional officials., Thase aregrams irs des
in Accendix ¥, 2nd oresentad in =he Matricas in this sae=ion.
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RANGES OF PROMULGATED STANDARDS FOR RAW WATER SOURCES OF DOMESTIC WATER SUPPLY

Constituent

BOD (G-day) mg/1
Monthly average :

Maxlmum duy, or sample:

Coliforin MPN per 100 m}]
Mooilly average :

Maximum duy, or sample:

Diesolved Oxygen
mg/) nverage ;

9% eaturation :

pH
Average:

Chloridcs, max. mg/1
Fluorldes, ing/1

Phenolic compounds, max. mg/1
Color, unita

Tucbidity, unite

BExcellent source of waler
supply, requiring dlsinfection
only, os trentment

0.76-1.6
1.030

60-100
Less than 6% over 100

4016
76% or better

0.0-8.6

60 or lesa
Lesa than 1.6
Noue

0-20

0-10

Qood source of water supply,
requiring uaunl treatment euch
8o filiratlon and disinfection

1.6-26
8.04.0

60-5,000
Less than 209 over 6,000

4006
009 or better

§5.00.0
60-2650
1.6-3.0
0.005

20-160
10-250

Poor aource of water supply,
requirlng spectal or nuxflinry
trentment and disinfection

» Over2fi .
Over 40

Over 6,000
Lesa than 625 over 20,000

410

B8.8-10.6

Over 260

Over 3.0

Over 0.003 )
Over 160

Over 260
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tlacs W Oi.l‘l.llid 0udcvar;uad Walers

. - Fleating, auspended Tasle- of adot- Vaale, ealored, or "
et o 4 Orgacttma st the | & eatileable solids producing Dlascived vl el i Phasollo High ¢ o | Mictmsm taatitont
v collferm proup & sludge deposlts subslances onygen 11 tel potul (] wastes damsalle sowage
A WATER BUPPLY, | Moot probable number | Noas attiibutable Lo None attsibutable to | Greater tben e Hydsogen foa co None sluns oz Ia Lews than Bve (8) | Nowo Nal In eufBicleal quan- | Bali i &
DRINKING, CULIN- | cofiforro baclerisl con- sewage, Industrial sewage, lodustilal {6) pasls pes mil- el ex- b] binstico with parle per billica litics alone of fo :om- .n.,".?f'.".?ﬁ:},,'f{,'.,
ARY & FOOD PRO- tentof » tepreseatative | wastes or other wastes wasles, or olbes wastes | livn except for peamed as plf olher subslances or Linatioo with athes
outober of samples o wl slter reason- ground sbould be main- wasles in sufficient waales o |aterlese
Withou! Ueatmment other | sbouhl average lem alls dilubion & alslure walers tained betwern smounts or of such with ths use [ndicatod
thaa dmple didelrction | than 50 per (00 af, with seceiving walere, $8and bk satuse as bo make
scdremoval of nalarally | ia say moath Intetfeee with (he best secelving wales un-
peesent fmpuritica use of (bess watera for sale or unguitalide
{he purposs Indicated for uso ladicated
(VPN B. Bds )
B. WATER BUPPLY, | M.P.N. coliform bac- | Barno as for use “A* Nons attritiutabls o Qlreator tban Bre | Bama as for use Bame as for use A" | Lees than Bvo 5} | Nons slone [ Bace ae for use A" Salimentstion s
DRINKING, CULL. tesial coolent when as- | sbove sewsge, Industeial {8) parts per mil- | “A" abave sbave pasle per bllhog of o coms- | above cﬂuﬁ:. Jum«?]du
NARY & FOOD PRO- | socated wilk dumentic weates, of olber wastes § ficu except for bisatioa
EBSING scwage of & sepresen- which, afles teasonabls | undesground with other
With Ueatmeot equal Lo | Lative aumber of sa- dilution & eistuse, walers esulslacces
coagule sedimenta- average will increase the theead. of wayles ay
lian, Bitration, disinlec- than 2000 per 100 or oyl lo oake
Ulan and sny additional | md. snd should oot ex. above eight (8) roceiving
Ureatmenl necesnary for | eced thls nuaber In wales unfit
removing naturally more llao 20 per cont of unaale fos
taceenl impuritlea of satoples canmlned tho use
n any moath Indicaled
0. BATUHING, BWIM- | Coliform Lactesial coo- | Bome as for use “A* | Nons atliibutabls to | Qreates theo Bye Bame sa for Use | Bacne na for Use “A™ | Less than 28 parts § Bacie ax for | Bazue as for uso “A™ Bcdiccntation sod
MINQ AND Lt of & repuesentative | sbove sowage, Indus (8) pasis per mll- | “A* abave sbove o1 pons [ use "lI" bare eflective disinlection
RECREATION number of samplea weates, o1 other wasics | fica 0 sulficient sbore
Nols: When waters are average low which, altes sessonabls aounls such as to
waed for secseational than 240 pes 100 @i, dilutica & whature Imjiart o sesldual
e such oy MI‘? 80d sbould not esaved will interfore wilh {ke le bo recren-
& Loaling, escdusive Lhis number fa mose beat use of theso walers 32?-! of commias-
{hing & swinming, than 20 per oot of foe the purpose judi- fish, ahsll
ho number **1000* may | sxmples canmined when ealed oz olber aquatle
be substituled for “3¢0" : lod wilb donucs- lorca
In slatement of coliform | tic -elug {sce note
ective vnder “C* at lefi)
D. OROWTII & Coliform Laslerial con- | Bare as for use “A% | Nooe slisibulalls to | Qseater than iz | Barme e for wse Nooe alons or Ia famasaforass | Bacug as for | Nousla eufBielent Seditmzatation (o7 ol
PROPAGATION OF Lent of & sepucsentalive | abore sowage, fodustrial 22] ts per “A* above combizslion wilh “ ve e I uantily aa to be In- uses undes (i group
FISIL BUKILFISI & | mutnber of sampies wasles, or other wastos | tullion ather subatances or aore | furkous to o bbertere | b disder this aro
OTNER AQINATIC sbould oot have s which wifl Intesfese wasles o suliclent with ths aormal pope- | quised b addjtion ouly
LIFE median conoeniration with ths marketsldlity smount or of such gelion of Bah, ebellfiahy, ﬂ iecharged folo
’nnl‘u than 70 per or propagaetlon of rec- charscter a3 to make or olber squatls lile walcrs used for (he
00 rn). Io walers used teational or connnerclel teceiving waters ua- giewth & pronagation
fot tbe gromib & prop- Bah, sheliflah, o7 olher sale or unsuilabls of abeliflsh, dir:c com-
agulion of shelifish odlble aqualls fune of use ted metela] of secreational
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2.)

