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HALFWAY POND

Lyons -Skwarto did a previous base line survey and a modified eutrophication
index for 41 ponds in Plymouth. The follo&ing are the results.
After a year's.testing on Halfway Pond the above was . guybstantiated with the

one exception - an algae bloom did not occur.

Using a modified trophic level index, Hélfway Pond ranks 38th.

Halfway Pond is a large, shallow pond with heavy spring action in the
northwest section; the maximum depth is 13 feet. Macrophyte population

was relatively small in area but very dense in population. Floating

aquatic plants cover about 13 acres,with white lilies the dominant species.

Emérgant aquatic plénts are sparse. Submersed aquatic plants are dense

in 62 acres of bottom with with elodea being Eﬁe dém;nant speciés. Uni-
cellular algae was so dense that the Secchi disc reading was 2 feet ranking
Halfway 41st éut oé 41 ponds in this parameter (this condition persists
into late November). Phosphate readings were above acceptable in only one-
out of three samples, and nitrates were acceptable,

Number of houses affecting pond: approximately 10

Cranberry bogs affecting pond: approximately 25 acres

This pond is classified as ultra-eutrophic

Note: This pond has a history of algae blooms going back at least 30 years.
There are few houses and relatively few bogs for such a large area. The
ph of 8.5 makes it unique among all lakes tested in Plymouth. Many answers

should be forthcoming following the in-depth study.

R o et et . ot st W 8 o 1 i« Attt et ———



CLASSIFICATION DEFINITION

The trophic state of a lake is determined by a large number of factors
including latitude, altitude, climate, watershed characteristics, soil
types, human activities and lake morphometry. Three factors are found

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

OLIGOTROPHIC: Aquatic plant production is low; aquatic animal production
is low; aquatic plant nutrient flux is low. Oxygen is present-in the
hypolimnion. Depth tends to be deeper. Water quality for most domestic
and industrial use is good, total salts or conductance is usually lower
Number of plant and animal species is varied and diverse. Oligotrophic
waters. have only a small supply of available nutrients, hence, they support

little organic production.

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

such as algal blooms.

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

waters. Less all-around production than eutrophic waters.

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

scale while the term hypereutrophicis used for the: other extreme.

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

was developed along these qualifications. The following parameters were




cnnside:ed in rating.

1. oxygen depletion
2. transparency

3. phytoplankton

4, nitrogen

5. total phosphorous
6. biological

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

into a sharper focus.

Plant production was very high throughout the growing season, There was an
abundance of both macrophytas and microphytes. The elodea population was

very dense and matted in three locations (see submersed aquatic plant map

with keﬁﬁlue-green filamentous algae was found in the deepest points.

Phosphorus is usually the most important nutrient in controlling lake
Sroduetivicy . T . T.otal phosphorus is an important measure of a lake's
ﬁroghic stafe. An average figure would generally be Faken as between .015
.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 sesson. The March, April and early May readings were well over
the accepted critical, If the pond was nitrogen limited the above would not
be so critical and the emphasis would be on the nitrogen readings. Half -

Way Pond is a phosphorus limited pond.

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

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



HALFWAY POND - A Problem lake

Eutrophication = A natural enrichment process of a lake, which may be
accelerated by man's activities., Usually manifested by one or more of the

following general characteristics.
1. Excessive biomass accumulations of primary producers.
2. Rapid organic and inorganic sedimentation and shallowing.
3. Seasonal and diurnal dissolved oxygen deficiencies.

Indices of eutrophication
"Biological parameters
Macrophyte identification and coverage

Submersed aquatic plant vegetation population was dense,
in certain locations. Dominant species was Elodea. There
were floating islands of Elodea (see submersed aquatic plant map).

Macrophytes - Phytoplankton
Algal Generic identification - algal pigment - chlorophylla.

Average summertime count of chlorophylla on tropic scale
.005 ppm oligotrophic .01 ppm eutrophic

Water color in July and August had a heavy green tint,
with green unicellular algae predominant. The summer
count was in the eutrophic range.

Physical indicators - species pediastrum duplex at lOA/ml count 104/ml
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 decay of
organic material remove the dissolved oxygen from the water
faster than it is replaced by photosynthesis.

Below 4.0 mg/l is considered critical. The 4 level was
approached on some readings.

Transparency

In oligotrophic lakes the secchi disc reading is 3 meters
plus, and the eutrophic reading ranges from 1 foot to 2.0
meters. Halfway readings ranged from 2 feet (.61 meters)
to 3 feet (.91 meters).
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Depth - Shallow--liean depth g1 2,74 M most eutrophic

fiaximum depth 13' 3,96 M,

Lakes tend to be shalleow with a relatively extensive

littoral zone.

Chenmical Parameters
Heavy metals - none to indicate industrial feeding,

Total phosphorus (i.e. the phosphcrns sresent in both

inorganic and orgaric, dissolved and suspended forms)

The dividing line between oligotrophic and mesctrophic
lakes is usuvally regarded as about .0l ppm for oligotrophic
and .02 for mesotrophic and .03 for eutrophic. Total phosphorus

(8}

readings in Halfway were ceontinually .0 cr higher.
indices of Zutroohication

Chemical Parameters
Nitrogen. ZEutrophic Lakes: Nitrates plus ammonia nitrogen.
The lowest acceptable limit for eutrophic classification is .3 mg/l.

In"Haifwayl the nitrate and ammonia nitrogen were usually abave the

the bare minimum of .3 mg/l.

Conclusion: Halfway Pond is a highly eutrophic Zond with a prospect
3 P
of generally worsening conditions unless strong ccunter
measures are instituted. The following includes testing in-
lake and outlet; monitcring all parameters, ccnclusions and
solutions, and funding, are all done to offer Co-
methods of reducing the effects and rate of eutrophication of

Halfway Pond,
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- HALFWAY POND

fway Pond
nouth, Mass.
arshed: Agawam River
as: 232

itude: 063

ar type: warm

i type: natural
atified: no

i use: 1irrigation, recreation, estheti
5> sheet: USGS 1:24000 Sagamore

ition Topo sheet wup 18.8 R O

reline distance: 2.5 M (13,200 ft.)

Seale 12737
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Maximum depth 13' 3.96 M

Mean depth .9' 2.74 M
Surface area 232 acres
Acre feet 2083

Total gals. 680,376,888

93.96 H

HALFWAY POND

(Bathymetric Map)

Scale 1:737'



HALFWAY POND

Impoundment Map

Inlet flow
* 441 gal/min
Heavy aquifer action

D\ About 9 acres
L7 bogs affecting
impoundment .

Halfway Pond

11 acres bogs affectinqu
. =
impoundment »

Flow 12,827 gals per min.

Agawam River:

I\

Outfall side

N
N
BN
al.
3 Reservoir
7 &

Agawam River

:i%: Cranberrty bogs

Scale 1:2000'



BN & HALFWAY POND

. Submersed Aquatic Plant Map with Key

Brnse
elodea

ense elodea

Dense elodeé

Whole pond deep green color.

visability 2 feet

P



SUBMERSED AQUATIC PLANTS

COMMON

Pondweed

Large Leaf Pondweed
Curly Leaf Pondweed
Waterthread Pondweed

Leafy Pondweed
Variable Pondweed
Floating Brown Leaf
American Pondweed
Sago Pondweed
White Stem Pondweed
Richardson Pondweed

Giant Pondweed
Bushy Pondweed
Horned Pondweed

MAP NUMBER

Waterweed
Water Buttercup

Coontail

Water Milfoil

Waterplantain

Water Star Grass; Mud Plantain
Water, Cress

Bladderwort

Wild Celery

Addenda

Algae

LATIN
Potamogeton
Potamogeton Americanus
Potamogeton Ampl. Folius
Potamogeton Crispus
Potamogeton Diversifolius
Potamogeton Filiformus
Potamogeton Filiosus
Potamogeton Gramineus
Potamogeton Natans
Potamogeton Nodosus
Potamogeton Pectinatus
Potamogeton Praelongus
Potamogeton Richardsonii
Potamogeton Robinsii
Potamogeton Vaginatus
Najas
Zannichellia
Elodea
Ranunculus
Ceratophyllum D.
Myriophylium
Alisma
Heteranthera D.
Nasturtium
Utricularia
Vallisneria
Chlorophyceae

unicellular
Cyanophyceae

unicellular

- 10 =
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HALFWAY POND
Floating Aquatic Plant Map with Key
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FLOATING AQUATIC PLANTS ATTACHED |

LATIN ) COMMON MAP NUMBER
Nuphar Cow Lily, Yellow Water Lily, Spatterdock———— 3
Nymphaea -Water Lily, White Water Lily !
Brasenia Watershield 2

Addenda

I

FLOATING AQUATIC PLANTS - UNATTACHED

LATIN COMMON : MAP NUMBER
Lemna Duckweed '
Spirodelia Big Duckweed
Wolffia Watermeal
Addenda

- T -
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HALFWAY POND

Chemical Sample Stations
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PHOSPHORTUS

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

and eutrophication.

Phosphorus is found in wastewater in these principal forms:orthophosphates,

polyphosphates or condensed phosphates and organic phosphorus compounds.

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

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

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

central New York."

Phosphorus is considered a key element in the eutrophication of surface

waters in the New England Region.

Sawyer and Curry and Wilson suggest a concentration of .0l mg/l of inorganic
phosphorus as a maximum permissibiz-leﬁelwithout the danger of supporting
'ungégirahle growths, If the assets of inorganic nitrogen and phosphorus
ééceed 33 énd ;Oir--.OIS mg/l respectively at start of the growing seasoun,

nuisance blooms of algae may occur.

1f orthophosphate levels of .0l mg/l or greater occur, then the lake is
susceptible to algae blooms and macrophyte growth (Sawyer, Vollenweider).

The so-called Cornell Study '"Lakes and Fhosphorus Imputs''(see Addenda) to

this report reached the important basic conclusion that dissolved phosphorus

(organic and inorganic) has a far more important influence on algal growth.

- 14 =



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

water column is still open to reserve.

The EPA guidelines in {gg" "clear lakes program’’ states 'phosphorus is usually
the most important nutrient controlling lake productivity, therefore, total
phosphorus (i.e. the phosphorus present in both inorganic and organic,
dissolved and suspended forms) is an important measure of trophic state. The
dividing line between oligotrophic lakes is usually regarded as 1Oug/1l

(.0l mg/l) and between mesotrophic and eutrophic lakes as about .02 mg/l."

Best reading times are in winter months, the most noneproductive season.

Concentrations of total more than .0l mg/l in the groundwater are not
considered normal and when this value is attained, a source of contamination
is suspect. Soluble phosphorus concentrations in groundwater are virtually
non-existant because of chemical fixation and precipitation as insaluble
ccmpounds of caleium, magnesium, iron and aluminum; this is in contrast

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

fixation is virtually non-existent.

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

ground water.

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

are evidence of this phenomenon.

According to a Cornell study, the phosphorous centent of domestic sewage ranges
from | - 2 kilograms (2.2 - 4.4 lbs.) per capita per year depending primarily
on whether laundry detergents containing phosphates are being usad by housa-

holds.

= 15 =



A Tecent study mage in Vermont showed that all the lzkas so tastad wers Zounc
to be phosphorous limited.

A Cornell resaarch team conducted a study of 13 lakas in central Yaw York -
this study led to a quantitative exprassion of the relation becween p..0SDIOTCUS

loading and concentracions of algze.

Thosphorous in Tunoff accurs in 3 genaral Zoras:
1. Dissolved organic
2. Dissolwved inorganic
3. Particulaced
The dissolved phosphorous in bath forms has 1 Zar mors ISPOrta <

iafluence on algal growch than has phasphorous winich is actact.ad

za soil particles.

Sourcas of Dissolved Fhosphorous:
Sewage - 33%
Agricultural Tunofl - 18%
Torest Tuncfs - 13k
Residential runoff - 6%

Atmospheric fall-out - f%

- 16 =




NITROGEN

According to Sawyer, the critical econcentration of nitrogen, helow which
algal growths were not troublesome, Was .3 mg/l, provided that phosphorus

was kept below .015 mg/l.

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

about 30:1, for other algae rations 15,182 1

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

production of algae bloom.

Gerloff and Skoog suggest that in many instances nitrogen rather than

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

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

and the total nitrogen as N is below .6 mg/l.

According to Lavfer, a generally accepted limit for free ammonia for
canitary purity of water supplies is between .05 and .10 mg/l. Although
free ammonia is often of vegatable origin and without hygienic significance,

its concentration of plus .10 mg/1l renders water suspect of recent pollution.

Nitrites in water are generally formed by the action of bacteria upon ammonia
and organic nitrogen. Owing to the fact that they are quickly oxidized to
nitrates, they are seldom present in surface water in significant concen<
trations. In con juction 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 th4mn phosphorus and hence,as an in-

dicatorswould be first to make its . appearance.

a I o=




The nitrogen cyecle in surface waters and lake sediments. A modified

representation of the nitrogen cycle applicable to the surface water
environment is presented in figure 4. Nitrogen can be added by precipita-
tion, dustfall, surface runoff, subsurface groundwater entry and direct
discharge of wastewater effluent. In addition, nitrogen from these can

be fixed by certain photosynthetic blue-green algae and some bacterial

species.

Within the aquatic environment, ammonification, nitrification, assimilation
and dei..tricication can occur as shown in figure 5. Ammonification of organic
matter is carried out by microorganisms. The ammonia thus formed, along with
nitrates, can be assimilated by algae and aquatic plants, such growths may

create water quality problems.

The nitrogen cycle in soil and groundwater. Figure 5, shows the major aspects

of the nitrogen cycle associated with the soil/groundwater environment.
Nitrogen can enter the soil from waste water or waste water effluent,
artificial fertilizers, plant and animal matter, precipitation and dustfall.
In addition, nitrogen fixing bacteria convert nitrogen gas into forms
available to plant life. Usually more than 90% of the nitrogen present in

soil is organic.

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

principal groundwater qﬁality problem in many locations.
The problem in Plymouth is the Carver soil series.and its  inability to

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

into the groundwater.

- 18 =



Halfwav Pond

GENZEZRAL GUIDELTIWNES

Parmissible Lavels Critical
Total phosphorous mg/1 .025 .04
Orthophosphorous mg/ 1 .004 ' 0L
Organic Nitrogen mg/1 .20 | .40
Ammania mg/1 : .02 .05
Nitrate mg/l | .10 . w23
Nitrite mg/l 7 less than ,001 - ' .002
Inorganic Nitrogen mg/1 .12 .30

Station 1. All readings were exceptionally high but its ratio of
input to output and mass was low, this also means its nutrient influx

was correspondently low.

The in-lake station readings were very high in both nitrogen and

phosphorus during the non-productive season.
There are very few homes around the impoundment and the agricultural

usage, though high, appears to have very little nutrient impact. One

must keep in mind that this system is almost completely aquifer fed.

