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INTRODUCTION

Section 208 of the Federal Water Pol lution Control Act Amend
ments of 1972 (PL 92-5001 provides a mechanism fo r the development
and implementat ion of regional waste management plans in designated
areas throughout the nat ion . The Nassau -Suffolk Regional Planning Board
(NSRPB ) was among the first agenc ies des ignated by t he U. S. Enviro nme ntal
Protection Agency to deve lop a 208 pla n.

The bi-county 208 region is unique in New York State. Almost three
mill ion people depend upon ground wate r as thei r so le source of fresh water.
The uses are broadly representative of man's need for water in a complex
tech nologica l society, as well as the need for water for crop growing and
domestic supplies.

Performing the 208 areawide study for Long Island involved a variety
of investigat ions that were necessary fo r t he deve lopment of sufficient data
upon which future plann ing will be based. These fact finding stud ies were
undertaken by a number of government personnel and private consultan ts
specializing in var ious aspects of environmental management .

Th is in terim report is only one part of the final planning mission.
Its fun ction is to present data in an order ly fa shion so th at planning options
may be explored, based upon a synthesis of data conce rning the hydrolo
geologic facts and the impacts of man's activities upon t he available water
supply in the 208 region. The principal sources of information reported
are past studies and those included in the present 208 undertaking. An
attempt has been made to incorporate only that material which is most
useful to the development of the final plan. As such, t he interim report
provides an overview for planning purposes.

Section I d iscusses the ava ilabil ity of wate r in Nassau and Suffo lk
Count ies, suggt,sts the need fo r addit iona l data , and exp lains problems attrib·
utabl e to heavy withd rawals of ground water. This section also includes a
summary of water supply and use for Long Isla nd. A brief expl anat ion of
some of the previously proposed local and / or regional water management
plans is included.

Section 1\ is an assessment of the principal sources of ground water
contamination in the 208 region, based upon informat ion from a much
longer, more techn ical report wh ich was one product of the ove rall study,

Section III characterizes existing gro und water conditions by aquife r,
discusses trends in grolJlld water quality, and summarizes th e pr'eliminary
findin gs of a virus study and organ ics eva luation made during the course of
the 208 investigation.

SECTION I - GR OUN D WAT ER SUPPLY

Background
Ground water beneath Nassau and Suffolk Counties is t he on ly source

of fres h water supply for almost three mi ll ion people. The quality and quan 
tity of thi s water is modified by regional and local water supply deve lopment
policies and waste d isposal practice s. Wate r is rem oved fro m aquifers, used
and, in many cases, recharged back to the ground wate r rese rv oir in varyi ng
degrees of chemical alterati on from its original state. Alternatives wh ich
modify how waste water is treated and di scharged in the reg ion w ill each
have an effect on the quality and the quantity of drinking water in the
fu tu re. Therefore, it is important that t he current wate r su pply situati on in
the bi-county area be def ined as part of the process for developing the Long
Island 208 Areawide Waste Management Plan.

Summary
A number of concepts have been summarized in this section with

particular rega rd to ground water quantity . Potenti al ma nagement plans we re
reviewed in light of avai lable data and recent pro jectio ns. Very few of the
past stud ies of Long Island water resources detail th e reasons for recom
mended water management alternatives such as massive water transfe rs and
art if icial recharge with reclaimed sewage effluent. Many reports infer that
a critical shortage of water may be expected within the next few decades,
Increased consumptive use and declining water levels have been equated
with running out of wate r. The fact is that, on a bi-county basi s, there is
sufficient available ground water to supply Long Island's future saturation
population as projected by NSRPB , provid ing that provisions are made for
solving water quality prob lems in loca l areas and fo r adopting prope r man
agement techniques, Regional wate r shortages within the fo re seeable futu re
caused by lowered wate l' levels and/or salt water encroach ment cannot be
used as the basis for adopting complex and expens ive engineering and con
struction programs, In evaluat ing waste water management options unde r
208, emphasis must be placed on dete rmini ng the impact of proposed plans
on ground water quality and the effects on oth e r segments of the environ
ment, such as stream flow and fre sh water di scharge to the surrounding salt
water bodies.

The present ground water situation, from the standpoint of wate r
quant ity onl y, in the Long Island 208 region is characterized by the fo llow
ing:

1. Major concentrations of pumpage have developed near al'eas of
den se population, leaving other portions of the subsurface re servoirs under
utili zed. This applies pa rticularly to the east·west imbalance in pumpage
distributio n.

2. The abandonment of sha ll ow wells in favor of with drawing water
from progressively deeper aqu ifers has been the pattern of development
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throughout the more urbanized areas,
3. Ground water pumpage in neighboring Queens County along with

sewe r construction are major factors in the decline of water levels in south
western Nassau County .

4 . Ground water is not developed according to a formal scientific plan
or a long-term program with the object ives of projecting water qual ity,
maximizing the available resource, or minimizing the impact on streams and
bay s.

5. Adoption of water management proposals has been hampered by
the fragmentation of responsibility among numerous water supply units,
which are cont roled by local economic and political factors, divol-ced from
regio nal needs.

6, Water and waste management schemes can be most effectively
implemented if decisions regarding ground water resources are approached
on an island-wide basis,

7. Predicted water level declines due to sewering and increased pumpage
will not diminish the overall ability to meet water supply needs in the future
but will adversely affect stream flow and fresh water discharge to bays and
estuaries,

8. Salt water encroachment is a local problem and not a significant
regional t h reat to ground water availability .

9. Over the long-term , quantity does not represent a serious constraint
on water supply self-sufficiency for Nassau and Suffolk. Subsequent sections
o f this report suggest th at water quality degradation resulting from man's
activit ie s will be the principal constraint.

Future water supply availability, cost and quality depend on a number
of basic policy decisions that must be made now. Of greatest importance
are whether or not to (1) regionalize development and distribution, (2) imple
ment water conservation techniques, (3) maintain stream flow and fresh
water discharge, (4) enforce protective waste management practices, and
(5) control activit ies t hat acce lerate ground water quality degradation.

Ava ilable Water Supply
Two major water-bearing units, the Upper Glac ial and Magothy

aquifers, are the principal sources of water for the Long Island 208 planning
area. The Lloyd aquifer, a relatively unexploited source of water, lies beneath
t hese two upper formations. Together the three aquifers contain over 60
trilli on gallons of water, representing the total amount of water in storage
beneath the Is l an,~ (Cohen , 1968) .

Past evaluations have placed a number of different limits on the amount
of th is water available fo r development . These estimates are usually presented
as the "safe" or "permissive" yield of the system. The concept of "safe" or
"permissive" yield is no rm ally defined as the amount of ground water which
can be withdrawn from the system and used consumptively on an annual
basis without producing un desirable results. For the Long Island 208 regi o n,

water used "consumptively" simply means that the water is not returned to
the ground water system. Determination of what is an undesirab le resu lt will
be a major factor in the decision-making process that leads to the selection of
waste management plans, as required by Section 208 of the Fede ral Wa ter
Pollution Control Act Amendments of 1972.

As consumptive use increases, ground water is taken from storage,
There is also a decrease in ground water discharge to streams and to the sea,
These stresses on the ground water system result in water level declines and
salt water encroachment. If consumptive use stabilizes and tota l recharge
is not exceeded, a new equilibrium is established for water levels and salt
water/fresh water boundaries. If, however, consumpti ve use e xceeds to tal
recharge and ground water inflow, water levels will decline indefinitely and
salt water will slowly replace the fresh water removed from storage, For
Nassau and Suffolk Counties, sewer outfalls discharging to the ocean con
stitute the principal consumptive use of ground water. The most recent
estimates of water availability, or permissive yield , have included consider
ation of substantial increases in sewering of the study region.

Unfortunately, the term permissive yield is often in terpreted in the
5ame way for Nassau and Suffolk Count ies' ground water supplies as it is for
New YOI'k City surface water supplies, The safe y ield of New York City
surface water supplies is usually defined as the amount of water that would
be available under conditions similar to those resulting from the 1962-1966
drought. The Corps of Engineers estimates this yield as insufficient to meet
future water demands, and therefore assumes the possibility of a water supply
deficiency. In Nassau and Suffolk a drought of this Or of even a more severe
nature would cause only a slight diminution of the vast quantity of water in
storage, with littl e p rospect of real water shortage. An extended drought
period would lead to undesirable conditions of a temporary nature, such as
lowered ground water levels and decreased st ream flow.

Estimates of Existing Pe rmissi ve Yield
Both Nassau and Suffolk Counties have had comprehensive water

supply studies in recent years, In 1971 Greeley and Hansen estimated a mean
permissive yield of 151 millIOn gallons per day for Nassau County (Greeley
and Hansen, 1971). This figure was computed by using an extraction ratio'
of 75 percent, Holzmache r, McLendon and Murrel computed a "permissive
yield" of 466 million gallons per day for Suffolk County using a similar
ratio (Holzmacher, 1970). The Nassau Coun ty Department of Health (NCDH)
computed the average consumptive loss for Nassau County as 133 million
gallons per day for the period 1969 to 1973, Annual consumptive loss fo r
Suffolk Cou nty was on the order of 40 to 50 million gallons per day for
that period.

"Extraction ratio = amount of water pumped per year without undesired results
divided b y the average annual recharge in the water budg£' r area.



The studies estimated that large water table declines would occur at the
permissive yields. Greeley and Hansen predicted a maximum decline of 30
fee t for Nassau COLlnty , based upo n the assumption of county·w ide sewe ring
wi th effluent d ischarged by ocea n outfalls. The Holzmac her, McLendon and
Murrell estimate for Suffolk was for reductions of up to 75 percent of present
elevations above sea level prior to the establishment of equilibrium. The water
table declines for Nassau are significantly greater than those predicted in
recent runs of the U. S. Geological Survey analog model. The authors of both
county investigations felt that at the permissive yield the salt water interface
off the south shore would move landward to a new equilibrium position,
perhaps a mil e f rom its present locati on.

A 1976 analysis of ground water response to sewerage programs and
projected population increases by 1995 forecasts an increase in ground water
withdrawals of 9.5 million gallons per day for Nassau County and 46.4
million gallons per day for Suffolk County (Kimmel and Harbaug, 1976). The
total modeled decrease in recharge by 1995 was estimated to be 39.9 million
gallons per day and 42.7 million gallons per day for Nassau and Suffolk
Counti es, respecti vely. It was conc luded th at these stresses would result in
water table stabilization after declines of as much as sixteen fee t in east
central Nassau County, and as much as six feet in central Suffolk County by
1995, with less of a decline forecast for the Magothy aquifer. Stream flow
decreases by as much as 55 percent were forecast for southeast Nassau, with
slightly higher decreases in the Huntington-Northport Sewer District.

The future of the Jamaica Water Company in Queens adds uncertainty
to estimating impacts of sewering in Nassau County. Th is supplie r is pumping
about 60 million ga llons per day, creating a sign if icant unde rflow fro m
western Nassau to Queens. It is understood that upon completion of New
York City's third water tunnel, distribution of surface water to this area will
be possible (Groopman, 1977). However, the lack of additional surface water
supply sources upstate will preclude complete replacement of the ground
water presently supplied to Queens County, especially during periods of
drought. If the Jamaica Water Company pumpage is curta iled, there would be
a significant recovery of water levels in western Nassau . The magn itude of the
antici pated change may be estimated from the analys is of water level dec lines
attributable to Queens pumpage (F igure 1).

The Queens/Nassau common water level decline illustrates the insignifi
cance of political boundaries with relationship to management of a resource
that is common to the entire island. The present flow from Nassau to Queens
is estimated at between ten and fifteen million gallons per day. While some of
this moveme nt is due to natural conditions, a significant portion is attri but
able to heavy pumping Queens, wh ich along with and pu rnpage in
Nassau County, has loca lly lowered water levels in the three principal aqu ifers
to below sea level (F igures 2, 3 and 4). This impact is particularly significant
with regard to some of the plans previously proposed for future ground water
development in the 208 region, which are discussed in a later section of this

report. For instance, one scheme calls for installation of a regional well field
in Suffolk County and pumping of water from the field to Nassau County . At
present there is li ttle natural exch ange of ground wate r between these two
counti es. However, if water leve ls are allowed to decline substanti ally in
Nassau County, natural underflow of ground water from Suffolk will occur.

Salt Water Encroachment
Reliable data concerning the intrusion of sea water into the Island's

fresh water supplies are crit ical to estimates of the future availability of
potable ground water for Nassau and Suffolk Counties, and are particular ly
import ant to coastal su burba n areas. However, the present bound aries of the
fresh water reservoir on Long Island are not well defined in many areas . Data
on the position of the interface at depth have been gathered mostly as a
result of a limited number of U. S. Geological Survey cooperative studies,
from wells drilled near the shore which have inadvertently intercepted sa lt
water, and from wells drawing salt water after a period of time, as a result of
heavy pumping. Areas of documented cases of salty ground water are shown
on Figu re 5.

A com plicating fa cto r is that some of the increases in chlor ide conte nt
attributed to the intrusion of saline water actually may have been caused by
sources other than the movement of a principal salt water body within an
aquifer. Such sources include leaky casings or openings in the annular space
surrounding well casings, which allow salty water in one aquifer to migrate to
an overlying or underlying fresh water aquifer. Another contributing local
fac tor is the contamination of fresh water aquifers, caused by the use of sal t
water in the mi ni ng of sand and gravel --as has occurred the eastern port io n
of the Port Washington peninsula, where the shallow aquifers have bee n
affected by leakage from artificial ponds containing salt water pumped from
Hempstead Harbor. Other activities of man discussed in Section II of this
report also contribute chloride to ground water.

The Magothy is known to be fresh for its enti re depth throughout most
of Nassau County, from its northern boundary extending to an un known
di stance south of the barri er beaches. The only salty region is in t he extreme
southwest co rner of the county_ In Suffolk, the Magothy is fresh over esse n
tially the entire cou nty, excluding the fo rks. On the North Fork, the lower
Magothy is salty at the western end and probably entirely salty in the cen tral
and eastern areas. Maximum depths to fresh water are only 200 t o 300 feet
(Holzmacher, 1970l. Data from the South Fork indicate a similar situation,
except that the interface under the widest portion of land area is somewhat
deeper ,

The Ple istocenc" (Upper Gl aci al) sed iments o n the north sho re are
thought to be hydraulica ll y equ ivalen t to the Magothy . Dee p Pleistoce ne
deposits under Eatons Neck are salty. In recent years, we ll s 71 to 291 feet
deep in the western pa rt of the Kings Point area on the Great Neck peninsula
have shown increasing ch lor ide levels (Myott , 1976). The wells are screened in
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FIGURE 1 Ground wa ter level declines in south western Nassau attribu table to sewering Sewer District Two and to pumping
in Queens
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FIGURE 2 Water table surface in the Spring of 1975 FIGURE 3 Po tentiometric surface of the Magothv aquifer in March 1975

both Ple istocene and Lloyd (or eq uiva lent) sed iment s. Th is situation is being
studied by the U. S . Geologica l Survey and may be re lated to we ll const ruc·
tion rather than intrusion.

The Upper Glacial aquifer is fresh over most of bot h counties except
for local areas along the coast. The lower portion of th e Uppe r Glacia l aq uifer
beneath the barrier islands and under much of th e No rth Fork is sa lty . The
South Fork has salty water in the Upper Gl ac ial aq u ife r in the near-shore
areas.

The bo undaries of fresh water in the Lloyd aquifer extend south of the
barr ie r beaches in most of Nassa u and Suffolk Co unties. The Lloyd is fresh
along the north shore except at Eatons Neck, part of Kings Point , and a small
portion of Port Washington . Severa l well s in the Lido Beach-~ong Beach area
have shown rap id increases in chloride in t he past. Howeve r, it has been

determ ined that these isolated cases of salt wate r are due to leaky well casi ngs
rather than gene ral contamination of th e aqui fer. Parts of the Lloyd in
eastern Suffo lk, incl uding most of t he South and No rth For ks, are sa lty.

Detai led invest igat ions in southwestern Nassau and sou theaste rn Queens
have provided in formatio n on how salt water occu rs in an area which is
known t o be suscept ib le to encroac hment (Pe rlmu tter, 1963 and Lusczynsk i,
1966). Test data sh owed that the inte rface betwee n sa lty water and fresh
water existed in all the permeable sediments, and even with in the re latively
impermeable clays that inter finge r with the water-bea ring st rata. Shallow,
inte rm ediate and deep sa lty wate r wedges in the unco nso lidated deposits were
ide ntified (F igure 6). Zones of diff usion containing water less salty th an sea
water are as much as six miles wide and 500 feet t hick .

Of princ ipa l co ncern is t he dee p wedge which li es pri marily in the basal
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Magothy and in the Raritan clay. This body trends sou th east from South
Ozone Park, under Woodmere, to a mile or two east of Lido Beach, where it
continues south of the shore line. Sa lty water may be in the lowe r beds of the
Lloyd se veral mile s off shore. The intermediate wedge, which is in th e Gardin 
ers Clay, the Jameco Gravel and the upper part of the Magothy, is found
south of the landward extent of the deep wedge.

T he intermediate and deep wedges have not been altered sign ificantly
from their original position as a result of ground water developme nt or other
of man's acti viti es. The deep wedge probably has not advanced more than
1,000 feet since 1900. Regional rates of movement range from less than ten
to twenty feet per year. However, tongues of salty water, moving in response
to local concentrated pumpage, have encroached at somewhat higher rates in
certai n areas. It is esti mated that th e toe of the deep wedge in the South

Potentiometric surface of the Lloyd aquifer in January 1975

"'..;.

,,
!
I,

I
\ 'UPPER frII AGOTM,.

OE£P MAGOTHY

M

L - LLOYD AQUIFER

M - MAGOTHY AQUFER

FIGURE 5 Approximate location of past and present cases of salty
ground wa ter in the deep aquifers in Nassau and Suffolk
Coun ties, excluding the North and South Forks

Ozone Park area has intruded at a rate of about 160 feet a year, advancing
3,500 feet betweer, 1938 and 1960. A narrow tongue of salty water moved
Iandward at a rate of about 300 feet a year between 1952 and 1960 in
Wood me re . It had advanced about a mi le in the precedi ng 50 or 60 years
(Lusczynski, 1966).

A study published in 1970 reviewed data collected over the period
1960-1969 in the same area, in order to further evaluate conclusions reached
in th e earlier studies. Landward movement of the deep wedge of salty ground
wate r was minimal. Significant changes in chloride content were noted in
on ly three of 30 wells located near the interface (Cohen, 1970).

Predictions of movement of salt water in response to future water
development in the 208 region include the Hele-Shaw model studies for
Suffolk Cou nty, wh ich attempted to estimate the conf igu rat ion of the inter
face under assumed initial pre·pumping conditions (Collins, 1972). The
boundary along the north shore at Lloyd's Neck was placed near the shore
line. The interface in the Magothy south of Fire Island Inlet, was simulated to
be 14 miles sou th of th e southern shore lines o t the mainla nd of Lo ng Isla nd .
The results of anothe r analysis showed that if the well withdrawal rate is
equal to the total recharge over a period of 50 years, salt water would ad
vance at a rate of about twenty feet pel' year. The magnitude of this rate is
similar to that found in the U. S. Geological Survey study of southeastern
Queens and southwestern Nassau Counties (Lusczynski, 1966) .

(from Rich, 1975)t.';.~ f .'" ~:
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part ially supp lied by its own well system and rart ially dependent upon a
local utility . The amount of wate r withd rawn by these well owners ranges
from a few hundred gallons to many m illi ons of gallons per day to satisfy
domestic, agricultu ra l, industrial and recreational demands.

Plate 1 shows the total pumpage dist ribut io n by aquifers for Long Island
in 1975. The sizes of the pumpage circles are proportional to th e average
withdrawal rate within each section d rawn on t he map. Each ci rcle includes
the percentage of water pumped from each aqui fe r. The proport ion of water
w ithdrawn by public water supply systems versus industr ies and/or irrigators
is al so ind icated.

In Nassau County, the Magothy aquifer is the principal source of
potable water, but all three aqu ifers are pumped in vary ing degrees from place

to place. An additional source, the Jameco Gravel, is of local importance in
the southern part of the cou nty and in parts of the northern peninsulas.
Drinking water for Suffolk County comes from both the Magothy and the
Upper Glacial aquife rs . The practice of locating wells with in reaso nabl e
proximity to the user in order to minimize distribut ion costs has resulted
in uneven distr ibu t ion of pumpage; major concentrations of pumpage are
located near areas of dense populations, leaving portions of the subsurface
reservoirs underutilized .

Approx imately 133 d istricts , municipal systems and water companies,
either publicly or privately owned, supp ly water on Long Island. In Nassau
County, the largest suppliers are the Long Island Water Coporation, Jamaica
Water Supply Company and Utili ties and Industr ies Corporation (fo rmerly

I
I
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PLATE 1 Long Island Water Supplies
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from the Magothy aqu ifer. The five mill ion gallons per day withdrawn from
the Lloyd aquifer in Suffolk for wate r supply purposes is equivale nt to
about four percent of the total. Industrial pumpage is about 40 million
gallons per day, with a few users accounting for a major portion of the total
(Erlich man, 1976) . For example, Brookhaven National Laborato ry al one
diverts eighteen percent of the county's industrial pumpage. Most water used
by industry in both counties is returned to the ground water system by means
of diffusion wells and recharge basins.

About 90 percent of the population of Suffolk County is located in
the western half of this region, which includes the Towns of Babylon, Isl ip,
Huntington , Smithtown and Brookhaven . Based on the number of housing
un its with domestic wells surveyed in the 1970 population census, it is
estimated that housing units in Suffolk County not served by central dis
tribution facilities collectively withdraw about twenty million gallons per day
of ground water (U. S. Department of Commerce, 1970).

Water pumped for agriculture constitutes an important demand factor
in the more rural eastern segment of the county, particularly in the area
north of the commun ity of Riverhead. Not all fa rmers report pum page, nor
are they required to do so, but a conservative estimate of agricu ltu ral pump
age rates, based on surveys and returned reports of withd rawals, is about
ten million gallons per day . For the most part, thi s pumpage represents
consumptive use and is seasonal.

Although Queens County is not part of the Long Island 208 study
area, the amount of ground water pumped there must be considered. As
shown on Plate 1, the withdrawal of ground water in Queens averages more
than 60 million gallons per day; 27 percent is from the Upper Glacial aquifer
and 60 percent from the Magothy aquifer. As discussed in the previous
section of this report, the large ground water withdrawal in Queens County
has had a significant effect on water levels and salt water intrusion in south
central and southwestern Nassau County .

Dete ri oration of water quality in parts of the Upper Glacial aquifer
has limited the usefu lness of this drinking water source in some portions
of the 208 plann ing area. These problems of water quality that are due
to man's activities have been aggravated by the rapid urbanization of the
region. In addition, the downward migration of degraded water to deeper
aquifers compounds the problem. Studies by the U. S. Geological Survey
have shown that nitrate-enriched ground water in some portions of east
central Nassau County is moving from shallow to deep aquifers at a rate
of as much as five to 25 feet per year (Ku , 1976) .

The abandonment of shallow wells in favo r of withdrawing water from
progressively deeper formations has been a pattern of development in both
Nassau and Suffolk Counties. In areas such as Hicksville, Bethpage and
Farmingdale, most wells supplying communities and industries 30 to 40
years ago tapped the Upper Glacial aquifer and were 100 to 200 feet deep.
Degradation of water quality in this relatively shallow zone, followed by

similar problems in the upper portions of the underlying Magothy, causeo
water districts and ot her ground water users to insta ll progressively deeper
wells. Today, many wells in these areas are 500 to 600 feet deep and tap the
basal Magothy. This pattern is continuing under present management and
plan n ing policies in many sections of the 208 area . In Suffo lk , whenever
possible, better quality water in the Magothy is blended with Glacial with
drawals, if the shallow aquifer has become degraded .

The deeper Lloyd aquife r is less susceptible than the Magothy to
contamination and is not subject to heavy demand at this time. However,
the future potential and use of the lloyd have not been clearly defined.

As mentioned above , t he pattern of ground water d ivers ion matches
population densities except in the case of a few large industrial users. Heavy
pumping can create a local hydrologic imbalance. If the same area is sewered,
high consumptive use results. Water levels in such water deficit areas will
decline, causing ground water flow into these regions to increase until a
new equilibriu m condition is reached. Southeastern Queens and south
western Nassau represent one region characterized by large d iversions. The
region is also sewered, and t he treated effluent is discharged to the ocean .
Consequently, this region and the area immediately north of it have histori
cally experienced large losses in fresh water storage, as indicated by local salt
water int rus io ns and significan t water table declines.

Assuming a relatively fixed amount of ground water in storage and a
fixed rate of recharge over the long term, the amount of ground water that
can be extracted from an aquifer system varies with the distri bu tion of wells
within the aquifers. Fo r a system such as Long Island's, with its vast natural
underground reservoir, the effects of ground water withdrawal are minimized
if wel ls are distributed un iformly. Diversion which is concentrated in any
one area or near the salt water interface results in significant impacts on
water levels in the various aquifers, and increases the potential for salt water
encroachment. However, in certain cases, properly positioned wells along
the coastl ine can in tercept fresh water before it discharges to salt water.
Reductions in stream flow can result from concentrated pumpage, particular
ly if the wells are tapping the shallow aquifer.

It is evident from t he preceding discussion of water supply pumpage
that Nassau and Suffolk Counties, taken as whole, do not have a uniform
distribution of public supply and industria: wells, particularly in an east-west
d irect ion. Therefore, water is not being extracted in the most effic ient
manner. This is because of the way in which water supplies have traditionally
been developed, i.e., with in separate water districts with a minimum of
interdistrict transfer. In most areas, grou ps of two or t hree adjoi n ing utili t ies
are interconnected, primarily to handle seasonal fluctuations and peak
demands. Thus, there is some capability for response to emergencies caused
by major water main breaks, fire or well closure due to contamination .
However, there are currently no provisions for large-scale transfer between
water systems over any significant distances.



Present patterns of ground water pumpage only reflect patterns of
population density. Ground water diversions are not awarded accordi ng to
a formal scientific plan or long-term program with t he objectives of protect
ing water quality or maximizing the available resource. Interference effects on
existing ground wate.r supplies and the potential for salt water encroachment
have been the p rimary considerations in decisions by t he st at e regarding appli
cations for increased pumpage. However, the im pact of new withd rawals on
the movement of contaminants from potential inland sources of po llu t ion
and possible adverse effects on surface streams have not been included in
the evaluation of well location, depth or construction. Again, t h is situation is
related to the fragmentation of responsibil ity for develop ing ground water
resources, with each water supply unit constrained by local economic and
political factors that are divorced from regional needs.

Wat er Level Decl ines
One of the pt incipal effects of the steadily increasing consumptive use

of ground water on' Long Island is a general and continuing decline in water
levels. Significant ldwering of the water table and of potentiometric surfaces
has occurred over the last few decades in Nassau and Suffo lk Counties.
Recently observed imbalances between available water supply and demand
in some places are largely the result of greater pumpage, inc reases in sewage
outflow to salt water and the severe drough t of 1962- 1966. The determina
tion of the effect of each of these factors on the total hyd rol og ic system is
critical in attempting to evaluate various management alternatives for the
future . Although regional water level declines have been recogni zed fo r years,
it was not possible to accurately predict future declines until recent advances
in electric anaJ'og and digital computer simulation techniques.

Since the mid- 1930's, the U. S. Geologica l Su rvey has ma inta ined a
program of water resources studies on Long Island in cooperation with several
county and state agencies . Ground water levels have been measured in four
teen key shallow observation wells on Long Island fo r ove r 3 5 years. Several
hundred observation wells throughout Nassau and Suffol k Counties have been
monitored over recent years by the U. S. Geological Survey, the Nassau
County Department of Public Works, the Suffolk County Depart ment of
Environmental Control and the Suffolk County Water Auth ority . Prior
to the late 1950's, water level declines in Nassau and Suffolk Counties were
not particularly significant. During the period between 1959 and 1970,
declines of the potentiometric surface in Queens and Nassau Coun t ies in the
basal part of the Magothy aquifer ranged from about one foot near t he
shore lines to a little more than twenty feet in part s of east-central Queens
and west-central Nassau Counties (Kimmel, 197 1). Si mil ar changes occu rred
in the water table, except near the shorelines where the decli ne was less.
Net changes in water levels are shown in Figures 7 and 8.

In addition to water level declines caused by increased pu mpage on
Long Island, extended periods of less than average rainfall also resulted in

a decrease in ground wate r sto rage as evidenced by the 1962-1 966 d rought.
During that period there was a cumulat ive defi ciency of rai nfa ll of 4 1.7
inches below t he long-t erm ann ual ave rage of 44 .5 inches per year as meas
sured at Setauket. Figure 9 shows ground wate r response to the d rought w ith
declines in ground water levels ranging from somewhat more than te n feet in
east-central Nassau County and west-central Suffolk County to less than two
feet near the shore lines (Cohen, 1969). The configuration of the contou rs
reflects t he nature of t he f low system in that the max imum decli nes took
p lace near th e gro und water d ivide. Small er net losses occu rred nea r the
sho reli nes.

The ave rage alti tud e of the water levels in t he fo u rtee n key mon ito r
we lls for the period 1940- 1967 was nea rly 46.5 feet . By 1966 the average
level had declined about six feet below t he long-te rm ave rage (Figure 10).
The close depend ence of st ream flow upon ground water was unde rscored
during t his pe riod by reco rd low flows in fourt een of ninet!,en princi pal
streams in t he two count ies. The com bined flow of t he nineteen streams
(Figure 11 ) was 155 cubic feet per second in 1966 as compared t o the long
term average of 29 1 cu b ic feet pe r second (Cohen, 1969) .

S ince 1967, the wat er table and water leve ls in the Magothy aq uifer
have stabilized and in many cases rise n in response to norma l and above
normal ra infa ll . The water table in east -centra l Nassau County rose over
twel ve fee t, and in western and cent ral Suffol k by as much as six fee t be
tween 1970 and 1974. Howeve r, slight decl ines occurred in southweste rn
Nassau County (F igure 12) .

In add ition to stresses caused by increases in withdrawal rates and
fluctuations in natural recharge, the ground water system is also affected by
sewe ring, urban izat io n, lawn sp rinkling and other act ivities. Attempt s have
been made to evaluate the im pact of such facto rs upon th e syste m, using
met hods which isolate one response and assign to it a given va riab le. For
instance, a recent dou ble-mass cu rve anal ysis of ground water in Nassau
County pe rm it ted isolat ion of water leve l changes due t o sewering alone .
Declines attr ibutable to sewering in western Nassau County ra nged from
3.6 to 19.1 feet (F igure 1). Declines due to th e influence of pumping in
Queens County varied from one to twe lve feet. The average weighted water
leve l decline fr om 1953 to 1972 in sou th vVeste rn Nassau was 11 .8 feet,
of which 4.9 feet can be attributed to pum ping in Queens County .

With sophisticated methods fo r evalu at ing hydrol ogic systems, such
as dig ital and electr ic analog models, it is poss ib le to in tegrate t he stresses
and responses of a dynamic system by considering the input of many vari
ables at one time. It is evident from recent studies uti lizing avai lable models
t hat water level decl ines will cont inue in Nassau and western Suffo lk as
consumptive use increases under the present system of wate r management.
There is considerable uncert ainty, howeve r, as to the future rate of th is
inc rease, especial ly in Nassau County where the populati on appea rs t o have
stabilized .
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FIGURE 7 Generalized net decline of the water table in Nassau and
Queens Counties, Long Island, New York from 1959 to 1970

FIGURE 8 Generalized net decline in the basal Magothy potentiometric
surface in Nassau and Queens Counties, Long Island, New
York, from 1959 to 1970
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FIGURE 10 A verage annual ground water levels in fourteen keyobserva
tion wells in Nassau and Suffolk Counties . :

FIGURE 11
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Envi ron mental Considerat ions
Reduct ion in stream flow and decl ine of the water table from increased

pu mpage and ocean discharge of sewage may cause changes in the vegetation
of certain fresh water wet lands. A total fresh water wetland area of over
1 500 acres has been inventoried within the nine major stream systems of
s~u thwestern Suffolk County and 30uthern Nassau County (Be itel , 1976)
Wate r t able ponds an d lakes, such as lake Ronkon koma, Hernpstead lake
and Southard's Pond (Carl Is River) would experience some lowering of water
levels from proposed sewering. Marsh and meadow species of plants and trees
that are dependent upon a shallow water table environment may eventually
be lim ited to areas closer to remaining streams. The study on Long Island
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streams
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by Beitel suggests a possib le sequence of vegetative succession similar to one
that occurred at Artist Lake, Middle Island, New York during a lowering of
the water table. In that case, near-shore lake habitats changed to marsh and
then to red maple swamp habitats.

Si\/I,ificant long-term reductions in ground water outflow and stream
flow to the various salt water bodies surrounding Long Island would alter
bay salinities. A study by Moskowitz correlated stream discharge to changes
of salinity in Great South Bay (Moskowitz, 1976). Ground water outflow also
contributes to the maintenance of bay salinity, but its effect has not been
speci fica lly stu d ied. In ad diti on to effec ts within the water bodies prope r,
significant impact on the coastal wetlands is possible. In Nassau and Suffolk
Counties, two types of wetlands are plentiful. the coastal salt meadows and
the regularly flooded salt marshes (Green, 1972) In 1972, a study by the
Marif1(~ Sci ences Research Cente r reported that tidal marshlands cove l'ed
9,400 acres in Nassau County and over 12,000 acres in Suffolk County
(O'Connor, 1972) . Long Island's wetlands provide habitats for a variety of
invertebrates, fishes, birds and mammals. Although descriptive studies exist
detailing the functions provided to the envi ronment by wetlands, quantita
t ive analvses of the relative val ue of th ese areas are lac k ing. Thus, it is not
clear exactly how reductions in fresh water flow to the bays will alter wetland
flora and fauna.

A decrease in fresh water discharge to the bays could be offset in part
by: shifting centers of pumping, stream au gmentati on with sewage effl ue nt
or with ground water from surplus areas, artificial recharge of treated waste
water, or through planned water conservation programs. The decision on how
to protect the remaining streams in heavily pumped areas should be based
on a detailed evaluation of the relationship between ground and surface water
flow systems. Consideration must be given to the will ingness of the publ ic to
support the required programs and accept economic impacts.

As indicated previously, ground water pumpage in Queens may eventu
ally be replaced by surface water from upstate New York. A major recovery
in water levels can create problems. Fo r exa m ple , the rise in the wate r table
from 30 feet be low sea level to as much as ten feet above sea level over the
past 25 years in Kings County has led to flooding of portions of the New
York City subway system and residential and commercial building basements
constructed during the period when the water table was artificially depressed
(So ren, 1976) . Also , the ri se in ground water leve l pro ba bly inc reases fl ow t o
sewage treatment plants due to infiltration to sewer lines originally laid in
dry sand but now submerged below the water table.

Programs for recharging waste water (sewage effluent or storm water
runoff ) to replenish ground water su ppli es are an impo l-tant water manage
ment technique that must be clltically evaluated. The proposed 5.5 million
gallons per day Cedar Creek Water Reclamation-Recharge Project, which is
now under construction, will test the feasibility of replenishing ground water
supplies with tertiary treated sewage effluent and also the reliability of pro-

duc ing an effluent su itable fo r recharge (EPA, 1972 and Consoer, 1973).
In summary, ground water resources have values other than providing

water supplies. As pointed out previously, ground water discharge supports
stream f low and plays a major role in maintaining an acceptable environment
for ce rtain flora and fa una . Thus, al th ough t he 208 area may re mai n self
sufficient in ground water by implementing a number of water management
approaches within the bi-county area, this self·sufficiency may be assured
at the expense of other significant aspects of the region's environment.

A further constraint to wate r supply self·sufficiency is water quality .
Past and present waste disposal practices modify th e purity of a sign ificant
portion of the available ground water resource. The presence of nitrate, trace
organic r.hemicals and heavy metals in some portions of the aquifer system
may be a much more important constraint to long-term availability of usable
wate r sup pl y th an sho rt-term dr o ughts and salt water encroachme nt.

Proposed Water Management Plans
Development of an effective management plan for the 208 region must

include evaluation of th e alt ernative water supply and waste water manage
ment schemes proposed in recent years by private consultants and county,
state and Federal agencies. These studies have ranged in scope from local to
island-wide. Most suffer from technical simplifications, because detailed
ana ly sis of the grou nd water system has onl y recently heen mad e po ssible
through analog and digital computer simulation techniques.

The planning time spans considered in past water management studies
are variable, but most use a 50 year period. Some of the reports simply
present and analyze alternatives, while others make specific recommendations.
The fol lowing is a list of major alternatives for water managemen t on Long
Island found in recent literature:

1. Continue present methods of development and management, with
some provisions for local problem areas. Modifications might include develop
men t of additional well fie lds or redistr ibutio n of water- w ithi n th e presen t
system.

2. Provide recharge to the ground water system with treated waste
water via recharge basins or injection wells.

3. Import New York City water to Nassau County.
4. Exchange wate r with New Yor k Cit, . Water wou ld be pumped from

the New York City system to Long Island during periods of normal precipita
tion and from Long Island to New York City during drought periods.

5. Transfer water from a large well field in east-central Suffolk to areas
of hydrologic im balance in Nassau .

6. Use skimming wells to divert flow from shallow, near-shore aquifer
systems to Magothy recharge areas in the center of Long Island.

7. Establish regional or county water authorities to provide for the
orderly development of ground water and to oversee its distribution.
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Of the pl ans reviewed , t he reports by Greeley and Hansen (1963 and
197 1) and Holzmacher, Mc Lendon and Murrel (1970) are the most comp re
hensi ve. These studies reach similar conclusions and are gene rally compatible.
Both emphasize bi-county solut ions in the next few decad es with the possible
use of wa ter from the New York City system in the future. However, d uring
th e relatively short time span since these reports were wri tten, po pu lation
projections have changed significant ly. In compa rin g p red ict io ns for 1980
made by Greeley and Hansen in 1963 t o the cu rren t Nassau-Suffol k Regional
Planni ng Board's estimate, the population projection for Nassau County was
lowered from 1.80 million to 1.47 million people , Revisio ns result as new
an d /or better data become available and as socio-econom ic factors change
in the region, It is apparent that so me of the w ater m anagemen t plans recom
mended will have to be re-evaluated.

An ot her fac tor that can affect est imates of wate r supp ly needs in th e
208 regi on is th e future stat us of p rograms fo r conserv at io n of the area's
ground water resources. Abo ut the only co nservat io n measure presently
being encouraged is the insta ll ation of meters . There appears to be a real need
for investigati ng : the present pricing po licies of major water supply systems;
the poten ti a l for use of recyc led waste water as a source of industrial supply,
t he availability of devices and ha rdwa re for reducing flows ; and th e feasibili ty
of deve lop ing plum bing and buil d ing codes that may be effect ive as
conservati o n-related measu res. Of part icu lar importance is th e poss ib ility o f
usi ng th e pr icing mechanism to control dema nd. The p rice o f wate r in th e

208 regio n is now far from uniform for residen'tial users, and does not
encou rage conservation on the part of major commercial users.

Tw o series of reports are particularly significant in their recommenda
t ions. The Northeastern United States Water Supply Studies (NEWS), written
for th e U, S , Army Corps of Engineers, and the studies by the Temporary
State Commission on the Water Supply Needs of Southeastern New York,
have been considering various water supply proposals for a number of years
(Co rps of Engineers, 1971 - 1977 and Temporary State Commission, 1973).
Both series o f reports view Long Island's water supply needs as approaching
t he critical point, Both recommend rather immediate action to supplement
the bi-cou nty area supply with either imported water or waste water
rech arge.

Pl ans for importing water from New York City must be approached
ca uti o usly in view o f t he economic impact on area residents, The bound ary
betwee n fresh and salt water in the principal aquife rs still lies somewhere
offshore, wh ich means t hat vas t quantities o f fresh wat er are conti nuously
bei ng lost to the surround ing bays and ocean . Implemen tation of ex pensive
wate r supply importation programs may just ified until t he sal t
wat er/ fresh wate r interface has m oved onshore ove r a b road er area, or at least
u ntil t he relati onship betwee n sa lt water and fresh water is better defined.
Al so , the decis ion as to whethe r or not to import water from outside the bi
cou nty area shou ld be based on a thorough analysis of the potential success
or failure of areawide water management options.
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Table 1
CLAS31F ICAT ION OF SOURCES AN D CAUSES OF GROUND WATER

CONTAMI NATION USE D IN DETE RMINING LEV EL
AN D TYP E OF CONT ROL

Sewer District No. 2 were reported as not being hooked up to th e sewe r
system. Other re ports give different estimates fo r the number of cesspoo ls
and septic tank s in Nassau County (Nassau Envi ron mental Management
Council. 1974 and Padar, 1968). The U. S. Geological Su rve y has est imated
t hat in 1966, 120 mi ll ion gallons per day of sewage were returned to the
ground through cesspools and septic tanks on Long Island (Par ker, 1967) . A
more recent paper from the Nassa u County Depa rtme nt of Hea lth repo rts
t hat 150,000 cesspools in Nassau alone discharge 60 million gallons per day
(Sm ith, 1975)

In on-site d isposal systems, bacte rial action digest s the solid mate rials,
and the liquid effl uent is disch arged to th e ground. In theory , fi ltrat ion by
earth materials provides additional treatment so that the liqu id , when it
arrives at the water table, is re lat ively clean . Howeve r, many constituents
carried by the effluent are introduced to the ground water system. Those
which present the greatest threat to ground wate r quality are excessive con·
centrations of nitrate, organic chem ica ls, detergent, meta ls, bacte ria and
viruses. Other constituents-previously ignored, but now recognized as a
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SECTION II - GROUND WATER PO LLUT ION SO URCES

Backgro und
An evaluation of ground water pollution sources is one of the products

of the Long Island 208 areawide waste management study. A full report,
presented to the 208 Technical Advisory Committee by Geraghty & Miller,
Inc. in September 1977, describes eighteen different activities whi ch have or
may impair ground water quality in the study area. T his sect io n has been
prepared to provide easy access to the salient facts contained in th e lo nger,
more technical version. The potential impact of the various contam ination
sources discussed may be subjec5' to reassessment at a late r dat e as more data
are made available , or as legal requirements initia te a change in practices.

Although the ground water contamination contribution of severa l of
the so u rces described may not appear t o be significant, it shou ld be borne in
mind that the quality of the regional ground wate r suppl y is susceptible to
the adverse effects of the sum total of man's activit ies on land. Th is under
standing is particularly crucial to Long Island where activities are d ive rse , and
where a water supply alternative to ground water is not readily or economi
cally available.

There are many sources and causes of ground water contamination in
the 208 area. Bas ically, they can be divided into fou r categories (Table 1) .
The first two categories represent discharges of contaminan ts that are derived
from solid and liquid wastes. The third category concerns discharges of con
taminants that are not wastes, and the fourth cat egory lists those causes of
ground water contamination that are not discharges at all.

The variety and type of managem ent options available for each
category differ. For example, some Category I sources may requ ire a dis
charge perm it whereas others can be contro led by restr ictions on land use.
Sources under Category II may require satisfaction of specif ied construction
standards, such as the lining of landfills and the installation of leachate
collection systems. Guidelines and manuals (e.g., tons/l and -m ile limits o n
highway deicing salts) may be the only type of management option available
for Category III. Special regulatory contro ls are available for the causes of
ground water contamination listed under Category IV. An example is the
curren t system of ground water diversion appli cations and hearings em ployed
to minimize salt water encroachment. Another is the licensi ng of drilling
contractors in order to upgrade water well const ruction practices.

Do mest ic On-Site Wast e Disposal Systems
Cesspools, septic tanks and leach ing fie ld s are a source of ground water

contamination on Long Island that has been of great concern to many investi
gators and regulatory agencies. "The Final Report of the Long Island Ground
Water Pollution Study" stated that 800,000 persons in Nassau and 950,000
persons in Suffolk reside in unsewered areas (N assau-Suffolk Research Task
Group, 1969f . In addition, facilities serving 24,000 peop le residing in Nassau

Category I
Systems, faci lit ies
or sources designed
to d ischarge waste
or waste waters to
t he land and ground
waters.

Domest ic on-site
waste disposa l
systems

Sewage treatment
plant effluent

Industria l waste
discharges

Storm water bas in
recharge

Inc inerator quench
water

Diffusio n wells

Scavenger waste
disposal

Category 11
Systems, facilit ies,
or sources not
specifica lly designed
to discharge wastes
or wast e waters t o the
land and ground
wat ers.

Sanitary sewers

Landfills

Animal wastes

Cemeteries

Category III
Systems, facil ities,
or sources which
may discharge or
cause a discharge of
contam inants that are
not wastes t o the land
and ground waters.

Highway deicing and
salt storage

Fertilizers and
pesticides

Product storage
tanks and pipelines

Spills and inc iden tal
discharges

Sand and gravel mining

Catego ry IV
Causes of ground
water contamin
ation which are
not discharges.

Airborne
pollution

Water well can·
st ruction and
abandonment

Salt water
int rust ion
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threat-are halogenated h ydrocarbons. Compounds such as chloroform,
carbon tetrach loride , t richloroethylene, and others are in common use in
ind ust ry ~S degreasers and sol vents or are incorporated in plastic produ cts. It
has on ly recently been recognized that these and similar compounds regularly
occur in d ischarges from households. Many products common in the home,
such as fabr ic and ru g clea ne rs, wo rksh op cleaners and so lve nts, and solu tio ns
to c lean pipes find their way into on·site disposal systems. Septic tan k
cleaners are composed almost entirely of active ingredients which are fre
quently halogenated hydrocarbons. For example, one common cesspool
c leane r contains mo re th an 99 pe rcent t rich loroet hyl ene. One gall on of th is

compound could raise the trichloroethylene concentrations of 29 million
gall ons of water to the State recommended maximum of 0.05 parts per
mi lli on.

Cesspool s an d sept ic ta nks are viewed by regul ato ry age ncies as low-cost
systems which eliminate surface discharges of raw sewage. There are areas
where low housing density and favorable soil conditions make such systems
satisfactory alternatives to expensive trunk sewers and treatment plants.
However, government agencies have been leaning more and more t oward t he

latter in recent years. Sewer d istricts have been delineated in both counties
and plans for construction are well underway. Figure 13 is a nitrogen ·loading
map, showing th e areas in wh ich more than 40 pounds of nitrogen are added
annually to each acre by cesspools and septic tanks (Weston, July 1976). This
map does not include the nitrogen loading that results from agricultural and
domestic fertilizer app lications,

Sewage Treatment Plant Effluent
At present, sewage treatment plant effluent is only a minor threat to

grou nd water qu ali ty in t he bi-county area, as most of the effluent is dis'
charged directly to the sea. According to a study made by Weston in 1976, 23
plants in Nassau County discharge an average of 105.63 million gallons per
day, and in Suffolk County 101 plants have an average discharge of 14.26
million gallons per day (Weston, Ju ly 1976). These are the total flows of the
NPDES and SPDES permitted sewage treatment systems and are believed to
include all plants in both counties. Figure 14 shows the locations of plants
that disch arge to t he ground.

In Nassau County, only one percent of the total daily flow of treated
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FIGURE 13 Areas of major concentrations of on-site domestic waste disposal systems
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effluent (1.2 million gallons per day) and in Suffolk County 50 percent of the
total daily flow of treated effluent (7.39 million gallons per day) are dis
charged to the ground. Thus, a total of 8.59 million gallons per day enters the
ground compared to about 800 million gallons per day t otal recharge of fresh
water from precipitation in the bi-county area. Although small , this discharge
of effluent to the groLmd may have a significant effect when concentrated at

few sites. In Nassau County, effluent is discharged at five sites : Meadow·
brook Hospital 10.77 million gallons per day), Farmingdale San itorium (0.07
million gallons per day), C. W. Post College (0.12 million gallons per day),
New York Institute of Technology (0.003 million gallons per day), and
Grumman Aerospace Corp. 10.25 million gallons per day).

In Suffolk County, the 85 facilities which discharge treated sewage
effluent to the ground are predominantly small residential facil ities and some
special health and elderly care facilities (Weston, July 1976). Suffolk County
is undergoing rapid development and many small sewage treatment plants
are being insta lled to serve areas of 100 or more homes. In developments of
less than 100 homes where no sewer system is available , builders are required
to install sewers, which will be placed into se rvice after future construction of

a nearby interceptor. These homes are permitted to temporari ly discharge to
cesspool s and septic tanks (Pim, 1977) .

Some systems receive domestic wastes exclusively; others accept some
industrial wastes. Regulatory authorities make every effort to exc lude
constituents harmful to the treatment plant process or employees, but
incidental discharges al'e not easily contro led . Some chem icals, such as
solvents, do not appear to be ha rmfu l over the short term, but may damage
either the plant or sewer system over a long period of time.

According to a NYSDEC law, effective secondary treatment is the
minimum requ ired before effl uent can be discharged to surface water.
Although this law does not apply to plants discharging to the ground , second
ary treatment also is common. Only Farmingdale Sanitorium in Nassau
discharges primary treated effluent to the ground (0.07 million gallons pe r
day). In Suffol k, of the 85 plants discharging to the ground, only six do not
provide at least secondary treatment. Denitrification of sewage efflue nt is
now requi red of all new sewage treat ment plants which discharge to ground
water in Suffo lk County.

A rece ntly released report by Roy Gilbert of the SCD EC states that
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FIGURE 14 Domestic waste treatmen t plants discharging to ground water
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a num ber of orga nic compounds present in treated sewage are re fractory
products (not affec ted by the treatment process ) of th e bio logica l treatment
of the pla nt, or new compounds formed during chlorination (Gilbert, 1977).
It is possibl e that these products may move through th e unsaturated soil
to contaminate ground water in places where the effluent is discharged to
the ground.

The New Yor k State En viro nm ental Conservation Law of 1967 em·
powers agencies to regulate sewage treatment plants. This law provi des for
the classification of state ground water and establishment of quality st andards.
Violat ors are assessed penalt ies under the Federal Water Pollution Control
Act (PL 92- 500). The NPDES program was established in 1973 and the
SPDES program in January 1975; the SCD EC an d the NCDH deri ve the ir
enforcement powers f rom these .

Sanita ry Sewers
Approximately 120 million gallons per day of raw sewage flow through

thousands of mile s of sewers in the bi ·county area. The flow in Nassau
averages 105.63 mil lion ga ll ons per day and in Suffo lk , 14.26 m illion gallo ns

per day (Westo n, J uly 1976). Figure 15 shows the locat ions of sewered areas .
Sewers frequ en t ly leak, and depending upon the type of sewer and its altitude
relative to the water table, ground water can infi ltrate or sewage can exfil·
trate. The contamination that takes place in the latter case is normal domestic
sewage, plus those constituents in industrial effluent discharged to sewers.

Since the enactment of the SPDES permit program, the direct disch arge
of industr ia l wastes to septic systems has been severely curtailed. Restrictions
on industr ia l discharges to sewers are much less stringent than those covering
such d ischa rges to septic systems. Concern over the constituents in industrial
effluent is p rimarily due to their effects on the sewer system, the treatment
plant processes, and treatment plant personnel-not their effects on ground
water.

Permissible maximum infiltrat ion rates are usually written into sewer
specificat ions and commonly vary from 200 to 500 gallons per day per mile
per inch of pipe d iameter. Where ground water pollution is of concern, exfil 
tration rates are also specified . In Suffolk County 's Southwest Sewer District,
for example, 200 gallons per day per mile per inch of pipe diameter has bee n
specified as the max imu m rate for exfi ltration . Project ions from tests carr ied
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out on existing sewer lines show that leakage has been considerably less than
this figure (Grauer, 1977).

The potential vol ume of exfiltration is small when compared to the
nearly 100 pe rce nt discharge that occurs from cesspools and septic tan ks.
However, exfiltration may increase over the years as loading produces bre3ks
in the pipes and joints, and as chemical action deteriorates the jo ints. Exf il tra
tion may also increase if the ground water level was orig inally above the
sewer, but has declined to a point below the sewer.

With present materials and cOr'struction techniques, a 50 year sewer life
is used as a minimum design estimate . However, a 100 year life may be a
more reasonable estimate (G I'auer, 1977). Some of the older systems in
Nassau County are receiving large volumes of ground water (Long Beach,
Glen Cove, Oyste r Bay and Freeport) (Cameron, 1977). If these systems are
infiltrating additional water where the pipes are below the water table, it is
reasonable to assume they are also exfiltrat ing add itional sewage where the
pipes are above the water table . Similar problems may be occurring in older
Suffolk systems, such as Port Jefferson, Huntington, Northport and
Patchogue.
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Except fo r monitoring volumes and to some extent chemical qual ity
of incom ing waste at sewage treatment p lants, little control is exe rted on
sewe rs once the construction specificat ions are satisfied. Seve re prob lems
involvi ng exfiltration , in filtra tion or clogg ing are remedied where they inter
fe re with the operat io n of the system or cause a publ ic nuisance.

Ind ustrial Waste Discharge
Industr ial development and zoning are extensive on Long Island . In

1972, five percent of the Nassau -Suffolk area was zoned for indust ry. Most
of this aCI'eage is inland and includes such heavily industrialized areas as
Syosset, Hic ksvill e, Bethpage- Plainview, Melville -Farmingdale, Hauppauge
and Deer Park. Except for a smal l part of the Melvill e-Farmi ngdale area,
all of these zones and a nu mber of smaller ones in Suffolk County are located
in the recharge area of the Magothy aquifer. Areas of known industrial dis
charge to the ground are shown on Figure 16.

Al though the re are discrepancies in the number of ind ustries reported
to have permitted di scharges, the nature an d volume of NPD ES and SPDES
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FIGURE 16 Major industrial sites discharging to ground water
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discharges are documented in a 1976 report prepared by Roy F. Weston
(Weston, July 1976). According to the report, in Nassau 1.2 million ga ll ons
per day of waste water are discharged by industry. About 800,000 gallons
per day of this amount are discharged to the ground. In Suffolk County,
88 industries discharge a total of 1,325,000 gallons per day, of wh ich
1,278,900 gallons per day are discharged to t he ground. Thus, in the bi
county area, about 2.1 million gallons per day of industrial wastes are
d ischarged to the ground in a few industrialized areas.

There are also commercial and industrial discharges in both counties,
not included in the permitted inventory. These include car washes, coin
operated laundries and industries discharging waste water with constituents
not covered by permitting regulations.

In an attempt to contro l industrial waste discharges, Nassau County
has recently instituted a program to inventory all industries, according to
the nature of and rece iving body fo r their discharges. The inventory has
revea led a numbe r of industries that are discharging untreated liquid wastes
to cesspools (Burger, 1977) . Abatement actions have been initiated in these
cases.

In Suffol k County , a list of car washes and coi n-operated laundries
has been compiled. Ten car washes presentl y discharge to ground water;
these predate th e State DEC regulat ion requiring closed systems. The re are
135 coin-operated laundries discharg ing to the ground water; two of these
have once-through waste treatment and four others have part ial treatment
(Gilbert, 1977) . Twenty-five pe rcent of Suffolk's coin-operated laundries
discharge to sewers and require no pre-treatment (Pim, 1972). Forty-five of
the laundries discharging to the ground are in the Southwest Sewer District
and will be sewered in the future. Nearly 500,000 gallons per day discharges
to ground water from 75 of these laundries.

In Nassau County, permitted discharges to the ground amount to about
800,000 gallons per day. Fourteen metal processing firms discharge 726,000
gallons per day, which is 90 percent of the total. The bottling industry pro
duces an additional 32,000 gallons per day, and the food industry, 24,000
gall ons per day. Very small discharges are from metal powder mixing and
paper processing industries (Weston, July 1977).

In Suffolk County, 1,278,900 gallons per day of industrial wastes are
discharged to the ground. This includes 470,989 gallons pe r day from metal
processing, 356,813 gallons per day fro m commercial laundries, 164,9 78
gal lons per day from dairies and 152,189 gallons per day from bakeries.

Prior to the passage of the New York State Environmental Conservat ion
Law in 1967, there was no effective law limiting the types of waste water dis
charged to th(l land surface. With the enactment of t he NPDES and subsequent
enactment of t he SPDES, a NYSDEC permi t is required for non-sewered
industr ia l effluent discharges. The industry must produce treated effluent
which meets state water standards. Compliance is monitored by the NCDH
and the SCDEC. These agencies also enforce sludge disposal ru les.

Storm Water Basins
Investigators have determined that on Long Island approximately half

the annual precipitation finds its way to the ground water reservoir as
recharge. This averages roughly one million gallons per day per square mile
in a 760 square mile recharge area. As the western part of the region has
become increasingly urbanized, however, permeable soil areas have been
replaced by impermeable roofs and paved areas. The water cannot seep into
these surfaces, so it accumulates and runs off.

As a water conservation alternative to offset reductions in ground
water recharge and to eliminate the need for expensive trunk sewers leading
to the sea, a system of small storm sewers draining to unlined recharge basins
was im plemented in Nassau County in 1935. At the present time, there are
more than 2,000 basins on Long Island, the locations of which are shown on
Figure 17 (Seaburn, 1973). The basins range from less than one to more than
30 acres in size but most are about one acre. They average ten to twenty feet
in depth .

Rech arge basins have been cons idered to be highly bllneficial to the
overall water conservation program on since thllY accou nt for
approximate ly twenty percent of all recharge to the underlying aquifers
(A ronson , 1974). Although the basins restore potentially lost recharge, they
are also sources of contamination . Inflow into the basins is a combination of
precipitation plus constituents that are dissolved and suspended by the water
as it runs over th~ ground. Typical sources of contaminants are fertilizers,
pesticides, deicing salts, organic debris, grease and road oil, rubber, asphaltic
materials, hyd rocarbons, an imal feces and food wastes. Many of the contam
inants are not biodegradable and persist in ground water.

As part of the 208 investigat ion, a number of studies were conducted
wh ich have bearing on the amount and types of pollutants that may be
entering the ground water system via storm water basins. The Weston non
point source analysis included sampling runoff from small drainage areas and
correlation of the runoff quantity and quality with the prevailing land uses.
The data and analyses indicated that annual loads of pollutants from non
point sources can be as large as loadings from traditional point sources
(Weston, April 1977).

In their program of storm water runoff and ground water sampling at
two recharge basins along the Long Islano Expressway, the SCDEC detected
significant intermittent concentrations of selected heavy metals (e.g., zinc
and lead) and total organic carbon (TOC) in discrete samples of storm water
runoff during t he sampled storm events. Chloride and zinc were observed in
elevated conce ntrations in the ground water sarnples obtained from well s
located in the recharge basins receiv ing runoff from the Exp ress
way. The SCOEC concluded that fu rther investigation is obviously necessary
to determine if runoff quality from the Long Island Expressway concurs with
the often reported major waste load attributed to heavy metals in runoff
(Minei , 1977)



Guidelines for basin construction have been developed by the Regional
Pure Water Staff of the NYSDEC. These guidelines require a preliminary
submission review to determine the requirements that the applicant must
meet under the New York State subdivision law. It is also dete rm ined
whether the applicant needs other state per mits such as SPDES or tidal and
fresh water wetlands permits. This review gives the NYSDEC the opportunity

to evaluate design criteria, and departmental requirements (either additions
or deletions to design) based on New York State rules and regulations which
dictate prevention of runoff to surface water where possible, and recharge of
as much storm water as feasible. There is no legislation stipulating storm
water quality control.
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landfills
l ong Island disposes of its solid wast es by burial in landfills, with

incinera tion of combustible refuse at some of the sites. Based on ava ilab le
information, there are in excess of 40 major active and abandoned sol id waste
l and disposal si tes in the 208 planning area. Only a few sites have been
studied in deta il to determ ine their effects on grou nd wate r quali t y. Suffo lk
County has initiated monitoring programs around each major landfi ll , but
a regi onal inventory of Long Island's landf ills defin ing potential prob lems of
leachate contamination does not ex ist at this time.

The NCDH currently monitors water quality at the Merrick, Freeport,
Port Washington, Oceanside and Old Bethpage si tes. We lls installed specifical
ly for ground water monitoring are found only at the Port Washington site.
Construction has started at a new disposal location (the Black-Clawson site )
just off the Meadowbrook Parkway in the Town of Hempst ead. It is a refuse
recy cl ing project that reportedly will have a waste-recycling potentia l of
2,000 tons per day. The pro ject is funded by a pr ivate corporati on which has
agreed to operate the plant for the next twenty years.

Nassau County's annual so lid waste output is nr;w more than 1,100,000

tons. This quantit y is not expected to change significantly over the next ten
years. A nnual solid waste generat ion in Suffol k County (1974 ) was 1,100;000
tons and is pro jected t o be 2,700,000 by 1990 (Baffa, 1967). An aveni~e of
between four to five pounds of sol id w aste per cap ita per day is generated
from domestic and residen tia l sou rces in the bi-county region. Indust rial,
com merc ial, agricultural, demolit ion and incinerator wastes have been land,
fi ll ed along w ith resi dential re fuse. Until recent ly, they were combined and
dumped together as one unit at th e same site.

One of the most important problems associated with Long Island land
f ills is the generation of leachate. The amount of leachate produced depends
upon the landfill's overal l exten t , vol ume, absorptive capacity and the
amou nt of recharge water infil t rating it. In theory, 100 acres of landfill can
generate 40 m i llion gal lon s of leachate per year under cl imati c condi tions
simi lar to Long Island 's. T hus, in Suffolk County, 320 million gallons per
year of leachate could be generated f rom t he 800 acres used for so lid waste
disposal.

The la rgest landfil l sites are shown on Figure 18. Additional data on old
landf il ls for Nassau County are available from a report compiled by the Long

3 t i d n t ! C

. '} n ~: , ( . ~

.r.
0' . "

LEGEND

• LA NDFILL SITE

,
I

I
~

26

FIGURE 18 Principal active and abandoned landfills
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Island Sanitary Commission on refuse collection in 1931. Some of the
disposal sites inventoried in the 1931 survey are still active . A survey of aban
doned municipal landfill s in Nassau County is bei ng undenake n by the
NCDH, 34 sites have been reported to date.

The older landfills in the 208 region typically range in size from twenty
to 60 acres. Most are in mined-out sand and gravel pit s and are unlined . Some
have received or still receive septage from septic ta nks and cesspools. Two
recently constructed landfills, one in Nassau and anothe r in Suffolk, are lined.

Landfills receive a wide range of materials including paper products,
food wastes, sept ic tank sludge, construction debris , tires, autos, leaves,
plastics, glass, chem icals, textiles, cans, oil and hyd rocarbons, street and
building sweepings, dead animals and waste water and wate r treatment
sludges. The type and concentration of contaminants in leachate is of great
importance in determining potential effects on ground and surface water
quality. Table 2 lists pollutants expected from municipal waste si t es. Signifi
cant pollutants in landf ill leachate on Long Island are BOD, COD, iron,
chloride, ammonia, heavy metals and organic chemica ls.

l andfilling of solid waste is the ty pica l disposal met hod em ployed on a
nationwide basi s, and has the lowest cost of the various waste management
options available . Until passage of the Resource Recovery and Conservation
Act in late 1976, there was no effective Federal regulatory control over land
disposal of solid waste. Regulations for the Resource Recovery and Conser
vation Act are now being prepared by EPA. On Long Island, the NYSDEC, in
cooperation with the NCDH and the SCDEC, has jurisdiction over applica
t ions for new landfill sites and the expansion of old si tes. Current t rends in
lan dfill regulation incltJde li ning al l new si tes, installing leachate co llection
systems, encouraging resource recovery and monitoring ground wate r quality.

Highway Deicing
The application of salt to highway surfaces in freezing weather can

cause ground water contamination. The salt me lts snow and ice, and the
resulting solution of brine, combined with other pavement contamination,
runs off the impermeable load su rface and most of it either seeps directl y
into the ground or is diverted to a storm wate r recharge basin. In some places
along the shores of Long Island, street runoff is diverted to sewers which
discharge to the sea. However, the bulk of the runoff enters the ground where
it seeps down to the water table and migrates through the grou nd water
system

Contamination can also take place arou nd salt sto rage piles if they are
not adequately protected . Rain fall s on the pi le, disso lves the sa lt and ru ns
onto the ground. Increasingly , salt p iles are be ing stored unde r cover on paved
impermeable su rfaces to prevent dissolution.

It is obvious that road salting cannot be discontined with out a drastic
increase in traffic accidents and inconvenience to motorists. What can be
done, however, is to decrease the amount of salt used to the minimum re-

Table 2
LEACHATE CHARACTERISTICS BASED ON TWENTY SAMPL ES

F ROM MUNICI PA L SO LI D WAST ES
(Constituents given in parts per mi llion, whe re applicable ).

Constit uent Median Value Ranges of all Values

Alkalinity (CaC03) 3,050 0 20,850

Biochem ical Oxygen Demand (5 days) 5,700 81 - 33 ,360

Calc ium (Ca) 43 8 60 7,200
Chemical Oxygen Demand (COD) 8,100 40 - 89,520

Copper (Cu) 0.5 0 9.9
Chl oride (CI) 700 4.7 2,500

Hardness (CaC03) 2,750 0 22,800
Iron , Total (F e) 94 0 2,820

Lead (Pb) 0.75 <0.1 2.0
Magnesium (Mg) 230 17 - 15,600

Manganese (Mn) 0.22 0.06 - 125
Nitrogen (NH4) 218 0 1,106

Potassium (K) 371 28 3.770
Sodium (N a) 767 0 7,700

Sul fate (S04) 47 1 1,558
Total Dissolved Solids (TDS) 8.955 584 - 44,900

Total Suspended Solids (TSS) 220 10 26,500
To tal Phosphate (P04) 10.1 0 130

Zinc (Znl 3 .5 0 370
pH 5.8 3.7 8 5

quired to do the job, mixing it with sand S'J t hat the cars can ma inta in good
traction with the road surface. About 80 percent of all de icing salt pollu tion
is caused by improper storage pract ices and the re ma inder by impro per
spreading techniques (U. S. Salt Institute, 1976).

Nassa u County maintains ten sal t stoc kp il es; nine are open and one is
enclosed. All of t hem are m ixtures of sand and salt, and in 1976 t hey had a
tota l storage volume of 18,250 tons. They are located in Manhasset, Glen
Cove, Oyster Bay, Hicksville, Mitchell Field , Mineola, Inwood, Franklin
Square, Wantagh and Hem pstead. The ages of these sites ra nge from two to
2 1 years. The three towns in Nassau Co un ty maintain ten additional sites,
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departments. The order called for construction of buildings to store the
salt/sand piles, and in 1975, most of the townships and incorporated villages
bega n to comp ly. Suffolk County salt storage pi les must now com ply wi th
the SPDES pe rmitt ing system as required by SCDEC.

New York State 950 7.000 7.4
Nassau Cou nty 1,400 14,900 10.7
Town of Oyster Bay 1,600 1,500 0 .9
Town of North Hempstead 540 3,000 5.6
T own of Hempstead 4,500 6.000 1.3

T ota l ' 8,990 32,400 5 2 lav"rage)

Fertilizers and Pesticides
About 45,000 acres in the bi-county area are devoted solely to crop

raising. Figure 19 shows areas being used for agriculture. In Suffolk County
alone 64,000 acres are considered available for present and future agricultural
use (N assau Suffolk RPB, 1B75). In Nassa u County, agri cultu ral land is
minimal. Most of the land, alth ough previousl y farmed, IS now used for res i
dential, commercial, industrial and recreational purposes.

In the bi-county area, as a whole, most fertilizers and pesticides are
applied for non-agricultural uses including home lawns, golf courses and
nurseries. Increasing evidence from Long Island ground water quality testing
programs supports the association between fertilizer use and nitrate in ground
water. Studies being conducted for the 208 by Cornell University indicate
that lawn ferti lizers app lied by home owners rnav be as a source of
nitrogen contamination of ground water as di scharges from sept ic tanks,
particularly in Nassau and western Suffolk (Porter, 1977) However, further
work is required to more effectively quantify the use and relative environ
mental impact of fertilizers.

There is no evidence to suggest that pesticides have posed a serious
threat to ground water resources on Long Island, despite the heavy use of the
chemicals on intensely far med ag ricultu ral land. Metalli c base pesticides and
hydrocarbons were used until qu ite recently . The "fi rst generation " pesti·
cides are very persistent and substantial residues may still be found in the soil.
However, the residues are strongly retained by soil forces and do not usually
leach to ground water. In the past decade new generation pesticides have been
widely used. Some of these, including certain herbicides which are now used

Table 3
SALT USAGE IN NASSA U COU NT Y

(from NCDH)

,

Tons per
Lllne Mil ll

Average Annual Salt
Usage (tons)

Lane-Miles
Maintained

Agency

totaling 10,360 tons, and 31 storage sites are located in 29 villages, represent
ing 4,500 tons of salt . New York State has two large salt piles in the Duffy
Aven ue land fill in Hicksv ill e and at the Plant in g Fiel ds Ar boretum landfill
Oyster Bay.

There are sixteen Suffolk County Department of Public Works storage
piles in the following towns: Huntington, Hauppauge, Babylon, Bay Shore,
Brentwood, Farmingville, Medford, Yaphank, East Moriches, Riverhead,
Peconic (two), Westhampton, Hampton Bays, East Hampton and Montauk.
Only two of these county piles are indoor, one in Riverhead, and the other in
Pecon ic . Numerous storage piles ex ist at th e town and village level. Brook ·
haven has submitted pl ans for twe lve br ine co llection pads (to be instal led
beneath their outdoor piles) and four of their piles are within buildings. Six
Suffolk towns are currently complying with the SPDES permitting system;
one is partially complying, one has promised to comply, and two are not
complying, with subsequent legal action pending. By 1978, 80 to 90 percent
compliance is expected from the towns and the County Department of Public
Works. The smaller villages generally comply with the building and pad
requ ests because th ey can obtain mult ip le usage from such fac ilities.

Some of the NYS DOT pi les come under the jur isdiction of the Lo ng
Island State Park Commission. They are not, for the most part, considered
to be in compliance with SPDES. Most of the piles are uncovered and without
curbs or catch basins. Some piles have impervious pads, but others do not,
and the result is leaching and uncontrolled runoff. As funding is made
available, NYSDOT constructs storage facilities for its piles. The first was
bu ilt in 1959 and nine more have been built si nce then .

