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GREAT SOUTH _POND

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.
1t 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: MNon-visible. This pond is rated as oligotrophic. Nothing

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




CLASSIFICATION DEFINITION

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

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

OLIGOTROPHIC: Agquatic plant production i{s low; aquatic animal production
is low; aquatic plant autrient 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 1is 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 1is
high; aquatic plant anutrient flux is high. Oxygen in hypolimnion is absent.
Depth tends to be more shallow. Water quality for most domestic and in-
dustrial uses is generally pooT. Total salts or conductance is mostly higher.
Number of plant and animal species is fewer. Eutrophic waters are waters
with a good supply of nutrients, they may support rich organic production,

such as algal blooms.

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

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:ls used for this other extreme.

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

was developed along these qualifications. The following parameters were




considersd in rating.

1. oxygen depletion
2. transparency

3. phytoplankton

4, nitrogen

5. total phosphorous
6. biological

Plant production was very low throughout the growing season, there was an
absence cf both macrophytes and microphytes. The elodea population was
dense out ta the seven foot contour line whz:h included 90%Z of the pond

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

Phosphorus is usually the most important nutrient controlling lake pro-
ductivity, therefore, total phosphorus is an impartant measure of a lake's
trophic state. An average figure would generally be taken as between .0l5
.02 ppm as the lowest dividing line between eutrophic and oligrotrophic lakes
with a .04 ppm being a critical reading. Readings were ‘taken during the non-
productive season. The March, April and early May readings were well within
the accepted critical.

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

to develop quantitative trophic criteria for nitrogen concentrations .25 ppm
of nitrate is generally taken as a critical point, above which algae and plant
growth are greatly accslgrated. The March readings are all high with station 2
and outfall very high, so high as to indicate nutrient pollution.

e = r o o o ap———— A




GREAT SOUTH

Eutrophication = & naturzl enrichment process of a lake, which may

be accelerated by man's activities.

Usually manifested by one or more

of the following general characteristics.

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

3. Seasonal and diurnal dissolved oxygen deficiencies.

Indices of eutrophication

Biclogical parameters 5

Macrophyte identification and coverage

Both emersed and submersed aguatic species were
very sparsely populated. Dominant emersed species
were sedges. Submersed macrophyton consisted of

Sago Pondweed, Najas, Elodea,and Fanwort.

Macrophytes - Phytoplankton

Algal Generic identificaticn - algal pigment - chiorophylla.
Average summertime count of chlorophylla on trophic scale
.005 @pm oligotrophic .Cl ppm eutrophic
Water color in July and August had a heavy green ting,

with green unicellular alge predominant.

Physical indicators - species pediastrum duplex at thfml count 10a/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 remcve the dissolvec oxygen from the water
faster than it is replaced by photosynthesis.

Below 4.0 mg/l is considered critical.

Transparency

In oligotrophic lakes the secchi disc reading is 3 meters

plus and the eutrophic reading ranges from 1 foot to 2.0

meters. CGreat South readings ranged from 17 feet ( 5.23M)

to 18 feet (5.52M ). o



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

A1l nitrogen readings were well within the oligotrophic

classification.

Conclusion: Great South Pond is an oligotrophic pond with all

parameters well within this classification.



1 : GREAT SOUTH 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: 0QL0OQ' Shoreline distance; 3.2 miles 16.896'

Water type: warm

Pond type: natural

Stratified: no

Pond use: drinking water, fishing, esthetic



(E—REAT SOUTH POND

(Bathymetric Map)

Maximum depth &41' 12,50 M SeRne 0 A

Mean depth 25' 7.62 M ;

Surface area 292 acres 118,206 H
Acre feet 7300

Total gals. 2,378,712,306



GREAT SOUTH POND
Impoundment Map

Little South Pond

Flow rate

Great South Pond

Flow 211 gal/min

Boot FPond
el, 100

TP
e 6 acres bogs

:ﬁ#: CranberTy bogs
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GREAT SouUitl POND

Submersed Aquatic Plant Map with Key

o

Very little submersed aquatic plant

growth samples obtained. 0-5 foot
contour line.

Scale 1:580



SUBMERSED AQUATIC PLANTS

LATIN

Potamcgeton
Potamoegeton
Potamogeton
Potamogeton
Potamogetan
Potamogeten
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Potamogeton
Najas
Zannichellia
Elodea
Ranunculus

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

Ceratophyllum D.

Myriophylium

Alisma

Heteranthera D.

Nasturtium
Utricularia
Vailisneria

Cabémba

Cyanophyceae

Filamentous

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
Waterplantain

Water Star Grass; Mud Plantain
“Water, Cress

Bladderwort
Wild Celery

Addenda

e £

Fanwopit

Blue--green
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GREAT SOUlll EOND

Emersed Aquatic Plant Map with Key

\

-11-




e

LATIN
Peltandra

FPontederia
Sagittaria
Polygonum
Typha
Eleocharis
Scirpus

Juncaceae

EMERSED AQUATIC PLANTS

COMMON MAP NUMBER
Arro_w Arum
Pickerel Weed
Arrowhead; Duck Potatoe
Watersmart Weed
Cattail
Spike Rush Sedge s
Bulrush Sedge 2

Juncus Rush

Addenda
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Chemical Sample Stations
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PHOSPHEOQRUS

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

Phosphorus is found in wastewater in these principal farms;orthophospha:{

polyphosphatés or condensed phosphates and organic phosphorus compounds.

The quantity of phosphorus resulting £rom human execretions reportedly
ranges from .5 to 2.3 lb. per capita per year. The mean annual exerstion

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

to be about 2.3 lb. per capita at present. Thus exclusive of industrial
wvastas and other phosphorus sources, such as water softening or sequestering
agents, the domestic phosphorus contribution to wastewater is about 3.5 1lb.
per capita per year. TPe Cgrnell findings being 'human activities are
responsible for 75 - 80% of the dissolved phosphorus reaching the lakes in

central New York."

Phosphorus is considered a key element in the eutrophication of surface

waters in the Mew 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 - .0lS mg/l respectively at start of the growing season,

nuisance blooms of algae may occur.

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

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

The so-called Cornell Study 'Lakes and Phosphorus Lmputs'(see Aﬁdend&) to
this report reached the important basic eonclusion that dissolved phosphorus

{organiec and inorganic) has a far more important influence on algal growth.



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 reserve.

The EPA guidelines in it‘s "elear lakes program' states "phosphorus is usually
the most important nutrient controlling lake productivity; therefore, total
phosphorus (i.e. the phospnorus present in both inorganic and organic,
dissolved and suspended forms) is an important measure of trophic state. The
dividing line between oligotrophic lakes 1is usually regarded as 10ug/l

(.01 mg!i) and between mesotraphic and eutrophic lakes as about .02 mg/l."

Best reading times are in wintaer months, the most non-productive season.

Concentrations of total more than .01l mg/l in the groundwater are not
considered normal and when this value is attained, a source of contamination
is suspect. Soluble phosphorus concentrations in groundwatar are virtually
non-existent because of chemical f4{wation and precipitation as insoluble
cnmpognds of cal;ium, magnesium, iron and aluminum; this is in contrast

to nitrateé which have greater mobility. In The Carver Soil Series, however,

4

fixation is virtually non-existent.

Thosphate is usually strongly sorbed by aquifer matsrials except in sandy
areas.  Quartz and other sands that have low iron, carbonates, aluminum,
clay mineral and organic content will readily transport phaspnate 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
results that septic tank disposal systems located in the watershed area with
sandy soil, rarely have problems with plugging. Those systems readily trans-
@it the nutrients from the household to a nearby water course via ground water.

High phosphorous readings in aquifer and springs feeding Little Long Fond

are evidence of this phenomencn.

iccording to a Cormell study, the phosphorous ccntent of domestic sewage ranges
from.l - 2 kilograms (2.2 = 4,4 lbs.) per capita per year depending primarily
on whether laundry detergents epntaining phosphates are being used by house-
holds.

e



A recenc study make in Verment showed that all the lzkes so testad were founc

to be phosghorous limited.

A Carmell research ta2am conducted 2 study of 13 lakes ina ceacrzl Yew York -

shis study led to & guantitative exprassicn of the ralation becwesen D.OSTHOTOLS

N

loading and concentrations of algza.

Shosphorous in ~ynoff occurs in 3 gan 1

-l

L. Dissolwved organic
2. Dissclved inorganic
3, Bargiculated

The dissolved phosphorous in both forms was

influence on algal growch than has phasphaorous

o i

zo soil particles.

Sgurcas of Dissolved Fhosphorous:
Sewage - 33%
Agriculfural tunofl - 18%
Torast runafs - 1l3a

P

Sia

Rasidential runoff -

Atmaspheric fall-out - Syl

Y



NITROGEN

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

was kept below .0Ll5 mg/l.

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

about 30:1, for other algae rations 15.18: 1

The presence of .0l mg/l of phosphorus and .30 mg/l of inorganic nitrogen
in ponds or lakes at the time of spring overturn will probably foster the

production of algae bloom.

Gerloff and Skoog suggest that in many instances nitrogen rather than

phosphorus may be the limiting element in the growth of algae.

Imhoff and Mueller point out that enormous growth of plants in’ streams,
lakes and ponds, does not occur {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/l. Although

free ammonia is often of vegatable origin and without hygienic significance,
it's concentration of plus .10 mg/l renders water suspect of recent 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 pollution.

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

dicator would be first to make i¥'s appearance.

~17-
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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 aquatiec environment, ammonification, nitrification, assimilation
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

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 907 of the nitrogen present in

soil 1s organic.

The nitrate content is generally low due to assimilation by plant roots and
leaching by water percolating through the soil. MNitrate pollution is the

principal groundwater quality problem in many locationms.

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

into the groundwater.

18-



Great South Pond

GENFERAL CGUIDELTINES

Parmissible Lavels Critical
Total phosphorous mg/l .025 .04
Orthophospherous mg/l 004 | rep
Organic Nitrogen mg/l .20 | .40
Ammonia mg/1 .02 +05
Nitrate amg/l | .10 29
Nitrite mg/l less than .00l | ©.002
Inorganic 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 ecosystem: sediments, in-lake loading, run-off, etc. The
March reading of .07, a reading in the non-productive season, was a tip-

off on what was to follow and the readings accelerated till July as expected.
As productivity increased nutrient utilization increased and hence lower

readings 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
in station. The nitrogen readings were high in the non-productive season

in both stations.

Station 4 readings were generally the same as 2 and 3. FPhosphorus readings
were high in productive season through August indicating a lower lake

nutrient influx.

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

as more homes convert from seasonal to year-round residences.



Chemical Parameters

, Station
Total Phosphorus Nitrate N Nitrite N Kjeldahl ¥
Mg/L Mg/L Mg/L Mg/L
less than
_éE§USt 15 .02 .05 005 W35
Auzust 30 .02 05 i D
September .02 05 " .30
October .01 .05 " * 130
March .01 05 " 25
April 01 .06 " .30
Mav 19 (01 0L i L0
May -30 | .01 Ol " L5
June 15 .01 Ol v A5
Jupe 30 .01 Ol . 40
July 15 02 Ok " L0
July 30 .02 L0l )
Aygust 15 .Oé 0L " 40
August 30 .0;2 .05 E i35
_Septenbex 02 el N W25
October .02 0L i )
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MG/L
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Chemical Parameters

Station Neo. 2

Total Phosphorus Nitrate N Nitrite N Kjeldahl N
Mg /L Mg/L _Mg/L Mg/L
less than
Aysust 13 ,01 .04 ,0045 )
August 30 L1 0L " 20
ceptember .01 0k " .20
October .01 .04 " «20
March 01 04 ! 20
April .01 .05 " .20
May 15 01 05 " .20
May 30 03 .05 L .25
June 15 ,01 0L " 25
June 30 01 Ol " 25
Jjady 15 .ol L0l " 25
July 30 .01 .0k Y .20
Ageust 19 L01 L0l N .20
August 30 b} oL i .20
September 01 oL " 20
October ,01 0L 1" 15
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KEUFFEL & FESSER CO.  manl i U5 A,

GREAT SOUTH =~ Station 2 Total Fhosphorous (P)

79 1980
OCT __ ho EC _Jal . _AUG__SEWT _OCT

.23
.22
w2l

.20
- 19

.14
»LY

27~

.12
.11
.10
.09

-0/
.06
2 0)
.04
.03
.02

.01




Chemical Parameters

, Station No. Outfall
Total Phosphorus Nitrate N Nitrite N Kjeldahl N
Mg /L Mg /L Mg/L Mg /L
less than

August 15 01 .05 .005 .20
August 30 .01 05 " 20
September 01 .05 - 5
Qctober Ok NoL o L5
March 01 04 & .20
April : 01 0L " .20
May 15 MeEN 05 o 20
May 30 | ,01 .05 " 25
Tune *7‘: 01 0L 1 .25
June 30 .01 .05 " 25
July 15 O .05 i .25
ﬂ‘]gﬂq+ 4 £ 101 105 " IZO
August 30 01 05 n .15
September 01 Ok " w15
_October .01 O " 10