- 1 =




Halfway
Chemical Farameters

Seation No. 1 Inlet

Total FPhosphorus Mitrate N Nitrite N Kjeldahl N

Me/L Mg/L _Mg/L Mg/L
ugust 13 .22 .33 less than .005 .80
ugust 30 .20 . 40 " .90
jeptember .18 .60 i .110
)ctober .15 .58 i .95
farch .06 -2.40 " . 60
\pril .05 1.60 L .65
day 15 .07 «9 i .70
Mav 130 | .09 .63 H .70
June 15 .10 Wb " .75
Jupe 30 -2 -3 | L .80
July 15 .03 .03 " .80
July 30 .02 .03 W .80
August 15 .03 .03 - .85
August 30 .03 .03 " .90
= \ .02 | i .80
— | o3 07 n .70

-« 20 =
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HALFWAY Inlet

1979 1980 . Kjeldahl (N)

AUG SEPT OCT NO DEC  JAN FEB _MAR _APR MAY JUNE JULY AUG SEPT OCT
i j . _ T T .
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Halfway

Chemical Parameters

Station No.
Total Fhosphorus Nitrate N Nitrite N Kjeldahl N
Mg /L Mg/L Mg/L Mg /L
sugust 15 .04 .35 less than .005 + 65
;;;ust 30 .04 .35 " . 79
jeptember =03 + 40 o .80
Jctober .03 «35 Ly .70
arch .07 .35 u +50
\pril .05 - 40 " .50
48y 15 i .55 J .55
4ay 30 | .03 .50 L . 60
June 135 .03 - 50 " <70
Jupe 30 .02 o 1 # 75
July 15 .02 N i .80
July 30 .02 o5 L .9
sugust 15 -02 .16 " .95
iugust 30 03 i ! " .8
a . .03 .09 i ]
— .03 5 z .65
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Halfway

Chemical Parameters

Station No., 3 Outlet

Total Phosphorus Nitrate N Nitrite N Kjeldahl N

Mg/L Mg/L HMg/L Mg/L
\ugust 15 .03 .33 less than .005 . 60
wugust 30 .04 45 " . 60
jeptember .05 .40 " .70
)ctober -05 - 40 " .70
farch .08 .05 " .45
\pril .08 .30 " .50
fav 15 .07 .80 " « 33
dav 30 .01 .95 " .60
June 15 -06 - 50 " . 60
June 30 .05 .45 L .65
July 15 .04 . 04 L .70
July 30 .05 .16 e .60
August 15 -06 »11 L .45
August 30 -05 -09 ) .30

.05 .09 " .50
Septemhar
October .04 .15 " .40
L
|
i
3".
9
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Halfway  Pond

CHEMICAL AND TFHYSICAL PARAMETERS

Station 1
" Temp Secchi Conductivity PH Do Total Total
of oC Ft. M  MHos/CM Standard Units MG/L Hardness Alkalinity

August 15 10.9°C 340 7.6 7.0 27 0
August 30 ' 11.2°% 315 7.4 7.5 29

September 11.5°C 330 7.4 7.5 26

October 11.3% : 345 7.6 T+5 . 28

November

December

January

Februéry

n;rch ' 8.6°C 570 7.8 10.0 25

April 8.8°C ' 520 7.9 10.0 - 28

May 15 . 9,27 310 7.6 9.5 26

May 30 9.5°C 360 7.7 9.2 22

St 5 9.7°¢ 340 7.5 8.6 27

June 30 16,27 300 78 7.8 30

Tuly 15 ' 10.8% 320 7wl 7.5 25

Iuly 30 11.0%¢ 380 7.5 7.5 28 Y
\ugust 15 11.2% 415 stk Hui 24

\ugust 30 11.0°%C 330 7.4 7.5 27




Chemical and Physiczl Paramenters

Halfway

Station 2
Temp. Secchi  Conductivity Ph Do Total Total
F° c® Feet M Mhos/em Standard Units Hardness Alkalinity
l &
cust 15 24.4 2 350 8.5 6.8 18 =
1
cust 30 24,6C 2 330 8.5 7.0 16
— 1
19.5 2 2
phesbar 90 8.5 7.0 17
1
B 13.0 4 250 8.0 7.2 i 20
venher
cember
nuary
bruarv
rch 5.6 10.0% 220 %aid 9.0 18
e 10.8 10.51 240 7.5 9.0 27
Pl |
v 15 14.5 10.5 215 7.5 8.7 25
w30 16.7 10.11 260 7.6 8.2 19
1
~e E 21,0 8.0 280 745 7.0 22
1
o 4 22.3 745 310 7.8 7.0 18 %L
" NG
1v 15 22.8 6.0 290 7.8 6.5 19
1
1v 30 23.6 6.0 275 7.8 6.5 15
sk 1 260 5, 5% 295 7.9 6,8 18 |
1
ci1et AN 2£"¢3 5-5 3}.0 7.8 6.8 21 J
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Hal fwéy Pond
CHEMICAL AND PHYSICAL PARAMETERS

Station 3
" Temp Secchi Conductivity PH Do Total Total
of o€ Ft. M MHos/CM Standard Units MG/L Hardness Alkalinity

_August 15 22.0% 380 8.5 6.3 26 0
August 30 22.0% 320 a4 7,0 21

September 19.0°C 350 8.2 6.8 24

October 13.0% - 300 8.5 7.0 z 5

November

December

January

February

March i 5.5°C 280 1.2 9.0 20

April 10.0% | 290 Tl 9.0 - 18

May 15 13.8°C 310 T3 9,0 23

May 30 16.1°C 330 7.4 8.5 21

June 15 20.0°C 370 i 7.6 27

Smekn 20.5%C 385 7.0 7.2 22

July 15 21.7°¢C 380 F 6.8 23

L;Lv 4B 22,5°%C 360 7.4 6.3 26 \P
August 15 22.8°C 410 7.5 6.5 24

August 30 . 23.3% 375 7.5 6.5 28

= 34 =



Halfway Pond

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-
tities. Traces of molybdenum, gallium, and nickel have been
occassionally found.

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

in Halfway . 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 - o6 T . 006
Cadmium ° | .01 _ .02 .0l .001
Selenium M 02 .01 .006
Gold - @ - -
Iron - .6 .3 .018
Palladium - - = .006
Aluminum - % - . 007
Copper «01 : b - .006
Nickel - - = .006
Lead .05 ' g1 .05 .001
Chromium .05 | .1 .05 .002
Boron - .01 = .003
Chromium .05 .1 .05 . 003
(Hexavalent)®

* notad carcinogen
-= not considered to date

- B e
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HZaVY CHZMICALS, HZAVY METALS  AND AQUTFZR TOLLUTIGH

The Carver soil series and ell sand and gravel soii‘series have a
potential aquifer pollution preoblem with heavy metalsand chemical com-
pounds as they have with nutrient compounds, along with the added pro-
blems of density. MMany industrial land-fill and household contaminants
have a much greater density range than with the nutrient chemicals.
Thus, along with solubility and aquifer flow,vou have the added factors

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

“he effect of densities of various pollutants on the migration in an

uncenfiined aquifer is shown in figure 6,

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 following the direction of
groundwatar flow, the gquantity depending on the solubility and the

anount.

Materials cf lesser densities generally follow the direction of the

flow of the aquifer.

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

the Wareham outwash plain.

feriodic monitoring of lakes, ponds, kettleholes and stratigically
situatecd wells for heavy metals, industrizl wastes and househcld con-

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

-37-
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and any upward trends in quantities, givin . first warning signs.
- o

Halfway's heavy metals readings are all well within the kncwn
standards. Howevar, future periodic testings should include phemolic
compound, chlorides; fluorides, sulfates, cyanides, magnesium and
manganese. As new standards and testings are continually being added
to this parameter, close touch should be maintained with the most recent

developments,

- 38 -



Fipure 6

SOURCE OF PRODUCT

SOURCE OF PRODUGCT
( Grealar density Than woler)

/ { Losner densily than walar )

N e 111
cza.-_c::nu ——#F—E.—l: _ —:FI\'/,
HC—:M —_

rnooucT FLOW

DIRECTION OF
GHOUND - WATER FLOW

\q

FRODUCT FLOW

AMNU CONFINING BED

Effects of density on migration of contaminants.
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Halfway

Biological Measurements

Pigment, Genera Volume

Diatoms Cyanophyta Chlorophyta Flagellates Chlorophyll
Blue Green Algae Green
Unicellular Filamentcus. Unicellular Filamentous Mg/H3
Cells/Ml1 Cells/Ml Cells/M1 Cells/M1 Cells/M1 -Cells/HI MG/H3

January

February '

March 20 15 20 80 10 110

April 30 100 30 135

May 15 30 . 30 35 100 40 140 12

Mav 30 . 38 160 45 140 12

June 15 35 42 180 50 160 16

June 30 75 90 | 45 215 55 160 20_

et 1 55 230 60 175 95

July 30 115 95 60 260 80 100

August 15 120 160 65 280 90 230 125
August 30 190 60 280 85 220 170 J
| September 60 130 55 190 110

November ! !

December ! :




Halfway

BENTHOS

Parameter Station 1 Station 2 Station 3 Station 4
Total P

Mg /L

& 21.0 26.2 22,5 30.9
Total N

Mg/L

43, 4 55.6 40,1 38.9

Percent

Solids .02 .04 .03 .02
Total Volatile

Solids

1.92 2.22 L.8B5 1.65

- &1 =



Halfway
Nutrient Budget

CrRT <Y BT

3

e

T
R

¥
e

August
Y %*
Tributary Total Flow G. Total P EPM 2  1bs./Month  Total N PEM ° 1bs/Month
-@
1 19,100,000 22 35,1 .60 159 4
2
3
Total
Qutfall
1 572, 600,000 .03 T 143.3 33 1576.8
2
3
Total
*1
Rainfall 27,300,000 2,44 558.8
1 i *2 *3
in lake i Total Gallons Total FEM 1bs/Month Total PEM 1bs/Month
680,376,888 .04 227:1 i35 19811

*1 Rainfall - Phosphorus data not available NH, .48 PPM No, 1.96 FEM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl WNitrates, Nitrites.
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- Halfway
Nutrient Budget
September
*
Tributary Total Flow G. Total P PPM >  1lbs./Month  Total N pou™> 1bs /Month
1
1 12,500,000 .02 . 22T «10 219.0
2
3
Total
Quetfall
1 B 546,400,000 +05 - 229,90 .09 410.4
2
3
Total i
%1 S
Rainfall 5,200,000 2,44 105.9
*9 *3
in lake » Total Gallons Total PPM 1bs/Month Total PPM lbs/Month
680,376,880 .03 170.3 <35 «987.1
*1 Rainfall - Phosphorus data not available NH, .48 PPM N°3 1.96 PPM,

*2 Total P, = All orthophosphates, condensed, organiec and inorganic species.

*3 Kjeldahl Nitrates, Nitrites.
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Halfway
Nutrient Budget

October
*9 %*3
Tributary Total Flow G. Total P FPM lbs./Month Total N FPM lbs/Month
|
1 13,900,000 .03 . 3.5 .07 8.1
2 )
3
Total
Quefall
¥ 558,000,000 .04 186.3 15 698, 4
2
3
Total
Ratnfall - 26,100,000 2,44 531.4
*9 %9
in lake Total Gallons Total PEM 1bs/Month Total PEM lbs/Month
] = :
680,376,880 .03 170.3 25 1987.5
*1 Rainfall - Phosphorus data not available NH, .48 FPPM No 1.96 PPM.
*2 Total P, = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites.



Halfway
Nutrient Budget

March
L ) *3
__Tributary Total Flow G, Total P PPM 1bs. /Month Total N PPM 1bs/Month
!
i 21,600,000 .04 Lo 52 2,40 432.6
2
3
Total
_Outfall
1 h 620, 500,000 .08 4142 .05 258.9
2
3
Total
*]
Rainfall 33,800,000 2.4 688.2
) *3
in lake : Total Gallons Total FEM 1bs/Month Total PPM 1bs/Month
680,376,880 07 397.4 .35 1987.1
*] Rainfall - Phosphorus data not available NH, .48 PPM No, 1.96 PEM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites, '
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Halfway

Nutrient Budget

April
*2 *7
Tributary Total Flow G. Total P PPM 1bs./Month Total N PPM 1bs/Month
l
1 19,500,000 .05 . 8.3 1.60 265.7
2
3
Total
Qutfall
1 600,300,000 .08 400.7 .20 1577.9
p
3
Total
Rainfall b 30, 600,000 2.44 623,0
i *2 *3
in lake { Total Gallons Total PEM lbs/Month Total PPM 1bs/Month
]
680,376,880 .05 283.9 .35 1987.1

*1

*2

%*3

Rainfall - Phosphorus data not available NH, .48 PPM No, 1.96 PPM,

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

Kjeldahl Nitrates, Nitrites. '
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Halfway

Nutrient Budget

May
* *
Tributary Total Flow G. Total P PPM > lbs./Month  Total N PPM - lbs/Month
f
1 19,100,000 .09 . 14,2 .63 100. 4
2
3
Total
Qutfall »
1 B 613,700,000 .07 358.5 «95 4864, 9
2
3
Tatal
Batudugy - 14,500,000 2.44 295.2
| *2 *3
in lake + Total Gallons Total FPM lbs/Month Total PEM Ibs/Month
680,376,800 .03 170.3 .29 1646.5
1
, *1 Rainfall - Phosphorus data not available NH, .48 PPM No, 1.96 PEM,
i
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
i
! .
: *3 Kjeldahl MNitrates, Nitrites.
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Halfway

Nutrient Budget

June
*2 *3
Tributary Total Flow G, Total P PPM 1bs./Month Total N PPM 1bs/Month
1 16,800,000 .10 14.0 . &40 55.1
2
3
Tatal
Qutfall
1 575,100,000 .06 287.9 .50 2399.5
2
3
Total
Rainfall "} 19,200,000 2. 44 390.9
*2 *3
in lake . Total Gallons Total FEM 1bs/Month Total PPM 1bs/Month
680,376,880 .02 113.5 «35 1987.1
*1 Rainfall - Phosphorus data not available NHy .48 PPM Ne 5 1.96 PPM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites.




Halfway
Nutrient Budget

July
%* EY
_Tributary Total Flow G. Total P FFM 2 1bs./Month Total N PPEM 3 1bs/Month
' |
1 15,300,000 .02 2.6 .03 331..9
2
3
Total
Qutfall
VR 582,000,000 .04 194.3 .04 194.3
2
3
Total
Rainfall | 13,900,000 2,44 283.0
i *2 *3
in lake : Total Gallons Total FEM 1bs/Month Total PPM 1bs/Month
680,376,880 .02 113.5 .30 1703.2
*1 Rainfall - Phosphorus data not available NH .48 PPM No 4 1.96 PPM.
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites. '
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Halfway
Nutrient Budget

August
%7 %7
Tributarvy Total Flow G, Total P PPM 1bs. /Month Total N PPM lbs/Month
{
1 13,900,000 .03 . 35 .03 3.5
2
3
Total
Outfall
1 h 570,300,000 .06 285.5 .16 761l.4
2
3
Total
Rainfall ' 9,400,000 2.44 191.4
; *2 *73
in lake . Total Gallons Total TPM Ibs/Month Total PPM lbs/Month
£80,376,880 .02 113.5 «30 .703.0
*1 Rainfall - Phosphorus data not available NH, .48 PPM No 4 1.96 PPM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites.
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Halfway
Nutrient Budget
September
=
Tributary Total Flow G, Total P FEM 2 1bs./Month Total N PPH* lbs/Month
{
1 19,000,000 .18 25.6 . B0 95.1
2
3
Total
Qutfall
1 575,100,000 =05 239.9 .40 1919.6
2
3
Total
*1
Rainfall 20,700,000 2 G4 421.5
i *2 *3
in lake i Total Gallens Total FEM lbs/Month Total PPM lbs/Month
i
680,376,888 .03 170.3 +35 1987.1
*1 Rainfall - Phosphcrus data not available NHy .48 PP No 4 1.96 PEM,
*2 Total P. = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl Nitrates, Nitrites. '
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Halfway
Nutrient Budget

October
*9 *3
Tributary Total Flow G, Total P FPM 1bs./Month Total N PEM lbs/Month
' 3
1 19,700,000 ol D) P 24,7 . 50 B7.2
2
3
Total
Quefall
1 582,100,000 .05  242.9 .40 1942,9
2
3
Total
*1 o
Rainfall 22,400,000 2.44 456,1
i *2 %7
in lake . Total Gallons Total FFM lbs/Month Total PPM 1bs/Month
680,376,888 .03 170.3 40 2270.9
*1 Rainfall - Phosphorus data not available NH, .48 PEM No, 1.96 PPM,
*2 Total P, = All orthophosphates, condensed, organic and inorganic species.
*3 Kjeldahl HNitrates, Nitrites. _ A
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Macrophyte, M crophytes and Nutrient Utilization

The period of greatest biological activity occurs in a lake
or pond ecosystem during the months of July and August. This is
the period of maximum utilization of nutrients by both plants and
algae. The long periods of daylight, coupled with high water
temperatures, provide the physical thrust for this utilization. So
it is at this period, the limiting nutrients,as well as others, are
shown in many cases to be the lowest of the readings during the
yearly cycle.

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

It is for this reason that nutrient readings taken in the spring
and fall overturn, in stratified lakes, are the real indicators of the
trophic condition of the lake. The late fall, winter, and early spring
readings for non-stratified bodies of water are the indicators of the

actual trophic condition of these lakes and ponds.
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HYDROLGGY, GROUNLDWATER GEOLCGY

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

Series.'

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

from northwest to the southwest.

There are two types of aquifers: the water table (unconfined aquifer)(see fig.
and the artesian (confined aquifer). The type that concerns this report is
the unconfined and not the artesian classification, although the protection

of the upper (unconfined) would lead generally to the protection of the other.

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

natural recharce to a water table aquifer is precipitation.
23 P

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

of flow volume due to atmospheric recharge.

normal, a deficit of

n

The razinfall in 1S80 being 29.4 inches, as against 42,
13.1 inches. The deficit is reflected in general lowering of the water level
in the various kettleholes. Thus reflecting a variation ci precipitation in

2 corresconcding lowering or raising of the water table.
iy (=}
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Streams can be areas of recharge to or discharge from the water table
aquifer, Groundwater in an aquifer is constantly moving from points of
recharge towards points of discharge. The movement of ground water is from
regions of high hydrostatic head towards those of lower hydrostatic head.

See figure 2 for these interalatioms.

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

streams and swamps, ponds, lakes and the sea.

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

outcrop area of the aquifer. See figure l, 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, Seccnd, when pollution is
finally discovered or when the quality of water is degraded, the damage
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 tvpes

govern a great deal the speed cof contamination.
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Well drained soils, Geclogy, and potential Aquifer FPollution

Investigations of Childs 1972a, Childs 1972b, Dudley, and Stephenson
1973 show the soil problem areas.
1. Where coarse sands and gravels are princigple
sub-soil materials
2. Very impermeable materials where the effluant may
become ponded above horizons at short distances from

the point of release,

3. In poorly drained soils with high water tables.

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

water pollution problems. See figure 3.

Lot sizes and set backs,&type of sewage system should be determined by
soil type, along with the soils hydraulic capabilities, purification

capabilities, and physical constraints. The slope problem shcould be part

of the ccnsideration.