An average of about 32,500 tons of road salt is appli ed to 9,000 lane
miles of road in Nassau County yearly. Averaging the state, county and
municipal applications, about 5.2 tons of salt is applied per lane-mile. This
average annual application rate is calculated from Nassau salt usage data in
Table 3. In Suffolk County, with greater road area, about 60,000 to 65,000
tons are applied annually . One hundred thousand tons of road salt would
contribute some 60,500 tons of chloride , plus large amou nts of calc ium and
sod ium to the envi ronm ent. The run off di ssolving t hese sal ts seeps in to the
sha llow wate r table aquifer, usually withlll the immediate vicinity of the
treated road surfaces or is discharged to a nearby recharge basin designed to
receive highway runoff.

Substances have been added to deicing salts to prevent caking and to
inhibit corrosion. For example, sodium ferrocyanide has been added to
deicing salts in the past to prevent caking. Not enough is known about the
prese nt use of addi tives, their toxi ci ty, nor their fate in th e so il and grou nd
water system to comment all potential haza rd.

On Long Island, no regulations exist for deicing practices but certain
pol icies, similar to those described by USEPA, are commonly used (U. S.
Environmental Protection Agency, 1974). The SCDEC issued an order in
1974 requiring more substantial protection for stored salt used by highway
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very extensively, are more soluble in water and have higher acute toxicities.
Most. however, are broken down rapidly in soil or water and, therefore, are
not regarded as a ground water hazard. Some evidence indicates that a few
recently developed pesticides may be more persistent under some conditions.
Unfortunately, there are virtually no data available for monitoring these pesti·
cides in ground water. These pesticides include some ot tne carbamates
which are both highly toxic and soluble in water.

There has been no legislation enacted to regulate the rate of fertilizer
application. The Federal Insecticide, Fungicide and Rodenticide Act of 1975
(PL 92·516) deals principally with control of compounds through registration
of both pesticides themselves and commercial operations by pesticide firms,
and through monitoring procedures. By law, pesticide users must apply the
product according to prescribed dosages provided by the manufacturer.

Prod uct Storage Tanks and Pipelines
A number of products are stored in su rface and subsurface tanks and

are transmitted in pipelines on Long Island. Among the most frequently
stored fluids are li quid petroleum products ; gases, both liquefied and gaseous

under pressure; industrial chemicals; and water. Among these products,
industrial chemicals are not commonly transmitted long distances through
pipelines, and water poses little contamination threat to ground water. The
other products, however, have all been reported to cause ground water
contamination on Long Island or elsewhere in the United States.

A major ground water contamination threat is posed by liquid petro·
leum products stored in tanks and transmitted through pipelines. Three types
of petroleum products and their means of storage are common in Nassau and
Suffolk Counties. Gasoline service stations store various grades of gasoline
in two or more subsurface storage tanks with capacities of 2,000 to 12,000
gallons. Many individual homes and businesses store heating oil indoors,
below ground or at the surface. Oil depots store one or more grades of fuel oil
in surface tanks of various sizes. These various sources are described below.

.Service Stations. For a number of reasons, service stations are of most
concern as a threat to ground water, and many case histories of ground water
contamination from this source have been reported. First, they are spread
over the entire bi-county area. The greatest concentration of service stations
occu rs in the most densely populated areas which are also the areas of
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greatest ground water pumpage . The Nassau County Fire Marshal's Office
estimates that more tha n 1,200 gasoline and diesel serv ice stations exist in
Nassau County (Bartow, 1977). The Suffolk County Bureau of We ights and
Measures records over 1,400 se rv ice stations and marinas which have storage
tanks (Kerbs, 1977) . These numbers do not reflect the numerous facilities
which dis pense products on a non-profit basis, such as construction compa
nies or major t ruck ing firms which fu el thei r own vehicles. In t otal, it is
estimated t hat 3,000 sites which store vehicle fuel exist in Nassau and Suffolk
(L. I. Gas Retail ers Association, 1977).

The volume of storage is enormous. Pe rsonnel of the Lo ng Is land Oil
Hea! Institute estimate that over one billion ga llons per year of gaso line and
diese l fuel are used in Nassau and Suffolk. Most of this fuel is in itially del iv
e red by tank t rucks, and almost all of it is stored underground fo r some
pe riod of ti me (Byrne, 1977).

Most service stat ions have steel tanks, altho ugh fiberglass tanks (first
marketed in the early 1960's) are slowly gai ning in popu lari ty . The steel tank,
usually of welded construction, is highly suscepti ble to corrosi on, especially
at the welds. In order to in hibit corrosion, steel tanks are often coated on the
outside with tar. With care, the coati ng may be temporari ly effecti ve, but
many tar-coated tanks deve lop leaks at the point where the tar was scratched
away during install at ion. Gasol ine additives often accele rate tank corrosion
from the inside . Fibergl ass tan ks have effec t ivel y all eviated the corrosion
problem, but they can crack when exposed to cold temperatures and exces
sive surface loads.

Home and Industrial Heating and Power Generation. Accord ing to
pe rsonnel of the Long Island Oil Heat Institute, Nassau and Suffolk homes
and industries use 1.5 billion gallons of No.2 oil (the most common home
heating fuel) and two billion gallons of No.6 oil. Less than ten percent enters
over the road, with the rema inder shipped to the bi-county area by barge
(By rne , 1977) .

Oil heated homes on Long Island number 640,000. Popular home
storage tank sizes are 275, 550 or 1,050 gallons. Basements can accommodate
one o r more 275-gall on tan ks, but larger, underground tanks are more
common. Welded steel tanks are the most popular.

Underground steel tanks at homes and industries are as susce ptible to
leaks as tanks beneath service stat ions. However, the ir con tam inat ion poten
ti al is less for several reasons.

1. Stored vol umes are smaller so a singl e loss of product wou ld have less
of an impact on ground water.

2. The loss of a few hund red gal lons of fuel o il should be more obvious
to a homeowner than the loss of a similar amount by a !=laso line retaile r.

3. Because the tanks are small er, the bottom of the home fuel o il tank
will likely be at a Shallower depth and, therefore, less like ly to be installed
below the water table where corrosion could be acce lera ted.

Oil Storage Depots. The distribut ion and number of depots on Long

Island which store petroleum products are significan t. Several cases of leakage
into grou nd water have been documented from this source. Most depots store
fuel oil for home and bus iness use, although many also sto re gasoline, kero
sene and diesel fuel. Except for Long Island Lighting Company which stores
its own oil, all but about ten percent of the fuel oil consumed in Nassau and
Suffolk is stored in depots in the bi-county area. Nearly all tanks are above
ground and outd oors. In fact, New York Sta te law prohibits indoor storage of
large volumes of flammable products (Early, 1977).

The Nassau County Fire Marshal's office has inventoried nearly 100 oil
storage depots in the cou nty. Although the largest fac ili ties are generally
near th e shore where they can be supplied by barges and tanke rs, the greatest
num ber of facili ties are found in land.

A complete inve ntory of Suffolk County depots is not available at this
time . However, a listing made avai la ble by the SCDEC reveals that more t han
41 storage tanks ex ist at six major storage terminals (Maloney, 1977). The
largest of these te rminals, at Northville, has a storage capacity of nearly 120
m ill ion gallons (Nassau County Environmental Management Council, 1974).
Two large inland termina ls at Hol t svi lle and Setauket have more tha n 25
storage ta nk s between t hem (Mal oney. 1977).

Other Storage Facilities. Most industrial chemicals are stored in tanks
on or above the grou nd . It is unlikely that the locations of many of those
containing hazardous substances are known to regu latory agencies, because
most are small and unobtrusive . However, many of those containing flam
mable products are known to fire departments. For example, in the Town of
Huntington, any facility which stores combustible material must be pe rm itted
by the d istrict fire inspecto r (Early, 1977).

Pipelines. The fo ur major pipelines on Long Island transport fuel oil;
t hese are the Consol idated Petroleum pipeline from Port Jefferson to
Setauket, and three Northville Industries pipelines -from Port Jefferson to
Holtsvi lle, from North ville to Ri verhead, and from Holtsville to Plainview.

Regulatory controls applicable to oil product storage tanks and pipe
lines are diverse , ranging from local ordinances to US EPA regulations. There
are also guidelines and recom mendat io ns for sit ing and construction des igned
to ensure safe encapsulation of the stored or transported product. In addi
tion, compl iance with the New York State Environmental Conservation Law,
Section 23 is required. This legi slation :s concerned with the storage and
t ransportat ion of Iiquefied natural gas and pet roleum products.

Incinerator Quench Water
A typical 600-ton-per-day municipal incinerator requires about 10.000

gall ons of water each day to dissipate heat from fuel gases and gas res idue .
Some of this quench water is retained in the ash, but most of the unevapor
ated water, which may contain hazardous constituents, is siphoned away for
disch arge .

Of the e leve n active municipal incinerator sites in the bi-county area,



eight are in Nassau and three in Suffol k (Weston, 1976). Four dispose of
quench water directly to th e ground ; the others discharge to surface water.

Contaminants of concern are si mila r to those found in land fill leachate .
The quality of qu ench wat er from one inci nerator in the study area did not
meet sewage treatment effl ue nt discha rge standards for p H, suspended sol ids
and turbid ity. At another site several const ituents were in excess of the con
centrati ons pe rmitted under SPD ES regulations. Owners of incinerators are in
the process of applyi ng for SPDES perm its, a relat ively recent requirement
because t he potential for contamination fro m t his source was not previously
regulated.

Airborne Pollution
Both the atmosphere o ver Lo ng Island and precipitation contain appre

ciable amounts of ground water cont am inants. Fo r insta nce, emissio ns from
motor veh icles in the bi-county area may amou nt to 4,000 tons per day of
carbon monoxide, 800 tons of hydroca rbons and 740 tons of nitrogen oxides
(Frizzola, 1975) . Other sources of air cont aminat ion and potentia l incorpora
tion of chemicals into p recipitat ion include incin erators, power generators,
aircraft , ra ilroads, industr ial emissions and open buring of refuse.

Table 4 show the average values of selected chemical constituents in
rain water reaching Long Island. The samples collected by the U. S. Geologi 
cal Survey show higher concentrations of all constituents at the suburban
sites at Mineola and Medford, while lower level s were registered for the rural
env ironment at Upto n. The results of recent studies show an average sulfate
content in rain water o'f 3 ,60 mil li grams per liter, total nitrogen 1,36 milli
grams per li ter, sodium 1.89 milligrams per liter and chloride 3.22 milligrams
per liter (Frizzola, 1975) .

Amendments to the Clean Air Act in 1970 established national ambient

Table 4
AVERAGE RAIN WATER QUALITY ON LONG ISLAND

(MILLIGRAMS/ PER LITER ) - FIVE YEAR RECORD 1969 TO 1974
(Nassa u County Environmenta l Pl anning Report, 1974)

Mineola Upton Medford
Parameter (average) (average) (average)

Nitrate·nitrogen 0.66 0.34 0.67
Ammonia as N 0.48 0.17 0.43
T otal N as N 1,14 0.51 1.1 0
Sulfate 6,67 3.54 3.43
pH 5.08 4.41 4.44
Chloride 2.00 t .65 3.04
Sodium 1.17 1.08 1.68

ai r qua lity standa rds for six common classes of air poll utan ts; sulphur oxides,
particulate matter, carbon monoxide, photochemical ox idants, ni t rogen
oxides and hyd rocarbons. In addition, nat io nal emiss ion standards for hazar
dous substances, includ ing asbestos, beryllium and mercury were established .
To date, no stud ies of organic chemical s in rainwater have been conducted on
Long Isl and , although several are now being proposed. Since 1970 air pollu
tion con trol has been a responsibility of the NYSDEC, wi th Nassau and
Suffolk Cou nties acting as agents of the State and assisting in any necessary
enforcement of regulat ions and standards.

Sand and Gravel Mining
The extent of sa nd and gravel min ing on Long Island is uncertain .

Although figures for presently mined acreage are availa b le, an inestim ab le
acreage of small pits exists which were mined for a short period and th en
abandoned .

For the most part, large sand and gravel operations are located in the
hilly areas of Long Island, where mining can proceed latera lly into the hill 
side. Vertical pit mining is prevalent only where a significant depth can be
attained before the water table is reached . Large sand and gravel m ining
operations exist in Port Washingto n, Oyster Bay, Pl ainview, Me lvi li e, East
Commack, Nesconset and Half Hollow Hill s.

The practice of sand and gravel mining does not in itse lf present a
significant ground water pollution threat. The few cases reported elsewhere
in wh ich pollution actually occurred involved noticeable changes in tllrbidity
in wells at or adjacent to the mined site. One of th e most desirable traits of
ground water is its generall y low turbidity.

A greater threat to ground water at sand and gravel m ini ng sites is fr o m
pol lutants which have been introd uced into the pits. Abandoned pits serve as
attractive but illegal disposal sites for domestic , industr ial and scavenger
wastes, Although no reported cases o f ground water pollution from illegal
dumping have been re ported on Long Island , such dumpi ng is suspected to
occur. Care less hand ling of materials at sand and gravel sites, fo r example,
where road sal t or petroleum fuel s are stored, can cause these materials to
ente r the ground water.

The principa l cause of ground water pollut ion at sand and gravel pits
has been th e use of brackish and salty water tv wash the fi nes from the mined
material. Salt water pumped from bays is sp re ad on the land surface or sto red
in ponds where it can leach to th e underlying fresh ground water (Swarz
enski,1963).

Under th e rece ntly enacted New York State "Mineral Resources (M ine
Reclarnation) Act" (1975), a mining operator removing mo re than 1,000 tons
of minerals in a month is requ ired to have a permit to operate. In the applica
tion for permit, the operator must descri be h is plans fo r reclamation at th e
site. A bond, posted upon issuance of the permit, assures NYSDEC that
reclamation is executed.
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Table 5
EXAM PLES OF CON DITIONS UNDER WH ICH WATER WELLS

CA N CA USE GROUND WATER CONTAMINATION

Water Wells
Water wells themselves are not normally sources of contamination,

except in cases of improper construction, well failure, and in a few instances,
use of the we ll. Some of th e most common conditions that might result in
conta mi nation of grou nd watN are in Ta bl e 5.

been considered an environmentally beneficial practice and not a source of
poll ution on long Island. Consequently, institutional activity has been
directed toward encouraging the use of d iffus ion wel ls rathe r tha n their
control. More wate r qua lity data is needed to determille whether this poli cy
is justified .

Since 1940, there have been 9,040 permits issued by the NYSDEC to
drill wells in Nassau County and 60,280 in Suffolk (NYSDEC, 1977). Most
of the wells, howeve r, were drilled since 1960. In the bi-county area, there
are an estimated 750 public-supply wells, 840 industrial and commercial
wells, and 440 agricultural wells.

Domestic wells are usu ally small capaci ty (45 gallons per m inute or
less) and six inches or I(~ss in diame te r. Typicall y they are installed as shall ow
as water table conditions and loca l regulations permit. Agricultural wells, on
the other hand, are usually of a high capacity (500 to 1,500 gallons per
minute), but are also constructed as cheaply as possible and as shallow as
possi ble. Since cost is often of prime importance, little is done to secure these

j,

,Cas ing corrosion

Casing electrolysis (chemical)

Stray currents in ground

Accidental hoi ing of casing during construction
or maintenance

Direct recharge of contaminant

Movement of COtHam inants caused by pumpi ng

Sal t intrusion

Poor location

Split screen where prohibited by situation

Improper abandonment of well

Improper backfill of test holes

Inadequate surface protection

Poor or no grout inn

Well finish ed at or bel ow land surface

Open annulus around casing

I llegal Construction

Well Failure

Well Use

Imperfect Construction

Diffusion Wells
On long Island, the NYSDEC requires all water used for cooling to be

pumped through a completely closed system and then returned to the source
aquifer through one or more diffusion wells or equivalent structures . Depend
ing upon the cooling system, the water is ra ised 10° to 40° F above the
natu ral ground water temperature (Deluca, 1975).

Ground water temperatures to a depth of about 200 feet are usually
3° t o 6° F warmer than the average annual air temperature. Below that
depth, the natural grad ient is approximately 1° F increase for each 60 to
125 feet of depth (Hoffman, 19581. In the bi-county area, natural ground
water temperatures range from about 50° to 70° F.

In the 208 area, the rmal loadi ng has been obse rved in a number of
ind ustri al areas where large quant ities of hot water are returned to t he
ground. Observations have been documented in Hi cksville, lake Success,
Syosset and Smith Haven. Undoubted ly, there are many other occurences
that are not documented .

NYSDEC data on diffusion wells are reported by a number of installa
tions, and each installation may include more than one diffusion well. In
1976, 306 installations in Nassau County returned 4 ,500 million gallons of
cooling water through wells.
In 1974, 183 installations in Suffolk County returned 3,000 mi llion ga llons
(NYSDEC, 1977). The total is approximately 7,500 mill ion gallons per year
or 20 .5 million gallons per day.

The return of cooling water to the ground as a source of recharge has

Scavenger Waste
Scavenge r waste pits are open, unlined seepage ponds for disposal of

liquid and sludge waste fr om septic ta nks, cesspools, and municipal and
industrial sources. On Lo ng Island, each town has a designated locat io n for
scavenge r waste; most usuall y near landfill sites or sewage treatment plants.
Suffolk County has eight major waste pit areas discharging directly to ground
water. However, a large percen tage of the sludge generated by the County's
municipal treatment plants is trucked to five scavenger waste treatment
plants, located in Islip, Huntington , Babylon , Kings Park and Brookh aven.
Nassau County septic tank waste goes directly to municipal treatment plants,
wh ile coastal t reatmen t pl ants usuall y dispose of sludge at a predescri bed
d isposal area in the ocean.

These sludges and liquid wastes are most frequently a problem when
high loading rates exceed the lagoon's holding capacity, result ing in clogging
of the lagoon's surface and overflows. Misdemeanor charges have been filed
against one Suffolk County town which failed to correct the overloading
of a scavenger waste disposal site under its jurisdiction.

SPDES permits must be obtai ned for au thori zed treatment plants,
but as yet there are no controls over random scaven ger waste dumping
into pits.
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Spillage during home heating deliveries when the
tank is overfilled or when the hose is rolled
up

Mishand ling and disposal of waste cran kcase oil
Dumpi ng of sl ud ge on-site after tanks are cleaned
Spil ls from carelessly attended motor vehicles in

service stations

At the county level there is li ttle opportunity for direct regula tory
control over spills; the SCDEC reports that efforts to introduce legislation
to imp rove the situation have not been successful. Procedures associated
w ith state regulations are such th at up t o six month s may be required to
prepare documents needed for enfo rcement. locally, the Nassau County Fire
Marshal and individual f ire districts adhere to guidelines developed by the
National Fire Protection Associati on, which provide only limited co ntrols
in the event that a spi ll directly endangers publi c safety.

Ani mal Wast es
Statisti cs provided by the U. S. Departmen t of Agriculture Soil Conser

vat ion Service in its 208 report"Animal Waste Control Alternati ves, Nassau
and Suffolk Counties, New York ," show that the an imal population of the
region is sufficiently di ve rse and numerous to add to the BOD, CO D, bacterial,
nit rogen and phosphorous content of ground water (U. S. Soil Conservati on
Service, 1977) .

SCS estimates that in the bi-cou nty area there are approxi mately
258,000 cats; 425,000 dogs; 30,000 horses; 121,000 chickens; 1,800 cattle;

and numbers of turkeys, swi ne and sheep. In addition, there may be as man y
as 750,000 market ducks.

The SCS report emphasized the effect that this animal and bird popula
ti on has on surface water. Howeve r, it should be noted that dog waste carried
in street runoff may fina lly end up as ava il able for infi lt ra ti on th rough storm
water basins rather than in bod ies of surface water.

Regulations controling disposal of animal wastes, other than those
ass oci ated with cattle feedlots, are non 'existent in the United States. Some
cities have established restr ictions aimed at curbing dog owners from allowing
the ir pets to defecate on sidewalks, but these ordinances are largely ineffec
ti ve and do not protect ground water.

Cemeteries
There are 94 cemeteries la rger th an two acres, and man y small e r ones

scattered through the bi-county area. Of the 94 larger cemeteries, 25 are in
Nassau County , covering about 1,510 acres, and 69 are in Suffolk County,
covering about 2,920 acres. Combined, both cou nties have about seven squ are
miles of land used for cemetery purposes.

Most of the larger cemeteries in Nassau and Suffo lk are situated inland
where substan tial depths to ground water exi st. Grou nd water percol at ing
downward, the refo re , recei ves considerable fil tra t io n prior to reach ing the
water tab le. Also, the potentia l th reat to ground water depends upon the
ty pe of burial, i.e., cas ket construction and use of vaults. There are no known
field studies in volving drill ing and sampli ng on long Is land to dete rm ine the
effects of cemeteries on ground water qual ity .



REFERENCES CITED

Aronson, D. and G. Seaburn. " Preliminary Appraisal of the Operating Efficiency of Recharge Basins on Long Island, New York,"
U. S. Geological Survey, Water Supply Paper, 2001 - D (1974).

Baffa, J. Comprehensive Solid Waste Planning Studies Projec t No. CSWP- 3. Suffolk County, New York: 1967.

Bartown, D., Nassau County Fire Marshal. Interview. January 1977.

Burger, T., Nassau County Department of Health. Personal Communication. March 1977.

Bryne, G., Long Island Oil Heat Institute. Personal Communication. February 1977.

Cameron, J., Nassau County Department of Health. Interview. January 1977.

DeLuca, F. A., et al. "Chloride Concentration and Temperature of the Waters of Nassau County, Long Island, New York," U. S.
Geological Survey, Bulletin 55 (1975),

Early, R., Melvi lie Fire District. Personal Communi cation. Apr il 1977.

Frizzola, J. and J. Baier. " Contaminants in Rai n Water and Their Relat ion to Water Qual ity ," Water and Sewage Works, vol. 122,
nos. 8 and 9 (1975).

Gilbert, R., Suffolk County Department of Environmental Contro l. Inte rv iew. January 1977.

Gil bert R. Potential Hazards of Trace Organic Compounds in Suffolk County's Ground Water Supply. Hauppauge, New York: Suffolk
County Department of Envi ronmental Control , January 1977.

Graner, W., Suffolk County Department of Environmental Control. Personal Communication. February 1977.

Hoffman, J. F, and S. J. Spiegel. "Chloride Concentration and Temperatu re of Water from Wells in Suffol k County, Long Island, New
York, 1928-1953," U. S. Geological Survey, Bulletin GW-38 (1 958 ).

Holzmacher, McLendon and Murrell. Study of Leachate at Landfill Sites
Control : 1975.

Volume I. Suffol k County Department of En vironmental

Kerbs, J., Suffolk County Department of Consumer A ffa irs. Personal Communcat ion . January 1977.

Long Island Gasoline Retailer's Associat ion. Personal Communication, January 1977.

Maloney , J., Suffolk Coun ty Department of En vironmental Control , Personal Communicat ion . January 1977.

Minei, V., Suffolk County Department of Environmental Conservation. Personal Communication. October 1977.

Murray, E. F. "An Economic Analysis of the Environmental Impact of Highway Deicing," U. S. Environmental Protect ion Agency ,
Publication EPA 600/2- 76-705 (Undated),

35



36

Nassau County Environmental Management Council. Nassau County Environmental Plan Report. 1974,

Nassau-Suffolk Regional Planning Board, Determination of Unit Waste Loads for Various Land Use Groupings. PDRD/HUD
H-2050R: April 1975,

Nassau-Suffolk Research Task Group. Final Report of the Long Island Ground Water Pollution Study. Albany, New York: New York
State Department of Health, 1969.

New York State Department of Environmental Conservation. Personal Communication. 1977.

Padar, F. V. Health Department Surveillance of Ground Water Quality. Urbana, Illinois: Proceedings of the Fourth American Water
Resources Conference, Ames Water Resources Association, 1968.

Parker, G, G., P. Cohen and B. L. Foxworthy. Artificial Recharge and its Role in Scienctific Water Management, With Emphasis on
Long Island, New York. San Francisco, California: Proceedings of the National Symposium on Ground Water Hydrology, 1967.

Pim , ,J., Suffolk Coun ty Departm ent of Envlronmentd l Con to l. Intervlt:w. Janua ry 1977.

Porter, K., Corne ll Univers ity Exte nsion Serv ice. Pe rsona l Comm un icat ion. Octobe r 1977 ,

Roy F. Weston, Inc . Nassau-Suffolk 208 Domestic and Industrial Point Source Inventory and Evaluation. Roslyn, New York: July
1976.

Roy F. Weston, Inc. Wet Weather, Non-Point Source Pollutant Loads in Nassau and Suffolk Counties. Roslyn, New York: April 1977.

Seaburn, G. E. and D. A. Aronson_ "Catalog of Recharge Basins on Long Island, New York in 1969," New York State Department of
Environmental Conservation, Bulletin 70 (1973),

Smith, S. O. and D. H. Myott. "Effect of Cesspool Discharge on Ground Water Quality on Long Island, New York," Journal of Ameri
can Water Works Association. Denver, Colorado: August 1975.

Swarzenski, W. V. "Hydrogeology of Northwestern Nassau and Northeastern Queens Counties, Long Island, New York," U. S. Geolog
ical Survey, Water Supply Paper 1657 (1963).

U. S. Environmental Protection Agency . "Manual for Deicing Chemicals Application Practices," Publication EPA 670/2-74-045
(1974),

U. S. Environmental Protection Agency. Report to Congress: Waste Disposal Practices and Their Effects on Ground Water, Washin9ton,
D. C.: Office of Soli d Waste Management Pr09ramS, 1977.

U. S. Salt Institute . Sensible Salting Program. A lexand ria , V irgi nia: Wr itten Commun ication, 1976.

U. S. Soil Conservation Service. Animal Waste Control A lternatives. Nassau and Suffo lk Counties, New York: January 1977.

Van Haaren, F. W. J. Cemeteries as Sources of Water Pollution. City of Amsterdam: Waterworks, 1951.

,



SECTION III - GROUND WATER QUALITY

Background
This section of the interim report characterizes present ground water

quality conditions by aquifer, with major emphasis on nitrate. Nitrate is used
as an indicator of water quality trends because of the availability of historical
data. Also, nitrate is a potential contaminant that is associated with almost
all of the waste disposa l practi ces that have bee n of prime im portance in the
Long Island 208 area. Trends of other selected consti tuents are presented if
there is sufficient information for analysis. Available heavy metal data are
e ami ned with a preliminary evaluation of the distribution of these contam
inants.

Heavy reliance has been placed on the data presented in many previous
n~ports describ ing ground water cond it ions in the b i-cou nty regi on. It is
beyond the scope or purpose of this document to eva luate the validity of the
data used in each of these reports. Instead, it is the intent to summarize and
build upon those studies which after examination appear to reach reasonable
and significant conclusions . Many investigations of the U. S. Geological
Survey are cited, espec ia lly the water quality study which was done as pa rt
of the 208 progra m (Rago ne, 1976a). In that report , th ousands of an alyses
are organized according to such factors as depth of the well sampled and its
location in a sewered or non-sewered area.

Summary
1. For th e period 1972--76, med ian conce ntrat io ns of ni trate- nit rogen

exceeded eight m illigrams per liter In water from nineteen of 127 se lected
Upper Glacial wells in Nassau . Wells yielding water with relatively high nitrate
are fairly widely distributed throughout the county, with the exception of
the northwest portion where values are slightly lower. In western Suffolk,
nine of 85 selected Upper Glaci al wells yielded wate r with median concentra
tions above eight mill ig rams per liter. In Upper Gl acial we lls on th e No rt h
Fork, water from six of seven selected wells had nitrate exceeding eight milli
grams per liter, and on the South Fork, water from th irteen of 92 selected
wells had nitrate greater than this level. These well ratios give a general indica
tion of the magnitude of the nitrate problem in the respective areas.

2. Water quality data fr om streams and shallow wells, as well as from
the infil tration ga lleries in Wantagh and Massa pequa, indicate that elevated
concentrations of nitrate in the shallow ground waters of Nassau and western
Suffolk are widespread. However , nitrate concentrations in most of the
shallow aquifers are below the ten milligrams per liter standard for drinking
water.

3 Changes in overall med ians, as well as statist ical an alyses of n itrate
trends in water from selected wells in the shallow ground water aquifer indi
cate that concentrations are generally decreasing in Sewer District Two. There
is some evidence that this decrease is due to sewering, but this relationship is
not clear cut. Despite generally decreasing trends, t he actual concentrations in

some wells are still quite high. Using the criteria established in this report,
the re is insufficient data to make a determination regardi ng ni trate trends in
eastern Nassau . However, a recent study of the quality of water from the
infiltration galleries in eastern Nassau County indicates that nitrate concentra
tions have stabilized or are decreasing in concentration. Nitrate concentra
tions in shallow wells in southwestern Suffolk are generally increasing.

4 . For the period 1972- 76, median concentration of nitrate-nit rogen in
Nassau exceeded eight milligrams pe r lite r in the Magothy aquifer in six of 40
selected wells at depths of less than 200 feet; in five of 11 5 we lls at 200 to
399 feet; in four of 174 wells at 400 to 599 feet; and in zero of 38 wells
below 599 feet. Most wel l water exceeding eight mill igrams per liter nitrate
nitrogen is in central Nassau.

5. On the basis of other recent studies, nitrate in water from most
Magothy wel ls in Nassau appears to be inc reasing.

6. Evidence suggests that regional hydrologic and geologic factors are
important in controling the movement of contaminants from the surface to
the Magothy aquifer. The present distribution of nitrate and chloride levels in
the Magothy indicates that certain broad areas are more susceptible to pollu
tion from th e su rface than othe r areas . In ge neral , the southern po rtion of
much of both counties appears to be an area in which shallow ground water
flow helps protect the middle and lower Magothy from sources of contamina
tion by restricting downward movement of water into the Magothy.

7. Despite the relatively low mobility of heavy meta ls in soils, low
concentrations of such constituents (below EPA Inte rim Primary Drinking
Water Standa rds) are widespread in shallow ground water. El evated levE:l s of
some metals also exist in certain Magothy wells.

8. In most areas, the Lloyd aquifer is protected from contamination
within any reasonable planning period by the overlying Raritan clay. There is
water quality evidence, however, that suggests some degree of hydraulic
connection with shall ow depos its in portions of the north shore of Nassau
County.

9. Special studies conducted as part of the Long Island 208 program
included a virus survey and an investigation of the presence or probable
absence of organic chemicals in ground water. Enterovirus species were not
isolated in the few samples of ground water obtained from public supply
we lls . Sampl ing for organ ic chemi ca ls, however, has revealed th e presence
in ground water of substitu ted benzene compounds, napthalenes dnd var ious
butyl-phthalates. Volatile organic compounds were also detected at parts
per-billion concentrations.

10. Evaluation of wat er quality conditions in the Long Island 208 region
is difficult because of the lack of monitoring programs designed to answer
specifi c waste water management questi ons pertainin g t o such subjects as
the inter-aquifer mi gration of organic and inorganic chemicals, the local and
regional impact of various densities of domestic waste disposal systems on
ground water quality, and the position of the fresh water/salt water inte rface
offshore.
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Table 6
CHEMICAL COMPOSITION OF BACKGROUND SHALLOW GROUND

WATER AT BROOKHAVEN NATIONAL LABORATORY
\UeLag'una, 1966)

(All concentrations except pH

Over the past few
altered the

studies have detailed
particular attention paid to nitrate , detel'Gent, "hlnr,r1o

These consti tuents
particularly from very
concentrations of these

and for
reported the of sulfate

depth, location, DHI"m!labilitlv
i of '" Im,,;nn

Ground Water Quality.
dent upon precipitation,
time it the
constituents
Of n~rti(,liI~l"

area (Lubke,

Characteristics. The water table or uppermost
receives of contaminants at the

consists primarily of Glacial deposits and
Maqo'thv formation, the Manetta grave l and

" "'''CIVV, the has become contaminated
unsuitable for use as source of

water found in these sediments is of
in many areas it supplies water to the

formation, and over period of time the
addition, streams in Nassau and Suffolk Counties are

from shallow water and reflect its quan·
c"""r,,,,,,,t input to to salt bodies is also derived from

the water enters the saturated section of the movement
rn,ntrnl""j by natural artificial flow in the system. In

shallowest near the water divide of the island
tend to carry some of the water \lA,rti""!:I,,

downward to the deepest part of the South and north of this
zone, water in the shallow deposits flows with vertical and horizontal com
ponents that result in some water moving into the middle portion of the

Farther toward the coastlines, circulation becomes shallower
until, at some flow is horizontal in the water table
A detailed study of the shallow water flow system or subsystem of
East Meadow Brook showed that it take 25 to 30 years to flush
this subsystem of the water in storage 1972). Ground water
between stream subsystems take somewhat longer to reach salt water
bodies.

Based on estimatE!d flow rates in the Upper Glacial
shallow wells reflects

system since late 940'5. The exact
variable, on

the surficial influences the rate at which
and percolates down to the water table, For

make up most of the southern portion of the
nPirmp~I'\lp sands and with an

of about 270 feet per
estimated to average about 27 feet

of wells are usually more than 50 per
rninute per In contrast, deposits of and till
are found, impede infiltration and downward percolation of water,
and may create perched water conditions, Two documented cases
of widespread perct'led conditions include the Glen

(Isbister, 1 and parts of the
1964)

Once
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Table 7
CONCENTRAT IO NS OF SE LECTED CONSTITU ENTS

IN WE LLS IN THE UPPER G LAC IA L AQUIFER, 1972- 76
(Ba ed on Rago ne, 1976)

N,tra te (as N) 3.0 (259) 4 .3 0.00 36
Chlor,de 19 (309) 83 13 .- 14,000
Sulfa te 30 (259) 30 0.00 450

Suffolk

Nitrate (as N) 1.4 0.273) 2.3 0 .00 23
Chlorocte 12 (2,047) 20 0.10 2,600
Sulfatc' 9.2 19 000 470

Of'

Note : The number In p aren theSIS IlJdica tes the number of analyses, concentrations in

milligrams per Itter.

to be 2.6 to 19 milligrams per liter, and 3 .8 to 8.9 mill igrams per liter , res pec 
t ively (De Laguna, 19 64). It is likely, howeve r, th a t these ranges in c lud e some
sl ightly contam inated wate r.

Wells in the water table aquifer, wh ich yie ld wate r show ing di sti nc t
effects of contami nation, are widel y dist ribu ted throughout Nassa u County
and over much of Suffolk. The regional distribution of ni trate in central
and southern Nassau during the period 1966- 70 , as reported by Per lmutte r
and Koch, is shown In Figure 20. Pa rti c ular ly hi gh leve ls (greater than nin e
milligrams per hter nitrate-ni t rogen) we re fou nd in th e Elmont ·New Hyde
Park -Williston Park area, the Bellmore- East Meadow- Levi t t own- Hicksville
area, and in several other locations. An ex am inat IOn o f n itrate co ncent rat ions
in the northern part of the county for the 1972- 76 per iod, as repo rted by
Ragone, shows high median val ues (gr eater th a ll five mi ll igrams per lite r
nitrate·nitrogen) in Bayville, in Syosset and in the a rea just eas t of He mp
stead Harbor (Ragone, 1976aL During the peri od 1966 --70, the ave rage
nitrate-nitrogen content of ground water in t he shall ow aqu ifer in central
and southern Nassau was found to be 6.3 m il li grams pe r li ter in the sewered
area , and 8 .1 millig rams per lite r in the u nsewe red area . The discrepancy
between this da ta and that presented in Table 7 is probab ly du e to th e fac t

t hat th e 1976 study inc luded ma ny deep Upper Glacia l well s fro m t he north
sho re in the unsewered area .

Nit ra te in Suffolk County is well above backgroun d concentrations
in the wes te rn portion of t he county and elsewhere in t h e vicinity o f dense ly
populated areas. (Data in the centra l portion of western Suffolk, near Half
Hol low Hill s, however, is sca rce .) Median concentrations of nitrate-nitroge n
in the Baby lon- Islip area, for instance, typically ranged from abo ut two t o
ten milligrams per liter during t he pe riod 1972 - 76 . Areas of present and past
agricultural use, incl uding the a rea north of Riverhead, t he North Fork and
parts of the South Fork, show h igh concen trations of ni trate. Many wells in
th ese are as have med ian co ncentrat ions in th e fiv e to t en m ill igrams per liter
range or greater for the period 1972- 76. De Laguna fou nd that nitrate
nitrogen in private we ll s in potato fa rming areas of East Ma rio n, Sou thold ,
Cutchogue, Mattituck, Riverhead , East Ham pton and Sagaponack were
betweeen 4 .5 m il ligrams per lite r and 27.1 milligrams per liter, with an
ave rage of about n ine m illi grams pe r liter .

Of spec ial interest are those wel ls that recently have yi e lded water con
taining nit rate-n itrogen co ncent rations th at exceed or are very close to
exceeding th e EPA standard of te n mi lligrams per lite r. An exa mi nation of
median levels in well s repo rted by Ragone for the period 1972- 76 shows that
ni ne tee n wells of a to tal of 127 Upper Glac ial we lls sam pled in Nassau
County have median n itrate-nitrogen leve ls greater than e ight milligrams per
liter. We ll s with high nitrate va lu es are fai rly widely distributed througho ut
the cou nty, w ith the exceptio n o f the northwest portion where leve ls are
slightly lowe r (F igu re 21) . During t he period 1967- 7 1,42 we lls sampled in
Nassau Co unty had medi an n itra te -nitrogen conce ntrations exceedi ng eight
milligrams per liter.

In western Suffolk (west of Smithtown). nine wells of a total of 85
wells sampled y ie lded water with median concentrations above e ight m illi·
grams pe r lite r. Most of these wel ls are in th e southwest port ion o f the
county (Fi gure 22 }. On the North Fo rk, si x well s of a to tal of seven wells,
and on the South Fork t h irt een we lls of 92 we ll s exceed e ight milligrams
per liter nitrate. Well wate r with a five year median nitra te greate r than
eight milligrams pe r lite l' has probab ly e ~.ceed ed the ten milligrams per
lit e r dr inking water stand ard at some t ime during that per iod. Port ions of
th e aquifer in th e immed iate vi ci nity o f t hese we lls, and poss ibly ove r broad
a reas around the well s, are unsuitabl e fo r deve lopment of potable water
suppl ies w ithout treatment .

It should be noted that nitrate-nitrogen in shallow ground wate r is
no t necessar ily the same as to tal ni trogen. Sign ificant amounts of ammonia
may be present in certain aleas, especially th ose with numerous se ptic sys
tems and a high w ate r tabl e . In these cases, th e re has been insu ff ici ent time
and travel for ammonia to become fully ox idized to the n itrate form.

Chloride and sulfate d istri butio ns in th e water tab le aqui fe r have not
been stud ied as extensively as nit rate . In many cases, th ey show similar
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increases in areas where nitrate concentrations have al so risen. Their ra tios,
however, may differ, depending on the poll ution source. Unalte red wate r in
the Babyl on-Islip area has a ch loride content of five to six milligrams per
liter in areas more than about two mi les inland from Great South Bay (Plu
howski, 1964). Cl oser to the bay, concentrations of ten to fi fteen milligrams
per liter are common. Thi s general relationship probably applies to many
areas in Nassau and Suffolk Counties.

An especially good ind ication of the quality of shallow ground water
in southeastern Nassau is reflected by the chemical analyses of water from
the infilt ration galle ries in Wantagh and Massapequa. These galleries make
up part of New York Ci ty 's Ridgewood System wh ich extends along southern
Nassau County . During the period 1961 - 75 the range in concentrations
of selected consti tuents was found to be as follows (Sulam , 1977b):

Wantagh Area Massapequa Area
Nitrate (as N) 6.9 9.2 4.2 7.8
Chloride 23 44 22 43
Total Solids 190 249 188 228
Hardness (as CaC03) 73 94 44 88
Alkal ini ty (as CaC03) 38 87 32 64

Sul am and Ku report a recent leveling or decrease in nitrate trends in the
Wantagh and Massapequa infiltration galleries located in unsewered south 
eastern Nassau County (Sulam, 1977b).

Trends of Ground Water Qual ity. Trends in n itrate from well water in
t he water table aqu ifer in Nassau are difficult to character ize on a b road bas is
because of the many sources and variables involved. Perl mutter and Koch
(1971a) examined long-term trends of ten publi c supply well s in the Upper
Glacial aquifer for the period 1955 to 1970 in Sewer District Two. Seven
of the ten wells showed net nitrate·nitrogen declines ranging from 0.9 to
5.9 milligrams per liter, and averaging 3 .8 mi ll igrams per li ter. The nitrate
content of water in the other th ree wells showed no sign ificant net change
during the same period.

Stati stical analyses of nitrate in selected well s throughout Nassau and
Suffolk Cou nties were performed as part of the 208 program. T rends in
nitrate are important not onl y in themsel ves, but also because associated
contaminants may fo llow simi lar trends. The characteristics of wells se lected
for analysis were as follow:

a) re latively shallow depth, near the top of the saturated section
b) at least ten chemical analyses available
c) at least fou r years of analyses available (many of the wells have

been sampled for ten to twenty years).

The nitrate-n it rogen levels for each well versus the time at sampling
were plotted. Th is data was then matched to a polynominal regression up to
an includi ng a cubic equation. The equations were tested for stati st ica l signifi·
cance using the F Test (Fisher Index) beginning with the linear first, the

quadratic second and the cubic third. In over half the cases, the test was
signifi cant at the 0.05 level, and the regression line expla ined the observed
data reason ably well. The l ine w as then examined for trends. Those wells
showing st atistically signi f icant trends are given in Tables 8, 9, 10 and 11.
Their locations are shown on Pl ate 2. Boundaries of sewered areas are in-
cluded on t his plate for re ference.

Of 21 wells in Sewer District T wo in Nassau, thirteen show decreasing
trends of nitrate. Four have increasing trends. The median change in nitrate
per year for all seventeen wells that have trends is - 0 .34 milligrams per liter.
Eight of the we lls indicate a sim ilar pattern of increasin g and then decreasing
concentrations. The time of in flection, or change, from negative to positi ve

Table 8
NITRATE TRENDS IN WELLS IN SEWER DISTR ICT TWO

Number Period Degree Last N of
of of 6 N 6 N of Re- Regression

Well Depth Analyses Trends (m g/l) Year gression Line (year)

N- 14 103 24 52- 59 + 2.1
59-74 - 9.2 - 0.61 2 3.8(1974}

N- 15 101 21 52- 60 + 2.1
60-74 - 7.4 - 0.53 2 4.7(1974}

N·-75 24 24 52-58 + 1.7
58- 75 _. 4.7 - 0.28 3 1.6(1975)

N- 91 82 10 57-65 -- 1.5 0.19 1 1.0(1965) ,N--693 98 41 52- 75 4.4 0.19 1 9.2(1975)
N-1167 25 19 66- 72 + 1.7

72- 76 1.4 -0.35 2 2.8(1976}
N- 1428 24 13 66-72 + 2.4 + 0.40 1 5.1 (1972)
N- 2115 87 18 52--69 6.3

69-74 + 0.7 + 0.14 2 8.9(1974}
N- 2414 89 22 52-59 + 0.6

59-73 - 2.6 -- 0.19 2 6.0(1973)
N·--3722 80 21 52--61 + 2.7

61 -·73 4.8
73 - 74 + 0.8 + 0.80 3 5.40974}

N- 40n 90 25 54- 62 + 2.4
62- 74 6.2 - 0.44 2 0.2(1974)

N- 5155 90 17 55-66 + 2.9
66-74 4.3 -0.54 2 4.4(1974)

N-6744 94 15 60- 74 4.8 - 0.34 1 5.3(1974)
N--8149 40 12 66--71 + 11 .7 2.34 1 12.9(1971)
N-·-823 5 53 13 66-76 4.8 - 0.60 1 7.3(1976)
N- 8396 41 13 67- 75 5.9 -0.74 1 6.8(1975}
N-8395 23 12 67- 71 8.2 -2.10 1 4.5(1971 )

No te: Four wells did not have statistically significant trends.



Table 9 Table 11
NITR ATE TR ENDS IN WEL LS IN SEWER D ISTRICT THREE NITRATE TRENDS IN WELLS IN SUFFO LK COUNTY

Number Per iod Degree Last N of Number Period Degree Last N of
of of .6. N .6. N of Re' Regression of of .6.N .6.N of Re- Regression

Well Depth Analyses Trends (mg/ l) Year gression Line (year! Well Depth Analyses Trends (mg/l) Year gression Line (year!

N- 1201 29 11 66- 72 - 14.7 $-871 104 20 63-69 - 0.4
72- 76 + 0.6 + 0.15 2 0.6(976) 69-76 + 0.5 + 0.07 2 0.7 (1976)

N- 2402 85 18 52-54 - 1.3 $- 2405 88 11 72-76 + 1.5 + 0.38 1 1.6(1976)
54- 63 + 7.5 $-3813 83 23 63-76 + 2.1 + 0.16 1 2.3 ( 976)

f 63- 68 - 8.1 1.62 3 2.8(1 968) $-·3814 90 23 63-- 76 + 1.9 + 1.50 1 2.2(1976)
N-3564 69 19 52-59 - 1.3 $-10641 62 17 63-76 + 3.1 + 0.24 1 3.8 (976)

I 59·-71 + 6.4 + 0.53 2 14.4(1971) $- 12143 116 12 61-64 - 0.54
N- 7696 29 15 64-72 3.9 - 0 .49 1 3.3(1972) 64-73 + 3.9 + 0.43 2 4.1 (1973)

i N- 7699 30 14 66- 70 4.8 8-13558 106 13 63-73 + 3.2 + 0.32 1 3.2(973)

t
70-72 + 2.1 + 1.05 2 1.0(1972) 8- 14218 85 20 63- 73 + 2.1

73-76 0.2 - 0.01 2 2.3(1976 )
Note: Six wells did not have statistically valid trends. $-15500 149 19 63-76 + 1.5 + 0. 12 1 1.5(1976)

8-15501 160 19 63--76 + 0.6 + 0.05 1 0.8(976)
8-18621 201 22 60-76 + 0.8 + 0.05 1 0.8 (976)
8-19554 105 22 62-66 0.4Table 10

66- 76 + 7.3 + 0.73 2 7.7(976)NITR ATE TRENDS IN WE LLS IN NORTHERN NASSAU COUNTY
8- 20045 140 10 61 - 75 + 0.5 + 0.03 1 0.8(976)
8-20057 200 19 65-76 + 0.1 + 0.01 1 0.1 (1976)Number Period Degree Last N of 8-20479 128 16 62-67 + 4 .0of of .6. N .6. N of Re· Regression

Well Depth Analyses Trends (mg /ll Year gression Line (year) 67-72 - 0.6

\
72-76 + 0.6 + 0.15 3 4 .0(1976)

N- 28 136 21 57-75 0.4 - 0.02 0.5(975) 8-20591 150 13 72-76 9.4 2.3 5 1 9 .4(1976 )
N-29 207 21 57- 75 + 0.9 + 0.05 1.0(1975) 8-22494 118 10 72-·74 + 2.0
N- 37 140 27 54- 56 - 0.5 74- 76 - 3.8 - 1.90 2 1.2(1976)

56- 71 + 3.7 8-24047 132 16 65- 76 + 3 .1 + 0.28 1 3.2(1976)

71 - 76 1.8 - 0.36 3 3.8(1976) 8-26490 110 22 62-76 + 4.8 + 0.34 1 3.8(1976)-
N- 585 78 18 54-60 + 0.9 8-31913 160 13 68- 76 + 0.8 + 0.10 1 1.2(1976)

60- 72 1.2 8-34522 149 12 70- 76 + 0.8 + 0.13 1 0.9(19 76)
8-38917 10 72-76 0.0 0.0 1 0 .1 (19 76)72- 74 + 0.3 + 0. 15 3 1.8(1974)

N-901 68 12 52--74 5.6 + 0.25 1 9.0( 974 ) $-47226 27 13 73--75 0.2+
0.05(1976)N-3486 102 16 54- 61 0.1 75-76 + 0.1 + 0.10 2+

73 - 76 1.5(1976)61-67 0.2 8- 48946 45 13 5.3 - 1.77 1

67- 71 + 0.6 + 0.15 3 2.009711
Wells S-20057 and S- 38917 yield water at background concentrations.N- 3540 207 21 57- 73 2.5 + 0.16 1 3.2 (1 973) Note:

N- 4860 93 25 57- 75 + 2.4 + 0.13 2 3.1(1975) Nineteen welfs did not have statisticallv valid trends.

N- 6087 95 23 57- 72 + 2.3
72- 75 - 0.3 -0.10 2 3.2(1 975)

slope occurred duri ng the late 1950's or earl y 1960's in most of these wellsN- 7643 218 26 65-75 + 13 .5 + 1.35 1 20. 1 (1 975)
N- 735 100 12 60-67 0.7 and does not appear to be a d rought rela ted phenomenon . The change corres·

67- 74 + 1.2 + 0.17 2 2.5(1974) ponds with large scale sewer const ruction which started in th e early 1950's
and was completed in 1964. We ll 8149 shows an anomalous increasing trend,

Note: Two wells did not have statistically valid trends. proba bly the result of a nearby source of contamination.
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Locations of Water Table Wells with Statistically Signi fican t Nitrate Trends
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Despite generally decreasi ng t rends of nitrate in wells in Sewer District
Two. the actual concentrations in some wells are sti ll quite high. Possible
explanations for this are (1 ) the sewers are leaking, (2) t he use of home fertili·
zers is such an important input t hat removal of on-lot di sposal systems alone
results in only a slow decrease in nitrate levels, or (3 ) insufficient t ime has
elapsed for even shallow wells to be fl ushed of high nitrate water. Deta iled
st udies presently underway by t he Cooperat ive Extension Service of Cornell
University suggest that the ferti lizer explanat ion is a st rong probability.
Studies on sewer leakage are not available.

Applying the criteria used in this report, the data in eastern Nassau
County (Sewer Dist rict Three) are not sufficient to reach any conclusions
regarding nitrate trends. Water an al yses from th ree wells show increasing
trends; analyses from two show decreasing trends . Wells in nort hern Nassau
County generally show either small increases or small decreases in nitrate
concentration.

An indicati on of the effects of sewering on ground water qual ity is
provided by ongoing stud ies o f the U. S. Geological Survey (U SGS, 1977).
Preliminary findings of continued evaluation of the in fo rmation obtai ned
du ri ng the preparation of the Ragone report fo r t he 208 program (Ragone,
1976a ) reveal s sign ificantl y lower median concentrat ions of ammonia in
shallow ground wat er underlying Sewer District Two compared to shallow

ground water in Sewer District Three in Nassau County. Again, sewering was
undertaken in District Two during the 1950's, whereas the installation of
sewers in District Three is still underway. In addition, an evaluation of water
quality trends in only the very shallow glacial deposits in Sewer District Two
and Sewe r District Three indicates stronger decreasing trends of nitrate in the
forme r. These pre liminary findings are indications of the results of a reduc
tion in nitrate loading, apparently due to sewerinQ.

Analyses of samples from 22 out of 43 water table wells in Suffolk that
yield water wi th nitrate-nitrogen concentrations above background levels
show significant nitrate trends. Of eighteen wells that show trends in south
western Suffol k (Babylon and Islip). sixteen show increasing trends of nitrate
- an indication of deteriorating water quality. The period of record for most
of these wells started in the 1960's. For purposes of comparison, south
western Suffol k is of interest because it is hydrologically similar to Sewer
District Two. Recent land use is also si milar, al though development took
place some years later. The 1960 census for the Town of Babylon ind icates
population densities ranging from 1. 24 to 10.5, with an average of 4.5
persons per acre. The median change in n itrate per year in the eighteen wells
in this part of Suffolk is +0.13 milligrams per liter. This suggests that the
transition from a rural, partly agricultural area to an unsewered residential
area may result in increasing nitrate in the shallow ground water.
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Table 12
QUALITY OF NASSAU AND SU FFOLK STREAMS

Note: The number in parenthesis indicates the number of analyses.

Stream Quality. The quality of stream flow is a general indicator of
the chemical nature of shallow ground water, since it is estimated that in
many cases over 90 percent of the total discharge is actually ground water
(Seaburn , 1969) . Possi ble exceptions to this are streams in southwestern
Nassau which receive more than ten percent of their flow from surface runoff
as a result of urbanization (Vaupel, 1968). As part of the 208 program,
median nitrate and specific conductance concentrations from 1972 to 1975
for many streams were computed and compared. Specific cond uctance is an
indirect measure of the sum total of the major cations and anions, including

nitrate, in the water. Its level is typically less than 50 Jlmhos in uncontamin
ated water on Long Island. A number of general conclusions can be drawn
as a result of this analysis (see Table 12 and Figure 22):

1. Streams with the highest nitrogen and total dissolved solids are in
southeastern Nassau County.

2. Stream wate r quality in southwestern Nassau Co unty may indicate
beneficial effects of sewering.

3. The general stream quality becomes better as one moves from
southwestern to eastern Suffolk.

4 . The ra tios of nitrate-nitrogen to specific cond uctance vary cons ide r·
ably for different streams and indicate that differe nt sources of
pollution, in addition to sewage or fertilizer, are likely in certain
areas.

Detailed exami nation of the data and corre lat ion to given d rai nage
areas could lead to more specific conclusions. For instance, the specific con
ductance in East Meadow Brook is unusually high and indicates a source of
dissolved solids, possibly from road salt contamination. Other streams wi th
fairly high specific conductance, but quite low ratios of nitrate to conduc
tance, include Mill Neck Creek, Valley Stream and Pines Brook. It should be
noted, however, that a small portion of nitrogen species in certain streams
may be in the form of ammonia.

A qualitative assessment of trends of stream quality , in terms of nitrate
and specific conductance, for the period 1966 to 1975, leads to several con·
clusions (Ragone, 1976b). Almost all streams in Nassau County show either
no or ve ry minor apparent trends. A number of streams, most ly in Suffolk,
show minor or variable trends in nitrate, but slight to strong positive (up
ward) apparent trends in specific conductance. These streams include the
Santapogue Creek, Carlls River, Sampawams Creek, Penataquit Creek,
Champlin Creek, Connetquot River distributary, Lake Ronkonkoma, Nisse
quogue River and Cold Spring Brook. The Connetquot River shows an
upward apparent trend in nitrate, but no or low apparent trend in specific
conductance. The Patchogue River, Swan River and Carma ns Ri ver show
appa rent upward trends in nitrate and specific conductance. The Pecon ic
River shows no or low apparent trends of both constituents.

Det ergents. Detergents have been widely studied in Nassau and Suffolk
Counties, particularly with regard to domestic sewage. Prior t o mid - 1965,

Stream

North Shore (Nassau and Suffo lk)

Glen Cove Creek
Mill Neck Creek
Cold Spring Brook
Nissequogue River

Southwestern Nassau

Va lley Stream
Pines Brook

Sout heastern Nassau

East Meadow Brook (tributary)
Bellmore Creek (tributary )
Bellmore Creek
Massapequa Creek

Southwestern Suffol k

San tapogue Creek
Carll's R iver
Sampawams Creek
Penataqu it Creek
Champl in Cree k IOa kdale)
Connetquot River
Connetquot River (North Great River)

Southeastern and Eastern Suffo lk

Patchogue River
Swan River
Carman's River
Peconic River

Median
Nitrate· Nitrogen

(mg/l)
1972-75

3.39 (11)
0.77 (26)
0.50 (12)
113 ( 8)

0.88 ( 6)
2.03 ( 9)

3.61 (28)
8.58 (10)
5.87 (12)
7.00 (3 1)

2. 26 (13)
2.93 (1 4)
3.16 (15)

3.6 1 (141
1.85 (14)
0.93 (1 2)
0.88 (12)

1.11 (10)
1.20 (10)
0. 74 (29)
0.25 (12)

Median
Specifi c Conductance

(Jlmhosl
1972- 75

228(141
164 (351

76 (13)
100 (12)

150 ( 9)

340 (11)

449 (38)
353 (14)
340 (14)
320 (36)

290 (15)

215(161
215 (17)
313 (1 7)
151 (16)
80 (15)
84 (1 4)

114 ( 4)

90 (12)
101 (36 )
92 (24)
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0.0007
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P LATE 3 Loca tions of Upper Glacial Wells with Reported Concentrations of Heavy Metals

utes signifi cant amounts of certain metals to the ground (Maher, 1974) .
Undoubtedly, some of these metals, such as copper and zinc, are disso lved
from the water supply and waste wate r distri bution system itself.

Several limited investigations of pesti cides in ground wate r on Long
Island have been undertaken in recent years. Harr presented analyses of
40 sampl es taken from se lected wells in Nassau and Suffolk Counties in 1972
(Harr, 1972). Commonly used insecticides, herbicides and polychlor inated
biphenyls were anal y zed. Although no conclusi ons were reached, it is ev ident
that the great majority of samples did not contain constituents in concen tra
tions above the detectable li m its. Another more comprehens ive study investi
gated pesticides in 191 shallow test wells in Suffolk County (Ba ie r, 1976a) .
Ve ry few samples conta ined pesticides at detecta ble limits. Only one of these
wells showed evidence of pesticides in re plicate sam ples . It was concluded
that pesticides should not be considered a major ground water poll ution
problem; although new prod ucts with h igher so lubili t ies, greater mobility o r
greater persistence, cou ld be a problem in the future . It has also become
apparent that some of t he pesticides used on Lo ng Island, such as aldicarb,
may not have been included in the prior analyses.

Magothy Aquifer
Geology and Aquifer Characterist ics . The Magothy aq uifer generally

underlies the Upper Gl acial aquifer with some outcropping at the surface.
Magothy sediments are Cretaceous in age and of fluvial o r deltaic orig in.

The aquifer is ch iefly composed of undi fferentiated deposits of coa rse to

fine sand and gravels wi th lenses of inte rbedded silts, clays and ligni te. Its
surface is hi ghly irregular due to erosion by streams and glaciers. North-south
trending buried vall eys occur f rom Queens County eastward , verify ing the
idea that a substantial surficia l drainage system existed some time after
deposition occurred. The geology of the Magoth y on Long Island has been
mapped in greatest detail in Nassau County and western Suffolk Co unty. A
cross section th rough western Suffolk, illust rating several im portant regional
geologic rel ationships is given in Figu re 23 .

The Magothy is absent in northwest Nassau County but increases in
thickness to over 1,000 feet in t he southern part of Suffo lk County. Hydraul 
ic conducti vit ies vary widel y, with the average horizonta l conductivi ty
estimated to be about 50 feet per day , while the average vertical conductivity
is about 1.4 feet per day (Jensen, 1976). Consequently , specific capacities of
well s also vary widely, from one to about 40 gallons pe r min ute pe r foot of
drawdown. Wells in the Magothy commonly y ield in excess of 1,000 gall ons
per min ute . Ground water in the aquifer may be poorly or we ll confined,
depend ing on locat ion. In areas where the overl ying clays, such as the Gardin·
ers clay , are laterall y continuous and of substantial thickness, vertical move
ment between the water table aq ui fer and the Magothy is reduced. There are
also many local clay lenses both above and within the Magothy which affect
ground water flow. For instance, well logs in western Suffo lk , north of the
Ronkonkoma moraine, show several occurrences of th ick, discontinuous clay
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Generalized geologic cross section through western Suffolk
Countv

le nses up to 300 feet thick.
Along much of the north shore, the Magothy is entirely absent and has

been replaced by Pleistocene depOSits. In these areas , the Pleistocene deposits
are often hydraulically connected to the Magothy aquifer at similar depths to
the south . On Manhasset Neck and Great Neck, the Jameco gravel and Gar
diners clay are thought to have replaced the Lloyd sand and Raritan clay,
respect ively (see Figure 24). However, it is unclear how extensive the Gardin
ers clay is in these areas. Swarzens ki reports that, since little downward
movement of water from the shallow unconfined aquifer seems probable on
Manhasset Neck, because of highly impervious clay bodies, the principal
aquifer (Magothy or equivalent) apparently receives much of its recharge by
ground water from t he south (Swarzenski, 1963) .

In the central portion of Long Isl and , recharge to the Magothy from the
water table aquifer occurs over a large area. The definition of t h is region is
critical in trying to assess how chemical contaminants, introdu ced to t he
water tabl e from the land surface, will tend to move in the grou nd water
system,

Because of its shape, structure and geograph ic sett ing, Long Island has
a rather unique ground water flow system, which can be broadly described
on a regional basis. Ground water in the water table aqu ifer, near the spine of
the island , is subject to hydraulic gradients which tend to carry some of the
water vertica ll y downward to the deepest part of the Magothy . To the south
and north of this zone , water from the shall ow deposit flows with vertical and

Generalized geologic cross section through northwestern
Nassau County

horizontal components that result in some water moving into the middle
portion of t he Magothy. Farther toward the coastlines, circulation becomes
shal lower until , at some point, flow is essentially horizontal in both the
water table and the Magothy aqui fers. Beyond this area, water in the Magothy
has a vert icall y upward component, while the water in the shallow deposits
flows essentially horizontally unt il it discharges to streams or salt water
bodies.

This general relationship is borne out in many of the more detailed
studies undetaken by the U. S. Geological Survey over the past 30 years,
and reported in Water-Supply Papers (see Figures 25, 26, 27 and 28) . Under
natura l cond iti ons, it takes about 100 years for water from the surface to
reach the lower portion of the Magothy in the center of the island, The travel
ti me to the barrier beach is about 800 years and to the north shore, about
400 years.

In order to further examine the concept of defining Magothy recharge
and discharge areas, maps of the potentiometric water level surfaces in the
lower Magothy and maps of the water table were overlain and compared for
head differences . U. S. Geological Survey maps for 1966, 1972, 1974 and
1975 (Vaupe l, 1977 and Kosalka. 1975) were examined, and the approximate
areas of region al Magoth y recharge and discharge for those years were inter
preted and plotted (see Figure 29), The areas of generally negative head
difference shown on Figure 29 are, for the most part, negative for each of
the years examined, although the shape and size of these areas change some-
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Hydraulic section through the ground water reservoir from
Lattingto wn to Plainview, in March 7967

(from Franke and Cohen, 1972)
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what from year to year. More detailed drilling and invest igation of head
relati onships could de fi ne th ese areas further. Heads in the sou thwest corner
of Nassa u are very vari able because of heavy local pum page in Nassau and
Queens. Un doubt edl y , some ot her local reve rsals of gradient between the
wate r tabl e and Magoth y occur in the immed iate vicin ity of supply wel ls in
t he discharge area.

Instances of hydraulic head rela t ionsh ips studied as pa rt of two U. S.
Geological Survey Water-Su pply Papers, il lust rate the type of data t hat can
be obta ined to specificall y evalu ate particula r areas. In northwestern Nassau ,
heads in the lower part of the Magothy were fo und to be six to ten feet
higher t han t he wa ter tabl e at correspond ing sites near the southern ends
of Litt le Neck Bay, Manhasset Bay and Hempstead Harbor (Swa rzensk i,
1963). Thi s indicates upwa rd flow from the Magothy is occurring in these
are as.

In an other study, head rel ati onsh ips between dee p and shallow wells
in southwest ern Suffo lk at a we ll station, near Sunrise Highway, were investi
gated (Perlmutter, 1976). The Upper Gl acial and Magothy aquifers are
re portedly not se pa rated by d ist inct conf ini ng layers at th is site . Under
natura l conditions, vert ical components of flow betweeen t he aqu ifers we re
fou nd to be negl igible, ind icating that movement of significant quantities
of wate r betwee n aqui fe rs is m inimal. Wh il e pumpin g a deep Mago thy well
(495 feet dee p) at 800 gallons per minute, observations were taken in two
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observation wells, an Upper Glacial well 23 feet deep and a well in the upper
part of the Magothy 97 feet deep , Over several days of observations, there
was no recorded drawdown in the 23 foot well. Therefo re, little or no water
was being induced downward from this depth as a result of pumping, Draw
down in the 97 foot well was less than 0,5 foot ,

Geologic factor s, such as the presence of confining clay layers, can
influence head differences between the two aquifers and play an important
role in determining whether there can be relatively easy inte r-aquifer ex 
change of water. Deposits of low permeability, such as those found under the
Port Washington peninsula and much of the Town of Smithtown, tend to
impede downward fl ow, resulting in large head differences . The Gardiners
clay , for instance, is a marine deposit of clay and silt , with some interbedded
sand and gravel, which is quite extensive throughout the southern po rti on of
both Nassau and Suffolk Counties (Figure 30). It is commonly found at
depths of 50 or more feet below sea level. The thickness of the clay varies,
but it is as much as 40 feet in Nassau (Ku , 1975) and 75 fe et in Suffolk
(Jensen, 1974). In addition, several other less extensive clay deposits are
found above and below the Gardiners clay. The "20 foot" clay is found in
parts of southern Nassau County at elevations of about 20 feet below sea
level. Where there is a relatively good hydraulic connection between the
aquifers, as in the Plainview and Bethpage areas, head d ifferences are lower,

but greater volumes of wate r from the water table aquife r reach the Magothy,
It sho uld be noted th at head differences between the water table and

t he lower Magothy at the same location differ somewhat fro m yea r to year.
Th is is because the water level maps represent condit ions at one point in time
and not necessarily steady -state conditions. Thus, the magn itude of potential
head differences within the Magothy recharge or discharge zones can not be
evaluated by themselves to indicate thei r degree of importance, but must
include th e effects of other var iables, p rincipa ll y geo logy and pumpage .

Gro und Water Quality. The nat ural chemical quality o f water within
the Magothy is excel lent and characterized by a very low dissolved sol ids
content. Contamination of the Magoth y is of great concern, since many
public supply we ll s are screened in this format ion . Past water qu ality investi
gations have dea lt primarily with the dist ri bu t ion and t rends of n it rate .
From these studies, it has been established that many well s within the
Magothy are pumping chemcially altered, or contaminated, water .

The 1972- 76 median concentrations of ni t rate, chloride and sulfate in
t he various portions of the study area illustrate th e relati ve degree of altera
tion (Table 13) , Differences in concent rations o f these co nstituents between
the two specified areas of Nassau are probably not due to sewering. except
possibly at the shallower depths. Other factors, such as location of wells with
respect to past land uses, are probably more impo rtant. Those water qua lity

EXTENT OF PLEISTOCENE CLAY,
INCLUD ING "20 FOOT" CLA Y

~ " SM ITHTOWN" CLAY
~

FIG URE 30
E::::] EXTENT OF MAGOTHY AQU IFER

Location of selected extensive subsurface clays
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Figures 31, 32 and 33. Water in these wells either exceeds or is very close to
the EPA standard of ten milligrams per liter for nitrate-nitrogen. Most are in
the central portion of Nassau County. The proportion of wells in Nassau
exceeding eight milligrams per li ter to the total number of wells sampled for
the period 1972-76 is as follows:

These proportions give only a general idea of the extent of high nitrate
water and would be representative of the true conditions of the aquifer only
if the distribution of sampled wells was random. Some sampling bias has
pro bab ly been introduced, however, because contaminated public supply
well s are abandoned and sampling is discont inued.

In genera l, t he distribution of known contamination is consistent with
the flow patterns previously described. In order to illustrate this, an analysis
intended to delineate the maximum extent of contaminated water in the
Magothy , as indicated by nitrate and chloride, was performed. For this
analysis, constituents that serve as good indicators of pollution were chosen.
The criteria for selection include (1) widespread occurrence in the water
table aqu ifer in Nassau and western Suffolk, (2) nearly conservative transport
within ground water systems, and (3) sufficient analytical data to map areal
distributions . The nitrate and chloride ions were selected for this analysis.
The median concent rations of these constituents for the period 1972- 76 for
selected Magothy wells were plotted. Wel ls screened deeper than 200 feet
bel ow land surface and with frequent wate r analyses were included.

Perlmutter and Koch (1972) consider concentrations of nitrate in
excess of 0.23 mi lli grams per liter nitrate-nitrogen in the Magothy as an
indication of man 's activities. Perlmutter and Geraghty (1963) state that,
in general, altered ground water on Long Island has a chloride concentration
of less than ten milligrams per liter. They dlso report that the fresh water in
the Magothy fo rm ation in most of southern Nassau County during the period
1953-57, ordinarily contained between four and eight parts per million of
chloride. Mediam ch loride data from Magothy wells over 600 feet deep in
Nassau County for the period 1952- 72 was examined durin g the 208 pro
gram (Ragone, 1976a). Wate r from most of these wells is thought to reflect
unaltered, background qual ity . Figure 34 indicates the distinction between
background and above background concentrations. Values of 0 .20 nitrate
nitrogen and seven milligrams per liter chloride, were chosen for purposes of
this report and although these levels are very low, they can be used to d is-
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Table 13
1972-76 MEDI AN WATER QUALITY DATA

IN THE MAGOTH Y AQUIF ER
(Ragone, 1976)

Depth Southwest East and North
(feet) Nassau Nassau Suffolk

Nitrate as N

Less than 200 0.88 ( 18) 2.8 (104) 2.6 ( 4)

200 to 399 2.5 (130) 2.8 (443) 0.10 (263)
400 to 599 0.2 (526) 1.1 (515) 0.10 (391)
Greater than 600 0.01 ( 42) 0.13 (177) 0 .01 (322)

Chloride

Less t han 200 18 ( 18) 13 (108) 14 ( 13)

200 to 399 12 (136) 10 (453) 5.0 (270)

400 to 599 6.4 (542) 5.8 (532) 4.5 (400)
Grea ter than 600 4.6 ( 42) 4.4 (179) 4.0 (355)

Sulfate

Less than 200 32 ( 14) 22 ( 93) 2.6 ( 11)

200 to 399 13 (122) 7.0 (392) 3.2 (264)

400 to 599 5.0 (500) 2.0 (403) 3.2 (388)

Greater t han 600 3.0 ( 39) 1.0 (159) 3.4 (399)

Note: Numbers in parentheses are the number of analvses. A ll concentrations in milli-

grams per liter.

trends now occurring in the wate r table aquifer, as discussed in the previous
section , wi ll undoubted ly be refl ected in some way in the Magothy in fu tu re
years. In general, the levels of contaminants decrease with depth unti l near
background concentrations are fou nd in most we lls great er than 600 feet
deep. The apparent smaller value of nitrate reflected in t he analysis of less
than 200 foot deep wells of the sewp.red area may be due to insufficient
sampl ing.