28—




T/0W

;“W_ .LH. i

| : : i I

SR L i) St ] A AT FHHIH AN

sny  AInr aNnr oaa AON 120 1498 onv
0861 6161

(N) Tyepiafy

¢ uotiels - HINOS LVIUD

wsn Ml oA "0 MASS3 B 1A44N3IH Wﬁ.x
SMOISIAIC 001 X SH3I3IM AH HVIA L

OT0E 9%




60
o1*
LS
[4 0

£1°
it
_ cY*
L T : . | ar
I (%
81°
61°

AT , W “ il oz

Hilin L (L , JiL

‘100 IddS ony X1 3NAC AV MV dVH qi94d NVL oaa AON 120 1d3s onv

0861 6161
(N) @3BI3TN

¢ uoTye}g- UINog eI

<w:=_-=<£.Dnvw_ummvﬂﬂdek:m! w.u.v..—
OT0E 9V SMOISIAIO 081 X SHEIM A HVIA 1

T/OH




=a S -

T

50 Lds HAv TURNETT A

__
i i
011 A B

|
Nvr o3a
0861  6L61

i

3 et RS ¢ uotIvls -  HINOS 1Vaud

Ve N0V 0D HISSA A TILAN3IA WOV:—
010€ 9% SHOISIAIA 081 X SHITM AB UVIA |




Chemical and Physiczl Faramenters

Station

Temp. o Secchi  Conductivity Zh Do Total
Feet M Mhos/cm Standard Units Hardness

reg
o]

Ca
=
—
“
Y
[ C

b
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CHEMICAL AND PHYSICAL PARAMETERS

Station - 2
' Teap Secchi Conductivity 2! DO Total Total
oF oC Ft. M MHos/CM Standard Units MG/L Hardness Alkalinity

_August 15

_August 30 63 175 50 7ol 9.0 15 0
-Efptember &0 18.0 35 7.1 10.0 L7 "
October 55 18.0 85 W0 11.0 . 1h "
_Egvemher

-Eigember

January

February

H;rch 51 18.0 g5 7.0 11,8 17 ¥
April 53 18.0 g0 il 1.8 16 .
iy 15 55 18.0 70 7.0 10.5 18 "
May 30 56 18.0 85 7.0 10.5 19 .
June 15 58 17.5 80 6.9 10.0 18 "
June 30 59 17.5 g5 7.0 9.5 17 =
ot €0 17.5 70 6.9 9.5 17 v
1,;11, 10 61 17.0 85 24 9.5 15 !
August 15 62 17.0 90 7.0 9.5 18 -
August 30 63 18,05 75 7l 9.5 19 "




CHEMICAL AND PHYSICAL PARAMETERS

Station - 3
" Temp Secchi Conductivity b} Do Total Total
oF oC Ft. M  MHos/CM Standard Units MG/L Bardness Alkalini

August 15

August 30 65 17:8 125 Hais B 20 0

September a2 17.5 110 - 7.0 9.5 19 "

October 56 18.0 118 7.0 10.0 20 "

November |

December

Januafy

February

H;s.rch | 51 18,0 130 | 7,0 10.0 19 !

April 5L 17.5 120 il 10.0 - éo "
| May 15 =4 17,5 115 6.9 9.5 17 "
May 30 ¥ 17.0 130 6.9 9.5 20 "

June 15 T R 125 7.0 9.0 18 "

June 30 &0 17.0 120 7.0 9.0 17 !

July 15 61 17.0 125 7.1 9.0 i !

Ju‘lv 10 62 17.0 110 7. 9.0 19 !

August 15 63 17.0 120 7.0 : 8.5 20 "

August 30 65 17.0 115 7.0 8.5 18 "

il



Great South

Heavy Metals

Natural waters may contain elements other than those considered
by EPA standards. Manganese is commonly found. Aluminum, zinc,
and copper are usually found in natural waters in varying quan-
rities. Traces of molybdenum, gallium, and nickel have been
occassionally found.

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

in ~ either by ground water or by rain.

Metal EPA 1976 Drinking N.Y. State Proposed EPA

Water Standards Ground Water Ground Water

Regulations . Classification

Zinc - 6 5.0 004
Cadmium ° | .01 .02 .0l 001
Selenium .01 .02 01 .006
Gold - - N _
lron - B .3 087
Palladium - - - .020
Aluminum - o - .006
Copper .01 b - . .004
Nickel - - - .005
Lead .05 ok .05 .001
Chromium .05 ol .05 .003
Boron - .01 - .002
Chromium .05 o1 .05 .001
(Hexavalent)®

* notad carcinogen
-= not considered to date
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Heavy metal readings were so low as to conelude that industrial pollution

was not to be considered in this report.
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The Carver soil series and all sand and gravel soil series have &

potentizl aquifer pollution problem with heavy metal and chemical com-

g

pounds as they have with nutrient compounds, along with the added pro-
hlems of cdensity. Many industrial land-£ill and hecusehold contaminants
have a much greater density range than with the nutrient chemicals.

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

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

The effect of densities cf varipus pollutants on the migration in an

unconfined aquifer is shown in figure €.

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

amount,

laterials of lesser densitias generally follew the direction of the

flow of the aquifer,

in the landfill area of Plymouth, the density and solubility parameter
become important factors, as the landfill is located on the Lllisville
‘loraine, situated between the Manomet outwash plain and Manfields and

the Wareham outwash plain.

.

Periodic monitoring of lakes, ponds, kettleholes and stratigicall

P

situated wells for heavy metals, industrial wastes and household con-

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

z
=

..3‘?..



and any upward trends in quantities would give first warning signs.
is heavy metals readings are all well within the kncwn
ture periodic testings shculd include phemolic

T
fane

stancards. However,
compound, chlorides, fluorides, sulfates, cyanides, megnesium and
nually being added

4s new standards and testings are conti

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

developments.

<



Figure 6

SOURCE ﬁ.:u PRODUCT
{ Greater density than waler )

\ /
T gy

o b war
—TATER TALLE PRODUCT FLOW

SOURCE OF PRODUCT
{ Lessar densily Ihon waler )

. ‘ “
DIRECTION OF ) )

GROUND - WATER FLOW FLOW OF DISOLVED PRODUGY

FRODUCT FLOW :

,,.k.a_.

CONFINING BED

I

Effects of denslty on migration of contaminants.
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Great South
Biological Measurements

Pigment, Genera Volume

Diatoms Cyanophyta Chlorophyta Flagellates Chlcrog

Blue Green Algae Green
Unicellular FilamentousA Unicellular Filamentous ﬁg/H3

Cells/M1 Cells/Ml Cells/Ml Cells/M1 Cells/M1 Cells/M1 MG/H3
Januarty
February
Harcs L 2 i 1 1 7 2
spril L 2 L 1 1 6 4
May 15 2 | 2 2 4 v 8 5
Mav 30 ' 2 4 ) 3 a 6 8 g
June 15 4 3 3 9 6 10 6
June 30 4 6 2 9 7 12 !
S . 558 5 8 3 10 7 13 8
Julv 30 7 8 4 12 8 13 2
Avgust 15 9 10 4 14 8 16 10
August 30 6 10 3 17 | 9 17 10
September € 6 3 2 L6 g
pctober 3 3 2 2 10 3
November
December [ 1




Great South

BENTHOS

Parameter Station 1 Station 2 Station 3 Station &4
Total P
Mg/L

30 27 30 22
Total N
Mg/L

50.3 47.1 41.0 5952

']

Percent
Solids .25 '30 .29 .21
Total Volatile
Solids .

3.73 ' 4,96 3.20 2.96

4



Tributary

Total Flow G.

Great South
Nutrient Budget

August

3

* *
Total P PEM'Z  1bs./Month  Total ¥ FPM ° lbs/Month

Total

Qutfall

1

Total

*1
Rainfzall

34,100,000

2.44 694.3

in lake

i

|

i Total Galloms

3

* *
Total PEM o 1bs/Month Total PEM lbs/Month

*1

*2

*3

24378,713,306

0L5 287.7 .045 893.2

Rainfall - Phosphorus data not available NH, .43 PPM Yo 4

1.96 PEM,

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

X jeldahl

Nitrates, Nitrites.




Great South
Nutrient Budget

September
; *2 *3
Tributary Total Flow G. Total P PPM l1bs./Month Total N PPM lbs/Month
i { i
1 | '
} |
2 | |
3
Total
Outfall
1
2
3
Total
Rainfall "> | 30,100,000 2,44 612.8
; | *2 L)
in lake . Total Gallons Total PEM 1bs/Month Total PPM 1bs/Month
2,378,713,;308 015 297.7 .045 893.2
*1 Rainfall - Phosphorus data not available NHy .48 PPM  No 4 1.96 PEM,
*2 Total P, = All orthophosphates, condensed, organic and inorganiec species.
%3 Kjeldahl MNitrates, Nitrites.

43~




Great South

Nutrient Budget

Octaober
, *2 *3
Tributary Total Flow G, Total ? PEM 1bs./Month Total N PPM lbs/Month
i
1
2
3
Total
Dutfall
1
2
3
Total
Regnfall " 28,200,000 2,44 574.2
A *2 *3
in lake i Total Gallcns Total PEM 1bs/Month Total PEM lbs/Month
! .
2,378,712,306 .01 198,5 .04 740
*1 Rainfall - Phosphorus data not available NH, .48 FPEM No 4 1.96 FIM,
*2 Total F. = All orthecphosphates, condensed, organic and inorganic species.

*3 ' Kjeldahl Nitrates, Nitrites.

sl



. Great South
Nutrient Budget
March
: *2 *3
Tributarv Total Flow G. Total P PEM 1bs. /Month Total N PPM lbs/Month
1 !
|
2 |
3
Total
Quefall
1
2
3
Total -
; rniail T 42,600,000 2,44 867.4
|
*2 *3
in lake i Total Gallons Total PEM lbs/Month Total PEM 1bs/Month
2,378,712,306 .01 198.5 .04 740
*] Rainfall - Phosphorus data not available NH, .48 PPM No 4 1.96 FEM.
*2 Total P, = All orthophosphates, condensed, organic and inorganic species.
| *3 Kjeldahl MNitrates, Nitrites.

5=




Great South
Nutrient Budget

April
*9 *3
Tributary Total Flow G. Total F FEM 1bs./Month Total N TPPM lbs/Month
i ’
1 | |
|
)
2 |
3
Taotal
OQutfall
: 1
2
3
? Total
| *1
Rainfall 34,600,000 2. 44 704, 5
!
; | *2 *3
in lake i Total Gallons Total PIM 1lbs/Month Total PEM 1bs/Month
| :
%.378,;712,306 .01 198.5 045 893,2
|
i
? *1 Rainfall - Phosphorus data not available NH. .48 PPM No 4 1.96 PEM,
é *2 Total P. = All orthophosphates, condensed, organic and inorganic species.
! *3 Kjeldahl Nitrates, Nitrites.

i




 Great South

Nutrient Budget

May
*9 *3
Tributary Total Flow G. Total P PEM 1bs./Month Total N PEPM lbs/Month
1
: |
i ! |
3
Total
OQutfall
1
2
3
Total
*1
Rainfall 18,200,000 2.44 370.6
N | *2 *3
in lake i Total Gallons Total PEM lbs/Month Total FPM lbs/Month
‘ -
2,378,712,306 .01 198.5 .045 893.2
*1 Rainfall - Phosphorus data not available NH, .48 PPM No 4 1.96 EPEM.
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites.

wlifFi=



Great South

Nutrient Budget

June
’ *2 *73
Tributary Total Flow G. Total P FEM 1bs. /Month Total N PPM lbs/Month
1
2
3
Total ’
Quefall
1
2
3
Totzal
* -
Ragnfall = 24,200,000 2,44 492.7
i *2 *3
in lake ! Total Gallons Total PTM 1bs/Month Total PEM 1bs/Month
| .
2,378,712,306 .01 198.5 .04 740
*1 Rainfall - Phosphorus data not available NH, .48 PEM Nc3 1.96 PPM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl MNitrates, Nitrites.