The present methodology in regards to percolaticon rates should be upgraded
so as to accurately assess the soils ability to remove pollutants at po-
tential leach field sites.
L
The characteristics of the Carver soils. makes the whole ecosystem susceptable

to groundwater contamination. Many. of the lakes, ponds, anc kettlehcles in
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Plvmouth are fed ty aquifers. Any nutrients transferred by this

means aid . in the eutrophnication of these systems. Long-range safe
7 =]

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

Inflow surface streams
tributaries

Inflow thru lake bottom
aquifer recharge

Evaporation

Flow thru surface outlet

outfall

Outflow thru lake bottom

Hydraulic Residence Time

Flushing Rate

Halfway

HYDRAULIC PARAMETERS

Gallons Liters Inches
185,149,006 700,788,987 29.39
225,000,000 86,298,000
6,709,303,757 25,393,565,000
144,452,763 546,753,708 22,93
6,978,000,000 26,411,730,000
36 Days
35.6 Days

= Bl =
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74.65

58,21
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Halfway

HYDRAULIC

PARANETERS

HMONTHLY

mg = milllon pallon

% Used Government data (see Addenda)

Trib., 1 Trib. 2 Aquifer Rainfall Raiufall Outfall Outfall Lvap. Evap. Lake Dottom T. Gain T. Loss
N Inflow ) 5 N Loss
e, -Gn.l.l?-"f., Gpllons Gnllot)s ulnf:_hr-s Gallons Gallons ‘ Gallons Inches Gallons
mg mg ' A
T - 546 mg| 4,34 | 27.3 mgl 572.6 ) . _3.15 |.19.8 mg ’
———— s48.1 | 3.28 | 20.7 | 575.1 | _2.01 | 12.7
_ October 19.7 549.3 3.53 22.4 58_2.1 1.47 9.3
__HNovember e 4.87 |30.7 ] .6 3.8
December 4.34 27.3 0 0
January — R D T A DR ORURINI, PR S
Lo R S— " .88 .|.5.5 - 0 0 P
__Hﬂrl:h |2r.e 569.5 5.37 | 33.8 620.5 |__ 7 1 4b
_April B 199_ ~ 567.3 4.36 _30.6 | 600.3 .. 2.78 | 17.5 -
May j L.l sg7c6 | mon | | @S, ) B3 ] Seed
7.0 SR % S (R ce2.1 | 205 l19.2. |518.0 f .} 3.73 [ 23.5 f
July ~bases L |-s80.4 | 2,20 [13.9 . |-582.1 oo W T N5 — R
gk 13.9 567.3 1.50 9.4 570.3 3.23 20,3 |
September 12.5 543.4 .82 5.2 546, 4 o o O IO s N ([ T———, ]
_ gcrober.. 139 | .} 522.9 | G.lb j26l. | sseo | |r.szo} 9.9 " S
_ November | b Lo | 3.01 |18.9 A . 7 5
December | 30| S 0 - ke U SIS

*Nor‘mrll 42.52 inches
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GECLCGY

Spil Series Discussion

Carver soil series consist of excessively drained, nearly tevel to
steep.sandy soils that formed in thick dapasits of coarse, pebbly, quartz
sand, In most places, Carver soils are coarse sand, but in some places
the surface layer and the upper part of the subsoil are loamy coarse sand.
Water moves rapidly downward through the solum and underlying substratum.
These soils do not retain sufficient moisture for good plant growth and

are extremely acid.

Carver soils are excessively drained. The permeability of Carver soils
is a rapid 6.3 inches per hour. This was the most rapid ecosystem
susceptible to groundwater contamination. Many of the tzkes, ponds and
kettleholes in Flymouth County are fed by aguifers and Little Long is one
such example (see hydrologic information). Any nutrients transferred
by this means aid  in rhe 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 *he 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.

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

chiefly from granite.
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Gleucester soils are extremely stony except where they have been

cleared for tillage.

Unmarked areas: Ho danger to aquifers with normal use.
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SYMBOL

AFA
afg
AgA

Ag3

AuA
AuB

BeA
2c3
8bB
8c8
8¢D
Bda
L)

Br

Bsa
ara

Cah
Cad
Csl
Cat-
CzA
C
G
DeA
Ced

Ou

SOIL LEGEND

The first capirai larter is the initial one of rha soil name. A secand
czoiral larrar, A, 8, C, D, or £, shows the sicos. Symbols witnout
siooe lefrer are those of necriy lavel sails or land ryces.

NAKE

Agewam fine sendy laem, C ta 2 percent sicpes

Agawam fine scndy loem, 3 re 8 percant slapes

Agawem fine sandy lcam, siity subsoil varianr, Oro 3
percent slopes

Agawam fine sandy loam, silry subsail veriant, 3o 3
percent slcgas &

Au Gres and Wareham loamy senda, O ra J percent slopes

Au Gres and Weraham loamy sands, 3 to 3 percant siopes

Seigreda silt lcam, Q to 3 parzenr slopes

Baigrade siit loam, 3 ro B percent siopes

Semardston silt loem, 3 to 8 cercenr slapes
Sernardsten siir ioam, 8 to 15 gercanr siopes
Bermardsten very stony silt lecam, 3 ro & percant slcoes
Eernardsron very stony silt leam, 8 1o 25 parcenr sicpas
Sirdsall siir leem, 0 1o J percent slcpes

Sorrow lend, leamy maferiai

Barrow land, sandy end gravally mareriais

Brockron loam, 0 to 3 parcenr sicpes

Brackren exrremely steny loam, O to 3 percent sicoes

Carver caarsa sand, 0 re 3 percent slapes

Carver coarse sand, J ro 8 gercenr sicpes

Carvar coarse sand, 3 to |5 percent sloges

Carver coarse sand, 15 ra 15 gercent siopes

Carver loemy caarse sand, O ro 3 percenr slcpes
Carvar loemy coerse sand, 3 ro 8 sercent slopes
Carver loomy coorse send, § ro 15 percent sicpes
Carvar and CGloucesrer soiis, 8 re 35 cercent slopes

Deerfieid sandy lcem, O ro 3 oercenr slopes
Deerfield sandy [eam, 3 to 8 serzenr slopes
Dune land and Caasral beach

Enfiald very fine sandy leam, Q ro 3 gercent slopes

Enfieid very fine sandy loam, 3 ro & percenr slopes

Enfiaid vary fine sandy lcam, 3 to 1S gercenr slopes

Sssax c=arsa sancy loam, O re 3 percent sicoes

Sssex coarse ssrdy laem, 3 ro 3 percent sicoes

Sssex coarse sendy locm, 3 r2 13 percenr slopes

Sssex wery stony caarse sandy leam, 1 1o 8 percent
siccas

Essex vary steny coarsa sandy leam, 3 ra 15 oercent
slepeas

Essax very stony coarse sandy loom, 15 ro 25 percent
slcoes

Zssex axrremaly stany coarsa sandy leam, 3 1o 8
sercent slopas

Easex exrramely stany coarse sendy laam, B ra 25
sercenr slopes

Frash warer marsh

- Gloucesrar fine sandy loem, firm substrarum, Q70 3

parcent sicpes

Gioucesrar fine sandy loem, firm sugstrstum, 210 8
percent sicoes

Gloucesrer fina sandy loam, firm susstrsrum, 3 10 15
percent sicoes

Gloucesrer lcamy 1and, O to 3 percent sicpas

Gioucnsrer lcamy sand, 3 to 8 percenr slapes

Cloucester lcamy sand, 3 te 15 percenr slopes

Gloucestar vary stony fine sandy leam, firm substrerum,
3 te 3 cercant slopas

Gleuceater vary stony fine sandy loam, firm subarrarum,
2 ro |13 percenr sicoes

Gicucesrar very stony fine scndy loam, firm subsrrarum,
15 ra 25 percent slopes

Gloucaster very stony lcamy sand, J ro 8 oercent siopes

Gleucasrer very steny lcamy sang, 3 e 1§ percenr sicpes

Cicucesrer extramaly stony lcamy sand, 3 fo 15 sercanr
slopes

Gioucesrer exiremaly stony lcamy sand, 15 ta 35 perzenr
slopes

SYMBOL

HaA
HeB
Hel
HeE

Ma
Mad
Me3
Mal
MFA
MFB
MFC
MFE

My
NnA
NnB

NoA
NoB
No&
NoB

Pe.
Pra
PuB

WhA
wh3
WeC
Wel

LT
Wnd
Wl
WnE

NAME

Hinckley graveily loomy sand, C ro J percenr slopes
Hinckley gravelly leemy send, 3 rs 8 percenr slopes
Hincklay gravelly loamy send, 8 1o 15 percent sicpes
Hinckley gravelly loamy sond, 15 ro 15 cercent siopes
Hollis=Charlton fine sandy loams, Jte 8 percent slopes
Hollis=Charltan very rocky fine sandy leams, 3 1o 15
parcent slapes
Hollis=Cherlren extremely racky fine sandy loams,
Jto 15 gercent slopes
Hallis—Charlton extremeiy racky fine sandy leems,
15 1o 25 perzenr siopes

Maca lend

Marrimae fine sondy loem, 0 re 3 percent slcoes
Maerrimae fine sendy leam, 3 to 8 percent slcpes
Merrimae fine sandy leam, 8 re 13 percenr sloces
Merrimac sandy loem, O ro J percent sloces
Marrimac sendy loam, 3 to 8 percent sloges
Merrimac sendy loam, B to 13 percent slopes
Merrimac scndy leam, 15 ro 35 percenr slopes
Muck, shaliow

Muck, deep

Mintgrer sandy laam, silty subsoil veriant, 0 ta 3
serzent siopes
Ninigrar sandy loem, silty subsail varianr, 38
percent sloges
Narwaell sandy loagm, O ta 3 sercenr sicpes
Marwell sandy loam, 3 to 8 percent sicoes
Merwell exrremely srony sandy lcam, O ro 3 percent slcpes
Norwall extramely steay sandy leem, 3 to 8 percent slopes

Pear
Pitrstown 1ilt laam, O ra & percant slopes
Pirtstown very stany silt loam, 3 ro 13 percanr slopes

Quenser sandy lsam, O re 3 gercenr slopes
Quonser sandy lcam, 1 to 8 percent siopes
Quenser sandy leem, 8 ro 15 percent slopes
Cuonser sandy loam, 13 1s 15 sercent sicoes

Raynnam silt loom, O ro 3 percenr slopas

Saco vary fine sandy loem

Sanded muck

Scerbora senay loam, O to 3 percent siopes

Scarboro fine sandy loam, silty subsail varianr, O ro 3
percent sicpes

Seiruare sandy leam, O ra 3 percent slopes

Scituate sandy leem, 3 ro & sercenr slapes

Scituare very stony sendy lecam, O 1o J perzanr siopes

Scitugre very srony sandy leam, 3 'o 3 percent slopes

Scituare axrramely stany sancy leem, Q ro 3 percent
slooes

Scituare extremaly srony sandy loam, 3 1o 8 carcenr
slcpes

Tidal marsh
Tisbury very fine sondy loom, O ro 8 percanr sicces

Waipola fine sandy laam, siity sybsail verienr, Qe 3
percent slopes K

Warwick fine sandy loam, O ro I sercent slopes

Warwick fine sandy loam, 3 ra 8 percenr siopes

‘Narwick fine sendy loam, 8 ro 15 parcenr sloces

Warwick very rocky fine sandy loem, 3 re 15 percent
slapes

Windscr leamy send, O ro I percent sicces

‘Nindscr loamy sand, 3 re 3 percent slcoes

‘Nindsor leamy send, 3 ro 15 percanr slsces

‘Nindsor leamy send, 15 rs 15 cercenr sicoes



Cab

CaC

CeD

PE

Sb.

Halfway Pond

Geologic Data

for Watershed soil series

Carver coarse sand 3 - 8 percent slopes
1] n L1} 8 - 15 n 1
1 " 1] 15 - 35 i

Carver and Gloucester soils 8 - 35 percent slopes

Peat

Sand and muck
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_GUIDELINES FOR REHABILITATION

OF

HALFWAY FPOND

LONG RANGE CONTRCOL TECHNIQUES

IN-LAKE MANAGEMENT HETHODS
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LONG RANGE CONTROL TECHNIQUES

1. Controlling Nutrient and Sediment Influx

2. Watershed Management

A. Non-Structural

B. Structural
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NON-STRUCTURAL CONTROL TECHNIQUES

1. ZONING REGULATION

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

D. RESTRICT HIGH POLLUTION. GENERATING SOURCES

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

2. DEVELOPMENT CONTROL

L.

A. RESTRICT DIVISION OF LANS FOR BUILDLRY OR BEFTLENG
3. LIMIT DEVELOBMENT IN EROSION AREAS

C. LIMIT DEVELOPMENT IN AREAS WHERE SOIL CHARGCTERISTICS
PREVENT ADEQUATE ON-SITE WASIE DISPOS.L.

D. ENCOURAGE FORMS OF DEVELOPMENT WHICH
FACILITATE EFFECTIVE aND ECONOMIC WASTE

DISPOSAL PRACTICES AND PRESERVATION OF
NATURAL SPACZS.

3. PHOSFHATE BAN
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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
regulation can cover the whole system of water within town boundaries, including
lakes, straams, wells, wetlands, and groundwater.

The metropolitan area planning council's 1978 recommendation was that 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 soil series and immediate lake enviroment

Lot sizes should depend on:

1. Soil conditions
The state of Maine uses an in-depth soil percolation method,
called site evaluation.for subsurface waste water disposal- it
includes guidelines for monitoring high gpound water levels.

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

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

water supply.

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

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

It i3 possible that one of the best methods to control nutrient in-flux for
a given lake, is to control land use within the watershed.
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NON-STRUCTURAL DEVELOPMENT CONTROL
DEVELOPMENT CONTROL

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

1. The soil's hydraulic capabilities

2. The soil's purification capabilities

3. Any physical constraints

Some soils like the Carver series pecolate water rapidly . "~ Such soils are in-
‘adequate in terms of removing wastewater impuritiesjsuch 25 bactaria, phosphorous
and nitrogen. It is these impurities that can cause ground and surface water

‘pollution.

o 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 oroposed disposal

system.

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

apability of the natural slope.

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

strezms, topography, vegetaticn and ground cover,
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Where soil characteristics prevent adequate on-site waste disposal, or if an area
is heavily developed, closed system sewage disposal is recommended. Included in closed
systems are:

1. recirculating tailets

2. gas incinerating toilets

3. electric incinerating toilets

4. composting toilets

5. chemical toilets

6. low water flush toilets

7. vacuum toilets

8, sewerless toilets

A list of manufacturers is included in the Addenda.

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

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

3. In poorly drained soils with high water table.
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VOLUNTARY PHOSPIATE BAN

Though . few studies have teen made in depth, repaT=s by Sawyer (32;

| and Vollenweider (17) pertzining to Wisconsin and Swiss Lakes respectively
indicate chat when inorganic nitrogen (ammoniz plus nitrate nitrgen) is

* equal to or greater than .3 mg/l and the orcthophosphate is equal To or greater

. : 5
‘ than .0l mg/l, then the lake is likely to have excessive crops of algde and

other aquatic plants.

A recent study make in Vermont showed that all the lakes so testad were found

to be phosphorous limited.

A Cornell ressarch team conducted a study of 13 lakes in centrzl New York

this study led to a quantitative exprassion of the ralation betwesn p.osphorous

:
o
]
i
:

loading and concentrations of algze.

Fhosphorous in runoff occurs in 3 general forzs:
1. Dissolved orgznic
2. Dissolved inorganic
3, Particuluted
The dissolved phosphorous in both forms has & Zar mors ‘mportant

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

to soil particles.

Saurces of Dissolved Fhosphorous:

Sewage - 353574
Agricultural runcff - 18%
Forest rtunoff - 15%
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Most lakes, so studied,ars phosphorous limitad, gny Tacquction 22 shadiz
phosphorous loading may slow their eutrophication. One surs method of

reducing phosphorous loading is to reduce the amount of phosphorous entering
water t:aatmenclfacili:ies and domestic waste water Zacilities (septic syscems),
a#rghcsphate detargents may cant=ibute over 50% of the phosphorous in domestic
wﬁstewaters;-eliminating this sourcs éan have a significant impact. Toe
solution is simple: stop using detergents with phosphates and use phosphate-

frae detergencé.

A voluntary local ban or even a state wide ban of housahold laundry decesrgenCs

and cleaning £luids containing mors than .5% phosphorous.

Advantages:
L. Bettar water guality
2. Algae free lazkes and ponds

3. No cost to state or town

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

2. Ring around the collaz

1. Newspaper articles
2. Local radio
3. Town government
This is classified as 2 long-range contTol tachnigue but an immediate

erecution will initiata an in-lzke cocmezack,
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STRUCTURAL CONTROL TECHNIQUES

A, DIVERSION

B. CONTROLLING NUTRIENT AND SEDIMENT INFLUX

a. Locating faulty septic systems
b. Flow reducing devices

c. Controlling nutrient and sediment influx
C. SOIL EROCSION CONTROL

D. SANITARY LANDFILL LEACHATE

E. SEWERING

= 80 =




2 T VE R E 1T b nm

Wle most frequently used method to reduce lake eutrophiczation is to

divert waste waters around or avay from the lake.

.

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

will be encouraged by the state when:

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

2. Rerouting of the inflow does not. have a significant negative
impact cn the biota er hydrologic cyvcle 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-eflective,

Halfway is mainly aquifer fed with the only tributary being a very
minor contributor to water volume, hence the expense of diversion would

not be justified,
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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.