A question of principal interest is the extent to which the Magothy has
been made essentially unusable by contamination . Organic chemicals, heavy
meta ls and nitrate are of special inte rest because of t heir heal t h implications,
and also because standards exi st or are pendi ng that wou ld preclude use of
water exceeding certa in limits. At the present time , however, extensive data
are available only for nitrate . Basic data on the distr ibuti on of nitrate, chlor
ide and sulfate in other parts of Nassau and Suffolk Cou nti es are presented
by Ragone (1976a). As part of the present investigati on, wells in which the
median nitrate-n it rogen level has exceeded eight m illigrams per liter at some
ti me in the past were plotted for each depth zone . These are presented in

Depth (feet)

Less than 200
200 to 399
400 to 599
Greater than 599

Number of Wells w ith
1972-76 Median
N itra te-Nitrollen

Greater than 8 mg/l

6
5
4
o

Number
of Wells
Sampled

40
115
174
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FIGURE 31 Magothv wells less than 200 feet deep which have had
median nitrate concentrations greater than eight milligrams
per liter

FIGURE 32 Magothv wells between 200 and 399 feet deep which have
had median nitrate concentrations greater than eigh t milli
grams per liter

tingu ish natural water from that which has been alte red by man's activities.
Us ing this criteria, Figure 35 indicates the pattern of water quality dist ribu
tion.

The area of generally greater than 0.20 milligrams pe r liter nitra te
nitrogen in Nassau includes almost all of the central and northern parts of the
county. South of a line extending from Franklin Square through Hempstead,
East Meadow and Levittown to Farmingda le, concentrations in the m iddle
and lower Magothy are below 0.20 milligrams per liter. In Suffo lk Coun ty
less data are available, but a similar pattern is suggested. South and east of a
line extend ing from Farmingdale through Half Hollow Hills, South Commack
and up to Kings Park, ni trate-nitrogen is less than 0.20 milligrams per liter.
Th is analysis was not extended to central or eastern Suffolk because of the

generally higher qual ity of water in the shallow aquifer and a lack of data.
The area in which the same depth zone of the Magothy has levels of

chloride generally greater than seven milligrams per liter extends sl ightly
farther south than th e nit rate line in Nassau County. Th is may be due to t he
fact that chloride acts more conservativel y than nitrate under many subsur
face conditions . The isochlor li ne extends from Lynbrook through Baldwin
and over to South Fa rmingdale.

The probable so urce of high nitrate in the Magothy aquifer, particularly
in Nassau County , has been the subject of much speculation. In th is centu ry ,
the two major nitrogen loading sources in Nassau and Suffolk Counties are
probably agricultural and home fertilizers and cesspools. Data on patterns of
agricultural use and practices prior to 1950 are very poor. A report describ-
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County was used for farming (Bond, 1953). Much of the nitrogen loading
from cesspools and ind ivid ual home fertilizers began in the late 1930's and
1940's. The ti me of travel for wate r entering the water table to reach t he
lower portion of the Magothy in the central portions of the island, under
natural conditions, is estimated to be between 50 to 100 years (Franke,
1972). Pumping in the Magothy, of course, will decrease this time consider
ably. It seems reasonable to assume then, that much of the nitrogen content
now found in the middle and lower portions of the Magothy is from past
agri cu ltural fertil ize r sources.

This conclusion is partially confirmed by nitrogen isotope studies done
by the U. S. Geological Survey. A 1975 report concluded that, on the basis
of preliminary data, nitrate in the water from the Magothy aquifer appears
to be either organic nitrogen of soil humus or nitrogen fe rtil ize r (Kre itl e r,
1975) . The nitrate from the Upper Glacial aquifer in Queens appears to be
of animal waste origin, possibly stemming from leaky sewers . In a recent
study of nitrogen isotopes, water from a broader range of samples was ana
lyzed (Kreitler, 1977). Nitrate in the Magothy of Nassau and Suffolk
Cou nties was fo und to probably reflect a mixture of ani mal waste and agri
cultural sources.

Ground Water Quality Trends . A recent study in southeast Nassau
County provides an analysis of vertical and horizontal distributions of nitrate,
chloride and dissolved solids. The following conclusions were reached (Ku,
1976):

1. Downward movement of nitrate in the Magothy between the early
1950's and 1973 ranged from no significant movement in the area south of
North Merrick and South Farmingdale to a maximum movement of a few
hundred fee t in the areas of Westbu ry, Hicksvill e and Plainview. There also
seems to be a defini te horizontal movement of equal nitrate concentration
lines th rough the aquifer.

2. There has been a more rapid downward movement of nitrate in the
eastern part of the study area than in the central and western parts. The rapid
movement in th is easte rn part may be partly due to a large increase in popula
t ion in and ad jacent to the Plainview area.

3. There is a zone of h igh-nitrate water in the Magothy aquifer in the
areas of Westbury , Hicksville and Pl ainview Some of these increases may be
attributable to past large-scale farmi ng and associated use of fertilize rs in the
Hicksville and Levittown areas.

4. The down ward movement of r.hloride covers a broader area than
does that of nitrate.

5. There has been sign ificant downward movement of higher than
normal total solids concentration between the 1950 's and 1973. Overall
downward movement ranges from a few feet to approximately 300 feet. A
zone of high total solids concentration of more than 200 milligrams per li ter
is fou nd in the Hicksvill e and Plainview area. The total solids concentration in
groun d wate r in the Pl ainview area approximately doubled in twenty years.
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had median nitrate concentrations greater than eight milli
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North Hempstead 0 100
Hempstead 2,000 1,500
Oyster Bay 3,600 4,200

Although the exact amount of farmed acreage prior to this date is
unknown, it was undoubtedly greater. Farming began in colonial time, and it
is esti mated that by 1919 approximately 27,000 acres of land in Nassau

FIGURE 33

ing agricultu ral use in 1949 (Warren, 1954) indicates the tota l approximate
acreage of commercial vegetable and potato farming in Nassau County as
follows:
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ME DIA N CHL OR I DE VA LUE S IN MAGOTHY WEL LS
OV ER 600 FEE T DEEP IN NASSAU COUNTY - 1952-76 Q
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FIGUR E 34 Frequency distributions of median nitrate and chloride values in deep Magothy wells
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FIGURE 35 Areas in Nassau and western Suffolk where ground water in the Magothy at depths greater than 200 feet below land
surface shows evidence of alteration based on median nitrate and chloride levels in wells during period 1972- 76

A study completed in 1969 reviews the trend of nitrate in 373 public
supply wells in Nassau County (Smith, 1972). Most of the wells analyzed
were deep wells, screened in the Magothy. Eighty wells showed statistically
significant increasing linear trends; nine showed decreasing trends. A general
upward trend of nitrate in most Magothy wells is also confirmed by a study
presently under way by the U. S. Geological Survey (Ragone, 1977). In this
investigation, trends of nitrate in most Magoth y wells in Nassau showed
statistically significant increasing trends.

Heavy Metals . Heavy metals in the Magothy aquifer have not been ex
tensively investigated to date. In most cases, they are not part of the routine
analysis done on well water samples. Copper and zinc are the most frequen t ly
analyzed of the group.

As part of the present investigation, all ground water samples that were
analyzed for heavy metals and listed in the U. S. t:ieologlcal Survey STORET
System as of February 1977 were revieweG. A screening of the data, identical
to that performed on data from the water table aquifer, was performed; the
results are plotted on Plate 4. As with the previous analysis, most wells were
only sampled once and any conclusions drawn from these data are very
preliminary.

As expected, the frequency of occurrence of metals fou nd in the
Magothy is lower than in the shallower, water table aquifer. Copper and zinc

are most prevalent, although this may be a function of the greater number of
analyses done for these constituents. In only two sample locations did metals
exceed the 1972 EPA recommended limits. One sample, at Well S-42762,
showed a high level of copper. Subsequent samples from this well showed
neqligible concentrations, indicating a possible sampling or analytical error.
At the other locatIOn, samples from adjacent wells screened at different
depths (Wells S-::19776 and S-29778) showed high levels of zinc.

lloyd Aquifer
The Lloyd aquifer is the least altered by man's activities. This is due

primarily to the thick confining bed of Raritan clay which overlies the Lloyd
in most places and impedes the exchange of water with the Magothy . On the
north shore, however, the Raritan clay is truncated in places and is in lateral ,
and possibly vertical , hydraulic connection with Pleistocene deposits which
have replaced the Magothy deposits. Regionally, the Lloyd is recharged
through the clay over a broad arf'a covering most of Nassau and Suffolk
Counties. Discharge in t he western part of the study area is primarily through
wells, while in the eastern part discharge is mostly to the bays ana to the
ocean (Kimmel, 1973).

The median concentrations of selected constituents in the Lloyd in
Nassau County for the period 1972-76 are as follows (Ragone, 1976) :
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PLAT E 4

. .'

V
WELL NUMBER

~ COPPER EXCEEDING LOWER
f LIMIT IN TWO A NA LYSES

• 23445 Cu (2) Zn
-"" Z INC EXCEED ING USEPA

RECOMMENDED LIMIT IN
ON E ANALYSIS

Locations of Mago thy Wells with Reported Concentrations of Heavy Metals

Nitrate as N
Chloride
Sulfate

Southwest Nassau
Nassau

0.07 (13)
5.1 (12)
6 .0 (13)

North and East
Nassau

0.21 (100)
5.2 (106 )
3.0 (94)

south shore , the age of wate r is estimated to be about 3 ,000 years old . Water
in the Lloyd nea r the north shore may be on the order of 1,000 years old .
If these rates are correct and if the con fi ning layers above the Lloyd are
indeed cont inuous, then t he quality of water in the aq uifer in most areas
is in little danger of contamination in the near future .

Nom: Concentrations in milligrams per liter; numbers in parentheses are number of
analyses.

Many of the wells in the north and east area are located on Manhasset
Neck, Great Neck and in the northern part of t he Town of Oyster Bay. Some
of the wells in these areas show elevated levels of nitrate which indicate
contamination from the surface. This suggests some degree of hydrau lic
connection with overlying sed ime nts, probably in areas where the Rari t an
clay has been eroded and replaced by more permeable deposits. Hi gh chloride
due to salt water intrusion has occurred in ce rtain locations in the Lloyd
aquifer. Uncontam inated water in the Ll oyd is charactel"ized by low d issolved
solids (less than 50 millgrams per lite r) . Iron , however, commonly occurs at
levels considerably above the U. S. Public Hea lth Se rvi ce recommended lim it
of 0.3 milligrams pe r liter.

Regional rates of ground water moveme nt in central Nassa u County
have been estimated by Franke and Cohen (Franke , 1972 ). From these
rates, the age of wate r moving in the Lloyd at t he ground water div ide is
estimated to be at least 200 years old . Close r to t he barrier beaches o n t he

Special Studies
Virus Study . During the period J une 1976 to J une 1977, Brookh aven

Nat ional Laboratory co nducted a virus survey as part of the 208 p rogram.
This survey invol ved t he concent ration, enu meration and identi fication of
species of human Enterovi ruses from selected aquatic systems on Long Island
including embay ments, lakes, creeks, public d ri nking water supplies (ground
wate r), ground water under in flu ences of waste water recharge basins, and
effluents from secondary and tertiary sewage treatment plants.

Enterovirus species were isolated from all systems studied , with the
exception of public wate r supplies. Virsues were most often encountered in
the chlorinat ed effluents of sewage treatment plants. In three instances, wild
type Pol iovirus was tentatively identified from one of the treatment plants.

The limited sampli ng conducted at each si te (one per month ) prec luded
any extensi ve interpretat ion of the data fo r the pu rpose of identifyi ng t he
precise hazard posed by enteric viruses in Long Island waters. The results of
the virus study are presented in detai l in one of t he 208 inte rim report
series.
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89 to 691 deep.
of December 1977,

wells have been
restricted , based upon
(50 mic'rf)c,nm, e

water contamination

in the presence
(defined as less than two percent solubility and

in waters at very low concentrat ions,
suspected of animal and are

List of Non-Pesticide of or Other
Piytimti;,I" published the National Academy of Science, Some

of the the "Master List" listed as in some
65 commercial on the shelves and hardware stores
in a survey conducted the NCHD.

In March 1975, an incident suspected
was reported industrial complex in Nassau
sanlpling was an industrial in Nassau

ana lysis of withi n complex ind icated <innH'ir;mt

chloride, which is human cal'cil10C!en
and industrial such tri-

chlnrnet!1I/lene. The wells rf)in',,;n;nn these contaminants were removed
service sources of water.

An intensive survey all water supply wells in
Nassau and Suffolk Counties has been underway for the past years.
The overall extent of contamination of water by chemicals
in Nassau is demonstrated by the number of sampled and the
various ranges concentrations of Based on
data 336 wells sampled , 310 concentra-
tions less than ten micrograms per liter of (of these
approximately 80 show no wells

Organics Study. Concern over the ru"""""'" and concentration of trace
amounts of certain compounds came focus in mid - 1974
with the publication of results of an EPA study in the
Mississippi R at New Orleans . This detected 66 chemicals
in",1I1'1ir'l1 some suspected to animals. Concentrations

from than one per billion most those detected,
to a of 133 per billion for ch loroform. The for the forma-
tion of chloroform as a result of disinfection procedures was recoglnized .

In 1975, a survey of the water supplies of 80 cities n"'Hf)"wid,,

conducted for six compounds the four trihalomethanes
(ch loroform, bromoform, di bromoch Ioromethane, d it'h If)f!,h"f)cnf)mp,th ,m"

carbon tetrach loride ,2 dichloroethane, In 30
veyed, none of detected , that the

the raw water source of precursor cornpoulnds was
of paramount importance. A subsequent survey of ten cities' wate r SU 1)plies
for a broad range of compounds identi fi ed as many 76 compounds
one source,

In late 1974, Bellar and the EPA at Cincinnati publ ished
a procedure for the determination of volatile compounds at the
micr()Qram per liter level per billion) water by gas chrornaitogTaj)hv
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INTRODUCT ION

Section 208 of t he Fed eral Wate r Pollut io n Co ntrol Act Amend ments

o f 1972 (P L 92 - 500) provid es a mechanism fo r t he deve lo pm ent and

im pleme ntat ion of regional waste manage men t pl ans in designated areas

t hroughout the nat ion . T he Nassa u-Suffo lk Regi onal Planning Board

(NS RP B) was amo ng t he f irst ageni ces design ated by t he U. S. Env iron me n tal

Protec t ion Age ncy to deve lop a 208 p lan.

Pe rform ing th e 208 areaw ide study fo r Long Isla nd invo lved a va ri ety

o f in vestigat ions t hat were necessa ry fo r the development of suff ic ie nt

data upon wh ich fu ture pl ann ing w il l be based. T hese fact f in di ng st udi es

were unde rtake n by a number of government pe rsonne l and pri vate co ns u lt·

ants specialiZ in g in var ious as pect s o f e nvi ronmental ma nagem ent.

O ne of the key o b jectives of t he study is t he deve lop me nt of a plan n ing

p rocess that w ill lead to the imp lementa t io n o f contro ls and abateme nts

fro m non po int and poin t sou rce s o f p oll ution . This in te rim repor t covers in

ge neral terms tne st ruc t ura l and non -st ructu ra l o ptions that ca n b e e m p loyed

on Long Island for th ese purposes . T he p rincipal sources of informat ion

repo rted are past stud ies and th ose inc lu ded in the present 208 undertaki ng.

An attempt has been m ade to incorporate o nly t hat ma te r ia l whi ch is most

use ful to t he deve lopment of t he fi na l plan . As such, the in te rim re port

p ro vi des an overview for planni ng pu rposes. T h is repo rt is n o t mean t to be

inc lu si ve, but rathe r to ident ify the major cl asses of t ech ni q ues and tech·

no logy fo r the interested reade r. T he ac tual se lect ion o f specifi c eq uip ment

and facilitie s is beyond the sca le of th e 208 program . No p refe rences a re

s tated or im p li ed . No rmat ive judge m ents are made in the Plan Summarv.

The repo rt is p rese nt ed in two sections .

T he first secti o n add resses nonpo in t po ll uti o n sources and predom inate ly

stresses non -st ructural solutions applica ble u nder three m ajor headi ngs, i.e. ,
stormwat e r runoff c on tro l, co nse rvation and watershed managem ent, an d

land use co nt rols . Legal, ad mini strative and d esign crite ri a are not mentio ned.

T hey are cove red in t he Plan Summary and th e Animal Waste : Nonp oint

Pol/u tion repo rts.

The second sect ion addresses point sou rce pollut ion control an d he re

the em phas is is on structu ra l so lu ti o ns. Convent io nal t re at ment tech no logy

is gene ra lly covered , an d inc lu d es primary, seconda ry and tertia ry t rea tm en t .

A lim ited discuss ion of ad vanced rem oval t echn iq ues for phosphorus, nitro

gen and dissolved inorgan ics is included . The b alance o f th e section m entio ns

a lte rn atives to co nve nt io nal techn o logy , rangin g fro m sp rinkl e r ir r igat io n

and meadow i marsh/pond systems to ons ite fac il ities, such as water less com 

post ing t oi lets , aerobic b iol ogica l u nits and subsurface de nitrifi cation septic

systems.

SECTI ON I - NONSTRUCTURAL PP ROACHES

Int rod uc t io n
No npoi n t so urce po llut ants cause many of th , · most common and

fa m ili ar poll ut io n probl ems, inc lud ing po lluted we ll w ater ; polluted and
clogged r ive rs and str eams; an o ve rgrowth of weed s and algae , bacteria l con
tam in ation of shell fi sh, p lus sed iment in lakes and ponds; and loss o f w ildlife.
A d escriptio n of t hese p roblems wi ll demonstrate why at te n tion mu st be
given to a control program that li mits d isch a rges fr om non po int so urces.

Polluti o n of G ro und and Su rface Waters. Wh en th e grou ndw ater t ha t
su pplies mun ic ipa l and private we lls becomes po ll uted , the wa te r can no
lo nge r be used for dr in king wit ho ut costly t rea tment - treat men t th at may
be impractical in the case o f priva te wells. G roundwate r becomes polluted
when bacter ia , chemical s or sa lts find the ir way into aq u ife rs , the water·

bea ring u nd e rground rock for ma t ions .
A pri mary source of po ll ution of grou ndwate r can be from cesspools

and se pti c t anks. T hey were often placed wh ere t he soil can not d o its proper
fil te ring job because it is e ithe r too impervio us (like clay ) or too wet. Sim ilar
ly, le aks that deve lop in sewe r p ipes - and th ey often d o - wil l contribute to
gro und wa ter pollutio n.

Improperly localed , desi gned and m anaged landf ills, chem ical or petro
leum storage facil iti es and m in ing o perati o ns also may contribute to both
che m ical ground and surface wat e r po llu ti on. Th e concentra t ion of pollutants
works its way t h ro ugh so il an d reaches the aq u ife r. And especially in coastal
are as, fr eshwate r we ll s may turn brac kish as the wa te r that is removed is
replaced by th e ocean 's sal t wat e r.

Po llut ion of stre ams an d the accumu lat ion of silt or other sediment
is a pro b lem in some areas. When organic ma t ter is washed into stre ams , there
is an inc reased de mand fo r ox y ge n (biochemical oxygen demand or BOD),
wh ich reduces th e o xygen ava ila bl e for fis h and o ther aqu a tic life, sometimes
to a po int wh ere th e wa te r ca n no longer su pport life . It also Ill ay m ake the
wa ter un fit fo r sw im m in g or o th er recreat ional uses . A stream th at is filled
with sed iment can no lo nge r support aq uat ic life, su pp ly re liable amounts of
wa ter o r offe r boatin g and o the r rec reation al opportun ities,

Wh ile much stream and grou nd wate r poll ut ion com es from inadequate
ly trea ted poin t source waste d ischarges, a subst ant ia l amount comes from the
followi ng non point sources : urban storm ru no ff, agr icultural runoff, can·
stru ct io n si tes, hydrog l'3p h ic modi fi cation and sol id waste sites.

Urban sto rm ru no ff carries with it deb ris ; conce nt ra tions of chemicals
an d fe rt ili ze rs t h at h ave accum ulated o n th e ea rt h 's surface during dr'l
weath e r; leaves, tw igs an d o t her orga ni c ma t te r, grease and spilled pe troleum
products from roads, park ing lots an d gas stations; animal droppings; and
dur ing w in ter thaws, salt used to m elt ice on st ree ts and sid ewa lks. T he exte nt
of p o lluti on from urban runo ff is part ly due to th e large a reas of impervious
surface wh ich inc rease ru noff water and d o not al low contami na nts to be
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abso rbed into the soil where they can be fil tered .
Agri cultur al runoff ff'om cropl ands and past ures carries sedimen t.

fertil ize r, pest ic ide s, her bic ides and an imal waste into the wate r.
Constr uct ion sites, whe re the land has bEo'en stripped o f so il -ho lding

vege tat ion, unless developed according to an approved erosion co ntrol plan
will erod e and cont ribute locally heavy sediment.

Hyd rogr ap hi c modif ication , i.e., ch an gi ng the ch aracter of the stre am
it se lf by such measures as channelizing, may lead to increased flooding in
unprotec ted downstream areas or modifyi ng of fis h and wildl ife ha bitats .

Solid waste sites, including la nd fills and dum ps. pe trol eum storage
ar eas or mining operatio ns. if poorly des igned and operated, may contami n ·
ate both surface and undergro un d wate r sup plies wi th tox ic chemicals and/o r
bacteria.

Pollution of Mar ine Waters. Weeds and a lgae have a num ber of unpleas ·
ant effects . Besides disrupti ng the ecol ogi cal ba lance of the wate r body and
reduc ing fi sh prod ucti on, excessive weed and algae growth in te rferes wit h
swimmin g and boati ng, and is generall y u npl easant to look at . Al gae smelt s as
it deca ys. Excessi ve sed iment can signif icantl y reduce the dept h of lakes and
streams, even tually fil ling them in. Addi ng too many organi c nutr ients to
the water acce lerates the eutrop hi cat ion 0 1' ag ing process; the growth and
decay of weeds and al gae is speeded up, usin g up the oxy gen su pply and
killi ng off fi sh and other wate r li fe .

The no npoint sou rces tha t con tr ibute to th is prob lem are similar to
those con tributing to stream and grou ndwater poll ut ion: urba n and agric ul
tu ral runoff wh ic h in clude fe rt il izer and animal wastes, sem i·wi ld du ck
popula tions on inland ponds and ind ivid ual cesspools and septi c systems.

Add ed to thi s probl em has been the loss of some of the Is land's we t 
lands. Wetlands are li ke nature 's treatm ent plant s. They act as retenti on
basins and fil te ring systems, removi ng and sto ring ma ny of t he nu tri ents
in agr icultu ral and urba n ru no ff before th ey reach open waters. By interfering
with the efficie nt natural sy stem, we have had to crea te new, expens ive and
often less successful syste ms to replace what nature prov ided free . For·
tunately, the rema in ing wetl and s in Nassau and Su ffolk Counties are now
protected by the provisions of the Tidal and Fresh wate r Wet lands Acts of
1973 £Inc! 1975.

One of the major concerns that must be addressed sa ti sfactoril y in
waste treatment planning is th at o f nonpoint source po llut ion. In drafti ng the
1972 Amendment s to th e Wate r Po ll ution Act, Congress recogni zed t hat
structura l controls over sources of non po int pol lution are often un desi rable
and inappropri ate. St ructura l contro ls are lim ited in cop ing wit h sedi ment ,
pes tiCide , micro ·organism s and nutr ient ru noffs.

Proponents of land use plan ni ng and contro l st rategies claim that the
structural approach has been in adeq uate on fo ur co unts . First, con trol
technolog ies have not bee n ab le , at the current leve l of funding, to kee p pace
with the growth in waste loads . Second , control technologies are not available

fo r all sources. For illS ta nce, sediments , nitrates and phosphates resulting
fr om la nd runoff are not practically susceptible to treatment at this ti me .
Third, eve n the most effective techflologies seld om ach ieve 100 perce nt
rem oval , wh ic h may be necessa ry fo r sustaining enviro nmentally sound
growth in some urban/ind ustrial centers . (At this time, even 90 percent
re mova l effectiveness is stil l an outstandi ng achievement .' Fou rth . the (,Xpo'

nenti all y increas ing costs assoc iated with h igh er removil l rates maY impose'
economic burdens upon governments and pri vate firms which are beyond
thei I' cu rren t fi nancia! capacity.

The most prac tical and economic ap pro ach to such pollution is pre
ventive rather than remed ia l, i.e., preventi ng erosion anc! runoff by impro ve 
ments in land use manage ment and agri cult ural practices .

in gen eral , nonpoint source poll ution contro l re lies o n " best ma nage 
ment p ractices" {B MP}. For example , good agricultural conservation pract ices
can reduce sed iment y ields fro m 50 t o 90 pe rcen t. f Prevent ive measures can
inc lude limits, proh ibit ion, subs titutio n and changes in th e method of use of
various con taminants to ach ieve contro l over the magnitude of specif ic
sources. Figure 1. 1 depicts the relationships betwee n so urce and ty pe of
water po llution .

Land Use Practices. Most of these prob lems are caused by re latively few
pract ices, most of which have to do wi th the way we use the land . The choice
is to use land wise ly by either li mi t ing the production of pol lutants or to keep
pollutant s from enteri ng the waters ilnd affect ing its qualit y. Or land can be
used poor ly, and lead to ser ious and expensive conseq uences .

A li st of poor land use practices, those that lead to lowered gro und and
su rface wa te r q uality , includes the following :

Using unnecessar ily large areas of pavement which increases urban
run off .

Cleani ng streets in frequ ent ly , with the possib le resul t that t he " first
flush" afte r a storm in an urban area carries large q uan t ities of chem
cals , de br is and organic materia ls.

Ove ru sing lawn fert ilizel" or road sa lt , or piling leaves in the gutters
o f u rb an st reets.

Overusing agricul tural fe rtil izers, allowing animals direct access to
streams, and other agricultural practices

Fai ling to take measures to red uce soil erosion during construc t ion .
or d ur in g agr iclilw ral and forestr y ope rations .

Failu re to take measures to -ed uce or preven t sand mine leacha tes
and pet role um and chem iCill spil ls from reach ing grou nd an d urface
waters.

1Mark Pisano , "Nonpolnt pollution' an EP A view of areawide wate r q uality manage

ment ," Jou rnal o f Soil and Warer Conservation. Mav . Ju ne t976 . p _98.
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Organic Waste • 0 • 0 •
Nut rients • 0 • 0

Sedi men t 0 • 0

T hermal Waste 0

Toxican ts 0 0 0 0

Ot her T ypes · 0

• Major or pr imary fac tor
, .~ Possible majo r fac tor - varies with cond itions

• Inc ludes bacteri a, oils, scums, etc .

F IGU R E 1 .1 Relations Between Source and Tvpe of Water Pollution

Locat in g ho usi ng with sept ic syste ms on unsu itab le so ils .

Fil lin g a nd using wetlands for urban deve lo pme nt.
Locat ing and designi ng wast e d is posal sites so t hat th ey leach (filter
dow n) in t o wate r sou rces .

Locat ion of indust ria l facil ities in prime rech arge a reas.

Dog c u rb ing laws, sales of d ucks as Easter pets , and encou raging
semi·wild du ck populati o ns o n inland ponds by artificial feeding.

Effort s to clean up aild prevent wate r pollution from non point so urces
are ai m ed at halt ing or rem ed ying these kinds of practices. The sol utions
in vo lve regul ation, mo nit oring, imp roved maintena nce practices, voluntary
c it izen comp li ance, st ru ctural im provement, improved co nstr uction pract ices
and improved land use pla nning implementation. By and lal'ge, non poin t
so u rce s th at can best be contro lled by regul atory and adm inistrative m ea ns
and by publ ic ed ucation, e.g., industr ial and an im al wastes, la ndfi ll s, agricu l
tural che mical s, etc., are no t stressed in this report . These issues are covered
in t he Anim al Waste study , the Plan Summary and Section J of the Areawide
Waste Treatmen t Manage men t Plan. The balance of the nonpoint portion of
this repo rt di scusses three broad approaches to nonpoi nt control - st o rmwater
runoff, wate r conse rvatio n and watershed m anage m en t, and land use strate·
gies.

Stormwater Runoff
Every p a rcel of land is part o f a larger watershed. Ideal ly, a stormwater

runoff m anagement sol ution fo r any develo pme nt pro ject sho ul d be based on,
and su pport, a pl an for its en t ire drainage basin . This is not a revo lut ionary
ide a, but on ly recently have data coll ecti on and data handli ng technology
made this economically possible in a mean ingful w ay. Eve n in the absence of
such bas in ·wide plans, new ap proach es to resid ential land planning, w hich
have bee n evolVi ng si nce about 1955, have m ade it poss ibl e to apply more
creative approaches to sto rm wate r m an age ment w ithin a project. Wi th their
application , the new effects o f incre mental u rban izat ion ca ll avoid most
negative im pacts and may prod uce be nefi ts, en ha ncing o pport unit ies for
future impl ementat ion of a n o ve ra ll basin·wide dra in age plan. See Figu res 1.2

a nd 1.3 .
The m ajor res idential boom in th e post 194 5 era reli ed on the to tal

su bdivi sion of land into ind ivid ua l lo ts, o ften with th e complete stripping
of natural site feat ures and their replacemen t by an " eff ici ent" desig n.
However, some proposed resid enti a l deve lopme n ts c lus te red dwell in gs and
created com mon ope n space, seeki ng to prese rve and en hance natura l si te
attributes. T hese various innova tive concep ts of land pl ann ing, w hich have
now become grou ped under the common title Plan ned Un it Deve lopme nt,
present opportunities fo r sto rmwate r rnanagem en t consis tent wi th the
e merging new ph ilosophy advocat ed by this re p ort . T raditio nal subdivisi on
d es ign prac tices w ill also be ne fi t from th e new stormwate r management
app ro ach es, b ut not al ways to the same degree.

The Basic Concepts . T he wate r falling on a give n si te should, in an
id ea l design so luti on, be absorbed or retained onsite such that deve lopme nt
woul d no t sign if ica ntly alt e r t he q uanti t y a nd peak rat e of runoff leavi ng the
site t rom th at prod uced from undeveloped si tes.

Just as the importance of w ater q uality is be in g increasingly recognized,
a major new em phasis needs to b e placed on the iden tificati o n and applica'
tion of "natura l" engineer ing techniques to presel've and enhance the natural
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feat ures of a site, and t o maximize economic-environme nta l benef it. " Natu r
al" enginee ring tech niques are those which capi tal ize on , and are co nsisten t
with, nat ural resources and processes. Enginee ri ng des ign can be used to
im prove the e ffective ness of nat ura l syst em s, rathe r than negate, replace or'
ign o re them .

Among the new trends in basic ph il osophy th at shou ld be pursued are:
(a) Concur rent recognition of the convenience drainage an d o verflow

or flood convey an ce elements of existing and pro posed d rai nage systems , the

Partial List of Erosion and Sediment Can trol Measures for
Construction Sites

use of on-site detenti on storage to reduce downstream peak fl WS, the use
of lan d treatment system s to manage storm water, and a recognitio n that
tempo rary ponding at various points in the system , inc luding 011 th e ind ivi
dual lot. is a po tential desi gn solu tion rather than a problem in many
situatio ns .

(b) A continu ing recognit ion that th ere is a balance of responsib ili
ties and ob ligat io ns for co llection , storage and treatment of stormwater to
be sha red by ind ividual propertv owners and the community as a whole .

---''>>...,,---- -~ -- ---~
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Sample Erosion and Sedimentation Contro l Plan

/
/

FIGU RE 1.3

Veget at ive Measures

2. Temporary and Permanent Seed ing :

Seed ing wi ll add stab i li ty to so il s

whic h are not needed either perm a

nent ly or temporari ly for cons truc

tion. Grasses, legu m es, trees, sh rubs ,

\lines and ground covers ca n be used.

3, Mulch : Straw mulch can be used to

protect construc ted slopes and other

areas regraded at an unfavorable time

for seedi ng.

4. Stream Chan nel Stab i lization: Erod
ing o r erosio n-prone channels and

stream ban ks can be stab ilized by

use of vegetation , r ip-rap and mech

an ical m easu res.

1. Vegetat ive Protection : Conserve ma x

imum amoun t o f ground cover parti

cu larly along stream corrido rs .

Mechan ical Measures

5. Dikes: Usefu l around large parki ng

lots to coll ec t runo ff f or gradual reo

lease through grassed outlets or sub

surf ace d rain s.

7. Filter Berms : Gravel or straw bale

d ikes used to fil ter storm wa ter runoff

pr ior to d ischarge.

8. Vertica l Drainage : Tech niques to in

f iltrate excess runoff water to rapid ly

permeable subso il to reduce excess

ru noff water .

6. Sediment Basins : A permanent or

t emporary dam to detain runo ff and

trap sedimen t.

2 . Bench Terraces: Constru cted across

the sl ope of the land to break long

slopes and slow the flow of runo ff.

4. Diversions: Ridge s and channels used
to d ivert runoff away from erodable

sl opes; particul arl y usefu l along high

way embankments.

1 . Land Grading: Grade on ly th ose areas

necessary for immediate constructi o n.

Min im ize cut Dnd f il i; avoid heavy

grading .

3. Subsur face Dra ins: Som etimes re

quired at base of fi ll slopes to rem uve

excess grou nd w ater.

FIGURE 1.2
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(c) A new recognitio n that stor m wate r is a compone nt of the total
wa ter reso u rces of a n area which sh o uld not be c asually d iscarded but rather
shou ld be used to repl enis h that re source . Stormwa te r p roblems signa l either
misuse of a resource or u nwise lan d occupancy.

(d ) A gro win g emph asis on the recogn ition that eve ry site or situa
t io n presents a unique array of phy sica l resources, occupancy req u irements,
lan d use cond itio ns and e nvironme nt al values . Va ria ti o ns of such factors
wit hin a community ge nerall y wi ll re qu ire va r iations in design stan dard s for
th e o ptimal ac h ieve m en t of runoff m a nage m en t objectives.

The above key conce rn s, wh ile not all · inclusive , embody a basic philo '
so phy that should I'ece ive conside ratio n. Although this portion focuses
p rima ri ly on reside nti a l des ign p rac t ices, t hese concepts sho uld be co nsidered
and applied to en tire d rainage bas in s in w hich a ny d evel o pm ent m ay proceed .
The resp onsib le solution fo r ind ividual devel opments w ilt be mo re dif fi cul t
t o achieve in the abse nce of basin·wide plans, par ti cu larl y w he re cu rren t
pract ices are based on traditi o nal drainage concepts , Fo r examp le, if c urrent
prac tices a llow a n u pstream de vel o pme nt t o use trad it iona l d rain age ap
p roaches t hat increase runoff , a deve lo pment re lying on new concepts might
be un a ble to accomodate the am ou nt of excess runoff t hereby gene rated
w ithout add itional si gnif icant co sts . The a pproac hes suggested herei n shoul d
a ll ow deve lopment t o proceed on indi vi du al p ro ject s in th e absence of a
basin-wide plan, since t he strategy for t he retent ion and atte nuat ion of peak
runoff and to tal runoff to values not sig n ifi cant ly differe n t from predevelop
me nt Ip. ve ls would norma lly be com patib le w ith any futu re p lan t hat mi gh t
evo lve for a watershed .

A Definit io n o f "Storm water Runoff Syste m." The t e rm "stormwater
run off sy stem " used here in is, first of all, composed of both natura l and m,n
made el eme nt s. In the past, designe rs have often failed to capitali ze upon
natural e lemen ts and have at times ignored them w he n a consHucted elem ent
was in stall ed. These components in c lude not only those w hich con ta in and
conve y stormwater, but also those wh ich abso rb. store and otherwise use
sto rm wate r rath er than dispose of it.

Withm a singl e syste m , there are components t hat are des igned p ri ·
m ar ily to obtain convenie nce at t he small est scal e o f t he syste m , e.g., the
individual site of intersec t ion, uring minor o r fr eq uen t storms. Duri ng a n
in frequ en t or ma jo r storm , th e cap acities of m a ny of th e conven ience
orien ted compo ne n ts will be exceeded and flow ca pacity must be provided b y
othe r components designed to provide safety and minim ize d a m age th rough
ou t t he system , fro m the ind ividua l si t e to t he d ischarge poin t of the d ra inage
basin to downstrea m areas. It must be recogn ized and emphasized that a
to t al stormwate r ru noff system can no t be ex pected to p reve n t inconve nience
a nd m inor pro perty d amage during a major sto rm eve nt. A desig n th at wo u ld
e lim inate al l such st ress would be fund amen t a lly unreaso na ble and eco nom·
ica ll y infeasible . Expected damages from a m ajor run off event would include
m inor erosion and sco u r, damage to law ns and vege ta tion, and d amage to
unwise ly located structures, but flooding or undermin ing of buildings or
essen ti a l facilities should not occur.

Thu s a storm wat er runoff sy stem shou ld be considered as a single
system h aving three purposes: (1) the control of stormwater runoff to mini
miz e dam age to property and preven t physical injury and loss of life which
may resu lt from major storm events having a frequency of OCC'.I:rence of
less th an once in 50 years; (2) th e control of stormwater runoff to mini·
mi ze in con veni e nce and di sruption of activity from more frequent storm
events (greater probability of occurrence than once in 50 years); and (3) max

im izing the infilt rat ion of stormvvater.
There are a wide range of analysis techniques ava il able for guicling the

design of storm wa tel' runoff systems. The choice of technique must be suited
to the size and complexity of the area, the degree of safety and convenience
sou ght and the cost factors involved. Regardless of the techniques selected
to guide the de sign, the following fact o rs must be considered:

1. Rai nfall
a. hi storic
b. predictable futu re
c. bases for design

2, Drainage Area Characte ristics
a. a t the site
b. downstream,
c, upstream
d. basin-wide

3. Land Use Characteristics
a. p resen t
b. future-short term
c. full development

4, Design Options
a. on site detention /s torage
b. overland flow
c. channel ca pacity; volume/storage
d. storage, d et enti o n, routing
e. natural drainage system

5. Risk Analysis
a. to life
b. to property

i, on the site
ii downstream

iii . upstream
6. Costs

a. initial
b. amo rtization
c. operation
d. maintenance
e. replacement
f. inconvenience
g. flood damage
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Storage Co nsiderat ions and Cr iter ia. One o f t he pr im a ry factors t o
con side r in st o rm wa te r runo ff m a nageme n t is st o rage . Th e ava ila b ili ty o r
abse nce o f fac ilit ies fo r te m porary o r pe rm a nent runoff storage is an ·im por·
t ant e lem ent in des ign. Sto rage sho uld not, however, be consid e red a c ure·al l
for stormwater runo ff m an ageme n t. In m any in sta nces, th e storage capac ity
required to assu re both ma xi m um safet y and con ven ience w ill not be
economicall y fe as ible , but m ay stil l be d esirable.

Pro vid in g st ormwater sto rage ca n reduce pea k runo ff rates; ai d s t he
l'echar9" to gro und w at e r; p ro vides atte nu a tio n m echan ism if storm w at er is
t o be treated ; a nd red uces po t en ti a l of downst rea m flo od ing, stream erosio n
a n,l sed im en t ati o n.

St o rage occurs nat ural ly to some degree in most Lo ng Island w at e rsheds.
Nat ura l storage is pro vide d by su rface d e pressio ns and inte rce pt io n by vegeta
tion. Great e r storage is possib le w here the de press ions a nd sw ales in t he
d rai nage a rea have h igh ly pe rvious rech arge are as. Much nat u ra l st orage is
u sually lost th rough deve lopm en t . This volu m e ca n be repl ace d usin g swales,
recharge techniques, ve ge ta l p ract ices, and by u ti li zin g speci al inl e t s th at
mete r th e o utf low fro m planned pon d ing areas. Where de t e nt ion st o rage is
used, ove rlan d con veyance m us t be d esig ned w ith suffic ient capacit y to ass u re
no downstream d am age fro m m ajor storm even ts . Large sca le te m po rary
re te nti on sto rage sho uld b e used to re p lace sto rage loss d ue to th e in crease of
impe rvio us surf aces asso ci ated w it h d evel op m en t .

Roo fl o p and pa rki ng lot pond in g are tw o me t hod s of storm wate r
rete nti o n. In additi o n, recharge fac ilities and dry po nds m ay be util ized to
control la rge am o unts o f storm wate r ru no ff .

Degrees of Storage. Diff ere n t d eg rees o f st o ra ge shou ld be co nsi dered in
resi de nt ial design . The lowes t degree is t he n atu ral sto rage pro vid ed by su r·
face depressions a nd by foi lage a nd gro un d cover inte rception of rainfal l.
To tak e advant age o f th is sto rage , natura l gro und cove r shoul d be mai n tai ned .
Small volu m es of te m p o ra r'y storage ca n be provided fo r in the design o f
sw al es , pi pes and ch an ne ls. Ou tl et s from tem po rary storage can be designed
to att en uate pea k o ut flow , and sa fe ly di sch arge storm w at er run off thus
assuring pro tect ion of ad jace nt and d ow nstrea m pro pe rt ies from fl ooding,
e rosio n o r se d imen tat ion dam age . Tem p o rary sto rage faci lit ie s inc lud e roo f·
top and parking lot pondi ng , recharge sed ime nt at io n basins and n orm ally
dry ponds.

The comparat ive am o unts o f st o rage that may be ac hie ved usi ng di f·
fe ren t comb inat ions o f fac il it ie s wil l vary. The designer o f storage should
de termine that th e cost o f sto rage pro vis ions w ill not exceed be nefits accru ed
and that the d esi gns w ill be econom ica l to maintai n . T he residential storage
syste m sho uld be coo rd ina ted w ith wate rsh ed and regi o na l sto rage p la ns for
flood contro l, wate r supply and recreation.

Other Storage Conside rat ions. In c rea t ing po nd s or la kes , the foll ow ing
conside rations are w ort hy o f m ent io n.

1. Access to shore lin es m ay be effect ively limited to d esired loca-

ti o ns b y pl a nt ing th orny dec or-at ive sh rubs.
2. Lake b otto ms w it hin te n feet o f the sh o re shou ld be >0 graded

th at wate r d epth norm ally w ill not e xceed eightee n inches , to si m plify imme ·
di at e rescue of sm al l ch ildren .

3. Exte nsive are as o f sh all ow wa te r, e specia lly in uppe r reaches o f
th e la ke , sh ould be avo ided t o p reven t un d es irable weed growth.

4 . Dense plantings o f sh ru bs th at w ill ac t as barri e rs to au to m ob il e s
are ap p ro p ri at e w he re vehi cl es m igh t oth e rwise run into th e lake, espec ially
at n ight.

5 . Paved wa lkw ay s roughly pa rallel ing the shore line , low-leve l n ight
lightin g, fixed be nches, floored rain sh e lte rs and sens itive landscap ing ca n
add co nsidera bly to t h e cha rm o f a lake or po nd sett ing, and to the desirabil
it y o f the su rro und ing ne igh borh ood . Mass ive pla n ti ngs o f season all y co lo rfu l
sh rubs, such as aza leas, red bud , d o gwo od or J apa nese m a ple, can help
pu b li ci ze an area and create part ic u la r p ride o f owne rsh ip t hro ughou t the
ne ighb orh ood.

Streets and Curbs. T he p rim a ry pu rpose o f res idential stree ts is t o
provide ve hi cu la r access t o h omes and co mm un it y facil ities . Vehicles usi ng
t he st ree ts wil l va ry from rout in e au tom o b il e traffi c to larger d el ivery an d
service tr uc ks a nd em erge ncy po lice and fire vehic les . St reets a lso h ave sever al
seco nda ry fu nc t io ns. O ne is t o pro vide rou tes fo r ped es t rian and bicycle
traffi c ; an o the r, m ore re levant , is to co llect and co nve y stormwater runo ff .

Pl an n in g a d ra inage sy ste m should be do ne simu lta neo usl y w ith stree t
lay o u t and gradi ent pl anni ng, an d carefu l consi d erati o n sh o uld be given to
t he fo llowi n g:

1. T he func ti o ns o f st reets as parts o f the stormwater man age ment
system .

2. S t reet slopes in re lat ion to sto rmwater capacity and fl ow veloci tY
in gutte rs and /o r s tree t swal es .

3. The loca t io n and sizing of st reet c ulve rts . Cu lverts ma y be sized to
c rea te tem porary upst ream st orage if t he re is p roper co nside rati o n o f ear t h
ba n k st ab il it y a nd po te n tial o ver flo w effects dur ing m ajo r f lood conditions.

4. Locat io n of st reets in re lat ion to n atural st rea m s, sto rage pond s
and open ch annel compo ne nts of the system .

5 . Locat io n a nd ca pac ity of inlet poi nts to p ipes in re lation to gutte r
sl opes, t he sp read of wa te r ac ross stree ts a nd t he flow o f wa ter ac ross in ter
sect ion s.

6. Coo rd ina tio n o f st reet grades with lot drainage . Pos it ive slope
aw ay from al l sid es of the h o use m ust be acc o m plished . Lot dra in age beco m es
di ff icult whe n th e l'e is less th an one and o ne -h alf to two pe rce nt (u su al ly
fo ur teen to 24 in ches) fall fr o m t he ea rth grade at t h e center rea r of the
hou se to t he st ree t c u rb at the lo wes t h On! co rner o f t he lot.

7. Use gu tters, d o wns pouts and d ry wel ls on a ll new ly constru c ted
hOLl ses t o reduce volu me of run off water in roads .



Water Co nservation Practices
Water conse rvatio n is a means for reduc ing the necessary capacity o f

facilities needed to collect. convey and treat both domestic and industri al
waste ; fo r reducing per capi ta usage of wate r; and for t he prope r return of
wate r to the aq uifer.

The domesti c use of vari ous devices available to curtail water use
include fauce aerators, flow contro l shower heads , automati c flush valve
to il ets, sha ll ow trap water closets and the English dual cycle water cl oset.
Figu re 1.4 lists water sav ing devices ranked by cost· effect ive ness.

Indus trial , com mercial and agricultu ral reuse o f wate r is another option .
For instance, in·p lan t recircul atio n of water would reduce tota l wa ter req ire
ments and al so decrease waste disc harges.

Water Estimllted Installat ion Water -Savings
Savin~s Costs Cost-Effec t iveness

Hard ware Dev ice GPCD 1 ) Mat i. Labor Total Total $
$ $ $ GPCD (1)

1. A erator fo r Lavatory

and K itchen Sin k 05 2 0 2 4
2 Dual Cycle

Water Closet 17.5 100 30 130 74
3. Limi ting F low V alves

fo r Shower 6 35 15 50 8 .3
4. Batch-ty pe Flu sh V alves

(21 for Water Closet 15 .5 120 38 158 102
5. V acuum Flush To ilet

(for 100 hom es ) 22 .5 295 13.1

6. R ecycle Toil ets 24.7 300 25 325 13.2
7. Batch -ty pe Flush Valve

(11 for Water Closet 7.5 75 30 105 14
8 Shallow Trap

Water Closet 7 5 80 30 110 14 .7
9. U rina l w ith Batch-type

F lu sh V alve 7 150 25 175 25
10. Washing Machine

with L ever Con trol 12 35 0 35 29.2
11. V acuum Flush Toi let

(fo r Single H omes) 22.5 1520 67
12 Li rnit illg Flow Valves

for Lava tory 0.5 45 23 68 136

(1 J GPCD, gallons p er cap i ta per day

Source: Wenk (1976J

FIG URE 1.4 Water Conservation - Plumbing Devices Ranked by Water
Saving Cost Effectiveness

Pl anne rs of wastewate r sy stems should be cognizant of possibilities
fo r re use of effluent, generally afte r so me type of treatmen t, and alert bo th
loca l governm ents and wate r users to such possib ili ti es. Treated sewage
effl uent, for insta nce , can be utili zed fo r irrigati on purposes . However, special
attentio n should be paid to land use impacts by such reuse practices (i.e. ,
heavy me ta l res idu es in food, reduction in soi l perm ea bility, etc.).

Wate r conservat ion practi ces co uld be encouraged by incorpor ating
them wi thin buil ding codes , state and local regul at ions, and the initiation
of pric ing polic ies that encourage less wastage of pota ble wate rs - part icular·
Iy when used for non-drinking pu rposes.

Watershed Management
A prope rly implemented wate rshed managemen t program is esse ntially

a preve ntive and conservat ion approach primar ily meant to preven t de teriora·
tion of gro undwa ter supp lies in undeveloped areas. It is a useful adjunct to

other was te management options in t he foll owing ways:
1. It makes poss ible a broad er ran ge of comm unity development

patterns in non-watershed areas.

2. It helps minimize erosion and associated runof f problems.

3. It assu res the avail ability of potable waters .

4 . It can pro vide the locatio ns for eventual recharge .

5. It is an importa nt land use alte rnati ve in th e atta in ment of Suffolk
Coun ty's long standing open space protection pro gram.

6, It may provide a signifi cant cost-effective benefit over sewer ing
approache s.
Land Use Practices

Land use strategie s loom as a promising com plement to t reatment tech
nology. The wa y the use of land is managed is pivotal to the entire pollution
pro blem. \lV ithout environmentally sens itive land use pl anning and control ,
in vestments in wastewate r treatment facilit ies can eas ily be sq uander0d.
We ll concei ved and adm inis tered land use con trols will all OW reasonable
leve ls of growth wi th minimal re source degradatio n and with a more favorable
cost-e ffectiveness ra te.

The Land Use Planning Process. Land use planning is a decision process
as to how land should best be allocated and used based on cur ren t conditions
and ant icipated future events, i.e., as expansion, abandonment and renewal
proceed throu gh time. In simpler terms, it is an effort to anticipate future
events and desil-es so that better deci si ons can be made today. The planning
process has tradit ion al ly been oriented toward imp roving th e man-made
physical environment (i.e. , t he location , character and qu ality o f housing,
commercia l and industrial act iviti es, transportati on, uti lities and commu nity
facil itie s) .

The inte rre lat ionsh ips of la nd use and water quality are numerous and
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quite com pl ex. Figure 15 is a sc hemat ic diagram of these rel ationsh ips. Sum

marily slated, popul at ion and economic growth, private mal'ket forces . land
lise regul ations, public services and facili t ies, and th e natural feat ures resul t in
a pal·ticular land use pattern and land con su mption rate. Thi s pattern, with its
underlying determ inants, can cause wa ter quality problems:

Damaging, and perhaps poorl y distributed, point source waste
discharges (i.e., domest ic , industr ial and power plant discharges).

Dam agi ng non-po int loads generated by u rban and rural land uses
as well as cons tructi on activi t ies.

Overv iew of Land Use Strategies and Techn iques. In develop ing la nd
use strategies for wate! quali ty managemen t programs, there iJre severa l goals
toward w h ich such efforts shou ld be aimed (See F igure 1.6) :

Rec/uce and balance po int discharges with the water quality stAnd
ards and established wasteload allocations for receiving waters. The
plan ne r shou ld seek to distr ibute waste -generati ng development in
a man ner w hich does not overburden the receiving water body
at POlflt s o f waste discharge .

Reduce and balance harmful non-po int discharges. T he pi anner
should set for th pla ns and programs wh ich minimize both the pro
duction of non -point poll ution and the entry of such wastes into
water bod ies.

Conser ve the natural features and natural systems wh ich protect
water qua li t y and quant ity. The planner should plan and control
land use in way s w hich allow the natural terrain and ground cover to
per form its runoff control, yroundwater recharge and waste absorp 
t io n fu nctions .

Planni ng strategies oriented toward these general goals fa ll with in three
general categori es which range in scope from areawide to site specific :

Regional Strategies_ On the regiona l leve l , water quality manage
ment plan ners have re sponsib ility for considering a wide range of
opt ions in meeti ng wate r quality sta ndards and effluent l imits.
The ach ievemen t of t h is objective requ ires the sensitive considera
t ion of growth objec tives , al ternative arrangements o f the area 's
physica l structures , com position of settlement areas and the location
and charac ter of open space and rura l land uses . Four land use stra ·
tegies which have potentia l for improving wate r quality at the
reg ional leve l are

a. Modify gro wth rates.
b. Modify growth d istr ibution.
c. Conserve environmenta lly sensitive areas and open space.

d . Con trol the siting of cri t ical uses. See F igure 1.7
Land Management Strategies. Not all land/use wate r Quality prob
lems can be dealt with at the plann ing or planning-admi ni stration
leve ls. Many water quali ty prob lems stem from poor land ma nage
me nt in both ru ral and urban areas. The management of land is of
great signif icance to the contro l of non-poir1t po llu tion . The strate·
gies w hich relate to land management include.

a_ Contro l con struct ion-related eros ion.

Nt< rURAL
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b. Uti lize agricultural best management prac tices to reduce storm
runoff and control erosi on .

c. Manage flood plain and shoreline uses.
d . Control resource extraction activities .

Site Develo pment Strategies. Carefu l attention to the water quality
impacts of ind ividual projects can have important results . if not
individually. at least cumulatively . At the site planning level. three
strateg ies may prove fruitfu l. dependin g upon loca l conditions and
ins t ituti onal factors :

a. Modify site location practices.
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b. Modify project size and ior mix.
c. Imp rove site plann ing and devel opmen t.
d . Institute development site erosion cont ro l plan.

Tech niques f or implementing these st rategies are d iverse . In addition to
trad itional , wel l tested regulatory p,'oced ures , innova tive pol icyma ke rs and
plan ners are devisiny an increasing array of contro ls in an attempt to we ld
environmental con si derations to land plann ing and development endeavors.
Th ese implementation techn iques inclu de :

Regulations
Incentives ilnd d isincentives
Acquis iti on programs
Publ ic facilit y devel opment and service del ivery
Grant programs
Intergovernmental arrangemen ts and reviews
V olun tary agreements and ad visory se rv ices
Pu blic informat ional programs.

Th ese goal s, st rategies and imp lementat ion techniques are depicted

graph icall y in Figure 1.8.

10

FIGURE 1.8
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PLAN IN G STRATEGY

• Maddy Gro.... th Rates 2 5 '2 2 10 • 0 0 •
• Modi fy Gro.... th Distrt butlon 3 5 2 4 6 20 • • • c • n

• Preserve Environmentally Se~ltive

Areas and Open Space 3 4 2 4 5 16 • [] 0 • • •
• Con tr ol S,ung of Cri ti cal Uses 3 4 3 5 9 20 • • • ~.j 0

• Con trol Co n truc tlon ·Related Erosion 3 3 3 4 9 12 • lJ • • '-'

• Ut ll ,ze Agriculture & Sllvacu lture
Conservation Practj c~ 2 4 3 2 12 • :;

• Manage Flood Plain and Shoreline Use 3 4 2 " 6 16 • 0 0 0 • U C

II COnt ro l Resource E ~ t rac tion Activities 1 2 2 3 2 6 0 0 • c

• Improve Si te Planning & Development 3 4 3 5 9 20 • • 0 0 :J C

• LJ•
o

o

o

• 0

Note : 1. Values are based upon au hors' judgement and experience

2. Values range from one to five ind ica ing minim al t o m ax imal

degrees of eff ect iveness or feasib i lity

3. Implementation tools are identified as follows:
• Prima ry Implenwntation Techniques

'.' Secondary Implementation Techniques

FIGURE 1.9 A ssessmen t of Payoffs and Implementation Requirements

The land use strategies outlined here are not brand new, visionary
ideas. They are being conside red and frequent ly implemented in var ious
places th roughout the country. The mechan isms to imp lemen t these strategies
are even more familial' It is more uni ve rsa l accep tance and adopti on of th ese
strategies tha t is now needed . Loca lities pursuin g strateg ies to modify growth
distribution , control locati on of critical uses, mi n imize erosion and sedimen
tation , an d all the oth er st rategies wil l reap benefi t s of improved wate r
quality and , co ll aterally, prese rv ati on o f other natural and human vaiu es.

In the manix shown in Figure 1.9, the strateg ie s for land use are evalu·
ated as to lo ng and short· range po te ntial for reducin g water pollution and as
to ease of im plementatio n. Each cell was rated from one to f ive, with the
number assigned by assessment of the strategy in te rms of (a) potential
effectiveness under ideal conditions , and (b) re alistic fea sib ility for impleme n
tati on, given existing and anticipated pol itical and economic constraints .
Th e short-term payoffs of the strategies, it will be noted, have lower sco res
than the long·ter m payoffs. Lead t ime involved in implementing strategie s,
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FIGURE 1.10 Environmentallv Sensitive Areas

12

both legally and fiscally, gene rally mea ns th at full scale impl ementation
seldom comes about in the short ra nge. More im port antl y, si nce land use
strategies seldom begin with a pure water base, im pact of existing point and
non-point sources will be felt for years to come, as tomorrow's trea tment
labors to catch up with yesterday 's mistake, Howeve r, adop tion of ap propri·
ate land use strategies will not only min imize water qu ality degradatio n from
new development, but wa ter qu ality could be ex pected to improve as poor
Iand use pattern s and practices are phased ou t.

In the short term, it is concluded tha t the greatest likelihood of water
qualitY improvement would be obtained by pursuing control of cr iti cal use
siting, erosion control and improved site pl anni ng and developme nt. In th e
more distant fu ture, additional benefits will be possib le through more sophis
ticated plan ning for growth distribution and through protection of environ
mentally sensitive areas, includ ing flood plains, sh orelines and watershed
conservation areas. See Figu re 1,1 0.

The payoff index also indicates that the mos t effective strategies are

those which can be implemented most easily . For exam ple , modifying the
growth rate has a low hvpothet ical payoff, not because th e strategv is not
valid, but because widespread public acceptance and implementation are
difficult to achieve , The ma trix also summarizes tools for implementing
the land use strategies. The tools were also evaluated as to political and
economic feasib ili ty as well as technical efficacy. Pub lic con t rols such as
zoning requirements, permits and other regul atio ns can general IV be enacted
with littl e strain on the local budget or little widespread objection, Review
and advi sory services are not as effective simply because compliance cannot
be en forced, The matri x also illustrates that all t ools cannot be used for
every strategy, but that there are several means avail able to impl ement each
land use strategy to improve water quallty.
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SE CTION I I - ST RUCTURA L A PP ROACHE S

Wa te r Po ll u t io n Co n t ro l
The Alternative Systems Diag ram for Wate r Po ll utio n COll tr o l, F igure

2 .0, comprises: a ne two rk of significan t wastewate r so u rces (e.g" d omest ic
wastewater) ; significant waste parameters (e.g., b ioche mi cal oxygen dem and ,
or BOD ); wastewater t reatment alte rn atives (e.g. , activ ated sludge) ; an d eff lu
ent disposal a lte rn at ives (e .g. , groundwa te r recharge ) Al te rn at ive s fo r di sposa l
fo r t he co nce ntrated wastewa ter so lid s are al so inc lud ed.

It sh ould be noted that the diagram is not all-inclusi ve of every waste 
water source , disc ha rge param eter or t l-eatm ent process . Fo r exam pl e , t he re
al-e oth er const itue n ts o f w astewate r besides BO D, ni troge n , phosphorus an d
d isso lved so lid s. Howeve r, these a re co nside red t he most signi fi c an t with
res pect to t he select ion o f a su itab le treatmen t sy stem and mod e o f e ffl uen t
disposa l.

Th e imp act of wate r po ll u tion con trol sy stems upon coastal environ
me n ts may be cons id e red to be m ade u p of three sep ara tely id e nti fia b le
as pect s. Fir st an d foremost, the Im pac t of th e e fflu ent an d th e res id ual con
t am inants it car r ies m ust be co nsidered . Secondly, the co nstruc t io n a nd
ope ra t ion o f the physical p lan t itself w il l impact th e e nviron m e nt, an d m ust
be acco un ted fO I' . Last is t he im pact , alth o ugh secondar y an d indir ect, of the
fin a l d ispositi on o f the wastewa te r so lid s w h ich we re co nce n t rated and re
m oved fr om the wastewate r st ream . The Al te rnat ive Systems Di ag ram
d e li nea tes the poss ib le a lte rnat ives and co m bi nat ions o f alternatives fo r t re at
ing the wastewat er a nd disposing of th e effl ue n t, as w ell as t he re sidua l sol id s.

Conven t iona l T reatme nt Technolo gy
The current acce pted meth o d o f w astewater treatment is t h at illu s

trated in Fi gu re 2.1. This system is refer red to by a var ie ty of titl es such as:
convent ion al trea tm ent, b io logical treatment a nd prim a ry plus second ary
treatment. T h is treatment has been speci fi ca lly developed t o rem ove sus

pended soli d s, bi o d egrada bl e organ ics and mi c roorga nisms fr o m wastewate l-.
Suspe nded sol id s prod uce slu d ge bank s in riv e rs, bi odeg radab le organ ics

lower t he oxyge n re so u rces of lakes and r ive rs an d m ic roo rgani sm s a re t he
sou rce of most water- bo rne d isease . In the past, it was o n ly tho ught necessary
to subs tant ially re m o ve these th ree classes of pol lu tants from wastewat e r

prior to d ischarge t o avoid adve rse en viro nm enta l e ffects _ This is no longe r
ge ne ral ly true becau se of the newe r awareness of othe r seri ous co nt am inants-
t he d a nge r o f w h ic h was not previously rea lized.

A lthough in many locatio ns t he conve nti ona l syste m no longe r is su ff i
cie n t o f itse lf, i t is t he base upo n w h ich so me newer, m ore e ffective treatmen t
sy stems a re construc ted . T he refore , a sho rt desc ript io n o f this system an d th e
degree o f treatmen t wh ich it ca n provide is gi ve n.

Was tewater is first passed through pre lim inary tre at m ent of scree nrng
and gri t re m ova l. Pre lim inary treatment is u tili ze d to p ro tect pu m ps and pipes

d ownst ream from bein g h a rm ed h y large arti c les a nd ab rasives wh ich are
often fou nd in sewage. Next, pr im ary sedi m e n tation is prov ided to remove
relative ly large or gan ic sol ids . T he fo llow ing ste p IS biologica l o x idatio n in
wh ich a large qu anti ty of mic roorgan isms is c o ntacted w ith t he sewage in an
ae robi c e nvi ronillent, In this step , th e mi cro bes co nve rt th e soluble and
colloidal orga nics p ro d uci ng settl ea ble mass es o f microbes p lus c arbon
di o xide and w ate r. Two syste ms w hich a re used fo r bio logi ca l ox id at io n are
th e t rickl ing f il te r an d act ivated sl udge . The m icro bes w hi ch are act ive in b io
logica l o xidat io n settl e by gravity from th e flow in t he secondary se d ime n ta
ti on ta nk sin ce t hey can n o t be disch arged with th e e ff lu e nt. So me are re

cyc led to th e ent rance of th e b iolog ical o x ida tion p rocess in o rd e r to
ma in tain an ad equate pop ul atio n in th is u n it, t he remainde r are sen t to the
slu dge hand llll g sect ion . Af te r pass age t hro ugh t he sec o nd ary sedimentation
tank the fl ow is di sin fect ed, usu ally by th e app li cation of ch lorin e , and
di sc harge d . No atte mpt is mad e t o ster ili ze t he e ffl uen t since a ll that is re

qu ired is de structio n of pathoge ns (disease produc ing bacteria ). Most
pat hoge ns are more susce pt ib le t o t he e ffe c ts of ch e m ica l dis infec ta n t s than
th e non- pat ho gens. It is im po rt a n t to note t h at the m ic ro bes w hi ch function
in the biologica l oxi d at ion process are non -pathoge ns .

When c o nside ri ng the cost and effec ti ve ness of waste treatm ent tech
no logy, slu d ge dis posa l is ofte n overlo o ked . Th is is un for tu na te as up to half
the co st o f the con ventio nal treatmen t tra in c an be cha rged to sludge hand
lin g and di spo sal. Slud ge is a th ic k su spens ion of organ ic soli ds w hich is drawn
from th e bo tto m o f the p r ima ry and seco nd a ry sed imentation t an ks , Disposal
usua lly invo lves tw o steps , t he first of wh ich is dew ate ring, Dew ate ring is
ge ne ral ly necessary beca use t he cost of the second ste p " ul t im ate d isposal " is
p ropo rt iona l t o th e vol u m e o f the sl udge . Unfortua nte ly, sludge is usually
di fficult to d ewate r un less che micals are ad d ed and /or it is SUbjec ted to
an ae robi c biol ogical treatment. Th e liquid removed d u rin g t he dewatering
st e p is refe rred to as su pernata n t an d is usuall y recycl ed to t he initial portion
of the treat me nt p lant , i. e., pa th from 6 to 1- 2 in Fi gu re 2 .1 .

Am o ng t he methods emp loyed for ul t im ate d isposa l are lan df ill, land
spread ing, in cine ration , wet o x id at ion and pro cessi ng fo r recove ry of useful
byproducts. At pre se nt, resea rch in ult imate d isposal is ai med at red uct io n of
cost s of envi ro nme n t a ll y acce ptab le u lt im ate d isp osal m ethods.

T a ble 2_1 illustra tes t he pe rfo rmance w hi c h ca n be ex pect ed of a typi

cal we ll-operated co nve ntio na l treatme nt pla nt. Th e resu lts have been
p resented both as perce nt re m oval and ty p ica l e ff luen t cha racteri st ics. This
t y pe of plan t can not provide significa nt remova l o f p hosph orus, nitrogen or
sa lts. Su spended solids, organi c re moval and microol-gan ism removal are
signifi can t .

Bio lo gical- Phy sical Treatment
T he in a bi lity of gravity sedi m entation in the final cl a rifie rs to remove

smal l, light pa rtic les places a lim it on th e ca pa b ility o f con ve nti ona l treatment
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TYPICAL PERFORMANCE - CONVE N 'I"ION AL TRE A TMENT

EH'LUENT
I+-'++--1---"--'-W £I Q

'~'A5H-WAHR JfTS

Typical hi!cros((amo,' : ; :II(

r/ r IJ In S ;,dong t e <lXIS and th~n p ass!:!> through the i- ler cloth wh r.b 10/:''115 the

elWin surfilCI2. rliler rat~~ ilf(' s'x to IGI"\ 9,lllon$ per Illlllufe pG: ~C1ll<lre (ora

Wl\ h h~iid d ,fferen !;al at ·,:l)(), . ' SiX 'fll.: h e,. of witter Control of headlo" i~

obt.ain cd by w.1shing lrl sOlids rom th e screen <IS t!',al pOrllOI"l 1)1 the , c.t'er,
«(ltilte < tr) th e top 01 the ()e "i c(' 1he b ack. flow liqUId '.h.;h ilrgus lO iJ tlO 1!)1l
I the to w dor of' th e drum from wh ic'h it is rt'cycled 10 :Ile S~( li m(jfltd\lU"

1),'\11\ lJl Ir riV io let ligh I mounted above th\, ~ (:rc ~n :~ u:;t(.l l'l PI(~VCIl I \' IOIOg 'Cill

l}roW III f1'011'1 blinc! iI g Ihe screen.

FIGURE 2,3
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FIGURE 21

r,,-l1'" 2.\

1,) reduce ;lISp~"dlld so lid s and BOD in the lr(;'alm Cl\ t of WiJs t~wilt<;r. The
",u,~1 rlil1Qp. o f Ih i III it i. -naical Ii by the 1i !1( ms ,)res n red f or typical
dl luen c haracteristiCs In Table 2.1. In egration 0 1 a better li (.;:l !d-so l id
sepllf3t' on de'l lce Ifl l :he trea trnenl sche.,me is Ihu\ (H1e method of li p (jri)(I II'1 ':l'

con ven110n,)1 treilt lTlent. F,gw t! 2.? Ill ustrates the SImplest tYpe of adv.'Inwd
WflHe Ir allnl)n\. tho blolo~" ca l · pilysl(; ,,1 t rl'J atm ent sy stem . This sYS t P.l11; .,

'(h-: nIICJI (0 the con\·('lI l1o".-li u "atrn <) l'lt system Wltli l l'~ e xceptio" 01 11',.;

prov 'S lon 0 t .n add" lonal 501lds f(~ rno"ill s cp aft9r' So'co ll rl ary ;ed,mt:'ntatior"l .

Th ree IV PP.S 01 $y~l~rn~ ha,\' heen U\llrl~\ JV LI<et;1 to u pgr~(lc '-h e performance of
COlwe nlI on,,1 SV"1( --- ,; m IcrO;{rCtHlers, d eep Iy'~d 1i1 tra lion a.d ch em ical
I I e al rt1en l.

MtcroHr:lil1ers. The sjll\l'le~l ~vstcm is the micro~lIa il1el. i1111~tratcd

III Fi gu re 2.3 , M ,c r m U'<Jlll')(S ar': rot~(i n drums 0 11 which Wl'V>";(\ lii( ~l r;lbrr c~ ,

U uilllv of .1 ~ i n l ~s s ,tet'l. m .' I11(), ,,,\(,(1 tflcom i n~,1 W~ lp.w~ter flows 11 \ to th l!
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Tabla 2.3

Chemical Treatrnem. Suspended solids ilnd BOD removal .1V"'$ a
rnicrosttai ne l 01' deep bed filter will r<\rely ~)(cep.d 80 percent beCiluse l hes~

procp.sses cannOt rtHTlO\ie c o llo idal matt er from waSl~Wdler. Chemical CO'H;jLl·

i<ltlon I) Ihe onry f~ a$ibl e nwthl)(l fo r removal oi <~oll()IlJ.\. 1(1 Ihis prOCCSi
chemicals a dded to the waStew ate r i!ntrap t ile colloj(ls i to a f:oc whi ch ( elr)

then be removed by sed im entat ion or f ilt rat iOr) . A la rge v ilt iely of ChN 1<<: 111

dgfJnts have ~en lounv us~ful as co agul,m ts , the se In clud e sai lS of li on .
Idlts oj al umil1 l) lll, I:rnc :<nd orga nic pol yme rs. In addition t<l removi ll9
colloids. Ch p.1l1ical tri~31.':'l0r\t will coagu la te the SU~Jlr:nde(j solids in s('wag ~

lorl1ling large, dense flo(;$ which are 3rne nab le to H)r'nOv,l l by sedimentat ion

CI em icill treatm ent itself only lencJs 10 entrap or cOil~lIlate coll Oids ,ll'ld
lusp~nd<>d ulid s. Rc.noval 01 these coagu la ted itnpun le s requir E'S liqU Id'

52-: 'j

~(l

t ; 1

BOO
% RemOVAl

r l1'tt"I ~""""""'-

' 4 .. ·--UItlJ6ftlln

t'-Nr _I

72- 9 t
70
4$

85

Suspenclerl Solids
% Re",ov"l

. ~i ·~4

2-6

Flow R~I"
~l/miJ1/s.q. fl.

DEEP BE D Fll TRATION - SECONDARY EFFlU(NT

FIGURE 2.4

LUlnn. Eng.