Great South

Mutrient Budget

July
*2 *3
Tributary Total Flow G. Total P PEM lbs./Month Total N PEM lbs/Month
|
1
2
2
Total
Qutfall
1
2
3
Total
*
Rainfall 17,400,000 2,44 354.3
. | *2 *3
in lake i Total Gallons Total PEM lbs/Month Total PEPM 1bs/Manth
, :
|
| 2,378,306 .01 198.5 045 893.2
*1 Rainfall - Phosphorus data not available NHy .48 PPM No 4 1.96 PEM.
*2 Tatal P, = All orthophosphates, condensed, organic and inorganic species.
*3 K jeldahl Nitrates, Nitrites.
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* Great South
Nutrient Budget

August
. *2 *3
Tributary Total Flow G. Total P PEM lbs./Month Total N PPM lbs/Month
! .
1 |
2
3 ’
Total A
f
Outfall
1
2
3
Total
*1
Rainfall 12,100,000 2,44 246.4
*7 *3
in lake . Total Gallons Total PEM 1bs/Month Total PEM lbs/Month
2,378,712,306 015 297.7 .04 740
*1 Rainfall - Phosphorus data not available NH, .48 PP No 4 1.96 FEM,
*2 Total P. = All orthophosphates, condensed, organic and incorganic species.
*3 : Kjeldahl Nitrates, Nitrites.

~
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. Great South
Nutrient Budget

September
*9 *3
| Tributary Total Flow G. Total P PEM 1bs. /Menth Total N PPM lbs/Month
| 1
\
o | |
}
? 2
i
. 3 ;
1 Total i
Qutfall
it
2
3
Total
Radafaty - 6,600,000 2.4 134.4
_ | *2 *3
in lake ! Total Gallons Total PEM 1bs/Month Total PEM 1bs/Month
2,378,712,306 015 297.7 .04 740
*1 Rainfall - Fhosphorus data not available NH .48 PEM No 4 1.96 PEM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3

K jeldahl

Nitrates, Nitrites.

.




Great South
Nutrient Budget

Cctober
*2 *3
Tributary Total Flow G. Total P PEM 1bs./Menth Total N PPM 1lbs/Month
|
1
!
2 ]
4 ,
Total A
Qutfall
1
2
3
Total
. *1
Rainfall 32,500,000 2. 44 667.8
!
. ; i *2 *3
in lake i\ Total Gallons Total FPM 1bs/Month Taotal PTM lbs/Month
T :
2.378,712,306 015 297.7 .04 740
*1 Rainfall - Chosphorus data not available NH, .48 PEM  No 4 1.96 PEM,
*2 Total P, = All orthophosphates, condensed, organic and inorganic species.
*3 : Kjeldahl Nitrates, Nitrites.
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Macrophvte,M/crophytes and Nutrient Ctilization

The period of greatest hiological activity occurs in a lake
or pond ecosystem during the months of July and sugust. 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 manv cases to be the lowest of the readings during the
vearly cycle.

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

1t is for this reason that nutrient readings taken in the spring
and fall overturn, in stratified lakes, are the real indicators of the
trophic cendition of the laxke, The late fall, winter, and early spring
readings for non-stratified bodies oflwater are the indicators of the

actual trophic condition of these lakes and ponds.
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YDROLOGY, GROUNDWATER GEZOLCGY

Nearly all of FPlymouth and parts of Carver, wareham, and 3Bourne
lie over an unconsolidated agquifer, "The Elymouth Aquifez”. his
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 rhe Carver soils. This combination of physical
factors endangers the water table. The general flow of the aguifer is

from northwest to the southwest.

There are two types of aquifers: the water rable (unconfined aguifer)(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 generally to the orotection of the other.

In an unconfined aquifer the water is under atmospheric pressure and the upper
saturated surface is known as the water tzble. The water table is responsible
to changes in the amount of stored water and fluctuates seasonally in response
ro 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 tzable in many kettlehcles in
Fivmouth, i.e. Island Pond, Sandy Pond, and Clear Pond. aAlso, the various
ponds (natural) spring fed, i.e., Little Herring into Great Herring Sea, (flow
data in Great Herring report), reflect a corresponding raising and lowering

of flow volume due to atmospheric racharge.

The rainfall in 1980 being 29.& inches, as against 42.5 normal, a defiecit of
13.1 inches., The deficit is reflected in gensral .lowering of the water level
in the various wettlenoles. Taus reflecting a variation of precipitatica in

2 corresponding lowering or raising of the water table,

-5l



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

See figure 2,for these interalations.

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

streams and swamps, ponds, lakes and the sea.

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

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

The velocity of flow of ground water may in any aquifer be as low as 10
feet per year and only in coarse material or fissures does the velocity
exceed 1 mile per year. Coupled with minimum rates of lateral and vertical
. diffussion, the low velocities of flow cause two significant conditions to
develop in ground water basins or streams. First, pollution that is being
added to the ground at one point may not affect the quality of water supplies
or water quality in surface waters at nearby points for many years, or at
distant points for decades, consequently, no complaints are registered and
no one may be aware of the damage being done. Second, when pollution is
finally discovered or when the quality of water is degraded, the damanged
cannot be repaired or otherwise rectified merely by stopping the pollution,
for purification by leaching and dilution will require a longer time than the
period of original pollution. Thus the speed of groundwater pollution depends
on many things but the primary self-evident conclusion is that soil types

govern a great deal the speed of contamination.
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ilell drained soils, CGeology, and potential aquifer Follution

Iavestigations of Childs 1972a, Childs 1972b, Dudley, and Stephenson
1973 show the soil problem areas.
1. Where coarse sands 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 drainec soils with high water tables.

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

water pollution problems. See figure 3.

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

L

of the consideration.

he 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 susceptadle

1M

in

tc grouncwater contamination. iHay of the lakes, ponds, and xettleholes
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FTivmouth are fed by aquifers and any nutrients transferred by this
means aids in the eutrophication of these systems. Long-range safe

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

GRCUMO-WATER
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Great South

HYDRAULIC PARAMETERS

Hydraulic Budget Gallens Liters Inches cm.
Precipitation 233,032,360 882,027,519  29.39 74,65
Inflow surface streams 211 gal./min.

tributaries

Inflow thru lake bottom
aquifer recharge

Evaporation 181,181,236 685,770,978 22,93 58,21

Flow thru surface cutlet

outfall 1.6 per day water supply.

Qutflow thru lake bottom

Hydraulic Residence Time

Flushing Rate

61~
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Great South

wg = milllon gallon

% Used Government dats (see Addenda)

HYDRAULIC PARANETERS  MONTHLY
Trib, 1 Trib. 2 Aquifer Rainfall Rainfall Qutfall Outfall LEvap. Evap. Lake Bottom T. Gain T, Loss
Inflow Loss

e e & (_inl lmm Glnllonﬂ G{‘ll‘lO'f-\B Inf:_h.ns Gallons Gallons Gallons Inches Gallons
CAuguse P — R .2 2 34.1 | 1 3.15 | _24.9
__September 3.8 | 30.1 _2.01 15.9
— e« i S 2.5 283, L7 | 1.6
, Dnssibey I SRR B % NPT SRS SVOFY: WO -
| - 4.36 | 348 0 0l —

Jamnary I N s e T e T e Vst i = 0 y S—
_February ol .88 6.9 ¢ 0 0 B
_Mareh O} 5.37 | 42.6 | _ i N B
.21 o 1) AR Y E— o 4.36 | 34. - . 15—y 2,78 | 22.0

May | _2.30 ] 18.2 { | ... 3,63 | 28,8

June i | SIS, I W N S— I (N ¥ & 5 S I IR
Haly = < 2,20 By (0 O DS - 6. 386 WSRO, (-

Aupust 1.55 12.1 3,231 256 A

September .83 | 6.6 . 213l.18.5 o i o -
_ getabere ol e o B 14 ] 32,8 SR T L. W % D S
_ Movember ... 3.01 } 23.9 .6 | 4.8 i
_ December [ . 97 | 7.7 S 0 TR SIS —

*Normal 42.52 inches
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GREAT SOUTH GEOLOGY

Soil Series Discussion

Carver soil series consist of excessively drained, nearly level to
steep sandy soils that formed in thick deposits of coarse, pebbly quartz
sand. 1In most places, Carver soils are coarse sand, but in some-places

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

B3

Water moves rapidly downward through the solum and underlying substratum.
These soils do not ratain sufficient moisture for good plant growth and

are extremely acid.

Carver soils ars excessively drained. &he permeability of Carver soils
is a rapid 6.3 inches per hour. This was the most rapid ecosystem
susceptible to groundwater contamination. Many of the lakes, pcndé and
kattleholes in Plymouth éounty are fed by aquifers and Little Long.is one
such example (see hydrologic information), and any nutrients transferred
by thié-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.

—6ly—



Gloucestar soils are extr

cleared for tillage.

Unmarked areas: WNo danger to aquifers with normal use.
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Soil Survey Map with Soil Legend
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Agewam fine sendy loam, silty suosail variear, Do 2

SOIL LEGEND

A

The first capiral lerrer is the initicl one of ffie sou name, A sacong

ccpital letrer, A, 3, C, D, or E,

shows fne siope. Symocls withour &

siape latter zre thosa of nearly level sails or lanc ryges.

NAME

Agawam fina sandy lsem, 9 ta I cercant sicoes
Agawam fina sandy loem, Jto 8 sercanr sicoes
5
gerz=nt slopes
Agawam fine sandy lcam, silty subsoil wariant, 3mwd
cercent sigoes -
Au Cres and ‘Nareham leamy sancs, O ro 5 percant sioges
Ay Gres and ‘Nareham lcamy scnds, J ta 3 cercent siooes

Zeigrade silt lsam, O ro 3 percanr siopes

Balgracde silt loam, 3 re 3 percent sicoes

Saernardsron silt leam, 3 to 8 sercanr siopes
Barmardston siit ioam, 4 ta 15 percent siooes
Serncrdsren very srony silt laam, 3 ta 8 percent slcoes
Qarnardstan very stony silt leam, 8 1o 25 percenr siopes
Qirdsell silt leam, 3 ra 3 percent sloges

Sarrow land, leemy matecial

Qarrew lard, sendy and grovally mararials

Srockron ioam, O ro I percanr slopes

Srocxton sxtrameiy stony laam, O ra I percanr sloges

Carver coarsa sand, O ro 3 aercant slapes

Zarver cocrse sand, 2 ro 8 gercant slapes

Carver cocrse sand, 3 to |19 sercent slopes
Czrver zoarse sand, 15 ro 33 gercenr slopes
Czrver laamy zoarse sand, O to 3 cercenr siopes
Carver laamy coarsa sand, J ro 3 sercenr siopes
Carver logmy esarsa sand, 3 1e 15 percenr sloces

Carvar 2nd Gloucesrer seils, 5 1o 23 percenr sloges

Caerfieid sandy loam, T ro 3 cercent sicoes
Ceartiald sandy loam, J ro 8 percant slogas
Cure tend and Czasral besch

Eatiald very fine sondy leam, O ro 3 gercanr slopes

Enfiald vary fine sancy loem, I to & gercanr siooes

Enfisld wary fine sandy loem, 3 ra |5 garcenr slooes

Zesax cocrse sandy loam, O 1e J percenr slcpes

Sesex =sarse sandy leam, I ts B gersent sicoes

Sisex czarse sendy 'oam, 3 ra |3 gercenr sicoes

Zssax very stony ssarsa sandy losm, 3 fe 3 sarcenr
sicoes

Essax very s7ony coarse sandy lcam, 3 ro 15 cercenr
sloges

Essex wery stany coarse sendy loam, 15 10 25 percear
slopes

Sisex exrramely stany coorse sandy leam, 3to 8
zarcenr siccas

Zxsex sxrramely sfony ccarse sancy loam, 21 25
percent siopes

Fresh warer marsh

Gioucesree fine sandy loam, firm subsrrarum, O ro 3
cercent sloces

Glaucesrar fine sandy loam, firm subsrratum, 3 1o 3
percen? sicpes

Gloucmsrar fine sandy leem, firm sugstrarum, 3 to 13
percent slopes

Gloucestar lcamy sand, O to 3 percanr slopas

Gloucester loamy send, 3 te 3 perzant sloges

Glaucester loamy sand, 8 ro 15 percenr sloces

Gleucasrer vary srany fine sandy laem, firm substrerum,
3 ts 3 percent sicoes

Gloucesrer vary stony fine sandy lcam, firm sugsrratum,
310 |3 cercant slcces

ne sandy loam, firm subsmarym,

Gloycesrer wary sfony
15 1q 25 zercanr slecas
Giaucester very srany loamy send, I re 3 sercenr slooes

- & e, |
Gloucesrar vary stany loamy sard, 3 rs 15 gerceanr sicoes
3 15

Gigucaarar axtramely stany logmy seng, = 7@ 02 sercent
sloces .