Stgrm water run-off has the potential of picking up and carrying high levels

of pollutants into lakes and streams. This is especially true whe®> a

i{ntensive rainfall ,Under these

fertilizers,

long period without rain is followed by
circumstances, the initial surge of run-off carries oils,
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 small impoundment which retains storm water run-off

particles to settle to the bottom of

A sediment basin is

long enough to allow heavier sediment

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

a basin with run-off provided by a perfor
Periodically the basins must be attended as

ated vertical riser pipe ringed

by a collar to collect trash.
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 Halfway Pond will not be affected by any diversion

methods as it's water budget is supplied by underground aquifers.)
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Sediment basins will not have a great effect on phosphorous loading, how-
ever, following major storms and thaws they will substantially affect

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

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

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

At present, the traffic problem and ntorm water run-off is not a problem,

As the population impact becomes a problem then consideration should be
given to this technique.
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' LCCATING FLULTY SEFTIC SYSTE!IS ARCUND HALFWAY POND

DYZ METICD
The often used dve test is & poor indicatiorn, defining only blatant

problems hecause the dye may:
1, Have a long travel tire.

2. React in the soil and lose its fluorescent characteristics
(fluorescent dye when introduced into an acldic septic tank
can lose its fluorescent character)

3. The dye may be bound in soils, especially clays. Consequently,
pollution may be occurring even though the dye is not detected
and the septic tank is allowed ¥o continue polluting.

4, Access problem

5. High cost

6. Many other small but complex problems.
SEPTIC SNOCPER

A, Minimal time

B. No access problem

C. Very simple in application

D. Low cost

E. Data is more special and discriminating.

1. This Zactor allows for far superior planning
techniques and can represent substantia! savings.

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

serimeter of lake where homes are located.
This technique notto be used. The cost would not be justified. The

few homes are well set back and the nutrient readings point to nutrient

influx from other sources.
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LONG RANGE CONTROL TECHNIQUES

FLOW REDUCING DEVICES

Most conventional homes are presently not equipped with water-saving

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

the same results - reduce the amount of water consumption. These devices
range from specially designed attachments that replace existing fixtures,
such as faucets or shower heads; to special in-line devices that adapt to

existing fixtures,

Widespread utilization of such devices by homeowners and industrial
complexes will affect a substantial water savings program, 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.
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SOIL EROSION CONTROL

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

town can do this by:

1. Controlling land use.

2, Develop proérams that minimuze loss of soil and fertilizer
on building sites, sspecially 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 natural erosion control. Extensive lawn

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

should be encouraged.
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SANITARY LANDFILL LEACHATE

Halfway is not affected by sanitary landfill leachate.

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

2, Low metallic readings.

3. About 16,000 feet from landfill,
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; ultimate aim of the Town of Plymouth or in fact any town should be z sewage
stem. The Cornell study recommends; £irstly, a ban on phospuate detergents,

;;en tertiary treatment of sewage plant eZfluent, However, sewage systems beyond
artiary are being used for mineral stripping with the end result being nezrly pure
“étar. This report deals with phosphorous removal, hence this position is only
econdary, however, with all factors being considered?sewering should be considered

fas an ultimate gozal,

5

The State or Massachusetts would encourage sewering:

1. If septic system leachate is,or will become,a significant
contributor to the overall nutrient flux of the iake or pond.

2. If alternate methods of waste dispusal (1.e. no-discharge
waste disposal methods) are not awvailable.

3. If the construction of a sewer system does noC encourage

ignificant

V]

wn

growth in the watershed which coul. lead ¢

degradation of the environmental! quality of the watarshed

and lake ecosvstem.
EgThe physical charzcteristics of the Plymouth soils the number of ponds, Lakes
*:and kettleholes being fed by deep aquifers and ground water, lead to the conci.sion
thit the ultimate goal should be a sewzge system encompassing zhe whola cown wilh &
tertiary treatment system that would eliminate any future danger oi contamine.lon.
Eastern Massachusetts is presently plagued with outbrenks ¢ even arce. lan wel.
contaminztion. Human waste and industrial conctamination must be contained. Tow
cost of such systems is grezt - but the destruction and pollucticn of clisen waile!

systems will be of far greater cost to everycne. <o clean ccritzaninated waler is

o

<
o

=]
[
o1

3
L

costly and perhzps some waters will not be able to"be cleana2d. Zreventa
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ALTERNATIVE SEPTIC WASTE SYSTEMS

. areas wheres soil charzcteristics prevent adequate on-site waste disposal, the

lowing alternatives should be considered:

water-using toilets

The single most important non-point source of pollution in suriice waters

; well be nutrient loading from shorsline subsurface sewage disposal systems. The
esults of the Billington Sea groundwater sampling point direztly to this conclusion
':prevalence of the Carver - Gloucester soil association makss not culy the shore-
e 2 tgrget of non-point source nutrient loading; but possibly thes eniirs watershed.
Eliminating toilet discharge as a contributing factor to subsurizce disposal
ems would significantly reduce both the pfoblem of malfurctioning svstems nnd

roblem of nutrient migration into ground and surface waters.

i

is recommencded chat non-water using toilets be used i the £:'lowing
raphic zreas:
l. Islands

2. Existing development adjacent to surface wetars.

3. On marginal soils where groundwatcr pollution would be a dar

Two recommended systems are: composting toilets e¢nd incinerating toilets;
dre many other types such as vacuum toilets, chemical toilets, ebtc. but com-

HE aud incinerating toilets are the most populat.

T, . - . s . . . - -
88 -7ere are a number of composting toilets on the market (see Add=nda) buc =ost
9T a tough plastic container in which compostable wisces are placed

" the decomcosition of the waste is accelerated by a heating coil a2t the bas2 of
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unit and aeration from a fan, which draws air through the compost and out a vent

pe. The fan runs continuocusly and removes all odors}whereas the heating coil

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

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

eratinz cost of $6.00 - $7.00 per month,.

cinerating Tcilets

These toilets consist of a cabinet similar to 1 conventional tailet wmich

ss propane or natural gas to incinerate the waste and an exbaust fas t.ows the

es out the exhaust vent. The incinerating cycle is contrnlled by a presec Cimer
lasts 15 - 20 minutes. Periodically the mineral ash ir the firebox uusc be
ganed by 2 vacuum clezner. One unit can service vp to 12 people on a Iull-iize

15is. lhe unit is easily installed, requiring only gz2s and eicctrical connections

The price for an incinerating toilet is about $00C.C00 plus celivery and
IStallation charges. Operating costs using bottled gas woulcd be abourt O cents per

b

ineration cycle or about $45.00 a month for a family of 5.

A

Another system which uses air instead of water for the transgort oI sewize
m the toilet is recommended for further study. The vacuum svstem uses culy 3 pints

ced volume of liquid, the sewage is collected in 2 holding tank and tcansported
e0 existing treatment plant.
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IN-LAKE MANAGEMENT METHODS

A. CONTROL OF MACROPHYTES AND MICROPHYTES BY HARVESTING
B. REDUCTION OF MOTOR BOAT USE
C. CHEMICAL INACTIVATION OF NUTRIENTS
D. CHEMICAL CONTROL VIA ALGICIDES AND HERBICIDES
E. LAKE BOTTOM SEALING
F. DRAWDOWN
G. BIOLOGICAL METHODS
‘a. Herbivorous fish
b. Biomanipulation
H. DILUTION

1. AERATION AND MIXING OF WATER

J. DREDGING
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MACROPEYTE HARVESTING

Aquatic plant harvesting is 2 widely used technique Zor in-lake
management in lakes or bays with excessive local plant growths.

1t involves three stages to be at meximum efficiency.

1. Cutting
2. Collecting

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

3. Disposal

A. Front-end loader and dump truck handle the disposal
process. Disposal can become difficult, however,
when submersed aquatic plants approach cons/acre

. wet weight and contzin 3.2 lbs./zcre shosphorous.
(MacKenthun and Ingrzm) Large areas are needed Zox
disposal and Plymouth has ample sand z.nes &nd sand
bank erosion areas which could benefiz Ifrom sp-eading
of the harvested material.

=
i

1. The primary advantage is that it is an ec
elegent solution nuisance planc controi. MNut
are removed Ircm e aquatic acesvsteam &nd 8re ho
through bacterizl decomposition of dead maczar.
growth may become impairea or even limited by the removzl
of mecro-nutriencs (phosphaces, nitrates, ..rocn, &Te.)

to
th

2. No chemiecals are added tc the zgu.tic environment.

3. No'elasing' of the lake.
g

A. Tatervals of up to 2 weeks .re nccessary wit.
chemical application.

4. No lowering of dissolved oxygen.

5. Controls all species
A, Chemicals have resistant speciss procladm.

Hy

6. Mo build-up of dacritus.
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DISADVANTAGES

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

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

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

Shert flush time

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

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

Relatively smooth bottom

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

A. The target species is susceptible to efficient harvesting.

Disposal

A. Dune stabilizatien

B. Erosion control

Recreation

A. Lake is immediately available for recreation.

Rental Cost:

1980 state bid average cost $250/acre.

A, Town attends to disposal.

DEQE Eutrophication and Aquatic Vegetation Control Program

Hlachine Furchase:
Small Chub - $12,900
Trailer 1,250

Capable of 1 - 2 acres/day, 2 man crew, manual operation
H-400 $28,000 |
2 - 4 acres per day, 1l man crew, hydraulic operation
Aquamarine Corp., Waukeska, Wisc.
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"In this lake the technique of harvesting is not considered practical

at this time".
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Restriction of Motor Boat Use

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

motors.

A. Since 1972 outboard manufacturers have included a
recyeling 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.

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

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

Most of the data gatheiédby&hese studies indicates no firm support for
either complete festriction, or size restriction. Little Long is a
recreational lake and hence, widely used for fishing and boating - to

use restrictive measures might put an unnecessary burden on both the

own and lake inhabitants. New engine designsg coupled with looming
petroleum shortages might solve the problem without added procedures.
As new data becomes available, perhaps then, a new approach may precipitate;

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

This method can be used to remove nutrients that are essential for plant or zlgae
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 phosphorcﬁs_
from the lake water and carry it to the sediments.
The state will encourage the chemical inactiva;%on of essential nutrients in the
water column if:

1. Only & small wacershed is involved.

2. The lake has a relatively long retention time (ove£ .3 yeer)

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

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

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

Halfway has an average retention time of 36 days, and most phosphorus comes
from in-lake sources, not from sediment release, The end result would be that
this technique is non-applicable and would not solve the basic problem., Long

term effectiveness would be limited by continual nutrient input.
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The heavy aguifer action in Halfway Pond would preclude any such
in lake technique being used. It is therefore deemed more prudent to

stay with long term watershed management techniques.

Inactivation of phosphorus release from sediments with aluminum
salts appears to be a successful technique for lowering phosphorus
concentration to levels limiting to algal growth, when used in comjunction
with a program to manage phosphorus income f;om the watershed. The
technique has a longevity of at lgast 5-6 years and there are no known
deleterious side effects to biota if proper procedures for dose determination

and application are followed.
Examples of EPA grants using this method:

EPA 625/2 80 27 Lake restoration in Cabbossee watershed plain

EPA 625/2 80 25 Restoration of Medical Lake - Washington
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CHEMICAL CONTRCL 2Y ALGICIDES aND HERZICIDES

Herbicide control should HCT be usad.

Chemical control of algze might have to be used until suggested programs
are impiemented, particularly if algae blooms render Halfway Pond -
undesirable for reecreation purposes. State aid can be applied for through

the Department of Environmental Quality EZngineering.

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

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

3. Copper in sediments does not exceed 150-300 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 promise 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

gsediments to hold nutrients.

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

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

range effects have still to be evaluated.

Large amount’ of groundwater present in Halfway Pond would,in all liklihoods
preclude the possibility of state participation in such a project. The
state would consider sealing if the following conditions prevailed:

1. 1f drawdown is possible.

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

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

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

Generally, the state prefers chemical sealants over physical.
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technique.

Halfway Pon

A

B.

A,

B.

Physical sealants:

Plastic Sheeting

1. perforated

2. non-perforated

Rubber liners:‘

Chemical sealants:

Clays
Zeolites

Flyash

d cannot be drawn down, it is much to large & mass and

it has too much groundwater Lo be considered as & candidate for this
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Lake Level Drawdown

Lake level drawdown is a multipurpose lake improvement technique.

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

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

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

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

of lake sediments.

In lakes and ponds where water level can be controlled, drawdowns have
been used to 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.

Halfway Pond is a natural pond and with itS geologic placement »

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

In lakes and ponds where water level can be contolled drawdowns

have been used to consolidate sediments, reduce their release of
nutrients and kill aquatic plants. While exposed to air, sediments

lose much of their water content and they may no longer release
nutrients into lake water when the lake is refilled (DUNSET ETAL 1974).
Beds of aquatic plants may dry out during drawdown and if their roots

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

Drawdown is not possible in Little Long at present, water-level control
technology would have to be applied before drawdown could be effectively

used as a short-range control measure. Because of this and other short-"

comings, this techniaue ié not being considered.

Responses of some common nuisance aquatic plants to lake level drawdown:

Alligator weed, naiads and potamogeton spp. increase in abundance

after drawdown.

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

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

Biological control of rooted aquatic plants and algae ﬁhrough grazing
activities of such organisms as fish or insects is one of the more recent
experimental approaches to controlling excsssive 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 exotiec species to native waters could cause more problems
thay it solves. A well known example is the common carp, which was brought
to this country as a food fish but has probably caused as much damage as
benefit. Scientists are therefore attempting to evaluate biological control

species in a step=-by-step fashion.

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

and alligatorweed.

' The control of a particular problem species by manipulation of biotic interactions.

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

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

3. Pathological reaction (controlling bluagreen algae blooms Oy viruses
has been attempted.)

0y use of biological control methods must be approved by tue Divisioa of Fish

nd Wildlife. The use of biologiczl controls on excessive growtns of ilgae and

ropiiyces ha: not bean developed to the point where any pocentially eifective

8ents are likely to be found in the near future.
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Herbivorous Fish

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

it was introduced to test ifg ability to control rooted plants -- ;g

use has been discontinued.

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

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

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

temperatures and can stand low dissolved oxygen concentrations.

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

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

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

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

control algae growth,

The next level in the food web which depends on planktonic algae is the
small, free-floating animal called zooplankton. This grazen is an important
food source of many fish, for example, Blue Gills, Crappies, etc. 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 algaeland 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 Meyers, Florida has published

many articles on biomanipulation advances for control of both water hyacinths

and alligatorweed.
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DILCTION

Dilution is a process whereby eutrophic lake water is replaced by water

lower in nutrients. A lake can be flushed out with less productive water,

or it can be pumped out to another watershed and allowed to refill through
rain or groundwatar infiltration. Dilution simply decreases the lake water!s
nutrient concentrations. The advantage of dilution is that many nutrients,

as well as plants,are removed from a lake when it is f£lushed out.

L. Sufficient quantities of low-nutrient water may notC be
available for such a project.

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

3. Cost problean on pumping in dilution water. -

The State would encourage the implementation of dilution if:

1. Nutrient poor water diverted from 1S natural course does
not have an adverse effect on {ts - own ecosystem.

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

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

s

Nutrient rich sediments do nct contribute significant quantities
to overall nutrient flux of the lake.

No clearcut advantage could be gained by using this methed for two reasons:
1

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

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

This in-lake procedure could not be used in Halfway Pond because there

is no significant source of nutrient-free water available.
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aeration and circulation can be used to improve water quality Ior
;ide arrtay of Yenmeficial uses including domestic water supply,
cownstrezm raeleases, incustrial use, fish management, and algal bloom

control. Maintenance of aerotic conditions may also affect nutrient

exchange within the lake,

Total aeration would not be encouraged by the state if aeratien

techniques would de-stratify a lake.

Hypolirnetic azeration increases the oxvgen contant of a lake without

-

de-stratifying the lale.

Ffositive Effects:

1. Reduction in sediment/water nutrient exchange.

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

Hypolimnetic aeration would be encouraged by the state when:

1. Nutrient loading from watershed is not sufficient
to promote eutrophic conditions in the lake with-
out the addition of internmal nut-ient loading.

(  Halfway has a high enough nutrient level with-
out addition by aeration). ’
2. “here concentrations of TO in the hypolimnion are less
than 3.0 mg/l and are not the result of naturzl springs
or ground water seepage.

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

3. When an increzse in hypolimnetic oxvgen will significantly
decrease the loss of nutrients Irom sediments in the water
column and internal nutrient loading is an important factecr
contributing te the occurrence of planktonic algzl blooms.

Halfway with it's physical characteristics, i.e. shallow depth
{5 Ft. averasze): surface area (%3 acres); and high flush rate (1lZ davs averzze)
=] L= ‘ =
malte it an unsuitable candidate Zor any leng-range Yenelits Zrom any aetation

r circulation technicues. wincd, sun ané flow would be enough to maintain hizh

[o]

C rates if the nutrient iaflux rproblem was solvad or even curbec.

Wote 500 policy statement of ZZa.
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DREDGING

Dredging removes nutrient rich sediments and rooted aquatic plants from shallow
. water areas. A lake's annual process of self-fertilization and subsequent release
b4

of nutrients from sediments to overlying watars may, f£or some lakes, be ane of the

primary sources of the lakes nutrients.