CniC,;t~fl. Illinoi$
l os A"' \l'l"~~. Ca l" e,,,,,,,
r ,.(lor. r, ' \glfl l\ d

SCle-en Su~ Suspended Solids aOD
Loc.>lion MlCfOrl,s % Removal 'I., RerMv.1

LUI"''. Ell,! .3~ 5 30
R,,,,,<.· ktlj.~ ) I . Er ~ :lb 66 32

Ch"' U0f) , II , n '/1 7/l

nl.)rY'l~".:'IOfl. O n 1 n 5J ~4

MlcrOSI(rllrllr'g IS ftm diJrnel1tally 3 scrCe:l1lng process, thus the perform
ance is a fUnGllOIl of _\crr~en sizr, . Table 2.2 illu~r.rates tI ll s effect. It can be

see n t, .ar ~" ')S I;jI'\tiJI improvement in effluen t C;h<Jl',lC1 P' r1stICS can be obta in erJ
hy IIl;s I ~d n'<\\I<o_ tlOD Il>tn oval c losel y paralle \ " .lS p (>noJe(i solids l" r!l o\l~1

J~ rn()~1 0 1 :h" BOO ~!.x "J(<:d by a convelll ;onaJ pl "m t r.f! lueIH i ~ due to bio IOl)I
cal tloc which escaped removal In the second ary tank . An cxt~lI~IYe stlidy Q1

microsrra iners was conduc ted in Chicago : based on th is study J f,h"en n 1111 011

ljallons per dilY plant was designed ,lI1d " nOll'lbeing Iflq;) lled.

T~bt8 :1 2

MICROSTAAINER PEAFORM.'1"JCE ON SeCONDARY EFFLUENT

Deep Bed Filtt ,,:ion, A Wnlt!\.·, lilt more c05tly but more ,'ellable lJ()

9r;)(.!tng lech lll(j ll C i~ th" lI~e of cI~p.(} bed h ll ralioll. A ty p ici'll dectl'bed ii l t ~r

inst.:llk·1.'OIl 's shoV\ .- ,n F ' 'lure 2 4 . In th is technique, the wasteW(ll er i~ IU/\

~ I !W(' 10 Ie') gallons per , inVle pN square loot thr ough ~ev f;r al ieet of a

granul ilr m ille'lal wherein ine suspend ed solids aTf~ deposited. MOl! 0 f tl';·

removal :ak es p lace on t he surfaces ot the grains rathe r lhall in the bed Dore~.

The "ccllnlul ation of SOl ids III the bed even wally produces (In C'l<CeSSlVe

pressure (ltop. At this point, he liltr<lt' ion run is term inated, anl.l Illl: bed
is clcaned. Cle fl ni n~ <Jlways i nvolve~ ill1 upwdro flow of wat~r lit :) rale $(;' Ii ·
cicllt 10 ~xpand th med Ia. thus allOW ing for n~moval of the entr<lpped floc.
In ad"" ::>n, an air scour and/or 8 watt'r jet surface w ash m<l'l IJe ern\lloyed
10 I'f'move ~()l i ds w h ich adhere to the gl;l in s, T~.~ nature of w~stC"'I.:;ter Ioc
, ~ sllch (11J[ it is almost mandatory for a ir scour or SlI rf;Jcl? wash to su pple

ment norm al WDII~r hackwash i n ordrlr to achieve :lr1eqv ~ le cl eaning.
F ill el l nedi,l ran9C~ in size trom ten mesh 10 80 mesh and unt il recenl '"

onl'yl a :ilnglc t '/oc of medic: has b~,~n empioyr.c.I. After llar.kwash , howev~r.

a sin!Jlr m~dlum filter I~ gri:lded with thl! srJ'Ia lleSl SWl part ic les at the surface .
Thl, feS\fH': IS f1.:r;lli()/1 to the tOP lilyers o f the lll'C:1. To coun te ract this effect,
dUill 'l1l e rl~a or 11i1Ilti·medid f ll tel beds M now corning irHO u:;e. These em p loy

granular m~tt'rr~l~ of such sizes and speci fic «;tra'lI lle s tha t after backwash
the coarser material IS always 3t thlt tOP of Ihe flitr:r Tyrical combin '3t iOIlS

are coarse coal imd fine Sand or coarse coal. medium sand and fi:le garne t.
These neW combinations allow rnlJch longer filler runs ill higher flow ra tes

,han slrl(!ll~ n ediulll system~.

TVPl c ~1 r>cdOfn1~nC~ of deen-bed filter syst~'ms fo r l(earmenl "f
Se(one-dfY P.!f IUt'111 I~ !ll\l~n In Table 23. Removal" (If p o llutants il re only

sl,ghtl'l bet ter than w ith m:Cfostrainers, but dep.p·be<t f il ters react well t.o

~hock loads.
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so lid separatio n techniques. Consequently, a system whi ch em pl oys chemi cal
treatment for upgradin g can be Qu ite sim ple or quite complex depe ndi ng
on the degree of remova l and relia bility desired.

The si m plest system w ould have che mi cal add it ion and flocc ulat ion
be tween th e biolog ical ox id at ion un it and the seconda ry tank. A more
comprehensive syste m wou ld employ the system above w it h a d ee p'bed
filt e r fo ll owing secondary sed im entation. The m ost complex system , wh ich
is ill ustrated in Figu re 2.5 , provides che m ical addit io n, floccu lati on, sed imen
tation and deep-bed fi ltratio n aft e r th e seco nda ry sedimentatio n step. it wil l
be noted that a microstrainer is not incl uded in any of th ese f low schemes
because it does no t perform well wi th a chemica l f loc .

- LIQUID fLbN

- - SL UDGE fl OW
- CARBON flOW

CO AG UANT
.-- --. -; d ~ "" r--" -"

~t:1fT, 9 r
1 PRELIMINARY TREATM ENT
2. PRIMARY SEDIMENTA TIO N
3. BIOLOGI CA L OXID ATION
4. SECO NDARY SE DIME NTATION
5. OPTIO NA L BIO LOG IC Al NIT RO GEN REM OVAl
6. CO AGUL ATIO N flOCCUL ATION
7. SEDIME NTATIO N
B. FIL TR ATION
9 OPTI O AL P·C NIT ROGEN RE MO VAl

10 . CA RBO N AD SORP TION
11. DISINfECTION
12 SLUD GE DEWA TER IN G
13 . ULTIMA TE SL UD GE DI SPOS AL
14 . CAR BON REG EN ERATION

Biological- Chemical-Physical Treatment System - Primary,
Secondary and Tertiary

Phosphor us Remo val
The key rol e of phosphorus in the process of eutrophication (aging

of lakes and impoundments) has been known for many years. Hovvc'ler,
until rece ntl y, eutrophicat ion of the Isl and's waterways was not a sig ni fican t
prob lem . Consequently, control of the ph osphorus leve l in st ream s and lakes
was not consid ered an important pollutio n control pro blem. Since th e end
of Wo rld War II. however , t he rate o f eutrophi cat ion has increased to t he
poin t where it is a major wate r quality p roblem . Although other nutrients
playa role in eutrop hication, rece nt a rt icles have indi cated tha t much of the
recent increase in eu tro phicati on rate is linked to sig nificant increases in
phosphorus discharges to rivers and lakes . Virtually a ll of the increase in
phosphorus discharge is d ue to the activities of man and can be termed
cultural eut ro phicat ion.

The major sources of phosphorus contributing to eu trophicat ion are
domestic se wage and agricultural runoff. Domestic sewage is the primary
source in critica l areas . Phosphorus gains entrance to sewage from human
body waste s (primarily urine) and through the use of condensed inorganic
phosphate compounds from detergents. Each o f the se so urces accounts
for abou t half of the ph osphorus in dom estic sewage. Treatment of domestic
sewage to remove a signifi cant port ion of the phosphorus contributed by
human wastes and detergents wo uld have a significant effect on eutrophica·
t ion rate.

FIGURE 2.6
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Typical Flow Diagram of Clarification SystemFIGU RE 2.5

Tertia ry Treatme nt
The term terti ary t reatment causes some con fus io n in that it has a

var iety of meanings. In the genera l se nse , it represe nts any stage of treatmen t
or any treatment step app lied aft e r secondary treatment. This defin ition
encompasses most o f the unit operations and processes discu ssed in this
chapter , In a more restricted sense, it represents a spec if ic combinati on of
treatme nt p rocedures applied after secondary treatment. In this res tricted
sense, tertiary treatmen t is the combination of chem ical coagu latio n, fl occu
lati on, sed imenta t ion, deep-bed filt ratio n and ac t ivated car bon adsor ptio n
Ni t rogen removal proced ures are opti o nal in t his tre atm ent train. Figure 2.6
ill u strates prima ry , second ary and tertia ry trea t m ent (restricted sense ) com
bi ned together into a ystem which provides bio logica l, phys ical and chemical
tre atme nt.

The ult im ate goal of the combinat ion of all t hese t reatment proce·
dures is to produce renovated wastewater, i.e., wastewater wh ich can be
reused.
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c an m arked ly upg rad e perfo rma nce of a t reatment p lant . T h is resu lts fro m
coagUl ation of org ani c suspended and c oH o ida l so lid s b y t he che m ical s ad ded
to p rec ipitate phos ph oru s.

Fi gure 2 .7 illustrates a co nventional treatment p lan t w ith th e three
genera l sect ion s in w hich phos phor us re moval can be ca rr ied o u t , Chem ica ls
can be ad d ed eit he r jus t before the p r im ar y tan k w ith re m ov al tak ing p lace
in the p l' ima ry ; in the secon d ary (b io logica l) sec t io n o f the pla n t wit h re mov al
in th e seco nd a ry sedimentation tank ; or in a te l,tiar y stage as was discussed in
t he section o n suspended sol id s remova l.
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Phosphorus Remova l in Con ve nt ional Treat ment. Remova l of an
pollutant from wastewate r req u ires that it be conve rte d to e ither a n insolu b l
gas or an in so luble solid. Because n on e of th e chem ically sta b le form s 0

phospho ru s is a gas at norma l t e m pera ture an d p ressure, removal fr om w aste
vvater is dependent on forma t io n o n an inso lubl e so lid. Less th an ten pe rce n
of the phosphorus disch arged to muni cipa l sewerage systems is in solubl e an
n on e of t he convent io nal treatmen t techn iques is pa rt icularl y effecti ve i
in so lubili zing this n u tr ie nt . Thus, p hosph o rus re moval in conventional treat
ment sy ste ms is relati ve ly poor. Pr im ary t reatme n t can rem ove only the t e n
pe rcent o f t he ph ospho rus whi ch is in itiall y insolubl e . Du rin g seco nda r
trea tment , phosph o ru s rem ov al is achi eved by syn thesis into t he bio m as
fol lowed by se dim entatio n and sludge wast in g. However , mun ic ipal sewage

conta in s a considerab le excess o f phospho rus o ve r that req u ired fo r b iomass
synth es is du ring complete u ti lizati on o f t he or ganic carbon prese nt; thus,
removals are ge ne rall y li m ited t o twenty to fort y percent. Studies ind ica te
that biolog ical systems have the capaci ty fo r mu ch high e r rem ovals through

the mech ani sm of "luxury upta ke ." Howeve r, attem pts t o impl emen t t hi s
phenomenon in ac tua l pla nts have not bee n successful.

Phosphorus Remova l by Chemica l Preci pit at ion . Fortun ate ly , phos'
phorus form s esse nti a lly com plete ly insolu ble p recip ita tes w it h a numbe r of
su bstances, thu s h igh leve ls o f re moval can be ob tained w hen ap p ro priate
doses of th e pro per che mic al s a re applied. A la rge vari e t y of chem icals c an
be uti lized for th is pu rpose bu t economic fact ors di c tate the use of salts o f
iron , sa lts of alu m inum or lim e . In se lecti ng t he chem ic al for use at an y
particular site, t he fa c to rs li sted in Tab le 2.4 should be tak en into acco un t.

Table 2.4

FACTORS AFFECT ING CH OICE OF CHEMICAL
FOR PHOSPHORUS REMOV A L

Inf luent Ph osphoru s Leve l

Wastewater Suspended Solid s and A lkali n ity

Chem ical Cost Including T ransporta ti on

Reliabilit y of Chem ical Supply

Sludge Hand l ing Fac ilities

Ul tima te Disposa l Meth ods

Cam patib il ity with Ot her Treatment Processes in Plant

Potentia l Adverse Enviro nmental Eff ect s

Phosph orus re m ova l is ac hieved by precip it ati on k,llowe d by liquid
solids separation . For t he most pan, t he usual liguid,solids se parat ion equi p
ment in a treatme nt pl an t can be uti lized for ph osph o rus removal. Th is re su lt
in a considerable sav in gs in capital as we ll as integratio n of phospho ru
rem o val into conven t io nal trea tmen t plant o peration. In addi tion, it ha

been fo und tha t th e use o f chemical preci pitants in co nven ti o na l t reatm en

Table 2,5 illu st rates ty p ic al resul ts obtained with p hosphorus remova l
in the p rim ary, seconda ry o r ter t iary . As can be seen , good remova ls are
o bta ined in al l sections ; h owever , t he lowest levels of phosphorus re m 1lining

a re achieved in th e t e rti a ry add iti on . One reason for thi s is that a fi lte r is
us ual ly in cluded in the ter tiary pl a nt, thus better removal o f fi ne precipi tate s
is ach ieved . In addition, wh en the f lo w re ches th is sec ti on of th e plant
all the complex phosphor us forms w h ic h are m ore d ifficult to p reci pi ta te
h ave been h ydro lyzed to o rth ophosp hate which is the easiest t o precipitate .

In pl a nts w here re mova l in the primary phase was practiced , a m a jor
effect to no te is the sign ifican t in crease in 800 and suspended so lids re mova l
ach ieved ov e r the rem o val u sual ly obtained in t he primary t an k . This m ay
be im porta nt in he lping to m ee t w ater q ua lity standa rds for BO D an d sus·
pend ed solids jf t he treatm en t p lant is over lo aded .

In plants w here the chem ica l is added ill t he secondary section. it has
been obse rved th at much mo re stab le o pe ra t ion of the act ivated slU dge is
obtained tha n be fore chemical add it ion . T he effect of t he chemic al is to
we igh t he slud ge dow n, p reventing it s loss when a fi lamentous or d ispersed
growth predom inates . Even in p lants wh ich have h is to rically e xhibi ted
exce ll e nt perform an ce chem ical add it ion has im p ro ved performance b y



helpin g mai n tai n a higher concentration of act iv ated sl Udge in the ae rat io n
tank _ It has been fou nd best to add the chemical between the b iologica l
reactor- and the final sed ime ntati on tank rathe r than at the head end of the
seconda ry tank .

Tab le 2.6

ULT IMAT E OX YGEN D EMAND
IN RAW AN D SECONDA RY T REATED DOM ESTI C SEWAG E

Tab le 2.5

PHOSPHORUS REMOV AL EXPERIENCE

Place

PR IMARY

Chem ica l
P

% Removal Eff luent
BOD S.S.

% Removal % Remova l

Raw Treated
Component mg / l mg/l % Removal

Organ ic Matter 250 25 90

Organic Oxygen Dema nd (BODI 375 3 7 90

Ammonia-N 25 20 20

Ni troge n Oxy gen Demand 1 12 90 21

T otal BOD 487 127 74

Nit roge n Cont rol
Nitrogen can ex ist in the aq uatic envi ron ment in any one of four

forms : o rganic -N, ammo ni a- N, n itri te- N and n itrate-N o In sewage it is found
pr imar il y in the fi rst two fo rms. In nature , biol ogi cally med iated reacti ons
convert organic-N to ammon ia· N which in turn is biologicall y oxi d ized to
nitri te- N and nit r-a te-N.

Two majo r wate r qu al ity object ives of nitroge n cont ro l are to preve nt
excessive build-up of nitrates in drin king wa te r and de plet ion of the disso lved
oxygen resources of streams by the b iolog ical oxid ation o f amm on ia- N to
n itrate-N o Table 2.6 shows the si gn ificance of the nitroge n ')::,/gen dem and
(NO D) of a wastewa ter by comparison o f the oxyge n demand of raw waste
wate r to a we ll -treated second ary ef fluent. These daTa illustrate that 90
percent rem ova l of organ ic oxygen deman d (B OD) only results in a 74
percen t removal of the total bi ologica l oxygen dem and (TBOD). Nit rogen
con tro l is a lso importan t because ammoni a-N exer ts a chlor ine demand which
red uces dis infect ion effi c iency , is toxic to fish and other aq uat ic life and
sti mulates corrosio n of copper pl umbi ng.

The le as t ex pens ive meth od of preve nting these adverse actions is to

carry ou t the biologica l oxid at ion to ni tra te unde r controlled conditions in
The tr eat ment plan t . Contro l of ammo nia-N is possible by altering the

Nassau Cou nty . N .Y . Alu m

Lake Tahoe. Cali f . Lime

Lebanon, Oh io Lime

Grayl ing. Mic h igan

Washington. D .C.
Mentor . Ohio

SE CON DA R Y

Pomona . Cal ifornia

Manassas. Vi rgi nia

Richardson. T exas

T ERT IARY

FeCI2
L ime

Pick le Liquor

Al um

Alum

72
95

835

80-93

44
045

1.0
0_5-0.75

0. 08
0 .14

0.1-05

78
82
59

58
88
74

ope ration of convent io nal activated sl udge to provide for a significant degree
of nitri ficat ion. The modif icatio ns involve increases in aeration ra te , contact
ti me and slu dge age, and mainte nance of the pH at 8. 0- 8.4. The latter is
qu ite importa nt in vi ew of the te ndency of the nitr if icati on reaction to

lower the pH . These reactio ns are qu ite te mpe rature sensi ti ve showing signifi
cant rate dec reases as the temperature d rops below 18° Centr igrade. As the
temperatu re decreases, contact t ime and sl udge age must be increased to
com pensate for the reduced reaction rates. Of al l the factors listed above,
sludge age is the most si gnif icant as it can be used to control the population
of nit r ifi e rs mainta ined in the sy stem .

At low te mperatu res and when a si gnificant diurnal fl ow variation
ex ists, its has been foun d difficu lt to ma intai n both organic car bon oxidation
and nitrifica t io n in a single reactor. In such situa ti ons, a tvvo-stage system
employing orga nic carbon oxidat ion in t he first stage foll owed by a nitrifi
cation st age has shown signi fi can t super-iority of perfo rmance. Separate
sed imenta t ion and sl udge recyc le is em ployed with each stage. This system
ex hibi ts much greate r stabi lity of performance because conditions in each
stage can be establis hed to fa vor the speci fic ty pes of organisms desired in
that stage .

Ni tr ifi cation of sewage may not be suff ic ient for nit ro gen control in
some instances because an excess of nit rate in water wi II d isq ual i fy it from
use as a potabl e water supply and because nitrogen in any form can serve
as an algal nut ri ent. Phospho rus usual ly is the cont ro lling nutrient in fresh
waters whereas nitl'oge n ap pears to con tro l within some estuarin e environ
ments. Areas where ni t rogen is the controlling nutri ent in cl ude San Francisco
Bay, Lake Tahoe, the Powmac Estu ary and Long Islan d . Removal of various
forms of nitrogen fr om wastewater can be achieved by both biological and
phy sical-chemical means .

Biologicai Denitrification. Under an aero bic conditions facultative
heterotroph, will u t ilize nitrate ion as a hydro gen acceptor for the degrada
tion of organic matte r.

The end product of the nitrogen reduction is nit rogen gas which is
essentially insoluble in water. Thus, a combin at ion of nitrification followed
by den itrification can achieve nitr-oge n removal fro m wastewater.
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A three-stage biolog ical system has bee n develo pe -I to provide nitrogen
removal . The first stage is a high rate short aeratio n t ime (approxi mately
t wo hours) bi o logical reactor for organic carbon oxidatio n, and hydrolysis
o f organ ic n it rogen to ammo ni a. T he second stage provides ap pro xi mately
three h ou rs of de te nt ion and ach ieves essential ly complete ni t ri fi ca t io n .
The third stage is for d eni t ri fi cation o f ni rate to n itrogen gas. An o rga nic
source must be add ed to the t hi rd stage to fo rce the d en it ri f icati on reacti on
to take place. A va ri et y of substances has been eval uated fo r this use and
methanol has bee n found to be far su perior to al l others . It is rel ati ve ly
inexpensive , reac ts rapidly and provirl es o nly a mi nimum o f energy for
growth of new organi sms . A diagram illus trating th is sy stem is given in Figu re
2.8. Three alternate co ntactors are ill us t rated in t he d enitrifica t ion stage .
Contactor I is a su spended growth co ntactor sim ilar to that used in the first
two stages . Solid s contro l is somewhat difficul t in this sy ste m, an d it is o fte n
followe d by a d eep-bed filter . T he othe r tw o sys tems su pp ly a co nta ct
medium o n whi ch a heavy bio logica l growth ca n d evelop . These latte r sy stems
req ui re sign if icantl y les s con tact ti me th an the three hou rs req u ired in the
suspen ded growth reacto r, and they can accep t hi gh e r hyd rau lic rates of

applicatio n w it hout fear o f a washout of organisms . Th e coarse medi um
(one to two inch es grave l) upf low syste m , requ ires a contact tim e of one
to two hou rs and may requ ire a su ppl emental filter . Th e fine medi um down -

Biofogicaf Denitrification - Th ree Stage System

Ammoni a Removal by Air Str ipp ing
Soluble amm o n ia can be a ir str ipped from wastewater by co nver ting

the ammon ium io n to t he u ni o n ized form which is th e soluble gas NH3 · This
is accom plished by li me treatmen t to precipitate phospho rus and raise the
pH o f the wastewater to about eleve n. Wastewater is b rought to t he top o f
a cooli ng tower and distributed over th e column packing. Forced air is
d rawn through the packi ng media to ex trac t the gaseous ammonia fro m the
waste ate r d ro ple ts . Pr ob lems w ith cold weather ope ratio n due to low air
tem peratures and scal e form at ion on t he tower p acking med ;a have yet to
be overcome . However, am moni a stripp ing can be an attracti ve m ethod of
nitr og n remov al because of its relati ve low cost, especially whe n chemical
cost to ra ise th e p H is also app li ed for phosp horus remova l.

Organic Carbo n Re moval
Organic su bst ances are I·emoved by most of th _ processes d isc ussed in

the previo us sect ions of th is paper . However. some of th e o rganics cannot
be removed by co agula tio n and sed imen tati on , nor are they amenable to
bi ol og ical oxid at io n. These have bee n termed refractor y organi cs. Acti vi ti es
in th e advanced was te treatmen t prog ra m were aimed at removal o f re fractory
o rga nics, and t wo meth od s with economic feasib ility were deve loped: ac ti 
vated carbon adsorpt io n and ozo nat io l1.

Recent studies have ill ustrated that th ese processes are just as applicab le
to al l ty pes o f o rgan ics present in wastewater; consequently , th ey w ill be
e m ploy ed in th e fu ture as genera l pu rpose proced ures for removal of organics

in wastewate r.

Breakpoint Chlor ination
Chlo rin e reacts with ammo nia·N to y ield a variety of amines and

ino rgan ic compounds by a vari ety o f pat hw ays . Th e reactio n requires a
t heore tical d ose o f 7.6 grams chl or ine pe r gram of ammo n ia -NoT he react ion
occu rs in a stepwise fas h ion; var ious ch loramines init ially form w h ic h in tuln

ra pidl y react with addit ional ch lorin e to yie ld ni trogen gas .

fl ow system u til izes particles as smal l as three mi llimeters in beds ten to
twen ty fee t deep . Fl ow ra te is t h at of a h ig h-rate fi lte r seven gall ons per
squ are foot Wit h a bed contac t of ten to twe n ty minute. Backwash of
the fine medi um u nits is t-eq uired once o r twice per day t o relieve c loggin g.
In all o f t he d enitr ificat ion systems discussed , essent ially complete denitrifi
catio n has been ob ta ined in pil ot-scale expe ri ments.

Most exper" e nce has bee n with the three-sl udge suspended gro th
system . [n Su ffolk County . the m ost used system for small treatment plan ts
has been extended aeration and gravi t y sand fi lter . Resu lts f rom a 100,000
gallons pe r day p ilot p lan t in Washington , D. C. are presented in Ta b le 2.7 .
This table inclu des d a ta on ph osph orus remova, as addi tion of alum to t he
fir st stage was pract iced both to mai n tain sol ids control and ac hi eve phos
pho rus removal

SANDFIlTER
OP TICN AL

111. COLU MN DENITRIFICATION
IC OARSE MED IA l

I. OP EN TANK DENITRIF ICATION
IACT IVATED SLUDGE HPE CUL TUR£l
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MODIFICATIONSOF
THE DEN IT RIF iC ATION PR OCESS
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HIGH RATE
ORGANIC SYNTHESIS

20



Table 2 .7

PE RFORM ANCE SUMMARY FOR THRE E-STAGE BIOL OG ICAL TR EATMENT
U TILIZING M IN ERAL ADDITION AN D A SUSPE NDED GROWTH REACTOR

Raw Primary Hig h-Rate Nit r if ied Denitr ified De nit r ified
Wastewater Effluent Eff luent Eff luent Effluent Ef flu e nt (filtered)

Consti t uen t mg!1 mg!l mg!1 mg!1 mg!1 mg!1

COO 320 218 64 43 44 38

O.g n.c-N 10.3 5.9 0 .8 0.4 0.4 0.2

AmmOI1.a-N 11.3 13 .7 7.7 0.6 0.3 0.4

Nltrite - 1.1 03 0_3 0.4

Nit rat -N 4.3 11.5 0.9 0.9

To tal Phosphorus 12.6 11 .9 2.8 2.6 1.5 1.1

5 .5. 157 90 88 7,1 7.1 1.7

pH (mode) 7 2 7.3 7,5 75 7 7 7.7

A ll values are averages ex.cep t pH and are based on 40 determinations.

Activated Carb o n Adsorpt ion . T he abili ty of act ivated carbon to
re m ove so lu ble o rganics from wastewater is a result of the similar ity o f the
su rf ace c he mistry of the activated ca rbo n to th a t o f the organ ic m ol ec ules.
The ab ili ty o f substan ces to adsorb organics is w id es pread; th e ch aracte ri stic
of activated carbon which m akes it uniq ue is that it has a mu ch higher
adsorption capacity t h an other mate rials. The hi gh capac ity is the resu lt o f a n
e x tensive inte rnal mic roporo lls struc ture fo rmed during the activation
p r-ocess .

A general ized activated carbon treatment p rocess is ill us tra ted in F igure
2 .9 . T he carbon and wastewa te r are contacted for a suf ic ie nt pe r iod of time
for adsorption 0 take place, then they are se parated_ Eve ntually, the cap acity
o f the ac tivated ca rbon is exh austed , and it is re moved fro m th e contact
vesse l to a rege nerat io n step . Du ring regene rat ion some of the carbo n is lost
o r consu med so make-up must be added.

Regeneration and Reuse of Activa ted CarbonFIGU RE 2.9

Co mm e rc ia l grade s of act ivated carbo n a re e ithe r granu lar (sizes e ight
by 30 mesh, or twe lve by 40 mesh ) or powde red (greate r th an 300 mesh).
Both form s have bee n fou nd esse n ti ally equival ent in th e ir abil itv to remove
organ ics, bu t each type req u ire s a di fferen t method of contacting and rege n

eration.
Granular ca rbo n is con tac ted with sewage in colu mns thro ugh which

the sewage f1o ws_ T he co lumns may be either press ure vessels or gravity
contactors; the form er provide be t te r operationa l fl exib ility, the latter are
m ore econom ical. Flow may be u pward through an ex panded bed, upward
throu gh a pac ked bed , or downwa rd th ro ugh a pac ked bed . Packed bed o per
ation prov ides fi ltration as we ll as adsorption bu t requires f requent backwash.
Upflow systems allow for period ic rem oval o f a po rt ion of th e carbon at the
base, thereby p rov idi ng cou ntercu rrent contact if( si ngl e vesse l. Howeve r,
good flo llv dis tribution is more difficult to ach ieve upfl ow th an downflow_
Col umns can be connected in series as w ith the cl inoptilolite syste m to
ach ieve coun te rcu rren co ntact. Alte rnate ly, a pa ralle l flow arrange ment
can be used to achi eve co untercu rre nt contact. With the parall e l flow arrange
men t, t he starting time in se rv ice is stagge red so that at any time one co lumn
is nea r ex hau stion , one or more othe r columns are re lati ve ly fresh and at!
o the rs are at some in-be tween stage. The flow fro m each column is b lended to

p rod uce the fi nal e ffl ue r1t.
Rega rd less of the ca n tacting cl etails, the fun d ame n lal sys t em design

pa ram eter is contac t tim e . The speci fic contact t im e to be used is a fu nction
of th e efflu en t q u ali ty de sired and the wastewate r ch arac te ri s t ics. In gener al,
it h as bee n fou nd th at as contact ti me inc reases, th e rate at w hic h organ ic
remova l takes place decrease s. A poi nt of essen t ia lly zero rem oval generally'
is loca ted be w ee n 30 minutes a nd 60 mi nu t es contact time. Contac t time is
a lw ays rated on an em pty bed basis,
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PAR TIALLY SPEN T CARBON th e dem and. Ho wever, gr anula r ca rbo n ex hib its higher p ract ical adso rption
c apaci ty, d o es not requ ire comp le x d ewa te r ing procedures pr io r to re ge nera

ti o n an d m ost im portant has been su ccessfu ll y regenerate d at ful l sca le .
Economi cs dema nd that regeneration be incor pora ted into a ll but th e sm alles t
sca le carbon ad sorp tion plants. Th us, an eng inee r d es ign in g a t rea t men t p lant
usi ng c3l' b o n ad sor p t ion would m o st like ly ch oose gr a n ula r car bo n.

Extens ive process in g experience has bee n o btain ed w ith the use o f
ac tivated carbon for treatment of wa stewate r afte r biologica l trea tmen t
(ter t ia ry appli c ati on). Data fr om a nu m be r o f fac ilit ies ar e su mma ri zed in
T abl e 2. 8 . It c an be see n tha t o rganic re moval in th e ran ge of 70 percent
to 80 pe rce n t wa s obtai ned . Thi s is typical of the ca pabili ty of activ ated
",ar bon for o rga nic rem ov al from sewage . Data on adsor p t ion cap aci ty indi
c ates a considerable sp re ad , 0.25 to 0 .87 pounds COD per p o und activa ted
c al·bon . T hi s cons id er ab le sp read occu rs because c ar bon capac ity is a fun ct io n

o f des ired eff lue nt qual ity an d influent o rg anic concent rat io n. Most signifi
c an t, howeve r, is tha t in all c ases the c apac ity was si gnif icant ly h ighe r t han
th at p ro jec te d by an ad sorption isoth e rm test . Bio log ical acti vity on t he

ca rbon is the p rim a ry ex p la nat ion of t h e sign ifi ca ntly hig her ca pac ity ob

tai n ed . It is the o r ized th at partial rege nera tion in sit u is accom plis hed !)y

b iological ac ti o n . Na t urall y , thi s h as had a favorable impact on th e econ om ics
of carbon adso rpti on .
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FIG URE 2.12 F!ow Diagram Two-Stage Countercurrent Po wdered
Activated Carhon System
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Table 2.8

ACTIVAT ED CARBON TREATMEN T
OF WASTE WATE R TERTIARY A PPLICATION

Orga n ics, mg!1 Organ ics
Locat ion Carbon In Out % Removal Measurement

Pomo na GrarH Jlar 43 10 77 CO D
Co lo rad o Springs Gran u lar 4 3 13 70 TO C
S. Lake Ta hoe Gran u la r 12 3 75 TOC
Lebanon Powdered 20 4 80 Toe
T uc son Powde red 27 7. 5 725 COD

FI GUR E 2.13 Thermal Regenera tion Powdered Carbon F!ow Diagram

feasib ility of thi s regeneration scheme with losse s averagin g fiftee n pe l-ce nt .

A large l' ve rsion of th is fur n ace is now being evaluated at Salt Lake Ci t y.

Both granu lar carbon an d powdered ca rbon contact are excell e n t

processes fo r organics rem oval f rom wast ewate r. Pow de red c arb o n processes
have ad vantages over gra n ula r car b o n in t h at powde red ca rbon is ch ea pe r
than gra nul a r carbo n (ten cents vs. 30 ce nts per pou nd); powd ered carbon

pl ants requ ire a m u ch sm alle r carbon in ven t ory and ca n be dosed to meet

The process d eSign fOI carbon treat ment has had to be adj us ted to take
acco unt of b io logical ac tion. Fo r example, only a n or m al u pfloVl' backwash

was provid ed in ea rly gl-an ular c ar bo n co ntac to r d e sign. T h is was found to

b e inadequate to insure c lean ing of the ca rbo n col u mn so ai r scour and

su rface w ash are frequ e ntly ad d ed. In add it io n , more f reque n t back wash (at
le ast once per d ay) must be p lan ned fo r in des ign . Un d e r heavy load , carbon
col um ns become se p tic and hydrogen sulfide is pro duced . Ael'ation of the
feed m ay be required o r e xt ra-ch lor ina t io n to oxidize t he e fflu ent sulfide may
be needed . Under he avy lo ad , e xpa nd ed bed opera ti on bec om es superior to

packed bed s because clogging is less of a proble m an d aeration is easier to
acco mpl ish.
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Powd e red ca rbo n con tac t d esi gn hCi S also bee n a ffected by the rea liza
t ion that bi o log ica l ac ti on m ay oc cur. It has I'ecen t ly been illustr a ted th at
wh en e x tensiv e bi o logical ac ti o n IS e ncouraged , only one ca rbon contactin g
stage is required rathe r th an two to ach ieve h igh adsorpt ion ca pac ity .

Physical-Chemica l Trea tment. Phys ical-c hem ical trea tmen t of raw w aste
wa t er or m o re acc u ratel y ch em ic al c lar ificat ion - c a rbon ad so rption w as f irst
evalu ate d as a tr ea tm ent tec h n iq ue o ver three decad es ago . It w as found to
produce a goo d qu ality effl uent bu t at a cost greater than co nventio n al
pro cessin g. The recen t u pgrading of water qu ali ty st andard s has br o ugh t
th is t reat me nt sch em e c lo ser to eco nomic viabi lity because it can p rodu ce an
e ffluent su pe r io r to con ve n t ion al processi ng. In add iti on, t he develop ments
discussed above in carbon adsorpti on techni q ue s have ten d ed to lower t, e
cos t of physical-c hem ical t reatm e nt. F ina ll y, removals ach ieved b y chem ic al
clari fication have bee n h igher than anticipated w h ich has also had a favorable
effect o n physical -chemica l treatm ent costs.

F igure 2.14 is a gtmera l di agram of t he c lar if icati on carbon t reatment
syste m. Fo llowi ng the standa rd tv P of p reli m ina ry t rea t me n t , the waste is
dosed wit h c he m ical su f fi c ie nt to ach ieve the d es ired level of suspen d ed so lid s
and /or org:iIlic s and /or p hosph o rus re m oval required . The same chem ica ls
a re lIsed as fo r phosp horus I'emoval in the p rimary. Significan t re movals of

RAW

SEWAGE

PRELIMINARY

TRUTMUH

CO AGUL ANT

t
CLAR IF ICA TlON

organ ics. suspend ed so lids an d p hosphor us a re obtained b y c hemical c la rif ica ·
tion as illu st rated in T able 2 9. Espe c ially sign ifica n t is the organ ic remova l

wh ich is h ighe r th an \,Ivo ul d be e xpected fr o m c o mplete rem oval o f suspended
so li d s. T h is ex tra rem oval is due to coagu lation and p o ssib le chemical adsor p
ti o n of col loida l and sol u ble organ ics . Up to 50 percen t of the "solubl e"
organics in sewage m ay be rem ov ab le by c he m ical coagulation .

Tab le 2 .9

ACHIEVEM ENTS OF CH EM ICA L CLA R IF ICATI ON

Orga nic S.S . Remova l P Re m oval
Plant Chemica l Rem oval % % %

Ewing· Lawrence 170 mg/ I FeCI3 80 9 5 90

New Rochelle (ZM l Lime pH 1 1 5 80 9 8 98
Westga te. V irginia 125 mg /I Fe CI3 70

Sal t L <J ke City 80- 100 mg/I Fe CI3 75 80

Bl ue Pla ins Lim e pH 11.5 80 90 95

Afte r cl a ri fi ca t ion is c o m p le te , th e w astewater is passed to til e c arbo n
adsorp t io n ste p for com pl e t io n of the remova l of so lub le organic ' . T able 2 .10
give s data from a nu mb er of pl ants w h ich Indicate th a t ve ry good q uality
e ff luen ts can be obta ined as we ll as h igh car bo n adsorpt ion ca pac it y. As indi
cat ed p re vi ously, th is is the resul t o f biologi c al action on t he ca rbon . In
physical-chem ical trea t me nt syste ms, the carbon is subjec ted t o a heav ier
loa d tha n in tertia ry p la nts , t hus extra care in design m ust be take n t o in sure
that the disad va ntageous ie atu res o f b io log ica l actio n o n carbo n can be

m itigat ed .

FIG UR E 2.14 Flow Diagram of a Physica/·Chemical Treatment System

- MAKE ·UP CARBON

T ab le 2.10

Fil t rati on is p rese nt ed as an o ptional step in Figure 2 .14 , b u t it w ould
be w ise to inc lud e it in the t reatm en t sche m e . Filtra t ion acts as the safety
factor in th e so li d s re m o val step ; th erefore , its use ca n bri ng a high d egree of

re lia bil ity to th e t re a tm ent sc he me. In ad d iti on , it can be used t o prevent an
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over lo ad of so lids on the carbon which could foster ex cessive bio logica l
action . Th e positioning of the fi lte r pr ior to or after the ca rb on contact IS

d ict ated by th e method of carbon contact . Expanded bed and powdered
carbo n systems u sua lly requ ire filtrati on after t he carbo n step . Packed bed
syste ms w il l benefi t from fi ltr ati on befo re the carbon .

Tables 2.1 1, 2 .12 and Figure 2. 15 provide informatio n on t he perform
ance of three physical-chemical tl"eatment pilo t plants . Th ese data il lust rate
rem ovals at va rious stages of treatmen t for a variety of po llutants. The Blue
Plai ns d ata includ e nitrogen removal by clinoptilol ite .

Table 2 .12

ROCK Y RIVER WAST E TRE A TMENT PLAN T
CLARIF ICATION-CARBON PROC ESS

Polymer Carbon Contact Time,
Raw Clar if ication minutes % Removed

14 23.4 326
Suspended Sol ids, mgll 107 65 13 15 7 93 .3

BOD, mgl l 118 57 21 11 8 9 3 .3

COD, mgl l 235 177 67 50 44 81.3

Table 2 .11

POWDERED CARBON PILOT PL ANT OPERATING CONDITIONS

Flow Rate 50 ga l / min

Chemical 425 mgl l Li me to p H 10.8

Carbon 150 mgll + 0.4 mg/l polym er

Resu lt s

COD BOO SS P

Raw Sewage 222 144 200 7.3
Clar i fied Eff lu ent 65 47 28 1.4
F inal Eff luent 35 13 7 0.4

Tabl e 2.13 li sts the feat u res w hich physi ca l-chemical treatment has with
I-espect to con vent io nal treatme nt sys te ms. Because of t hese features and a
favorable cost comparison a numbe r o f communi ties are Dlanning physical
chemi cal treat ment syste ms.

Table 2.13

ADVANTAGES OF
PHYSICAL -CHEMICAL T REATM ENT

vs.
CONVENTIONA L PR IMARY + SECONDARY

1. Less Area Requi rement-Y, to %

2. Lower Sensit'l\l ity to Diurnal V ar iation
3 No t A f fected By To xic Substances
4. Poten tial For Signif ic an t Hea\lY Metal Rern o\lal
5. Superior Rem oval of P Comp ou nds
6. Grea ter Flexib ility In Desig n A nd Operation
7. Superior Organic Removal

Ozone Oxidat ion. In add ition to ca rbon adso rp tion , an other ph ysical
chemical me th od of organics removal , o20nat io n, h as been evaluated an d
foun d wo rthy of deve lo pment , However, this proced ure is seve ra l years

behind acti vated carbon in develop me nt becau se so mu ch requi red info rma
tion has not yet bee n obtained.

Ozone is a powe rful o x id an t which is ge nerated by passing a p ro perly
condit ioned ai I' st ream betw een e lectrodes, one o f wh ich p roduces a co ron a
disch a rge. It m ust be generated o n site and used imm ed iate ly . Ozone is on ly
poor ly soluble in water so t hat spec ia l contacti ng techniques must be used
to insure optimu m uti lization .

Pu re O xygen Activated Sludge. T he last improveme nt in procedures for
re moving organics from wastewate r is t he ap pli cation of pure oxyge n in the
acti vated sludge p rocess. The use of pure oxygen does not pe rmit activ ated
s ludge to go beyond its inherent capa b il ity but allows a closer app roach to
this lim it within an acce ptab le eco nomic framewo rk.
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FIGURE 2.16 Schematic Diagram of Multi-Stage Oxygenation System

per lite r with e lectrod ial ,/sis . Fo r these reasons e lec t ro d ia lys is is no lo nger
cons id ered a leading cand idate p rocess .

ton Exc hange . At p resent, ion exchange shows much p romise for re
m oval o f disso lved inOl'ga nics . Cos t o f o peratio n is lowest, especi all y at the
sa lt levels antici pa te d in was tewate r and the tech nol ogy of ion e xchan ge
at full scale IS p roven .

Ion exchange systems req u ire regenerati o n wi th solutions much higher
in TDS th an the or igi nal feed y ie ld!Jlg a d ifficult p roblem of b" ine disposa l.

Reverse Os mosis. A t presen t, reverse osmosi s is the mo st expens ive of
the three p rocesses d iscu ssed for de m ineralizat ion . However, its p o tential
is considerably supf:?rior to that of th e o th e r two. Th is process is indeed in
its in fa ncy as th e first worki ng memb ranes were deve loped on ly f iftee n
yea rs ago . in ad d itio n, m emb ranes w h ich wi ll d esalt water w il l remove
virtu all y eve ry o the r pollu tant fro m w astewate r. Thus reve rse osmosis may
become an al l purpose pollut ion contol syste m.

in this p rocess water is for ced to f low through a semi -pe rm eab le m e m o
brane (perm eable to wate r but not to salts) b y app licatio n of h igh p ressure.
Pressures of severa l hu ndred pou nds pe r square inch are req u ired t o ach ieve
flux es o f th e o rder o f te n gal lons per sq uare fo ot per day . T he d eg ree of
d em ineral izat ion can app ro ac h 99+ p ercent an d incre ases w ith the p ress u re
applied.

The heart of th is process is t he m m brane . At p rese nt. the best m emo
b ran es are cast f rom a mi x of cellu lose acetate, acetone , form amid e and
magnesium pe rch lo rate . Specia l tech niques fo rm a m em b ra ne wit h a thi n (one
mi c ro n) sk in wh ich prov id es the desa lt ing surface and a th ick (100 m ic rons)
poro us subl aye r w h ich supp lies a st ru ctura l bac ki ng . Th is membrane is com ·
presssi bl e , hydroly zes at low and h igh pH an d is eas ily d am aged . Work is
being cond ucted to develop new, t o ugher m em brane m aterials .

Even if new membran e m ate ri a ls are found , t he engineeri ng p ro blems
of thi s process wi ll remai n unchanged _ Th se pro bl e ms are a structural sup ·
po rt sy st e m to abso :'b th e several hu ndred pounds pe r squ are inch pressu re
dro p ac ross th e m e m brane and conuol of fo ul ing on me mbrane su rface s.
The sup port syste m mu st not o nly support t he me m bl'a ne b u t should provide
high m em b rane area pe r un it volum e

T hree con figura t ions a re in use , tu bular, sp iral -w ound and holl ow fi ne
fiber . T h e t ubu la r sy ste m has th e m em brane pos it ;oned al ong t he in ne r wal l
o f a poro us one-half inch di am eter tube . The spira l-wou nd mod ul e uses a
stack of flat m embranes separaterl by spacers and rolled into a je llY ' roll for m .
The h ol low fi be r uses microsco pic fib ers of t he me m b ra ne whi ch are in
essence th ic k ,wall ed micr ocy lind e rs . Here , pressure is ap plied ou tside th e
fi be r a nd water pe rmeate s into th e ho llow core . As a ro ugh guide, m embrane
area pe r u n it vo lume is twe n ty sq uare feet per c ubic fo ot fo r tu bul ar sy stems ,
250 squ are feet pe r cubi c foot for spi ra l wou nd systems and 2000 to 5000
sq uare feet per cubic foot fo r ho llow fin e fiber s. T he systems are in reve rse
order o n th e basis o f fou lin g resis t an ce . In general , the t ubula r syste m is

••

&AS RECIRCULATION
/ CO MPRESSORSAGITATOR

•.

~ERATION TANK
GOVER

Dissolved Inorganics Removal
In the process of its dom esti c or in d ustr ial use an incremen t o f d is 

solved mineral matter is add ed to wate r. The magn itu de va rie s from 100
milligrams pe r liter to 500 mil ligrams per lite r pe r use d e pend ing gene ra lly on
10cCiI conditions. Extensive reuse o f was tewater eve n fo r ind ust r ia l use wi ll
require at least pa rt ial demi ne ra lizatio n of was tewat er. El ectrod ia ly sis, ion
exchange and reverse osmosis see m promi sing.

Electrodialysis. in sewage a pplicat io n, electrod ialysis su ffers seve re
lim itations. Th e a n io n pl ates fo ul qu ite easily, dra st icall y red uci ng treatme nt
performance un less th e feed has rece ived extensive pretreatment . In add it ion,
as the sewage is d em ine ra liz ed its e lectrical res ist ance increases. Th is limi t s
the degree o f economica lly feasib le demin eral izat io n w h ic h can b e o btai ned.
It is difficult to reduce the TOS o f wate r much bel o"'.' 300 to 400 mil ligram s

Early work in th e bi o lo gical t reatm ent fie ld poi nted out the ad vantages
of pure oxygen ove r air as the so urce of oxygen in ac tiv a ted sludge . However,
the cost o f the pure oxyge n was quite h igh and a feasi b le s,/stem to ach ieve
high degreees o f util izat ion was no t ava ilabl e , so the concept lay dormant,
Over the la st d ec ade, th e cost of pu re oxygen has decreased and a system
was devised w hich could ach ie ve h igh utilization effi c ien cy. F igul'e 2.16
illustrates th e UN OX sy ste m de vel o ped by Union Car b ide . The key fea tures
of this syst em are the use of covered reactol's t o p reve nt loss of oxy ge n;
a baffl ed re ac to r to p re vent sh ort-c ircui ting a nd recom press ion and recycle
of gas in eac h ch amb er. In al l othe r resp ec ts, t he system is virtually ide nt ical
to a co nve ntional activated sludge .
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FI GUR E 2.18 Ph ysica/Chemical Trea tment
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FIG URE 2.17 Biological Chemical Trearment System

Sp rinkler Irr iga ti o n

Sprin kler ir rigati on o f domest ic, ind u stri a l and agr icu lt ura l li qui d

wastes is appropriate whe n t he d isposa l sy stems are adequat e ly desi gn ed
and conscientiousl y operated. Th e princip les in vo lved in adeq ua te ly h an d li ng
these liqu id was t es ca n be discussed by use o f a re novat io n-conse rv a t ion

cycle .

)re fer recl for dirty water ap p lication and the o the r two fO I' c lean water
ppl ica ti on .

Control of fouling ca n be achieved by pre t reatment , esta b lishme n t
f turbul ence at the membrane surface ,lI1el che mi cal c leani n g techniques .
p p licat ion of thesE: techniques is eaSiest in the tubular sy stem . In add it io n,

ubu la r systems affo rd the only opportunity for in·situ me mbrane replace ·

ne n t. At p resent none of the systems possess CI m a rkeci advClntage over th e

th ers .
The economics of wastewat I' dem ineralizati on are quite im prec ise as

ife tim es of membranes and resins is no t known, nor is degree of fouJ in9

, nd degree of demineralization requ ired.

Summary

A rev iew of m allY of the newest d ev el opmen ts in wastewater treatm e n t
echnology have been pre sented. In the inte res t o f b revity, some areas such

s microorganism removal and ult im ate d is posal h ave Ilot bee n covered ,
nd tile cove rage o f o t h e rs has been less t han compl e te . It sh oul d b e c le a r,

owcve r, tha t the wastewater tre a tme nt planner now has a w h o le range of
re atmen t proced ure s. It is well withi n the rea lm of p rac t icabi lity to co n cei ve
f taking any wastewater and puri fying it to an y degree desired. All t ha t

s nt~cessary is to h oo k to gether the va r io u s un it o perations an d p rocesses
equi red . A n u mber of co m bin ations w hi ch have already found so m e ut il ity
re summarized ill the figures dnd la bl es b elow.

Biolog ica l-Physi ca l Trea tmen t . T h is system employs a filter to u pgrad e

th e performance of conven tional treatmen t. It is illustrated in F igu re 2.2 o n
page 15

Biological-Che mic al Treat ment. In th is system , illustrated in F igure

2 .17, che mi cal coagulants Cd n be adde d at va rious points fo r ph osph o l'us

removal and im pr ove d so lids remo va l.

Ph ysic a l-Chemica l T reatme nt . In this system , illustrated in F igure 2 .18,
hemica l c larificatio n and ac tivated carbon are comb ined to ac hieve waste ·

ate r pu r ifi cati on .

Biolog ica l· Physlca l· Ch e mical Treatmen t . This sy stem illustrated in

F igure 2. 16 co mb ines a large n umber of proce sses t o achi eve a h igh degree

of purifi cation for a large va r iety of pollutants . Table 2 .14 su mm arizes t h e

pe rfo rmance to be expected f rom t h ese treatment schemes .
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Table 2. 14

Reuse

Three additional facto rs concerning the return phase of the cycle
are importan t to effect ive operation . The li quid waste s m ust be distributed
u nifo rmly over th e area. The rate of application must be suf ficielltl y low so
th at all the water infiltrates through the so il su rface. (I t must move through
the soil so that it can adequate ly be renovated .) The amount that is actuallv
app l ied per week or the amount per year must be compati ble with th e soil
t y pe so that renovat ion can be assured .

Renovat ion, Under renovation, one usu ally conside rs mechanical,
bi olog ica l and chem ical cleanup. Some industries are interested primarily
in mechanical removal of organic material from t he li qui d wastes, f ollowed
by bio logical degradation. Municipa l liqu id waste disposal usual ly. involves
chem ical renovatio n. That is, nutrients are removed from a solution th rough
chemical reaction or t rans fer . This process is sim ilar to th at invulved in
agricul tura l, golf course or lawn ferti l ization .

In lawn fer t ilization , the fertilizer is placed on the surface o f the soil
and then ir r igated or leached by rain . The fertilize r is taken into solution
in the wate r. There is essentia lly no difference between this wate r and mu nlci·
pal sewage effluent. Each has nutrien t s in solu ti on and as the w ater moves
through the so il profi le, these nutrients are chemical ly f ixed in the soil or
attached to the soil chem ical compl ex where they stay until they are needed
by the crop . Nutrients, such as n itrates, may be used directly by the crops
or by soi l m icrobes .

Farmers have been fa m iliar with and have used thi s type of nu tr ient
cycle for years. The nutrients are picked up by the crop and removed from
the fie ld with the c rop . The same procedure is true when app lying the various
liqu id wastes, Here , however , the nutr ients are f i rst appl ied to the soil and
then a crop is grown in order to remove these nutrients. Ha rves ting of a c rop
m akes room for the rem oval of the nutrients from the next app lication at
wastewater.

Recharge. Before water is recharged , it must be adeq uately treated .
Systems mu st be designed for each specif ic purpose and use intended lor

the irr igated l iquid wastes .
Reuse, Po tential re use rs inc lude agricultura l , industrial and domestic .

A griCUltural reuse for crops is obv ious . Di stribution of wastewate r ove r
industrial and d omestic water supply areas could frequently help all eviate
waste disposal. as we ll as water supply problems.

Return

W L

( - I """""m"

------.........__..fJ

TREATIVIENT PERFO RMANCE SE LECTE D WASTEWATER TR EATMENT SYSTEMS
Percent Remova l

4-R Wastewater-Renovation Conservation-Concept. One w ay o f ex pl ai n
ing the co ncept o f liq u id waste renovat ion and conservat ion is by considering
i as a 4 ·R cycl e, as depicted in Figure 2.19. The four R 's bei ng: Return ,
Renovat ion, Recharge and Reuse , Return of liquid wastes to the land is
through an i rri ga t ion system . Su rface soil layers Renovate th is wastewate r.
The renovated water is Recharged in to the ground wate r supply, Both the
nutr ie nts and the renovated w ater are ava ilable fo r Reuse, Each of t hese
R's wilt be d iscussed brie fly .

System
Biological

Biolo~ i cal Bio log ical Physi cal Physica l
Pa rameter Conventional Ph ysi cal Chem ical Chem ical Chemical

Organics 80- 90 85-95 90-9 5 95--99 99+

Su spended Solids 85-95 90-95 95- 99 95 -·-99 99+

Phosphorll s 0- 40 0--50 90-95 95-99 99+

F!G U RE 2.19 Sprinkler Irrigation Disposal System

Return, Domestic wastewater ordinaril y is returned to the land onl y
after it h as received a secondary leve l o f treat men t and chlor in ation . Ind us
tria l and can nery liquid wastes usua lly need to be chlor inat ed on ly if they
also contain domesti c wast es . A gr icultural l iq u id m anures frequentl y are
irr igated in the form they are produced, as long as they are f luid en ough

to be pum ped ,

Water less Composting Toil ets (Clivus Multruml
Origina ll y developed in Sweden, the composting toilet (or clivus mul 

trum ) is very similar in operation to the backyard "pr ivy." Both toilet and
sol id, organic ki tche n waste s are d ischarged to and then compos ted 1 a
specia lly designed bin in the home _ Shower and sink wastewate r are cl isposed
of by di ffe rent mecha ni sms such as a cesspool or sep t ic ta nk system .

In the clivus multrum system , the bin is n ine feet long, four fee t h igh
and f ive feet wi de. Th e bin holds the organic wastes o f a family for several
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FIGURE 2.20 Clivus Multrum Toilet

Individual Homll, Aerobic Biologica l Treatment Units
Traditional o n- lot wastewater disposal systems for individual homes in·

elude cesspools or sept ic t a nk/tile field syste ms. In each, waste materials are
decom posed by bac t e ria wh ich do not require oxygen for their life systems.
Hence , the p ro cesses a re anae ro b ic or septic; i.e., devoid of oxygen.

In rece n t ye ars, eq u ipment has bee n developed to provide for the aera
tion of hom e sewage in indiv idual on·lot systems, thus achieving aerobic
d eco m pos ition . Waste t reatmen t utilizing aerobic microorganisms is more
bi o logi cally e ff ici e nt because the free oxygen dissolved in the wastewater
all ow s the orga n isms to ra pi dl y feed on and degrade both the suspended and
d issol ved orga nic ma tte r. In a few hours, up to 90 percent of the organic
matter is d es t royed a nd a si m il a r amount of suspended solids are removed.

A typ ica l h o useho ld ae rob ic treatment unit is depicted in Figure 2.21.
It cons ists o f tw o ch ambers, o ne fo r aeration and one for settling. Raw sew·
age (or septic tan k e ffl ue nt ) e n te rs t he fir st chamber and is quickly mixed
w ith th e ae ro bic m ic roorga n isms by the air flow from the blower. The mixing
b rings t he m icro bes in to int imate c o ntact w ith both the diss olved and undis·
so lved w as te ma tte r. Th e nutri en t ma te r ial is rapidly absorbed by the
orga n isms w hich ut ilize it for e ne rgy and cell growth, thus converting the
m ajo ri ty o f the organi cs in the w aste to carbon dioxide, water and settleable
sludge so li ds . in th e seco nd c ham be r, the sludge which contains the micro
organism s sett les o ut by grav ity and is returned to the aeration chamber to
cont inue t he t rea tme n t p rocess. The clarified effl ue nt leaves the unit low In
or gan ic ma tt e r and suspe nd ed so lids w it h pa rt ia lly reduced leve ls of fecal coli
form bacteria . Th e ae ro bic home t rea tment units, howeve r, do not remove
ni tra t es fro m th e wastewa ter .

Whil e th ese units ca n produ ce a higher quality of effluent without
od ors, they req u i,-e e lec rr-i c al en el-gy, regular maintenance and servicing.

yea rs . Du ring t hat ti m e, mi cr o bi al d ecomposi t ion takes place to digest the
waste and the end product (afte r two to four years) is a humus that can be
used in a ga rden . Gasses and other volatile material that are produced are
vented th rough a stack. The tem pe ratu re of the chamber is sufficient to
c reate a posit ive ve ntilation pat te rn with air entering through two tubes and
leavin g by w ay of the vent stac k. See Figure 2.20.

Since the clivus mu ltr um ty pe of system does not use water, it results in
a sign if ican t wate r savings (as much as 40 percent in a typical household). It
requi res li tt le m ainte nan ce . Bac terial populations in the final humus product
were sh own t o be co nsistent w it h typical soil bacteria types and levels. In
ad d it io n, feca l col ifo rm bacte ria have not been shown to be present in the
mu lch .

Manu fact u rers c la im t hat 90 to 95 percent of the original volume of
wast e has bee n conve rted to waste gas w hic h is vented to the atmosphere.
Typ ical end-produ ct generati o n rates a re three to ten gallons of humus per
perso n per y ear a ft er the tw o t o t o ur year di gestion period.
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FIGURE 2.22 Marsh Pond System

th e season of the yea r. Meadowgrasses a nd c rops a re pl anted w h ich asj st
in th e removal of ci issolved p o llutan ts materials .

Grav ity flow th ro ugh the sloped m eadow termina tes in a lined m arsh
w hich merges w ith the m eadow . Th e ch oic e o f planti ngs in th e mar'sh d e pend s

o n the geographic area and natu re o f the waste an d ge ne rall y will inc lud e
harvesta ble crops vv h ic h will flou rish in the local clima te

In turn, the mar sh te rmina tes in a lined stilbi liza t io n p o nd s to c ked

wi th harve s tabl e aq u a t ic spec ie s w hich a re in di ge nous to the a rea . A co ns tan t
leve l is mainta ined in th e m ar sh and pond by a fi xed -in vert ove rf low struc ture
through wh ich th e treated waste can be rech arged or d is p o sed of in a d if
ferent manner. Again, the biota of the pond are selecteci b ased upo n th e

wastewater to be treate d a nd th e ge ographic are a of th e Cou nty.

Effl u en t level s of suspended soli ds, BO D a nd n u trients h ave been

shown to be wi th in regulatory agnecy standards . With high sum m e r te mpera·
tures , bacteria populations m ay b e h igher th an acce ptable an d a disi n fection
step would be necessary.

Since the enti re M/M/ P sys tem h as an und erlYll1g , impervious m emo
brane lin e r th ere is no loss o f contam in ants to t he grou ndwater en viro nmen t.
Th e en ti re process is thu s con troled pri or to d isch a rge .

Marsh /Pond (M/P) Sys tem. The Ma rs h / Pond design is the same as the
Meadow/ Marsh /Ponel - w it h out th e m eadows , T h e system requ ires less
land and pr()duces a bo ut the same qu ality eff lu en t. It ha ndles shoc k lo ad in gs
fairl y we ll but, lik e t he full M/M / P system , h as n o t bee n tested exte ns ively
in non·controled cond itions

The M/M / P or M/ P sy stems sign ific antl y red uce poll utants , includ in g
nitrates, If a sy st em o f crop p in g is insti tuted . Nit rogen in th e wastewat e r
is u p t aken by the plan ts and become s part of th e biostruc tu re. Un less tha t
structure is re m oved, it w i!1 e ven tual ly die , d eco m pose and re lease the n utr i·

en t s back to the a qua tic env iro nmen t. See F igu re 2. 22
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FIG UR E 2.21 A erobic Biological Treatment Svstem

Meadow/Marsh/Pond (M/M/P) System or Marsh/Pond (M/P) System

A meadow/marsh/pond system is an attempt to util ize aesthetically
pleasing, natura l sys te ms for wastewater treatment. The app ro ach depends

upon long detention time s for the slow, but effective , removal o f sLlspend ed

and di sssolveci pollut ants. It util izes phys ica l rem oval of p o llutants as well

as biological reduction .
Th e process usually be gin s by screening the sewage to remove bUlky

objects . I t may then PilSS th rough a degritter to remove sand and o ther
non·degr ad ab le, coarse m at er ia ls The sol id materials are th e n comminuteci

(shredded and chopped) to reduce ci eg radabl es to fine , small particles. The

waste strea m then flows to basins INhere it is aerated and wherein biolog 'lca l
d ecompos iti on begins.

Followlllg aera tion, the blend is normally pumped to a di stri bu tion box
feeding t wo lin ed , sloped meildo\IVs. On ly one mead o w need be in operation
a t a given time w hile the other meadow is being dri ed out for harveS t ing
of the c rop . Meadows are alte rnatec! - th e ti m e int erva ls being determined
b y the se vvage strength, the appli c at ion rate , the condition of the crop and

Because they may reduce the amount of so lids carried over to th e tile field,
manufactlll'ers claim a longer lite ot the til e field in t igh t soi ls. However,

the treatment process is eas il y u pset thus causing h igh di sch a rge s of solids
to th e ciisposa l field.

Househol ci aerobic treatment units are co ns ider a bl y rnore expensive

to in sta ll an d o perat l' than a septic tan klti le field system . They req uire
r:om tant m a intenance whereas a septic tank system requires essentially

no maintenanc". The aerobic syste m ap pea rs to offer advantages in areas

of t igh t, im p ermeablp. so ils or w h e re other leaching problems may occur.

RAW WASTE:



Subsurface Denitrification of Septic Tank Effluents
In a granular type of soil, cesspool and septic t ank systems, work ing

in conjunction w ith th e soil, are idea l for removal o f organics and suspended
solids. However , ni tr ates can not be effec t ively removed without substan tial
mod ificat ion.

Th e Suffo lk County Department of Health Services is con ducting a
research project to demonst rate the feasibi Ii ty of removi ng nitrogen in
modif ied residential subsu rface sewage disposal system s. An experimental
di sposal system has bee n cons tructed, consisting of a septic tank, leaching
ti Ie fiel d system and deni tri f icat ion system (see Figure 2.23). The disposal
system is being fed w ith controled quantities of sewage from an apartment
complex. The wastew ate r first enters a conventional septic tank and tile
fi eld. A n impermea ble memb rane deflector is located six feet below the
bott om of the tile f ie ld and is sloped as to intercept and deflect the waste·
waster to a large impermeable pan.

Nitrogen compounds in the wastewa ter are first nitrified (converted
from anlmonia to nitrate) in the ae robic layer of native soil immediately
below the t ile fi eld and above the membrane deflector. Once in the nitrate
state, denitrification by certain types of bacteria (denitrifiers) w ill occur
w hen anaerobic (devoid of oxygen) conditions are achieved in the pan.
Me thanol mu st be fed as a food source for the bacteria. This method of
denitrification is commonly used in conventional waste treatment plants.

The denitr ifica tion process convens the nitrogen w hich is in the form
of n i trate (N03) to a gaseous state (N 2)' A venting mechani sm for releasing
th e ni trogen gas to the atm osphe re is provided.

Investigation is currently underway to eliminate the necessity of
;eeding methanol, which has drawbacks when applied to individual sanitary
disposal systems . The most promising alternate method would be the diver·
sion of part of rile septic tank effluent to the anaerobic zone.

GAS
VENT-

METHANOL
FEED

""
EFFLUE NT j• •), DENITRIFICATION ZONE ••;

L!.:..:••::::,:....-__:::...,~P_E_A_G_R_A_VE_L_/ ---,,-- ~..;."'~!:•..:.J.

IMPERMEABLE PAN

FIGURE 2.23 Denitrification of Septic Tank Effluents
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INTRODUCTION

The waste t reatment planning process requires a knowledge of: the
quantity and quality of the ground and surface fresh waters ; the quality of
the marine surface waters; the movements of ground and surface waters; the
inter-relationships of ground and surface fresh waters with the marine
waters-in terms of movement and quality; the contaminants that enter and
impact each and all of these waters; and the structural and non-structural
abatement alternatives most suited to cope with each set of problems in order
to achieve the protection and/or rehabilitation of drinking and swimming
waters to safe levels of water qual ity.

This requires an in-depth knowledge of existing conditions and an
ability to predict future conditirms under a variety of impacts. The study of
existing conditions can be made by direct investigation . Water samples can be
taken and analyzed, and controlled experiments can be conducted. This in
fact has been done . However, in a region of more than 1200 square miles and
as complex and dynamic as the Nassau-Suffolk Region it is prohibitive in
terms of time and cost to totally rely on field studies. Furthermore, the only
way that field stud ies can be used for predict ive answers is to actually build a
facility or to add contaminants and then measure the results. Fortunately a
more effective and efficient set of tools is availab le t o complement the field
exami nations; namely . the use of models .

One of the significant components of the Long Island 208 study
centers on the development and use of appropriate mathematical models. The
wastewater management plan tor this area ultimately depends on the ability
to quantify a preference tor one set of structural and non-structural alter
natives over another. In the process of doing so it is necessa ry to understand
what the impact of these alternatives may be on ground and surface waters in
terms of changes in movement and quality which result from the options
used. The modeling efforts provide flexible tools to evaluate and predict such
impacts without engaging in prohibitive tests on the actual water bodies
themselves. That is, modeling is a surrogate for reality in which certain basic
inter-relationships in the real world are expressed by mathematical state 
ments. By manipulating these proxy statements one simu lates, as it we re, the
events which actually take place. The models are therefore a method for
organizing the complex interactions which occur between the water bodies
and the stresses placed on them. This is a simplificat ion of nature in that all
interactions are excluded other than those which are of relevance to
the study.

The use of mathematical statements to imitate reality has a long tradi
tion in water management and other planning studies. Models enable
researchers to carry out "what if" experiments on nature. For example, one
can replace the actual waste loads which enter Long Island bays with esti -

mated loads which result from potential abatement options and then see what
effect this has on subsequent bay conditions. Thus these changes can be
simulated without having to physically build treatment facilities. That is, one
can look into the future by tracking present conditions to determine what
eventual effects they produce on water movement and quality. Finally one
can play out enough such alterations in initial and boundary conditions
to find the 'best' future scenario.

The first chapter of the report provides a straightforward but
intuitive discussion of hydrodynamics. Fortunately, just a few basic facts
concerning the relation between water elevation (or 'head') and flow velocity
suffice to derive all the fundamental equations used in the modeling of
movement of ground and surface waters. As a result there is an essential
conceptual unity between the apparently different modeling efforts used in
the 208 study. The various models also use a common and simple idea, that
of mass balance, in calculations of water quality and "water budget"
considerations.

The next chapter contains a review of the surface water (including
river) models, with some discussion of their limitations and uses. These
models characterize the changes which occur over time (in a water body) to
constituents such as salinity, nitrogen and dissolved oxygen. There is also a
discussion of the models developed for achieving ecological balances under
various conditions of constituent loadings.

Groundwater models are reviewed next. Two were developed; an analog
and a digi tal one. In addition , water budget studies are explained .

The last chapter attempts to tie together the entire 208 modeling effort
with a discussion of the results actually obtained and how they will be used
in the development of a wastewater management plan.

The reader who does not wish to linger over some of the techn ica l
arguments can simply read the last section to get a perspective of how the
models relate to the 208 study. We caution the reader , however, that this
report cannot be a substitute for the detailed documentation provided by the
respective consultants. The aim of this report is to explain the ideas which are
necessary to an understanding of the structure of the models, their limita·
tions, and integration into the overall 208 study. Explicit details concerning
computational schemes, data sources, and eventual model validation are only
hinted at, and the technically interested reader must consult the original
sources on these questions. (See Bibliography .) Also excluded is a description
of model outputs for different sites on the Island since these are also fully
documented in reports issued by the consultants.

Every attempt was made to explain these models in understandable
prose form. Differenti al equations-the language of models-were elim inated
from the discussion. In those instances where technical jargon was deemed
inescapable it was followed by a common language definition. A glossary
listing is included at the end of the report.





CHAPTER 1 - HYDRODYN AMIC BACKGROUND

Introduction
The groundwater and surface water models used in the 208 study are

based on the same hydrodynamic principles. It will be convenient, therefore,
to review these basic ideas before they are applied to the models themselves.
The discussion is somewhat simplified in order to provide a broad under
standing of this material.

The derivations therefore will generally be intuitive to avoid technical
complications or the overuse of mathemat ical formulae that add li ttle or
nothing to an overall appreciation of the essential ideas. Those readers not
familia r with mathemat ical notation can safely omit the occasional allusion to
equations. These are given as footnotes and hopefully do not intrude in too
distracting a way.

Suppose now that the channel is connected to another water column
and that the storage tanks are labeled as 1, 2. If the elevation of water in
each of these is different then the resulting pressure differences at the two
ends of the channel cause water to flow (see Figure 1.2). The rate at which
this flow changes is in fact proportional to the difference in head. In parti
cular if H1 = H2 then there is no flow. In actuality there is another force
which acts to impede flow in the conduit. This is friction al resistance , a
quantity which we denote by R, caused by roughness of the channel walls.
If we ignore th is resistance. what we have is essentially a statement that water
flows from a higher to a lower level and that the rate of f low is proportional
to the difference in level. This is our second fundamental fact . In effect, it
expresses Newton's contention that every body has inertia and that the on ly
way it moves is in response to some external force. When that force is zero,
there is no motion.2

Q = AcU (1.1)

It is apparent that if there is no mass flow into or out of the tank then
the rate of change over time of the volume of water which it stores must be
zero . This is simply a statement of conservation of mass. However if the net
mass flow Q is non-zero then the volumetric change per second must equal
Q itself . This is one of the two fundamental facts used in the models. Note
that H (also known as the 'head') varies up and down as Q increases or
decreases.'

Fluid Flow
Imagine a water body as being represented by a rectangular tank of

elevation H and a fixed surface area As connected to the outside by an inlet
pipe or channel (see Figure 1.11. The tank volume is therefore AsH . Water
flows into or out of the tank through the channel with a velocity u. If the
tube has a cross sectional area Ac then the net flow of water is designated
by Q. Using meters as a unit of length, u can be expressed as meters per
second . Therefore flow is given as cubic meters per second and the re lation
between the two is
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To adequately describe flow in the aquifers in the groundwater system
it is necessary only to introduce a minor addition to the discussion above. In
essence, the soil occupies some of the space which would normally contain
water. It is as if we examined the tank in Figure 1.1 and, to represent soi ls ,
threw into the tank a number of balls to represent the porous medium. In
such a case. the flow of water into the tank causes greater increases in the
head since some of the space is already taken up. Similarly, in Figure 1.2
we should fill both tanks and, more importantly. the channel with balls. It is
then evident that these will considerably restrict the flow of water from one
tank to another (see Figure 1.3). In surface waters, where the flow is rela
tively free, water movement from one place to another in the system takes
place over periods of hours which corresponds to a tidal cycle . However, in
the groundwater system the flow is so restricted that it requires a much
longer time. It should be kept in mind in reading later sections that this
discrepancy in the time required for differences in head to be equalized is one
of the most significant differences between surface and groundwater models.