Sioucssrar axtramaly stony laemy sand, 13 1o 33 percant
sicoces
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NAME

Hinckiay gravelly loamy sand, O e 2
minckiay gravelly loamy sand, 312 3
Hinckley graveily loamy sand, 8 15 15 percent siopes
Hincitley grovally lcamy send, 15 13 3% gercenr sioces
Hollis=Charttan fine sancy leams, 3 ta 8 percenr slopes
Hoilis=Charttan very rocky fine sandy lcams, Jre 1S
seresnt siopes
Hailis—=Charltan exrremely rocky fine sandy loams,
3 to 15 perzent slopes

sercant sloces
sercenr siopes

Hellis=Cherlron extramely rocky fine sondy loams,
15 to 25 parcanr sicpes

Made land

Merrimae fine sandy leam, O ro J percent sloces
Merrimoe ‘ine sandy !cam, 3 ro 3 percent sloges
Merrimac fine sandy laam, 8 to 13 sercenr sloces
Marrimac sandy loam, O ro 3 percent slocas
Marrimac sandy loam, 3 ro 8 percenr siooes
Merrimac sandy ioam, 8 to 13 percanr slaces
Marrimac sanay leam, 13 ra 15 percenr slooes
Muek, snallaw

Muck, dean

Ninigret sendy loam, silty sugsail verianr, Qo
sercent slooes
Ninigrer sandy loem, silry sugscil varanr, Ire8
cercent slapes
Marweil sandy leam, O ro 3 sercanr sicoes
Nerweil sandy lgam, 3 re 3 cercenr slcoes
Norwell axtremely srary sandy loem, J ro 3 percent sicoes
Norwell axrremely srony sandy loam, J ta 3 percenr sioges

Pear
Pitrstown siit laam, O o & sercent slopes

Fitrstown very steny silt laam, 3 ta 1S gercenr sicoes

Qucnser sandy loam, O ta I ocercenr slopes
Zuonser sandy leam, 3 ro 3 percent sloces
Quanser sanay icam, 3 ra |15 percanr sloges
Tuenser sandy ioam, !9 ro 35 cercanr sicoes

Raynham siir lecam, O to I percenr siopes

Sacs very fine sandy loam

Sandea muck

Searoerc sandy loam, O te 3 cercenr slapes

Scarsere fine sandy loam, silty subseil veriaar, O ta 3
serzent slcoes

Sciruare sandy loam, 3 1o 1 percenr slopes

Sciruare sandy leam, 3 te 8 percent sicpes

Scituara very stony sandy leem, O ra J oercant sicoas

Scituate vary srany sandy laam, J rs 3 sercenr sioces

Sciruate axtremely sfony sandy foam, Q1o 3 perz=anr

oes

Secirucre exrremely sfony sandy leem, J 1o 8 percent
slcoes

Tidal mersh
Tisbury very fine sendy loam, O to 8 sercenr sicoes

‘WNalgolae fine sandy taam, silty subsail verianr, Q1o 2
percent sloces

Warwick fine sandy loam, O t= J percenr sloces

Warwick fine sandy loam, 3 to 3 percenr slopes

‘Narwick fine sanay loam, 8 ro 13 cercent slaces

Warwick very rocky fine sandy loam, J ra I35 parcenr
slocges

‘Windsor loamy scng, O ro J percanr slcoes

‘Nindsar loamy sand, 3 *a 2 serzen: sicces

Windser loamy send, 3 ro 15 cercenrt slooes

Nincsor leamy sand, 13 ro 35 oercent slopes
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Carver coarse sand 0 - 3 percent slopes
" N H 8 - 15 percent slopes

Carver and Gloucester soils, 8 - 35 percent slopes
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= Soil series very sensitive to groundwater pollution.
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{ ] l Soil series sensitive to groundwater pollution.
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GUIDELINES FOR REHABILITATION

OF

GREAT SOUTH POND

LONG RANGE CONTROL TECHNIQUES

IN-LAKE MANAGEMENT HETHODS



LONG RANGE CONTROL TECHNIQUES

1. Controlling Nutrient and Sediment Influx

2. Watershed Management

A, Non-Structural

B. Structural

-72-



NON-STRUCTURAL CONTROL TECHNIQUES

1. ZONING REGULATION

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

&EEMRETHEHP%MH@NGHEHTWGSﬁmES

1. NEAR SEORE
2. NEAR TRIBUTARIZS
3. IN FLCOD ELAINS

2. DEVELOBPMENT CONTROCL

A. RESTRICT DIVISION OF LaANL FOR BUILDLK: GR SETEL
B. LIMIT DEVELOPMENT IN EROSTON AREAS

C. LIMIT DEVELOEMENT IN 4REAS WHERE SOIL SHARACTERISTICS
PREVENT ADEQUATE ON-SITE WASTE DISEOS.L .

D. ENCOURAGE FORMS OF DEVELOPMENT WHICH
FACILITATE EFFECTIVE AND ECONOMIC WASLE
DISPOSAL PRACTICES AND PRESERVATION OF
NATURAL SPACES.

3. PHOSFHATE BAN



ZONING REGULATION

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

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

local governments:  watershed
aquifer
subdivisions
geptic systems
lake management
road salting
water conservation
carver sclil series and immediate lake enviroment

Lot 3izes 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 monitoring high goound water levels.

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

Building set-backs
State of 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 shorsline:
Use these areas as non-polluting recreation areas.

Restrict high pollution generating sources:
Especially in areas that could poasibly 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.

7y



NON-STRUCTURAL DEVELOPMENT CONTROL
DEVELOEMENT CONTROL

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

r
o
.

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

3. Any physical constraints

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

pollution.

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



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

1. recirculating toilets

2, gas incinerating toilets

3, electric incinerating toilets

4. composting toilets

S. chemical toilets

6. low water flush toilets

7. vacuum toilets

8. sewerless toilets

4 list of manufactursrs is included in the Addenda.

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

2. Very impermeable materials wher= effluent may become pconded
above horizons at short distances from point of ralazse.

3. In poorly drained soils with high water tzble.



VOLUNTARY ZHOSPUATE BaN

-
2

Though . few studies have teen made in depth, Teparts by Sawyer (32)
and Vollenweider (17) pertaining €o Wisconsin and Swiss lakes respectively
indicacte chat when inorganic nitTogen (zammoniz plus nitrates nitrgea) is

equal to or greatér than .3 mg/l and the orthophosphate is equal to or greater

than .0l mg/l, then the lake is likely to have excessive cCTops ol alg..o and

other aquatic plants.

A recent study meke in Vermont showed that all the lzkes so restad were founc
to be phosphqrous limited.

A Cormell rasearch tesam conducted 2 study of 13 lakes in centrzl Yew York -
this study led to a quantitacive exprassion of the ralation becween p.osphiorous

loading and concentrations of algzs.

Phosphorous in tuneff cccurs in 3 generzl foras!

09

1. Dissolved orgzaic

2. Dissolved inorganic
3. Particuluced

The dissolved phosphorous in both forms has i Zar more L2portd .-

influence on algal growch than has phosphorous which is actaci.ed

zo soil particles.

Sources of Dissolved Fhosphorous:
Sewage - 535%
Agricultural runoff - 18Z4

Forest runoff - 13%

_??_
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Most lzkas so studies are phaosphorous limitad, any reguction Iz Sas1l
phosphorous loading may slow their eutrophication. One sure method of
recducing phosphorous loading is ©o reduce the amount of phosphorous antering
water t:eatment‘facili:ias and domestic waste water Zacilities (septic systams)
as'phcspha:a detargents may <on -itute aver 50% of the phosphorous in domestic
was:awatars,.eliminating this source éan have a significant impact. Tae

solution is simple! stop using detergents with phosphates and use paosphate-

frse detergents.

A voluntary local ban or aven a stars wide ban of housahold laundry decargents

and cleaning fluids containing mOTE= than .5% phosphorous.

Advantageas:
1. Better water guality
2. Algze free lzkes and poads

3. No cost to state or town

Disadvantzges:
1. Thers may be a slight added cost ©2 consumer

2. Ring around the coller

1. Newspaper articles
2., Local radio

31, Town government .

Y

Tais is clazssified as 2 long-range contTol tachnigue but za immediat

ewscution Wwill iniczizte 2n in-lake comeback,
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STRUCTURAL CONTROL TECHNIQUES

DIVERSION

CONTROLLING NUTRIENT AND SEDIMENT INFLUX

a. Locating faulty septic systems
b. Flow reducing devices

c. Controlling nutrient and sediment influx

SOLL EROSION CONTROL

SANITARY LANDFILL LEACHATE

SEWERING

~7G=



The most frequently used zethod to reduca lake eutrophication is to

divert waste waters around or away from the lake.

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

;111 be encouraged by the state when: .

v
Wil

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

2. Nerouting of the inflow dees not have a significant negative
impact on the biota or hvdralogic cycle of the system, adiacent

wetlands or any 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-efiective.

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.
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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 enough to allow heavier sediment particles to settle to the bottom of
the basin. They can be constructed in various ways such as a dam forming

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

by a collar to collect trash. Periodically the basins must be attended as
they fill with sediments. Construction of basins of this type would be an
effective means of capturing sediments eroded from developed areas and
unpaved roads. On paved areas they are aimed at catching run-off contaminated

with oils and heavy metals.

Basins should be located in natural depressions to reduce construction cost
and diversion methods should be applied to direct run-off to these basins.
(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 gsediment 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 OT

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

At present, the traffic problem and storm water run-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

LOCATING FLULTY SEZETIC SYSTEMS ARCUND .GREAT SOUTH

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

problems hecause the dye may:

Ls

2.

4,

5.

6.

SEPTIC SNOOT

A
B.
c.

=)
.

L)

Have a long travel tirme.

React in the soil and lose its fluorescent charzeteristics
(£luorescent 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 detected
and the septic tank is allowed to continue poiluting.

Access problem

High cost

Many other small but complex problems.
ER

Minimal time

o access problem

Very simple in application
Low cost

Datz is more special and discriminating.

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

This is a very useZful 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.,
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LCHG RANGE CONTROL TECHNIQUES

FLOW REDUCING DEVICES

Host conventional homes are presently not equipped with water-saving
devices. These devices wvary 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 nrogram, 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 low cost, shouldmake this attractive to every homeowner
occupying home sites on the Carver soil series, expecially those in the

watershed areas.

-8l



SOIL ERCSION CONTROL

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

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

town can do this by:

1. Controlling land use.

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

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

All these factors lead to national erosicn control. Extensive lawn

and agricultural practices should be discouraged because of low moisture

retention and nutrient holding capacity. Ground cover native to area

should be encouraged.



SANITARY LANDFILL LEACHATE

Great South is not affected by sanitary landfill leachate.

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

2. Low metallic readings.

3. About 24,000 feet from landfill.
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SEWERTIUHNG

The ultimate aim of the Town of Plymouth or in fact any town sihould be z sewage
system. The Cornell study recommends; firstly, & ban on phospuate detergents,

then tertiary treatment of sewage plant effluent; however, sewage systems beyond

/
/
/

tertiary are being used for mineral stripping with the end result being nearly pure
water. This report deals with phosphorous removal, hence this position is only
secondary, however, with all factors being considered sewering should be considered

as an ultimate goal.

The State of Massachusetts would encourage sewering!

1. If septic system leachate is or will become » significant
contributor to the overazll nutrient flux of the lake or pond.
17 alternate methods of waste dispusal (l.e. no-dischzrge
waste disposal methods) are not available.

3, If the construction of a sewer systCem dces not encourages
srowth in the watershed which coulu lead to = significant
degradation of the environmenta! guality of the watzaritad

and lake ecosvstem.

I

-
=
e
e
-
n
v

The physical characteristics of the Plymouth soils; the number oI pond
and kettleholes being fed by deep aquifers and ground water, lzad to the comcl.sivn
ltimace goal should be a sewage system encoupassing The who

1

thzt th

®
=

tertiary treatmert system that would elimirate any Zuture dangar of contamine_lnn,
Eastern Massachusetts is presently plagued with outbranks ol even arte lin wos.
contaminzticn. Human waste and industrial contamination must be contained. 1o

cos: of such systems is great - buc the destruccion and polluiicn g clzan weuoer

1 be ¢

-

systems wi far greatasr cost to everycne. To clean coatamina

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

ara tantamounc.



¢ WASTE SYSTEMS

In areas where soil charac

foilowing alternatives sho

Non water-using toilets

The single most impertant non-point

mey well be nutriant loadi

results of the Billington

The prevalence of the Carv
line a t-rget of non-point

Eliminating toilet

svstems would significantcl

tli- problem of nutrient mi
Iz is recommended
g=0graphic sreas:
1. Islands
&, Existi.lg
3. On margi
Two recommnended sy
there are many otlher types
posting and incinerating ¢

Composting Toilets

Thers are a number

consist of a tougn plastic
units the decomuositicn of

teristics praevent adequate on-site waste disposal, the

uld be considered:

source of pollution in surZice waters

ng from shoreline subsurface sewage disposal systems. The

Sea groundwater sampling point dire:tly to this conclusion
er - Gloucester soil associetion mek2s not cunly the shore-
source nutrient loading, but pessibly the en.ire witershed.

discharge as a contributing factor to subsuriace disposal
y reduce both the proolem of malfurnctioning s¥stems And
gration into ground and surfiice walecs
:hat non water usinyg toilets be use’ che o lleowing
development adjacent to suriace waters,
nal socils where groundwat.r pollution would te & danger.
stems are! composting toilets and incinerating toilels;

sueh as vacuum toilets, clhemical toilets, at¢. but con-

=

cilets are

of composting toilets on the market (see add=nda) buc mosc

container in which compostable wnsces are placed, ia some
the wasts is vy 2 heating coil et the buasz of



[

the unit and aeration from & fan, which draws air through the compost and out a vent

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

functiocs intermittently depending on room Cemperature.