Dredging has often been suggested as a means for removing nutrients stored iIn sediments.
The sediments are usually rich in nitrogen and phosphorous zand represent an accumu-
lation cf years of settled organic materiazls. Saome nutrients may be racirculatad
within the watar mass and furnish food for a new crop of orgaznic growth, However,

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

The state encourages dredging if:

L. Nutrient loading. is nct from extermal sources.

2. Removing substrate would promote plant growth.

3. Sediments ars important source of nutrients.
. Yo toxic sediments are released during dradging.

5. Dredging will not increase water turbidity.

6. Dradged areas are less than 15 feset deep.

7. Does not affect downstrsam wetlands.

8. Dredged sediments do not pose a health or environmental problem.
Some  problems encountered in dredging:

1. Nutrient content does not change drastically.

2. A possible resulting shift Irom rooted plants to algasa.

3. The buffering capacity of 2 lade to externzl changes in nutriant
loadings may bDe lowered.
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4. Resuspension of fine particle and plant nutrients.
P P I
5. Toxic substnaces may be released in water color.

€. May destroy the community of Benthic organisms which are
important to the f£ish

7. Disposal site - discharge problems

Maorse's Pond in Wellesley has been dredged after two or three nutrient
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 3l4.

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

as recommended in this report.
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Land Use

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

Physical
Mo construction other than sediment basihs.
air Quality
o effect.
Hydrology
No effect, no diversion, dredging or constructien.
Aquatic Life

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

Cultural Impact
None.
Economic Environment
None,
Jesource Impact
None,
Energy Use
Hot applicable,
Social Znvircnment
Beneficial, better water quality
Jisplacement of People

.
0.
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Changes in Noise Levels
None.
Effect on Flood Plain, Hanagement or Wetlands

None.

Dredging and Other Channel, Bed or Shoreline Modifications
None.

Feasible Alternatives to Proposed Project
Hone.

Other Necessary Mitigative Measures

None.

Will the project adversely affect short term or long term

ambient air quality? ..eeseesses NO.

- Will project be located in flood plain? o4 s s M0

7ill structures be constructed in flood plain? .........NO,

Will the project have a significant adverse effect on fish and

wildlife, wetlands or other wildlife habitate? s wees ¥ wel0s

Will the project adversely affect endangered species? RETRPREER . | >

Are there other measures not previously discussed which are necessary

to mitigate adverse impacts resulting from the project? PR {0 [

- 111 -



Halfway

Management Plans

Time Schedule

Any programs implemented on Halfway Pond will be directly
managed by the Plymouth Conservation Commission and coordinated with

any other town departments that are needed.

.

The voluntary phosphate ban should take place immediately.
Seaiment basins - engineering study by D.P.W.

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

Septic Snooper program 1981.
Updating faulty septic systems 1981-1982.

Zoning laws should be updated to include equifer protection.
Pollution laws revised and updated to include nutrient con-

centration.
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HALFWAY ~EOND -

- CoOHNCLUSION

' 1n most lakethhe short retentign time of about 36 days would be

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

ponds in the area becomes available.

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

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

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

effect on so small an impoundment.

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

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

be designed and implemented by local.D.P.W. and engineers. .



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

criteria.

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

and for aquifer protection.

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

those around the shoreline.

Halfway Pond has about 25 acres of agriculture endeaver which has an
impact on the system. All the tests show the impact to be slight, if any,
to the impoundment. This is contrary to the initial thought before in-

depth studies were carried on.

Some thoughts were given to the diversion of the only tributary, however,
its volume impact is very small and the cost did not seem to be worth

the gain.
The aquifer action, reflected in outlet flow, is very heavy. The cutlet
flow was barely affected by the drought condition and this was the only pond

studied to show this characteristic.

Once long-range effects begin to take effect, then the high flushing rate

should help cure the basic problems of Halfway Pond.
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A D D E N D A

The following data will provide the Town of Flymouth with necessary
information to justify application to the U.S. Environmental Protection
Agency for 50% matching funds to conduct the proposed programs, &s
authorized by Section 314 of the Federal Water Follution Control Act
Amendments of 1972 (PL 92-500)

The preceeding report has established:

l. Water quality of Little Long Fond
2. Lake restoration procedures

3. Environment Inmpacts
4, Expected results

5. Management Plans

Funding by the Commonwealth of Massachusetts:

722-1969 - DEQE amended general laws
Chapter 40, Section 5 and Chapter 111, S5F

(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 Cond, one of the

most used ponds in South Eastern Massachusetts,
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A D D E ¥ D A

bllowing data will provide the Town of Flymouth with necassary inZormation to
£y application to the U.S. Eavironmental Protesction sAgency for 50% .aatching funds

' ﬁducc the proposed programs, as authorized by Secticn 3ls of the Federal Water

-ion Control Act Amendments of 1972 (PL92-500)

e preceeding report has established:
l. Water quality of
2, Lake rastoration procadures
3. Environment Impécts
4, Zxpected results

S. Ma:agement Plans

nding by the Commonwealth of Massachusetts:

22-1969- DEQE amended general laws

hapter 40, Section 5 and Chapter 111, 5F

A copy of this act is included in Addenda)

This usually covers chemical control and harvesting of &quat*; auisances.
'Chap:er 91 under DEQE, Waterways Div., is for dredging nrogrzms

08 covers sewage construction.
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CRANBERRY 30GS

(Background Information)

For every acre of cranberry bogs 1/40 - 1/50 is ditches.
Crop production appfoximately 100 barrels/acre.
Total nitrogen applied 30 1bs. per year per acre.
Total phosphorous applied 30 lbs. per year per acre.
Balanced fertilizer (usually 16-16-16- or 20-20-20) is epplied
by hand cyclone application. '
New evidence shows that cranberries apparently do not
use nitrate nitrogen, some growers are switching to
zmmonium sulfate or Lcea base to give ammonium nitrogen

and eliminate nitrate nitrogen.

Fertiiizer application occurs in early May, June and July

and 2-3 weeks before flooding.

Flooding occurs cwice yecarly - once in the fall for picking

and once in the winter for protection.
Flooding heignt is 1-1.% feet per acre.

Irrigation is used for frost control (hence, only 2 fisodings tfor

past ten years.)

Irrigation rate is 50 gals. per minute per acre (gsually from 1 A.M,

to 8 P.M.) or 1/10 inch per hour.
Chemicals used:

Fertilizer: 16-16-16

20-20-20
Weed Killers:

Dow Pon
Casciron

Piquat
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Fungicide: Ferbam

Insecticides:

Parathion 3/4 pint per acre 8 1b. flowable - 2 times per year.

Sevin 4 1b./A.L. - 2 qts. per acre per year.

No diazinone is used on bogs around Billington Sea.

;dditional Fertilizerrlnformation: 100 barrels of cranberries per acre depletes

23 pounds of nitrogen per year and 20 zounds

of phosphorous per year. Applied rates of
fertilizer are 30 poinds of nitrogen and 30
pounds of phosphorous per year. The cifference,
theoretically, is for plant growth (rocts, .eaves,

stems).
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Revision of Pollution Definition

;; guneral approach is to stress violation of colifcrm bacteria standards, research
i1 )

fbws that nutrient pollution over a period of time is as important, or may be morsa
it is suggested that viclation of nutrient standards be incorporatad in the

ucion standards.

 GENWNERAL GUIDELTINES

Permissible Levels Critical
Total phosphorous mg/1l .025 .04
Orthophosphorous mg/1 ' .004 I .01
Orzznic Nitrogen mg/l .20 .40
Ammonia mg/l .02 05
Nitrate mg/l | .10 . .25
Nitrite mg/l less than .00l T 4002

Inorganic Nitrogen amg/l .12 .30

tporation of the above nutrient levels in the general pollution standards would
positive approach toward solving the problem of nutrient lcading from all sources

i vould redefine pollution as it is generally understood.
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FEDERAL LEVEL: ENVIRONHENTAL PROTECTION AGEHCY
OFFICE OF WATEN AND WASTE MAHAGEMENT

o!.a!

1. Covslyuction Grants for Wastewnter Trealmeut Wovrks,
Projoet granls (Vonporative sgreemonts) are avalloble for
tho conslrvuctiion of munlclpal wnalownlor treniment worka
Inclwding privutoly ownod Joadividual Lrealmenl aystems 10 a
munlclpnlity applies on behnlf of a numbur of such vyslomy,
Such works may werve ull or portlons of Individual communl-
tlos, molropolltan areas or roglons, Tha project may In-
cludo bul moy not bo limlted to Lreatment of Indunlyial
wastes,  The program Is consldered sultable for Jolat fund-
log wilh clowoly reluted federal financial sssletance pro-
grams In ucecordunce with OMI Clreular Ho, A-111. The grant
mny by fov 76 percent of eligible projucl costs or A6 por-
cenl for Inmovatlive or alternative Lochnology projocls.
Progrums hove vanged from $076 to $200,800,000 wilh an avor-
ugo of $4,000,000. FY 80 osllmated obllgatlons nre

$3,600, 000,

Any munlclpality, Inter-municipnl agoncy, nlate, or Inter-
slute sgoncy having Jurledletlon ovor waste disponal le
ellglblo for usselatnnce undor Lhlse program. It Is avallable
to cach stuto, Lthe Dlatrict of Columbla, und each torvitory
or poseesalon of the Unlted Htates.

Preappllention mualstanco ls avallable through the state
wator pollulion agoney or the sppropriate EPA reglonanl of-
flco, Appllcations munt be submltted through thesv sgen-
cles. Applicatlony aro subjoct Lo state and aronwlde cloar-
Inghouwse veviow. An enviromnontal assessmont la roquired
which mny lend to Lhe regulrement for an onvirosmentnl Im-
poel slalemont. Approval or dleapproval normally roqulrues
DO dnys,

Contact: Informatlon muy bo obtalnod from the slote watur
pollullon control agoncy or thoe appropriate EPA reglonnl
ofllco.,

u.:mmcﬂswmmwmmmm=n==pq:—.lm—apcn=; _mmmﬂwasaMIHH:mﬁzﬁ
:wnmwmwuaanqnzm:.wcwscuznnzzwus1==<=_ﬁmﬂ===:=m1
ThTs program for Lhe astubl lshment and mulntennnen of ado-
quate munpsures for prevontlon and control of wuler pollu-
Llon. Droad support le nvallauble for permitting, pollution
contral otudles, planning, survelllance, wnd enforcemont.,
Advice and ussletsnce 1s avallable to locn) ngonelos.
Tralning and public Informntlon are also avalloblo., Fumda
ennnot bo vaod foy conslructlon, oporntion or malntenunce

O wnole troutmanl planta nor for costa [lunncod by othuor
fedornl grants.  This progrum bs consldored sultnble for
Joint funding with closoly rolatod fodornl flpunclal svyle-
Innco propgrams In nccordance wilh OMB Clreuluy Ho, A-111,
Finuncinl nsalutunce hue ranged from $U5,4100 o $3,086,000

with un avevuge of $030,000. FY 00 ost fmnled obllgal lone
avo 348,720,000 fuor grante. Slatoe end Interelole wnler
pellutlon contyol agoncloy ure oliglble for funding undor
thls program. 1t s avallable Ln ench slate, Lho Diwtrict
of Columbla, and all torritorles and peanvaslonn of Lhe
Intted Ftales.

Informal mealtugs are hold botwoon the roglonsd offlco nnd
slate applivanl agenoy aoncornlng program preparalion.,
Applicnlions are aubject to elate -and nroawldo clearlong-
house roview. Completed application formy wunt ho sub-
mlitled to Lhe approprinto EPA roglonnl offlce, Granls
Administration Branch, Buggoesuled daten of sulwlaslon are
June 1 for draft stale/EPA agroomenls and no latuer than
Beplomber 1 for final state/EPA agreemonts. Approval or
disapprovnl Llme normelly takes 30 duye.

Contact: Informallon may bo oblalned from Lhoe appropriatle
E'A roglonal offlce,

3. Wnley Pollutlon Control - Statv wnd Aveawlde Waler
Quallty Vanagement Flann bg Fgoncy (Bectlon 400 Travin).
'rojoct grants wre provided to avoawidd and sinte plannin
sgenciea lo dovelop a waler quallty managemont plun for nnm
Arsu or arens approved by tho mppropriate reglonnl EPA
sdminiatrator. 7This program ls cons)dored sultuble for
Joint funding with olosely relsted fodernl finunclial asnln-
tnnce programs In sccordance with OMD Clycular MHo. A-111.
The fuderal asslatance rate in 76 percent for nll grante,
The rango of flnonclal asstatance F-a boen from $100,000 (o
$4, 000,000 wilh an avorage of $140,000. FY 80 ostinated
ohligatlons are $410, 000, 000,

This program le svallable to a local or roglonal planning
agency daslignated by the govornor or appropriale Jocal
officlals nnd approved by the adminlntrator or EPA as Lho
oiflclal aroawldo waste Lreatmont managemont plonning
mgency. The program Is avallable to onch atale, the Diua-
trict of Columbla, and all torrilorlen and possesalonn ol
the Unjtod Statow,
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Proapplication voordination with tho sppropriate reglonal
EPA offlco 1o recommended. Applicatlons are subjacl to
aluto and aronwlde clearinghouse reviow, Stoandard appli-
ctatlon forms arvo furnlehed by the sgenay.  Growl appllica-
tions aro submilted to the approprinto EPA roglonal admin-
Istratlon offlco, In the cnso of an sroa daslgnatod by Lhe
guvornor, tho npplication and supporiing data must be sub-
millod by Lhe elale reviuvning agenclose prlor to submisalon
lo EPA.  In Intorstate casos, Lho application must ho sub-
mitted to the governor of the statn whoreln the grontent
portlon of the plonning urea tles. Urant applicntlons




misl Lo submltlod necording Lo dates estnblishad by the
roglonul EPA mdministratore. Approval or disnpproval time
normully 1o 46 dnys,

Contact: Informntion may be ublalnod from the reglonal
EPA offlcos,

4. Ytale Undorground Waler Gource Protectlon Program
Grantas, Undoyr thla program project granla aro avallable
Tor Lhe dovelopment and Imploemontation of underground
InjJectlon control programs adequale to enforce the require-
monle of the slate drinking wator eot, Federal weslstance
lo limitod to 76 porocent of elliglible costn, not Lo oxcoeod
the wtnlo allotment, Thig program lu cousldered sulluble
for Jolnt funding with closvly related foderal financial
asglatunce programs In accordance with OuMD Clreulsr No.
A-111. FY B0 estlmalod oblligatluns are $7,783,000,

State agoncles denlygnatad by Lhe governor or the chlef
endeullve offlcor by one of Lhe slates, Lho District of
Columblin or any of the U.8. terrllorles or possesaslons
which hny boen listed by the EPA adminletralor ms requivr-
Ing an undorground Injectlon control program nra eligible
for funding wndor this program.

Proupplication coordination with appropriate roglonal
offlcos e rocommended. Grant appllicatlons are subpltied
to Lhe appropriate FI'A reglonal adminlstrator. Appllica-
tionn ave sibjoct to state and areawlide clearinghouse
roview, Approval or dlenpproval Lime Is approximately

1% dayse.

Contact: Applicants should contact the approprinto EPA
reglonnl offlce for fnformetlon concernlng thls progrom.

6. flulld and luzardoua Wuste Manmgomont Program Bupporl
Oranla, Formuia grants and project granlam are lvalknhio Lo
noalst tn the dovolopmont and implemontation of alale and
loeal programy and support rural and spocial communitles in
programu and projocte leading Lo Lhe wolution of solld
wutlo mnungemont problems. Asslslanco Includus support

of fnallily planning, foasiblllty afudloe, oxperl consul-
tntlon, surveyy and analysls of markol neods, manrkoting of
rocoverud resources, technnlogy asseosment, legnl exponsos,
vonstrucllon foasibility studles, source preparal lan pro-
Juets, nnd flscal or economle Investigalion or atudlus,
Funda mny bo used by spoclal communlitlos for converslon,
fmprovemont or consolldutlon of eatstling solld wasle dis-
pounl fncilition or for constructlon of wow facilitlon.
Avulstonco s nino avallable to low populatlon munlelpal-
ttlen for elosing or upgrading oxlisting open dumps or

mooting roqulvemonts of restrictlons on opun buyning or
othor roquivemente arlslng undor the Clean Alr Acl or Lhe
Foderal Water Pollullon Control Act. 1Thls program le con-
sldored sultable for Jolnt funding with closoly rolated
fadoeral flvancinl asslstnnce programa In mecordunce wilh
oun Cireular Ho. A-111. The federal abare of & project

may bo up Lo 76 percont although 100 porvcont may bo funded
for conduellog Inventorles of opon dumpa. Flunneial awnlo-
tunce haa rangod from $71,600 to $1,310,200 wilh an Aver-
nge of $260,000. FY 80 esllmnled ubligations ave
$66,050,000. fHtate and substate solld wanle ngenclesn,
sulhorities and organizations In all states, the Diatrict
of Columbla, Puorto Nice, tho Virgin Islands, Guam, Amorl-
can Bamoan, and tho Wariaps falands are eliglble for funding
under Lhils projoct.