TI ("""",J

AS ( SURFACE AREA)

Flow into a water tank.

Ac (CROSS-SECTIONAL AREA )
U (YELOCITY )
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Let the symbol A refer to an incremental increase or decrease of some
quantity. In the discussion of rates of change of Hand u over some time let
AT denote the interval of time in which things happen and let AH and Au
refer to the corresponding jump in the value of Hand u. If AT is the
increment from some previous t ime to the present, then our two basic
relations relate AH to the previous value of u and Au to the previous value of
the head d ifference H1 - H2. This is an important obse rvation because it says
that one can compute present values of Hand u from previous values since
AH and Au, the incremental change, is now known. Following this argument
back to some initial time we see that if head H and velocity u are both
specified initially, all fu ture values are predictable. Note also that in the
process of obtaining these future values, Hand u are both dependent on each
other. Taken together they tell us about the movement of a water body over
successive intervals of t ime. In essence this is the core of what is called
hydrodynamics.

In order to illustrate what can happen over successive intervals of time
(where AT represents a few hours, for example) let us consider the exchange
of water between two tanks as shown in Figure 1.4. This could represent
"snapshots" of water elevation in two parts of a bay due to oscillations which

FIGURE 1.3 Flow in a porous medium. For a given vo lume of
water, bo th H l and H2 are greater than in open water
since the rredium occupies some of the bulk of the
tanks.

Let us try to make the discussion more precise. The flow of fluid in a
porous satu rated medium is dominated by two features not present in the
open surface case . First, there is porosity. Th is represents the fracti on of bulk
volume in a tank which consists of open pores accessible to flui d storage.
Po rosi ty can be defined by t he number €, where

€ = volume of pores
bul k volu me

INITIAL TIME

FIGURE 1.4 Flow between water tanks in successive instants of
time.

It is apparent that € is less than one . Although in open waters H is
volume d iv ided by surface area As, in porous medium H equals the volu me
d iv ided by €As and therefore is larger. Second , the interconnected pores act
as thin capil lary tubes. This creates a condit ion known as viscosity. Viscosity,
which we denote by JJ., describes the f luid resistance toward flow past a
bou ndary . Permeability, indicated by k , describes the restriction upon flow
imposed by the porous medium itse lf. These fluid and med ium properties can
be combined to describe the overa ll hydraulic conductivity, or ability of
water to f low in the groundwater system .3

Two very similar pairs of relations are now derived; one for open water
fl ow and the other for flow in a porous medium. The first set wi ll be used in
surface modeling and the other in groundwater modeling. Each pair of rela
tions expresses the temporal change in hydraul ic head of a water body in
terms of velocity of flow into that body, as well as the temporal change in
velocity between two parts of a water body in terms of the differences in
head and the resistance of the medium. Thus the essential output of the
hydrodyn am ic eq uations are a knowledge of how Hand u vary over time in
relat ion to each other.

The only major difference between the arguments used in the deriva
t ions above and t hose which wou ld be used in a more exact mathematical
approach is that the macroscopic view of tanks and conduits is replaced by a
study of the inst antaneous changes of inf initesmal slices of vol ume . This leads
to what is known as partial different ial eq uations of motion fo r Hand u
wh ich are vali d at any point of the water body rather t han to an entire water
column as above. Such equations are not used in th is report .

AT A LATER TIME

AT A MUCH LATER TI ME
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result from tidal flow. Once set in motion, the water's momentum causes it to
move back and forth. If the external influences of the open sea were suddenly
to cease then the oscillations would eventually damp down (due to frictional
resistance) and the system would come to rest. The second fundamental
relation is but a restatement of this fact. Except for the external forces which
intrude, this is exactly what would happen in practice.

In the discussion of surface and groundwater models later in this report
the simple ideas expressed above will prove to be the key ingredients to
understanding how the models work. There is also another idea which we
need to treat here since it forms the basis for water quality modeling and for
the water budget model. This is an extension of conservation of mass, as
used above for water, to include all substances which enter into the water due
to natural and man-made discharges. If these substances, such as nitrogen and
phosphorus, do not decay over time then in the absence of any external
influences which may add or subtract from the total amount, the total mass
remains unchanged over time. This statement is completely analagous to the
observation made earlier about the water in a bathtub and the way it is used
is to remark that the only changes which can take place in a water body,
other than external "sources" or "sinks," is that the water constituent shifts
in concentration from one place to another with the total amount remaining
constant. Therefore if one adds up all decreases in the concentrations in
different parts of a bay, these must equal the sum of increases in the remain
ing parts of the bay. This fact forms the basis of an accounting procedure
known as "mass balances." The concept of "water budget" is also very
similar, as will be shown.

There is one last remark to be made in th is connect ion. If a substance is
inserted into a water body it will move about due to two forces. The fi rst ,
called advec tion, is the displacement of the constituent from one place to
anothe r because the water in which it finds itself happens to be moving. If a
dye is pu t into a bathtub and a wave is generated, then the dye will te nd to
migrate in the direction of the wave moveme nt . The other force, called
diffusion, is t he propensity for a substance to move from a reg ion of high
concentration to a lower one at a rate proportional to the difference in con
centration between two points (thi s is simil ar to water itself wanting to move
from a high point to a lower one at a rate proportional to the difference in
head4 ). This resul ts in a spreading ou t in all d irect ions of the original mass
until it reaches a state of total dispersion. Again, if you place a dye in a tub,
even in a perfect ly motionless tub, it w ill move away and thin ou t from where
it was put in. One of the main goals of the surface and groundwater models is
to capture the effects of advection and diffusion to descr ibe water quality in
a water body . To do this, hydrodynamic considerations are important since
wate r movement determines advect ion.

To summarize: essentially two bas ic facts were reviewed which
dominate the structu re of al l the models in the 208 project . Each states the
premise that in the absence of any external forces a wate r body (or of a
conservative substance within it) reaches a state of equilibri um in which total
mass remains unchanged and in which velocity of flow is zero. When th is is
not t rue, the lack of equ il ibrium is proport ional to the sum of the forces
which act on the body or on the substances within it.
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Node and channel layout for the Manhasset Bay
System.

CHAPTER 2 - SURFACE WATER MODELS

Water Quality
Hydrodynamcis in an Estuary-The Lo ng Isla nd waters are contoured

by a number of bays and estuaries. Pollutants which enter these waters are
largely dispersed through the flushing action of the tides. The purpose of the
Tetra Tech modeling effort is to determine the concentrations of the various
constituents which enter the waters both spatially, and over t ime, as a resul t
of this tidal actio n. In order to understand how thi s can be done, it wil l be
convenient to fi rst describe the unsteady flows of the coastal waters and then
to relate this to the procedures used in computing water quality. The first
part therefore is based on the discussion of hydrodynamic relations which
were deve loped in ch apter 1.

A number of plaus ible assumptions are made in the formulation of the
model in order to make the analysis more tractable. To begin with there is
the problem of spatial dimensionality. If one assumes the water body being
stud ied is completely mixed in the vert ical direction (no differences in
salinity, for exam ple) t hen it is possible to consider the body as a two
dimensional expanse of water in which all changes take place in the planar
directions. For bays and estuaries in which water depth is shallow compared
to the planar width this assumption is reasonab le. However, even the two
dimen sional descr ipt ion is genera ll y too complicated. Therefore we further
reduce this problem into a set of much simpler one-dimensional descriptions.
How this is done will be shown in a moment. It is worth noting immediately
that what makes this reduction from a single hard problem into many simpler
ones useful is that it is typically more efficient to code a compute r to carry
out a large num ber of straightforward computations than to have it perform a
single complex problem.

The model divides the water body in question into a set of "nodes"
which are joined together in a network by a series of interconnecting " links."
Each node represents a complete ly mixed " tank" of water hav ing a specified
surface area As. an elevation H (relative to some arbitrarily chosen datum)
and a volume AsH. The nodes are where water is stored in the bay (from now
on "bay" refers to any coastal water body and may in fact be an estuary) and
the links represent channels through which wate r is conveyed fro m node to
ad jacent node. Each channel preserves informati on about flow Q and veloc ity
u of water movement as well as the coefficients of resistance to that flow; it
also has a specified length L and a cross sectional area Ac which varies along
its longitudinal dimension, as well as a specified width . Figure 2.1 exhib its a
grid network of nodes and lin ks overlayed on a typ ical bay wh ile Figure 2 .2
displays one possible representation of a node and of a channel. When there
are N nodes in the network then it is useful to label them in some order.

Since flow is along the longitudinal direction of each channel the char
acteristics of motion in a channel are one-d imensional. The price pa id for this
reduction in dimenSions is that there are now a large number of channels to
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Suppose there are m channels connected to the given node which is
labeled as node s as shown in Figure 2.3. The channels link to other nodes
which we can arbitrarily index by j where j runs between 1 and the number
m. At any given time the average flow in each channel is written as Qj (away
from or towards node s). In addition at node s there may be some additional
sources or sinks (that is, addit ions or losses) of flow which write as Qsin
and Qsout. For example if node s is near the shoreline then Qsin could repre
sent tributary inflows or sources of waste discharges from a treatment plant
or some measure of runoff along the embankment while Qsout could denote
water diversions and evaporation. Groundwater inflows and even rainfall can
also be accounted for at each node. This allows us to extend our basic
relation about head to say that at each node s, ~H is proportional to the
velocity in addition to the net flow Qsin - Qsout.5 The second fundamental
relation of section 1 does not require modification except to make the depen
dence on the node arrangement more explicit (see Figure 2.3).6

consider simu ltaneously but, as said earlier, this is preferable from a compu
tational point of view. Collectively, this network of one-dimensional flows
constitutes a proxy for the original problem. It is apparent that in bays of
irregular shoreline geometry, some care must be taken to account for changes
in flow patterns caused by these irregularities by choosing a suitable place
ment of junctures for the links. If there are natural channels of flow then
links of appropriate length and width are inserted to represent this. The grid
is not uniform, being densely laid out where water quality or hydrodynamic
conditions change rapidly and being more sparse in those portions of the bay
where it is li kel y that there wi ll be less action. The nodes themse lves will vary
in size (that is, in surfac~ area) depending on the accuracy desired. Since a
node represents a completely mixed water column, the extent to which the
constituents of the water are actually homogeneously distributed is a deter
mining factor in how big or small such nodes should be. Therefore careful
judgement must be made in the preparation of a grid configuration prior to
any computations. This is one of the places where the skill of the model
maker is revealed.

Before continuing it must be noted that the channels are considered to
extend from the center of one node to the center of the adjacent one. The
nodes or water tanks are all contiguous and together cover the bay. Hence all
exchanges of constituents with in a node resul ting from the flows into and out
of the tank are assumed to occu r at its cente r.

Let us now consider a typical node, having some fixed surface area.
Over time the only thing that varies within it is the elevation or head of the
water. Then as known from section 1 the rate of change of H, denoted
by ~H during the interval ~T is proportional to the velocity u.

Solution Procedure-The detailed nu merical procedure employed to
obtain solutions to the bas ic hydrodynamic equations is described in
"Documentation Report for the Estuary Water Quality Models" (Tetra Tech,
May, 1977). Herein, it is only important to summarize the elements required
in order to carry out these computations. To begin with the grid network
must first be specified. This means that the geometic layout must be given,
and also the values of surface area As for each node and the length Land
widths of each channel.

In addition boundary and initial conditions must be specified. The
solution of the equations begins at some initial time and proceeds over a set
of incremental steps whose durat ion ~T is usually of the order of an hour or
more. All those nodes having a known inflow Qin and ou tflow Qout must
have these va lues given at each time step for the entire computational horizon
which is being considered for running of the model (the question of time span
will be reconsidered in more detail later). These values may of course be con
stant in some problems. Generally speaking, the nodes so specified are located
along the boundary of the bay. Also those nodes which interface with the

Tvpical flows as seen in part of an estuary node
channel layout.
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FIGURE 2.3

2

Typical section of an estuarial node-link network.FIGURE 2.2
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After equilibrium has been achieved in the computations one may wish
to compare model results with actual field data obtained at monitoring
stations in the bay . Tide gauges, for example, will give elevations which occur
at various IQcations and these can be used for comparison. If the model
results differ substantially from this data then the modeler engages in model
calibration. The values of the resistance R along each channel are used for this
purpose. By adjusting these values for each channel and re-running the model
computations a greater or lesser degree of compliance to field results can be

open sea (long Isl and Sound and the Oceanl will need to have the elevations
H given corresponding to the actual tidal oscillations which prevail there.
These are similarly given at discrete time intervals over an entire tidal cycle.

The knowledge of head Hj at the bou ndary nodes is used to derive
the elevations at all other nodes. In order to carry out the numerical pro
cedure it is necessary to also specify in addition to the boundary conditions
described above, a set of initial values for the velocities in each channel
and a tidal elevation of other than seaward nodes (these may be taken
initally to be zero). As the computations proceed these values repeatedly
adjust and after running through several tidal cycles one begins to notice that
successive values of velocity u and head H over two consecutive cycles no
longer differ significantly. At this point equilibrium has been achieved in the
model and the numer ical procedure term inates. A typical plot of elevations
at two nodes in an estuary would be as shown in Figure 2.4 where a shift in
phase and a difference in amplitude can be seen. This is largely due to the
drag induced by thl? channel resistance R, espec ially during ebb tide when the
estuary is shallow.

achieved although there is a reasonable limit to the amount of adjustments
which are possible. Experienced modelers can usually do this without too
many trials. If, however, compliance is still not satisfactory it may mean that
the original grid of nodes and links does not supply enough detail. By enlarg
ing the grid geometry by the inclusion of more nodes, it is possible to
improve overall accuracy . However, there is a pure ly technical snag here
which should be pointed out. For the computations to remain stable it is
necessary to require that the time step ~T be smaller than some factor of the
smallest channel length in the network . Therefore as grid size is made more
dense in portions of the bay the computation work is increased because of
the extra nodes and links, and the number of time steps of size ~T also
decreases. There is therefore a practical limit to the amount of detail that can
be expected from the network configuration itself.

After calibration it is usual to further check the model against a new set
of field data (assuming these are available). This process is known as model
verification, although in practice it is often difficult to distinguish the exer
cise of verification from that of calibration. If the model results fit the new
data set reasonably well then this lends confidence in the use of the model as
a predictive tool.

At this point one can use the hydrodynamic information so far
obtained to derive an understanding of water quality. This is discussed in the
next section .

Water Quality in An Estuary- When pollutants enter a bay, they are dis
persed, largely as a result of the action of the tides. Some fraction is carried
out to sea and the remainder is spread throughout the water body through
mixing. In addition some of the constituents of the bay will decay over time.
The relationship between the concentration of a constituent and the forces of
tidal flushing and decay follows .

The model formulation assumes the same node/channel configuration
of the bay as in the hydrodynamic equations. Several assumptions are made
in addition to that of complete vertical mixing in each node. These will be
described as we proceed. Vertical mixing is somewhat problematic for those
nodes in the vicinity of an outfall or at the head of a fresh water tributary.
Here the concentration of an effluent or, in the case of a tributary stream , of
the salinity is non-uniformly dispersed and forms a plume. As a result there is
some stratification of const ituents in the water column. However these will
be considered to be negligible effects in the model.

As a result of tidal oscillations, the concentrations which spread out
from the boundaries of the bay are folded back and forth on each other. This
dispersion is caused by two separate forces as seen in chapter 1. The first,
called advection, is the result of material being transported through the dis
placement of the water itself. The second, called diffusion, is the natural
process by which any concentrated material tends to distribute itself
uniformly throughout the water body.

Two kinds of constituents are handled by the Tetra Tech model-
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Sources include waste discharge outfalls, storm runoff, groundwater
inflow, rainfall, etc. Sinks refer to losses such as benthic uptake, water
pumping. and so forth . Although it is not explicitly shown here equation 2.3
can be further extended to include other terms of constituent loss or
accretion when these are applicable. In particular the equation for dissolved
oxygen would include first order relations for re-aeration and photosynthesis
(positive accretion terms) and for respiration (negative loss terms).8 80th
photosynthesis and respiration depend on the concen tr atio n of algae. One
can also add terms for loss of constituent if there is benthic uptake since this
acts as a sink.

It is important to note that since constituents such as nitrogen and
phosphorous are nutrients for the various microorganisms and other marine
life (especially phytoplankton) which inhabit the bay, one could usefully
include in the balance equation an accounting of how nutrients are used up
and later returned to the estuary by this marine life. In the process oxygen
levels will vary considerably over a diurnal cycle (that IS, over a 24 hour
period) since photosynthesis depends on the amount of sunlight which
penetrates the water body. The phytoplank ton are prey for the various
zooplankton and the populations of both fluctuate ove r time. Therefore the
terms used above in which photosynthesis and algal concentrations are
assumed constant must be considered as rough approximations. Benthic
uptake is also assumed constant. Benthic uptake represents chemical and bio
log ical oxygen losses to the bay bottom. An extension of the water quality
model to include these additional marine interactions constitutes what is
known as an ecological model. This will be briefly discussed at the end of this
chapter.

In order to solve equation 2.3 one must know, in addition to decay
constants, diffusion constants, and the like (all empirically determined)
the values of the volume of each node and the flows which determine
advection. Moreover these must be known for each successive interval of
time. But of course the flows and volumes (which are given in te rms of head)

10

conservative and nonconservative. The first group are the conservative
components of salinity, total nitrogen, and tota l phosphorous. 'Conservative'
refers to the fact that t hey do not decay in the water over time. The no n
conservative components (that is, those which decay due to bacterial decom
position or which are otherwise removed due to chemical reaction and sedi
mentation) are total and fecal coliforms, nitrogenous and carbonaceous bio
chemical oxygen demanding materials (o r simply BOD for short), and
dissolved oxygen (or DO). Temperature in the water can also be modeled as a
decaying substance but is not considered here. The nonconservative
substances are assumed to decay at a rate which at any instant is proportional
to their concentration at that time.

Let a constituent be measured by concentration c (kg. per cubic meted.
Then its total mass in a node of volume V is simply V times c. Since the
princi ple of conservation of mass says that the rate of change of a non
decaying substance c in the bay is zero (total mass is conserved), therefore, if
one observes changes in mass from node to node it must be due either to
advection or diffusion or decay or to other special sources or sinks. That is

Rate of change of c in a node = Advection + Di ffusion - Decay
+ Other Sources - Other Sinks (2.3)

Relation 2.3 is called a mass balance relation because it says that in
order to know the total change of a constituent in a node d uring an interval
of time .:lT one must add up all amounts coming in and subtract all
amounts which leave. If these two amounts balance each other then the total
mass of the constituent remains unchanged and. converse ly, if no change in
mass takes place then losses must balance the gains (principle of mass con
servation). Of course there are N such relations to satisfy for each constituent
if there are N nodes in the bay.

The advection terms in equation 2.3 reflect si mply mass transport of
the constituent from one node to another during tidal flushing . The concen
tration in the nodes shown in Figure 2.5 will depend upon volume of water in
the tanks (here again a simplified view of the water body as a system of tanks
with connecting conduits is adopted ). The d iffusion terms in eq uation 2.3
reflect the tendency of the difference in concentrations between the two
tanks in Figure 2.5 to equalize. When c2 is greater than C1, there is a pol
lutant dispersion in the direction shown. This is similar to the spread of dye
dropped into a bathtub as discussed in ch apter 1. The ra te of diffusion is
dependent on the level of concentrations between tanks. Where substantial
differences in concentration are found, rapid diffusion is present. The overall
rate of change of concentration is governed by an empirically determined
diffusion constant which is labeled kO. This constant is discussed
further below.

For a nonconservative substance the decay rate is proportional to the
quantity of the su bstance which may be present." When the decay is zero it
signals that the substance is conservative.

T
1

FI GUR E 2.5 Suppose C2 is greater than Cr, bllt Hr is greater than
H2. Then advective and diffusive flows are in the
directions shown.



kO '" k01 + k02 As

where As is the salinity differences between two nodes divided by channel
length . k01 and k02 are chosen so that where tidally induced and advective
mixing predominates kO 1 is larger than k02 but the cont rary be true where
salinity effects begin to predominate. This is illustrated in figure 2.6. By
suitable adjustment of kO one may adequately account for the actual disper
sive effects in the water body. Again this is a question of judgement and skill
on the part of the modeler.

are already known from the solution of the hydrodynamic relations. One can
therefore appreciate now why the Tetra Tech modeling process is necessarily
a two step procedure: water quality mass balance equations require hydro·
dynamic inputs.

Calibration Procedure-When the model is to be calibrated one has
available the various constants used in equation 2.3 . Perhaps the most
significant is that of kO, the diffusion constant. It is worth taking a closer
look at it . Mixing in a bay or estuary is subject to location . At or near the
ocean outlet most mixing is due to velocity differences which advect the con
st ituents in the water in varying directions and at varying rates. This induces a
kind of turbulence which causes the constituen ts to disperse. At t he same
time the back and forth flow caused by tidal oscillations also resu lts in
mixing. However as one moves further into the bay these forces tend to lessen
especially in estuaries where tidal flow from the ocean interfaces stream flow.
At the interface we have a mix of salt and fresh waters and dispersion occurs
mainly as a result of the increased salinity gradients, by which is meant
that the stratification of the estuary into layers, due to d ifferences in water
density, causes mixing to occur between water at different depths. Finally as
the fresh water zone is neared all of the above effects abate and non-advective
dispersion will be minimal. Although density differences are supposedly
ignored in the assumption of vertically mixed water columns, the constant kO
can capture this effect indirectly. Tetra Tech proposes therefore that kO be
computed as

DISPERSION RATE

FIGURE 2.6
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SALINITY INDUCED MIXING
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Dispersion rates versus distance.

There is one more observation to make about the solution of the
balance equation. It may happen that relat ions which apply to one con
stituent require information about another one. In this case one has a coupled
system and it matters which set of equations is solved before the others. This
is especially true in t he case of BOO/OO interactions since the amount of 00
depends on the amount of BOO there is. The solution to the equation for DO
therefore requires that the solution to that for BOO be obtained first.

Dynamic Versus Steady State- The above model formulation can be
run in a computer in several different modes, each of which has its own
virtues and limitations. These are steady state, quasi-dynamic and dynamic.
Tetra Tech refers to these as Aqual and Oyqual. The most complex and
detailed is the dynamic, or time varying, model in which changes at each node
are followed at each time step of duration .6T over an entire t idal cycle or
indeed longer. The time step can be as small as one wishes depending on the
level of detail that is desired but of course computational expense usually
limits AT to be of the order of one or several hours . If no essential changes
take place in a bay over repeated tidal cycles then it suffices to run the model
for one or two such periods. However the major utility of the model is to
account for short term and rapidly changing boundary conditions which may
induce variations in water quality over a longer period of time. For example,
stormwater inputs or intermittent and unsteady effluent discharges will
require source flows and concentrations to be altered over a sequence of time
steps at the boundary nodes. The resu lt ing concentrations of t he several con
stituents in the water may fluctuate considerably for a long st retch of time
and over a period of several days or weeks may never actually settle down to
equilibrium values. In addition the values of temperature (which affects
the decay constant k) and photosynthesis and respiration rates (which vary
over a diurnal cycle) may also be varied over the time steps allowing for a
better accounting of nutrient interactions with mar ine life. Of course this is
still only a proxy for a more comprehensive ecological model but in many
cases it may suffice for an adequate prediction of water quality changes.

However dynamic models are expensive to run, as we said , and so one
may on occasion more usefully employ a simpler version known as the
t ida lly -averaged, or quasi·dynamic, model. This consists of computing average
water quality conditions over an entire tidal cycle and then monitoring
subsequent changes from cycle to cycle . This approach is especially apt when
one wishes to follow changes which may occur in. the bay over a long term
period, from several weeks to several months. The results of the hydro
dynamic model are first calculated as in the dynamic version. Then instead
of using the resulting flows and elevations at each time step, the com
puted values are averaged over all the increments used in the tidal cycle. At
the same time any inflows and outflows of constituents, which vary over
time are also averaged over each successive cycle, and the concentrations
which resu lt from the mass balance equations then represent average water
qual ity conditions over consecutive time periods, where the duration of each
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limitations and Uses of Estuary Model

HYDRODYNAMIC MODEL WATER QUALITY MODEL

1 1
DATA ON TIDAL OSCILLATIONS, DATA ON INFLOWS AND OUTFLOWS
INIT IAL AND BO UN DA RY CO ND I- AT ALL JUNCTURES, AS WELL AS
TIONS, AND ON GEOMETRIC -.........;. RATE COEFFICIENTS, AND MIXING
LAYOUT COEFFICIENTS

1 1
TIDAL HYDRODYNAMICS, EITHER

CONCENTRATIONS or CONSERVATIVE

AVERAGED OVER TIDAL CYCLE OR AND NON -CONSERVATIVE SUB ST ANC ES

OVER HOURLY TIME INTERVALS: I-- AVERAGED OVER A TIDAL CYCLE OR

GIVES VELOCITY AND ELEVATIONS AT HOURLY INTERVALS WITHIN A
CYCLE

The discussion has attempted to underscore the most significant
assumptions made in model development. Each such assumption is a shortcut
to reality, and it reflects an impli ci t belief that in sp ite of such simplifications
all essential relationships which occur in nature will be preserved by the
model. Oepending on the context this mayor may not be true. Credibility
in a model rests on the extent to which the user is willing to accept such
assumptions as plausible and the extent to which model calibration and veri
fication demonstrates the ability of the model to portray actual conditions in
t he water body cons idered.

Some of the simplifications made are explicitly stated by modelers, but
often there are others which appear only implicitly. For example, although
complete vert ica l mixing is clearly part of model formulation for surface
water quali t y, much less explicit is the fact that equation 2. 1 ignores the
effect of velocity differences over the length of the channel. Fortunately, this
is not a very significant omission.

Ma ny assumptions have been made beginning wit h the ch oice of a
particular geometric configuration for the grid layout, the size of nodes, the
choice of time step, the use of first order reaction terms for decay and
photosynthesis of mate ri al (among others ), the setting of di spersion kO as a
linear function of salinity differences and so on. Also, although some of the
parameters used as constants in the models are better known than others, all
are bu t approx imations to actual values which may vary both spatially and
over time. Similarly, boundary conditions on distributive inflow sources, dis·
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period is a cycle. If one wishes, in fact, the averaging can even be done on a
daily bas is. Although this would lead to less accurate portrayals it does permit
one to more economically track the changes in pollutant levels over longer
time horizons. This model is dynamic in the sense that it does allow for gross
temporal ch anges although it does sacrifice the detail of the more truly
dynamic version d iscussed above. An even simple r approach is the steady
state model. This too is tidally·averaged but it further assumes that no signi
ficant changes occur from cycle to cycle. In essence this assumpt io n implies
that the bay has come to eq uilibrium with respect to the poll utants and othe r
constituents which enter the water and that all transient effects due to past
disturbances have died out. This kind of situation would prevail in the long
ru n if ideally the ini ti al influences on the bay (i n terms of inflow, outflow,
algae concentrations and the like ) had dissipated and no further changes took
place. Obviously this is a considerable simplification but it does allow one to
make some rough comparisons between alternative wastewater abatement
schemes or to estimate the approximate effect of the water body of differ
ent bounda ry conditions. Of course thi s approach would be inadmissible
if one were to track a series of storm events.

Since time no longer plays a role in steady state modeling both the
hydrodynamic and mass balance equations become considerably simpler to
handle. This is because the left sides of the equations can now be made to
vani sh since the rates of change over ti me must be zero. Needless to say, if the
water body is in fact subject only to slow changes in pollutant levels, and if it
is relatively undisturbed as in some less populated coastal areas, the steady
state modeling may be the appropriate and only sensible tool to use .

One should also note that after a sufficiently long time period has been
simulated with dynamic or quasi-dynamic models, all changes that occur in
successive ti me periods may become increasi ngly negligi ble . In
this case the dynamic models eventu ally reach a condition of steady state.
What the steady state model does is to regard the future as now .

A technical note should be inte rjec ted conce rn ing steady state and
quasi·dy namic models. Since both are tidally averaged, the dispersion of
pollutants due to advective forces is less significant than in the dynamic
model since only average values are used and the la rger velocity changes at
extremes of the tidal cycle remain underrepresen ted . In order to compensate
for this, it is expedient to increase the value of the dispersion coefficient kO
in order to better approximate the actual mixing which occurs in a cycle. This
procedure is followed by Tetra Tech.

One can summarize the discussion of the Tet ra Tech modeling effort by
noting that the water quality component is a set of equations which are
simply adjoined to t he equations for hydrodynam ics. The latter describe how
water flows into and out of the bay while the water quality model tells how
something which is injected into that water will disperse because of the back
and forth motion . The relat ion between the two is gra ph ically illustrated by
Figure 2.7 which is adopted from the Tetra Tech user's guide .

FIGURE 2.7 Tetra Tech Modeling Efforts



charge rates of treatment plants, and tidal depths at the sea are only known
approximately. Therefore the models cannot be expected to reproduce
exactly the behavior of the water body. However, experience with the models
has demonstrated that they can be usefully employed to obta in acceptab le
measures of actual water quality conditions and, therefore, to predict future
conditions under a variety of changes.

Calibration and of course the eventual verificat io n of a model does
depend on having available a data source on actual water qual ity and hydro
dynamic conditions over time at a variety of sampling stations. These are used
to adjust or "tune" the model and then to compare model outputs to actu
ality. Such data is, however, hard to come by and is sometimes incomplete
or of poor quality. For this reason adequate va lidation remains a difficult
and time consuming task, although in the 208 project this does not appear
to be a serious problem.

It may be argued that by increasing model detail, accuracy and confi 
dence can both be improved . The most cogent reason for limiting such detail
is however to achieve a level of complexity which is compatible with the
available computational capabilities. Also, complexity for its own sake is
illusory since the information needed to closely model certain interactions is
often not known well enough. In the Long Island 208 the Tetra Tech
modelers have avoided this pitfall.

In the context of the 208 project the Tetra Tech models are used to
provide information on water quality as part of the general assessment of
environmental conditions and structural alter natives . They playa crucial ro le
in quantifying the impact of sewage and runoff on the coastal water . What is
more, the models can compare alternative tactics for abating this impact
through sewage treatment, recharge, and shifts in land use.

The basic input to the models is information generally provided on dis
charges into the rivers alld bays in terms of flows from various sources
(streams, poin t discharges, runoff, and so on) and ill te rms of the pollutant
loads carried by these flows . As the reader now appreciates, this information
constitutes much of the boundary data fo r the models .

The models can be rUIl in three modes, as discussed earlier. The
dynamic, or time varying mode, is especially useful in studying the short term
transient effects of storm runoff and in com put ing the diurnal va riations
in dissolved oxygen which result from changes in algal activity. The infor
mation is provided over small time steps but this of course precludes model
ru ns which exceed more than a few tida l cycles. For lo nge r stretches of ti me ,
a more flexible mode is quasi-dynamic or tidally-averaged dynamic. Here one
can follow slow changes in pollutant levels as boundary conditions gradually
change over a period of weeks and months. Ch anges which occu r over a tid al
cycle are averaged out so that the fine detail of a more fully dynamic model is
now lost . Finally, in the event that discharges to the water body are
reasonably constant over a long period, or when one can assume that t he
water body has come to equilibrium with respect to the flows and loads

which enter it, a steady state model is more appropriate . Here not only is
information averaged over a tidal cycle, but it also no longer varies from cycle
to cycle. Tet ra Tech has found all the above modes usefu l in its work with
some modes be ing more appropriate than others in certain bays. In all bays,
however, steady state runs were provided in addition to some dynamic runs
in select areas.

The actual use of a model depends not only on the time scale and leve l
of detail required but also on whether it is to be used as a descriptive or
predictive tool. As a descriptive tool, one uses the model to explain existi ng
condit ions in the water bodies. For example, to understand the extent to
which tidal flux es will account for larger concentrations of some constituent
in one part of a bay over another. This kind of information is generally part
of the process of model ve rification. Another use is as a predictive tool. Here
one wishes to know what future changes will occur in the water body as a
result of present conditions. For instance, what are the nitrogen concentra
tions in a bay tomorrow as a result of a storm surge today? Here one predicts
fu ture changes in a way that clearly is impossible by observation of the bay
itself until after the storm su rge has occurred . The value of a well designed
model as an oracle largely accounts for the fascination such quantitative too ls
possess. Finally , the models can be used for purposes of optimization. Not
on ly do we wish to predic t future conditions but one would like to shape th at
future by manipulating the present. Thus, for example, by vary ing the outfall
location, size, and level of treatment of a plant, one gets different eventua l
concentrations of BOD in portio ns of t he bay . Of these many opt ions on the
treatment plant, one of them w ill clearly resu lt in a lowest BOD level at some
future time. If one disregards cost and other facto rs which may actua lly
inhibi t th e selecti on of this opti on, one now has an optimal way of influenc
ing the fu ture of th e bay. In the 208 study all the above mod el uses are
presen t but in terms of developing a final waste management plan it is the
predict ive and optimization modes which will dominate as a tool.

River Models

Tetra Tech has developed appropriate hydrody namic and water quality
models for the Carlls and Peconic Rivers_ This section is much shorte r than
preceding ones since the essenti al ideas are really special cases of what has
gone before, and the equations used are very much simple r.

Once again one employs a node/channel schematization with the same
assu mption of com plete vertical mixing. Howeve r, now each nod e is linked to

only two adjacent nodes (as shown in Figure 2.8) in a simple linkage which
follows the course of the river. Each channe l links only two nodes which are
labeled j '" 1, .. . , N start ing at the river source. The channels are simi lar ly
labeled. The model structure will allow two upstream channel s to converge
at one node. likewise the downstream flow from one node can diverge into
two channels. These features will allow one to model river tributaries, rivers
with branching structures, and two flow channel systems.
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FIGURE 2,8

FIGURE 2.9 Schematic of a
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cause excessive algae growth, and a mathematical model allows one to
roughly p redict what the ext reme condit ions must be to cause such behavior.
In this way another tool is added to the arsenal which is available to manage
water qual ity in surface wate rs. One should caution t hat, as with all modeling,
it is clearly impossible to capture all of t he interactions which actually take
place and that the equations can at best approximate reality. Moreover, many
of the parameters of the model (such as grazing rates, growth rates as a func·
tion of sunl ight penetrations, and so on) are imperfectly known. Nonetheless,
with proper interpretation of the results useful insights can be obtai ned. The
environmental consultant intends to utilize these ideas as part of the over·
all environmental assessment in combinat ion wit h ot her techniques and
approaches. The model, in fa ct, is essentially a modification of the class ical
mathematical rel ations which describe interactions betwee n predator and
prey. In this case the predators are zooplankto n, and prey are phytoplankton
which feed on a nut rient source. In the absence of predato rs the growth of
the prey is limited by the populat ion carrying capacity, denoted by a
value kA, which varies wi t h the leve l of nut rients in the water. The predato rs
grow at a rate wh ich is proportional to A B, where A is t he co ncentration of
prey and B is the concent rat ion of the predato rs themselves . (The units of A,
B are biomass per unit volume). However, these organ isms also have a carry'
ing capacity which limits their productivity and in the mode l an add itional
curtailment on growth is imposed which is based on the idea that p redators
reach a level of satiation in t heir feed ing. The various feed ing rates and the
satiat ion constants are dete rmined empirically.

on concentrations of alqae in the water, since these microorganisms both
produce and util ize oxygen through the process of photosynthesis and respi-
ration . This concentration is assumed to be a known quantity which is given
as one of the model inputs. What this explicitly ignores, however, is that the
algae concentration is itself dependent on other factors which include not
only the level of nutrients in the water, such as the various nitrogen and
phosphorous compounds which form part of the waste loads discharged
into the bays, but also on the level of oxygen itself. In effect, one has a
coupled system of mutually interacting influences which are accounted for
in the Tetra Tech models only in an implicit way.

An ecological model attempts to capture some of the interactions
which take place over time between nutrients and organisms in the water in
order to give a better grasp of the diurnal fluctuations which do occur, and in
order to predict the conditions which can lead to eutrophication_ The process
of eutrophication is characterized by an excessive growth of algae
("blooms"), an accumulation of organic debris, as well as low oxygen levels.

The model uses a set of mathematical relations which describe how
phytoplankton (a class of microorganisms which include algae) are consumed
by herbivorous animals (the zooplankton) and how the detritus of dead
matter and excreta is recycled through bacterial decomposition to provide a
new supply of nutrients for the phytoplankton. These relations are con
ceptually similar to the ones used in the water quality model in that each of
them give the rate of change of one constituent over a time interval LlT in
terms of the values of other constituents. For example, the rate of growth of
zooplankton is proportional to the population level of phytoplankton, with a
growth rate which measures the efficiency of feeding (zooplankton graze
more than they actually consume). In this way one in effect writes down a
set of equations which simply extends and complements the ones given in the
earlier model. Figure 2.10 below displays a schematic of the various inter
rela t ions which are dealt with in an ecological model. Note that oxygen is
used in the process of bacterial decay of waste loads generated either by man
induced wastes or through the natural processes of organic decay in the
waters. The nutrients on which the phytoplankton feed are provided either
through these same man·induced loads which enter the bays as sewage and
runoff or through the natural recycling process which transforms decomposed
material into a new supply of nutrients. Therefore, one deals here with a
nearly closed system except for such external factors as waste discharges or
temperature and sunlight (each of the last two affect both the rates of
photosynthesis which generates oxygen) and of respiration (which absorbs
oxygen). Incidentally, large temperature increases can also occur from man·
made heat discharged from power plants.

The complete loop is generally self limiting in the sense that under
" no rmal" conditions all interactions balance each other and therefore no
single constituent can grow in an unlimited fashion . An unbalanced situation,
triggered perhaps by a large inpu t of organic wastes during a storm surge, can
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sents the water tab le, or top of the groundwater system. This layer is subject
to distributed recharge fr om natural sources as well as direct wastewater
rech arge at specifi c locat ions . Recharge flow Oin (cubic meters per second )
at each node must be specified and these contribute to increasing head .
Similar ly, there are nat u ral and induced si nks or losses . Wells ut ilized fo r
public water supply and other withdrawa l purposes act to decrease head at
each node they impact. In addition, there are groundwater seepages and dis
charge to streams and underf low to bays. The pumping we ll s and natural

governing parameters will need to be specified in great detail.
Two fundamental relationships are required to describe groundwater

f low which are analogous to the hydrodynamic equations for surface waters.
First, the ve locity of flow is driven by differences in pressure, o r head , from
one point to another in the aquifers. Second, hydrostatic head changes with
time as the flow velocity transports fl uid from one place to another in the
aquifers.

Therefore, two equations are required to determine the two variables of
head (pressu re) and vel ocity . The basic form of the equations was discussed in
chapter 1 and , here, they are made specific to groundwaters.

For convenience in model fo rmulation and computation, consider an
aquife r divided into laye rs of square nodes of finite volu me interconnected
by channe ls. Fo r the present, the vertical coupling between layers is ignored,
to be added as a so urce term late r. In the simplified illustration of nodes
cou pled togeth er in Figure 3 .2, a change in head (water elevation or pressure )
at node 1 results from the net flow of fluid into the node . Since the node
surface area As remains constant, the vo lume change is due to change in head.
Compared t o surface waters, the poros ity f (which is less than or equ al to
one) implies larger head changes for the same net inflow into the node. In
addit io n to fl ow of water from one node to another due to differe nces in
head, t he re may be various natural and/or man-made mechanisms for flow
into or out of the node. Cons ider for exam ple the aquifer layer which rep re-
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Introduction
The groundwater modeling stLJdies carried out for the 208 project by

Princeton University and the United States Geologic Survey are oriented
toward an understanding of groundwater flows and pollutant dispersion in
the aqu ifers which underlie Long Island as shown in Figure 3.1 . Model
development is similar to that described in chapter 2 for surface waters but
with two important distinctions. The geometry and physical characteristics of
the soils which constitute the aquifers act to impede and redirect the f luid
flow. Consequently, it becomes necessary to accurately represent the inter
action between the wate r and the medium through which it flows. In
addition, whereas vertical mixing in surface waters permits reduction to
planar flow, here three-dimensional water movement is considered. In reality,
the ve rtical flows are considerat:y smalle r than horizontal and a si mpl ified
picture may be constructed in which an aquifer is represented as a series of
horizontal planes, or layers, which are then linked together in the vertical
direction. As in t he case of surface waters, the hydrodynamics of wat er flow
is first modeled and poll utant dispersion, or water quality modeling, is then
based upon the hydrodynamic solution. The genera l character of both hydro
dynamics and pollutant dispersion follo ws the discussion in chapter 1 of this
report, though the analogy of the use of t anks interconnected by pipes is
replaced with a more specif ic description of how the groundwater system is
represented for model development.

In this description of groundwater flow, it is assumed that the aqu ifer,
or medium, is saturated with water. The medium gives ri se to several im
portant features of fluid flow not present in the earlier discussion of surface
waters.

Since the material of the med iu m takes up some of t he space in a given
total volume, the remaining open pores available for the storage of water are
cha racterized by a porosity f . In addition, empirical studies show that wat er
flows through the medium as if it were moving through long capillary tu bes .
This creates a condition in which the mediu m is partially restrictive of the
water flow, and this is described by permeability k. Within the thin capi ll 
aries, viscosity /1 of the fluid establishes resi stive forces which dominat e the
flow. The porous structure of aquifers is also highly anisotropic. Th at is,
under specified pressure differences the velocity of groundwater flow will
vary widely with direction, often by more than an order of magnitude . F low
velocit ies are greatest along more or less ho rizo ntal planes in the aquifers and
least in the vertical direction . F~ally, these primary physical parameters

which govern groundwater hydrodynamics-porosity, permeabi lity, viscosity,
anisotropy-are all dependent upon the specific aqui fer (since these have
different soil types) and upon spatial distribution with in an aqu ifer both
horizontally and vertically. Consequently. while the model equations will
have the same form from place to place within an aquifer, th e val ues of the

CHAPTER 3 - GROUNDWATER MODE LING
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Using the steady stat e velocity, the equation 3.1 for hydrostatic head
has a solution shown in Figure 3.4 . The heads approach a steady state can·
dition H2 = H 1 in which there is no pressure difference and consequently no
remaining flow. As noted earlier, the specific storage is approximately an
aquifer thickness of about 50 meters. Then using hydrau l ic conductivity
(1 0m/day) and node spacing (2000 m) from above, the time required for the
pressure to go to equilibrium in Figure 3.4 is about 30 years. Hydrostatic
head equilibrium is achieved slowly because viscous flow in the porous
medium limits hydraulic conduct ivity, and hence limits velocity to .01
m/day. This brief description of the general character of groundwater flows
is sufficient to proceed to specific mode l f ormulations.

di~charges are introduced at each node by terms Qout (cubic meters per
second).9 Finally, there i~ the coupling from one layer in the model to
another . Since such flows are driven by vertical pressure differences in the
aquifers, they are characterized by terms analogous to the horizontal velocity.
It should be emphasized that such terms reflect the anisotropic flow and the
vertical velocity will tend to be small in relation to the horizontal flow
velocity. It proves convenient to define a specific storage S as cAs/AcL, where
L is the channel length between nodes, which is roughly the node horizontal
surface area divided by node volume. Specific storage S is therefore approxi
mately the height of the aquifer layer.'O The change in velocity with time is
limited by hydraulic conductivity K, a team which combines fluid viscosi ty
with the permeability of the medium. This constant reflects the role of
viscous forces upon fluid flow in porous soils.

This discussion of groundwater equations may be summarized by
noting that the starting point for both Princeton and USGS models is in the
hydrodynamic equations of motion for head and velocity. There are then two
basic choices in an approach to construction of a model of groundwater
movement. One can adopt a strategy of taking the basic hydrodynamic
equations (3.1) and (3.2) and develop a direct computer solution. Such com
puter solutions have the advantage that information in the model may be
adapted from one area to another so that the model is relatively transferable.
This is how the Princeton group approached it . An alterna tive is to build
some type of physical structure which behaves in the same way as the ground
water system. This is the approach taken by the USGS. It should also be
emphasized that a computer oriented approach facilitates the inc lusion of
pollutant dispersion, which will be discussed in connection with the Princeton
University modeling effort, whereas analog models generally do not.
, . Before we proceed to detailed discussion of the Pinder finite element
method and USGS analog model structures, it will be helpful to get some idea
of the magnitude and relation between head H and veloci ty u and
the parameters of specific storage S and hydraulic conductivity K. It can be
shown that the solution to the velocity equation (3.2) has the form shown in
Figure 3.3. In physical terms, the velocity responds to a pressure difference
by increasing to a maximum steady state velocity uo which is known as the
Darcy Velocitv (first measured in experiments by Darcy in the late 1800's) ."
Using hydraulic conductivity typical of Long Island Upper aquifers, and a
hydrostatic head difference of 2 meters between nodes of spacing about 2000
meters apart (as in the USGS model). the steady state velocity Uo is about .01
meters per day and flow rate is therefore quite small. Note that the time to
required for velocity to respond to pressure difference is about K/g from
Figure 3.3. Usin1the hydraulic conductivity above and gravitational acceler
ation 9.8 m/sec , the equilibrium time becomes 9 microseconds. A s we see
below, this represents very rapid achievement of the steady state Darcy
velocity compared to the time over which hydrostatic head differences are
compensated.
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Analogy between water flow and electrical current in
USGS model.

ELEVATION H2

FIGURE 3.6

CURRENTtHEAD HFLOW Q

An alog Model
The USGS model of Long Island groundwater is formulated by using an

analogy between the hydrodynamic equations for steady flow and the
voltage-current relationships in electrical circuits. In Figure 3.5, it is seen that
water flow into a node, or tank, in the groundwater system leads to an
inc rease in heart Anal agousl y the fl ow of cu rren t into a capac itor leads to in·
crease in vo ltage across a capacitor. Indeed, the two eq uati ons for these
physical phenomena have exac tly the same form . Consequently, to construct
a physical representation of the groundwater system requires that a capacitor
be chosen of the right size to represent storage at each node of the model. It
m ight be noted that capacitors are devices which are each about the size of a
U.S . twenty-five cent coin. Continuing with the development of the analogy,
Figure 3.6 shows that the flow )f water from one point to another in the
groundwater system is driven by a difference in head. Analagously, the
cu rrent through a resistor is driven by the difference in voltage between the
two ends of the resistor. Consequently, for each channel which connects
nod es together, one resistor which is a device about the size of a small piece
of ch alk is introduced. Overa ll, the model may be constructed as a set of
capacito rs whi ch represent specific storage within each node and a set of
res istors which represent hydraulic conductivity associated with a flow
between the nodes, as shown in Figure 3.712

The model includes a description of recharge and discharge at each
node in the system . Recharge to the aquifers is represented by current genera·
tors wh ich pump current directly into the capacitor which represents a node,
much as is shown in Figure 3.5. Similarly, discharge or seepage to streams and
bay waters, pumping and other sources of loss from a nod e, are presented by
a current drain away from the node.

FIGURE 3.5 Analogy between water flow and electrical current in
USGS model.

FIGURE 3.7 Analogy between water flow and electrical current in
USGS model.
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Table 3.1

Computer Based Groundwater Models

are designed for large-scale analyses, they do not include any detailed
characterization of saltwater/freshwater interface for the main island and, as a
result, are not appropriate for saltwater intrusion stud ies. Finally, the Cleary
groundwater model is a very locali zed hydrody namic model somewhat similar
to the South Fork local well model, augmented by pollutant dispersion
which will be described briefly below. Cleary takes an approach which in
volves direct solution of the coupled hydrodynamic-pollutant concentration
equations so that ce rtain non-linear interactions be twee n groundwate r flow
velocities and contaminant diffusion are fully represented in the model
and permits study of a very wide range of contamination problems.

In the description of pollutant dispersion, there is one important
distinction between the surface water system and groundwater. Nonconser
vation po llu tan ts are those wh ich tend to decay o r change ove r time. This
includes, for example, fecal coli forms, biological oxygen demanding sub
stances (BOD), and the like. Such contaminants have rates of decay which are
typically hours or days. In consideration of tidal flows, the movement of
wate r takes pl ace over periods of hours as does pol lutan t decay, and it is
important to track both the movement and the decay of such pollutants.
However, in the groundwater system, the residence time before there is any
substantial movement of water is decades. Consequently, nonconservative
pollutants introduced into the groundwater system undergo effective decay
at the poi nt of en try, and the y w il l not be found at any substantial distance
from the source. As a result, the pollutant dispersion mechanism need be
considered only for conservative pollutants. With this distinction, the descrip
tion of pollutant dispersion is otherwise quite similar to that in surface
waters. 14
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The effects of recharge and discharge are thought of as "stresses" upon
the groundwater system. The model is assumed calibrated and verified if it
replicates past variations in head when the historical pattern of stresses is
used to drive the model. Where discrepancies arise between predicted and
observed head, the verti ca l hydraulic conductivity is a pri mary cali bratio n
parameter because it is the least certain of the data inputs (remember this
requires physical change in the values of resistors). Following such calibra
tion, the model is assumed valid for future prediction of response to new
stresses upon the system.

Finite Element Model
The Princeton University group (Pinder for hydrology models, Cleary

for the groundwater quality model) has prepared groundwater models which
have bee n utili zed in hydro logy studies on th e South Fork and ma in portions
of the Island and in examination of water quality surrounding the Babylon
landfill site. It should be noted immediately that the hydrodynamic equations
for the USGS analog model and the Pinder computer-based models are the
same; only the solut ion technique differs. 13 However, with i11 the analog
model it is virtually impossible to introduce pollutant dispersion, whereas the
computer formulation lends itself to an extension into groundwater qual
ity modeling.

The use of the hydrodynamic models, and pollutant dispersion models
wi thin the ov(nall fram ewo rk of th e 208 pro ject wil l be quite different . Fo r
area-wide studies of the impact of pumping and recharge upon water table,
the USGS analog and Pinder computer-based models provide comparable
information. On the other hand, it was noted earlier that groundwater flows
are quite slow and it requires decades for water to move over distances of a
mile or so. As a result, the dispersion of pollutants within the groundwater
system is quite localized. The Cleary groundwater quality model best serves
to define the details of contamination around localized sources, such as the
Babylon landfill.

The Princeton Unive rsity group has prepared four specific model s fo r
analysis of groundwater conditions on Long Island, as noted in Table 3.1. The
two South Fork models are of course specific to this particular area of the
Island where water availability and quality have become major concerns. The
region al South Fork mode l desc ribes head, or water tab le , th roughout the
area and includes expl icit representation of the saltwater-freshwater inter
face as it shifts due to withdrawals for water supply and irrigation needs.
The local well South Fork model specifically considers saltwater intrusion
into a major pumping well where the regiona l model results indicate that such
probl ems might arise. The Long Island groundwate r model is identica l to the
USGS analog model (with the exception of mathematical solution technique
as noted earlier). Both models essentially describe change in head or water
table for various stresses such as pumping, recharge, changing stream flow,
and the like upon the groundwater system . Because these Lo ng Isl and mode ls

Titl e

South Fork-Regional
(Pinder)

South Fork-Local Well
(Pinder)

Long Island-Regional
(Pinder)

Groundwater Quality
(Cleary)

Purpose

Spatial distribution of height of water table.
Movement of saltwater-freshwater interface.

Saltwater intrusion into a pumping well.

Spatial distribution of height of water table
(equivalent to USGS but di ff erent mathe
matical formulation).

Contaminant plume (pollutant concentra
t ion fro m a la ndfi ll or othe r source ).

Ii!



Uses and Limitations of the Groundwater Models
Five distinct models have been described: USGS and the four

Princeton ones . Each of these has been ut il iz ed in the study of selected
prob lems. Some have been mentioned ear l need onl y br ief mention
here. In some ways, the models have much in common. They are al l dynamic
models and depend upon the same basic aquifer parameters. They tend to
differ in their detailed descriptions of speci fic phenomena sucll as sa ltwater
intrusion which are primarily localized phenomena.
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All of the models assume that an adequate data base exists for specific
storage (porosi ty of the soils in the aquifer) and hydrauli c conductivity
(permeability of the soil in conjunction with viscosity) which govern the
hydrodynamics . However, these parameters vary widely depending upon
spatial location in the l ong Island region and upon depth and type of aquife r.
These may be adju sted during ca li bration to achieve an adequate match
between head predicted by the model and actual field data. but other factors
such as stream fl ows might also be factors. Thus, one cannot always be
cert ain that the righ t parameters have been set during calibration. Once again
this largely depends on the expe rience of the modeler and in the Long Island
208 this is not a real concern.

The USGS analog model and Princeton long Island models serve the
same purpose. They each compute t he height of the water table or head at
roughly 1 m ile spatial increments eve rywhere between the New Yo rk City
line and Riverhead in the Bi-County region. In addition to spec ific storage
and hydraulic conductivity parameters, the models require groundwa ter
seepage to streams, natura l rech arge and other st resses including pumpi ng well
locations and vol umes, injection wells fo r and the like. The in forma~

tion needs fo r such region al mode ls, involving up to 10,000 nodes , are
extens ive . Fortunately, such a set of data has been prepared for the Long
Island region . The models may be run in a dynamic mode using time steps of
a year since decades are required for large differences in head to appear. The
analog model requires considerab le effort to establish electrical circuit
arrangements for st resses and/or physical paramete rs and this places some
limits on its ability to compute a wide range of alternatives for wastewa ter
management. The Pri nceton model provides a com putational advantage over
the analog model simply because it is computer based. In the Princeton
version it is easier to change th e val ues used in the model and even th e geo
metry of the gr id system itself. The model is therefore more fl exi ble in that
the time required for modifications is short . Thi s means that it is more readily
transferable from one place to another since it does not entail the re·wiring of
a physical analog.

The South Fork mode l is a parallel to the Long Island hydrology
models. Because of the geology of the South Fork and the po tential of salt
water intrusion problems, the model is structured as a two-laye r aquifer
system (rather than five for the Island) and includes a d etail ed descr iption of
the saltwater-freshwater interface. It is ut ilized to assess overall impacts of
pumping in much the same way as the models above and is subject to the
same limitations. Again, th e model provides a dynamic history and/or future
of head changes and how the saltwate r/freshwate r interface shifts in response
to pumping st resses.

The local Well model is essentia lly a small piece of th e regiona l model
in wh ich a fine grid configuration may be used to follow sa ltwater int rusion
into a well. In this case, it re lies upon an accurate knowledge of the physical
constants of the aquifers as well as some detailed history of sa ltwate r and

"PLU~[ ..=
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Physical analog of the formation of "plllmes. "

ADVECTiO~

FIGURE 3.9

The general character of pollutant dispersion in the groundwater system
is shown in Figure 3.9. The change in concentration of a contaminant intro
duced into the groundwater at. say. a recharge well, occurs because of two
general forces. First, advection describes the overall flow of water from one
point to another in the aquifers . If the motion were entirely uniform, a
"slug" of contaminant would remain intact. In reality, we have noted earlier
that flow is anisotropic. The small downward components of flow lead to
some vertical spreading of the pollutant and, hence, reduction in level of
concentration. Superimposed upon this advection is diffusion. the tendency
of any concentrated pollutant to spread out and fill the entire volume in
which it is situated, as illustrated in Figure 3 .9. In the absence ot any ground
water flow (no advection) diffusion itself will lead to lower concentration of
pollutant. For example, a drop of dye placed in a bathtub gradually diffuses
to fill the entire tub with a low uniform level of dye, as pointed out ea rlie r.
As noted in Figure 3.9, the superposition of advection and diffusion leads to
development of a contam inant pilime in the aqui fer. Such a plume extends
several miles south of the Babylon landfill site on long Island. Remember
that fl ow is quite slow and that it takes decades for such plu mes
to form .
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evapotranspiration uptake by plants, and other outflows from the cell.

In each cell a mass balance relation is employed which asserts that total
water into a cell must equal total amount leavi ng it. This assertion is
conceptually no different from the mass balance relations utilized in the
water quality models discussed earlier. For a given cell one has the following
relation which defines 'water budget':

Recharge = Precipitation + Ir rigat ion .- Runoff - Evapotransp irati on
(3.3)

I

--J- ..- suBSURFACE FLOW

'--'7'----:--+- RUNOH

PRECIPITATION

AND/OR RECHARGE
TRANSPIRATION

RECHARGE

Representation of the recharge model of CES. Sub
surface flow is generallv assumed to be zero in this
model.

EVAPORAT ION

One should also add to this equation a te rm for net hori zontal flow of
water into or out of neighboring cells, but this is considered negligible in
relation to vertical flow since the soils are generally considered to be loose,
sandy and unsaturated. The term evapotranspiration in relation (3.3) refers
to evaporation plus transpiration of wate r through the root zone of plants.

The generation of recharge to the groundwater system may be viewed
as a two step process. First, precipitation and/or irrigation cause the entry
of water into the system, as illustrated in Figure 3.11 . Secondly, vegetation
takes up some water for respiration. These evapotranspiration losses are also
shown in Figure 3.11.

At the surface, water either infiltrates the ground or creates runoff. The
spl it between these two is characterized by a runoff confficient determined
for various types of soils and surfaces. Impervious surfaces associated with
land use development are assumed to block all infiltration. Th€He is an
effective "active storage capacity," which describes its overall ability of the
soil to capture and retain water. This storage capacity is the product of depth
of the root zone and an available moisture capacity.

T
ROOT ZONE

~

FIGURE 3.10

Water Budget Model
The water budget model prepared by the Cooperative Extension Service

(CES) for the 208 project has two primary purposes: first, to estimate
recharge of precipitation and/or irrigation to the groundwater and, second, to
provide a transport model for nitrogen loadings to both ground and surface
water, in the Long Island area. In this section, the transport mechanisms
contributing to the overall water cycle and the extension of this transport
model to consider ni trogen loads is described.

We wish to draw attention immediately to the fact that this work does
not constitute a groundwater model in the sense of the USGS and Princeton
efforts. Recharge here is to the upper aquifers where the soil is relatively
unsaturated and does not deal with movements of water in the deeper aquifer
layers. The basic premise of the water budget model is that most of the pre
dominant processes involving uptake of water and/or nitrogen occur w ithin
the root zone for vegetation on the Island. One consequence of this observa
tion is the fact that whereas lateral movement of groundwater is more
significant than vertical flow in the models of sections 2.1 and 2.2, in the
present discussion it is the vertical infiltration of the unsaturated subsurface
medium which is important. Lateral flows are, as we will see, considered
insignificant.

A schematic of water flows is shown in Figure 3.10. The root zone
itself is some one to three feet deep depending upon vegetation type. The
whole of the Long Island Bi·County region is divided into such cells with
surface areas of 2.25 miles, coincident with the planning maps for demo
graphic and land use development. Twelve types of land use development
may be introduced on the surface of any cell. The model states simply that
recharge is the net of precipitation and/or irrigation inflow over runoff,

freshwater movement in the local area of the well considered. Such measure
ments are often difficult to assemble. Consequently, these highly localized
models are often calibrated and verified for the specific well under study, for
which an extensive data base may exist, but the model and its results may not
be easily transferable to other situations.

The Cleary groundwater quality model is another highly localized
model which is an adaptation of a small section of the hydrology models with
additional relations to describe dispersion of pollutants within an aquifer. As
such it is a water quality model. In addition to data limitations associated
with the groundwater hydrology, the model requires sufficient local data
to establish a pollutant diffusion coefficient in order to track the spread of
the contaminants.

Overall, the groundwater models fall into two categories. The hydro·
logy models are designed to supply information of the spatial distribution of
the water table and its change in the future. The localized well and water
quality models are useful in the specific sites for which they are prepared and
are not directly applicable on a more extensive basis.
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CHAPTER 4 -INTEGRATED USE OF MODELS

The Long Island area is one of wide variety in terms of marine and
hydrogeologic water systems. The study area shown in Figure 4.1 has some
1000 miles of shoreline, wetl and areas, barrier beaches, shal low bays, and a
number of other important e lements of the coastal environment. The
groundwater system is equal ly complex, consisting of shallow and deep
aquifers, intervening clay layers, underflow to bays, seepage to lakes and
streams, and is subject to the problem of salt water intrusion near shore-

lines. Surface features which contribute recharge to groundwater and
runoff to estuaries range from built up urban environments to ' natural
meadowlands. Within this kind of framework the use of models plays an
important role in addressing the difficult question of regional strategy for
wastewater management, particularly in our ability to quantify the impacts
of d ifferent la nd use schemes and wastewate r alternati ves. Data gathering an d
assessment fo r model devel opment, as well the models t hemsel ves, also
prove valuable in clarifying the present condition of surface and ground
waters in the area and thus serve to provide a backdrop against which the
future may be judged.

LOCATION MAP

GRAPHiC SCALE: Nauti cal Miles

10 5 0 10

FIGURE 4.1 Location of study areas.
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milligrams per liter for a typica l model run. An alternative strategy m ight be
to consider the diversion of wastewater flow s t o ex i st in~l or new plants as
suggested in Figure 4.2. The options fo r wastewater d ischarge from such
plants may incl ude stream augme ntatio n. In this case, the Tetra Tech r iver
models are utilized to describe water qual ity along t he length of a rive r as well
as t he im pact of t he d ischarge upon t he wate r f low itse lf.

The engineering consultants have recommended a number of alterna
tives which include the use of regional, sub-regional, and local sewage treat
me nt pl ants or dive rsio ns to the Rive rh ead sewage t reatme nt plant, wh ich
may require expansion of that plant. There have also been expressed concerns
with Peconic River stream flow conditions so that it might be appropriate to
consider stream augmentation and/or recharge options which assist in main
tain ing stream flo ws, th e wate r table, o r water quality , respect ivel y. To test
the various alternatives, including location of outfall pipes, stream augmenta
tion, recharge, and the like, requires the use of different models for different
water bodies. The impacts of discharge to rivers can have secondary effects
upon the bay systems, tor example through increased effl uent loading to th e
bays. Likewise, in the Riverhead/Peconic area, recharge options may reduce
nutrient and organic loading to streams which could have adverse effects
upon flo ra, fauna, and stream water quality. In t he face of these complex
mteractions, it often becomes necessary to combine the info rmation from the
several models to proper Iy evaluate these types of wastewater manage
ment alternatives.

Figure 4.2 illustr ates some of the possible structural opt ions in t he
Riverhead/Peconic region. 15 The water budget model (Cornel l Extension
Service) is utilized to establish an accounting of precipitation, evapotrans
piration recharge, and runoff components in the total water cycle as shown
in Figure 4.3 for the River head area . Of cou rse, paved sur fac e, rech arge
basins, and other characteristics of the future land use lead to changes in
runoff, while removal of vegetation decreases evapotranspiration water loss.
The model is so constructed that it can describe the impact of land use
development upon runoff, which is a component whic h enters into estuary
and stream models, and recharge. the flow of water which enters the ground
water system. Since it has been estimated that runoff nutrient levels can be a
substantial part of the total load to surface waters in areas such as Riverhead .
the water budget model can be used to estimate runoff itself as a contaminant
to bays. and for recharge to the water table. It should be noted. however. that
this model describes only aggregate water flow over large areas and is able to
only include conse rvati ve contam inants as part of the wate r cy cle, pri maril y
nitrogen and phosphorous. Some of the information which the model does
not address is made available through estimates provided by the engineering
consultants.

With reuarcJ to sewage treat ment pla nt s, some method of disposa l of
effluent is required either to surface waters or groundwater. In the event of
discharge to estuarine waters, the Tetra Tech models prove useful in the
assessment of the impact upon water quality in such bays. Outfall discharges
may add to t he water flow and contaminant load. Fo r examp le , if one con
siders a specific outfall site in the bay. the Tetra Tech model provides profiles
of constituent loading at various locations (as shown by the nodes along the
bay channel in Fi9ure 4.4). such as for tota l nitrogen N and phosph orous P.
This is shown in Figure 4.5. The curves correspond to tota l concentrations in
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for North Haven wou ld typify ground wa ter "hills" such as those shown in
Figure 4 .6 which would surround an injection well at the point of recharge.
In the evaluation of alternatives involving recharge, it might also prove use ful
to utili ze the Cleary groundwat er quality model for assessing the flow of
contaminants away from the injection well though data sufficient to effec·
tively utilize the model is not read il y available for all areas of the Island.

Transect specified for calibration, verification and
sensitivity profile plots.

FIGURE 4.4

~
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Discharge to th e groundwater system has two effects , First, there are
local increases in the water table elevation and in addition, the local ground
water quality may be either improved or degraded depending upon prior
water quality. Where only a description of impact upon water table and water
flow from one point to another in the aquifers is necessay, the USGS and
Princeton Universi ty model s may be applied . For example the Pinder model
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It should noted that the solid lines indicated F 4]
flow information within the 208 itsel f and not formal links
between the various computer models. would like
the models into an overa ll However, there would
be a number of difficulties this all

separate different programmers, programs,
computer languages and computer systems. it would be
formidable to pull these into a
practical sense, however, It necessary
one In various
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trea t ment plant option, its impact upon the water system in the area is
assessed using only the specific model s which apply . For exa mple, if only il

bay outfall is to be considered as the discharge option, the Tetra Tech estuary
model alone would be used to assess this. There are , in addition, a wide range
of qualitative and quanti tative cons iderat ions which are d rawn in to the
evaluation of wastewater management alternatives at this point, but which lie
outside the scope or abi litie s of the models . Outfalls to open surface waters
could have impacts on stream flows . The groundwater models are not con
structed to deal effec t ively with such effects in indi vidua l st reams. Mo reove r,
the river model itself d oes not accurately describe the impact o f outfalls on
upstream water levels. Environmental impacts upon shorelines, drainage
structures, flooding, and ecology of bay and river systems also fall outside the
range of the models. However the models do provide the quantitative back
ground of water quantity and q uality requi red to add ress these quest ions .
Where impacts of alternatives are considered undesirable, one may cycle back
by reconsidering the option, introduce some changes in the character of the
alternative, and then run the new option back th rough the models to assess
whether its impacts might now be considered more favora ble.

After having surveyed in t h is report the several mod eling components
of the 208 it is useful to give a brief summary of what each model does in
terms of output, where that output is directed in terms of Long Island waste
management, and the inputs required to make the model operational . This is
shown in a series o f flow diagrams, gi ven in Figures 4.8, 4.9, 4.10 . T h is
introductory view of the 208 models may hopefully encourage the serious
read er to consu lt some of the more technical documents provided by the
consultants.
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NOTES

(1



(2.1)

for the two coupled nodes. If we generalize to a multl·layer aqu ifer system, three
separate equations of type (3.2 ) must be written for velocities (lX' Uy, and Uz along
x, y, and z axis, respectivelY'. However, this will not be critical to our discussion of the
model below.

The expresion for change in velocity (or momentum) with t ime requires no mod·
ification from equation (1. 11) found earlier. As shown In Figure 3 .1, tht1 velocity is
driven by the difference in head, or water elevation between two adjacent nodes.
However the soil acts to restrict flow of groundwater and the rate of change of
velocity is

5 Referring to equation 1.3 this can be stated mathematically for each node s,

illi s = ~ A c ui + G~n _ Ofut
6T '-1-';::;:SJ-'

where all flow conditions on the r ight side o f 12.1) are determined at some prevIous
time and illis is the net incremental change in H during a time step .:IT which takes us
to the present moment. The symbol 2': is of course the usual shorthand for taking a
sum of terms from j =1 through j = m.

6 Equation 1.5 must now be interpreted in terms of a head difference between two
specif ied nodes labeled as i1 and i2 and u then flows between these two nodes.

.:lu H2 - H1 1-=g( )-g-u

.::iT L k
{3.2l

(3.11

36

7 Consider BOO, for example. Suppose kB is a constant which denotes the rate at which
BOO decays over time. If c is the quantity of BOD in a given volume V, at some earlier
instant , then kBc.:lT is the amount of BO D lost to decay during the next ti me interval
of durat ion 2.T. If we subtract this from the previous value of c we obtain the current
value of BOD. That is

VLX = - kBC6T

The reason for subtracting is that the new value of 800 will always be less than
its previous value . Of course this argument assumes that all other factors which may
affect 800 are absent during the time interval. That is, no sources or sinks and no
advection or diffusion. The relation for BOD is simply a spec ial ca se o f equation 2 .3. In
general the full relation for BOD will include all these other terms in addition to the
one given here for decay.

8 Re-aeration refers to oxygen gains which occur at the surface of the wat er due to
contact with air, while photosynthesis is the process whereby microorganisms in the
water release oxygen as a result of the manufacture of carbohydrates from water and
carbon dioxide. Finally respiration is the opposite of photosy nthesis ancl refers to the
biolog ical act ivity in which organic carbon is oxid.zed. As a result oxygen is consumed.

9 This lead s to the equation

E A 2.H = uA + Gin _ Gout
s 2.T c

where u is velocity in the channel of the area Ac . This ex tends equation (2.6) to

include source and sink ter,ns and is analagous to equation (2.1) for surface models.

10 Consequently, using the expression (3.1) above we see that

2.H u Gin _ Gout
S-= - +--

6T L EAsL EAsL

where the left side is approximately the percen tage change in head which is driven b y
the velocity and the various recharge, pumping, and seepage flows fo r the node. This
is similar to equation (2 .2) derived earlier in the report. Note that since EAsL is the
node volume for water storage, G/EAsL is a percentage volumetric flow . The overall
change in head is a result o f all incoming flows from other nodes w ith in the layer con
sidered, or to the layers above and below, and contributions from recharge or discharge
at the node.

11 given by U o = K{H2 - H1 )/L

12 The choice of resistor and capacitor values is important. For convenience, capacitors
should be small enough that the currents requ ired to drive the physical model are
appropriate for small operational amplifiers and small signal equipment. Similar
condi tio ns ho ld fo r resi stors in order that impedance m atch to external sources not be
a problem. Also, the time required to resolve pressure differences in the real ground.
water system is something like thirty years, as we know, and in the model this is
characterized bY' the time constant for resistor/capacitor circuits. However, we prHfer
th is not be the thirty year equilibrium tor the aquifer, but some convenient laboratory
time. The USGS model is formulated so that two years real time is about 1/1000 sec.
in model time.