-

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

NH

surface disposal system could reduce the amount of nutrient pollution 30-50% depending

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

A system for 2 family of 5-6, can be purchased for about 3700 and has aa

operating cost o $6.00 - $7.00 per month.

Incinerating Tcilets

Thase toilets consist of a cabinet similar to 1 conventional toilet woich

re
r
o
U
0l
T
{

u' s propane or natural gas to incinerate the was:ze and an axhkzust Eaco
scas out the exhaust vent. The incinerating cycle is contrniled by & presec Cimer
ard lasts 15 - 20 minutes. Periodically the mineral ash in the Zirsbox musi o

cleaned by a vacuum clezner. One tnit can service up to 12 people on a Iull-tinae

&)

basis. lhe unirt is easily installed, requiring only zas an aluctrical con:. D. Lonas

ana the atzachment of & vent pipe to the outside.

The price for an incinerating toilec is about 3600.00 plus delivecy end
installation charges. Operating costs using bottled gas woula be about & cents per

incineration cvcie or about $45.00 a moath Zor & family of 5.

Another system which uses zir instead of water for the transpyoact of seunge
from the toilet is recommended for further study. The vacuum s¥stem uses only 3 pints

of water per flush rather than the conventional %4-6 gallons per

reduced volume of liquid, the sewage is collected in = holding tank and transpertec

r

to an existing trestment plent.
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IN-IAXKE MANAGEMENT METHODS

CONTROL OF MACROPHYTES AND MICROPHYTES BY HARVESTING

REDUCTION OF MOTOR BOAT USE

CHEMICAL INACTIVATION OF NUTRIENTS

CHEMICAL CONTROL VIA ALGICIDES AND HERBICIDES

LAKE BOTTOM SEALING

DRAWDCWN

BIOLOGICAL METHODS

a. Herbivorous fish

b. Biomanipulation

DILUTION

AERATION AND MIXING OF WATER

DREDGING
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Aquatic pl

management in lakes or bays v

MACROPHYTE HAKVESTING

nt harvesting is a widely used techni

with excessive local plant growths.

it invclves three stages to be at maximum efficiency.

Cutting
Collecting
A, Harvestcing machines sffective out

(=4
=]
contour line both
with a por

Disposzal

4. Front-end loader and dump truck ha
process. Disposal can become diff

when submersed aquatic plants &pp

. wet weight and contain 3.2 lbs./a
(MacKenthun and Ingrzm) Large ar
disposal and Plymouth has ample sa
bank erosion arsas which could bene

of the harvested materizl.

DVANTAGES

:ion of the rootad mass.

m 0 "

g & 5 fog

t
harvest and collect plants Ctoge

chez
ndle cthe disposal
icuig, howevsr,
oach 7 -ons/acTe
re phosphorous.
as ~re needed for
nd w-nes and sand
fic from spreading

1. The primary advantage is that it is an ecologicall,
elegent solution to nuisance planc contro-:. Mucricacs
zre rsmoved Irom the zquatic scosystem 2a. ..Te not racyclee
through bacterial decomposition ot dead meczer., crurther
growth may become impaired or even iimited by the removal
of macro-nutriencs (phosphates, nitrates, J.rbon, eca.)

2. No chemiczls are added te the agu.tic unvirormment.

3. No'closing'" of the lake.

A, Incervals of up to 2 weeks «@re nucessary Wit
chemical applicaticn.

£, No lowaring of dissolved oxygen.

5. Controls z2ll species

A, Chemicals have rasistant speciszs procilem.
¢. No build-up of detritus.

. .



DISADVANTAGES

1. Cost: $300 per acre was average cost in State '7%9
nrogram. Tlowns must also assume cost of disposal.

2. Iffective only to depth of 5 feet.

1

3. Does not harvest all roots.
A. Manv aguatic plants reproduce by rhizome as well
as seed and root.
The aquatic plant harvesting program is reconmended for Little Leng
Pond, not only for the above advantages hut also because most disadvantages

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

Shert f£lusi tipe

aA. Suspended material would be flushed out of the aquatic
systemn.
Denth

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

Relatively smooth bottom

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

Elodea

£

A. The target species is susceptible to sfficient harvesting.

Disposal

A. Dune stabilization
3. Erosion control

Recreation
4. Lake is immediately available Zor recreation.

Rental Cost:

1980 state bid average cost $250/acre.

a. Town attends to disposal.

DEZGE Eutrophicaticn and aquatic Vegetation Control Program

mall Chub - $12,90C
railer 1,250
Capable of 1 - 2 acres/day, 2 man crew, manual opeTation
H-400 22,000

J
a

- &4 acres per day, l man cTew, hydraulic ogpesratio

aquamarine Corp. \aukeska, Wise.
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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 cutboard manufacturers have included a
recycling device to reduce discharge or unused gasoline
and oil.

B, Older engines manufactured before 1972 release as high
as 507 unburned fuel mixtures.

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

1. There is no significant adverse aquatic life impact.

3, Most volatile aromatic constituents of gasoline and oil
evaporate.

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

Most of the data gather by these studies indicates no firm support for
either complete restrictiom, OT 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 minoT.
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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 iron 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 inactivat%on of essentizl nutrients in the
water column if:

1. 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 Co promota moderate to
excessive algal growcth.

5. When nutrient loading from the watershed is not sufficieat €0
promote eutrophic conditions in the pond without the concribution
of internal nutrientc loading. '

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

methods.

8l



CHEMICAL CONTRGL 23Y ALGICIDES ANy HEZHRICLDES

Herbicide centrol should
Chemical control of algae might have to be used until suggesied programs
are implemented, particularly if algae blooms render

undesirable for recreation purposes, State aid can be applied for through

the Department of Environmental Quality EZngineering.

Three necessary conditions are:
b 4 L] n-ﬂo O
1. Midday water temperatures do not exceed £/ C (80°F)

2. Dissclved oxvgen within 2 neters of surface is abave
4,0 mg/l.

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

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

sediments to hold nutrients.

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

A recent effort has been in Thirty-Acre FPond, 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 narticipation in such a project. The
state would consider sealing if the following conditions prevailed:

1. 1f drawdown is possible.

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

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

4. 1f considerable groundwater seepage does not occur.

Generally, the state prefers chemical sealants over physical.
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Little Long has

Phvsical sealants:

A. Plastic Sheeting

1. perforated

2. non-perforatad

B. Rubber liners:

Chemical sealants:

A, Clays
B. Zeolites

C. Flyash

too much ground water influence Co consicer

The high f£lush rate is one oflittle Long's greatest assets and

cained at any cost.

e

‘sealing methous.

should be main-




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 1f 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 comsider 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.



Lake Level Drawdown

Lake level drawdown is a multipurposed lake improvement technique.

1t has been used to attempt control of nuisance rootead plants, to
manage fish, to consolidate floeculent sediments by dewatering, to
provide access to dams, docks and shoreline stabilizing structures

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

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

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

of lake sediments.

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

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

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

closing dam until too late in the season.

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

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

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

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.)

fny use of biological control methods must be approved by tuac Divisioa of Fish
and Wildlife. The use of biologiczl controls on excessive spoiils = SifSe -nd
macropuyces ha= not teen developed to the point whurs any pucantially effsctive

agents are likely to be Zound in the near Zuture.
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Herbivorous Fish

The Mozambique Mouth-brooder has been suggested as possible controls of
algae and certain rooted plants. The species thrive only in warm water
(greater than 10°C or 55°F). 1t has become a nuisance in Florida where
it was introduced to test it's ability to control rooted plants -- it's

use has been discontinued.

The White Amur 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 eycling 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 experimentai purposes. Herbivorous
fish may become an important tool in plant control, but the present wide-
spread shipment and use of Grass Carp is being done without sufficent
knowledge of possible adverse effects and should be stopped until more

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

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

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

control algae growth.

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

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

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

exotic fish and could improve water clarity and sport fishing.

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

problems of aligatorweed and water hyacinths.
The journal of aquatic plant management of Fort Meyors, Florida has published

many articles on biomanipulation advances for control of both water hyacinths

and alligatorweed.
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Diluticn 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. Dilutien simply decreases the lake waters
nutrient concentrations. The advantage of dilution is that many nutrients

as well as plants are removed from 2 lake when it is Zflushed out.

1. Sufficient quantities of low-putrient water may not be
available for such a project.

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

3. Cost problem on pumping in dilution 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 directly
or indirectly into the lake.

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

©~

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

No clearcut advantage could be gained by using this methed for two reasons:
1. No significant scurce 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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contral. Maintenance of zerobic conditions may also affec

exchange within the lake,

Total aeration would not be encouraged by the state if zeration

techniques would de-stratify a lake,

Hvnolimnetic aeration increases the oxygen content of a lake without

.

de-stratifying the lale.

Fesitive Lffects:

1, Reduction in sediment/water nutrient exchange.

2. Increased habitat for f£ish, zooplankion, and
benthic fauna.

Hvpolimnetic aeration would be encouraged by the state when!

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

2. “here concentrations of D0 in the hypolimnion arz les
than 3.0 =g/l and are not the result of naturzl sor
or ground water seepage.

(Dissclved oxygen in Great Southis never this low;

dissolved oxygen in fars leading inte Great South
is relatively high).
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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.



Dradging removes nutTient rich sediments

DREDGING

water areas. A lake's annual process of salf-fertilization and subsequenC

of nutrients Srom sediments to overlying waters may, for some lakes, be om

primary sources of the lakes nutrients.

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

and rooted aquatic plants from shallow

ralease

e of the

in sediments.

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

lation of vears of settled organic matarials. Some nutrients may be racir

within the watar mass and furnish fcod for a new crop of organic growth.

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

The state encourages dredging if:

L.

Nutrient loading is not from external sources.
Removing substrate would promots plant growth.
Sediments are important source of nutrients.

Vo toxic sediments are released during dredging.
Dredging will not increase watsr turbidity.
Dredged areas are less than 15 Zeet deep.

Does not affsct downstTeam wetlands.

Dredged sediments do not pose & health ot environmental problem.

Some problems encouncarad in dredging:

Nutrient content does not change drastically.

The bduffering capacity of a lade to extarnzl changes in nutrien
loadings may be lowered.
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4, Resuspension of fine particle and plant nutrients.

5. Toxic substnaces may be released in water coler.

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

7. Disposal site - discharge problems

Morze's Pond in Wellesley has been dredged afiter 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 2 costly, chancey methed is used, the more pcsitive, long-

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

as recommended in this report.
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ENVIRCHMENTAL IMPACT

Land Use

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

fhysieal
Yo construction other than sediment Lasins.

Air Quality

No effect, no diversion, dredging or construction.
Aquatic Life

Fish or aquatic organisms - no adverse effect, possible beneiicial
efifects.

Cultural Impact
None.
Zconoric Eavironment
Hone.

Xesource Impact
lone.

Energy Use
Not applicable.

Social Znvironment
Beneficial, better water quality

Displacement of Feople

!':O .
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Changes in Noise Levels
None.

Effect on Flood Plain, Management or Wetlands

None.

Dredging and Other Channel, 3ed or Shoreline Modificaticns

Mone.

Feasible Alternatives to Proposed Project

tone.,
Other Necessary Mitigative Measures

None.

Will the project adversely affect short term or long term

ambient air quality? .......... . No.
Will project be located in flood plain? ..........HNo.
Will structures be constructed in flocod plain? .........NO.

Will the project have a significant adverse effect on fish and

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

Are there other measures not previously discussed which are necessary

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



) 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 phospﬁate ban should take place immediately
Sediment basins - engineering study by D.P.W.

Construction of non-water using toillets ;here needed
Water-saving devices to be used

Street cleaﬁing 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 cutwash 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.