The etandurd application forms furnished by the agoncy are
rugquired for lLla program. Preappllieations for rosoupce
conuervallon and recovery projects are solliclited In the
Commerceo Dusiness Imlly and ovaluated with published cril-
torla. lNequesle for application forms and complotod appli-
caljons are sulmitted to the sppropriateo EPA reglonal
grante adminlistrantlon office, The staff at the sppropriate
offico Is avallablo to msalut In preparatlon of the appll-
catlon. Applications mre subjocted to adminlstrutlive
ovaluatlon to delermine adequacy In yelation to grunt rogu-
Intiona and Lo technical IHJ program evaluation. Approvnl
or digapproval tlmo rangus from 30 to 00 days depending
upon Lho typo of applicatlon. Appilcatlons are subject to
alnte and areawlde clearlnghouse revlow, Environmontal
fipnet assosemonts may Lo required for Implemuntntion pro-
Jocts Involving major conatruction or slitling.

= 12k =

Contact: Information may ba obtalned from Lhe appropriate
EP'A reyglonal adminlatrator.

@. Bolld Wosle Manwgemont Dumonstration Orapts. Project
grents are avalinhle To promote Lho demonsiaiion and appli-
cullon of solid wasle managoment and resource recovery
tochuology und nsslutance which presorve and unhance Lhe
quality of the environment and conserve rosources and to
conducl sulld wnuto manngement and rosource rocovory aeludloes,
Inveutlgntlons nnd vurveys. This program Ju conuldored
sullable for jolnl fundlng with closoly relatod fedoral
financinl asslstance progrome In accordanco with OMD Clr-
cular Ho. A-111. Nosource recovery syslom demonstratlon
projects mny ho Funded up to 76 peroont by this fodernl
program.  Consgtrvucllon of new or lmproved solld wastle
dluposnl foclijtlos sorving an arva of only ono munlel-
pulity may be funded up lo B0 porcont of oligible project
conls, or 76 percenl In any olLur eanva,

Htulo, Intorstalo, munlelpnl, Intormunlcipal, or olhor
public nuthorities and agonclos are avaldlable fonr Lhe varl-




ous components of thilse progrum.,  In additlon, publlo or
private colloges and unlvernltlos and private nonproflt
nggneloo and Institutlions aro avallablo for the resource
rycovery aysloms demonstratlon projocls or for the con-
elructlon of new or Improved sovlld wasle dlsposal fucll-
Itjos. All stmtos, thoe District of Colvwmbla, Puerto lilco,
Lhe Virgln tulands, Guam, Amurlcan Samon, and Lho northern
Haviana Ivlands are eliglble for asslutunce under Lhis
program.

Standard application forms aro furnishod by tho agency

for Lhls program. Noguestes for uppllcatlion forms and com-
plotod applicntions are submitted to Lhe Enviroumuntal
Protoctlon Agency, Orants Adwminlastratlon Division. Appli-
cnllony nro subjeol lo stalo and areawlde clearinghouse
roview. An environmontal Impact assuvssmont Is requlroed
only for mojor demonstration and construction projecls.
Approval or dleapproval timuv normally takes B0 duys.

Contact: Information may he obtalned from the appropriate
EPA yuglonnl offlce,

OFFIUE OF NESEANCH AN ) DEVELOPMENT

1. Envivonmenlal Protection - Consolldated Hesomrch Urants.

Project granilo are availabia undor thiad program to support
reuwearch lo determine Lhe environmenlal elfocls and control
ruTMIrumunlu assoclelud with enorgy, to 2entify, dovelop
and domonutrnto necesoary pollution control technlguos, and
to evaluale Lhe oconomio and woclal coneuguencos of alter-
naollve slrateglos for pollutlon control of energy osyetoms,.
Uranls may &lso bo used Lo eaplore and dovelop stralugloes
and mochnulsms for thoso In Lthe economlic, soclal, govern-
mental, and onyvironmental systems Lo uso In envivronmenilal
mnnagement, Thily program 1e sultable for Jolnt fundlng
wilh closoly relatod fedoral [luanclal avslstance progrums
In necordance with OMD Circular Ho. A-111. Projocls must
be vost whared at & minlmum of 6 porcent. Flnanclal ausls-
tanco lws ranged from $1,000 Lo $1,B10,600. FY 70 pverago
financlial owslulanco was $00,304. FY 00 ostimatod oblliga-
Llonn are $20, 000,000 for grante. This program Is avell-
uble Jor publle and private state univerultles unid collegesn,
houpltaly, laboratorles, stete and locnl govorusmoent depari-
montu, olheor publiec or private nonprofll Institutlons, and
Individunls who have demonslraled unusually high sclontiftc
wbility. 1IL le avallnblo Lo oach slate, terrltory and
pognession of tho Unitod States Including the District of
Columbln.

Pronpplleatlon discusolons with the EVA program offlce 1o
advisable. Btandord appllentlion forma pust bo usod,
Nequusts Jor appllcatlon formm and comploled appllecations

muat ho submitted to the EPA Granto Adminlstration Divislon.
An envirovmenlal Jwpact asseussment In voqulved, Approval
or dluapproval normnlly takos 00 doya,

Contuct: Individunls are encouraged to communiente with
the nppropriate EVA reglonal office. For ifnformallon on
grant applications and procedures, conlact tho Enviroumental
Protectlion Agency, Granla Adminlabralion Division, PH-210,
¥nshington, D.C. 20400. For progrom Informntlon, contact
tho Environmontal Protectlon Agoney, Offlce of losunrch and
Devolopmentl, RD-074, Washlngton, D.C, 20400, (202) 70656-
8707. k

2. §2!|durﬂ§l“ Disposal Nesearch Gyants., Projoct granie
aro avalTable {0 promote and mupporl thoe coordluation of
research and devolopment In the aroa of colluctlon, slorage,
ullllzatlon, and salvage or flnal disposal of solld waste.
Thu program la consldervd sultable for JoInt funding with
clostely rveluled fodoral financlnl anslotance programe In
accordance wilh OMD Clroular NHo, A-111. Those grante
roqulre a minlmum of 8 percent cost sharing. Flnancial
noalstance hos ranged from $1€,000 tu $358,000 with an
ostimnted avernge In FY 70 of $80,000, FY B0 oslimatod
obligatlions are $2,600,000 for granla.

The program le aveilable to public or privalo ngencles;
public, private, olate univornltlas mnd collegesn; stnle

and loenl governmonls; and Individuals In epch slate, torri-
tory and possveslon of the U.3. including tha Districtl of
Columbia.

Proappllcal lon dlecusslon with the EPA program Ie advisablo,
hoquests for roquired etandard application forme and com-
ploted appllcatlons muat be sulwmitted to the EFA Uranla

Adminlstratlon Diviselon.  An envirunmonlnl Iwpnct assess- !
mont Ie roquired. The range of approval or disapproval (TaY
time le PO daya, o

—
Contmct: Individuale mare ensournged lo communbonto wilh 0

Lhe appropriate EPA reglonal officoe. Informallon concern-
Ing grant applicallons and proceduros may be oblalned from
Envivonmentnl Protectlon Agency, Grante Administratjon
Divislon, PU-210, Washinglon, D.C. 20400, Program lnfor-
mntlon may be oblnined from the Envirowmeninl Protectlion
Aguncy, OIflco of llosvnvch and Dovelopmont, ND-074, Wash-
tnglon, D.C. 20180, (203) T05-8787.

J. Natey Pollullon fhulrg]_ﬂuggnruhlkhuvulonmuntl_nnd
L]

Domonnivailon Grante, Project granls aro avaliabla under

il program lo support and promote lhe coordinatlon and
nceolernlion of vesearch, dovelopment, and demonntruatlop
projucis relnting to {he cnusvs, eoffecls, oxtentl, preven-




tion, roduction, nnd elimination of wator pollutlon. The
progrum ls cons)dored sullable for Julnl funding with
closuly velatod federnl finunoinl asslslance programs in
wtiordanco with OMU Clircular Ho. A-111. Granls under cer-
taln suctlons of thio program requlire a minlmum of 6 por-
cuntl coul sbharing, while the remuindor vequlre 25 percent
cost sharing. MNevonrch grants have ranged from $1,000 to
$772,012 In FY 78 und 78 wilh an average In FY 70 of
$01,710 and a projected avevage for FY B0 of $76,000,
Dumonutyntlon grants have ranged from $37,600 Lo $0,500,000
In FY 78 und 70 with an avorage of $111,330 in FY 79, FY
80 projectod demonslyatlon grant avevage le $100,000, FY
80 vutllmabued obligalions are $17,0088,000 for research and
domonsatrat lon grante.

Thie program is availuble to publlie, private, state and
comuinlly universlty and colloges, huspitale, Iaborntorles,
slalo walor pollution contrul agenclses, Interstsle agoncloa,
slanle nnd local governments, olher public oy privete non-
proflt sgoncles, Inslitullons, and organizallons In ouch
ulate nnd all torritories and possosslons of Lhe United
Statou Including the District of Colunbia. Ornnts mmy be
awarded Lo Individuala who bave demonslrated unusually high
selentifle abillty. QGrants wnder covtaln sectlons of Lhiln
program may bo awarded to profli-making orvganlzntionns,

Pruappllicatlon dlecusslion with the EVA Prugrnm Offlce lwo
advisable. lNequestn for the roqulrod standard applicallon
ftorms and comploted applicallons must be sulmitied to the
Environmontnl Protection Agency Granls Adminlalratlon
Division., Demonstratlon grant applications aro subjocl

Lo state nnd areawldo clearinghouso reviow. An environ-
menlnl linpacl susvscment s required for thls program.
Nunge of spproval or disapproval timo 1ls 80 days.

Contact: Individuals are encourugoed to communicate with
approprinte EPA roglonal office. (Informmtlon concerning
granl applicatlons aml procedures way be vubinined from

thoe Envivonmonial Proteotlon Aguncy, Ovanla Admlntstralion
Divislon, PR-210, Wanalnglon, D.C. 20400, Program Infor-
malion nmy bo oblained fvom the Envivonmentsl Protectlon
Agency, Offleco of Nesvarch Program Manegument, WD-074,
Vouhlnglon, D.C. 20100, (202) 765-8787,

OFFICE OF PLANHING AHND MANAGEMENT

1. lown Guuruntoos for Conuslrnction of Trentmonl Works,

Guavanlend/Tnsured Tonns avoe nvallablo tu ssslsl and sorve
nt an Incuntive In conslruction of mmiclpal sownge trent-
mont works which are rogqulred to muot sinle snd fodurs)
wntor quulity standarda.  The progrvem s designed to Innuro
Lthal Inabllily to borrow neconsary funda [rom olhor sonrcos

on voanonublo Lovmn doos not prevent Lhe conulvuctlion of any
wostowalour trontmenl works for whilch a grant hao Loun or
will he pwarded. Appllcations for loan gunranfeey will he
limijod to financing cartaln portions of the eligible and
allownble loenl sharo of a grunt for conntructlion of wnuto-
water trontmont works. EI'A guarantoon the losan from tho
Fedoral Fluancling Dank.

A ulnle, Intorslale agoncy, s municlipalily, or an Intor-
munlelpal agency which has applied for a construction grant
untlor Title II of Lhe Clean Wnter Act or which has commit-
tod Jtwelf to flnnnco Lhe local sharve of any project for
which a grant has been awardod or for which an applileatlon
is bolny processed nve oligible for funds under thie pro-
gram. It ls avnilonble Lo ench atato, territory and powvnow-
slon of the Unlted Hlatee Inceluding Lthe Dletrict of Colum-
bia,

Prenpplicatlon conuultation with Lhe appropriste EPA leg-
lonnl Conutructlon Grants and Grant Adminfatratlon Offlcoas
la reconmondod, Application 18 modo Lhrough the otale
agoncy to tho appropriate EPA reglonal office. Foen are
charged fur processlng of tho appllecation snd for ‘losuance
of a commlimont to guarantee. 11 Lho applleation Qs ap-
proved by tho EPA adwlulstrulor, loan gunranteed contrmcts
will bo lusucd to the federal financing olflce which dlu-
persos funda.

Contact: Contncl Lthe appropriate reglonnl offlce of the
EF'A for Informatlon concorving this progenm or Environmental
Protoetion Agoncy, Urante Adminlstration Divislon, PH-210,
Wauhlngton, D.C. 20400, (202) TAG-0BLO,
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SIATL/LOCAL PROGRANS
STATE LEVELT HMARYLAND
DEPANTMENT OF NATUNAL NESOURCEY

Wintlor Nesourcon Adminjastration

_.n_===r=rc=1wznm=5 mcmmmew. zc-:::::::zce=c-—n;
cladTy dosTgnated To adnlnlator 3f4 Closn Lukos applications
and 314 Clenn Lakus grants from the Euvironmontal Protectlon
Agency. The Walor Nasourcen Administration hus been lnvolved
with 200 Planning and some of the 208 Neglonnl Plonning Com-
mlostlony have applled for and recolved 314 Cloun T.akos fund-
ing. At the present timo; lhe local projest sponsor Is re-
guired to provido matcehing monlos.

Contaetl: Mavylund Deparimont of Natural Hlesourcesd, Wator
fivsourcen Adminletralion, Tawes Stale Offlce Nullding,
Aunspolls, Maryland 21401, (301) 200-2224.

4. Program Open Space. Thoe Dupariment of Hatural Nosourcen
providoa Flnanclal waalatance In the form of grante (formula
allotment) to local governmental unlts for tho dovelopment
of park and reeveational facilitties. Walf the monles re-
eolvod by the local community may be used for land acqulul-
tlon und half for recrentlonal devalupmont. A 26T mnlch la
vequlred of the loenl sponsor on Lhe portion that applles

to rocrontlonal development. Mo mateh 18 reguired on the
povitlon for land acqulisition.

Conlact: Appropriate county offlee or Muryland Departmont

of Hanturnl Nosouvces, Program Opun Bpace, Tawes Bluto Offlce
Mutdding, Annapolls, Maryland 21401,

HIATE DEPANTHENT OF NEALTH

z:—ce._..cwmrmm1MHmﬂcEmmjm5P d=-¢11:=w:5=q:<_=cm
win 1o countlog snd munlclpaniltlon for sewage and contenld
‘cu nyulem devolopmont. MHonles are to bu used Lo provido
w matehing funding for the fedoral Bewage Conslructlon
Grunty Program (projocts must quelify for federnl ald),

Tho slalo will coat share BOL (Lho other 60R to bo providod
by tho loenl aponsor) of the nonfedorally funded porvilon of
projoct costls on o 761 fedoral grunl and 76%0/25% (vtato/
Joenl) on a UBL fuderal grant.

Contuet: Maryland Stalo Departmont of lHonlth,

STATE/ZLOCAL PROGRANS

STAIE LEVEL! MASSACIUSETTS
DEPANTMENT OF ENVINONMENTAL QUALITY ENGINEERING

Divislon ol Walorwayn

1. Eutrophleatlon and Huleunco Aquatle Vegolatlon Control
Program, This program involven a preapplicalion and Tinal
appllcation process 1t ovder for a community Lo vocelve
funds for controlling a problem In tholy luke. Formorly m
almple woud control program, this program pow glves {lrst
priority to projocts which swek to solve the eutrophlcatlon
problom at tta aource, The completo epan of rostoration
tochnlgues are ellgible for funding (aboul $120,000 avall-
able statowldo during FY 80). The usunl appllcant io a cliy
or Lown Lhrough Lhe board of selectmon, conservatlon comnlis-
alon, heallh deparimeunt, ote. This program la expocted to
be tranaforred to Lhe Division of Wuter Pollution Control

tn order to consolidate and coordinate all lake functlons
stato-wldo.

Contuct: ::m::&r::cwpn.=ntvﬁnsm=ﬂ of Environmental Qunllty
Englnoering, Divislon of Walerways, Noom B33, 100 Hushua
Streot, Doslon, Mossachusotts 02114, (617) 727-4707.

Diviulon of Wnter Vollution Contral (314 deslgnated agoncy)

1. Mussnchusells lnkea Progrum, This progrum vmbodies tho
utato’e own progrom. KctlviiTea tucludo statewlde lake
claysl{ieation studlas, dlagnostic-feaulbllity studles,
waloer asslulunce vonsarch toum surveys (WANT atrikes), 314
coordinnlion and project application adminlatvution, 1lmno-
loglenl data publication, stute projoct priority 1lstlng,
Jako nesoclation asslatance, coordination of fedurnl-stiatle-
local lake rohabilitation efforta, and rolated wctivilles,
Loglelntion presontly under roview, 1 successful, would
provide up to $2,000,000 ia stato malching funds Tor 114
projocte aw woll ap provide a flvm Joglulative mandote for
adminletorving n sintewldo lakes progrem.

Contact: Masunchunotte Dopartmont of Envirommentnl Quallty
Englnooring, Diviston of Water Pollution Control, I, 0. Dox
646, Wonlborough, Mnssanchusotts 01581, (617) 360-D18).