13 The Princeton models are finite element models as opposed to finite differences
represented in the USGS model. Finite differenc e refers to sect ioning the aqui t er layer
into nodes (points) and channels Wnes) so that one has a set of difference equations
involving head at each node. Finite element refers, roughly, to sectioning the aquifer
layer into finite·sized cells (of any shape). The head is described by a mathematical
functi o n hav ing spat ial dependence and the particular valu e for water eleva tion at each
fi ni te element is found simply bY' numerical evaluation of the function.

14 The above numbers, althoug h gener,llly true, overlook the fact that the distribution of
pollutants observed in groundwater systems is due to several mechanisms, of which
physical dispersion is only one. A pollutant which may behave conservatively (not
decay with time or react with the permeable medial in one aquiltn may behave non
conserva tively in another. For example a pollutant which absorbs strongly in slit and
clays would be attenuated in shorter distances than in a system which is mainly sand
and gravel. Moreover, the ability of groundwater systems to assimilate certain pollu
tants may be limited upon the rate at which pollutants are introduced (o.g .• simple
wast ewater so il treatment systems clog with excessively high organic loads.]

15 Those shown in the figure are somewhat hypothetical and do not conform with the
options being prepared by the engineering consultants.
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CHAI RMAN'S MESSAG E

The people of Long Island are introspective and outgoi ng, intolerant and unprejudiced,
mobile and settled, of old stock and new blood, of sand and rock, of water and d rought. They are
the paradox that our American society is at this time , anywhere in the Country. However, Long
Island is an island , and its very geographical nat ure has determ ined the ou tlook of its inh abitants

"Population Estimates and Projections, 1975-1995" represents the first inter im output
from the section 208 Waste-Treatment Management project. This study reveals more than detai led
current population figures, it is a moving, dynamic document. Not only how many people are but
how many can be in the various political jurisdictions shown are revealed. "How many people can
be?" is common language for the profess ional s' expressions for " populatio n at zoned capacity,"
or "saturation popu lation."

An example of the value of the document for planning purposes may be found in Table 6.
In 1966 the Town of Southold had a possible total population of 245,080 based on earlier zoning
policies. Today, as a result of zoning changes saturation population would be 72,921 (compared
with actual populat ion tod ay of 18,733) .

Long Island's population constitutes its greatest heritage, opportunity and problem. It
portends the cla ims for a better li fe style asserted in one way in the oath of the Athen ia n
city-state:

We will ever strive for the ideals and sacred th ings of the community, both alone
and wit h man y;

We will increasingly seek to quicken the sense of public duty;

We will revere and obey the Community's laws;

We will transmit this community not only not less, but greater, better and more
beautifu l than it was transmitted to us.

I should like to express my appreciation to Mr. Koppelman for the unfailingly gentle

pressure which kept the project moving. Arthur Kunz, Dr. Ed ith Tanenbaum and Carol Moor did
the work. And finally, the study simply would not exist were it not for my fellow board members.
County Executives Caso and Klein have had the vision to support probes into the future with
the ir su pport of today's actions.
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POPULATION ESTIMATES AND PROJECTIONS,
1975 to 1995

FOREWORD

The Nassa u-Suffolk Regional Planning Board has lo ng recognized t he
need for a new series of population projections to replace the series generated
nearly ten years ago as part of the "701" Comprehensive Planning Study.

The Bi-County Board, in its capacity as the Areawide Waste-Treatment
Management Planning Agency , pursuant to the provi sions of Pu blic Law
92-500, has been required to produce a new series of population and land
use projections for the years 1980-1995_

The intended use of the projections, waste water management planning,
dictated the use of a methodology based upon land capacity analysis. This
methodology wh ich does not permit projection of the popul at ion by age and
sex, does permit the projection of population by relatively small geographic
areas.

Frequent requests for small area population estimates and projections
and recognition of its responsibility to promote maximum dissemination of
potent ially useful information have led Nassau-Suffolk to undertake the
publication of a somewhat expanded version of the projections furni shed to
the United States Environmental Protection Agency.

The Regional Planning Board wishes to acknowledge the valuable
assistance furnished to the Board by the county and town planners, the

planning consultants and the students, who aided in the identificat ion and
tabulation of vacant land in a considerable portion of the Bi-County area .

The staff of t he Nassau County Planning Commission, wh ich prepared
the data for the Towns of Hempstead and No rth Hempstead and for the
villages in Oyster Bay, did much to facilitate the production of land capacity
estimates for those areas. The staffs of the Town Planning Boards in Oyster
Bay and Islip; Raymond, Parish, Pine, and Weiner, consultants to the Town of
Brookhaven ; and McCroskey-Reuter, consul ta nts to the Town of Riverhead
made comparable contribu tio ns to the production of land capacity estimates
for the unincorporated areas in Oyster Bay, Islip and Brookhaven and for
the Town of Riverhead. Students from the State University at Old Westbury
and Stony Brook assisted in preparation of the data for the South Hunting
ton, Harborfields, Hauppauge and Middle Island School Districts.

The Regional Planning Board staff obtained additional land use data
from recent Suffolk County Planning Commission studies undertaken for the
Town of Shelter Island, the villages of Poquott, Bellport, and Northport, the
Lindenhurst and Smithtown School Districts, and the Fire Island National
Seashore. The Bi-County Board utilized aerial photographs, office reco rds
and f ield inspection to generate the requ ired land use information for the
Towns of East Hampton, Southampton and Southold, for the villages in Islip
and Brookhaven, and for the portions of the Towns of Babylon, Huntington,
and Sm ithtown outside the previously mentioned villages and school
districts.
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INTRODUCTION

Population Estimates and Projections, 7975- 7995 contains estimates
of the present (1975) population and of the population at zoned capacity for
each of the 108 municipal ities, the 126 school districts and the 30 drainage
basins in Nassau and Suffolk counties. It also contains the Nassau -Suffolk
Regional Plann ing Board's projection of the population of those same geo
graphic areas for t he years 1980, 1985, 1990 and 1995, together with an
explanati on of the methodology used to develop the projections. There is a
brief discussion of the major changes in town and school district population
indicated by the projections, and of the relation of the projected totals to
the "saturation population"; that is, the population of the project ion areas
at zoned capacity . T his is followed by a consideration of gross residential
densities . A brief discussion of the changes in zoned capacity and of the
differences between the Nassau-Suffo lk 1966 and 1975 projections conclude
the body of the text. A comparison of the Nassau-Suffolk projections with
those of other agencies is included in the Appendix .

As in any similar endeavor, the intended use of the projection influ
enced the selection of the geographic areas for which projections were
developed. The "208" Waste-Treatment Management Planning Study being

undertaken by the Planning Board in cooperation with affected county
depa rtments and agencies requires the production of "baseline" or trend
projections in order to determine the magnitude of futu re needs and to evalu
ate the effects, if any, of various waste water management alternatives on
future population . Since large-scale waste water management planning
generally dea ls with drainage basins or sizeable sub-basins it was necessary to
provide the engineers, hydrologists, soil scient ists and other technical person
nel with population projections for drainage basins. However, a number of
considerations- among them the Board's dependence upon readily available
data, the potentially limited usefulness of projections for what were often
extremely large, irregularly shaped drainage areas and the probable need for
a subsequent breakdown of basin totals for sub-basins or other smaller areas
fo r "208" or "201" (facilities planning) purposes, the desire for fl exibility
without loss of consistency, and the great number of requests for municipal
and schoo l district projections for general planning purposes- led the Planning
Board to undertake the development of projections for the thirteen towns,

the school districts or the portions thereof contained in each town, and the
cities and villages or portions thereof in each town and school district. The

availability of demographic and housing data and of zoning information fo r
municipalities and school districts proved a most persuasive argumen t for the
selection of these areas. The relative ease with which school districts or
portions of school districts could be aggregated to drainage basins was an
important consideration . The enhanced usefulness for general planning
purposes and the simplicity of periodic revision , as necessary to reflect signi
f icant changes, were fu rther reasons for the tabulation of data and the
projection of data and the projection of population by municipality and
school d istrict .

CURRENT POPULATION ESTIMATES

The Nassau-Suffolk Reg ional Planning Board considers the Long Island
Lighting Company's population estimates for J anuary 1, 1975 as the most
accurate ava ilab le for the Bi-County area and has adopted them as the base
year numbers fo r its popu lation projections.

The LI LCO figures are part of a continuing series of estimates,
produced on an annual basis . They are essentially an up-date of the latest
decennial census and of special censuses, where availab le, adjusted to reflect
changes in the population as indicated by increases or decreases in the
number o{ occupied housing units. The changes in the number of housing
units are obtained from company records of active meters, new connections
and discontinuances of service . The meter count for each area is multiplied by
a factor for household size to produce an estimate of t he area's population .
The household si ze multipl iers are generall y derived from the decennial
census data and may be somewhat outdated and inaccu rate by the latter half

of the intercensal per iod. Nassau-Suffolk suspects that there may be areas in
Nassau and in western Suffolk where the LI LCO household size factors fail to
reflect the full magnitude of recent changes in family size ; however, such in 
accuracies, if they do exist, are of little significance. The LI LCO estimated for
January 1,1975 have been used as the base year figures for projection pur
poses. The relatively small increase in population that has been projected for
the period 1975- 1980 is ex pected to compensate for any possible over
statement of the 1975 population .

Table 1 indicates the estimated population of the Nassau-Suffolk 208
Planning Region, the two counties , and the fifteen major municipalities as of
1975. Comparable estimates for school districts, villages, and drainage basins
are shown in Appendi x Table A-1.



County and Region

Nassau County

Suffolk County

TABLE 1
Estimated Population of the

Nassau-Suffolk "208" Planning Area

Municipality

Glen Cove City
Hempstead
long Beach City
North Hempstead
Oyster Bay

Babylon
Brookhaven
East Hampton
Huntington
Islip
RiverhQad
Shelter Isla nd
Smithtown
Southampton
Southold

Population 1/1/75

26,880
814,050

34,766
238,559
341,692

1,455,947

217,923
317 ,489

13,053
213,643
312,010

21,184
1,918

122,498
41,239
18,733

1,279,690

Step 2. Calculation of eXisting vacant and potential building sites.
The number of already subdivided vacant parcels, including zoning exempt
lots was tabulated. (The category "Zoning Exempt Lots," which is found
most frequently in the eastern portion of Suffolk County , refers to lots on
old filed maps that pre -date most of the local zoning ordinances. In areas
characterized by considerable numbers of zoning exempt lots , the present
zoning ordinance offers few clues as to the course of future development.
For example, in some parts of the East End, the current zoning ordinance
requires a minimum plot size of one acre or more; however, many parcels of
1/4 acre or less may constitute legal building sites because they were legal
lots when the land was originally subdivided and have remained in si ngl e and
separate ownersh ip from that date to the present time . Wherever necessary an
analysis of the tax map was undertaken in order to determine the magnitude
of single and separate ownership and to permit evaluation of its impact on the
ultimate utilization of the land. In built-up areas , any vacant parcels that ap
peared to be larger than necessary to conform to ex isting zoning were re
viewed to determine whether they might yield more than a single bu ild ing
site . The computation of the potential yield of as yet unplatted acreage was
accomplished through the application of a yield per acre facto r for each
zon ing category to the total numbe r of acres in that category. The y ie ld per
acre factors used are listed in Table 2 below.

Nassau-Suffolk S.M.S.A. 2,735,637

Map 1, which shows school district boundaries, and Map 2, which shows drainage basins
superimposed upon the map of m4nicipalities, follow the tables.

SATURATION POPULATION

TABLE 2
Estimated Number of Dwelling Units

Based on Existing Zoning

The methodology used by Nassau-Suffolk to develop the area-wide
and sub-a rea projections combines the concept of land capacity; that is ,
hold ing capacity under existi ng zon ing, with trend analysis on a small area
basis. The following paragraphs describe the step by step procedure that was
followed.

Step 1. Identification and tabulation of all vacant land zoned for
residential uses, including land in large estates. Aerial photographs, tax

maps and assessment records were used to identify vacant acreage, zoning
exempt lots (f iled subdivis io ns) and scattered parcels in built-up areas. Zoning
maps were consulted to dete rmine the zoning category of vacant acreage and
scattered lots in developed areas. Field reconnaisance was employed when
necessary to supp lement aeria ls and office records . The number of acres of
vacant land in each zoni ng category , in each municipality or school distr ict
was recorded for use in calculat ing the total number of potential building
sites. The number of zon ing exempt lots, if any, was also noted.

Zoning Lot Size

4,000
5,000
6 ,000
6,500
7,000
7,500
8,000
8,500
9,000

10,000
11,390
12,000
12,500
13,000
14,000
14,500
15,000

Lots Per Acre

6.8
5.4
4.5
4.1
3.8
3.6
3.4
3.3
3.1
2.7
2.6
2 .5
2.4
2 .3
2.1
2.0
2.0

Zoning lot Size

16,000
16,500
18,000
18.500
20,000
20,500
21,180
22,000
25,000
30.000
40,000
43.560
60,000
2 Acres
3 Acres
4 Acres
5 Acres

Lots Per Acre

1.9
1.8
1.7
1.6
1.6
1.5
1.5
1.5
1.3
1.0
0.8
0.7
0.6
0.4
0 .27
0 .20
0.16

3
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They represent avt!rage val ues based upon recent Nassau-Suffolk experience
with conventionally designed subdivision ·plats.

The saturation estimate is based on existing zoning, so that if land were
to be zoned for a higher or lower density, from or to non-residential use,
or acqu ired for public purposes such as recreation or farm preservation, the
saturation figu re would have to be adjusted. Recent observations suggest that
the pattern of zoning on Long Island has become relatively stable. Changes to
higher density are often offset by other changes to a lower density or by a
land acquisition, thus minimizing the impact of any change in the ultimate
saturation calculation.

Step 3. Identification and tabulation of housing units by occupancy

status. The 1970 Census housing counts for all units and for vacant, seasonal
and occupied units were listed for each municipality and school district.
Building permit data for the years 1970 through 1974 were employed to
estimate the increase in the housing stock between 1970 and 1975. Where
multi-fam ily units constituted a sizeable percentage of the new hous ing, the
number of single-family and multi-family units were noted separately. Long
Island Lighting Company meter records were used in combination with 1970
census and 1970-74 building permit data to estimate the total number of
dwellings and the number of occupied units in 1975.

Inasmuch as housing data in general and building permit data in particu
lar are rarely tabulated for areas whose boundaries co incide with or even
approximate those of school districts, it was necessary to employ allocation
procedures uti[iz~ng aeri al photographs, office records, and field verif ication
in order to assign both pre-1970 and post 1970 housing to the appropriate
school districts.

Step 4. Calculation of the total number of housing units permitted
under existing zoning. The to tal number of housing units now in place and
the total number of existing and potential building sites, each of which could
be used to accomodate an additional unit, were summed to obtain an
estimate of the number of potential housing units and households.

The saturation figure reflects the assumption that all existing housing
units that are currently not occupied wil l be utilized and that seasonal and
vacant year-round uni ts will continue to exist in the five eastern towns of
Suffolk County until after year 2000. Few seasonal and second homes are
anticipated elsewhere on the island .

Step 5. Estimation of household size at saturation. Census counts of
total popu lation in households and occupied housing units were used to
ca lculate the 1970 household size for each municipality and school district.
Population and occupied housing un it estimates for 1975 were employed to
calculate the significant changes, if any, that had occurred between the two

dates. Following a review of the 1970 and 1975 fi gu res and consideration of
such relevant factors as the sharp decline in births, the age composition of the
community, income, ethnicity, and of the increasing proport ions of multi
family dwellings in a few localities, a probable average household size at
satu ration was selected for each of the project ion areas . Appendix Tables A-2
through A-14 indicate the type of background information available for each
of the towns and the format used for tabulations.

Increases have been projected for some communities presently charact·
erized by a relatively small household si ze but having considerable potential
for growth. Decreases have been projected for others now characterized by
large households, little remaining land and decli ning school enrollments.
Where the potential for apartment or condominium construction is greater
than that for single family home construction, family size is expected to de·
crease. It is also expected to decrease in some Eastern Suffolk areas since
these areas tend to attract small, elderly households desp ite the overwhelming
predominance of single family homes.

The Nassau-Suffolk staff has made several assumptions that directly
affect the selection of the household size factor for school districts and
municipalities. It has been assumed that the overall trend towards smaller
households that has been observed for more than a decade in much of Nassau
and Suffolk will continue as both the national and local birt h rate decline
and as more and more young adults and the elderly choose to maintain their
own households.

It is expected that an aging population will further reduce the number
of births in many communities in Nassau and western Suffolk. As older
households leave the area , t he high cost of their former dwellings generally
precludes purchase by young families in the primary child-bearing age groups.
The head of the househo ld of the new family is likely to be between 35 and
49 years of age with a spouse of similar age and children in the 10 to 19 year
age group. Some growth is expected to occur even in the absence of net
natural increase. Although the new or in-migrant family may be somewhat
smaller than that of t he orig ina l occupants of the dwelling, it may be la rger
than the original family minus the grown children that have left to establish
their own households. In communities where this type of change is occuring,
a period of gradually decreasing household size is followed by a period of
increasing household size that results in population gains.

Step 6. Estimation. of population at zoned capacity. The number of
existing and potent ial housing units, calculated in Step 2 was multiplied by
the appropriate household size, selected in Step 5, to obtain the saturation
population for each school district and municipality. The final li ne in
Appendix Tables A-2 through A-14 indicates the estimated population at
zoned capacity for each of the project ion areas.



POPU LATION PROJECTIONS

The twenty year projections are, in the first instance, town-wide
projections. Figures for the school districts, cities, and villages were derived
from the town projections by means of a step-down apportionment techniq ue
that permitted the allocation of anticipated growth to sub-areas. The follow
ing paragraphs summarize the procedures followed and describe some of the
considerations that influenced the selection of growth rates and the assign
ment of shares.

As the in itial step in the projection process, the growt h patterns of the
towns and sub-areas for the years 1970-1975 were subjected to detailed
scrutiny and analysis. After in-depth study of the annual changes in pop,u
lation as estimated by Long Island Lighting Company, of building permit
data, and of school enrollment figu res, average annual growth rates were
selected for each of the th irteen tow ns fo r the 1975-1 980, 1980-1985,
1985-1990, and 1990-1995 projection periods.

The 1975-1980 rates were applied to the base year estimates to obtain
figures for projected growth for the first five year period . Projected popu la
tion increments and base year estimates for each town were summed to
produce the 1980 f?rojections. The rates for each of the three subsequent five,
year periods were applied to the projected population at the beginning of
each period to obtain figures' for anticipated growth and to permit calcula
tion of the total population at the end of the respective five year projection
period . Table 3 shows the base year estimates and the projected population
for the thirteen towns, two cities, the counties and the Nassau-Suffolk
Region.

The apportionment of town growth to sub-areas was accom plished by
the assignment of a share or percentage of the total growth to each school
district or municipality or portion thereof located within the town. The pre
diction of long term change in small areas is difficult at best, and it was
frequently necessary to develop not only a preliminary set but one or more
revised sets of percentages before achieving an acceptable formula for the
dist ribution of town growth. The shares, wh ich varied considerably by area
and projection period, were determined on the basis of staff assessment of
relevant factors. The factors considered included, among others, the general
development trends; the growth of the sub-area as compared with other sub
areas and the town as a whole; the availability of land; the desirability of
sub-area , including accessib il ity; the type and cost of housi ng ; and the
presence or absence of impediments to development.

TABLE 3
Nassau and Suffolk Towns and Cities

Five Year Population Projections: 1975-1995

1975 1980 1985 1990 1995

Glen Cove 26 ,880 27,878 28 ,339 28,699 28 ,981
Hempstead T . 814.050 817,353 819,568 821,390 823,268
long Beach 34,766 35,716 36,491 37,241 37,941
North Hempstead T. 238.559 240,706 242,994 245,424 246,650
Oyster Bay T. 341,692 346,136 348,302 349,067 349,725
Nassau County 1,455,947 1,467 ,789 1,475,694 1,481,821 1,486,565

Babylon T. 217,923 230,175 239,530 243,144 244,362
Brookhaven T. 317,489 378,654 438,904 494,346 546,198
East Hampton T . 13,053 15,549 18,992 22,066 25,637
Huntington T. 213,643 225,546 234,761 241,089 244,759
Islip T. 312,010 339,044 367,156 388,290 399,895
Riverhead T. 21,1 84 23,41 2 26,529 30,363 34 ,752
Shelter Island T . 1,918 2,228 2,790 3,324 3,960
Smithtown T. 122,498 128,913 134,810 141,534 147,381
Southampton T. 41,239 47,200 54,837 64,352 75,518
Southold T. 18,733 21,016 23,814 26,716 29,972
Suffolk County 1,279,690 1,411 ,737 1,542,123 1,655,224 1,752,434

Nassau-Suffolk S.M.S.A. 2,735,637 2,879,536 3,017,817 3,137,045 3,238,999

In some areas that are presently experiencing or are expected to experi
ence population losses, the shares are characterized by negative values. The
school d istricts or municipalities with negative shares were generally those
in the olde r developed portions of the Reg ion where the present population is
close to or even exceeds the projected saturation population or where the
losses resulting from a sharp decrease in household size are expected to more
than offset the gains resulting from new development.

A comparison of the population estimates for 1975 and the figures for
the saturat ion popu lation at zoned capacity ind icates that ma ny school
districts and municipalities in Nassau County have already reached or
exceeded the saturation figures. Several facts can be cited to explain this
apparent contradiction. In most sub-areas the projected household size is
smaller than the present household size and the refore the same, or poss ibly,
even a slightl y greate r nu mber of households can be expected to produce a
smaller population at saturation than in 1975. In a few areas there are sign i
ficant numbers of existing and potential illegal two or more family dwellings
in single-family zones; however, in the absence of precise information as to
their present number and as to local enforcement intentions, these had to
be excluded from the saturat ion cal culat ions. In every area having a sizeable
institutional population, that population, or the population that cou ld be
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PROJECTED TWENTY YEAR CHAN GES IN
TOWN AND SCHOOL DISTRICT POPULATION

TABLE 4
The Counties and Major Municipalities:

Amount and Distribut ion of Projected Twenty Year Growth

decline since the most desirable, mode rate ly priced , easy to develop land will
alread y have been ut ilized . The land that remains is frequently characterized
by physical or legal impediments that deter it s use for housing o r, in other
instances, is t he su bject of be lated community effo rts to prese rve the last
remaini ng local open space.

According to t he current series of pro jecti ons, 93. 1% of t he Region's
twenty year growt h of approximately one half mi llion persons will occur in
Suffolk County. Two towns, Brookhaven and Isli p, each wit h a present popu 
lat ion in excess of 300,000 persons, are expected to accommodate more than
five-e ight hs of the add itional residen ts. Tab le 4 indicates the number of
perso ns and t he share of t he total Bi-County growth pro jected for the two
cou nt ies and each of the fi fteen major mu nicipalities .

5 .3
45.4

2.5
6 .2

17.5
2.7
0 .4
4 .9
6 .8
2 .2

93.9

0 .4
1 .8
0 .6
1.6
1.6
6 .1

100.0

Share of Reg io nal
Growth (%)

26 ,439
228 ,709

12,584
3 1,116
87,885
13,568

2,042
24 ,883
34,279
11,239

472,744

2,101
9 ,218
3,175
8 ,09 1
8 ,033

30,61 8

503,362

Projected Growth
1975- 1995

(No. of Persons)

Nassau-Suffolk S.M.S.A.

Babylo n T .
Brookhaven T .
East Hampton T.
Hu nt ington T .
Isli p T .
Riverhead T.
Shelter Island T .
Sm ithtown T .
Southampton T .
Southo ld T .

Suffolk County

Glen Cove
Hempstead T.
Long Beach
North Hempstead T.
Oyster Bay T.

Nassau County

accomodated at the one or more insti tutional facilities located in t he school
d istrict or municipality was also excl uded from t he saturat ion calculation.
The institutiona l populat ion resid ing in such places as the state psychiat ric
centers , the Northport Veterans Hospital, and several unive rsities was
projected separatel y and the n added to t he household populat io n to produce
a combined total fo r both household and institutional populat ion.

Append ix Tables A-15 th rough A-26 present t he base year popu lat ion,
the five year change in the number of persons, and the total projected
populat ion fo r school dist ricts and mu nicipali t ies for t he years 1980, 1985 ,
1990 and 1995.

Append ix Table A-27 summarizes the same data for the 2 1 school
distri cts and 7 vill ages that include land in more than one town. Projections
fo r drainage basins may be found in Append ix Table A-28. Appendix Tables
A-30 th rough A-42 li st the satu rat ion populat ion at zoned capacity and ind i
cate the percent of saturat io n represented by the projected popu lation for the
school d istricts , the munici pa lities, and the d ist ricts and mu nicipalities with
land in more than o ne t own.

A review of the school district and municipality project ions reveals t hat
in many of the areas already at or above satu ration the population is ex pected
to decrease somewhat but to remain above o r near satu rat ion th roughou t the
twenty year period . It is ant icipated t hat by 1995 the populat ion of many
other areas, part icular ly t hose in eastern Nassau and western Suffo lk, will be
at or near saturation. It appears unli kely that sat uratio n at zoned capacity
w ill be reached in most parts of centra l and eastern Suffol k un til some time
after the year 2000.

The reade r should be aware that it is often even more difficult to
project t he precise tim ing of growth than it is to project its magnitude; and
t hat consequently, the projection dates should be regarded as noth ing more
than t he best possible approx imations, given present uncertainties . For
example, areas where lots in ex ist ing buil t-up neighborhoods or o n mapped
streets constitute a large propo rt ion of t he vacan t la nd can be expected to
experience rel atively slow, stead y growth th rough most or all of the projec·
t ion period ; however, areas where large t racts of presently unsubdivided land
constitute most of t he vacant acreage can be ex pected to experience sudden,
rapid change as large scale, we ll-financed developers proceed to convert
estates, nurseries, clubs and preserves, and farm land to new communit ies.

Recent efforts to preserve farmland , shorefronts, wetlands and other
areas of great envi ronmenta l or recreational value have been taken into
account in the projections and it has been assumed that shou ld these efforts
succeed , t he growth rate in t he affected areas will be slower than might
otherwise be anticipated . It has also been assu med that as the populatio n of a
school d istrict o r municipality approaches satu rat ion , t he rate of growth will
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Table 6 facilitates comparison of the most recent
tion at zoned capacity, or saturation population, and those that were

developed a decade ago as part of the resource information for the Nassau

Suffolk Comprehensive Plan.

CHANGES IN PROJECTED POPULATION AT ZONED CAPACITY

It is to note the critical limitations of measure

such as gross residential Its usefulness varies with the homo·

genity of patterns and with the of the total

acreage in non·residential uses in any As an average, it tends

to mask extreme values and therefore fails to the presence of small
sectors where or densities may be sufficient to warrant

the provision of serv ices not for the area as a whole. The presence

of relatively devoted to or other

facilities often distorts the gross residential calculation, the

area as a whole appear far less utilized than is the case. In

addition, for areas to variations in the for

gross which is based the number of will be
unduly low; for areas characterized numbers of persons in ho~;pitals

or other group quarters, it will be somewhat

TABLE 5

Summary of and Gross Residential

Densities in Persons Per Acre for Nassau and Suffolk

Towns and School 1975 and 1995

Town School Districts
Town Average Maximum Minimum

1975 1995 1975 1995 1975 1995

Hempstead 11.82 1 .99 21.04 21. 11 7.39
N. Hempstead 6.99 7 20.07 a 0.42 0.83
Ovster Bay 5.26 5.40 13 .33 7 0.85 0.90

Babylon 6.82 1 15.30 1.1 1.43
Brookhaven 1.92 5.29 0.05 0.19
East Hampton 0.29 0.56 1.56 1 0.08 0.18
Huntington 3.56 4.08 5.96 6.84 0.88 1.29
Islip 4,72 6.05 8.35 0.08 0.11
Riverhead 0.49 0.51 1.23 0.30 0.76
Shelter Island 0.26 0.54 0.26 0.54 0.26 0.54
Smithtown 3.57 4.29 5.98 0.59 1.30
Southampton 0.46 0.84 1.72 2.90 0.21 0.36
Southold 0.55 0.88 1 0.15 0.23

within Nassau County-Long Beach, Hemp·
Norwich - and two Suffolk districts

Nassau·-Cold Harbor and Amityville-are
2000 persons during the twenty year period.

pro,jected to from 1000 to 2000 persons, while the

add fewer than 1000 persons or to lose

GROSS RESIDENTIAL DENSITY

Gross residential that is, the average number of persons per
acre crude indicator of probable need for the design and construc·
tion of local or area-wide wastewater collection and treatment facilities.
AIJ,oendilX Table which was originally prepared at the request of the

indicates gross densities for each of the
thirteen towns and 126 school districts. Portions of school districts compris·

land in more than one town are listed under their respective towns. Gross
residential densities for the total area of the split districts can be obtained by

dividina the sum of the of the component sections by the sum of

the acreage of those sections.

As be the generally indicate
little in the number of residents in the Nassau County school districts;
moderate in the western Suffolk school districts; great change in the
central Suffolk school districts; and little to moderate change, in the eastern
Suffolk school districts.

four districts
stead, Glen Cove, and
that include portions of

to gain

Another seven
remaindt1r are
population.

I contrast, four districts Suffolk County-Connetquot in the Town

of Islip, Sachem in the of Brookhaven and Smithtown, and
Middle Island and William Floyd in tne Town of Brookhaven-are expected to

add more than residents. Seven other districts-Smithtown in

wEtstel'n Suffolk; Middle Miller Place, Rocky Point and

ShoFf1hclmWading River in centra l Suffolk, and Riverhead in eastern Suffolk-
to add between 10,000 and 20,000 new residents. Twenty

districts expected to from 5000 to 10,000 persons. Three of these

districts in of two, in the Town of Babylon. One is
the of Smithtown; are in the Town of Islip; four, in the Town

of Brookhaven; and the Town of Twenty·four districts,

them the towns of and Babylon, are expected to add

between 2000 and 5000 persons while the remaining sixteen districts-·all but

one of them located in eastern Suffolk ..··are expected to add fewer than 2000
persons.
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TABLE 6
NASSAU·SUFFOLK SATURATION PROJECTIONS

COMPARISON OF PRESENT AND EARLIER SERIES OF
SMALL AREA PROJECTIONS

The latest population projections reflect a slower growth rate than that
anticipated in the projections developed in the previous decade . Table 7
lists the 1985 projections of both series and indicates the magnitude of the
difference between them . It should be noted that 1985 represents the mid
point of the current projection period, onl y ten years removed fr om the
present; whereas it represented the final date, some twenty years from the
present when the earlier series was developed a decade ago.

TABLE 7
NASSAU-SUFFOLK POPULATION PROJECTIONS FOR THE YEAR 1985

Glen Cove City 28,339 31,000 2,661
Hempstead T ow n 819,568 885,000 65,432
Long Beach City 36,491 37,000 509
North Hempstead Town 242,994 260,000 17,006
Oyster Bay Town 348,302 356,000 7,698

Nassau Count y 1,475,694 1,569,000 93,306

Babylon 239,530 267,000 27,470
Brookhaven Town 438,904 515,000 76,096
East Hampton Town 18,992 22,000 3,008
Huntington Town 234,761 260,000 25,239
Islip Town 367,156 374,000 6,844
Riverhead Town 26,529 44,000 17,4 71
Shelter Island Town 2,790 2,600 190
Smithtown Town 134,810 165,000 30,190
Southampton Town 54,837 67,000 12,163
Sou thold Town 23,814 28,000 4,186

Suffolk County 1,542,123 1,744,600 202,471

Nassau-Suffolk S.M.S.A. 3,017,817 3,313,600 295,783

The Bi-County area is ex pected to have just over three million people
in 1985 or 300,000 fewer people than were projected earlier. The new pro
jections are approximately 200,000 lower in Suffolk and 100,000 lower in
Nassau County . The 1985 Suffolk County projected totals, contained in the
earlier report, may very well be reached in the period between 1995 and
2000, while the earlier 1985 Nassau projected totals should not be reached in
the foreseeable future. The h igh cost of new housing, which prices younger or
poorer families out of the housing market, and an overall slowdown in the
economy appear to be the major reasons for the slowed growth in Suffolk,
where land is still ava il able for extensive housing developments . The Nassau
decrease is related to the same factors; however, less land is available and new
housing on this land is very costly . The reduction in projected family size and
rev ised plans drastically limiting housing at Mitchel Field also help to explain
the markedly slower growth now projected for Nassau County.

8

Saturation Population Changes in
Nassau County Current Series 1966 Series Number of Persons

Glen Cove City 31,140 29,900 1,240
Hempstead Town 834,272 816,123 18,149
Long Beach City 41,707 43,137 1,430
North Hempstead Town 261,896 249,167 12,729
Oyster Bay Town 353,015 365,912 12,897

County Tota l 1,522,030 1,504,239 17,791

Suffolk County

Babylon Town 246,194 276,920 30,726
Brookhaven Town 820,709 887,380 66,671
East Hampton Town 92,366 164,640 72 ,274
Huntington Town 25 1,192 308,140 56,948
Islip Town 410,633 375,790 34,843
Riverhead Town 207,203 313,870 - 106,667
Shelter Island Town 16,983 18,370 1,387
Smithtown Town 153,529 169,500 15,971
Southampton Town 202,510 264,050 61,540
Southold Town 72,921 245,080 172,159

County Tota l 2,474,240 3,023,740 - 549,500

Nassau-Suffolk S.M.S.A. 3,996,270 4,527,979 531,709

The new saturation population statistics for Nassau County show a
potential increase of just under 15,000 persons, whi le those for Suffolk
County show a decrease of over one half million. The small increase in Nassau
is a result of a more accurate determination of available lots, rezonings to
increase density, additional convers ions to two family use and redeve lopment
of underutilized land. The reduction in the City of Long Beach is attributable
to a density limit on major apartment buildings.

The significant decrease in Suffolk County has occurred largely as a
result of municipal action by the eastern towns to implement plan recom·
mendations calling for reductions in overall density in orde r to limit the
demand for costly services, while maintaining the basically recreational
agricultural environment. The Town of Southold figures are a good example
and show the re sult of a rezoni ng from lot sizes generall y of 1/4 acre to lot
sizes of one acre or more in most of the undeveloped parts of the Town.
In contrast, the statistics for the Town of Islip reflect the acceptance and con·
struction of higher densi ty housing throughout the Town since the date of
the earlier survey.

1985 Population
Current Series 1966 Series Difference
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A-1 Population of School Districts, Villages, and Drainage Basins, 1975

Populat ion Population Populat ion
1/1175 1/1175

1/1175
TOWN O F H EMPSTEAD

School D istricts Hempstead Village 40,881 Kensington V illage 1,597
Hempstead 1 32,382 Hewlett Bay Park Village 607 Kings Point Village 5,747Unionda le 2 35,388 Hewlett Harbor Village 1,522 Lake Success Village 3,260East Meadow 3 59,832 Hewlett Neck Village 541 Manorhaven V il lage 5,789North Bellmore 4 29,645 Island Park Village 5,501 Mineo la V illage (pt) 22,288Levittown 5 59,456 Lawrence V illage 6,888 Munsey Park Village 2,995Seaford 6 19,165 Lynbrook Vi llage 23,470 New Hyde Park V illage (pt) 5,965Bellmore 7 15,216 Malverne Village 10,151 North Hills V illage 263Roosevelt 8 16,33 1 Mineola V il lage (pt) 101 Old Westbu ry Vil lage (Pt) 2,260Freeport 9 37 ,536 New Hyde Park Village (pt) 4,333 Plandome V illage 1,607Baldwin 10 35,318 Rockvi lle Cen tre V illage 28,396 Plandome Heights Vi llage 1,050Oceanside 11 41,786 Sou th Flora l Park V ill age 1,081 Plandome Manor Village 830Malverne 12 16,470 Stewart Manor V illage 2,210 Port Wash ington N. V il lage 3,084Valley Stream 13 30,283 Valley Stream Village 40,929 Roslyn V illage 2,549Woodmere-Hewlett 14 24,183 Woodsburgh V illage 829 Roslyn Estates Vi llage 1,445Lawrence-Cedarhurst 15 35,530 Unincorporated A rea 542,326 Roslyn Harbor V il lage 868Elmont 16 45,115 Town Tota l 814,050 Russell Gardens Village 1,136Franklin Square 17 28,724 City of Long Beach 34,766 Saddle Rock V il lage 895Garden City 18 25,836

Sands Point Village 3,000East Rockaway 19 12,121 TOWN OF NORTH H EMPSTEAD
Thomaston Village 2,761Lynbrook 20 20,716 School D istricts
Westbury Village 15,805Rockville Centre 21 24,682 Westbury 1 (pt) 20,593 Williston Park Village 9 ,252Floral Pa rk 22 (pt) 20,285 East Will iston 2 9 ,478 Unincorporated Area 104,540Wantagh 23 20,887 Roslyn 3 (pt) 19,198 Town Total 238,559

Vall ey Stream 24 15,065 Port Washington 4 32,843
Merrick 25 21,836 New Hyde Park 5 (pt) 22,445
Island Trees 26 19,189 Manhasset 6 15,989 TOWN O F OYSTER BAY
West Hempstead 27 18,520 Great Neck 7 48,763 School D istricts
Long Beach 28 40,938 Herricks 9 24,893 NorthShore 1 (Pt) 16,386
North Merrick 29 15,850 M ineola 10 28,205 SyoSset -Woodbury 2 34,057
Vall ey Stream 30 18,414 Carle Place 11 12,250 Locu st Valley-Bayville 3 15,970
Island Park 3 1 9,514 North Shore 1 (pt) 685 Pl ainview-Old Bet hpage 4 36,494
Westbury 1 (pt) 5 Jericho 15 (pt) 187 Glen Cove 5 26 ,880
New Hyde Park 5 (pt) 2,598 Floral Park 22 (Pt) 3,030 Oyster Bay-East Norw ich 6 14,590

Town of Hempstead & Town Total 238,559 Nassau County Sanitorium 7 0
City of Long Beach Tot al 848,816 Jericho 15 (pt) 15,468

Municipal it ies Hicksville 17 47,713
M unicipalities Baxter Estates V illage 1,047 Plainedge 18 24,469

Atlantic Beach Village 1,675 East H ills Village (pt) 8,717 Bethpage 21 22,342
Bellerose V illage 1,128 East Williston Village 2,846 Farmingdale 22 (pt) 45,402
Cedarhurst Village 6,900 Floral Park Village (pt) 1,968 Massapequa 23 6 1,01 1
East Rockaway Village 11,906 Flower H ill V illage 4,528 Cold Spring Harbor 2 (pt) 1,508
Floral Park Village (pt) 16,685 Great Neck V illage 11,207 Roslyn 3 (pt) 125
Freeport Village 40,589 Great Neck Estates Village 3,182 Amityville 6 (pt) 6,157
Garden City V il lage 25,401 Great Neck Plaza V illage 6,078 Town and City Total 368,572
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A-1 Population of School Districts, Villages, and Drainage Basins, 1975 (cont 'd )

M unicipalities
Bayvi lle V illage
Brookville V illage

Centre Island V illage
Cove Neck V illage
East Hill s V i llage (pt)
Farmingdale V illage
Lattingtown V illage
Laurel Hollow V illage
Massapequa Park V illage
Matinecock Vil lage
Mill Neck V illage

Muttontown V il lage
Old Brookville V i llage

Old Westbu ry V illage (pt)
Oyster Bay Cove V illage

Roslyn Harbor V illage (pt)
Sea Cliff V illage

Upper Brookville V illage
Unincorporated Area
Town Total

City of Glen.Cove

TOWN OF BABYLON

School D istricts
Babylon 1

West Babylon 2

North Babylon 3

Lindenhurst 4
Copiague 5

Amityv ille 6 (Pt )
Deer Park 7
Wyandanch 9

Half Hollow Hills 5 (pt)
Farm ingdale 22 (pt)

Town T otal

Municipalities

Amityville V i llage
Babylon V illage
Lindenhurst V il lage

Unincorporated Area

Town Total

Population

111/75

6,706
3,096

374
348

19
9 ,442
1,81 4
1,459

22,468
867

1,008
2,491
1,878

501
1,590

384
6,087
1,216

279,944
341 ,692

26.880

11,602
27,629
33,421
46,742
26,220
18,527
27,385
14 ,340

8 ,970
3,087

217 ,9 23

10,722
13,563
30,082

163.556
217,923

TOWN OF BROOKHAVEN
School D istricts

Three Village 1 (pt)
Comsewogue 3
South Country 4
Sachem 5 (pt)
Port Jefferson 6
Mt. Sinai 7
M iller Place 8
Rocky Po int 9
Midd le Country 11
Middle Island 12
South Manor 21
Patchogu e-Medford 24
South Haven 30
West Manor 31
William Floyd 32
Center M ori ches 33
East M or iches 34
Sh oreha m-Wad ing R iver 1 (pt)
R iverhead 2 (p t)
Bayport-Bluepo int 5 (pt)
Eastport -East Manor 11 (pt )
F ire Island 14 (pt)

Town T otal

M unicipalities
Belle T erre Village
Bellpo rt Vi llage
Lake Grove V illage
Old F ield Vi llage
Patchogue V illage
Poq uott V illage
Po rt Jefferson V illage
Shoreham Vi llage

Unincorporated Area
Town Total

TOWN OF EAST HAMPTON
School D istricts

East Hampton 1
Wain sco tt 2
Amaga nsett 3
Springs 4
Sag Harbor 5 (pt)
Montau k 6

Town Total

Population Population
1/1/75 1/1 /75

Municipalities
39,481 East Hampton Village 1,955
19,183 Sag Harbor V illage (pt ) 890
16,343 U nincorporated Area 10,208
42,569 Town Total 13,053

6,387
4,803 T OWN OF HUNTINGTON
8,947 School District s

10,345 Elwood 1 14,044
52 ,912 Cold Spr ing Harbo r 2 (pt) 7,131
29 ,878 Hunt ington 3 36,701

2,054 Northport 4 40,700
41,746 Half Hollow Hil ls 5 (pt) 33,9 17

569 Harborfields 6 21,912
188 Commac k 10 (pt) 20,607

26,629 South Huntington 13 38,631
4 ,805 T own Total 213,643
3,059
4 ,511 M unicipalities

933 A sharoken V illage 6 13
4 ,351 Huntington Bay V illage 1,866

841 Lloyd Harbor V illage 3,605
143 Northport V illage 8,031

320,677 Unincorporated Area 199,528
Town Total 213,643

TOWN OF ISLIP
794 School Districts

2,856 Bay Shore 1 31 ,953
9,359 Islip 2 16,617

824 East lsi ip 3 26,743
11,283 Sayvi lle 4 19,34 1

516 Bayport-Bluepo int 5 (pt ) 8 ,360
5 ,800 Hauppauge 6 (pt ) 8 ,953

556 Connetquot 7 39,474
288 ,689 West Islip 9 33,061
320,677 Brentwood 12 77,086

Central Islip 13 33,138
Fire Island 14 (pt) 158
Sachem 5 (pt) 17,126

Town Total 312,010
5 ,576

376 Municipalit ies
1,360 Brightwaters Village 3,881
2 ,731 Ocean Beach Vi l lage 93

890 Saltaire Village 35
2,120 Unincorporated Area 308,001

13,053 T own Total 312,010
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A-1 Population of School Districts, Villages, and Drainage Basins, 1975 (cont'd)

Populat ion Population Population
1/1/75 1/1/75 1/1/75

TOWN OF RIVERHEAD Municipalities MUNICIPALITIES IN 2 OR MORE TOWNS
School Districts North Haven Village 798 Nassau County

Shoreham-Wading River 1 (pt) 1,818 Quogue Village 959 East Hills Village 8,736
Riverhead 2 (ptl 19,145 Sag Harbor Village (ptl 1,748 Floral Park Village 18,653
Laurel 11 (Pt) 221 Southampton V illage 5,101 Mineola Village 22,389

Town Total 21,184 Westhampton Beach Village ;2,142 New Hyde Park Village 10,298
Unincorporated Area 30,491 Old Westbury Vil lage 2,761

Municipalit ies Town Total 41,239 Roslyn Harbor Village 1,252
Unincorporated Area 21,184
Town Total 21,184 TOWN Of SOUTHOLD Suffolk County

School Districts Sag Harbor Village 2,638
TOWN Of SHElTER ISLAND Oyster Ponds 2 1,618

School District fishers Island 4 395
Shelter Island 1 1,918 Southold 5 5,002

Mattituck-Cutchogue 9 5,954
Drainage BasinsMunicipalities Greenport 10 4,289

Dering Harbor Village 24 Laurel 11 (pt) 898 Nassau 1 690,299
Unincorporated Area 1,894 New Suffolk 15 577 2 585,930
Town Total 1,918 Town Total 18,733 3 58,712

4 50,671
TOWN OF SMITHTOWN Municipalities 5 41 ,078

School Districts Greenport Village 2,518 6 29,258
Smithtown 1 51,886 Unincorporated Area 16,215
Kings Park 5 25,941 Town Total 18,733 Suffolk 1 443,299
Three Vi llage 1 (pt) 276 2 315,787
Sachem 5 (pt) 3,169 3A 145,672
Hauppauge 6 (pt) 14,016 38 31,509
Commack 10 (Pt) 27,210 SCHOOL DISTRICTS IN 2 OR MORE TOWNS 4 40,549

Town Total 122,498 Nassau County 5 24,867
Farmingdale 22 48,489 6 25,609

Municipalities Floral Park 22 23,315 7 99,812
Head of the Harbor Village 1,046 Jericho 15 15,655 8 27,742
Nissequogue V illage 1,412 New Hyde Park 5 25,043 9 16,149
Village of the Branch V illage 1,679 North Shore 1 17,071 10 11,318

Unincorporated Area 118,361 Roslyn 3 19,323 l1A 957
Town Total 122,498 Westbury 1 20,598 118 30,403

12A 505
TOWN OF SOUTHAMPTON Suffolk County 12B 7,607

School D ist ricts Amityville 6 24,684 12C 9,240
Remsenburg 1 1,516 Bayport-Bluepoint 5 12,711 13A 2,203
Westhampton 2 4,823 Cold Spring Harbor 2 8,639 13B 15,956
Quogue 3 1,047 Commack 10 47,817 14 1,918
Hampton Bays 5 7,219 Eastport-East Manor 11 2,098 15A 12,338
Sou thampton 6 9 ,252 Fire Island 14 301 15B 16,927
Br idgehampton 9 1,749 Half Hollow Hills 5 42,887 16A 1,590
Sagaponack 10 678 Hauppauge 6 22,969 16B 530
Eastport-East Manor 11 {pt} 1,257 Laurel 11 1,119 17 395
Tuckahoe 13 1,504 R iverhead 2 25,382
East Quogue 17 2,535 Sachem 5 62,864 Total 2,138,830
Riverhead 1 (pt) 5,304 Sag Harbor 5 5,245
Sag Harbor 5 (pt) 4 ,355 Shoreham-Wading River 1 6,329

Town Tot al 41,239 Three Village 1 39,757
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A-2 Town of Hempstead & City of Long Beach-I nformation for Land Capacity Analysis-School Districts & Municipal ities.

SCHOOL DISTRICTS

East North
Hempstead Uniondale Meadow Bellmore Levittown Seaford Bellmore Roosevelt Freeport Baldwin Oceanside

1 2 3 4 5 6 7 8 9 10 11
1970 Data

Population 31 .272 34,796 59 ,454 28,906 59,286 18,702 14,634 16,296 37.345 34,877 40.953
Household Size 3.03 3 .62* 3.90** 3 .74 4 .04 3.88 3.78 3.84 3.18 3.55 3.52
Occupied Units 10,333 8.942 15,046 7,726 14,682 4 ,821 3,876 4,242 11,739 9,829 11,623
Vac. Year Round Units 244 120 91 36 62 48 37 89 241 75 100
Seasonal Units 2 1 1 1 2 42 19 2 12 14 3

1975 Estimates
Jan. 1,1 9 75 Populat ion 32,382 35 ,393 59,832 29 ,645 59 ,456 19 ,165 15,216 16,331 37,536 35,318 41.786
Vac. Land Lot Yield 211 123 129 112 11 253 95 118 252 163 159
Units from Vacant Land Zoned for Apts. 0 0 0 5 0 0 35 0 9 7 0 0
Estate Land Lot Yield 0 0 0 0 0 0 0 0 0 0 0
Total Available Units & Lots 211 123 129 117 11 253 130 118 349 163 159

Vac. Year Round Units 244 120 91 36 6 2 48 37 89 241 75 100
Seasonal Units 2 1 1 1 2 42 19 2 12 14 3
Occupied Units 11,456 9 ,141 15,181 7,987 14,742 4 ,985 4 ,082 4,262 12,036 9 ,990 11 ,865
Total Exist ing Uni ts 11,702 9 ,262 15,273 8.024 14,806 5,075 4 ,138 4 ,353 12,289 10,079 11 ,968

Total Existing & Potential Units 11 ,913 9 ,385 15,402 8,141 14,817 5,328 4,268 4,471 12,638 10,242 12,127

Projected Average Household Size 3.01 3 .50* 3.65** 3.60 3.90 3.80 3.70 3.88 3.32 3.41 3.34

Satu ration Populat ion 35.821 35,245 56.987 29 ,308 57.786 20,246 15,792 17,346 41 ,956 34,913 40,523

Valley Woodmere- Lawrence Franklin Garden East Rockville Floral
Malvern Stream Hewlett Cedarhurst Elmont Square City Rockaway Lynbrook Centre Park

12 13 14 15 16 17 18 19 20 21 22 (pt )
1970 Data

Population 16,366 29,876 23,711 35,178 44,429 28,059 25,725 12,231 20,242 23,996 19,753
Hou sehold Size 3.53 3.47 3.43 3 .37 3.51 3.46 3.33 **" 3.21 3.13 3.31 3.26
Occupied Units 4,635 8 ,6 12 6.917 10,44 5 12.659 8 .099 7,481 3.805 6,471 7.240 6,060
Vac. Year Round Units 55 45 96 220 79 53 65 62 132 76 54
Seasonal Units 2 1 3 518 4 2 2 28 0 5 0

1975 Estimates
Jan. 1,1975 Population 16,470 30.283 24,183 35,530 45.115 28,724 25,836 12,121 20.716 24 ,682 20,285
Vac. Land Lot Yield 67 76 235 592 81 28 49 42 59 99 31
Un its from Vacant Land Zoned for Apts. 0 0 8 0 0 0 29 0 0 0 0
Estate Land Lot Yield 0 0 0 0 0 0 0 0 0 0 0
Total Available Units & lots 6 7 76 243 592 81 28 78 42 59 99 31

Vae. Year Round Units 55 45 96 220 79 53 65 62 132 76 54
Seasonal Units 2 1 3 518 4 2 2 28 0 5 0
Occupied Units 4,674 8 ,737 7,071 10,616 12,890 8,333 7.520 3,819 6,704 7,477 6,195
Total Exist ing Units 4,731 8 ,783 7.170 11 ,354 12,973 8,388 7.587 3,909 6,836 7,558 6,249

Total Existing & Po ten tia l Units 4,798 8 ,859 7,41 3 11,946 13.054 8,416 7,665 3.951 6.895 7,657 6.280

Projected Average Household Size 3.57 3.48 3.42 3.39 3.51 3 .50 3.27* ** 3.27 3.25 3.32 3.38

Saturat ion Population 17.139 30,801 25,387 40,471 45,878 29,456 26,061 12,91 3 22,402 25,448 21,202

"E xcludes Hofstra University & A. Ho lly Patterso n Home
" Excludes Nassau County Ja il & Medical Center

.. *Excludes Adelphi University
""Excludes all of the above
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A-2 Town of Hempstead & City of Long Beach-Information for Land Capacity Analysis-School Districts & Municipalities. (cont'd .)

SCHOOL DISTRICTS

Valley Island West long North Valley Island New Hyde
Wantagh Stream Merrick Trees Hempstead Beach Merrick Stream Park Westbury Park Town &

23 24 25 26 27 28 29 30 31 1 (pt) 5 (pt) City Total
1970 Data

Population 20,513 14,953 21,561 19,144 18,015 38,864 15,672 18,198 9,130 4 2,578 834,719
Household Size 3.79 3.34 3.81 4.16 3.49 2.79 3.75 3.43 3.53 4.0 3.50 3.50* ***
Occupied Units 5,417 4,473 5,653 4,600 5,157 13,941 4,179 5,299 2,586 1 737 237,326
Vac . Year Round Units 46 43 69 22 43 1,557 25 47 84 0 6 4,022
Seasonal Units 2 0 0 1 1 1,800 1 0 25 0 0 2,494

1975 Estimates
Jan. 1, 1975 Population 20,887 15,065 21,836 19,189 18,520 40,938 15,850 18,414 9 ,514 0 2,598 848,816
Vac. Land Lot Yie ld 29 14 168 3 23 1,005 78 33 143 0 7 4,488
Units from Vacant Land

Zoned for Apts . 20 0 4 0 0 408 0 0 0 0 0 606
Estate Land Lot Yield 0 0 0 0 0 0 0 0 0 0 0 0
Total Avai lable Units & Lots 49 14 172 3 23 1,413 78 33 143 0 7 5,094

Vac. Year Round Units 46 43 69 22 43 1,016 25 47 84 0 6 3,481
Seasonal Un its ·2 0 0 1 1 1.150 1 0 25 0 0 1,844
Occupied Units 5,550 4,663 5,751 4,616 5,336 15,210 4,243 5,359 2,687 0 744 243,922
T otal Ex isting Units 5,598 4,706 5,820 4,639 5,380 17,376 4,269 5,406 2,796 0 750 249,247
Total Ex isting & Potential Uni ts 5,647 4,720 5,992 4,642 5,403 18,789 4 ,347 5,439 2,939 0 757 254,341
Projected A verage Household Size 3.60 3.30 3 .60 4.00 3.50 2.75 3.60 3.26 3.56 0 3.3 3.43 ****
Saturation Populat ion 20,329 15,587 21,571 18,568 18,911 51 ,600 15,649 17,718 10,467 0 2,498 875,979

MUNICIPALITIES

Atlantic East Garden Hewlett Hewlett Hewlett
Beach Bellerose Cedarhurst Rockaway Floral Park Freeport City Hempstead Bay Park Harbor Neck
Village Village Village Village Village (pt) Village Village Village Village V illage Village

1970 Data
Popu lation 1,640 1,1 36 6,941 11,795 16,527 40,374 25,373 39,411 586 1,512 529
Househo ld Size 3.27 2.28 3.04 3.72 3.25 3.21 3.33** * 3.06 3.45 3.67 3.65
Occupied Units 502 498 2,280 3,170 5,086 12,562 7,385 12,871 170 412 145
Vac. Year Round Units 22 1 39 52 49 248 66 288 1 12 2
Seasonal Uni ts 432 0 2 0 0 12 2 3 1 1 0

1975 Estimates
Jan. 1, 1975 Popu lation 1,675 1,1 28 6 ,900 11 ,906 16,685 40,589 25,401 40,881 607 1,522 541
Vac. Land Lot Yield 49 2 22 32 16 251 49 257 4 19 4
Units from Vacant Land

Zoned for Apts. 0 0 0 0 0 97 29 0 0 0 0
Estate Land Lot Yield 0 0 0 0 0 0 0 0 0 0 0
Total Available Un its & Lots 49 2 22 32 16 348 78 257 4 19 4

Vac. Yea r Round Units 22 1 39 52 49 248 66 288 1 12 2
Seasonal Un its 432 0 2 0 0 12 2 3 1 1 0
Occupied Units 504 498 2,280 3,202 5,086 12,879 7,443 14,094 174 413 149
Total Existing Un its 958 499 2,321 3,254 5,135 13,139 7,511 14,385 176 426 151
Total Existing & Potential Units 1,007 501 2,343 3,286 5,151 13,487 7,589 14,642 180 445 155
Projected Average Household Size 3.40 2.60 3.00 3.50 3.40 3.33 3.23*** 3.04 3.60 3.60 3.60
Saturat ion Population 3,424 1,303 7,029 11,501 17,513 44 ,867 25,510 44,538 648 1,602 558

"Excludes Hofstra University & A . Holly Patterson Home
** Excludes Nassau County Jail & Medical Center

***Exc ludes Adelphi University
****Excludes all of the above



A-2 Town of Hempstead & City of Long Beach-Information for Land Capacity Analysis-School Districts & Municipalities. (cont'd.l

MUNICIPALITIES

Island Park Lawrence Lynbrook Malverne Mineola New Hyde Park Rockville Centre
Village Village Village Village Village (pt) Village (pt) Village

1970 Data
Population 5,396 6,566 23 ,151 10,036 101 4 ,304 27,444
Household Size 3 .36 3.26 3 .06 3 .31 n.a. 3.46 3.20
Occupied Units 1,607 2,012 7,564 3,032 n.a. 1,243 8,575
Vac. Year Round Units 57 91 149 22 n.a . 13 112
Seaso nal Units 25 3 2 2 n.a. 0 5

1975 Estimates
Jan. 1, 1975 Population 5.501 6,888 23,470 10,151 101 4,333 28,396
Vac. Land Lot Yield 40 58 38 43 n.a. 7 70
Un its from Vacant Land Zoned for Apartme nts 0 0 0 0 n.a. 0 0
Estate Land Lot Yield 0 0 0 0 n.a. 0 0
Total Available Un its & Lots 40 58 38 43 n.a . 7 70

Vac. Year Round Units 57 91 149 22 n.a. 13 112
Seasonal Un its 25 3 2 2 n.a. 0 5
Occupied Units 1,629 2.168 7,798 3,065 n.a . 1,250 8 ,826
Total Existing Un its 1,711 2,262 7,949 3,089 n.a . 1,263 8,943

Total Existi ng & Potential Units 1,751 2,320 7,987 3,132 n.a . 1,270 9 ,01 3

Projected Average Hou sehold Size 3.40 3.20 3.24 3.30 n.a . 3.38 3.19

Saturation Population 5,953 7,424 25 ,852 10,336 101 4,294 28,770

South Floral Stewart Manor Valley Stream Woodsburgh Unincorporated Town City
Park Village Village Village Village Area Total of Long Beach

1970 Data
Population 1,032 2.183 40,413 817 534,325 801,592 33 ,1 27
Househo ld Size 3.79 3.56 3.41 3.40 3.72' ,. 3.54···· 2.74
Occupied Units 272 6 14 11,868 240 143,113 225,221 12,105
Vac. Year Round Units 5 5 107 7 1,275 2,623 1,399
Seasona l Units 0 0 0 0 484 974 1,520

1975 Estimates
Jan. 1, 1975 Popu la tion 1,081 2,210 40,929 829 542,326 814,050 34,766
Vac. Land Lo t Yield 16 1 74 6 2,585 3,643 845
Uni ts f rom Vacant Land Zoned for Apts. 0 0 0 0 450 576 30
Estate Land Lot Yield 0 0 0 0 0 0 0
Total Available Units & Lots 16 1 74 6 3,035 4,219 875

Vac. Year Rou nd Units 5 5 107 7 1,196 2,544 937
Seaso nal Un its 0 0 0 0 344 834 1,010
Occupied Units 288 621 12,037 243 146,056 230,703 13,219
Total Existing Un its 293 626 12,144 250 147,596 234,081 15,166

Total Existing & Potential Units 309 627 12,218 256 150,631 238,300 16,041

Projected Average Household Size 3.70 3 .50 3.34 3 .60 3.64 3.50 2 .60

Saturation Population 1,143 2,195 40,814 922 547,975 834 ,272 4 1,707

' Excludes Hofstra Universtiy & A. Holly Patterson Home
"Excludes Nassau County Jail & Medical Center

• ** Excludes Adelphi Un ivers ity
• "'Excludes all of the above
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A-3 Town of North Hempstead - Information for l and Capacity Analysis-School Districts & Municipalities.

SCHOOL DISTRICTS

East Port New Hyde GreatWestbury Williston Roslyn Washington Park Manhasset Neck1 (ptJ 2 3 (ptJ 4 5 (pt) 6 7
1970 Data

Population 20,046 9,357 19,086 32,135 22,247 15,860 47,901Household Size 3.69 3,45 3,45 3.26 3.38 3,45 3.07"Occupied Units 5,444 2,716 5,525 9,862 6,581 4,602 15,360Year Round Units 99 45 130 154 42 64 248Seasonal Units 3 1 1 22 1 14 55
1975 Estimates

Jan. 1, 1975 Population 20,593 9,478 19,198 32,843 22,445 15,989 48,763Vac. Land Lot Yield 157 102 84 1,284 46 136 238Units from Vacant Land Zoned for Apts. 65 0 122 0 0 1,703 326Estate Land Lot Yield 0 0 0 0 0 0 0Total Available Units and Lots 222 102 206 1,284 46 1,839 564
Vac. Year Round Units 99 45 130 154 42 64 248Seasonal Units 3 1 1 22 1 14 55Occupied Units 5,679 2,766 5,598 10,222 6.771 4,861 15,550Total Existing Units 5,781 2,812 5,729 10,398 6,814 4,939 15,853

Total Existing & Potential Units 6,003 2,914 5,935 11,682 6,860 6,778 16,417
Projected Average Household Size 3.63 3,47 3,41 3,40 3,40 3.24 3.05
Saturation Population 2 1,766 10,117 20,240 39,770 23,324 21,990 50,006

Carle North Floral
Herricks Mineola Place Shore Jericho Park Town9 10 11 1 (ptJ 15 (pt) 22 (PtJ Total

1970 Data
Population 24,766 27,727 12,015 676 186 3,005 235,007Household Size 3.70 3. 17 3,40 3.86 3.80 3.29 3.34"Occupied Size 6,691 8,756 3,529 175 49 914 70,204Year Round Units 31 114 31 4 1 4 967Seasonal Units 0 3 0 0 0 0 100

1975 Estimates
Jan . 1,1975 Population 24,893 28,205 12,250 685 187 3,030 238,559Vac. Land Lot Yield 120 170 56 6 32 0 2,431Units from Vacant Land Zoned for Apts. 1,319 0 0 0 0 0 3,535Estate Land Lot Yield 0 0 0 0 118 0 118Total Available Units and Lots 1,439 170 56 6 150 0 6,084
Vac. Year Round Units 31 114 31 4 1 4 967Seasonal Units 0 3 0 0 0 0 100Occupied Units 6,721 8,776 3,594 190 95 914 71,737Total Existing Units 6,752 8,893 3,625 194 96 918 72,804
Total Existing & Potential Un its 8,191 9,063 3,681 200 246 918 78,888
Projected Average Household Size 3,49 3.19 3.37 3.60 3.80 3,43 3.32
Saturation Popu lation 28,61 3 28,876 12,392 720 935 3,147 261 ,896

"Does not include U.S. Merchant Marine Academy
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A-3 Town of North Hempstead-Information for Land Capacity Analysis-School Districts & Municipalities. (cont'd.)

MUN ICIPALITIES

Baxter East Flower Great Neck Great Neck
Estates East Hills Williston Floral Park Hill Great Neck Estates PlazaVillage Village (pt) Village Village Ipt) Village Village Village Village

1970 Data
Population 1,026 8,605 2.808 1,939 4,486 10,731 3,131 5,921Household Size 2.94 3.75 3.43 3.31 3.59 3.15 3.37 2.05Occupied Units 349 2 ,296 818 586 1,251 3 ,410 928 2,888Year Round Units 10 17 12 2 5 56 8 76Seasonal Units 0 0 0 0 1 4 13 16

1975 Estimates
Jan. 1, 1975 Population 1,047 8,717 2,846 1,968 4,528 11 ,207 3,182 6,078Vac. Land Lot Yield 7 13 15 0 66 79 18 4Units for Vacant Land Zoned for Apts. 0 0 0 0 0 22 0 0Estate Land Lot Yield 0 0 0 0 0 0 0 0Total Available Units and Lots 7 13 15 0 66 101 18 4
Vac. Year Round Units 10 17 12 2 5 56 8 76Seasonal Units 0 0 0 0 1 4 13 16Occupied Units 359 2,323 826 586 1,279 3,472 945 2,923Total Existing Units 369 2,340 838 588 1,285 3,532 966 3,015
Total Existing & Potential Units 376 2,353 853 588 1,351 3,633 984 3,01 9
Projected Average Household Size 3.00 3.80 3.40 3.50 3.60 3.1 0 3.40 2.00
Saturation Population 1,128 8,942 2,900 2,058 4,864 11,262 3,346 6,038

New Hyde
Kensington Kings Point Lake Success Manorhaven Mineola Munsey Park Park North Hills

Village Village Village Village Village (ptl Village Village (pt) Village

1970 Data
Population 1,582 5,614 3,254 5,488 21,744 2.980 5,812 295Household Size 3.26 3.75" 3.72 3.11 3.08 3.67 3.44 3.88Occupied Units 486 1,297 875 1,763 7,056 812 1,691 76Year Round Units 11 33 7 35 100 5 14 2Seasonal Units 11 0 4 6 0 0 0 2

1975 Estimates
Jan . 1,1975 Population 1,597 5,747 3,260 5,789 22,288 2,995 5,965 263Vac. Land Lot Yield 9 68 7 21 98 25 21 0Units for Vacant Land Zoned for Apts. 0 0 0 0 0 0 0 3,442Estate Land Lot Yield 0 0 0 0 0 0 0 0Total Available Units and Lots 9 68 7 21 98 25 21 3,442
Vae. Year Round Units 11 33 7 35 100 5 14 2Seasonal Units 11 0 4 6 0 0 0 2Occupied Units 487 1,320 878 1,861 7,086 919 1,736 76Total Existing Units 509 1,353 889 1,902 7,186 924 1,750 80
Total Existing & Potential Units 518 1,421 896 1,923 7,284 949 1,771 3,522
Projected Average Household Size 3.30 3.80 3.70 3.10 3.10 3.60 3.40 2.73
Saturation Population 1,709 6,300 3,315 5,961 22,580 3,416 6,021 9,606

"Does not include U.S. Merchant Mar ine Academy
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A-3 Town of North Hempstead-Information for Land Capacity Analysis-School Districts & Municipalities . (cont'd .l

MU NICIPALITIES

Old Plandome Plandome Port Washington Roslyn Roslyn
Westbury Plandome Heights Manor North Roslyn Estates Harbor

Vi llage (pt ) V illage Village Village Village Village Village Village (pt j

1970 Data
Population 2,186 1,593 1,032 835 2 ,883 2 ,607 1,420 830
Household Size 3.77 3 .66 3.38 3.73 3.08 2.73 3.68 3.74
Occupied Un its 580 435 305 224 937 956 386 222
Year Round Units 29 5 5 2 4 85 5 4
Seasonal Units 3 1 1 1 0 0 0 1

1975 Estimates
Jan. " 1975 Popu lat ion 2,260 1,607 1,050 830 3,084 2,549 1,445 868
Vac. Land Lot Yield 11 4 37 12 4 15 18 12 6
Units for Vacant Land Zoned for Apts . 0 0 0 0 0 0 0 0
Estate Land Lot Yield 118 0 0 0 0 0 0 0
Total Avai lable Units and Lots 232 37 12 4 15 18 12 6

Vac . Year Round Units 29 5 5 2 4 85 5 4
Seaso nal Uni ts 3 1 1 1 0 0 0 1
Occupied Units 6 72 452 307 224 994 960 397 246
Total Exist ing Units 704 458 313 227 998 1,045 402 251

Total Exist ing & Potential Units 936 495 325 231 1,013 1,063 414 257

Projected Average Household Size 3.80 3.60 3.40 3.60 3.20 2 .70 3 .50 3.60

Saturation Population 3,557 1,782 1,105 831 3,242 2 ,870 1,449 926

Russell Saddle Sands Williston
Gardens Rock Point Thomaston West bury Park Unincorporated Town
Village Village Village Village Village Village Area Total

1970 Data
Population 1,174 895 2 ,9 16 2,486 15,362 9,154 104,218 235,007
Household Size 3.03 3.43 3 .60 3 .25 3.49 3.34 3 .45 3 .34'
Occupied Units 3.88 261 811 764 4,406 2,744 30,203 70,204
Year Round Units 6 2 22 12 62 20 31 1 967
Seaso nal Units 4 0 12 0 0 3 17 100

1975 Est imates
Jan , 1 ,1 975 Popu lat ion 1,136 895 3,000 2,761 15,805 9,252 104,540 238,559
Vac. Land Lot Yield 2 0 86 9 133 5 1,527 2,43 1
Units for Vacant Land Zoned fo r Apts. 0 0 0 0 65 0 6 3,535
Estate Land Lot Yield 0 0 0 0 0 0 0 118
Total Available Un its and Lots 2 0 86 9 198 5 1,533 6 ,084

Vac. Year Round Units 6 2 22 12 62 20 3 11 967
Seasonal Units 4 0 12 0 0 3 17 100
Occupied Units 388 262 854 812 4,600 2,744 30,749 71,737
Total Existing Units 398 264 888 824 4,662 2,767 31,077 72,804

Total Existing & Potent ial Units 400 264 974 833 4 ,860 2,772 32,6 10 78,888

Projected Average Hou sehold Size 3.00 3.40 3.60 3.20 3.40 3 .28 3 .46 3.32

Saturation Population 1,200 898 3,506 2,666 16,524 9,099 112,795 261 ,896

"Does not include U.S. Merchant Marine Academy
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A-4 Town of Oyster Bay & City of Glen Cove-Information for Land Capacity Analysis-School Districts & Municipalities.