-110-



The following data will provide the Town of Plymouth with necessary
information to justify application to the U.S. Environmental Protection
Agency for 50% matching funds to conduct the proposed programs, as
authorized by Section 314 of the Federal Water Follution Control Act

Amendments of 1972 (PL 92-500)

The preceeding report has established:

1. Water quality of Little Long Pond
2, Lake restoration procedures

3. Environment Impacts
4, Expected results

5. Management FPlans

Funding by the Commonwealth of Massachusetts:

722-1969 - DEQE amended general laws
Chapter 40, Section 5 and Chapter 111, 5%

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

most used ponds in South Zastern Massachusetts.
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The following datz will provide the Town of Plymouth with necassary information to

2

justify application to the U.S. Eavironmentzl Protaction dgency Zor 50% aatching funds

co conduct the proposed programs, as authorized by Section 314 of the Federal Water

Pollution Control Act Amendments of 1972 (PL92-500)

The precsading report has established:

-bha
1. Water quality of .
2, Lake restoration procadures
3., Environment Lmpacts
4. Expectad resulﬁs

5. Ma:agement Plans

Funding by the Commonwezlth of Massachusetts:

722-1969- DEQE amended general laws
Caaptar 40, Section 5 and Chapter lll, 5F
(4 copy of this act is included in Addenda)
This usually covers chemical control and nasvesting of aquati. auisances,
Chapzer 91 under DEQE, Watarﬁays Div., is for dredging nraograms
208 covers sewage construction.
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Revision of Pollution Definition

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

pollution standards.

i GENERAL GUIDELTINES

i » Permissible Levels Critdiecal

: Total phosphorous mg/l .025 .04
Orthophosohorous mg/l .004 . .01
Organic Nitrogen mg/l .20 ‘ .40

Ammonia mg/l .02 .05

é Nitrate mg/l .10 . ¥25

% Nitrite mg/l less than .00l - .002

: Inorganic Nitrogen mg/l _ 12 | .30

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

und would redefine pollution as it is generally understcod.
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SIATE/LOCAL PROGRANS

STATE LEVEL! MARYLAND
DUPANPMENT OF NATUNAL NESOURCES

Wontlor Nesourcos Adminlatration

—.c_:==r=rMMIHMWNm=E Wcmmwmww: zosumzngrcmrccchqbu
clully dosTgnated Lo adnlnisfor 314 Cloun Lukes upplicatlons
and 314 Clean Lakes granls from the Eanvironmenlal Protectlon
Agency. The Water Nesources Adminlstretlion hns been Involved
with 200 Planning and gsomo of the 208 Neglonal Planning Cowm-
misslony have applled for and received 311 Cloun Lnkes fund-
Ing. At the present tilme, lhe local project sponsor la re-
quired Lo provide malching sonlos,

Conboect: Haryland Departmont of Natural Resources, Water
Nusources Adwminlalration, Tawee State Office Dulldlng,
Annupolls, Maryland 21401, (301) 200-2224.

2. Progrum Open 8pace. The Dupartment of Hatural Hesources
providos Tlnanelal hasslatunce In the form of grants (formuls
sllotment) to local governmental unlis for tho dovelopment
of park and recreationnl facilities. Halfl Lhe monley re-
colvod by Lhe local communlty moy be used for land acqulusl-
tlon nnd half for recrentlonal development. A 25% mnatch Ia
requlred of the local sponsor on Lhe portlon Lhal npplles

to recrueational development. HNo matceh s regulred on Lhe
portion for land acqulslitlon.

Contacl: Apprupriate county offleco or Muryland Departmont
of Haturanl Rosourvces, Progrum Open Bpace, Tawes Blute Offlce
Nullding, Annapolis, Maryland 31401,

YTATE DEPARTHENT OF NEALTH

}. Watoer, Tco wnd Sewerpge Program, Thile program provides
grunta 1o countles and munTcipulltTos for sewage and contynl
pourcoe system dovolopmont. Monles sre to bu used to providae
nomptehiling funding for the fedornl Sowwage Conslructlion
Grunly Progrum (projocts muut quulify for federnl ald),

Tha stale will cost share 60F (Lhu olher 60T to bo providod
by Lhe Jocnl sponsor) of the nonfedernlly funded povtion of
project cosls on n 7640 fodoral grant and 75%/25% (ulale/
Jocnl) on s BHE foderal grant.

Contner: Maryland State Departmont of Honlth.

STATE/LOCAL I'ROGRAMS

STATE LEVEL: HASSACHUSETTS
DEPANTMENT OF EHNVIGONMENTAL QUALITY ENGINLENING

Divialon of Woalerwaya

1. Eutrophicantlon and NHulsunco Aquatie Vegetatlon Control
Program, This program Involves a preapplicatlion and tlnal
application process In order for a community to recelve
funds for controllling u problem In tholr luke. Fuormerly n
slmple wead control program, thie progrum now glves firet
priorlty to projocts which seek Lo solve the eutrophicallon
problem at i1te source, The complete span of restoration
technlquea are oligible for funding (aboul $120,000 avail-
able statowlde during FY 80)., The usuul applicant is a alty
or Lown through the board of sslectmen, conservation commls-
alon, benllh departmunt, ote. 7This program i&8 expucted to
be tranasferred to the Dilvialon of Water Pullutlon Control

In ordor to consolldate and coordinate all lake functlouns
stute-wlde.

Contuct: ::n::n::monpz.Emt-wwiczn of Environmentnl Quality
Englooering, Divisilon of Walarways, Room 632, 100 Nashua
Sireot, Doslon, Mussachusotte 02114, (617) 727-4797.

Divislon of Wnter Pollution Contral (314 doeslgnaled agency)
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atute’s awn program, ban—ﬂmﬁﬁon tneludo stotewlde loke
clawalflcation studlea, diagnostic-fenuslbillly studles,
waloer ueslstance rescarch toum surveye (WART strikeos), 314
coordinntion and project applicetlon adminiatrution, limno-
loglenl data publication, slate project prlorily lleting,
lake nepocintlon asslstance, cvordinntion of federnl-state-
local lake rehnbilitation efforts, and rolated sctivitlea,
Loglolation presontly under revijew, i€ succesaful, wonld
provide up lo $2,000,000 in state matching funde for 314
projocts au woll asn provide a flrm leglaelativo mandate for
adninlsloring a slutewldo lnkes program,

Contact: Musunchunotts Departmunt of Environmentnl Quality
Englnooring, Divislon of ¥ator loflution Control, P, O. Dox
G646, Wonlborough, Massnchusotte 01581, (617) 168-0101.

| Wotar Pollution Contyol Program (Ch. 21,

: Ia program provides granla Lo pubile entltlus
representing sovornl munlelpalition for reglonal sewnge aod
wuler pollutlon abatomont planning. Granls sre pot Lo ex-

ceed $15,000 por public entity,

Contuct: Massnchusctis Dupartmont of Envirowwmental Quality
Englnooving, Divislon of Water Pollutlon Control, 110 Tre-
mont lrovot, Doston, Messachuseils 02108,
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muut be ubmlittod according Lo dutovs ostablionhed hy the
vuglonal EPA wdalnistratore. Approval or disapproval time
wormally lu 46 daya.

Coutuct; Informmtion nay be oblalnod from Lhe roglonal
EI'A offlcon,

4. dtate Undorground Waler HBource Protectlon Vrogram
Granta, Undoy th1a program prolect granls ara avallanle
for the dovolopment and lmplomontalion of undorground
Injoct ton control programs mdoquate ta enforce tho requlre-
monly of tho uvlete drinking water sct, Fodoral wsseslstunce
le lmitlod to 76 percont of slliglble coslan, not Lo exceod
the stulo allotment, Thiw program fu consldered asullable
for jolul funding with closely roluted fodoral fInancial
asdlatunce programse In accordance with OMD Clreculer Ho.
A-111, FY BO estimulod obligationa are $7,703,000.

Otule sgencles denignated by the governor ov the chief
oxvcut lvu offlcer by one of the states, the Dlstrict of
Columbin or any of the U.8, tervitorlos or posussalons
which hns beon liated by the EPA adalnlulralor as vequir-
tug an undorground injoctlon control program nre ellglhle
for fundling undor thle program.

Proupplicatlon coordinatfon with appropriate roglooel

of flceu 1a voconmoended., Grant appllcations sro oubimltted
to Lhe appropriate FI'A reglonal adailnlatrator. Appllca-
tltons ure pubjoot to wlate snd arcawlde clearinghouse
roview., Approval or dloepprovel Llme la rpproximatoely

45 daye.,

Contect; Applicants should conlact thoe approprinlae EPFA
reglonal offlce fur informutlion concerning thiu program.

6. Bolld and Huzeydoua Wuste Munwgomont Progrum Support
Gyanls_  Formula granta and pro]acf granto uro svallable to
naalat tn the dovolopmont and Implomental fon of stute wnd
local programy and support rural and spoclal communittion in
programe and projocts leading Lo the solutlon of solld
wutilo munsgemont problems.  Asolutunce Includus support

of fuallity pluoning, fousibillly afudlos, oxperl consul-
tatlon, uurvoys and analysle of markoel nseds, mnrkotling of
rocovored rosources, technology sasvasment, legnl oxponsos,
conulvuclion forsibllity wtudlos, sourco preparullon pro-
Jocta, nnd flacal or sconomle lavostigullon or studloes,
Funda may bo used by spoclal communition for converslon,
toprovewment or consollidution of axjutllng solld wasloe dle-
pounl fucllitlos or for constructlon of now faclliitlon,
Austutunce ls uloo avatlublo Lo low populat lon munlcelpal-
Itice (ov cloulng or upgradling oxtating open dumps or

mooling regulremunts of roeslrictions on opon buvnlng or
olhor rogqulremente arlelng under the Cloan Alr Act or thoe
Fodoraul Water Pollutlon Control Act. This progrum le con-
sldorod sulluble for jolnt funding with closoly volatod
fodorul flumnclul assistance programa in wccordence with
OB Clrcular Ho. A-111. The federal shure of a project

may bo up toe 76 percont although 100 percent may bo funded
for conducting Inventories of opun dumpa. Flunncial svsis-
tunco has rangod from $71,800 to $1,310,200 wilh an aver-
ngo of $260,000. FY B0 selimuled obligatlions aroe

$06, 050,000, 8lute and subutate solld wunle ngenclea,
authoritlos and orgunizatlona In all statea, the Dlalrict
of Columbla, Puerto Itlco, tho Virgin lolands, Guam, Amuyi-
can Bumou, and Lhe Uarfana falands are eligible for fundling
under thls project. '

The standurd appllicatlion forma furnlshoed by the agouwcy uare
roquired for thie progrum. Prospplications for roesouyce
conuservat lon and rocovoery prujuuiu are sollclted in the
Commerco Nuuiness Dully wad svaluated with published crl-
lterla. luquests for appllcatlon forms snd completod appli-
callons mre sulwmiited to Lhe approprieto EPA reglonal
grunte administratlon offlce. The ataff at the spproprlate
offfce lu avalluble to ssslet lu prepavatlon of the esppli-
cutlon. Appllcaltione are subjectud to admintulvutlive
ovaluatlon to determlne adeguncy In velation Lo grenl rogu-
lallona and to technlcal wnd program ovaluatlon. Approvnl
or diunpproval tlms rungee from 30 to 00 duye depending
upon the Lype of application. Appllcations ars subject to
alnte nnd areawlde clearlnghouse review, Environmontael
tupact ansessments may be roquired for lmplemuntation pro-
Jocts tnvolving major conslruction or sitlong.

Contact: Information may be obtulned from the appropriale
EPA reglonnl adminlstretor.

0. Solid Woste Monsmgenmont Dunonstretlon Qranls., Projoct
grun e are nvallubie o promote tho demonsintlon und appll-
cullon of solld wasle manegoment and resource recovery
tochnology und asslstunce which presorve end onhance lho
quality ol the environment nnd conserve rovources and lo
conducl 8018d wauto manngoment and roscurce recovery sludlos,
favout lgntlons and vurveya. This progrum de conslderod
sullable Tor jolnl funding with closely relatod fedoral
flounciul asslelunce progrums In accordunce with OMD Clr-
cular Ho. A-111. Rusource rocovery systom demonstratlon
projects may ba funded up lto 76 purcunt by tble fodoral
pragrum. Condtrucltlon of now or lmproved nolld waaste
dluposul fucklitlos sorving an aroa of only ono munlel-
pulily may ba funded up to BO porcont of oliglible project
cotlu, or 16 percent In any olhur canca,

unto, tntorstato, munleclipnl, Intormnlcipal, or other
pubilic nuthorittes and wgenclos aro avallable for the varid-
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oun compunenta of Lhla progruem, “In addition, publlo or
private collogea and unfvarultios and private nonproflt
ugenelou and fnstlitutlonsa aro avalluble for Lhoe resource
recovary systems demonstrallon projoctse or for Lthe con-
struction of now or Improved solld waste dispounl fuchl-
fLiesu. All wtates, the Blstrict of Colwublia, Puovto Rico,
the Virgle folande, Guam, Amorfcan Samou, and Lthe northern
Maviunn lolands arve eliglble for navlutunce under thla
lll'ﬂ“ viun.

Stundurd spplication forma are furnfshod by the agency

for Lhila program. lNegueats for applleatlon Tovms sud com-
plotod applicatlons are aubmlitlod to the Enviroumental
Protection Agoncy, Grants Admlnlatration Diviston. Appli-
enlions nro oubjeol to stale and eroawlde clearinghouse
ruviow. An environmental impact ssssssmont Lo requiroed
only for wajor demonastration and consltructlon projects.
Approval or dleapproval tlme normally tukea 00 duys.