2. Accolorated Wnter Pollutlon Contyol Program (Ch. 21
foct, 01). Thia program provides grania Lo publle entllioo
vepreacniing sovornl mmlelpalition for reglonal sowngo and
waler pollulion abntomont planning. GOranls are nol to ex-

covd $16,000 por publie entity,

Contact: Moasnchusetis Departmont of Environmental Qualilty

Englnooving, Divislon of Water Follullon Control, 110 Tre-
mont Stlroot, Doston, Mossachuselils 02108,
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y.  Nesovarch nnd Demonntyation Pro mmPMEWHmnmwmm_mm_map ara
w.c_wﬁumrawzmmmmmtﬂnmuﬂmﬁcz Conlrol can provide tochnlem
tutuneo and grant nld for aludlos snd demonulration pro-
Jocts Involviag lnnovallve ways of troaling sownge. .b:wﬁ:G
with spproprisate ldens, includlng consultants, unlvoreilive,
equonnlillon, ote,, moy upply. $1,000,000 hna bhoon author-
lzad for FY 80, In tho past, thie progranm provided somoe
mndching monlos for tho 914 Clean Lakes Program bufors em-
phauls ahlftod Lo sawago trontmont, It lo unllkely thut it
will bo usced Lo mateh 319 funda In the fulure.

Contuctl: Massnchusotls Dopartmont of Envivonmontal Quallty
Englnooring, Dlvislon of :z—:e‘ec—-=—_:= Control, P. 0. Dox
6516, Wueulhorough, Maponchunotts 01681,

208 Neglonnl Plannlng Commluslons

Tho 208 doalgnated Noglonal Plannlng Commlssionn huvo houn
espocindly activo in Unuwaachunotly and have coordinnted
thelr wiforta with the Department of Environmontal Quulity
Englnooring to provide intormation on prlority laken amd to
orgnnizo publie meotings to Involve Lhe public In luke res-
torntlon plons und projeclao.

Contnet: Local Planning Offlco or Depariment of Envivon-
mentnd Ounlity Englneeving, 208 Planadog Diviaton, 100
Combr ldge 9trveost, Doston, Unsnnehusotln 02108,

EXECUTIVE OFFICE OF ENVIRONMENTAL AFFATI

Blviston of Counervatlon Hervice

1. 8ulf-Uelp Progrum, The :.c.:-:::nnczmcqqa._==u=q<_:c
provides grants to Muntclpal Conservatlon Comnleutons to
cover up Lo 50% of the cosls of Tand acqulsltlon fur pasulve
secreontlionsl uso, Flling deadliine for applleatlons 1s
Auguut 31 onch yenv. Only land acquisllion coslu arv uvll-

giblo nnd only Wunlclpnl Consuvvailon Commleslons mny apply.

Contnctl: Exuvcullve Office of Envivenmontal Alfulvo, Divi-
glon of Connarvation Service, John Sn)tonetahl Bullding,
100 Combir Hdge Svpcot, Boston, Massachusells 02100,

4. Urbuw Sulf-lNolp Program,  Tho Divislon of Consovvation
=:q<“MM|mmqyﬂ$mmmm-_Mmmﬂ Purk and Nocrontlon Conmlsuslons of
munlelpalition with a populntion of groatoer than 25,000 for
up to DL of the coustn of Jand wcquisition for pnrk und

rocront bunnl fuetlttiou. Ondly land neguisttlon couts (Mn-

c¢luding npprulunta) ara otiglblo for volmburne Appiil-
131 be In by Awgunut 31 onch y progran
in Juno YOBD Lul bxitenwsl wynm lu

i T - %

MASHACIUSE

" CORGRENS OF LAKE AND FOND ASSOCIATIONS, ITHC,

Tho wajor netivity of the Congress ls to forward the cauan

of lnkes and ponds on every front, Tholr conutltution slatos

the purposos ae follows:

1. To perform all acts appropriete to u nonproflt,
welantifle, Mtorary, nnd oducatlonal corporation dedl-
entod to the promoiion and dovelopmont of euvironmental
quallty atandards essential for satislactory 1ifo
glylea and conditiona In Lhe natural community.

2. Tu preserve Lhe uesthetle, recreatlonal, and com-
morclal values of lmukes and lakeshore proporties
throngh thoe mainteonance and luprovemunt of such on-
vironmentnl factore as watershed ecology, waler qunl-
ity, laku water levele, shorellne woodlund managomant,
agricultural solls practleos, recreatlonnl and resl-
dontial bullding standarde, and rolated Influencen,
auch ns wnlar and bonting aafoty.

Barely one year old, the Cengrosn ju only Just boglnning to
grow and contlowously experiments In lnnovatlve wnys Lo bo-
coms effoctive for the cawse of lakeas and pondu. As tholr
expurtiso Increwses Lhe Congrens should bo able to contrl-
buls woruv and more Lo the state und fodoral leake efforts In
Hassachusoltla.

Conincl: Massnchusetly Congress of Lake and Vond Aesoclu-
tions, Inc., P. O, Dox 312, Weotminator, Hasoschunolis 01473,

STATE LEVEL: HICHIGAN
DEPAINTMENT OF HATUIAL RESOURCES

Lund NMevouwrce Programs Divislon

1. 314 Clesn lnkous Program {(Foderal), The Doparimont of
Hntural Mopourcens In the ngency deslgnatod to adminiater the
214 Clesn Lonkes Program, Thoey are abloe to provide tevchnlend
asalatance Lo Juke bowrvda (speclal distrlets ompoworod to
wnsens for and ongago o netlvition roloted to Yuke dmprove-
mont) concernlug In-lake pollution control measures nnd
engluvoring deslgn.  Such neslistanco mny ald fn providing an
In-kind mnlch for Federally-fundod 314 Clenn lokes projoecis.

Contnel: Michignn Dopartmong of Nalural Nosources,
Nonunree Programy Diviaglon,
Stovun T. Manon
373-HOO0. .
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Clean Lakes Program
U.S. E.P.A. Policy on Grants

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

in making funding decisions.

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

techniques are important lake restoration tools in two situations.

Lakes which have problems of excessive shallowness and rooted aquatic

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

a combination of procedures may prove to be most beneficial.

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

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

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

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

Maine used nutrient inactivation treatment.

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

used nutrient inactivation treatment.
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The Clean Likes Program

Seftion 314 of the FederaT Watar Poiluticn Contro] Act Amendments atT

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

2. Conduct diagnostic studies of speﬁ1.1c puplicly cwned lakes, and
develop f=asible pollution control and restoration programs for
them; o _

3 Imp1ament lake restoration and pallutian cantrol projacts.

_ Assistance is made available to the States through the EPA Regicnal
fficas in the form of cooperative agreements. 3ec3use program funds ar=
limitad, and the number of publicly owned lakes with presant or potantial
dtav quality ;rﬂblems is large, awards must De made salectively. Projects

gsan far funding are thosa which maximize public benefits. Sugh orojects
mest :hree‘ganeral critaria.

‘ First, projectad public benefits must be significant. A laka to be
;ﬁudied and restored or protactad should be one which can provide beneficial
lUses t2 2 large number of pecple.

3 Secand, the watar quality improvement must be long term, &2 insure
ﬁas ing benefits. EPA will nat suppors restoration measures wnich mer=aly
'{ eligrats symotzms of pollution in a Take. [Instzad, the Agency empnasizas
fwat=vsned menagement -- & ccmprshensive effort ta identify and eliminats
'ﬁresen or potantial causas of laks water quality deterieraticn. Poilutien
s to he camtralled 2t its sourcs, not in the lake. 'hen pollutant sourcss

Now known 25 the Clean Watar Act of 1977 (P.L. 95-217).
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are being controlled, however, in-laks restoration techniques to speed
recovery are alseg eligible for funding.

Finally, projects Shmﬂd premote jntegrated, coordinated water quality
. management. OQther Federal, State and lecal programs can supplement the Clean
Lakes Program. For example, the 201 Construction Grants Program can comple-
memt & lake restoration agreement by helping municipalities eliminatzs pollu-
tidn from domestic sewage. U.S. Department of Agriculture assistance is
. available to farmers to implement agricultural pollution control measures,
. supplementing Clean Lakes Program watershed management. Cembining water
quality management resources in this way-enhances the effectiveness of
expenditures under aﬁy single program.
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- THE CLEAN LAKES PROGRAM

This section is summarizes the Clean Lakas Program -- iis legislative

basis, reguiaticns,'prugram descrigticn, application procadures, and results

+g data.

Lagislative Basis

Seetion 314 of the Clean Watar Act of 1977 is the legislative Dbasis
for the Clean Lakes Program.

SEC- 314 e
(a) Each State shall prepare or establish, and submit to the Adminis-

trator for his approval -

(b)

(1) an idemtification and classification according to esutro-
ohic candition of all publicly owned freshwatar lakes in such
State;

(2) procedurss, procassas, and methods (ineluding land use
requirements), to control sources of pollutien of such lakes;
and

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

The Administrator shall provide fimancial assistanca to Statas in

order to carry out methods and procadures approved by him under this
saction. The Administrator shall pravide financial assistanca to Statss
to presars the fjdentification and classification surveys r=quired in
subsec=ion (a)(l) of this sactien.

(c)

(1) The amount gramtsd to any Stztas for any fiscal year under
*his sec=ion shall not excsed 70 per camtum of the funds sxgended
by such Statz in such year for carrying out approved methads and
procadures uncer this sescticn.

(2) There 1is authorized to be appropriated 320,000,000 feor
the fisecal vear ending June 30, 1873; 3100,000,00Q for the fiscal
year 1974; $153,000,000 for the fiscal year 1875; $=0,000,00Q0 or
the fiscal year 1977; $80,000,000 for the fiscal year 1973;
$50,000,000 far the fisczl year 1979; and 380,000,000 for the
fiscal year 13980 for grants to Statas under this sac=ion. Thesa
sums shall remain available until expended. The Administritor
shall ‘provide for an equitable distributicn of such sums &tag %he
Statas with approved metheds and procadurss under this saction.
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=", ' Restric=ion of Awarzs

One of the ways in wnich the Clean Lakes Pregram will affect this
coordination is oy limiting award of Federal laks funds ta areas tlat ars
applying an intagratad watarshed manayement apprach. Bafare making zn
award, tne Regignal Administrator must datarmine that any watar gollutian
cantral measures in the lake's watarsnad autharizad uncer saction 201,
included in an approved 208 plan, or requirsd by saction 402, have Besn
camplatad ar ars groceeding cn approval schedules (40 CFR 35.1683G-2(n)(2) 1.

| 3 Goals

The goal of the Clean Lakes Program is to implement, througn assis-
sance to the Statas, methods and proczdures to control scurcas of poeilution
s5 the Nation's publicly owned fresnwater lakes and to restore degdraded
lakes. Recognizing, nowever, that this applies to all publicly owned 1akes
and several thousand may need immediats action, the program has establisned
2 more specific goal for the 1680-1985 period. The goal 1is to protsct at
least one lake whose watar guality is syitable for contact recr=ation, or
to rescore a degraded lake to that conditian, within 25 miles of every major
populatian center. A population center, in this context, usually is a
Standard Metropolitan Statistical Area (SMSA) as defined by the U.S. Bursauy
of the Cansus. However, this definition will be applied with discretion in
salacting projects for funding.  Same SMSAs are so populous that a single
clean lake would not be sufficient to mest user demand. Caonversely, in SMSAs
near the ccsan beaches, bays, large rivers, or the Great Lakes, thers may be

+=]le demand for lake protaction cr restgration. . [n vacation and tourist
areas wnere sesasonal populations are high, and in other situations wnere lake
water quality is important to regional econcmy and quality of life, projec:s
may warrant priority equal to shat accorded urban lakss. More explicit
quidance on this aspect of project selection will De developed, but the nesd
fap flexibility will never be eliminated.

- 133 -




TECHANICAL AND FIMAMCIAL ASSISTANCE PROGRAMS

As discussed in earlier sactions, the Clean Lazkes °regram provides
up to 3100,000 per award and requirss a 30 percant non-Federal shares for
Phase 1 diagnostic-feasibility studies. Phass 2 awards ara avajlable for
pollution contral and/or in-lake restaration methods; thers is ne specifisd
maximum, but they requirs a 5Q percent ngn-Federal share. Thus, significant
Camounts of money must be supplied by State, local or private sources. As a
generz] rule, Federal grant crograms or other Fadarzl monies cannot be used
to supply the State and local share; however, two exczoticns da exis:t. The
excantions are the General Revenue Sharing Funds from the Department of the
Treasury and the Ccemmunity Development Block Grants frem the Oeoar=ment of
Housing and Urban Develgpment, both of which may bDe used as 2 part of the
Stats and local matching funds for the Clean Lakes Program.

. Non=-~adera] Match

A number of Statss have sat up specific funded programs tz be usad as
nan-Federal matching funds for the Clean Lakes Prograzm. (Others have gragrams
wnich, a1thaugh not specifically designed for that purpcsa, could be used to
oravide the Tacal match (see Table 11-1). [n the Statz/Tcczl ssctian af the
matricas, in Table 11-2, under the "Fedaral Program Matched" calumn, the
ohrase "314" dencotas States with funded programs specifically designed ta
match the Clszan lzkes funds and "21< cossibles,” denctas Statas whers orogram
tunds may pravide the match under cartain conditions. Thirty-itwe Statss Ze
nat prcvfde'mat:hing funds. Consequently, local units of gavermment muss
pravide all the matching funds fer the Clean Lakes Program. However,
Stata tzchnical and administrative assistancz may 2e used 4as an in-kind
matech. .

As czn be seen in Tzable 11-2, most Statss have indicatad that they
do grovide tachnical zssistancz wnich can 0e used as an in-xind matsh. Such
Stats sarvicas 3s watsr quality moniftoring and installation oF monitoring

can and navs 2sen

-4
A
Fu
b
[2Y]

squioment, liboratory servicas, and analysis o
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used as the in-kind match. Thesa sarvicas can also be grovided at the
locz] level and may include donatsd time and equipment from qualitied Tocal
sgurcas. Specific refersncs to using in-kind servicss is made in the hygo-
thetical case in Section 12.0 of this manual.

Combinatian With Qther Complementary Efforts

[n addition to providing direct matching funds, other programs at the
‘Federal, regidﬁal, and State levels can bte coordinatad with Clean Lakes
3 projects by providing funds for activities that'ara not directly a ﬁart at
the work funded under section 314, Thesa are 2lso summarized in Table 11-2.
As an axample, the Clean Lzkes Program regulatians specifically exclude costs
for controlling point sourca discharges, whers the sgurcss can be alleviatad
by permits issued under either section 402 of the Clean Watar Act, or by the
planning and canstruction of wastawater treztment facilities under saction
201 of the Act. Nevertheless, it is recagnized that such contral of peint
sourca discharges is extremely impaortant in the lake restarztion precass, and
thnat where possible, this work should be cogrdinatsd with Clean Lakes projects.
Thus, while refersnces ta saction 201l programs are nct included in the Stats
program sect=idns of the matrix, it is important to check with the apgrepriate
program office to detarmine their applicability to Clean Lakes restoratioen.
Other examples are recreatignal facilities develcpment programs, such
2s the Land and Watar Consarvation Program under the Qepartment of the
Intarior's Her{itage Conservation and Recr=ation Sarvica. They may not Ze

usad %o provide matching funds to a Clean Lakes praject, but activities

s |

i
funded under them can greztly enhancs %the benefits cbtainable with Claz
Lzkes funds. Again, as with 2
LAWCOM praograms.

01, ng rafesrencs appgears in the matrix t3 these

Qesartment of Acriculturs orograms, especially in the Agriculturzl
Stzhilizztion and Conservation Servics, the Farmers Home Administrzticn, and
the Sail Cansarvation Servica, 2re other axamoles of funded grograms which
may be usad with the Clean Lakes Progrim. [t is imparzamt &9 ramember that
apolications For Clean Lzkes projects prooosing csordination with other

complementary activities will recaive morz favorzbls cansideraticn Tar

W

funding by SPA.

4
/
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STATES WITH PRCGRAMS TO MATCH CLEAN LAKZIS FUMDS

i sSpecitically
tDesianed Procrams

Programs Applicable
Under Certzin Conditians

fConnecticut
Friorida
assachusstis*
iaine*

| Minnesata
:Hew Jersay
North Carolina
| Oregon*
:fPuerto Rico

B South Daketa
Piiashington=
}wisccnsin

Arizona
Arkansas
Califarniz
Momtana
Nebraska
Rhode Island

| *Orgpesed.

. *™*Proogsad, Phass 2 anly.



Sources of Additional Tnformation

_ Writtan descriptions of Federal, regional, and Stats programs can be
found in Apoendix H to this manual. The Federal programs are divided into
ﬁ-three sections: these providing financial assistance; those providing
| sochnical, informational, or advisory services; and those providing labor.
Programs providing financial assistance to be coordinated with “he Cleanm
QtLakes Program have been summarized in the matrices in this chapter. The
matricas indicata %he departmenf, agency, and program identificatien; tyve of
assistance; type of orojects which are eligible for the funds; anc :he
eligible recipients. This information, alaong with the total chligations for
fiscal year 1980, average project sizs, and various application information,
nas been obtained from the Catzlog of Federal Domestic Assistance (available
in majer libraries, or may be purchased rem the Superintendent of NDacuments,
U.S. Government Priating Nffice). Where necassary, the matricas have been
supplemented by data obtained directly from grogram managers.