SCHOOL DISTRICTS

Syosset- Locust-Valley Plainview- Oyster Bay- Nassau County
North Shore Woodbury Bayville Old Bethpage Glen Cove East Norwich Sanatorium Jericho

1 (ptl 2 3 4 5 6 7 15 (pt)

1970 Data
Population 15.806 31 ,784 15.174 35,671 25,770 13,544 125 14,961
Household Size 3 .23 3.94 3.44 4.15 3.45 3.47 3.76*
Occupied Units 4,892 8,061 4,405 8,601 7,466 3,904 3,574
Vac. Year Round Un its 91 59 227 31 196 188 73
Seasonal Units 12 7 186 0 5 29 2

1975 Estimates
Jan . 1, 1975 Po pu lation 16,386 34,057 15,970 36,494 26 ,880 14,590 15,468
Vac. Land Lot Yield 336 617 557 52 224 429 223
Units from Vacant Land Zoned for Apts . 40 300 0 0 0 356 0
Estate Land Lot Yield 130 498 354 0 0 718 353
Total Available Units and Lots 506 1,415 911 52 224 1,503 576

Vac. Year Round Units 91 59 227 31 196 188 73
Seasonal Units 12 2 180 0 5 42 2
Occupied Units 5,019 8,535 4,560 8,834 8,225 4 ,270 3,770
Total Existing Un its 5,1 22 8 ,596 4,967 8,865 8,426 4,500 3,845

Total Existing & Potential Units 5,628 10,011 5 ,878 8,917 8,650 6,003 4,421

Projected Average Household Size 3 .25 3.80 3.46 3.85 3.60 3.53 3.68'

Saturation Population 18,270 38,017 20,314 34,330 31,140 21,191 17,683

Cold Spring Town
Hicksville Plainedge Bethpage Farmingdale Massapequa Harbor Roslyn Am ityville & City

17 18 21 22 (pt) 23 2(pt) 3 (pt) 6 (pt) Total

1970 Data
Population 47,488 24,320 21,794 45,033 60,032 1,435 125 6,050 359,112
Household Size 3 .84 4 .02 3.99 3.84 3.99 3.72 3.29 3.85 3.82*
Occupied Units 12,374 6,050 5,456 11,718 15,048 386 38 1,573 93,546
Vae. Year Round Units 68 28 32 94 11 2 16 0 24 1,239
Seasonal Units 1 2 0 3 37 17 0 11 312

1975 Estimates
Jan. 1,1975 Population 47,713 24,469 22,342 45,402 61,011 1,508 125 6,157 368,572
Vae. Land Lot Yield 87 18 27 84 131 133 0 33 2,951
Units from Vacant Land Zoned for Apts . 0 0 0 28 0 0 0 0 724
Estate La nd Lot Yield 0 0 0 0 0 61 0 0 2,114
Total Available Un its and Lots 87 18 27 112 131 194 0 33 5,789

Vae. Year Round Units 68 28 32 94 112 16 0 24 1,239
Seasonal Un its 1 2 0 3 37 15 0 11 312
Occupied Units 12,444 6,072 5,574 11,792 15,217 403 30 1,820 96,565
Total Existi ng Units 12,513 6 ,102 5,606 11,889 15 ,366 434 30 1,855 98, 116

Total Existing & Potent ial Units 12,600 6 ,120 5,633 12,001 15,497 628 30 1,888 103,905

Projected Average Household Size 3.70 3.75 3.75 3.63 3.83 3 .70 3.80 3.80 3.68

Saturation Popu lat ion 46,620 22,950 21,124 43,582 59,323 2,323 114 7,174 384,155

*Excludes C.W. Post College
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A -4 Town of Oyster Bay & City of Glen Cove-Information for La nd Capacity Analysis-School Distr icts & Municipalities. (co n t 'd. l

MUNICIPALI TIES

Centre Laurel Massapequa
BaYV ille Brookville Island Cove Neck East Hills Farmingda le Lattingtown Hollow Park Matinecock
Village Village Village Village Village (pt ) Village Village Village Village Village

1970 Data
Popu la t ion 6 ,147 3,212 374 344 19 9 ,29 7 1,77 3 1,401 22,112 841
Household Size 3.35 3 .53" 3 ,14 3 .25 3.80 3 .00 3.62 3,68 4 .16 3.46
Occupied Units 1,834 476 119 106 5 3,095 490 381 5,316 243
Vac . Year-round Un its 136 9 30 14 1 55 15 3 27 13
Seaso nal Units 163 1 16 22 0 0 9 7 0 4

1975 Estimates
Jan . 1, 1975 Populat ion 6 ,706 3,096 374 348 19 9 ,442 1,814 1,459 22,468 867
Vac. Land Lot Yield 250 63 34 28 0 47 52 112 38 19
Units from Vac . Land Zo ned for Apts . 0 0 0 0 0 28 0 0 0 0
Estat e Land Lot Yield 0 175 56 43 0 0 104 61 0 44
Total Available Un its & Lots 250 238 90 71 0 75 156 73 38 6 3

Vac. Year· round Uni t s 136 9 30 14 1 55 15 3 27 13
Seasonal Units 163 1 16 22 0 0 9 7 0 4
Occupied Units 1,954 496 125 108 5 3,137 502 398 5,393 246
Tota l Exist ing Units 2,253 506 171 144 6 3,192 526 408 5,420 263

Total Existing & Potent ia l Units 2,503 744 261 21 5 6 3,26 7 682 581 5,458 326

Projected Average Househo ld Size 3.40 3.50 ' 3 .30 3.30 3.17 3 ,00 3.50 3.70 4 .00 3.40

Sat urat ion Popu lat ion 8,51 0 4,018 861 710 19 9 ,801 2,387 2,150 21,894 1,1 08

Old Old Oyster Roslyn Upper
Mill Neck Muttontown Brookville Westbury Bay Cove Harbor Sea Cl iff Brookville Unincorporated Town City of

Village Village Village Village (pt) Village Village (pt) Village Village Area Tota l Glen Cove

1970 Data
Popu lation 982 2,081 1,785 481 1,3 20 295 5 ,890 1,182 273,806 333,342 25,770
Household Size 3.36 3 .99 3 .67 3.85 3.59 3.4 7 3.00 3.97 3.92 3.85' 3 .45
Occu p ied Unit s 292 521 486 125 368 85 1,965 298 69,875 86,080 7,466
Vac. Year·round Units 14 11 15 4 17 0 51 17 611 1,043 196
Seasonal Units 4 2 0 1 8 0 11 0 59 307 5

1975 Estimates
Ja n. 1, 1975 Popu lat ion 1,008 2,491 1,878 50 1 1,590 384 6,087 1,21 6 279,944 341,692 26,880
Vac. Land Lot Yield 47 344 293 0 266 7 28 184 915 2,727 224
Units fro m Vac. La nd Zoned for Apts. 0 0 0 0 66 0 0 0 630 724 0
Es tat e Land Lo t Yield 115 652 130 128 334 0 0 123 249 2,1 14 0
Tota l Available Units & Lots 162 996 423 128 666 7 28 307 1,794 5,565 224

Vac . Year-round Units 14 11 15 4 17 0 51 17 6 11 1,043 196
Seasonal Units 4 2 0 1 8 0 1 1 0 59 307 5
Occupied Units 307 626 537 125 447 85 2,003 306 7 1 88,340
To tal Existi ng Units 325 639 552 130 472 85 2 ,065 323 89,680

Total Existing & Potential Units 487 1,635 975 258 1,138 92 2,093 630 73,904 95,255 8,650

Projected Average Househo ld Size 3 .40 3.80 3.60 3,70 3 .70 3.63 3.00 3.80 3 .73 3 .69" 3 .60

Satu ration Popu lat ion 1,6 55 6 ,213 3,513 955 4,210 334 6,279 2,394 276,004 353,015 31,140

" Excludes C.W. Post Col lege



A·5 Town of Babylon- Informat ion fo r l and Capacity Analysis- School Districts & Municipalities .

SCHOOL DISTR ICTS

West North Half HollowBabylon Babylon Baby lon Lindenhurst Copiage Amityville Deer Park Wyandanch Hills1 2 3 4 5 6 (pt ) 7 9 5 (pt)
1970 Data

Population 10,965 26,151 31 ,456 43,705 23,775 16,871 26,801 12,693 8,216Household Size 3.39 3 .66 4 .01 3.76 3.65 3 .36 4.16" 4.21 4.01Occupied Units 3.236 7,142 7.848 11.630 6.516 5,025 6.065 3,017 2,048Vac. Year Round Units 71 146 109 197 145 102 60 81 37Seasonal Units 254 9 17 249 50 25 13 18 6
1975 Estimates

Jan . 1. 1975 Population 11.602 27,629 33,421 46,742 26 .220 18,527 27.385 14.340 8 ,970Vacant Acreage 2 1 58 59 68 50 94 27 73Lot Yield of Vac. Acreage 138 156 161 196 156 544 97 177Lots on Flied Maps
Scattered V ac. Lots 128 242 315 1,029 69 5 343 321 880 96Total Availab le Lots 266 398 476 1,029 89 1 499 865 977 273
Vee . Year Round Units 71 146 109 197 145 102 60 81 37Seasonal Units 254 9 17 249 50 25 13 18 6Occupied Units 3,479 7.656 8,472 12,658 7,369 5.6 52 6.233 3,515 2,287Total Existi ng Units 3.804 7,81 1 8 ,598 13.1 04 7,564 5,779 6 ,306 3,614 2,330
Total EXisting & Potential Units 4,070 8,209 9 ,074 14,133 8 ,455 6.278 7.17 1 4,591 2,603
Projected Average Household Size 3 .28 3.6 7 3 .80 3.81 3 .80 3.41 3.90 4 .10 3.90
Saturation Population 13,365 30.117 34 ,466 53,889 32 ,129 21,421 27,967 18,823 10,152

SCHOOL DISTR ICTS MUNICIPALITIES

Farmingdale Town Amityville Babylon Lindenhurst Unincorporated Town22 (ptj Total Village Village Village Area Total

1970 Data
Population 2,937 203,570 9,794 12,897 28,359 152,520 203,570Household Size 3.70 3.79 " 3.11 3.35 3 .70 3.90" 3.79"Occupied Units 794 53,321 3,149 3,845 7,665 38,662 53,321Vac . Year Round Units 10 958 66 9 1 131 670 958Seasonal Units 2 643 25 43 127 448 643

1975 Est imates
Jan. 1,1975 Population 3.087 217.923 10.722 13,563 30,082 163,556 21 7,923Vacant Acreage 10 21 12 427Lot Yield of Vac. Map 31 79 32 1,545Lots on Filed Map
Scattered V ac. Lots 128 4 ,1 77 106 129 8 22 3,120 4 ,177Total Available Lots 159 5.833 185 161 822 4,665 5,833
Vac. Year Round Units 10 958 66 9 1 131 670 958Seasonal Unit s 2 643 25 43 127 448 643Occupied Units 846 58, 167 3,415 4 ,098 8 ,051 42,603 58 ,167Total Existing Unit s 858 59.768 3,506 4,232 8 ,309 43.721 59 ,768
Total Existing & Potential Units 1,017 65,601 3,691 4,393 9, 131 48,386 65 ,601
Projected Average Household Size 3.80 3 .75 3.00 3.24 3.77 3.85 3.75
Saturation Population 3,865 246,194 11 ,073 14.236 34,381 186.504 246,194

" Excludes Edgewood State Hospi tal
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A-6 Town of Brookhaven- Information for Land Capacity Analysis-School Districts & Municipalities.

SCHOOL DISTR ICTS

Three South Port Miller RockyVillage Comsewogue Country Sachem Jefferson Mt. Sinai Place Point1 (pt) 3 4 5 (pt) 6 7 a 9
1970 Data

Population 34.201 17.911 15.00 7 34,102 6.349 1,948 5,717 8 .255Household Size 3.59* 3.94 3.67 3.77 3.39 3.76 3.34 3.31Occupied Units 8.183 4,549 4,089 9,048 1.873 518 1,710 2.493Vac. Year Round Units 380 172 324 572 92 30 134 439Seasonal Units 91 50 45 514 37 46 736 1,088
1975 Estimates

Specia l Census 4 /26/75 39,481 19,183 16.343 42.569 6,387 4 .803 8.947 10,345Vacant Acreage 3.075 1,180 3.470 1,877 316 2,260 1.950 4. 100lot Yield of Vac. Acreage 3.883 2.330 7,867 4.143 401 3,130 2.560 3,890l ots on Filed Maps
Scattered Vac. lots 508 172 290 1.149 339 30 160 2 10Total Available Lots 4,391 2,502 8,157 5.292 740 3,160 2,720 4, 100
Vac. Year Round Units 380 172 324 572 92 30 134 439Seasonal Units 91 50 45 514 37 46 736 1,088Occupied Units 9,446 4,872 4,453 11.294 1,909 1.277 2.677 3.124Total Existing Units 9.917 5.094 4.822 12.380 2.038 1.353 3.547 4,651
Total Existing & Potential Un its 14.308 7.596 12.979 17.672 2.778 4,51 3 6.267 8.751
Projected Average Household Size 3.59 * 3.88 3.91 3.76 3 .18 3.80 3.80 3.60
Saturation Population 61,380 29.443 50.729 66,423 8.836 17.149 23,815 31 .504

Middle Middle South Patchogue- South West William CenterCountry Island Manor Medford Haven Manor FI~ld Moriches11 12 21 24 30 31 33
1970 Data

Popu la tion 40.861 13.803 1.499 35.528 643 118 14.525 4.745Household Size 4.17 3 .85 3.42 3.40 3.6 1 3.37 3.16 3.18Occupied Un its 9,792 3,589 438 10,445 178 35 4.594 1.492Vac. Year Round Units 467 406 46 395 20 4 1.213 103Seasonal Units 262 418 57 229 11 5 401 161
1975 Estimates

Special Census 4/26/75 52,912 29.878 2.054 41,746 569 188 26,629 4,805Vacant Acreage 1.924 3.820 3.232 810 940 2.080 1,320lot Yield of Vac. Acreage 4 ,691 25,442 6,220 6,480 1,620 1,870 5.035 2,640Lots on Flied Maps
Scattered Vac. Lots 707 9,663 250 668 0 0 2.125 150Total Avai lable Lots 5,398 35.105 6,470 7,1 48 1.620 1,870 7, 160 2,790
Vac. Year Round Units 467 406 46 395 20 4 1.213 103Seasonal Units 262 418 57 229 11 5 401 16 1Occupied Units 12.682 7,764 600 12,274 178 56 8,424 1.511Total Ex ist ing Units 13,411 8.588 703 12.898 209 65 10.038 1.775
Total Existing & Potential Units 18,809 43.693 7,173 20,046 1,829 1,935 17,198 4.565
Projected Average Household Size 3.94 3.40 3.70 3.72 3.60 3.70 3 .70 3.70
Saturation Population 74 .046 148.556 26,540 74.578 6.584 7,160 63.633 16,891

*Excludes State Unive rsity at Stony Brook
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A-6 Town of Brookhaven- Information for Land Capacity Analysis-School Districts & Municipalities. (cont'd.l

SCH OOL DISTRICTS

East Shoreham- Bayport- Eastport Fire
Moriches Wading River Riverhead Blue Point East Manor Island Town

34 1 (pt) 2 (pt ) 5 (pt) 11 (pt ) 14 (pt ) Tota l

1970 Data
Popu lat ion 2,161 2,41 9 344 4,376 706 42 24 5,260
Househo ld Size 3.22 3.54 3.41 3.43 3 .27 3.00 3.64-
Occupied Units 672 684 101 1,276 216 14 65,989
Vac. Year Round Units 54 189 11 98 20 6 5 ,175
Seasonal Units 69 281 14 3 26 2,599 7,143

1975 Estimates
Specia l Census 4 /26/75 3.059 4 .511 933 4,351 841 143 320,67 7
Vacant Acreage 2.920 2.330 1.600 270 8. 120
Lot Yie ld of Vac. Acreage 5.370 2.870 2,485 500 11.365
Lots o n Filed Maps
Scatt ered Vac . Lots 330 90 55 130 25 858
Total Ava ilable Lots 5.700 2.960 2.540 630 11 ,390 858 122 ,701

Vac. Year Round Un its 54 189 11 98 20 6 5 ,175
Seasonal Un its 69 281 14 3 26 2,599 7.143
Occupied Un its 951 1.385 274 1.276 273 48 86,748
Total Exist ing Uni ts 1.074 1.855 299 1,377 319 2,653 99.066

Total Existing & Potent ial Units 6.774 4.815 2.839 2.007 11 ,709 3.511 221,767

Projected Average Household Size 3 .70 3.72 3 .70 3 .30 3.66 3.00 3.66 *

Satura tion Population 25.064 17.895 10.504 6 ,623 42,823 10,533 820,709

MUNICIPA LITIES

Port
Belle Terre Bellport Lake Grove Old Field Patchogue Poquott Jefferson Shoreham Unincorporated Town

Village Village Village Village Village Village Village Village Area Total

1970 Data
Population 678 3,046 8. 133 812 11,582 427 5,515 524 21 4.543 245,260
Househo ld Size 3.53 3 .27 3.68 3.55 2.97 2.99 3.23 4 .19 3.71 ' 3.64'
Occupied Units 192 931 2,21 0 229 3.894 143 U06 125 56.559 65.989
Vac. Yea r Round Unit s 21 50 239 26 134 41 8 1 29 4.554 5 ,175
Seasonal Units 2 11 115 6 94 38 22 2 6.853 7,143

1975 Est imat es
Special Census 4 /26/75 794 2.856 9.359 824 11,283 516 5 ,800 556 288.689 320,677
Vacant Acreage 0 373 21 1 52 112 206 0
Lot Yield of Vac. Acreage 0 386 84 140 112 206 0
Lots on Filed Maps
Scattered Vac. Lots 49 277 128 83 248 18 31 7 30
Total Available Lots 49 277 514 167 388 130 523 30 120.623 122,701
Vac . Yea r Round Units 21 50 239 26 134 41 8 1 29 4 ,554 5 ,175
Seasonal Units 2 11 115 6 94 38 22 2 6 .853 7,143
Occupied Unit s 226 981 2,446 253 4.529 178 1.786 138 76,211 86.748
Total Exist ing Units 249 1,042 2.800 285 4,757 257 1,889 169 87,618 99 ,066
Tota l Existi ng & Potential Un its 298 1,319 3.314 452 5.145 387 2,412 199 208.24 1 221. 767
Projected Average Household Size 3.60 3.10 3.50 3.60 3 .20 3.40 3.10 4.10 3.68 - 3.66 -
Saturatio n Population 1.073 4,089 11,599 1,627 16,464 1.316 7,477 8 16 776.248 820,709

* Excludes Sta te Un iversity at Stony Brook
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A-7 Town of East Hampton- Information for land Capacity Analysis-School Districts & Municipalities.

SCH OOL DISTRICTS

East Hampton Wainscott Amagansett Springs Sag Harbor Montauk Town
1 '2 3 4 5 (ptl 6 Total

1970 Data
1970 Popula t ion 4,799 320 1,1 26 2,172 835 1,728 10,980
Household Size 2.70 3.17 2 .86 2.81 3 .14 3 .30 2.86
Occupied Units 1,779 101 394 773 255 524 3,837
Vacant Year-Round Units 307 54 641 743 328 32 1 2,394
Seasonal Units 740 87 177 160 11 539 1,714

1975 Estimates
January 1. 1975 Popul ation 5,576 376 1.360 2,73 1 890 2,120 13,053
Vacant Acreage 5,337 1,851 3,355 5.241 174 2 ,203 18 .161
Lot Yield of Vac. Acreage 3,429 1,352 2.383 2,784 278 2,266 12,492
Zoning Exempt Lots 2 ,748 239 283 3,044 2.323 8.637
Scattered Vacant Lots 82 2 5 19 476 48 632
Total Available Lots 6 ,257 1,593 2,671 5,847 754 4 ,637 21,761

Vacant Year Round Units 494 129 790 855 364 508 3,140
Seasonal Units 740 87 177 160 11 539 1,714
Occupied Units 2,074 118 475 982 283 647 4 ,579
Total Exist ing Units 3 ,308 334 1,442 1,997 658 1,694 9,433

Total Existing & Potential Units 9,567 1,927 4 ,113 7,844 1,412 6,331 31,1 94

Projected Average Household Size 2 .70 3.30 2.80 3.00 3 .00 3 .30 2.96

Satu rat ion Populat ion 25,831 6,359 11,516 23,532 4,236 20.892 92,366

MUNICIPALITIES

East Hampton Sag Harbor Unincorporated Town
Village Village (pt) Area Total

1970 Data
1970 PopUlation 1,753 835 8 ,392 10,980
Household Size 2 .96 2 .96 2.91 2.86
Occupied Size 670 282 2,885 3,837
Vacant Year- Rou nd Units 101 303 1,990 2,394
Seasonal Units 523 8 1,183 1,714

1975 Estimates
January 1 ,1 975 Population 1,955 890 10 ,208 13,053
Vacant Acreage 637 174 17,350 18 ,161
Lo t Yield of Vac. Acreage 404 278 11,8 10 12,492
Zoning Exempt Lo ts 48 8,589 8,637
Scattered Vaca nt Lots 50 476 106 632
Total Available Lots 502 754 20 ,505 21 ,761

Vacant Year Rou nd Units 135 303 2,702 3,140
Seasonal Units 523 8 1,1 83 1,71 4
Occupied Units 747 300 3,532 4 ,579
Total Existing Units 1,405 611 7,417 9 ,433

Total Existing & Potentia l Units 1,907 1,365 27,922 31 ,194

Projected Average Household Size 2.62 3.00 2.98 2.96

Saturation Population 4.994 4 ,085 83,287 92,366



A-S Town of Huntington- Information for land Capacity Analysis- School Districts & Municipalities .

SCHOOL DISTRICTS

Cold Spring Half Hollow Harbor- South
Elwood Harbor Huntington Northport Hills fields Commack Huntington Town

1 2 (pt) 3 4 5 (pt) 6 10 (pt) 13 Tota l

1970 Data
Populat ion 13.586 6,173 33,862 38.137 31.769 19 ,551 19,000 38,094 200,172
Household Size 4.46 3.49 3 .19 3.46" 4.42"" 3.54 4.45 3.78 3.74
Occupied Units 3.045 1.771 10,616 10,492 6,557 5,523 4 .270 10.077 52.351
Vac. Year Round Units 32 92 277 263 188 108 53 136 1,149
Seasonal Units 6 36 110 216 12 63 5 10 458

1975 Estimates
Jan. 1, 1975 Populat ion 14.044 7,131 36 .701 40,700 33,917 21,912 20.607 38.63 1 213,643
Vacant Acreage 360 905 424 1,308 2.776 498 72 495 6,838
Lot Yield of Vee. Acreage 299 603 1.254 1,125 2,228 745 92 788 7.1 34
Lots on Filed Maps 71 N.A . 250 N. A. 321
Scattered Vac. Lots 286 324 224 443 149 N.A. 13 N.A . 1.439
Total Available Lots 585 927 1,478 1,639 2.378 745 355 788 8,895

Vac. Year Round Units 32 92 277 263 188 108 53 136 1,149
Seasonal Units 6 36 110 216 12 63 5 10 458
Occupied Units 3.144 2,035 11,473 11,499 7.029 6,165 4 ,618 10,214 56 .177
Total Existing Units 3,182 2.163 11.860 11.978 7,229 6,336 4.676 10,360 57 ,784

Total Existing & Potentia l Unit s 3.767 3.090 13.338 13.617 9,607 7,081 5,031 11,148 66,679

Projected Average Household Size 4 .00 3 .95 3.32 3 .45" 4.10" " 3 .70 4 .00 3.80 3.70

Saturation Population 15,068 12,193 44 ,319 48,037 42 ,889 26,200 20,124 42,362 251 ,192

MUNICIPALITIES

Asharoken Hunt ington Bay Lloyd Harbor Northport Unincorporated Town
Village Village Village Village Area Total

1970 Data
Population 540 1,789 3,371 7,494 186,978 200.172
Household Size 3 .23 3.74 4 .13 3 .23 3.75 3.74
Occupied Units 167 478 8 16 2.3 19 48,571 52,351
Vae. Year Round Units 23 20 65 75 966 1,149
Seasonal Uni ts 56 16 21 19 346 458

1975 Estimates
Jan . 1,1975 Population 61 3 1,866 3 .605 8,03 1 199,528 213,643
Vacant Acreage 575 30 480 90 5,663 6,838
Lot Yield of Vae. Acreage 251 24 192 226 6,44 1 7,134
Lots on Filed Maps 321 321
Scattered Vac. Lots 46 46 124 111 1.112 1,439
Total Avai lable Lots 297 70 316 337 7.875 8,895

Vac. Year Round Units 23 20 65 75 966 1,149
Seasonal Un its 56 16 21 19 346 458
Occu pied Un its 185 500 864 2,533 52,095 56,177
Total Existing Units 264 536 950 2,627 53,407 57,784

Total Existing & Potential Un its 561 606 1,266 2.964 61 ,282 66,679

Projected Average Household Size 3.87 3.80 4.30 3 .22 3.71 3.70

Saturatio n Populat ion 2,171 2,303 5,444 9 ,544 231 ,730 251 ,192

"Excludes Northport Veterans Hospital
. " Excludes Suffolk State School and State University at Farmingdale
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A-9 Town of Islip - Information for Land Capacity Analysis - School Dist ricts & Municipalit ies.

SCHOO L DISTRICTS

Bay East Bayport - West Central
Shore Isl ip Isl ip Sayville Blue Po int Hauppauge Connetquot Islip Brentwood Islip

1 2 3 4 5 (pt) 6 (pt ) 7 9 12 13

1970 Data
Popu lation 30 ,254 15,236 24,545 17,668 7,063 7 ,971 29 ,219 31,478 73,352 32,149
Househo ld Size 3.52 3.52 3.90 3 .60 3.72 3.81 3 .70 3.99 4.30" 3.89"
Occupied Units 8,604 4,326 6,289 4 ,909 1,901 2 ,090 7,900 7,897 15,153 6,586
Vac. Year Round Units 182 112 98 96 94 39 375 83 284 154
Seasonal Units 43 17 25 30 11 1 161 30 29 2

1975 Estimates
Jan . 1, 1975 Popula tio n 3 1,953 16.617 26 .743 19 .341 8 ,360 8 ,953 39,474 33,061 77.086 33,138
Total Available Lots 1,832 1.589 1,106 1,397 812 818 3,943 736 2,268 2 ,391

Total Existing Units 9,357 4,889 7 ,102 5,560 2,4 14 2,439 11 ,652 8,507 16,639 7.053

Total Existing & Potentia l Un its 11 ,189 6,478 8 ,208 6,957 3,226 3,257 15,595 9 ,243 18,907 9,444

Projected Average Household Size 3 .59 3.70 3.90 3 .80 3.80 3 .90 3 .90 3.80 4 .20" 4.10"

Saturation Population 40,166 23 .969 32,011 26,437 12,259 12,702 60,821 35,123 84,409 39,720

SCHOOL DISTRICTS MUN ICIPALITIES

Fire Ocean
Island Sachem Town Brightwaters Beach Salta ire Unincorporated Town
14 (pt ) 5 (pt) Tot al Village Village Village Area Total

1970 Data
Population 182 9 ,76 3 278 .880 3 .808 109 37 274.926 278,880
Household Size 2 .64 3.69 3.86* ** 3.54 2 .73 2.64 3.87"** 3.86*"*
Occu pied Un its 69 2,646 68,370 1,076 40 14 67 ,240 68,370
Vac. Year Round Units 14 210 1,741 15 1 1,725 1,741
Seasonal Un its 1,712 10 2,071 3 463 248 1,357 2,071

1975 Esti mates
Jan. 1, 1975 Popu lation 158 17 .126 312,010 3,881 93 35 308,001 312,010
Total Available l ots 1,096 4 ,205 22 ,19 3 36 35 498 21 ,624 22, 193

Total Existing Units 1,851 5,176 8 2,639 1,111 526 296 80,706 82,639

Total Ex ist ing & Potential Un its 2 ,947 9.381 104,832 1.147 561 794 102,330 104,832

Projected Average Household Size 2.50 3.80 3.86*** 3 .50 2.50 2.50 3.84 "* " 3.86* *"

Saturation Population 7,368 35,648 410,633 4 ,015 1,403 1,985 403 ,230 410,633

" Excludes Pilgrim Psychiatric Cen ter
" Excludes Central Is lip Psych iatr ic Center

""Excludes all of t he above
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A-l0 Town of Riverhead-Information for Land Capacity Analysis-School Districts & Municipalities.

SCHOOL DISTRICTS MUNICIPALITIES

Shoreham-
Wadinr. River Riverhead Laurel Town Unincorporated Town

1 pt) 2lpt) 11 lpt) Total Area Total

1970 Data
Population 1,441 17,277 191 18,909 18,909 18,909
Household Sile 3 .1 3.1 3.0 3.1 3.1 3.1
Occupied Units 469 5,551 64 6,084 6,084 6,084
Vacant Year-Round Units 26 371 2 399 399 399
Seasonal Units 197 1,214 39 1,450 1,450 1,450

1975 Estimates
January 1, 1975 Population 1,818 19,145 221 21,184 21,184 21,184
Vacant Acreage 417 27,122 531 28,070 28,070 28,070
Lot Yield of Vacant Acreage 625 N.A. 862 56,216 56,216 56,216
lots on Filed Maps & Scattered Vacant Lots 90 N.A. 7
Total Available Lots 715 54,632 869 56,216 56,216 56,216

Vacant Year-Round Units 26 239 2 267 267 267
Seasonal Un its 197 1,214 39 1,450 1,450 1,450
Occupied Units 569 6,177 72 6,818 6,818 6,818
Total Existing Units 792 7,630 113 8,535 8,535 8,535

Total Existing & Potential Units 1,507 62,262 982 64,751 64,751 64,751

Projected Average Household Size 3.2 3.2 3.2 3.2 3.2 3.2

Saturation Population 4,822 199,239 3,142 207,203 207,203 207,203

A-ll Town of Shelter Island-Information for Land Capacity Analysis-School Districts & Municipalities.

SCHOOL DISTRICTS MUNICIPALITIES

Shelter Island Dering Harbor Unincorporated Town
1 Village Area Total

1970 Data
1970 Population 1,644 24 620 1,644
Household Size 2.5 3.4 2.5 2.5
Occupied Units 646 7 639 646
Vacant Year-Round Units 494 26 468 494
Seasonal Units 343 2 341 343

1975 Estimates
January 1,1975 Population 1,918 24 1,894 1,918
Vacant Acreage 3,796 151 3,645 3,796
Lot Yield of Vac. Acreage 1,634 33 1,601 1,634
Lots on Filed Maps & Scattered Vacant Lots 3,503 3 3,500 3,503
Total Available Lots 5,137 36 5,101 5,137

Vacant Year-Round Units 557 26 531 557
Seasonal Units 343 2 341 343
Occupied Units 748 7 741 748
Total Existing Uni ts 1,648 35 1,613 1,648

Total Existing & Potential Units 6,793 71 6,722 6,793

Projected Average Household Size 2.5 2.5 2.5 2.5

Saturation Population 16,983 178 16,805 16,983
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A-12 Town of Smithtown-Information for Land Capacity Analysis-School Districts & Municipalities.

SCHOOL DISTRICTS

Smithtown Kings Park Three Village Sachem Hauppauge Commack Town
1 5 1 (ptl 5 (pt) 6 (pt) 10(pt! Total

1970 Data
Population 46,459 25,106 276 2,380 13,616 26,820 114,657
Household Size 3.94 3.78* 5.52 3.66 4.10 4.27 4.00*
Occupied Units 11,778 4,958 50 650 3,319 6,282 27,037
Vacant Year-Rou nd Units 264 116 2 31 43 SO 506
Seasonal Units 110 88 1 16 9 4 228

1975 Estimates
January " 1975 Population 51,886 25,941 276 3,169 14,016 27,210 122,498
Vacant Acreage 859 249 68 499
Lot Yield of Vacant Acreage 864 99 184 734
Lots on Filed Maps 300 382
Scattered Vacant Lots 580 21 60 12
Total Available Lots 4,717 1,744 120 244 1,006 1,128 8,959

Vacant Year-Round Units 264 116 2 31 43 50 506
Seasonal Units 99 79 1 14 8 4 205
Occupied Units 13,267 5, 188 50 868 3,41 8 6,373 29,164
Total Existing Units 13,630 5,383 53 913 3,469 6,427 29,875

Total Existing & Potential Units 18,347 7,127 173 1,157 4,475 7,555 38,834

Projected Average Household Size 3.82 3.80 · 4 .00 3.80 3.80 4.00 3.85"

Saturation Population 70,1 32 31,083 692 4,397 17,005 30,220 153,529

MUNICIPALITIES

Head of t he Harbor Nisse~uogue The Branch Unincorporated Town
Village V ii age Village Area Total

1970 Data
Population 943 1,120 1,675 110,919 114,657
Household Size 3.85 4.01 4 .17 4.00' 4.00"
Occupied Unit s 245 279 402 26,111 27,037
Vacant Year-Round Units 8 12 7 479 506
Seasonal Units 2 6 0 220 228

1975 Estimates
January 1,1975 Popu lation 1,046 1,412 1,679 118,361 122,498
Vacant Acreage 809 1,350 167
Lot Yield of Vac . Acreage 407 540 234
Lots on Filed Maps
Scattered Vacant Lots 21 5
T otal Available Lots 428 540 239 7,752 8.959

Vacant Year·Round Units 8 12 7 479 506
Seasonal Units 2 5 0 198 205
Occupied Unit s 263 329 409 28,163 29,164
Total Existi ng Units 273 346 416 28,840 29,875

Total Exi sting & Potential Units 701 886 655 36,592 38,834

Projected Average Household Size 4.00 4.00 4.00 3.84' 3.85'

Saturation Population 2,804 3,544 2,620 144,561 153,529

" Excludes Kings Park State Psychiatric Center
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A·13 Town of Southampton-Information for Land Capacity Analysis-School Districts & Municipalities.

SCHOOL DISTRICTS

Remsen· West· Hampton South· Bridge- Sagapo· Eastport- Tucka- East
burg hampton Quogue Bays hampton hampton nack East Manor hoe Quogue

1 2 3 5 6 9 10 11 (pt ) 13 17
1970 Datll

Population 1,316 4,213 953 6,041 8,472 1,520 578 1,085 1,435 2,147
Household Size 2.90 2.88 2.75 3.03 2.91 2.71 3.23 3.04 4.00 2.78
Occupied Units 454 1.464 346 1,992 2,907 561 179 357 359 773
Vacant Year-Round Units 163 257 101 341 547 126 33 20 56 52
Seasonal Units 265 1,017 462 1.287 1,360 158 54 16 405 599

1975 Estimates
January 1, 1975 Population 1,516 4,823 1,047 7,219 9,252 1,749 678 1,257 1,504 2,535
Vacant Acreage 2,027 3,806 2,848 1,912 11,785 5,100 2,261 464 2,111 2,734
lot Yield of Vacant Acreage 1,425 2,106 2,191 1,949 8,952 6,127 1,442 436 1,573 2,102
Zoning Exempt lots 0 0 0 0 299 0 0 0 309 0
Scattered Vacant Lots 161 129 188 960 176 39 0 52 0 223
Total Available Lots 1,586 2.235 2,379 2,909 9,427 6,166 1,442 488 1,882 2,325

Vacant Year-Round Units 214 334 140 418 699 152 58 20 183 103
Seasonal Units 265 1,017 462 1,287 1,360 158 54 16 405 599
Occupied Units 523 1,674 380 2,386 3,176 646 209 412 414 912
Total Existing Units 1,002 3,025 982 4,091 5,235 956 321 448 1,002 1,614

Total Existing & Potential Units 2,588 5,260 3,361 7,000 14,662 7,122 1,763 936 2,884 3,939

Projected Average Household Size 3.00 3.00 2.75 3.28 3.00 3.60 3.20 3.20 3.60 3.05

Saturation Population 7,764 15,780 9,243 22,960 43,986 25,639 5,642 2,995 10,382 12,014

SCHOO L DISTR ICTS MUNICIPAL ITIES

Sag North Sag South· Westhampton
Riverhead Harbor Town Haven Quogue Harbor ampton Beach Unincorporated Town

2 (pt) 5 (pt) Total Village Village Village (pt) Village Village Area Total

1970 Data
Population 4,603 3,791 36.154 694 865 1,528 4,904 1,926 26,237 36,154
Household Size 3 .35 2.79 2.98 3.08 2.86 2.60 2.95 2.89 3.02 2.98
Occupied Units 1,374 1.357 12,123 225 302 587 1,664 666 8,679 12.123
Vacant Year-Round Units 123 523 2,342 125 58 192 347 50 1,570 2,342
Seasonal Units 431 615 6,669 0 415 42 387 629 5,196 6 ,669

1975 Estimates
January 1,1975 Population 5 ,304 4,355 41,239 798 959 1,748 5,101 2,142 30,491 41,239
Vacant Acreage 6 ,122 2,393 43,563 929 2,131 184 1,859 540 37,920 43 .563
Lot Yield of Vacant Acreage 6 ,090 1,885 36,278 398 1,644 294 2,121 646 31.175 36,278
Zoning Exempt Lots 0 524 1,132 171 0 0 0 89 872 1,132
Scattered Vacant Lots 400 155 2,483 183 162 65 176 158 1,739 2,483
Total Available Lots 6,490 2,564 39,893 752 1,806 359 2,297 893 33,786 39,893

Vacant Year·Round Units 200 624 3,145 145 95 192 402 35 2,276 3,145
Seasonal Units 431 615 6,669 0 415 42 387 614 5,211 6.669
Occupied Units 1,638 1,558 13,928 257 336 666 1.731 741 10,197 13,928
Total Ex isting Units 2 ,269 2,797 23,742 402 846 900 2,520 1,390 17,684 23,742

Total Existing & Potential Units 8,759 5,361 63,635 1,154 2,652 1,259 4.817 2,283 51,470 63.635

Projected Average Household Size 3.55 2.80 3.18 3.10 2 .80 2.60 3.00 2.85 3.25 3.18

Saturation Population 31.094 15,011 202,510 3 ,577 7,426 3,273 14,451 6,506 167,277 202 ,510
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A-14 Town of Southhold-Information for Land Capacity Analysis-School Districts & Municipalities,

SCHOOL DISTRICTS

Oyster Fishers Mattit uck-
Ponds Island Southold Cutchogue Greenport Laurel

2 4 5 9 10 11 (pt )

1970 Data
Population 1,350 462 4,381 5,240 4,053 770
Household Size 2.65 2.66 2.69 3.01 2,82 4.70
Occupied Units 510 174 1,629 1,738 1,438 164
Vacant Year Round Units 143 173 611 254 114
Seasona l Units 219 184 631 300 163 8

1975 Est imates
January 1, 1975 Population 1,61 8 395 5,002 5,954 4,289 898
Vacant Acreage 2,683 997 4,227 7,075 866 777
Lot Yield of Vac. Acreage 1,878 698 2,960 4,953 605 544
Zoning Exempt Lots 118 433 246 189 96
Scattered Vacant Lots 192 125 358 421 177 47
Total Available Lots 2,188 823 3,751 5,620 971 687
Vacant Year Round Units 189 0 229 807 336 151
Seasonal Units 219 184 631 300 163 8Occupied Units 605 149 1,870 1,991 1,517 208
Total Existing Units 1,013 333 2,730 3,098 2,016 367
Total Existing & Potential Units 3 ,201 1,156 6,481 8,718 2,983 1,054
Projected Average Household Size 3.00 3.00 3.00 3.00 3.00 3.00
Saturation Population 9,603 3,468 19,443 26,154 8,949 3,162

SCHOOL DISTRICTS MUNICIPALITIES

New Suffolk Town Greenport Unincorporated Town
15 Total V illage Area Total

1970 Data
Population 548 16,804 2,481 14,323 16,804
Household Size 3.11 2.88 2.77 2.90 2.88
Occupied Units 176 5,829 897 4,932 5,829
Vacant Year Rou nd Un its 7 1,302 118 1,184 1,302
Seasonal Units 104 1,609 2 1,607 1,609

1975 Estimates
January 1, 1975 Po pulation 577 18,733 2,518 16,215 18,733
Vacant Acreage 554 17,179 17,179 17,179
Lot Yield of Vac . Acreage 388 12,026 12,026 12,026
Zoning Exempt Lots 1,082 1,082 1,082
Scattered Vacant Lots 27 1,347 37 1,310 1,347
Total Available Lots 415 14,455 37 14,418 14,455
Vacant Year Round Units 9 1,721 109 1,612 1,721
Seasonal Un its 104 1,609 2 1,607 1,609
Occupied Units 186 6,526 910 5,616 6,526
Total Existing Units 299 9,856 1,021 8,835 9,856
Total Existing & Potential Units 714 24,307 1,058 23,249 24,307
Projected Average Household Size 3 .00 3.00 3.00 3.00 3.00
Saturation Population 2 ,142 72,921 3,174 69,747 72,921
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A-15 Town of Hempstead & City of Long Beach : Population Projections & Percent Growth for School Districts by Five Year Periods, 1975-1995.

75- 80 Projected Projected 80-85 Projected Projected 85-90 Projected Projected 90-95 Projected Projected
Populat ion Increase or Decrease Population Increase or Decrease Population Increase or Decrease Population Increase o r Decrease Population

l11n5 No. Persons Percent 1980 No. Persons Percent 1985 No , Persons Percent 1990 No. Persons Percent 1995

School Districts
Hempstead 1 32,382 595 1.8 32,977 507 1.5 33,484 514 1.5 33,998 516 1,5 34,51 4
Uniondale 2 35.388 179 0 .5 35,567 120 0.3 35,687 116 0.3 35,803 52 0.1 35,855
East Meadow 3 59,832 85 0,1 59,917 -30 - 0 .1 59,887 -51 -0,1 59,836 -90 -0.2 59,746
North Bellmore 4 29,645 85 0.3 29.730 0 0,0 29,730 13 0,0 29,743 13 0.0 29,756
Levittown 5 59,456 60 0 .1 59,516 15 0.0 59,531 26 0.0 59,557 26 0.0 59,583
Seaford 6 19,165 170 0.9 19,335 150 0,8 19,485 103 0.5 19,588 77 0.4 19,665
Bellmore 7 15,216 162 1.1 15,378 90 0 .6 15,468 - 13 -0.1 15,455 13 0 .1 15,468
Roosevel t 8 16,331 21 0 .1 16,352 224 1.4 16,576 206 1.2 16.782 206 1.2 16,988
Freeport 9 37.536 28 0.3 37 ,664 299 0.8 37,963 283 0.7 38.246 361 0 .9 38.607
Baldwin 10 35,318 191 0.5 35,509 60 0 .2 35,569 26 0.1 35.595 13 0.0 35,608
Oceanside 11 41,786 170 0.4 41,956 15 0.0 41.971 13 0.0 41,984 -13 -0.0 41,97 1
Malverne 12 16,470 25 0.2 16,495 30 0.2 16,525 0 0.0 16,525 26 0.2 16,551
Valley Stream 13 30,283 64 0 .2 30.347 -30 -0.1 30,317 39 0.1 30,356 26 0. 1 30.382
Woodmere-Hewlett 14 24,183 64 0.3 24,247 60 0 .2 24,307 51 0.2 24,358 77 0.3 24,435
Lawrence-Cedarhurst 15 35,530 149 0.4 35,679 120 0,3 35,799 103 0.3 35,902 129 0 .4 36,031
Elmont 16 45,115 111 0.2 45,226 75 0 .2 45,301 77 0.2 45,378 77 0 .2 45,455
Frankl in Square 17 28,724 55 0.2 28,779 30 0.1 28,809 39 0 .1 28,848 64 0.2 28,91 2
Garden City 18 25,836 38 0.1 25,874 15 0.1 25,889 0 0.0 25.889 13 0 ,1 25,902
East Rockaway 19 12.121 30 0.2 12,151 60 0.5 12,211 51 0.4 12,262 77 0 .6 12.339
Lynbrook 20 20,716 94 0 .5 20,810 150 0 .7 20,960 102 0,5 21,062 103 0.5 21,165
Rockville Centre 21 24,682 132 0 .5 24.814 45 0 .2 24,859 13 0 ,1 24,872 13 0.1 24.885
Floral Park 22 (pt) 20,285 21 0.1 20,306 15 0.1 20,321 13 0.1 20.334 13 0.1 20,347
Wantagh 23 20.887 85 0.4 20.972 0 0 .0 20,972 -26 -0.1 20,946 -52 - 0.2 20,894
Valley Stream 24 15,065 42 0 .3 15,107 0 0 .0 15,107 26 0.2 15,133 77 0.5 15,21 0
Merrick 25 21 ,836 64 0 .3 21,900 -15 -0.1 21,885 -26 -0.1 21,859 -26 - 0 .1 21,833
Island Trees 26 19,189 42 0.2 19,231 -15 - 0 .1 19,216 -13 -0.1 19,203 -39 - 0.2 19,164
West Hempstead 27 18,520 9 0 .0 18,529 6 0.0 18,535 13 0.1 18,548 26 0.1 18 ,574
Long Beach 28 40,938 1,170 2.9 42,108 925 2.2 43,033 836 1.9 43,869 723 1.6 44,592
North Merrick 29 15,850 55 0.3 15,905 15 0.1 15,920 -26 -0,2 15,894 -13 - 0.1 15,881
Valley Stream 30 18,414 13 0.1 18,427 0 0.0 18,427 26 0.1 18,453 0 0. 0 18,453
Island Park 31 9.514 140 1.5 9 ,654 105 1 .1 9.759 77 0 .8 9.836 90 0.9 9 ,926
Westbury 1 (pt) 5 -5 -100.0 0 0 0.0 0 0 0,0 0 0 0.0 0
New Hyde Park 5 (pt ) 2.598 9 0.3 2,607 - ·51 --2.0 2,556 --39 -1.5 2,51 7 0 0,0 2.517

Town of Hempstead 8<
City of long Beach Total 848,816 4,253 0.5 853,069 2,990 0.4 856,059 2,572 0 ,3 858.631 2,578 0 ,3 861.209
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A-15 Town of Hempstead & City of Long Beach : Population Projections & Percent Growt h for Municipalit ies by Five Year Periods, 1975-1 995.

75-80 Projected Projected 80-85 Projected Projected 85-90 Projected Projected 90- 95 Projected Projected
Populat ion Increase or Decrease Populat ion Increase or Decrease Population Increase or Decrease Populat ion Increase or Decreese Population

1/ 1/75 No . Persons Percent 1980 No . Persons Percent 1985 No. Persons Percent 1990 No . Persons Percent 1995

Municipalities
At lant ic Beach Village 1,675 60 3 .6 1,735 44 2.5 1,779 60 3.4 1,839 70 3.8 1,909
Bellerose Village 1,128 12 1.1 1,140 10 0 .9 1,1 50 3 0.3 1,153 3 0 .3 1,156
Cedarhu rst Village 6 ,900 10 0 .1 6,9 10 6 0.1 6,916 6 0. 1 6 ,922 0 0.0 6,922
East Rockaway Village 11,906 0 0.0 11,906 -10 -0.1 11,896 10 0.1 11,906 10 0 .1 11,916
Flora l Park Village (pt) 16,685 5 0 .0 16,690 5 0.0 16,695 10 0.1 16,705 8 0 .0 16,7 13
Freeport Village 40,589 126 0.3 40,71 5 300 0.7 41,015 286 0 .7 41.301 364 0.9 41,665
Garden City Village 25.401 124 0.5 25,525 65 0.3 25 ,590 0 0.0 25,590 63 0.2 25,653
Hempstead Village 40,881 640 1.6 4 1,521 590 1.4 42,1 11 544 1.3 42,655 54 1 1.3 43,196
Hewlett Bay Park Village 607 3 0 .5 610 6 1.0 616 10 1.6 626 12 1.9 638
Hewlett Harbor Village 1.522 14 0.9 1,536 22 1.4 1.558 11 0.7 1.569 6 0.4 1,575
Hewlett Neck Village 541 4 0.7 545 4 0.7 549 3 0.5 552 0 0.0 552
Island Park Village 5,501 45 0.8 5 ,546 35 0 .6 5 .581 35 0 .6 5,616 45 0.8 5 ,661
Lawrence Village 6,888 40 0.6 6.928 30 0 .4 6 ,958 25 0 .4 6,983 20 0 .3 7,003
Lynbrook Village 23,470 100 0.4 23 ,570 164 0 .7 23,734 135 0.6 23.869 165 0 .7 24.034
Malverne Village 10,151 5 0 .0 10,156 3 0 .0 10,159 15 0 .1 10,174 10 0 .1 10.184
Mineola Village (pt) 101 0 0 .0 101 0 0.0 101 0 0 .0 101 0 0.0 101
New Hyde Park Village (pt) 4.333 12 0.3 4,345 -36 -0.8 4 ,309 - 34 -0.8 4,275 0 0.0 4.275
Roc kville Cent re Village 28,396 120 0.4 28,516 30 0.1 28,546 13 0.0 28,559 13 0.0 28,572
South Floral Park Village 1.081 40 3.7 1,121 16 1.4 1,137 4 0.4 1,1 41 3 0.3 1.144
Stl'wart Manor Village 2.210 0 0.0 2,210 0 0.0 2.210 0 0.0 2,210 0 0.0 2,210
Valley Stream Village 40,929 124 0.3 41 ,053 -42 -0.1 41,01 1 13 0.0 41,024 25 0.1 41,049
Woodsburgh Village 829 0 0.0 829 6 0.7 835 9 1.1 844 12 1.4 856

Unincorporated Area 542,326 1,819 0.3 544,1 45 967 0.2 545,1 12 664 0.1 545,776 508 0.1 546,284
Town Total 814,050 3,303 0.4 817 ,353 2,215 0 .3 819 ,568 1,822 0.2 8.21 ,390 1,878 0 .2 823,268
CitY of Long Beach 34,766 950 2.7 35,716 775 2 .2 36,491 750 2.1 37,241 700 1.9 37,941



A·16 Town of North Hempstead : Population Projections & Percent Growth for School Districts and Municipalities by Five Year Periods, 1975- 1995.

75- 80 Projected Projected 80-85 Projected Projected 85-90 Projected Projected 90-95 Projected ProjectedPopu lation Increase or Decrease Population Increase or Decrease Population Increase or Decrease Popu lat ion Increase or Decrease Population1/ 1/75 No. Persons Percent 1980 No. Persons Percent 1985 No . Persons Percent 1990 No. Persons Percent 1995

School Districts
Westbury 1 (pt) 20,593 322 1.6 20,915 172 0.8 21,087 73 0.3 21,160 24 0.1 21,184
East Williston 2 9,478 86 0.9 9,564 57 0.6 9,621 61 0.6 9,682 43 0.4 9.725
Roslyn 3 (pt) 19,198 54 0.3 19,252 126 0.7 19,378 195 1.0 19,573 123 0.6 19,696
Port Washington 4 32,843 203 0.6 33,046 343 1.0 33,389 620 1.9 34,009 288 0.8 34,297
New Hyde Park 5 (pt) 22,445 43 0 .2 22,488 34 0 .2 22,522 24 0.1 22,546 6 0 .0 22,552
Manhasset 6 15,989 301 1.9 16,290 606 3.7 16 ,896 644 3.8 17,540 362 2.1 17,902
Grllllt Neck 7 48,763 258 0.5 49,021 320 0.7 49,341 182 0.4 49,523 68 0.1 49,591
Herricks 9 24,893 644 2.3 25,537 526 2.1 26,063 450 1.7 26,513 270 1.0 26,783
Mineola 10 28,205 150 0.5 28,355 92 0.3 28,447 97 0.3 28,544 18 0.1 28,562
Carle Place 11 12,250 22 0.2 12,272 -11 -0.1 12,261 12 0.1 12,273 -4 -0.0 12,269
North Shore 1 (pt) 685 0 0.0 685 -12 -1.8 673 7 1.0 680 2 0.3 682
Jericho 15 (pt) 187 64 34.2 251 46 18.3 297 53 17.8 350 22 6.3 372
Floral Park 22 (Pt) 3,030 0 0.0 3,030 -11 -0.4 3,019 12 0.4 3,031 4 0.1 3,035

Town Total 238,559 2,147 0.9 240,706 2,288 1.0 242,994 2,430 1.0 245,424 1,226 0.5 246,650

Municipalities
Baxter Estates Village 1,047 17 1.6 1,064 4 0.4 1,068 12 1.1 1,080 13 1.2 1,093
East Hills Village (Pt) 8,717 22 0.3 8,739 15 0.2 8,754 12 0.1 8 ,766 2 0.0 8,768
East Williston Village 2,846 0 0.0 2,846 -4 -0.1 2,842 5 0 .2 2,847 0 0.0 2,847
Floral Park Village (pt) 1,968 5 0.3 1,973 0 0.0 1,973 7 0.4 1,980 0 0.0 1,980
Flower Hill Village 4,528 33 0.7 4,561 46 1.0 4,607 49 1.1 4,656 14 0.3 4,670
Great Neck Village 11,207 43 0.4 11,250 23 0 .2 11 ,273 0 0.0 11 ,273 -2 -0.0 11,271
Great Neck Estates Village 3,1 82 4 0 .1 3,186 4 0 .1 3,190 5 0 .2 3,1 95 6 0.2 3 ,201
Great Neck Plaza Village 6,078 0 0 .0 6,078 12 0.2 6,090 0 0 .0 6,090 - 18 -0.3 6,072
Kensington Village 1,597 4 0.3 1,601 4 0.2 1,605 12 0 .7 1,617 7 0.4 1,624
Kings Point Village 5,747 70 1.2 5,817 59 1.0 5,876 52 0.9 5,928 11 0.2 5,939
Lake Success Village 3,260 0 0.0 3 ,260 0 0.0 3 ,260 5 0.2 3,265 -6 -0.2 3,259
Manorhaven Village 5,789 22 0.4 5,811 23 0.4 5,834 20 0.3 5,854 5 0.1 5,859
Mineola Village (pt) 22,288 120 0.5 22,408 73 0 .3 22,481 17 0.1 22,498 6 0.0 22,504
Munsey Park Village 2,995 4 0.1 2,999 12 0.4 3,011 22 0.7 3,033 27 0.9 3,060
New Hyde Park Village (pt j 5,965 0 0.0 5,965 11 0.2 5,976 12 0.2 5,988 -6 -0.1 5,982
North Hills Village 263 1,010 384.0 1,273 1,281 0.6 2,554 1,202 47 .1 3,756 730 19.4 4,486
Old Westbury Village (pt) 2,260 128 5.7 2,388 130 5.4 2,518 111 4.4 2,629 53 2.0 2,682
Plandome Village 1,607 11 0.7 1,618 23 1.4 1,641 29 1.8 1,670 15 0.9 1,685
Plandome Heights Village 1,050 0 0.0 1,050 4 0.4 1,054 7 0.7 1,061 0 0.0 1,061
Plandome Manor Village 830 -18 -2.2 812 -4 -0.5 808 12 1.5 820 -10 -1.2 810
Port Washington North Village 3,084 43 1.4 3,127 91 2.9 3,218 73 2.3 3.291 25 0.8 3,316
Roslyn Village 2,549 43 1.7 2,592 23 0 .9 2,615 24 0.9 2,639 25 0.9 2,664
Roslyn Estates Village 1,445 0 0.0 1,445 -11 -0.8 1,434 0 0.0 1,434 -6 - 0 .4 1,428
Rosly n Harbor Vi llage 868 0 0.0 868 -4 -0.5 864 12 1.4 876 4 0.5 880
Russell Gardens Village 1,136 -10 -0.9 1,126 23 2.0 1,149 5 0.4 1,154 0 0.0 1,154
Saddle Rock Village 895 0 0 .0 895 - 11 -1.2 884 7 0.8 891 -6 -0.7 885
Sands Point Village 3,000 86 2.9 3,086 69 2.2 3,155 36 1.1 3,191 18 0.6 3,209
Thomaston Village 2,761 -2 -0.1 2,759 9 0.3 2,768 0 0.0 2,768 -6 -0.2 2,762
Westbury Village 15,805 226 1.4 16 ,031 81 0.5 16,11 2 27 0.2 16,139 6 0.0 16,145
Williston Park Village 9,252 32 0.3 9 ,284 0 0.0 9,282 2 0.0 9,286 -21 -0.2 9,265

Uninco rporated Area 104,540 281 0.3 104,821 327 0.3 105,148 678 0.6 105,826 340 0.3 106,166
Town Total 238.559 2,174 0.9 240,733 2,313 1.0 243,046 2,455 1.0 245,501 1,226 0 .5 246,727
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A-1 7 Town of Oyster Bay & City of Glen Cove : Population Projections & Percent Growth for School Districts and Municipalities by Five Year Periods, 1975-1995.

75-80 Projected Projected 80-85 Projected Projected 85-90 Projected Projected 90-95 Projected Projected
Population Increase or Decrease Populat ion Increase or Decrease Population Increase or Decrease Populat ion Increase o r Decrease Population

1/1/75 No. Persons Percent 1980 No. Persons Percent 1985 No. Persons Percent 1990 No. Persons Percent 1995--------
School Districts

North Shore 1 {pt} 16,386 264 1 .6 16,650 121 0.7 16,771 124 0.7 16,895 38 0.2 16,933
Syosset-Woodbury 2 34,05 7 1,112 3.3 35,169 286 0 .8 35 ,455 293 0.8 35,748 282 0.8 36,030
Locust Valley-Bayvi lle 3 15,970 817 5.1 16,787 449 2.7 17,236 326 1.9 17,562 244 1.4 17,806
Plainview·Old Bethpage 4 36,494 0 0.0 36,494 -73 -0.2 36,421 -135 -0.4 36,286 -150 -0.4 36,136
Glen Cove 5 26,880 998 3.7 27,878 461 1.7 28,339 360 1.3 28,699 282 1.0 28,981
Oyster Bay ·East Norw ich 6 14,590 1,050 7.2 15,640 60 7 3.9 16,247 225 1,4 16,472 357 2. 2 16,829
Nassau County Sanitorium 7 0 0 0.0 0 0 0.0 0 0 0.0 0 0 0 .0 0
Jericho 15 (pt) 15,468 686 4.3 16,154 563 3.5 16,717 90 0.5 16,807 132 0.8 16,939
Hicksville 17 47,713 129 0 .3 47,842 36 0.1 47,878 -56 -0.1 47,822 -47 -0.1 47,775
Plainedge 18 24,469 -16 -0.1 24 ,453 -32 - 0 .1 24 ,42 1 --101 -·0,4 24,320 -1 41 - 0.6 24,179
Bethpage 21 22,342 5 0 .0 22,347 -7 0.0 22,340 -79 -0.4 22,261 -132 -0.6 22,129
Farmingdale 22 (pt) 45,402 93 0 .2 45,495 32 0 .1 45,527 -62 -0.1 45,465 -47 -0.1 45,418
Massapequa 23 61,011 103 0 .2 61,114 7 0.0 61,121 -56 -0.1 61,065 -47 - 0.1 61,018
Cold Spring Harbor 2 (pt ) 1,508 93 6 .2 1,601 85 5.3 1,686 67 4 .0 1,753 75 4 .3 .828
Roslyn 3 (pt) 125 0 0.0 125 -5 -4.0 120 -6 -5.0 114 0 0.0 114
Amityville 6 (pt) 6,157 108 1.8 6 ,265 97 1.5 6,362 135 2.1 6,497 94 1.4 6,591

Town and CitY Total 368,572 5,442 1.5 374,014 2,627 0.7 376,641 1,125 0.3 377,766 940 0.2 378.706

Municipalities
Bayville Village 6,706 362 5.4 7,068 165 2.3 7,233 67 0.9 7,300 56 0.8 7,356
Brookville Village 3,096 348 11.2 3,444 335 9.7 3,779 145 3.8 3,924 266 6 .8 4,190
Centre Island Village 374 21 5 .6 395 15 3 .8 410 11 2.7 421 9 2. 1 430
Cove Neck Vi llage 348 21 6.0 369 17 4.6 386 11 2.8 397 9 2.3 406
East Hills Village (pt) 19 0 0.0 19 0 0.0 19 0 0.0 19 0 0.0 19
Farmingdale Village 9,442 93 1.0 9,535 49 0.5 9,584 11 0.1 9,595 0 0.0 9,595
Lattingtown Village 1,814 57 3 .1 1,871 51 2.7 1,922 34 1.8 1,956 47 2,4 2,003
Laurel Hollow Vi llage 1,459 67 4 .6 1,526 56 3 .7 1,582 33 2.1 1,615 47 2.9 1,662
Massapequa Park Village 22,468 51 0.2 22,519 -3 -0.0 22,516 -95 -0,4 22,421 , -85 -0.4 22,336
Matinecock Village 867 41 4.7 908 34 3.7 942 34 3.6 976 38 3.9 1,014
Mill Neck Village 1,008 57 5.7 1,065 70 6.6 1,135 90 7,9 1,225 56 4.6 1,281
Muttontown Vil lage 2,491 6 10 24.5 3,101 386 12.4 3,487 11 8 3,4 3,605 244 6.8 3 ,849
Old Brookville Village 1,878 109 5.8 1,987 97 4.9 2,084 113 5.4 2,197 38 1.7 2,235
Old Westbury Village (pt) 501 &2 10,4 553 121 21 .9 674 45 6.7 719 94 13.1 813
Oyster Bay Cove Village 1,590 362 22.8 1,952 218 11.2 2 ,170 271 12.5 2,441 197 8.1 2 ,638
Roslyn Ha rbor Vil lage (pt ) 384 0 0 .0 384 - 7 -1 .8 377 -6 -- 1.6 371 -5 -1.3 366
Sea Cliff Village 6,087 10 3 1.7 6,190 2 0.0 6 ,192 0 0.0 6,192 5 0.1 6,197
Upper Brookville Village 1,216 165 13.6 1,381 156 11.3 1,537 113 7.4 1,650 132 8 .0 1,782

Unincorporated Area 279,944 1,925 0.3 281,869 404 0.1 282,273 -230 -0.1 282,043 -490 -0.2 281 ,553
Town Total 341,692 4,444 0 .1 346,1 36 2,166 0 .6 348,302 765 0 .2 349,067 658 0.2 349 ,725
City of Glen Cove 26,880 998 3.7 27,878 461 1.7 28,339 360 1.3 28,699 282 1.0 28,981



A·18 Town of Babylon: Population Projections & Percent Growth for School Districts and Municipalit ies by Five Year Periods, 1975-1995.

75-80 Projected Projected 80- 85 Projected Projected 85-90 Projected Projected 90- 95 Projected Projected
Population Increase or Decrease Population Increase or Decrease Population Increase or Decrease Populat ion Increase or Decrease Population

1/1/75 No.P~. Percent 1980 No. Persons Percent 1985 No. Persons Percent 1990 No . Persons Percent 1995

School Distr icts
Babylon 1 11,602 613 5.3 12,215 842 6 .9 13,057 542 4.2 13,599 12 0 .1 13,611
West Babylon 2 27,629 1,103 4.0 28,732 468 1.6 29 ,200 578 2.0 29,778 244 0.8 30,022
North Babylon 3 33,421 735 2.2 34,156 94 0.3 34,250 36 0.1 34,286 12 0.0 34,298
Lindenhurst 4 46,742 2,573 5.5 49,315 2,151 4.4 51,466 904 1.8 52,370 732 1.4 53,102
Copiague 5 26,220 2,450 9 .3 28,670 2,151 7.5 30,821 398 1.3 31,219 134 0.4 31,353
Ami tyville 6 (pt) 18,527 1,347 7.3 19,874 1,029 5.2 20,903 687 3.3 21 ,590 12 0.1 21,602
Deer Park 7 27,385 368 1.3 27,753 47 0.2 27,800 108 0.4 27,908 12 0.0 27,920
Wyandanch 9 14,340 1,960 13.7 16,300 1,918 11.8 18,218 289 1.6 18,507 12 0 .1 18,519
Half Hollow Hills 5 (pt) 8,970 613 6.8 9,583 374 3.9 9,957 36 0.4 9,993 36 0.4 10,029
Farmingdale 22 (PI) 3 ,087 490 15.9 3,577 281 7.9 3 ,858 36 0.9 3,894 12 0.3 3,906

Town Total 217,923 12,252 5.6 230 ,175 9,355 4.1 239,530 3,614 1.5 243,144 1,218 0.5 244,362

Municipalities
Ami tyville Vil lage 10,722 123 1.1 10,845 94 0.9 10,939 253 2.3 11,192 0 0.0 11 ,192
Babylon Village 13,563 282 2.1 13,845 27 1 2.0 14 ,11 6 217 1.5 14 ,333 49 0.3 14,382
Lindenhurst Village 30,082 1,470 4.9 31,552 1,590 5.0 33,142 470 1.4 33,612 487 1.4 34,099

Unincorporated Area 163,556 10,377 6.3 173,933 7,400 4.3 181,333 2,674 1.5 184,007 682 0 .4 184,689
Town Total 21 7,923 12,252 5.6 230,175 9 ,355 4.1 239,530 3,614 1.5 243,144 1,218 0.5 244,362

A·19 Town of Brookhaven: Population Projections & Percent Growth for School Districts by Five Year Periods, 1975-1995.

75-80 Pr~ected Projected 80-85 Projected Projected 85-90 Projected Projected 90-95 Projected Projected
Populat ion Increase or ecrease Population Increase or Decrease Population Increase or Decrease Populat ion Increase or Decrease Populat ion
4/26/75 No. Persons Percent 1980 No . Persons Percent 1985 No . Persons Percent 1990 No. Persons Percent 1995

School Dist ricts
Three Village 1 (pt) 39,481 3,659 9.3 43,140 3,359 7.8 46,499 2,550 5.5 49 ,049 2,622 5.3 51,671
Comsewogue 3 19,183 1,028 5.4 20,211 1,067 5.3 21,278 923 4.3 22,201 1,112 5.0 23,3 13
South Country 4 16,343 1,142 7.0 17,485 2,370 13.6 19,855 2,1 72 10.9 22,027 3,791 17.2 25,818
Sachem 5 (Ptl 42 ,569 5,7 12 13.4 48,281 4 ,148 8.6 52 ,429 2,172 4.1 54 ,601 1,011 1.9 55,61 2
Port Jefferson 6 6,387 171 2.7 6 ,558 119 1.8 6,677 163 2.4 6 ,840 568 8.3 7,408
Mt. Sinai 7 4,803 2,856 59 .5 7,659 2,963 38.7 10,622 2,715 25.6 13,337 1,200 9.0 14,537
Miller Place 8 8,947 2,684 30.0 11,631 2,844 24.5 14,475 2,7 15 18.8 17,190 2,275 13.2 19,465
Rocky Point 9 10,345 1,71 4 16.6 12,059 1,896 15.7 13,955 3,258 23.3 17 ,21 3 4,044 23.5 21 ,257
Middle Country 11 52,912 6,283 11.9 59,195 4,445 7.5 63,640 2,172 3.4 65,812 1,516 2.3 67,3 28
Middle Island 12 29,878 13,138 44.0 43,016 14,519 33.8 57,535 14,119 24.5 71 ,654 15,163 21.2 86.817
South Manor 21 2,054 457 22.2 2,511 770 30.7 3,281 1,4 12 43 .0 4 ,693 2,881 61.4 7,574
Patchogue-Medford 24 41,746 5 ,59 7 13.4 47 ,343 5,926 12 .5 53 ,269 4,344 8.2 57,613 2,022 3.5 59,635
South Haven 30 569 57 10.0 626 119 19.0 745 217 29.1 962 859 89.3 1,821
West Manor 31 188 114 60.6 302 296 98.0 598 543 90.8 1,141 1,061 93.0 2,202
William Floyd 32 26,629 9,710 36.5 36,339 10,963 30.2 47,302 10,046 21.2 57,348 1,516 2.6 58,864
Center Moriches 33 4,805 11 4 2.4 4 ,919 178 3.6 5,097 978 19.2 6,075 1,769 29.1 7,844
East Moriches 34 3,059 685 22.4 3,744 770 20.6 4,514 1,195 26.5 5,709 1,921 33.6 7.630
Shoreham-Wading River 1 (pt) 4,511 1,885 41 .8 6 ,396 2,015 31.5 8,411 1,738 20.7 10,149 1,921 18.9 12,070
Riverhead 2 (pt) 933 51 4 55 .1 1,447 593 41.0 2,040 598 29.3 2,638 708 26 .8 3,346
Bayport-Bluepoint 5 (pt) 4,351 57 1.3 4,408 119 2.7 4 ,527 163 3 .6 4,690 303 6.5 4,993
Eastport-East Manor 11 (pt) 841 343 40.8 1,184 712 60.1 1,896 1,249 65.9 3,145 3,589 114.1 6,734
Fire Island 14 (Pt) 143 57 39.9 200 59 29.5 259 a 0.0 259 0 0.0 259

Town Total 320,677 57 ,977 18.1 378,654 60,250 15.9 438 ,904 55,442 12.6 494,346 51,852 10.5 546,198
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A-19 Town of Brookhaven : Population Projections & Percent Growth for Municipalities by Five Year Periods, 1915-1995.

75-80 Projected Projected 80-85 Projected Projected 85- 90 Projected Projected 90-95 Projected Projected
Population Increase or Decrease Population Increase or Decrease Population Increase or Decrease Population Increase or Decrease Population

4/26/75 No. Persons Percent 1980 No. Persons Percent 1985 No . Persons Percent 1990 No. Persons Percent 1995

Municipalities
Belle Terre Vill age 794 114 14.4 908 59 6.5 967 11 1.1 978 25 2 .6 1,003
Bellport Vill age 2,856 - 57 - 2.0 2,799 59 2 .1 2,858 109 3.8 2,967 127 4 .3 3,094
Lake Grove Vil lage 9,3 59 914 9.8 10,273 475 4 .6 10,748 326 3.0 11,074 354 3.2 11,428
Old Field Village 824 57 6.9 881 59 6 .7 940 71 7 .6 1,011 101 10.0 1,112
Patchogue Village 11,283 - 171 - 1.5 11,112 237 2.1 11,349 434 3 .8 11,783 404 3 .4 12, 187
Poq uot! Village 516 57 11 .0 573 89 15.5 662 81 12 .2 743 101 13.6 844
Port Jeffe rson Village 5,800 171 2.9 5 ,971 89 1.5 6 ,060 163 2.7 6,223 202 3.2 6 ,425
Shoreham Vil lage 556 57 10.3 613 59 9 .6 672 54 8.0 726 51 7.0 777

Unincorporated Area 288,689 56,835 19.7 345.524 59,124 17.1 404,648 54,193 13.4 458.841 50,487 11 .0 509,328
Town Total 320,677 57,977 18.1 378,654 60,250 15.9 438 ,904 55,442 12.6 494,346 51 .852 10.5 546,198

A·20 Town of East Hampton : Population Projections & Percent Growth for School Districts and Municipalities by Five Year Periods, 1915- 1995.