Contwnul: Informatton may be obtatned from Lho appropriate
EPA roglonnl offlce.

OFFICE OF NEJEANCH AN) DEVELAOPHENT

1. Environmenital Protectlon - Consoltdrted flesvurch {runts.
Projecl granis are avallable under thla program to support
rewearch to detarmine the environmoental affects mnd control
roqulremonts assoclptod with enorgy, to kdontify, develop
nnj domonutrute neceanury pollutfon control techulques gud
Lo ovaluatle Lhe aconomio mnd aoclal consoquences ol aller-
nutlve strategles for pollullon control of energy syatoms.
Grunte may Aluo be used to enplore and devalop atraloglos
wnd mochantsms for those In the economle, soclul, govern-
montal, and environmental syslems to uuo in onvivonmenlsal
wanngement.  Thls program fe eultable for joinl fundling
with clogely related fedorml Iinanclal epulstance progrumy
In swccordunce with OMB Clrcular Ho. A-111. Projucls must
bo cout wharud ul a minlmuwa of 6 porcent. Floanclal ansla-
tance hus ranged from $1,000 Lo $1,810,600. FY 70 nverago
flnuncinl suslotonce wan $00,2304. FY B0 estimatoed oblliga-
Lionu are 320,000,000 for granta. This program lu avall-
ulloe for publie und private uteale uplverultles unid collegen,
houpltulu, laboratorios, stete and locul govornmont depart-
monts, other publlc or privule nonprofit Inatituttons, and
Individunts wha bave demonslrated unusanlly hlgh welontliile
wbilltly. [IL lo svallablo to osch stute, tovrltory and
posnension of tho Ualtod HSlatos tncluding Lhe Dltrict of
Columbln,

Prosppl leation dlscusolons with the EVA progrum offtce 1w
wdvinahle, Htunderd appllentlion forms puut bo nood.
Negquuntys for spplicatlon formn wud compluted appllcationy

munt Lo submittod Lo the EPA tranto Adamlontueteat ton BDivielon.
An onvirounmoulal lmpuct mascuumont ta vogqulvod. Approval
or dluapproval vormnlly teakos 00 duyas,

Contuct: Individunla are epcoursgod to communlcecutu with

the sppropriate EPA roglonal offico.  For informallan on
grant applications wad procedurca, conlect thoe Envivoumentaul
Preoloct lon Agoncy, Granls Adminlalblyatjon Divislon; PH-218,
Yoauhington, D.C, 20400, For pryogram laformmtion, cuntact
thoe Environmontel Protoctlon Agoency, Offlco of lNesourch mnd

Dovoelopmant, ND-074, Washlogton, D.C, 204680, (202) T66-
B87487.

2, gg!ld“anln Disposal Nesearch Granta, FProjoctl granle
arvo avalTabia fo prumntn and Buppnr[ the coovdination of
regsoearch and devolopment [n the area of colluction, slorage,
ulillzatlon, and srlvage or [lnal disposal of solld wastoe.
Thu progrum ls conslderod sullable for jJolnt funding with
closcly rulutod fodaral finenalnl ansislance programae In
nccordance with OMD Clroular Ho, A-111. Thoue grauts
requlire u minlnmm of 8 porcent cosl sharing., Flunancial
nuslslrnce has rangod from $16,000 to $350,000 with en

got lmated avernge In FY 78 of §80,000, FY 80 cutimalod
obligatlons are $2,600,000 for grantas.

The progrum le avallable (o publle or privete agencles;
public, private, elate unfvernitles und collugos; stale

and local governmonte; and Individuals In ench etate, Lorrl-
tory and possveulon ol Lhe U. 3. lncluding the Dialtrilct of
Columbla.

Proapplicat ton dlecuwslon wlth tho EPA progeam Ie adviuable.
lequustas for regqulred alundard spplication forms and com-
ploted appllcut fone omaet be submilted to tho EFA Uranta
Adminlutrat lon Divislon., An envirunmontal lwpact asuons-
montl o required. The range of approvel or dlsnpprovel
timo la D0 days,

Contact: Individusle are enoouraged (o communlceato with
the wpproprinte EPA reglonrl offlco. Informmtion concern-
lng gvant uppllcutlons and proceduroa may be obtuined from
Environmental Protection Agency, Oranla Admlnlstraljon
Diviston, PU-210, Wanhluglon, D.C. 20400. Progrom Infor-
mutlon may be oblnined from the EBuvironmontnl Protlectlon
Agency, Offlev of Nosonrch and Dovelopmont, ND-074, Wasah-
tnglon, D.C. 20400, (203) 7T65-8787.

d. Water Pollution Coptyel Rosoarch, Dovelopmunt and
Domonairallon Granls, BProjoct granls aroc avallabla under
e program 1o aupport and promote the coordinetion and
anccolerat lon of vowenrch, dovelopmont, and domonnutrut lon

projucty reluting to Lhe counsuvs, offocly, oxtont, proevapn-
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Clean Lakes Program

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

Funding preferences will be given to projects which eliminate pollutant
sources and reduce pollutant loading in contrast to projects relying solely
on in-lake activities to ameliorate the symptoms of lake degradation with-
out attacking it's causes. E.P.A. emphasizes lake watershed management

in making funding decisions.

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

techniques are important lake restoration tools in two situations.

Lakes which have problems of excessive shallowness and rooted aquatic

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

a combination of procedures may prove to be most beneficial.

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

2. When material accumulated in the lake constitutes a significant

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

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

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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Tne Clean Likes Progdram

-
-

Section 314 of =he Federal Watar Pollution Contral Act Amendments of
1972 (Public Law 92-500)* directed the Unitad Statas Envircnmental Protaction
Agency ta assist the States in contralling sourcas of pollution wnich affact
sqe quality of freshwater lakes, and in restoring lakes wnhich have detar-
jorated in quality. EPA is fulfilling this mandata with the Clean Lakes
Program; which provides tachnical and financial assistancs to the Statess to:

1. Classify publicly owned freshwater lakes accarding ta tro-
phic condition;

£ Conduct diagnostic studies of specitic publicly owned lakas, and
develgp faasible pollutien control and restaraticn programs for
them; '

3. Implement laks restoration and palluticn cantrol projects.

Assistance is made availzhle te the States thrgugh the EPA Regicnal

o

FFicas in =he form of cooperative agreements. Becausa program funds are

—

imizad, and the number of publicly owned lakes with sresant or geotantial
watar quality problems is large, dawards must De made salectively. Projects
chasan for funding ars thosa which maximize public Benerits. Such projects
meet three general critaria.

Firsz, projected public benefits must De significant. A laka to Be
s*udied and restored ar protactad should be one wnich can provide seneficial
usas to a large number of people.

Secsnd, the watar quality improvement must Ce leng term, %o insurs
lasting benefits. EPA will not supoors restoraticn measures wnich mersly
ameliarats symotzms of poilutien in a Take. [nst2ad, the Agancy smpghasizss
watarshed management -- 2 comershensive affore to identify and eiliminats
srasant or potzmtial causas of lake water gquality detarioration. Poiluticn
is %o Gte cantralled at i%s sourcs, not in the lake. When poliytant sourcas

*Ngw known as the Clean Watar Acs of 1877 (P.L. 98-217).

/
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are being controlled, however, in-laks restoration teschniques to spesad
recovery are also eligible for funding.

Finally, projects should promote intagratsd, coordinated water quality
management. Other Federal, State and local programs can supplement the Clean
Lakes Program. For example, the 201 Constructicn Grants Program can comple-
memt ‘a lake restoration agreement by helping municipalities eliminate poliu-
tion from domestic sewage. U.S. Department of Agriculture assistancs is
available to farmers to implement agricultural pollution control measures,
supplementing Clean Lakss Program watershed management. Cempining watsar
quality management resources in this way enhancas the gffectiveness of

axpendi tures under any single program.
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) THE CLEAN LAKES PROGRAM

This sac=ieon is summarizss the Clean Lakes Preogram -- 113 egislatﬁve-
basis, requlations, program deseripticn, application proc=dures, and resulis

Lagislative Basis

Section 314 of the Clean Watar Act of 1977 is the legislative basis
fop the Clean Liakes Pragram.

SEC. 314,

(2) Each State shall prepare or es=ablish, and submit to the Adminis-
#pator For his approval - -
(1) an identification and classification according o e
ohic conditien of all gublicly owned freshwater lakes 1in
Stata;

-
uel Q=
su

eh

(2) procadurss, procassas, and methads (including land use
requirements), t0 control sourcas of pollution of such lakes;
and

(3) methods and grecadurss, in canjunciion with aporcoriata
edera] agencies, to restors the quality of such lzkes.

(b) The Administrator shall aravide financial assistanca o Stztas in
order %o carry out methods and sracadures approved by nim under this
section. The Administrator shall provide finmancial assistancz to Statas

g presare the identification and classification surveys required in
subsee=ion (a)(l) of this section.

(¢) (1) The zmount granted to any Stats far any fiscal year under
this sae=ion snall not excsed 70 per camtim of the funds sxopended
by such Stata in sucn year for carrying cut approved metiods and
procadures under this sacsion.

(2) There is autharized to De aporeoriated $30,000,000 for
sna Fisc2l year ending June 30, 1973, $100,000,00Q for the fiscal

r

.

year 19374, $150,000,00Q0 for the Fiscal year 1573; $20,000,00Q ¥
“he fiscal vear 1977; $60,000,000 for the fiscal year 1S

$50,000,000 for the #iggal year 1979; and 360,000,000 for %
fisca] yesr 1880 for grants 0 Statas under this saction. Tne
sums snall remein availadis until sxpended. Tne AcminisTr

shall orovide for an squitadis dis=ribution of such sums g T
Staras with aopraved methods and sroczduras under this sacticn.

-~4
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“1 D~

30 ih T
n

I



+  Rastriesion of Awards

One of the ways in which the Clean Lakes frogram will effect
czarainaticen is by limiting awerd of fedaral laks funds ta aresas tna

apolying an intagratad watarshed manayement apgrsach. afaore wmaking zn

award, the Ragicnal Administrator must detarmine twhat any watar pollu

cantral measuras in the lake's watarsned authorizad under sactian
included in an approved 208 plan, aor recuired by sacticn 4Q2, have

3
complazad or are grocseding on appraval schedules (%0 CFR 33.1830-2(9)¢

Goals

The goal of the Clean Lakes Program is to implement, througn &ssis-
sance w0 the Statas, methods and procaduress to contral sourcas of palluticn
s5 =he MNation's pubiicly owned freshwater lakes and to restore degraded
lzkes. Recagnizing, nowever, that this applies to all publicly owned lakas
and several thousand may need irmediate act=ion, the program has established
2 more specific goal for the 1$80-198% period. The goal is to protact a3
least one lake wnose watar quality is suitable for ‘cgntact recreation, or
+3 restors a degraded lake to that condition, within 25 miles of every major
pogulatiaon centar. A population center, in this contaxt, usually is a
S=andard Metropolitan Statistical Area (SMSA) as defined by the U.S. Bur=zauy
of the Cansus. However, this definition will be applied with discrstion in
salaczing projects for funding. Scme SMSAs are so populeus that a single
clean lzka would ﬁct be sufficient to mest user demand. Conversaly, in SMSAs
near the ocsan beaches, bays, large rivers, or the Great Lakes, therz may be
liz=le demand for lake protsction or restoration.. [n vacation and tourist
areas where seasonal populations are high, and in other situations where lake
water quality is important to regional economy and quality of life, projects
may warrant priority equal to that accorded urban lakss. Mores explicit
guidancs ¢n this aspect of project salectian will be daveloped, but the nesd
fapr Flexibility will never 2e eliminated.

/
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TECHNICAL AND FINANCTAL ASSISTANCE PROGRAMS

As discussad in =ariier sactions, the Clean Lakes Program provides
4]

uo to $100,000 per award and requires & 3 -Federzl shars for

O
o
iD
o 4
1]
ct
o
(]
b, |

Phase 1 diagnastic-feasibility studies. Phase awards ara availables for

-
1]
O,

chJutiqn cantrol and/cr in-lake restcratien methods; thers is no specifi
maximum, but they raquirs & 30 percant non-federzl share. Thus, sign

amounts of money must e supplied by State, laczl aor private sourcas. As a
general rule, Federal grant crograms or other Federzl manies cannaot be usad
ta2 supply the State and lgeal share; however, two asxc2ptions da axis 0
axcanticns 2re the General Revenue Sharing Funds frcm the Department ot the
Treasury and the Ccmmunity Development B8lock Grants freom the Qenarwment
Housing and Urdan Oevelocment, noth of which may 2e used &s a part af the

i d . & A " . 4
St3ta and local matching funds for the C

Non-~2derz] Mazch

A number of Statas have sat ug specific funded programs to Be usad as

non-Faderal mateiing funds for the Clean Lakes Prcgram. Qthers have 2r2drams
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oravide the lgc2l matc

matricas, in Table 11-2, under the "Cadaral Pragram Matched" column, the

2
ahrasae "“314" denotas States with funded programs specificzlly designed t2
B

3

matea the (lean lakes funds and "IL¢ gossiblas," denotas Statas whers grogran

(B

-~
v

funds may provide the match uynder cartain conditions. Thirty-fwo Statss
net orovide matching fungs. Consaquently, lec2l units oF ggvernment mus:
gravide all tne matching funds fer the Claan Lzkas “rogram. Scwevar,
g=at2 tachnical and administrative assistance may bSe usad as an in-kin
match.