3.)

[ S W N e
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Sources

ADDENDA

RECHARGE AREAS
WEST GERMAN MODEL

Recharge Area - public wells

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

area where watartable is drawn down when wvell i3 pumped
New DEOE 1975 regulation = no well within 1/2 mile of dump,
¥ankfarm, or salt bed pile

Less orotection area
any bactaria deposited in the
time to the well

8011-50 days travel

Greater protection zZone
1.75 miles out from the well
possibly widar to included total catchment area

Aquifer and Techarge area
Bydrological mapping
Depth of water table
Saturaced thickness
Seagonal fluctuation
Cone of influence

Groundwatey availability maps
Professional study

g.s. Hydrological Atlas.
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Fisure 4

THE NITROGEN CYCLJ IN SOIL AND GROUNDWATIER
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Fipure 5

THE NITROGEN CYCLE IN SURFACE WATER
PHRCIFITATION
AND WASIEWATEN
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LBs (Kgs) Nutriant in Lake

Yutrient Caleulations

1 Gal = 3.85 Liters x ppm = Mg/Gal.

"g/Gal., x Total Gallons in Lake = lbs. in lake
453 590 Mg/1b,

lbs. in lake x 434 = Kgs in lake

Flowing Streams ( Need gals. per sec. and zprm)

Cubic Meters

Xg/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

" x 10,000 sq. Meters width w
Acres x 4047 = sq. Meters 2 X = Av Depth
Mers =
3. Mecers x .00 = Hectare £ x Y xW = Cubic feet of inches/sec's
feet x ,3048 = Meters
Gallons x 3,785 Liters 3%§%§i = C.F. X 7.48 Gals/cf = Gals./sec’
Kg = 2,2046 lbs,
lbs. x .454 = Kg 60
vds. x .91&4 = Maters no. of sec's x Gals., = Galfons/minute
Flow
l Acre = 43,560
! Gal Hzo 8.345 1bs. Culverts = use Robts computerization

! Cubiec foot Hzo = 7.48 Gals,
" " v = 62,42 lbs.
= 2,719,041 lbs.

“ " = 325,329 Gals.