TWwo other Faderzl programs are not included in the matrix but may he
usatul. The U.S. Army Corps of Engineers has a program wnich s crimarily
research-orientad, dealing with projects such as aquatic plant control, beach
erasion contral, Tlood control, debris clearanca. and channel s:raightening{

nis assistance is usuzlly in the form of tachnical consulting and rasazrch
by Carps personnel.
The other Federal program which does not acpear in the matrix is the

Generz] Services Administration's Disposal of Federal Surplus Sezl and

h

fersonal Property Programs. This oraogram oravides far the trapster ¢
oroperty such as ahandoned military installations from the Faderzl .covernman=
%o eligible recipisnts. The transfer is usually on a specialized basis and
depends on the lacation of the proposad projec:.
Information concerning State znd rsgional progrzms was optzined #rom
interviews with Stats and ragiomal officials. These oregrams Ers descridbed

in Agpendix 4, znd oresanted in “he metricas in *his sac=ign.




Ll i shia i bk e s i wo il et
RANGES OF PROMULGATED STANDARDS FOR RAW WATER SOURCES OF DOMESTIC WATER SUPPLY
Ixcellent source of waler Qood source of water aupply, Poor source of wnler supply,
supply, requiring disintection requiring usunl trentment such requiring speciol or auxilinry
Constituent only, ns trentment as fltration and disinfection treatment and disinfection

BOD (G-day) mg/l i

Monthly nvernge: 0.76-1.6 1.6-2.6 ,  Over 2.6 |

Maximum dny, or sample: 1.0-3.0 3.0-4.0 Qver 4.0
Coliformn MPN per 100 ml ’

Monthly nvernge: 50-100 60-6,000 Over 5,000

Maximum day, or snmple: . ) Less than 5% over 100 Legs than 209 over 5,000 Lesa than 6% over 20,000
Dissolved Oxygen

mg/l average: 40756 4.0-0.6 40

%% saturallon: T6% or better 00% or better -
pll

Avernge! 0.0-8.6 5.0-0.0 3.8-10.6 ) 1
Chlorides, max. mg/l 60 or less 50-260 Over 250 ?‘
Fluorides, mg/1 Less than 1.6 . 1.5-3.0 Over 3.0 -

: [

Phenolle compounds, max. mg/1 None 0.006 Over 0.006 3
(lolor, units 0-20 20-160 Qver 160

Turbldity, units 0-10 10-260 Over 260




‘W‘m—— el e e s

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

Concentrationa I'n Alilligrams Per Liler

WIHO Internaiional (1958) WHO Furopean (19G1) U.S.P.JLLS. 71962)
Permisgible acessive Muazimum ecommended Toelerance Recommended Mazimum
Chemical Conatituent Limit Limit Allowable Limit Limit Limit Allownable
Alkyl benzene sulfonnte_______________ = = — = : a& 0.6 =
Ammonin (NIL) _____ _— — - 0.5 . . s
Arsenle ____ oo S _— 0.2 e 0.2 0.01 0.06 .
Barlum - = s o S = . 10 \
Codmlum oo e . - - 0.05 . 0.01
G113 (1] ) e e (] 200 __ - == i _
Carbon ehloroform exteaet______________ . - _— - - 0.2 e
O e e e e e 200 600 . 360 260 s
Chromium (hexavalent) . _____ — s 0.05 - 0.05 i 0.05
Copper 1.0 1.6 - 3.0 - 1.0 -
Oyanide comimr e oo mm e . P 0.01 — 0.01 0.01 0.2
I Fluotdde wocevomrrsomm srme e co s — _— . 1.5 — 0.8-1.7# 1.0.34#
BROM,. e e i i s s 0.3 1.0 - 0.1 i 0.2 g
Tend e i I 01 e 0.1 i 0.06 ]
Mngnesiom ____.___ . bBO 160 wns 12G** . — . . £
Mungnesium 4 Sodium sulfate___________ 600 1000 - . - — - ™
MOnEANERe: oo oo e 01 0.6 _ 01 - 0.06 s —
Nitrnte” (ne NO&)Y oo oo e _— _— - 50 =i 45 o i
Qxygen, dissolved (minimum)__________ A _— ztasy 5.0 i s —
Ihenolie compounds (ns phenols) _______ 0.001 0.002 o 0.001 - 0.001 -
Helenlum' o ot s e 0.05 - 0.05 - 0.01
Bilyer oo caeo e rme e i - _— — — — 0.06
Bulfate . ocevone i o onee 200 400 == 250 - 250 s
Total sollds ______ . __ 6500 1500 - — = GO0 =
b} [ L . (e = .S 6.0 15 _— 6.0 & 6.0 i

® After 16 hours contacl with new plpes; bul waler enlerlng 2 distributlon syslem should hare less than 0.05 mg/l of copper.
®= 1 there are 250 mg/1 of sullale present, magnesium should not exceed 30 mg/1,
% Hecommenided lmits and maxlmum allowable concentratlons vary Inversely with mean annual temperature, Bee table B-1.




WATER QUALITY OBJECTIVES AND MINIMUM TREATMENT REQUIREMENTS

for Salt and Fresh Surface Waters and Underground Walers

Waler Quality Objectives, Applicable 1o Recelving Walers,

Walter qualily-)- Floating, suspended Tasle- or pior- Toxle, colored, o Mindmm troatment
waler uses Organlalms of the & seltloable sollds producing Dissolvesd olher deloterlone Phenolla High lemperature requiramnnts for

colllorm grovp & sludge deposity auhstances exygen pH subalances compoimds on waslos domnstlc sowage
A. WATER SUPTLY, | Most probable number | Noue altributable to | None atlributable to | Grealer then five | Hydropenfon con- | Nons love or In Les than five (5) | Hone Nat In sulficlent quan- | Bedimentation and
DRINKING, CULIN- | coliform bacterial con- | sewage, industrial sewage, Industrial (5) parta per mil- | centralion ex- eombination with parts per billion titics nlone or in com- | effective dininfection
ARY & FOOD PRO- | tentofarepresentative | wastes or other wasles | wastes, or olher wasten | linn exeept for premcd as pll other subalances or bination with ather
CFRI9ING number of zamples or which, afler reason- underground ghould be main- wastes n sufficlent waglea to interlern
Without trestment ather | should average lem able dilution & mixturs walars tnined belween amounla or of such with Lhe use Indieatad
than simple disinfection | than 60 per 100 ml. wilh receiving walers, 0.5 and 8.5 nalure as to make
and rempral of naturally | in any month Interfero with the best receiving waler un-
present impurities nee of thess malers for snln ot unguitable

the purposs Indicaled for use fodicated
(U.A.I.1LB, Buls)
D. WATER BUPPLY, | M.P.N. coliform bee- Bame as for use "A™ None attributable to (lrealer than five | Bamae pa for use Game aa for usa "A” | Less than fve (5) | None alone | Bame ag for une "A” Sedimentation and
DRINKING, CULI- terial conlent when as- | sbove pewage, industrial (B) parts per mil- | ""A” above nbove parts per billion or In com- | above efective disinfection
NARY & FOOD PRO- socialed with domestic wastes, ot other wastes | lion except for 1Anation
CFAsING pewage of & represen- which, afler ressonable | underground with other
With treatment equal Lo | talive number of ram- dilution & mizturs, walers subatapees
coagnlstion, sedimenta- les ahould ayeragn will incresse the threah- or wajles &1
tion, fltrstion, disinfeo- | less than 2000 per 100 ol odor number to make
tion and sny additional | ml. abd rhould not ex- above eight (8) receiving
trealment neceseary for | ceed this number in waler unfit
removing naturally more than 20 per cent or unsale for
present impurilies ol samples examin the use
in any month indieated

. DATIING, BWIM-
MINO AND
RECREATION

HNote: Whan walers nre
uaed for recreational

Coliform bacterial eoa-
tent of a representative
number of ramplea
shonld average less
than 240 per 100 ml,

Bame ua for usa "A™
e

None atiributable to
perage, indnstrial
wasten, or other wastos
which, aller ressonable
diluvion & mixture,

(lrealer than five
(B) parts per mil-
lion

Hame pa for Une
A" above

Bame aa for U “A”
above

Lesa than 25 parls
er billion o7 none
n sufficient

amounts such ra o

{mpart & reaidual

Bamo aa ot
veo "I

above

Bame as for use "A™
shove

Bedimenlatinn and
eflective disinfeclion

purpoacs such aa fishi and should not exceed will Interfers with ihe fante Lo reorea-
& hoating. exclusive o thia number In more bestusa of these waters lional or commer-
hathing i swimming, than 20 per cent of Tor the purpose indi- cinl fish, shellfish,
the nutber “1000° may | samples examined when caled or olher aquatie
ho subatituted for “240” | emocialed with domes- forma
In statement of coliform | tic nulse (peq nota
olijectire under “C" at]elt)
D. UROWTII & Caliform baclerial con- | Bame aa for use “A" None altribulable lo Ureater than six | Bame s Tor use Hone aloos or fn Bamo o Tor nse Bame pa for | Nonnin sulicirnt Sedimentation for all
PROPAGATION OF tent of & representstive | above somage, Industrial (8) parta per "A" above eembination with """ above upe D" quantily as to ba in- unen under this gronp
Flg11, BUELLFIBI & number of samples wasles, or other wastes | million other aubatances or . abore Jurious to or inletfera | bul dirinfection re-
OTIER AQUATIO should not have » which will interfere wastes Lo mufiicient with the norma) propa- | quited In addition only
LIFE median conorntration with the marketalility smount or of such gation of fish, shellfish, ﬂ discharged Inta
‘lelter than 70 per or propagation of reo- charngler as lo make or other squatie lile walery nsed for the
00 tl. In walern used reational or commercial recolving walots un- growth & propsgation
for the growth Mmp— fish, shellfish, or other waln or unsnilable of shellfish, either com-
agation of shell edible equatic forma for use indicated mercial or recreational
E. AORICULTURAL Bamea na for wse “A" None allributable to Orester than thres | Hydrogen fon con- | Bame sa for ues =4" | Nonn jn mufficlent | Bame pg for | Bawne as for nse "A™ Bedimentation and
AND INDUSTRIAL nbore sewege, induplrial (3? parla pot eenlbralion ex- abore quantily as lo uen P sbove efiective disinfection
WATER 8UPPLY wasles, or other waates | million presed as pll mnks receivin shove
Withont treatment rx- which will adyernel should ba maln- waler unayilably
cept for the removsl of allect the mnhhbﬁib tained between foe use indicaled
palnral imporities o of agticultural or [n- 00 &RE
meet epecial quality re- duatrisi produce ;

sirementa, olher than
thoan classified under
“A” aboye.

Nnte: For agricu]tyral
waler supply, mlinity
aod sodlnm hazards are
determined by elnctrical
eonduclivity (ECQ X 107)
and sodlum ndeorpilon
yollo (FAM). Walers
bigh in both salinity and
podlum are generally wn-
suitable for irrigation
purpones. (fen “clamifi-
eation and use of lrrigs-
{lon wateny”, elreular
No. 909. U4, Depart-
ment of Agriculture,
MNovember, 1055)
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ADDENDA

RECHARGE ARFAS
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

New DEQE 1975 regulation = no well within 1/2 mile of dump,
Henkfarm, or salt bed pile

Less protection area

any bacteria deposited in the s011-50 days travel
time to the well '

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

Aquifer and recharge area

b whe=
e Nt e s

Sources

Hydrological mapping
Depth of water table
Saturated thickness
Seasonal fluctuation
Cone of influence

Groundwater availability maps

Professional study

U.S. Hydrological Atlas.
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Figure &

THE NITROGEN CYCLE IN SOIL AND GROUNDWATER
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Figure 5

THE NITROGEN CYCLLE IN SURFACE WATER
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183s (Kgs) Nutriant in Lake

Mutrient Calculations

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

Mg/Gal. x Total Gallonms in Lake = lbs. in lake
433 590 Mg/lb.

lbs. in lake x .454 = Kgs in lake

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

Cubic Meters

Kg/sec = Mg/Liter x (Gallons x .00378)
1000
Sec's Day Meonth
Kg/sec x 86400 x Days = Kg/mo x 2.204€ = lbs/month

Conversion Factors

Acres x .405 Hectares Flow

Hectares x 2,741 = Acres

L x 10,000 sq. Meters width w
Acres x 4047 = sq. Metars 7 x = Av Degpth
S, HeksEs R <U0QL = Hectare X xY¥Yx W = Cubic feet of inches/sec's
Feet x ,3048 = Meters
Gallons x 3.785 Liters E%%%%i =C.7. % 7.&8 Gals/ecf = Gals./sec'
Xg = 2,2045 lbs.
1bs. x .454 = Kg 2
Sde, © JGi4h = Marers no, of sec's x Gals. = Galiigi/minute
1 Acre = 43,5€0 )
1 Cal Hzo §8.345 lbs. Culverts = use Robts computerization
1 Cubic foot Hzo = 7.48 Gals.
" " "= 52,42 lbs.

n

1 Acre Foot 2.719,041 1bs.
" m = 325,829 Gals.
Inches x 2.54 cm.

ug/L = ppb = .0Cl ppm
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METHCDOLOGY

Hydraulic Farameters

Yvdraulic 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

lake volume, based on flow from body.

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

discharge outfall + evaporation)
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EVAPORATICN
Methodology

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

E = Eveporation in inches in 24 hours

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

W = mean speed of ground wind, or water surface wind in miles per hour
C8= 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

Mational Oceanic and Atmospheric Administration
Environmental Data Service

National Climatic Center

Ashville, N.C.

U.S. Weather Service

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

Evaporation readings are inches.

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

Lake evap,.. inches = USWS x .70
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Jrarngny Larg

APPROVED LHITS - MATHE PLUMBING CODP, PART I - PRIVATL SLWAGE DISPOSAL REGULATIONS

RECIRCUIATING TOILLTS

1.

Thetford Corporation
(Cycle-Let)
Ann Arbor, Michiaan

Yonaijram
Monagram Industries
1165 East 230th Street

Carson, California 80745
Pureway Corporatiaon

Pureway _

301-42nd Averue

ktast Mobile, [11linois 61244

VYapar Carparation

Main Office

6420 West Howard Street
Chicago, I1linais 60648

Sedrs-Roebuck Company
Montgomery Ward
INCINERATING T0OILETS

(Destroilet)

LaMere Industries, Inc.
227 N. Main Street
Walworth, Wisconsin 653184
(Incinolet)

Research Products Mfg. Co.
F.0. Box 35164

Airtawn Station

Dallas, Texas

Tekmar Corpaoration
(Thermajun)

ELECTRIC INCINERATING TOILETS

Incinolet

Research Products Mfg. Company
P.0. Box 35164

Airlawn Station

Dallas, Texas

1G.
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J.C.- Penny

Thiokol MPB-10 Chemical Toilet System-
Thiokol Chemical Corporation

Wasatch Division (Model MPB-10)

P.0. BRox 524

Brigham City, Utah 84302

Multi Flo Home System for Recycling
Wastewater

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

500 Webster Streuvt

Dayton, Ohin

Chrysler Corporation
(Aqua-Sans)

Dept. 2100

P.0. Box 29200

Hew ™Mrleans, Louisianna 70129

Clear Water Inc. (Pyrolet)
P.0. Box 634 _
Sheboygan, Wisconsin 53081
Lake Geneva A & C Corporation
Rox 89

200 Elkhorn Road
Williams Ray, Wisconsin
(A.C. Storburn)

53191

[ncinomode

[ncinomode Sales Company
P.0. Box 879

Sherman, Texas 75090

N-Con Systems Company, Inc.
Thermox




COMPOST TOILETS

1.

Ecoiet 4,
Recreational Ecology Canservation

of United States, Inc.

9800 West Bluemound Road

Milwaukee, Wisconsin 53226

Clivus-Multrum
14A Eliot Street
Cambridge, Massachusetts 02138

Biu-Let

Bio-lltility Systeoms, Inc.
P.0. Box 135

Narberth, Pennsylvania 19072

CHEMICAL TOILLTS

Ly

wn

LOW

Fiberglass Chemical Toilets 6.
Chic-Sales Company, [nc.

P.9. Box 689

Hillview Building

Santa Ana, California

Yapor-Monogram ‘lew-Matic Toilet
Vapor Corporation

6420 West Howard Street

Chicago, [11linois 60648 8.

Mansfield Sanitary, Inc.
Perrysville, Ghio
(Sani-Pottie 947) 9,

Mile 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 TNILETS

Safeway Tailets 3
Safeway Sanitation
75 Argyle Avenue

Riuffaln, lew York 14226 o

- Microphor Tailets 4,

HMicrophor, Inc.
175 Fast San francisco Avenue
Willite, Talifarmia 454970

- 148 =

A&A Adhesives & Plastics
P.0. Box 302
Stow, Massachusetts
(Soddy Patty)

01775

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

Thetford Engineering Carporation
P.0. Box 1285

Ann Arbor, Michigan 48106

(Aqua Magic, Porta Potti)

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

Todd Enterprises, Inc.
Providence, Rhode I[sland
(Mini-Pot)

Sani-Matic Corporation
(Uncle John Dry flush)

Monogram [ndustries
(Tota-toilet)

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

Kohler Company
Kohler, WS 53044
(Water guard toilet)
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