A< can be saen in Tabie 11-2, mast Statas nave indicatad that they

g gravide »achnical 2ssistanca which ¢an Qe used 35 2n in-kxind matsh. Such

.

[¥2]

rats sarvicss as watar quality moni=aring and instailatien of manitaring

aquigment, lakoratory servicas, and analysis of ~daza can and have fsen
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usad as the in-kind match. Theses sarvicss can also be provided at the
loez] lavel and may include danated time and aquipment from qualified lecal
sourcas. Specific refersnce o using in-kind services is made in the hypo-
thetical casa in Section 12.0 of this manual.

Combination With Qther Complamentary EfTor:s

In additien ©o groviding dirsct metching funcs, other grograms at the
Fedaral, rﬂgiﬂnaT and State levels can be caardinatad with Clean Lakes
projects by araoviding funds for acsivitiss that ars not directly a part af
sne work funded under secticn 314. Thesa are also summarizaed in Table 11-2.
As an sxampie, the Clean Lzkes Program requlations specifically excluda cosis
for cont*cTT1rg point sourcz discharges, whers the sagurces can be alleviatad
y permits issued under either saction 402 of the Clean Watar Act, or by the

(&

~y 0

Tanning and canstruction oFf wastawatar sraatment facilities under saction
01 of the Act. Neverthelass, it is acognized that such comtral of peint
sourca discharges is extremely imporiant in rha lake restoraztion grocass, and
shat whers pessibles, this work shculd be coardinatad with Clezan Lzakas ornjacts.
Thus, while raferancas to saction 201 programs are not included in the Stata
srogram sacticns of the matrix, it is imper=anmt to check with the appropriata
aragram officz to detarmine their applicability %o Claan Lakas restaratien.
Qther 2xamples ars recreational facilities develcpment programs, such
as *he Land and Water Caonservation Program under the Cepartment of the
tmtarior's Haritage Consarvation and Rec ecraztion Sarvica., They may not te
usad to orovids matching funds ta 3 Clean Lakes praject, 32ut activyitie

funded under them can greatly ennpanc2 the Ben efits coOT

fu
—
=3
n
o
—
[
x
—
'L
i |
(9]
-7
D
17
=1

Lazkas funds. Again, as with 201, ng refarsnce 20083rs in the matrix t2 these
LAWCOM programs.

Denarwment of Agriculturs grograms, especially in the Agriculturzl
seahilizazion and Cansearvation Service, the Farmers Heome Adminfstrition, and
she Sail Consarvation Servicz, are ather axamplas of funded Jrograms wnich

usad wizh zhe Clean Lakes Program. [T is impar=amt ta ramember tnaT
applications for Clean Lakas projecs=s croposing csordination with otner
complamentary zctivitias will recaive mors favarzdlsz considerztian far
funding by £2A.

/



STATES WITH PROGRAMS TO MATCH CLEAN LAKES FUMDS

Specitically Programs Applicabls
Desicned Programs _ Under Certzin Conditions
Cennecticut Arizona
rlorica Arkansas
Massachusatis~™ ' Califarnis
Maine™ . ' Montana
Minnesgota ' ' Nebraska
Mew Jersay Rhode Island

Nerzh Carolina
Qrecon~

Puertc Rico
South Daketz
Washington™™

Wisecansin

*Oropesad.

=0 raogsad, Phasz 2 only.



Saurces of Additional Information

Writt2n descrigtions of Federal, regional, and State programs can he
found in Agpendix H to this manuzl. The Faderal programs are divided into
hrae ssctions: *these providing financial assistance; those providing
tachnical, informaticnal, or advisory services; and those providing labor.
Programs providing financial assistanca to be coordinatad with the Clean
Lakes Program have besn summarized in the matrices in this chaptar.
ma=ricas indicatas the department, agency, and program identification; tyoe OT
assistance; *type of orcjects which are eligible for the fu
eligible recipients. Thnis information, along with the tctal ob
Fiscal year 1980, average projact size, and various acglicztion information,
has meen abt2ined From the Catalog of Federal Dcmestic Assis
in major libraries, or may be purchasad frem the Superintandant of Documents,
U.S. Government Printing 0OFficz). Where necassary, the matrices have heen

supplemented by data obtained directly from grogram manage

Two other Faderzl programs are not included in the matrix but may 2=
ysaful. The U.S. Army Corms of Engineers has 2 pregram which is primarily

rasazreh-orientad. dealing with projects such as aquatic plant control, beach
ng.

1}

rasion contral, flocd cantrol, debris clearanca. and channeal straightani

nis assistancs is usually in the form of tachnic2]l consulzing and r2saarch

o

v forgs personnel.

The other Federal program wnich does not acpear in the matrix is the

Ganerz] Services Adminisiration's Nispasal af Federal Surglus Real and
parsonzl Orgperty Programs. This orogram sravides for the transfer gF

aderzl . govermen:

sroperty such as zhandoned military installations from the
. tg eligible recipients. The transfer 1s usually on a specialized hasis and
denends on the Tocation of the propasad project.

Tnformation concsrning Stzts and ragional programs was chtzined from
intarviews with Stzte and regional officials. These srograms 2re descrided

in Appendix ¥, and oresanted in The matricas in this ssczion.



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

Constituent

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

Maximum dny, or snmple:

Coliform MPN per 100 ml
Mouthly average:

Maximum day, or snmple; .

Dissolved Oxygen
mg/] average:

9% saluration:

pll
Avernge:

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

Phenolic compounds, max. mg/1
Color, units

Turbidity, units

Itxeellent source of water
supply, requiring disinfection

only, na Lrenlment

0.76-1.6
1.0-3.0

60-100
Less than 69 over 100

4076
16% or better

6.0-86

60 or less
l.esa than 1.6
None

0-20

0-10

(lood source of weter supply,
requiring usual treatment such
ne filtration and disinfection

16-256
8.04.0

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

40650
0% or better

6.0-0.0
60-260
1.6-3.0
0.005

20-150
10-260

Poor source of waler supply,
requiring specinl or auxilinry
treatment and disinfection

,  Over 26 |
Over 4.0

Over 5,000
Less than 69 over 20,000

4.0

3.8-10.6
Over 260
Over 3.0
Over 0.006
Over 150
Over 260
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ADDENDA

RECHARGCE AREAS
WEST GERMAN MODEL

Recharge Area - public wells

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

1.}

2.)

3.)

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

Less protection area
any bacteria deposited in the s0i1-50 days travel
time to the well '

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

Aquifer and recharge area

[V U L O
N Nt N s s

Saurces

Hydrological mapping
Dapth of water table
Saturated thickneas
Seasonal fluctuatiom
Cone of influence

Groundwater availability maps

Profesgional study

U7.5. Hydrological Atlas.

....135-
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Figure 5

THE NITROGEN CYCLEE TN SURFACE WATER
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ad

LBs (Kgs) Nutriant in Lake

Mutrient Calculations

1 Gal = 3.85 Liters x ppm

Hg/Gal, x

433 590 Mg/lb,

1bs. in lake x .454

Flowing Streams

Cubic Meters

Total Gallons in

= Mg/Gal.

Kgs in lake

Lake

= lbs. in lake

( Need gals. per sec. and ppm)

Kg/sec = Mg/Liter x (Gallons x .00378)

1000
Sec's Davy Month
Kg/sec x 86400 x Days =

Conversion

acres x .405 = Hectares
Hectares x 2.74l = Acres

i x 10,000 sq. Meters
Acres x 4047 = sq. teters 7
Sq. Meters x .0001 = Hectare
Feat x ,3048 = Meters
Gallons x 3.785 Liters
Kg = 2.2046 lbs,

lbs. x .454 = Kg

vds, x .9144 = Meters

1 Acre = 43,3560

1 Cal Hzo 8.345 lbs.

1 Cubic foot H,o = 7.48 Gals.

| Aere Foct = 2.719,041 Lbs.
H » = 325,329 Gals.

Iaches x 2.35% cm.

ug/L = ppb = .00l ppm

-i38-

Kg/mo x 2,204€ = lbs/menth

Factors
Flow
width w
x = Av Depth
¥ x Y¥YxW = Cubic feet of inches/sec's
inches _ - " p -
— - C.F. x 7.48 Gals/cf = Gals./sec’
1725
60

Gals., = Gallons/minuts

Flow

na, of sec's x

Culverts = use Robts ccmputarizaticn



METHCDOLOGY

Hydraulic TFarameters

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

surface flow) into water body.

Flushing Time = Theoretical time required to displace pond or

take volume, based on flow from body,

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

discharge outfall + evaporation)

=139
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EVAPORATION
Methodology

L771 (1.465 - .0L8€B) (.44 - ,118W) (C8 - CD)

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

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

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

National Oceanic and Atmospheric Administration
Environmental Data Service

Mational Climatic Center

Ashville, N.C.

U.S. Weather Service

Evaporation is measured in the standard weather service type
pan of & 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 cbservation. Wind is the total wind movement in miles
cver 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

=140~



COMPOST TOILETS

bs

Ecalet 4.

Recreational Ecology Conservation
of United States, Inc.

9800 West Bluemound Road

"ilwaukee, Wisconsin 53226

wn

Clivus-Multrum
14A Eliot Street
Cambridge, Massachusetts (02138

Biu-Let
Bio-lltility Systems, Inc.
P.0. Box 135

Narberth, Pennsylvania 19072

CHEMICAL TAILETS

LOW

Fiberglass Chemical Taoilets 6.

Chic-5%ales Company, [nc.
P.N. Box 689
Hillview Building

Santa Ana, California

~d

Vaoor-Monogram !lew-Matic Toilet
VYapor Corporation

6420 West Haward Street
Chicago, I17incis

Mansfield Sanmitary, [nc.
Perrysville, Ohio

{Sani-Pottie 947) 9.

HMile Ahead Industries Inc.

41 West Putnam Avenue 10.

Greenwich, Connecticut 06830

Waterless Comfort Station
Burlway Road
P.U. Box 1026
Burlingame, California 94011

WATER FLUSH TOILETS

Safeway Tnilets 3.

Safeway Sanitatian
75 Argyle Avenue
Ruffaln, liew York 14226 '
Microphor Tailets 4,
M crophor, [nc.

275 Cast San Tranciseo Avenye
Willits, Talifarnia 4S49%)

60648 ' 8.

AZA 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 Enterprises, Inc.
Providence, Rhaode [sland
(Mini-Pot)

Sani-Matic Corporatiaon
(Uncle John Dry flush)

lMonogram [ndustries
(Tota-toilet)

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

Kohler Company
kKohler, WS 353044
(Water quard toilet)

'3
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RECIRCUNATING TolLLTS
1. Thetfard Corporation 7. J.C. Penny

(Cycle-Let)

Ann Arbor, Michiaan 8. Thiokol MPB-10 Chemical Toilnt System-

2. Monaojran
Monagram Industries
1165 East 230th Street
Carson, California 90745

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

4. Vapor Corporation

Main Office ' ’ 1G.

6420 West Howard Street
Chicago, [1linois 60648

wn

Sears-Roebuck Company
6. Montgomery Ward

GAS INCINERATING TOILETS

1. (Destroilet) 4,

LaMare Industries, Inc.
227 N. Main Street
Walworth, Wisconsin 53184
2. {Incinalet)

Research Products Mfg. Co.

£.0. Box 35164

Airlawn Station

Dallds, Texas

3. Tekmar Corporation
(Thermajun)

ELECTRIC INCINERATING TOILETS

1. Incinolet 2.

Research Products Mfg. Company
P.0. Box 35164

Airlawn Station '
Callas, Texas

Thiokal Chemical Carporation
Wasatch Division (Model MPR-10)
P.0. Box 524

Brrigham City, Utah 84302

Multi Flo Home System for Recycling
Wastewater

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

500 Wobster Strowt

Dayton, (hio

Chrysler Corporation
(Aqua-Sans)

Jept. 2100

P.0. Box 29200

Hew rleans, Lowisianna 70129

Clear Water Inc. (Pyrolet)
P.0. Box Ha4
Sheboygan, Wisconsin 53081
Lake Geneva A & ¢ Corporation
Rox RS

200 t£lkharn Road

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

Incinomode

Incinomode Sales Company
P.0. Box 879

Sherman, Texas 75090

N-Con Systems Company, Inc.
Thermox