—
-
2]
2}
m
L]
[o]
(e}
[l
|

Inches x 2.54 em.

ug/L = ppb = ,00! ppam
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ETHCDOLOGY

Hvdraulic Farameters

Hydraulic Resicence Time = Theoretical time required to displace
lake or pond volume based on %nown inputs (grouncwater*

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)
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EVAPORATION
Methodology

+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
4 = 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

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

National Oceanic and Atmospheric Administration
Environmental Data Service

National Climatic Center

Ashville, N.C.

U.S. Weather Service

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

Evaporation readings are inches.

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

Lake evap.. inches = USWS x .70
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COMPOST TOILETS

1. Ecolet 4.

Recreational Ecology Conservation
of United States, Inc.

9800 West Blyemound Road
"ilwaukee, Wisconsin 53226

2. Clivus-Multrum
14A Eliot Street
Cambridga, Massachusotts 02138

3. Biu-Let
Bio-fltility Systems, Ing.
P.0. Box 135
Narberth, Pennsylvania 19072

CHEMICAL TOILLTS

1. Fiberglass Chemical Toilets 6.

Chic-Sales Company, Inc.
P.%. Box 689

Hillview Building

Santa Ana, California

2. Vaoor-Monogram ‘lew-Matic Toilet
Vapor Corporation
6420 West Howard Street

Chicaqo, INlinois 60648 8.

3. *ansfield Sanitary, Inc.
Perrysville, Ohio

(Sani-Pottie 947) 9.

4. Mile Ahead Industries Inc.

41 West Putnam Avenue 10.

Greenwich, Connecticut 06830

S. Witerless Comfort Station
Burlway Road
P.0. Box 1026
Burlingame, California 94011

LOW WATER FLUSH TOILETS

1." Safeway Toilets 3.

Safeway Sanitation
75 Argyle Avenue
Ruffaln, liew York 14226 !

2. Microphor Tuilets 4,

Migrophor, Inc.
379 Fast San Franciseo Avenye
dillity, Talifarmia usdoq)
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ASA 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 .
Zurn Industries, Inc.
Erie, Pennsylvania

Todd Entorprises, [nc.
Providence, Rhode [sland
(Mini-Pot)

Sani-Matic Corporation
(Uncle John Dry flysh)

llonagram [ndustries
(Tota-toilet)

American Stundard
P.0. Box 2003 :
New Brunswick, New Jersey 08903

Kohler Company
Kohler, WS 53044
(Water guard toilet)

)
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RECIRCUNATING folL LTS

1. Thetford Corporation 7.

(Cycle-Let)

Ann Arbor, Michiqan 8.

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

3. Pureway Corporation
Pureway
J01-42nd Avenue
tdst Mobile, I1linois 61244

4. Vapor Corporation

Main Office ' 1G.

6420 West Howard Street
Chicago, [1linais 60648

wn

Sears-Roebuck Company
6. Montyomery Ward

GAS [NCINERATING 10ILETS

I. (Destroilet) 4,

LaMere Industries, Inc.
227 H. Main Street
Walworth, Wisconsin 53184
2. (Incinglet)

Research Products Mfg. Co.

F.0. Box 35164

Airlawn Station

Dalles, Texas

J. Tekmar Corporation
(Thermajoun)

ELECTRIC INCINERATING TOILETS

1. Incinolet 2.

Research Products Mfg. Company
P.0. Box 35164

Airlawn Station

Dallas, Texas
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PRIVATL SLWAGE DISPOSAL REGULATIONS

J.C. Penny

Thiokol MPB-10 Chemical Toilat Systenm.
Thiokol Chemical Corporation

Wasatch Division (Model MPB-10)

P.0. Box 524

Brigham City, Utah 84302

Multi Flo Home System
Wastewater

(Unit RS-1) (Unit RS-2) o
Muliti-Flo, Inc.

500 Wobster Strect

Dayton, imio

for Recycling

Chrysler Corporation
(Aqua-Sans )

Dept. 2100

P.0. Box 29200

dew rleans, Louvisianna 70129

Clear ther'lnc. (Pyrolet)
P.0. Box 634
Sheboygan, Wisconsin 53081

Lake Geneva A & C Corporation
flox /9

200 Elkhorn Road
Williams Bay, Wisconsin

£3191
(AT, Storburn) I

Incinomode
Incinomode Sales Company
P.0. Box 879

Sherman, Texas 75090

N-Con Systems Company, Inc.
Thermox

'y