75- 80 Projected Projected 80-85 Projected Projected 85-90 Projected Projected 90- 95 Projected Projected
POiJulation Increase or Decrease Population Increase or Decrease Population Increase or Decrease Population Increase or Decrease Population

/1/75 No. Persons Percent 1980 No . Persons Percent 1985 No. Persons Percent 1990 No. Persons Percent 1995

School Districts
East Hampton 1 5,576 8 11 14.5 6 ,387 1,1 19 17 .5 7,506 922 12.3 8,428 1,071 12.7 9 ,499
Wainscott 2 376 60 16.0 436 93 21.3 529 138 26.1 667 16 1 24 .1 828
Amagansett 3 1,360 310 22.8 1,670 413 24.7 2,083 369 17.7 2,452 429 17.5 2,881
Springs 4 2,7 31 739 27. 1 3,470 1,033 29.8 4 ,503 922 20 .5 5 ,425 1,07 1 19.7 6 ,496
Sag Harbor 5 (pt) 890 57 6.4 947 90 9 .5 1,037 77 7.4 1,114 89 8.0 1,203
Montauk 6 2, 120 519 24.5 2,639 695 26 .3 3,334 646 19.4 3,980 750 18.8 4,730

Town Total 13,053 2,496 19.1 15,549 3,443 22.1 18,992 3.074 16.2 22,066 3.571 16.2 25,637

Mun icipalities
East Hampton Village 1,955 170 8 .7 2,125 227 10.7 2,352 184 7.8 2,536 21 4 8.4 2,750
Sag Harbor Village (p t) 890 57 6.4 947 90 9 .5 1,037 77 7.4 1 ,1 14 89 8 .0 1,203

Unincorporated Area 10,208 2,269 22 .2 12,477 3,126 25.1 15,603 2,813 18.0 18,416 3,268 17.7 21,684
Town Total 13,053 2,496 19.1 15,549 3,443 22.1 18,992 3,074 16.2 22,066 3,571 16.2 25,637



A-21 T o w n o f H untington: Po p ulat io n Proje ctions & Pe rcent Gro wth for School D istr icts a nd Municipalit ies by Fi ve Year Per iods, 1975- 1995 .

75- 80 Projected Projected 80-85 Projected Projected 85- 90 Projected Pro jected 90- 95 Projected Projected
POfJulation Increase or Decrease Population Increase o r Decrease Populat ion Increase o r Decrease Po pulation Increase or Decrease Populat ion

/ 1/75 No. Persons Percent 1980 No . Persons Percent 1985 No. Persons Percent 1990 No . Persons Percent 1995

School Districts
Elwood 1 14,044 354 2.5 14.398 361 2.5 14 ,759 175 1.2 14,934 18 0 .1 14,952
Cold Spring Harbor 2 (pt) 7,131 1.004 14.1 8 ,135 992 12.2 9,127 758 8 .3 9,885 535 5,4 10,420
Hunt ington 3 36,701 2,125 5 .8 38,826 1,803 4.6 40,629 1.340 3.3 41 ,969 857 2.0 42,826
Northport 4 40,700 2,928 7.2 43,628 2,083 4 .8 45,711 1,324 2.9 47.035 600 1.3 47.635
Half Hollow Hills 5 (pt) 33.917 2,069 6.1 35,986 2,083 5.8 38 ,069 1,915 5.0 39,984 964 2,4 40,948
Harborfields 6 21,912 2,243 10.2 24 ,155 1,262 5.2 25,4 17 175 0 .7 25,592 36 0.1 25,628
Commack 10 (Pt) 20,607 708 3,4 21 ,315 90 0,4 21,405 58 0.3 21,463 18 0.1 21 ,481
Sout h Hun tington 13 38,631 472 1.2 39 ,1 03 541 1,4 39,644 583 1.5 40 ,227 642 1.6 40 ,869

Town Total 213,643 11,903 5.6 225 ,546 9 ,215 4 .1 234,761 6 ,328 2.7 241 ,089 3,670 1.5 244,759

Municipalit ies
Asharoken Village 613 59 9.6 672 243 36.2 915 262 28.6 1.177 285 24. 2 1,462
Hunt ingto n Bay Village 1,866 165 8 .8 2,031 117 5.8 2 ,1 48 58 2.7 2,206 36 1.6 2,242
lloyd Harbor Village 3,605 236 6 .5 3,841 244 6,4 4,085 233 5.7 4,3 18 250 5.8 4, 568
Northpo rt Village 8,031 708 8 .8 8,739 424 4.9 9,163 204 2.2 9,367 179 1.9 9 ,546

Un incorporated Area 199,528 10,735 5 .4 210,263 8,187 3 .9 218,450 5 ,57 1 2.6 224,021 2,920 1.3 226,941
Town Total 213,643 11,903 5 .6 225,546 9,21 5 4 .1 234,761 6,328 2.7 241,089 3,670 1.5 244,759

A-22 T own of Isl ip : Po pula t ion Project ions & Percent Growt h f o r Scho ol Di str icts and Munic ipalities by F ive Year Period s, 1975-1 995.

75- 80 Projected Projected 80- 85 Projected Projected 85-90 Pr<8ected Projected 90- 95 Projected Projected
Population Increase or Decrease Populat ion Increase or Decrease Popu lat ion Increase or ecrease Population Increase or Decrease Population

1/ 1/75 No . Persons Percent 1980 No. Persons Percent 1985 No . Persons Percent 1990 No. Persons Percent 1995

SchooI Districts
Bay Shore 1 31 ,953 1,190 3.7 33,143 2,882 8 .7 36,025 2,767 7.7 38,792 1,149 3 .0 39,941
Islip 2 16,617 1,189 7 .2 17,806 2,329 13.1 20,135 2,656 13.2 22,79 1 986 4.3 23,777
East Islip 3 26,743 1,635 6. 1 28 ,378 1.164 4 .1 29,542 1,328 4 .5 30,870 1,1 37 3.7 32.007
Sayville 4 19,341 1,487 7.7 20 ,828 2,038 9 .8 22,866 2,213 9 .7 25,079 1,219 4.9 26,298
Bayport-Bluepoint 5 (pt) 8,360 1,190 14.2 9,550 1,747 18.3 11 ,297 487 4 .3 11,784 464 3.9 12,248
Hau ppauge 6 (Pt) 8,953 1,189 13.3 10,1 42 1,747 17.2 11,889 332 2.8 12,221 116 0.9 12,337
Connetquot 7 39,474 8 ,623 21.8 48 ,097 7,278 15.1 55,375 3,099 5 .6 58,474 1,683 2.9 60, 157
West Isl ip 9 33,061 1,041 3 .1 34 ,102 291 0.9 34 ,393 177 0 .5 34.570 464 1.3 35,034
Brentwood 12 77,086 527 0 .7 77,61 3 1,829 2,4 79,442 2,222 2.8 81,664 1,834 2.2 83 ,498
Central Islip 13 33,138 2,7 19 8 .2 35,857 2,411 6 .7 38,268 275 0.7 38,543 1,044 2.7 39,587
Fire Island 14 (pt ) 158 0 0 .0 158 29 18,4 187 44 23 .5 23 1 0 0 .0 231
Sachem 5 (pt) 17.126 6,244 36.5 23 ,370 4,367 18.7 27,737 5,534 20.0 33,271 1,509 4 .5 34,780

Town Total 312,010 27 .034 8 .7 339,044 28 ,112 8.3 367 ,156 21 ,134 5.8 388 ,290 11,605 3.0 399,895

Municipalit ies
Brightwaters Village 3 ,881 30 0.8 3 ,911 58 1.5 3,969 22 0.6 3,991 23 0 .6 4,014
Ocean Beach Village 93 0 0 .0 93 17 18.3 110 18 16 ,4 128 0 0 .0 128
Saltai re Vi llage 35 0 0.0 35 12 34 .3 47 15 31.9 62 0 0.0 62

Unincorporatod Area 308 ,001 27 ,004 8 .8 335,005 28 ,025 8.4 363,030 2 1,079 5.8 384,109 11,582 3.0 395,69 1
Town Total 312,010 27 ,034 8.7 339,044 28 ,112 8 .3 367 ,156 21 ,134 5.8 388,290 11,605 3.0 399,895
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A-23 Towns of Riverhead & Shelter Island : Population Projections & Percent Growth for School Districts and Municipalities by Five Year Periods, 1975- 1995.

75-80 Project ed Projected 80·-85 Projected Projected 85-90 Projected Projected 90- 95 Pro jected Projected
Population Increase or Decrease Popula tion Increase or Decrease Population Increase or Decrease Populat ion Increase or Decrease Population

1/1 /75 No . Perso ns Percent 1980 No . Persons Percent .1985 !'lo . Perso!!s_ Percent 1990 !'Io,-Persons~rcent .1~9~-~--,~--,---~-,,---,-- --------_._--
Riverhead School Dist ricts

Shoreham-Wad ing R iver 1 lpt) 1,8 18 557 30.6 2 ,375 779 32.8 3.154 767 243 3,9 21 439 11.2 4 .360
R iverhead 2 (Pt ) 19,145 1,649 8.6 20.794 2,244 10.8 23,038 2 ,83 7 12.3 25,875 3,687 14.2 29 ,562
Laure l 11 (pt) 221 22 10.0 243 94 38 .7 337 230 68.2 567 263 46.4 830

Town Total 21 ,184 2,228 10 .5 23,412 3,1 17 13.3 26,529 3,834 14.5 30,363 4,389 14.5 34,752

Munic ipalities
Unincorporated Area 21,184 2,228 10.5 23,412 3,1 17 13.3 26,529 3 ,834 14.5 30,363 4 ,389 14.5 34,752
Town Total 21 ,1 84 2,228 10.5 23,412 3,1 17 13.3 26,529 3 ,834 14.5 30,363 4 ,389 14 .5 34,752

Shelter Island School Dist ricts
She lte r Island 1 1,918 310 16.2 2,228 562 25.2 2,790 534 19.1 3,324 636 19.1 3,960

Munic ipalities
Village of Der ing Harbor 24 0 0 .0 24 6 25.0 30 16 53.3 46 32 69 .6 78

Unincorporated Area 1,894 310 16.4 2,204 556 25.2 2 ,760 518 18.8 3,278 604 18.4 3,882
Town Total 1,918 310 16.2 2,228 562 25.2 2 ,790 534 19.1 3 ,324 636 19 .1 3,960

A-24 Town of Smithtown: Population Projections & Percent Growth for School Districts and Municipalities by Five Year Periods, 1975- 1995.

75- 80 Projected Projected 80- 85 Projected Projected 85- 90 Projected Pro ject ed 90- 95 Projected Projected
Population Increase or Decrease Population Increase or Decrease Popu lation Increase or Decrease Population Increase or Decrease Populat ion

1/ 1/75 No . Persons Percent 1980 No . Persons Percent 1985 No. Persons Percent 1990 No . Persons Percent 1995--_._.__._- .... ,._ ..._.._... _.

School Districts
Sm ithtown 1 51,886 3,485 6 .7 55,371 2,943 5.3 58 ,314 3,026 5.2 61,340 2,920 4.8 64.260
Ki ngs Park 5 25,941 1,332 5.1 27 ,273 1 ,6 11 5 .9 28 ,884 2,185 7.6 3 1,069 1,499 48 32,568
Three Village 1 (pt) 276 73 26.4 349 128 36.7 477 101 21 .2 578 32 5.5 610
Sachem 5 (pt) 3,169 726 22 .9 3,895 320 8 .2 4,215 67 1.6 4 ,28 2 63 1.5 4,345
Haup pauge 6 (pt) 14,016 436 3 .1 14,452 575 4 .0 15,027 807 5.4 15.834 635 4.0 16,469
Commack 10 (pt) 27,210 363 1.3 27 ,573 320 1.2 27,893 538 1.9 28,431 698 2.5 29,129

Town Tota l 122,498 6,415 5.2 128,913 5,897 4.6 134 ,810 6 ,724 5 ,0 141,534 5 ,847 4.1 147 ,381

Municipa lities

Head of the Harbor Village 1,046 145 13 .9 1,191 320 26.9 1,511 403 26 .7 1,914 349 182 2,263
Nissequogue Village 1,412 36 3 25 .7 1,775 384 21 .6 2,159 471 21.8 2,630 317 12.1 2.947
Village of the Branch 1,679 73 4.3 1,752 128 7 .3 1,880 235 12.5 2.115 254 12 .0 2,369

Unincorpo rated Area 118,361 5,834 4.9 124.195 5 ,065 4.1 129,260 5,615 4 .3 134,875 4 ,927 3 .7 139,802
Town Total 122,498 6,415 5 .2 128,913 5,897 4 .6 134,810 6,724 5.0 141 ,534 5 ,847 4 .1 147,381



A-25 Town of Southampton : Population Projections & Percent Growth for School Districts and Municipalities by Five Year Periods, 1975-1995.

75-80 Projected Projected 80-85 Projected Projected 85-90 Projected Projected 90- 95 Projected Projected
Population Increase or Decrease Population Increase or Decrease Population Increase or Decrease Population Increase or Decrease Population

111/75 No. Persons Percent 1980 No . Persons Percent 1985 No. Persons Percent 1990 No . Persons Percent 1995

School Distr icts
Remsenburg 1 1,516 238 15.7 1,754 290 16 .5 2,044 333 16.3 2,377 391 16.4 2,768
Westhampton 2 4.823 71 5 14.8 5.538 917 16.6 6,455 1,237 19.2 7.692 1,452 18.9 9 ,144
Quogue 3 1,047 11 9 11.4 1,166 191 16 .4 1.357 190 14.0 1,547 223 14.4 1,770
Hampton Bays 5 7,219 1,430 19.8 8,649 1,909 22 .1 10 ,558 2,093 19.8 12,651 2,457 19.4 15,108
Southampton 6 9,252 869 9.4 10,121 764 7.5 10,885 952 8 .7 11,837 1,11 7 9.4 12,954
Bridgehampton 9 1,749 268 15.3 2,017 351 17.4 2,368 523 22 .1 2.891 614 21.2 3,505
Sagaponack 9 678 119 17.6 797 153 19.2 950 305 32.1 1,255 357 28.4 1.612
Eastport·East Manor 11 (Pt) 1,257 178 14.2 1,435 183 12.8 1,618 228 14.1 1,846 268 14.5 2,1 14
Tuckahoe 13 1.504 119 7 .9 1,623 229 14 ,1 1.852 476 25.7 2.328 558 24.0 2,886
East Quogue 17 2,535 476 18.8 3 .011 649 21 .6 3,660 799 21 ,8 4,459 938 21.0 5,397
Riverhead 1 (Pt) 5,304 923 17.4 6,227 1,314 21.1 7,541 1.903 25 .6 9,444 2,233 23.6 11,677
Sag Harbor 5 (pt) 4,355 507 11 .6 4 ,862 687 14.1 5,549 476 8 .6 6,025 558 9.3 6 ,583

Town Total 41,239 5,96 1 14.5 47,200 7 ,637 16.2 54 ,837 9,515 17.4 64,352 11 ,166 17.4 75,518

Municipalit ies
North Haven Village 798 119 14.9 917 153 16.7 1,070 95 8 .9 1,165 112 9.6 1,277
Quogue Village 959 108 11 .3 1,067 153 14.3 1,220 181 14.8 1,401 212 15.1 1,613
Sag Harbor Village (pt) 1.748 258 14.8 2,006 152 7.6 2,158 95 4.4 2,253 112 5.0 2,365
Southampton Village 5,101 233 4.6 5 ,334 267 5.0 5,601 362 6.5 5,963 424 7.1 6.387
Westhampton Beach Village 2,142 251 11.7 2,393 382 16.0 2,775 618 22.3 3,393 726 21.4 4, 11 9

Unincorporated Area 30,491 4 ,992 16.4 35,483 6 ,530 18.4 42,013 8 ,164 19.4 50,177 9,580 19.1 59,757
Tow n Total 41,239 5,961 14.5 47,200 7,637 16.2 54,837 9,515 17.4 64,352 11,166 17.4 75,518

A-26 Town of Southold : Population Projections & Percent Growth for School District s and Munici pal ities by Five Year Periods, 1975-1995.

75-80 Projected Projected 80-85 Projected Projected 85-90 Projected Projected 90- 95 Projected Projected
Populat ion Increase or Decrease Populat ion Increase or Decrease Population Increase or Decrease Population Increase or Decrease Population

1/1/75 No . Persons Percent 1980 No. Persons Percent 1985 No. Persons Percent 1990 No. Persons Percent 1995

School Districts
Oyster Ponds 2 1,618 274 16 .9 1,892 336 17.8 2,228 348 15.6 2,576 456 17.7 3,032
Fishers Island 4 395 0 0.0 395 28 7.1 423 58 13.7 481 98 20.4 579
Southold 5 5,002 685 13.7 5,687 783 13.8 6,470 755 11 .7 7,225 781 10.8 8,006
Mattituck·Cutchogue 9 5,954 753 12.6 6,707 1,007 15.0 7,714 1,103 14.3 8 ,817 1,237 14.0 10,054
Greenport 10 4,289 228 5.3 4,517 280 23.4 4 ,797 26 1 5.4 5,058 326 6.4 5.384
laurel 11 (pt} 898 297 33.1 1,195 308 25.8 1,503 261 17.4 1,764 228 12.9 1,992
New Suffolk 15 5 77 46 8.0 623 56 9.0 679 116 17.1 795 130 16.4 925

Town Total 18,733 2,283 12.2 21 ,016 2,798 13.3 23,814 2,902 12.2 26,716 3,256 12.2 29,972

Municipalit ies
Greenport Village 2 ,518 68 2.7 2,586 56 2.2 2 ,642 58 2.2 2,700 130 4 .8 2,830

Unincorporated Area 16,215 2 ,215 13.7 18,430 2,742 14.9 21,172 2,844 13.4 24,016 3.126 13.0 27,142
Town Total 18,733 2,283 12.2 21 ,016 2,798 13.3 23,814 2,902 12.2 26,716 3,256 12.2 29,972
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A-21 Nassau and Suffolk Counties: Populat ion & Percent Growth for School Districts and Municipalities wi th Area in Two or More Towns ,
by Five Year Periods, 1915- 1995.

75- 80 Projected Pro jected 80- 85 Projected Projected 85- 90 Projected Projected 90- 95 Projected Projected
Population Increase or Decrease Popu lat ion Increase or Decrease Population Increase or Decrease Population Increase o r Decrease Population

1/ 1/75 No. Persons Percent 1980 No . Persons Percent 1985 No. Persons Percent 1990 No. Persons Percent 1995

School D istricts
Nassau County

Farmingdale 22 48,489 583 1.2 49,072 3 13 0 .6 49,385 - 26 - 0 .1 49,359 - 35 - 0 .1 49,324
Floral Park 22 23,315 21 0.1 23,336 4 0 .0 23,340 25 0 .1 23,365 17 0.1 23 ,382
Jericho 15 15,655 750 4.8 16,405 609 3.7 17,014 143 0.8 17,157 154 0 .9 17,311
New Hyde Park 5 25,043 52 0.2 25 ,095 - 17 -0.1 25,078 - 15 - 0 .1 25,063 6 0.0 25,069
North Shore 1 17,071 264 1.5 17,335 109 0.6 17,444 131 0 .8 17,575 40 0.2 17,615
Roslyn 3 19,323 54 0.3 19,377 121 0.6 19,498 189 1.0 19,687 123 0 .6 19,810
Westbury 1 20,598 317 1.5 20,915 172 0.8 21 ,087 73 0 .3 21,160 24 0 .1 21 ,184

Suffolk County
Amityvi lle 6 24 ,684 1,455 5.9 26,139 1,126 4 .3 27,265 822 3.0 28,087 106 0.4 28,193
Bayport-Blu epoint 5 12,71 1 1,247 9.8 13,958 1,866 13.4 15,824 650 4 .1 16,474 767 4 .7 17,241
Cold Spring Harbor 2 8.639 1,097 12.7 9,736 1,077 11 .1 10,813 825 7.6 11,638 610 52 12.248
Commack 10 47,817 1,071 2 .2 48,888 4 10 8.4 49,298 596 1.2 49,894 716 1.4 50.610
Eastport-East Manor 11 2,098 521 24 .8 2,619 895 34.2 3,514 1,477 42 .0 4,991 3,857 77.3 8,848
Fire Island 14 301 57 18.9 358 88 24.6 446 44 9.9 490 a 0.0 490
Half Hollow Hills 5 42,887 2.682 6 .3 45,569 2,457 5.4 48,026 1,951 4 .1 49,977 1.000 2.0 50.977
Hauppauge 6 22.969 1,625 7.1 24.594 2.322 9.4 26,916 1,139 4 .2 28.055 751 2.7 28,806
l aurel 11 1,119 319 28 .5 1,438 402 28 .0 1,840 491 26 .7 2,331 491 21.1 2,822
Riverhead 2 25.382 3.086 12.2 28,468 4,151 14.6 32 ,619 5.338 16.4 37.957 6 .628 17 .5 44,585
Sachem 5 62,864 12.682 20 .2 75.546 8,835 11.7 84,381 7.773 9.2 92.154 2,583 2.8 94,737
Sag Harbor 5 5,245 564 10.8 5.809 777 13.4 6,586 553 8.4 7.139 647 9 .1 7,786
Shoreham-Wading River 1 6.329 2,442 38.6 8 ,771 2,794 31.9 11.565 2.505 21.7 14,070 2.360 16.8 16,430
Three Village 1 39,757 3,732 9.4 43,489 3.487 8.0 46.976 2.651 5 .6 49,627 2,654 5.3 52.281

Municipal it ies

Nassau County
East Hi l ls 8.736 22 0 .3 8,758 15 0.2 8,773 12 0.1 8.785 2 0.0 8,787
Floral Park 18 .653 10 0. 1 18.663 5 0 .0 18.668 17 0.1 18.685 8 0 .0 18,693
Mineola 22.389 120 0 .5 22,509 73 0.3 22,582 17 0.1 22,599 6 0 .0 22,605
New Hyde Par k 10.298 12 0.1 10,310 - 25 -0.2 10,285 - 22 - 0.2 10,263 - 6 - 0.1 10,257
Old Westbury 2,76 1 180 6 .5 2,941 251 8.5 3,192 156 4.9 3,348 147 4.4 3,495
Roslyn Harbor 1,252 0 0 .0 1,252 - 11 - 0.9 1,241 6 0 .5 1,247 - 1 - 0 .1 1,246

Suffo lk CountY
Sag Harbor 2,638 315 11 .9 2.953 242 8.2 3,195 172 5.4 3.367 201 6.0 3,568



A-28 Nassau and Suffolk Counties: Existing and Projected Population of Drainage Basins by Five Year Intervals, 1975- 1995.

75- 80 Projected Projected 80-85 Projected Pro jected 85-90 Projected Projected 90- 95 Projected Projected
Populat ion Increase or Decrease Population Increase or Decrease Population Increase or Decrease Popu lation Increase or Decrease Population

1/ 1nS No . Persons Percent 1980 No . Perso ns Percent 1985 No. Persons Percent 1990 No . Persons Percent 1995

Dra inage Basins
Nassau 1 690,299 4 ,539 0 .7 694,838 3,499 0.5 698,337 273 0 .0 698,610 5,936 0 .8 704,546

2 585,930 3,163 0 .5 589,093 1,398 0.2 590,49 1 214 0 .0 590,705 16 0.0 590 ,721
3 58,712 549 0 .9 59 ,261 1,006 1.7 60,267 1,298 2.2 61 ,565 665 1.1 62,230
4 50 ,671 1,246 2.5 51,917 631 1.2 52,548 545 1.0 53,093 361 0 .7 53,454
5 41,078 2 ,190 5.3 43 ,268 1,1 78 2 .7 44,446 687 1.5 45 ,1 33 725 1.6 45,858
6 29,258 155 0.5 29,41 3 192 0.7 29 ,605 109 0.4 29,7 14 41 0 .1 29,755

Suffolk 1 443,299 20 ,069 4 .5 463 ,368 17,243 3 .7 480,611 10,480 2.2 491,09 1 5,462 1.1 496,553
2 315,787 36 ,090 11.4 351,877 34,092 9.7 385 ,969 25,014 6 .5 410,983 14,016 3 .4 424,999
3A 145,672 26 ,374 18 .1 172,046 26,929 15.7 198,975 23,241 11.7 222 ,216 22,927 10.3 245,143
3B 31,509 9 ,295 29 .5 40,804 10,719 26.3 51 ,523 11 ,634 22.6 63, 157 7,570 12.0 70,727
4 40,549 2 ,880 7 .1 43,429 2,571 5.9 46,000 1,918 4.2 47,918 1,288 2.7 49,206
5 24,867 2 ,138 8 .6 27,005 1,349 5.0 28 ,354 510 1.8 28,864 223 0 .8 29 ,087
6 25,609 1,700 6 .6 27,309 1,294 4.7 28 ,603 1,003 3.5 29 ,606 539 1.8 30,1 45
7 99,812 5,529 5 .5 105,34 1 6 ,004 5.7 111,345 5,572 5 .0 11 6 ,917 4,627 4 .0 121,544
8 27,742 2,400 8.7 30,142 2 ,248 7.5 32 ,390 1,752 5.4 34 ,142 1,914 5 .6 36,056
9 16,149 3,870 24 .0 20 ,019 4 ,068 20.3 24 ,087 4,372 18 .2 28,459 3,935 13 .8 32,394
10 11,318 2,985 26.4 14,303 3 ,401 23 .8 17, 704 3,929 22.2 21,633 4,229 19 .5 25 ,862
l 1A 957 83 8. 7 1,040 112 10 .8 1,152 142 12.3 1 ,294 184 14 .2 1,478
11 8 30,403 5,415 17 .8 35,818 7,333 20 .5 43,151 9,506 22 .0 52,657 13,995 26 .6 66,652
12A 505 100 19.8 605 134 22.1 739 147 19.9 886 172 19.4 1,058
128 7 ,607 1,125 14 .8 8,732 1,400 16.0 10,132 1,801 17 .8 11,933 2, 11 3 17 .7 14,046
12C 9,240 1,738 18 .8 10,978 2,3 58 2 1.5 13,336 2,657 19.9 15,993 3 ,121 19.5 19, 114
13A 2,203 269 12.2 2,472 344 13 .9 2 ,816 364 12.9 3,180 404 12.7 3 ,584
13B 15,956 1,954 12.2 17,910 2,365 13 .2 20,275 2,428 12.0 22,703 2,709 11 .9 25,412
14 1,918 3 10 16.2 2,228 562 25 .2 2 ,790 534 19.1 3,324 636 19.1 3,960
15A 12,338 1,864 15.1 14,202 2,548 17.9 16,750 2,338 14.0 19,088 2,724 14.3 21,812
158 16,927 2,153 12.7 19,080 2 ,594 13 .6 2 1,674 3,053 14.1 24,727 3,570 14.4 28 ,297
16A 1,590 389 24.5 1,979 522 26.4 2,50 1 484 19.4 2,985 563 18.9 3,548
168 530 130 24 .5 660 174 26.4 834 161 19.3 995 188 18 .9 1,183
17 395 0 0.0 395 28 7.1 423 58 13.7 481 98 20.4 579

Total 2,738,830 140,702 5,1 2 ,879,532 138,296 4 .8 3,017,828 116,224 3.9 3,134,052 104,951 3.3 3,239,003
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A-29 Nassau and Suffolk Counties : Existing and Projected Gross Residential Density of Towns & School Districts in Persons Per Acre, by Five Year Intervals, 1970-1995.

1970 1975 1980 1985 1990 1995
School District Area Gross Gross Gross Gross Gross Gross(Acres) Population Density Population Density Population Density Populat~n_gensity ~l:p_u-'ati~__ Density Popula tio~.Ensity

Town of Hempstead

1 Hempstead 2,031 31.272 15.40 32,382 15.94 32,977 16.24 33,484 16.49 33,998 16.74 34.514 16.992 Uniondale 4,298 34,796 8 ,10 35,388 8.23 35,567 8.28 35,687 8.30 35,803 8.33 35.855 8.343 East Meadow 5,347 59,454 11.12 59,832 11.19 59 ,917 11.21 59.887 11 .20 59.836 11 19 59.746 11.174 North Bellmore 2,13 7 28,906 13.53 29,645 13,87 29,730 13.91 29.730 13.91 29 ,743 13.92 29,756 13.92
5 Levittown 4,191 59,286 14.15 59,456 14,19 59,516 14.20 59.531 14.20 59,557 14.21 59.583 14.22
6 Seaford 2,064 18,702 9.06 19,165 9.29 19,335 9.37 19,485 9.44 19,588 9.49 19,665 9.53
7 Bellmore 1,407 14,634 10.40 15,216 10.81 15,378 10.93 15,468 10.99 15,455 10.98 15,468 10.99
8 Roosevelt 1,129 16,296 14.43 16,331 14.47 16,352 14.48 16,576 14.68 16,782 14.86 16,988 15.05
9 Freeport 3 ,453 37,345 10.82 37,536 10.87 37,664 10.91 37,963 10.99 38,246 11.08 38,607 11.1810 Baldwin 2,676 34,877 13.03 35,318 13.20 35,509 13.27 35,569 13.29 35,595 13 .30 35,608 13,31

11 Oceanside 3,638 40,953 11 .26 41,786 11.49 41,956 11.53 41,971 11.54 41,984 11.54 41,971 11 .54
12 Malverne 1,478 16,366 11.07 16,470 11.14 16,495 11.16 16,525 11.18 16,525 11.18 16.551 11.20
13 Valley Stream 2,107 29,876 14.18 30,283 14 .37 30,347 14.40 30.317 14.39 30.356 14.40 30,382 14.42
14 Woodmere·Hewlett 2,248 23,711 10.55 24,183 10.76 24,247 10.79 24,307 10.81 24,358 10.84 24,435 10.87
15 Lawrence-Cedarhurst 4,816 35,178 7.30 35,530 7.38 35,679 7.41 35,799 7.43 35,902 7.45 36,031 7.48
16 Elmont 3,319 44,429 13.39 45,115 13.59 45,226 13.63 45,301 13.65 45,378 13.67 45,455 13.70
17 Franklin Square 1,516 28,059 18.51 28,724 18.95 28 ,779 18.98 28,809 19.00 28,848 19.03 28,912 1907
18 Garden City 3,504 25,725 7.34 25,836 7.37 25,874 7.38 25,889 7.39 25,889 7.39 25,902 7.39
19 East Rockaway 751 12,231 16 .29 12,121 16,14 12,151 16.18 12,211 16.26 12,262 16.33 12,339 16.43
20 Lynbrook 1,378 20,242 14.69 20,716 15.03 20 ,810 15.10 20,960 15.21 21,062 15.28 21,165 15.36
21 Rockville Centre 1,965 23,996 12.21 24,682 12.56 24,814 12.63 24,859 12.65 24,872 12.66 24,885 12.66
22 Floral Park (pt) 964 19,753 20.49 20 ,285 21,04 20,306 21.06 20,321 21.08 20,334 21.09 20,347 21.11
23 Wantagh 2,682 20,513 7.65 20,887 7.79 20,972 7.82 20,972 7.82 20,946 7.81 20,894 7.79
24 Valley Stream 758 14,953 19.73 15,065 19.87 15,107 19.93 15,107 19.93 15,133 19.96 15,2 10 20.07
25 Merrick 2,575 21,561 8.37 21 ,836 8.48 21 ,900 8.50 21.885 8,50 21,859 8.49 21,833 8.48
26 Island Trees 1,460 19,144 13.11 19,189 13.14 19,231 13.17 19,216 13.16 19,203 13 .15 19,164 13.13
27 West Hempstead 1,671 18 ,015 10.78 18,520 11 .08 18,529 11.09 18,535 11.09 18,548 11.10 18,574 11.12
28 Long Beach 2,771 38,864 14.03 40,938 14.77 42, 108 15.16 43,033 15.53 43,869 15,83 44,592 16.09
29 North Merrick 1,305 15,672 12.01 15,850 12.15 15,905 12.19 15,920 12.20 15,894 12.18 15,881 12.17
30 Valley Stream 1,106 18,198 16 .45 18,414 16.65 18,427 16.66 18,427 16 .66 18,453 16.68 18,453 16.68
31 Island Park 758 9,130 12.04 9,514 12.55 9,654 12.74 9,759 12.87 9,836 12.98 9,926 13.09

1 Westbury (pt) 23 4 0 .17 0 0.00 0 0.00 0 0.00 0 0 .00 0 0.00
5 New Hyde Park (pt) 159 2,578 16.21 2,598 16.34 2,607 16,40 2,556 16.08 2,517 15.83 2,517 15.83

Town & City Total 71,804 834,719 11.62 848,816 11.82 853,069 11.88 856,059 11.92 858,631 11.96 861,209 11.99

Town of North Hempstead

1 Westbury (pt) 3,443 20,046 5.82 20,593 5.98 20,915 6.07 21,087 6.12 21,160 6.15 21,184 6 .15
2 East Williston 2,690 9,357 3.48 9,478 3.52 9,564 3.56 9,621 3.58 9,682 3.60 9,725 3.62
3 Rosly n (pt) 3,362 19,086 5.68 19,198 5.71 19,252 5 .73 19,378 5.76 19,573 5.82 19,696 5.864 Port Washington 6,905 32,135 4 .65 32,843 4 .76 33,046 4.79 33,389 4.84 34,009 4.93 34,297 4.97
5 New Hyde Park (pt) 1,431 22,24 7 15.55 22,445 15.68 22,488 15.71 22,522 15.74 22,546 15.76 22,552 15.76
6 Manhasset 3 ,152 15,860 5 .03 15,989 5.07 16,290 5.17 16,896 5.36 17,540 5.56 17,902 5.68
7 Great Neck 7,1 34 47 ,901 6.71 48,763 6 .84 49,021 6.87 49.341 6.92 49,523 6.94 49,591 6.95
9 Herricks 2,756 24,766 8 .99 24 ,893 9.03 25,537 9.27 26,063 9,46 26,513 9.62 26,783 9 .7210 Mineola 1,603 27,727 17.30 28,205 17.60 28,355 17,69 28,447 17.75 28,544 17.81 28,562 17.82

11 Carle Place 1,04 7 12,015 11.48 12,250 11.70 12,272 11.72 12,261 11.71 12,273 11.72 12,269 11.72
1 North Shore (pt) 298 676 2.27 685 2.30 685 2.30 673 2.26 680 2.28 682 2.29

15 Jericho (pt ) 450 186 0.41 187 0.42 251 0.56 297 0.66 350 0.78 372 0.83
22 Floral Park (pt) 151 3,005 19.90 3,030 20.07 3,030 20.07 3,01 9 19.99 3,031 20.07 3,035 20.10

Town Total 34 ,422 235,007 6 .83 238,559 6 .99 240,706 6 .99 242,994 7.06 245,424 7.1 3 246,650 7.17
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A·29 Nassau and Suffo lk Counties: Existing and Projected Gross Residential Density of Towns & School Districts in Persons Per Acre,
by Five Year Intervals , 1970-1995. (cont'd )

1970 1975 1980 1985 1990 1995
School District Area Gross Gross Gross Gross Gross Gross

(Acres! Population Density Population Density Population Density Population Density Population Density Population Density

T own of Oyster Bay

1 North Shore (pt ) 4,888 15,806 3 .23 16,386 3 .35 16,650 3.41 16,771 3.43 16,895 3.46 16,933 3.46
2 Syosset·Woodbury 8,678 31,784 3 .66 34,057 3 .92 35,169 4 .05 35,455 4 .09 35,748 4.1 2 36,030 4.15
3 Locust Valley·Bayville 9,825 15,1 74 1.54 15,970 1.63 16,787 1.71 17,236 1.75 17,562 1.79 17,806 1.8 1
4 Pla inview-Old Bethpage 5,4 13 35,671 6.59 36,494 6.74 36,494 6.74 36,421 6.73 36,286 6.70 36,136 6.68
5 Glen Cove 4,336 25,770 5.94 26,880 6.20 27,878 6.43 28,339 6 .54 28,699 6.62 28,981 6 .68
6 Oyster Bay-E. Norw ich 8,128 13,544 1.67 14,590 1.80 15,640 1.92 16,247 2.00 16,472 2.03 16,829 2.07

N lUS8U C. Hospi tal 105 125 1.19 0 0 .00 0 0 .00 a 0 .00 0 0.00 0 0.00
15 Jericho (pt) ** • • 7,371 14,961 2.03 15,449 2.10 16,154 2.19 16,717 2 .19 16,807 2.27 16 ,939 2.28
17 H icksville 4,250 47,488 11.17 47,713 11.23 47,842 11 .26 47,878 11.27 47,822 11.25 47,775 11.24
18 Plainedge 1,836 24,320 13 .25 24,469 13 .33 24,453 13 .32 24,421 13 .30 24,320 13.25 24,179 13.17
21 Bethpage 2,814 2 1,794 7.74 22 ,342 7.94 22,347 7.94 22,340 7.94 22,261 7.91 22,129 7.86
22 Farmingdale (Pt ! 3,683 45 ,033 12.23 45,402 12.33 45,495 12 .35 45,527 12.36 45,465 12.34 45,418 12.33
23 Massapequa 6,185 60,032 9.71 61,011 9 .86 61 ,114 9.88 61,121 9 .88 61 ,065 9.87 61 ,018 9 .87

2 Cold Spring Harbor (pt) 1,869 1,435 0.77 1,588 0.85 1,601 0.86 1,686 0.90 1,753 0 .94 1,828 0.98
3 Roslyn (pt) 25 125 5.00 125 5.00 125 5 .00 120 4.80 114 4 .56 114 4 .56
6 Amityville (pt) 71 7 6,050 8.44 6,157 8 .59 6,265 8 .74 6,362 8 .87 6,497 9 .06 6,59 1 9.19

Town 8; City Total 70,123 359,112 5 .12 368,572 5.26 374,014 5.33 376,641 5.37 377,766 5.39 378,706 5.40

Town of Babylon

1 Babylon 4 ,770 10,965 2 .30 11,602 2.43 12,215 2 .56 13,057 2.74 13,599 2.85 13,611 2.85
2 West Babylon 4, 11 0 26,151 6 .36 27,629 6 .72 28,732 6.99 29,200 7.10 29,778 7.25 30,022 7.30
3 North Babylon 3,270 31,456 7.65 33,421 10.22 34,156 10.45 34,250 10.47 34,286 10.49 34,298 10.49
4 Lindenhurst 3,470 43 ,705 12 .60 46 ,742 13.47 49,315 14.21 51,466 14.83 52,370 15.09 53,102 15.30
5 Copiague 2,920 23,775 8.14 26,220 8 .98 28,670 9 .82 30,821 10 .56 31 ,219 10.69 31,353 10.74
6 Amityville (pt) 2,200 16,871 7.67 18,527 8.42 19,874 9 .03 20,903 9.50 21,590 9 .81 21,602 9 .82
7 Deer Park 3,670 26 ,801 7.30 27,385 7.46 27,753 7.56 27,800 7.57 27 ,908 7.60 27,920 7.61
9 Wyandanch 2,100 12,693 6.04 14,340 6.83 16,300 7.76 18,218 8.68 18,507 8 .81 18,519 8.82
5 Half Hollow Hills (pt) 2,720 8,216 3.02 8,970 3 .30 9,583 3.52 9,957 3 .66 9,993 3.67 10,029 3.69

22 Farmingdale (p t ) 2,740 2,937 1.07 3,087 1.13 3 ,577 1.3 1 3 ,858 1.4 1 3,894 1.42 3,906 1.43

Town Total 31 ,970 203,570 6.37 217 ,923 6.8 2 230,175 7.20 239,530 7.49 243,144 7.61 244,362 7.64

• • *" Excludes C. W. Post Center <L1 U !
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A-29 Nassau and Suffolk Counties: Existing and Projected Gross Residential Density of Towns & School Districts in Persons Per Acre,
by Five Year Intervals, 1970- 1995. (cont 'd)

1970 1975 1980 1985 1990 1995
School Distr ict Area Gross Gross Gross Gross Gross Gross

(Acres) Popu lation Density Populat ion Density Population Density Populat ion Density Popu lation Density Population Density

Town of Brookhaven

1 Three Village (pt) 13,540 34,201 2.53 39 ,481 2.92 43,140 3.19 46,449 3 .43 49,049 3.62 51,671 3.82
3 Comsewogue 4 ,930 17,911 3 .63 19 ,183 3 .89 20,211 4 .10 21 ,278 4.32 22,201 4.50 23,313 4.73
4 South Cou nt ry 10,910 15,007 1.38 16,343 1.50 17,485 1.60 19,855 1.82 22,027 2.02 25,818 2.37
5 Sachem (pt) 10,280 34,102 3.32 42,569 4.14 48,281 4 .70 52,429 5 .10 54,601 5.31 55,612 5.41
6 Port J efferson 2,400 6,349 2.65 6,387 2.66 6,558 2.73 6,677 2 .78 6,840 2:85 7,408 3.09
7 Mount Sinai 3,170 1,948 0.61 4,803 1.52 7,659 2.42 10 ,622 3.35 13,337 4 .2 1 14,53 7 4.59
8 Miller Place 3,800 5,71 7 1.50 8 ,947 2.35 11,631 3.06 14,475 3.81 17,190 4.52 19.465 5.12
9 Rocky Poin t 6,230 8,255 1.33 10,345 1.66 12,059 1.94 13.955 2.24 17.21 3 2.76 21,257 3.41

11 Middl e Country 10,000 40,861 4 .09 52,912 5.29 59,195 5.92 63 ,640 6 .36 65,812 6 .58 67.328 6. 73
12 Middle Island 33,620 13,803 0.41 29,878 0 .89 43,016 1.28 57 ,535 1.71 71,654 2.13 86,817 2 .58
21 South Manor 6,1 10 1,499 0 .25 2,054 0 .34 2,5 11 0,41 3,281 0.54 4,693 0 .77 7,574 1.24

24 Patch ogu e-Medford 12,520 35.528 2.84 4 1,746 3 .33 47,343 3.78 53,269 4 .25 57,613 4.60 59 ,635 4.76
30 South Haven 4,530 643 0.1 4 569 0.13 626 0 .14 745 0.16 962 0.21 1,821 0.40
31 West Manor 3,780 118 0 .03 188 0.05 302 0.08 598 0 .16 1,141 0 .30 2,202 0 .58
32 William Floyd 10 .260 14,525 1.42 26,629 2.60 36 ,339 3 .54 47,302 4 .61 57 ,348 5.59 58,864 5 .74
33 Center Moriches 3 ,000 4,745 1.58 4 ,805 1.60 4,91 9 1.64 5 ,097 1.70 6 ,075 2.03 7 ,844 2.61
34 East Mor iches 5,040 2,161 0.43 3,059 0 .61 3,744 0.74 4 ,514 0 .90 5,709 1.13 7,630 1.88

1 Sh oreham·Wad ing R. (ptJ' 4,570 2,419 0 .53 4,511 0 .99 6 ,396 1.40 8,411 1.84 10,149 2.22 12,070 2.64
2 Riverhead (pt) 2,400 344 0 .14 933 0.39 1,447 0.60 2,040 0.85 2,638 1.10 3,346 1.39
5 Bayport-Blu e Point (pt) 4,050 4,376 1.08 4,351 1.07 4 ,408 1.09 4,527 1.12 4,690 1.16 4,993 1.23

11 Eastport· East Manor (Pt) 10,440 706 0 .07 841 0.08 1,184 0.11 1,896 0 .18 3,145 0.30 6,730 0 .65
14 Fire Island (pt ) 1,350 42 0 .03 143 0 .11 200 0 .15 259 0.19 259 0 .19 259 0. 19

Town Total 166,930 245 ,260 1.47 320,677 1.92 378,654 2 .27 438,904 2 .63 494,346 2.96 546,198 3.27

Town of East Hampton

1 East Hampton 15,130 4,799 0.32 5 ,576 0 .37 6,387 0.42 7,506 0 .50 8,428 0.56 9,499 0.63
2 Wainscott 4,510 320 0.07 376 0 .08 4 36 0 .10 529 0 .12 667 0.15 828 0 .18
3 Amagansett 8,160 1,126 0.14 1,360 0 .1 7 1,670 0.20 2,083 0.26 2,452 0 .30 2,881 0.35
4 Springs 7.890 2,172 0.28 2,731 0.35 3 ,470 0.44 4,503 0 .57 5,425 0.69 6,496 0 .80
5 Sag Harbor (pt) 570 835 1.46 890 1.56 947 1.66 1,037 1.82 1,114 1.95 1,203 2.11

6 Montauk 9,420 1,728 0.1 8 2,120 0 .23 2,639 0.28 3,334 0 .35 3,980 0.42 4,730 0.50

Town Total 45,680 10 ,9~0 0 .24 13,053 0 .29 15,549 0.34 18,992 0 .42 22,066 0,48 25.637 0 .56



A-29 Nassau and Suffolk Counties: Existing and Projected Gross Residential Density of Towns & School Districts in Persons Per Acre,
by Five Year Intervals, 1970- 1995. (cont'd)

1970 1975 1980 1985 1990 1995
School D istrict Area Gross Gross Gross Gross Gross Gross

(Acres) Population Density Populati~~ensi'!y ~opulation Density Population !?ensity Population Density Population Density

Town of Huntington

1 Elwood 3,870 13,586 3.51 14,044 3 .63 14,398 3.72 14,759 3.81 14,934 3.86 14,952 3.86
2 Cold Spring Harbor (pt ) 8,090 6,173 0.76 7,131 0.88 8 ,135 1.0 1 9 ,127 1.13 9,885 1.22 10,420 1.29
3 Huntington 6 ,260 33,862 5.41 36,701 5.86 38,826 6 ,20 40,629 6.49 41,969 6.70 42,826 6.84
4 Northport 9,520 38,137 4 .0 1 40,700 4 .28 43,628 4.58 45 ,711 4 .80 47 ,035 4.94 47,63 5 5.00
5 Half Hollow Hills (pt) 16,860 31,769 1.88 33,917 2.01 35,986 2.13 38,069 2.26 39,984 2.37 40,948 2,43

6 Harborfields 4,740 19 ,551 4.12 21,912 4.62 24,1 55 5.10 25,417 5.36 25,592 5,40 25,628 5,41
10 Com mack (pt) 3,460 19,000 5.49 20,607 5.96 21,315 6 .16 21,405 6 .1 9 21,463 6.20 21,481 6 .21
13 South Huntington 7,180 38,094 5.31 38,631 5.38 39,103 5.45 39,644 5 .52 40,227 5.60 40,869 5.69

Town Total 59,980 200,172 3.34 213,643 3.56 225,546 3.76 234,761 3.91 241,089 4.02 244,759 4.08

Town of Islip

1 Bayshore 5,440 30,291 5.57 31,953 5.87 33,143 6 .09 36,025 6.62 38,792 7.13 39,941 7.34
2 Islip 3,160 15,236 4.82 16,617 5.26 17,806 5 .63 20,135 6.37 22,791 7.21 23,777 7.52
3 East Islip 7,500 24,545 3 .27 26,743 3.57 28,3 78 3.78 29,542 3.94 30,870 4.12 32,007 4 .27
4 Sayville 3,390 17,668 5.21 19,341 5.71 20,828 6.14 22,866 6.75 25,079 7.40 26.298 7.76
5 Bayport-Blue Po int (pt) 2,270 7,063 3.11 8,360 3.68 9,550 4.21 11,297 4.98 11 ,784 5.19 12,248 5.40
6 HaUppaLJgl) (pt) 3,760 7,971 2.12 8,953 2.38 10,142 2.70 11 ,889 3.16 12,221 3.25 12,337 3.28
7 Connetquot 14,520 29,219 2.01 39,474 2.72 48,097 3 .31 55,375 3.81 58,474 4 .03 60,157 4 .14
9 West Islip 3,960 31,478 7.95 33,061 8.35 34,102 8.61 34,393 8.69 34,570 8 .73 35.034 8.85

12 Brentwood 10,270 73 ,352 7.14 77 ,086 7.51 77 ,613 7.56 79,442 7.74 8 1,664 7.95 83,498 8. 13
13 Central Islip 5,420 32,149 5.93 33,138 6.11 35,857 6.62 38,268 7.06 38,543 7.11 39,587 7.30
14 Fire Island (pt) 2,050 145 0.07 158 0.08 158 0.08 187 0.09 231 0 .11 23 1 0.11

5 Sachem (pt) 4,360 9,763 2.24 17,126 3.93 23,370 5 .36 27,737 6 .36 33,271 7.63 34,780 7.98

Town Total 66,100 278 ,880 4.22 312,010 4.72 339,044 5.13 367,156 5 .55 388,290 5.87 399,895 6.05

Town of Riverhead :

1 Shorem·Wading R . (pt) 3,540 1,441 0.41 1,818 0.51 2,375 0 .67 3 ,154 0.89 3,921 1.11 4 ,360 1.23
2 Riverhead (Pt) 39,130 17 ,277 0.44 19,145 0.49 20,794 0.53 23,038 0.59 25,875 0.66 29,562 0.76

11 Laurel (pt) 740 191 0.26 221 0 .30 243 0 .33 337 0.46 567 0.77 830 1.12

Town Total 43,410 18,909 0 .44 21,184 0.49 23,412 0 .54 26,529 0 .61 30,363 0 .70 34,752 0.80
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A-29 Nassau and Suffolk Counties; Existing and Proiected Gross Residential Density of Towns & School Districts in Persons Per Acre,
by Five Year Intervals, 1970-1995 . (cont'd )

1970 1975 1980 1985 1990 1995
School District Area Gross Gross Gross Gross Gross Gross

(Acres) Population Density Populat ion Density Population Density Population Density Population Density Population DensitY

Town of Shelter Island

Shelter Island 7,350 1,644 0.22 1,918 0 .26 2,228 0 .30 2,790 0 .38 3,324 0.45 3,960 0 .54

Town Total 7 ,350 1,644 0.22 1,918 0.26 2,228 0.30 2,790 0.38 3,324 0.45 3,960 0.54

Town of Smithown

1 Smithown 17,120 46,459 2.71 51 ,886 3.03 55,371 3.23 58,31 4 3.41 61,340 3.58 64,260 3.75
5 Kings Park 6,740 25,106 3.72 25,941 3.85 27,273 4.05 28,884 4.29 31,069 4 .61 32,568 4.83
1 Three Village (pt) 470 276 0.59 276 0 .59 349 0.74 477 1.01 578 1.23 610 1.30
5 Sachem (pt) 530 2.380 4.49 3.169 5.98 3 ,895 7.35 4,215 7.95 4,282 8.08 4,345 8 .20
6 Hauppauge (pt) 4,280 13,6 16 3.18 14,016 3.27 14,452 3 .38 15,027 3 .51 15,834 3.70 16,469 3.85

10 Commack (pt) 5,210 26 ,820 5.15 27,210 5.22 27,573 5.29 27,893 5.35 28,431 5.46 29 .129 5.59

Town Total 34,350 114.657 3.34 122,498 3.57 128.913 3 .75 134,810 3.92 141,534 4.12 147,381 4.29

Town of Southampton

1 Remsenberg 4.760 1,316 0 .28 1,516 0.32 1,754 0.37 2,044 0.43 2,377 0 .50 2,768 0.58
2 Westhampton Beach 13,680 4,213 0.31 4,823 0.35 5 ,538 0.40 6,455 0.47 7,692 0 .56 9,144 0 .67
3 Quogue 4.980 953 0.19 1,047 0.21 1,166 0.23 1,357 0 .27 1.547 0.31 1,770 0.36
5 Hampton Bays 7,460 6 ,041 0.81 7,219 0.97 8,649 1.16 10,558 1.42 12,651 1.70 15,108 2.03
6 Southampton 20.110 8,472 0.42 9.252 0.46 10,121 0.50 10,885 0.54 11.837 0.59 12,954 0.64
9 8ridgehampton 6 ,560 1,520 0.23 1,749 0 .27 2.017 0 .31 2.368 0 .36 2.891 0.44 3.505 0 .53

10 Sagaponack 2,810 578 0.21 678 0 .24 797 0.28 950 0.34 1.255 0.45 1,612 0.57
11 Eastport-East Manor (pt) 730 1,085 1.49 1,257 1.72 1,435 1.97 1,618 2 .22 1,846 2 .53 2 ,114 2.90
13 Tuckahoe 4,400 1,435 0.33 1,504 0.34 1.623 0.37 1,852 0.42 2,328 0.53 2,886 0 .66
17 East Qu ogue 4.790 2,147 0.45 2,535 0 .53 3,011 0 .63 3,660 0.76 4,459 0.93 5,397 1.13

2 Riverhead (pt) 11,650 4.603 0.40 5,304 0.46 6 ,227 0 .53 7.541 0 .65 9,444 0.81 11.677 1.00

5 Sag Harbor (pt) 7,640 3,791 0.50 4.355 0.57 4,862 0.64 5,549 0 .73 6 ,025 0.79 6,583 0.86

Town Total 89,570 36,154 0040 41,239 0.46 47,200 0.53 54,837 0 .61 64,352 0.72 75,518 0 .84

Town of Southold

2 Oyster Ponds 4,870 1,350 0.28 1,618 0.33 1.892 0.39 2,228 0.46 2,576 0.53 3,032 0.62
4 Fishers Island 2.570 462 0.18 395 0.15 395 0.15 423 0.16 481 0.19 579 0.23

5 Southold 7,410 4.381 0 .59 5,002 0 .68 5,687 0 .77 6,470 0 .87 7,225 0.98 8,006 1.08

9 Mattituck 10,630 5 ,240 0.49 5,954 0.56 6 ,707 0 .63 7,714 0 .73 8,817 0.83 10,054 0.95

10 Greenport 6.190 4,053 0.65 4 .289 0 .69 4,517 0.73 4.797 0 .77 5,058 0 .82 5.384 0 .87

11 Laurel (Pt) 1,430 770 0.54 898 0.63 1,195 0.84 1,503 1.05 1,764 1.23 1.992 1.39

15 New Su ffolk 800 548 0.69 577 0.72 623 0 .78 679 0.85 795 0 .99 925 1.16

Town Total 33,900 16,804 0.50 18,733 0.55 21,016 0.62 23,814 0 .70 26,716 0.79 29,972 0.88
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A-30 Town of Hempstead & City of Long Beach: Percent of Total Saturation Represented by Existing and Projected Population
of School Districts.

Saturation1975 1980 1985 1990 1995 Population
% % % % %School Districts

Hempstead 1 9004 92.1 93.5 94 .9 96,4 35,821
Uniondale 2 100 .7 ' 101.1" 101.3' 101.7* 101.9' 35,245
East Meadow 3 105.1' 105.1' 105.1' 105.0 ' 104 .8' 56,987
North Bellmore 4 101 .1 101.4 101.4 101 .5 101.5 29,308
Levittown 5 102.9 103.0 103 .0 103.1 103.1 57 ,786
Seaford 6 94 .7 95.0 96 .2 96 .7 97.1 20,246
Bellmore 7 96.4 97.4 97.9 97.9 97 .9 15,792
Roosevelt 8 94 .1 94 .3 95.6 96.7 97.9 17,346
Freeport 9 89 .5 89 .8 90.5 91.2 92.0 41 ,956
Baldwin 10 101.2 101.7 101.9 102.0 102.0 34,913
Oceanside 11 103 .1 103.5 103.6 103.6 103.6 40,523
Malverne 12 96.1 96 .2 96.4 96.4 96.6 17,139
Valley Stream 13 98 .3 98 .5 98 .4 98 .6 98.6 30,801
Woodmere-Hewlett 14 95.3 95.5 9 5.7 95.9 96.3 25,387
Lawrence-Cedarhurst 15 87 .8 88.2 88.5 88.7 89.0 40,471
Elmont 16 98.3 98.6 98 .7 98.9 99.1 45,878
Franklin Square 17 97 .5 97.7 97.8 97 .9 98 .2 29,456
Garden City 18 99 .8* 99 .7' 99 .5 ' 99 .5* 99.4 ' 26,061
East Rockaway 19 93.9 94.1 94.6 95.0 95.6 12,91 3
Lynbrook 20 92.5 92.9 93.6 94.0 94.5 22 ,402
Rockville Centre 21 97.0 97 .5 97 .7 97.7 97.8 25,448
Floral Park 22 (pt) 95.7 95 .8 95.8 95.9 96 .0 21 ,202
Wantagh 23 102.7 103.2 103 .2 103.0 102.8 20,329
Valley Stream 24 96.7 96.9 96 .9 97 .1 97.6 15,587
Merrick 25 101.2 101.5 101.5 101.3 101.2 21,571
Island Trees 26 103.3 103.6 103.5 103.4 103.2 18,568
West Hempstead 27 97.9 98.0 98 .0 98.1 98.2 18,911
Long Beach 28 79.3 81.6 83.4 85 .0 8604 51 ,600
North Merrick 29 101.3 101.6 101.7 101 .6 101 .5 15.649
Valley Stream 30 103.9 104.0 104.0 104.1 104. 1 17,718
Island Park 31 90.9 92 .2 93 .2 94.0 94.8 10,467
Westbury 1 (pt) 0.0 0 .0 0.0 0.0 0
New Hyde Park 5 (pt) 104.0 104.4 102.3 100.8 100.8 2,498

Town and City Total 96.9" 97 .4* 97 .7* 98.0* 98.3* 875,979

"Household population only
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A·30 Town of Hempstead & City of Long Beach: Percent of Total Saturation Represented by Existing and Projected Populat ion of Municipalities.

Saturat ion1975 1980 1985 1990 1995 Population
% % % % %

Municipalities

A tlantic Beach V illage 48.9 50.7 52 .0 53.7 55.8 3,424
Bellerose Village 86.6 87 .5 88 .3 88 .5 88.7 1,303
Cedarhurst Vil lage 98 .2 98.3 98.4 98.5 98.5 7,029
East Rockaway Village 103.5 103.5 103.4 103.5 103.6 11 ,501
Floral Park Vil lage (pt) 95.3 95 .3 95.3 95.4 95.4 17,513
Freeport V illage 90.5 90 .7 91.4 92.1 92.9 44,867
Garden City Vi llage 100.3 * 100.5* 100.5* 100.5* 100 .6* 25,510
Hempstead V illage 9 1.8 9 1.8 93.1 95.8 97.0 44,538
Hew lett Bay Park Village 93.7 94.1 95.1 96.6 98.5 648
Hewlett Harbor Village 95.0 95.9 97 .3 97 .9 98.3 1,602
Hewlett Neck V illage 97.0 97 .7 98.4 98.9 98.9 558
Island Park Village 92.4 93.2 93.8 94.3 95.1 5,953
Lawrence V illage 92.8 93 .3 93 .7 94.1 94.3 7,424
Ly nbrook Vil lage 90 .8 91.2 91.8 92 .3 93.0 25,852
Malverne V illage 98.2 98.3 98.3 98.4 98 .5 10,336
Mineola V illage (p t ) 100.0 100.0 100.0 100.0 100.0 101
New Hyde Park Village (pt) 100.9 101.2 100.3 99.6 99.6 4,294
Rockville Centre V illage 98.7 99.1 99.2 99.3 99 .3 28.770
South Floral Park Village 94.6 98.1 99 .5 99.8 100.1 1,143
Stewart Manor V illage 100.7 100.7 100.7 100.7 100.7 2,195
Valley Stream Village 100.3 100.6 100.5 100.5 100.6 40 ,814
Woodsburgh V i llage 89.9 89 .9 90 .6 91 .5 92.8 922

Unincorporated Area 99.0 * 99.3* 99.5* 99 .6* 99 .7* 547 ,975
Town Total 97 .6* 98.0* 98.2* 98 .5* 98.7" 834.272
City of Long Beach 83.4 85.6 87.5 89 .3 91 .0 41 ,707

*Hou sehold population only



A·31 Town of North Hempstead: Percent of Total Saturation Represented by Existing and Projected Population of School Districts and Municipalities.

Saturation
1975 1980 1985 1990 1995 Population

% % % % %School Districts

Westbury 1 (PI) 94 .6 96.1 96 .9 97.2 97.3 21,766
East Will iston 2 93.7 94.5 95.1 95.7 96.1 10,117
Roslyn 3 (pi) 94 .9 95 .1 · 95 .7 96 .7 97.3 20,240
Port Wash ingto n 4 82 .6 83 .1 84.0 85.5 86.2 39,770
New Hyde Park 5 (pt ) 96.2 96 .2 96 .6 96.7 96.7 23 ,324
Manhasset 6 72 .7 74 .1 76.8 79.8 81.4 21,990
Great Neck 7 97.6* 98 .1* 98 .7* 99.0* 99 .2* 50,006
Herricks 9 87.0 89.2 91 .1 92.7 93 .6 28,61 3
Mineola 10 97 .7 98.2 98 .5 98.9 98.9 28 ,876
Carle Place 11 98 .9 99 .0 98 .9 99 .0 99 .0 12,392
North Shore 1 (pt) 95 .1 95.1 93.5 94.4 94.7 720
Jericho 15 (pt ) 20.0 26.8 31.8 37.4 39.8 935
Floral Park 22 (pI) 96.3 96.3 95 .9 96.3 96.4 3,147

Town Total 91.1* 91 .9* 92.8* 93.7* 94.2* 261,896

Municipalities

Ba tel' Estates Village 92.8 94 .3 94.7 95.7 96.9 1,128
East Hills Village (pt ) 97.5 97.7 97 .9 98 .0 98.1 8,942
East Williston Village 98 .1 98.1 98.0 98.2 98.2 2,900
Floral Park Village (pt) 95 .6 95 .9 95 .9 96.2 96 .2 2,058
Flower Hill Village 93.1 93.8 94.7 95.7 96 .0 4 ,864
Great Neck Village 99 .5 99.9 100.1 100.1 100.1 11 ,262
Great Neck Estates Vil lage 95 .1 95.2 95.3 95.5 95.7 3,346
Great Neck Plaza Village 100.7 100.7 100.9 100.9 100.6 6.038
Kensington Village 93 .4 93 .7 93.9 94.5 95.0 1,709
Kings Point Village 91 .2* 92.0* 92.6 * 93.1 * 93 .3* 6 ,300
Lake Success Village 98.3 98 .3 98.3 98.5 98.3 3,315
Manorhaven Village 9 7.1 97.5 97.9 98 .2 98 .3 5.961
Mineola Village (pt) 98.7 99 .2 99 .6 99 .6 99.7 22,580
Munsey Park Village 87.7 87.8 88.1 88.8 89 .6 3 ,416
New Hyd<i Park Village (pt ) 99.1 99.1 99 .3 99.5 99.4 6.021
North Hills Village 2 .7 13.3 26.6 39 .1 46.7 9 ,606
Old Westbury Village (pt) 63 .5 67 .1 70.8 73 .9 95.4 3 ,557
Plandome Village 90.2 90 .8 92 .1 93 .7 94.6 1.782
Plandome Heights Village 95.0 95 .0 95.4 96.0 96.0 1.1 05
Plandome Manor Village (pt) 99 .9 97 .7 97.2 98 .7 97 .5 831
Port Washington North Village 95 .1 96 .5 99.3 101.5 102.3 3,242
Roslyn Village 88.8 90.3 91 .1 92.0 92 .8 2.870
Rosly n Estates Vi llage 99 .7 99 .7 99 .0 99.0 98.6 1,449
Roslyn Harbor Village 93.7 93.7 93.3 94.6 95.0 926
Russell Gardens Village 94 .7 9 3.8 95.8 96 .2 96 .2 1,200
Saddle Rock Village 99 .7 99 .7 98.4 99.2 98.6 898
Sands Point Village 85.6 88.0 90.0 91.0 91.5 3,506
Thomaston Village 103.6 103 .5 103 .8 103.8 103.6 2,666
Westbury Village 95 .6 97 .0 97 .5 97 .7 97 .7 16,524
Williston Park Village 101.8 102.0 102.0 102.1 101.8 9 ,099

Unincorporated Area 92.7 92.9 93.2 93.8 94.1 112.795
Town Tola l 91 .1* 91.9* 92.8* 93.7* 94.2* 261.896

*Household population only
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A-32 Town of Oyster Bay & City of Glen Cove : Percent of Total Saturation Represented by Exist ing and Projected Population
of School Districts and Municipalities,

Saturation1975 1980 1985 1990 1995 Population% % % % %School Districts

North Shore 1 (pt) 89.7 91 .1 91.8 92 .5 92.7 18, 270
Syosset·Woodbury 2 89.6 92.5 93 .3 94.0 94.8 38,017
Locust Valley-Bayville 3 78.6 82.6 84.8 86 .5 87.7 20,314
Plainview-Old Bethpage 4 106.3 106 .3 106.1 105.7 105.3 34,330
Glen Cove 5 86.3 89.5 91 .0 92 .2 93.1 31.140
Oyster Bay·East Norwich 6 68.8 73.8 76.7 77.7 79.4 21,191
Nassau County Sanatorium 7 0 0 0 0 0 0
Jericho 15 (pt) 90.2' 93.4' 95.8' 95.7* 95.3' 17,683
Hicksvi l le 17 102.3 102.6 102.7 102.6 102.5 46,620
Pla inedge 18 106.6 106.5 106.4 106.0 105.4 22,950
Bethpage 21 105.8 105.8 105.8 105.4 104.8 21,124
Farmingdale 22 (p t) 104.2 104.4 104.5 104.3 104.2 43.582
Massapequa 23 102.8 103.0 103 .0 102.9 102.9 59.323
Cold Spring Harbor 2 (pt) 64 .9 68.9 72 .6 75.5 78.7 2,323
Roslyn 3 (pt) 109 .6 109.6 105.3 100.0 100.0 114
AmitYville 6 (pt) 85.8 87 .3 88 .7 90.6 91.9 7,174

Town and City Total 95.9 97.4 98.0 98.3 98.6 384.155

Municipalities
Bayville Village 78.8 83.1 85 .0 85.8 86.4 8,510
Brookville Village 77.1' 74.7 ' 79.8' 81.6' 84.1* 4.018
Centre Island Village 43.4 45.9 47.6 48.9 49.9 861
Cove Neck Village 49 .0 52.0 54.4 55.9 57 .2 7 10
East Hills Village (Pt) 100.0 100.0 100.0 100.0 100.0 19
Farmingdale Village 96.3 97 .3 97.8 97.9 97.9 9.801
Lattingtown Village 76.0 78 4 80.5 81.9 83.9 2,387
Laurel Hollow V illage 67.9 71.3 73 .9 75 .5 77 .7 2,150
Massapequa Park Village 102.6 102.9 102.8 102.4 102.0 21,894
Matinecock Village 78.2 81.9 85.0 88 .1 91.5 1,1 08
Mill Neck Village 60.9 644 68.6 74 .0 77.4 1.655
Muttontown Village 40.1 49.9 56.1 58.0 62 .0 6,213
Old Brookville Village 53.5 56.6 59 .3 62.5 63.6 3,513
Old Westbury Village (Pt) 52.5 57.9 70.6 75.3 85.1 955
Oyster 8ay Cove Village 37.8 46.4 51.5 58 .0 62 .7 4 ,210
Roslyn Harbor Village (pt) 11 0.0 110.0 108.0 106.3 104.9 334
Sea Cliff Village 96.9 98.6 98.6 98.6 98.7 6,279
Upper Brookville Village 50.8 57.7 64.2 68.9 74.4 2,394

Unincorporated Area 1014 103.7 103.9 103.8 103.6 276,004
Town Total 97,0' 98.2' 98,7' 98.9' 99 .1' 353,015
CitY of Glen Cove 86.3 89.5 91 .0 92.2 93.1 31,1 40

' Household population only
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A-33 Town of Babylon: Pe rce nt of Total Saturation Represented by Existing and Projected Population of School Districts & Municipalities.

Saturation
1975 1980 1985 1990 1995 Popu lation

% % o/~ % %
School Districts

Babylon 1 86.8 91.4 97.1 101.8 101 .8 13.365
West Babylon 2 91.7 95.4 97.0 98 .9 99.7 30,117
North Babylon 3 97.0 99 .1 99.4 99.5 99 .5 34,466
Li ndenhurst 4 86 .7 91.5 95.5 97.2 98.5 53,889
Copiague 5 8 1.6 89.2 95 .9 97.2 9 7.6 32,1 29
Amityville 6 (pt) 86.5 92.8 97 .6 100.8 100.8 21,42 1
Deer Park 7 97.9 99.2 99.4 99.8 99 .8 27 ,967
Wyandanch 9 76 .2 86.6 96.8 98.3 98.4 18,823
Half Hollow Hills 5 (pr) 88.4 94.4 98 .1 98.4 98 .8 10,152
Farmingdale 22 (pt ) 79.9 92.5 99 .8 100.8 101 .1 3,865

Town Total 88.5 93 .5 97.3 98.8 99.3 246,194

Municipalities

Amityville Village 96 .8 97.9 98.8 101.1 101 .1 11 .073
Babylon Village 95.3 97 .3 99.2 100.7 101.0 14,236
Lindenhurst Village 87.5 9 1.8 96.4 97 .8 99.2 34,38 1

Unincorporated Area 87.7 93.3 97.2 98.7 99 .0 186,504
Town Total 88.5 93.5 97.3 98 .8 99 .3 246,194

A-34 Tow n of Brookhave n : Percent of Total Saturation Represented by Existing and Projected Population of School Districts.

Saturation
1975 1980 1985 1990 1995 Population

% % % % %
School Distr icts

Three Village 1 (pt) 64 .3' 71 .1 ' 75 .7' 78.5 ' 81 .0 ' 6 1,380
Comsewogue 3 65.2 68.6 72 .3 75.4 79.2 29 ,443
South Country 4 32.2 34 .5 39 .1 43.4 50.9 50,729
Sachem 5 (pr) 64.1 72.7 78 .9 82.2 83.7 66 ,423
Port Jefferson 6 72 .3 74 .2 75 .6 77.4 83.8 8.836
Mt. Sinai 7 28.0 44.7 61 .9 77 .8 84.8 17.149
Miller Place 8 37 .6 48.8 60.8 72.2 81 .7 23.81 5
Rocky Point 9 32 .8 38.3 44 .3 54.6 67 .5 31,504
Middle Country 11 71.5 79 .9 85 .9 88.9 90.9 74,046
Middle Island 12 20 .1 29.0 38.7 48.2 58 .4 148,556
South Manor 2 1 7.7 9.5 12.4 17.7 28.5 26,540
Patchogue-Medford 24 56.0 63.5 71.4 77.3 80.0 74,578
Sou h Haven 30 8.6 9,5 11.3 14.6 27 .7 6 .584
West Manor 31 2.6 4 .2 8.4 15.9 30.8 7.160
William Floyd 32 41.8 57. 1 74 .3 90. 1 92.5 63,633
Center Moriches 33 28.4 29 .1 30.2 36.0 46.4 16.891
East Mor iches 34 12.2 14.9 18.0 22.8 30.4 25,064
Shoreham-Wading River 1 (p t ) 25.2 35.7 47 .0 56.7 67.4 17,895
Riverhead 2 (pt) 8.9 13.7 19.4 25.1 31.9 10,504
Bayport-Bluepoint 5 (pt} 65 .7 66 .6 68.4 70.8 75.4 6.623
Eastport-East Manor 11 (pt) 2.0 2.8 4.4 7.3 15.7 42,823
Fire Island 14 (pt) 1.4 1.9 2.5 2.5 2.5 10,533

Town Total 39.1 45.9 53.2 59.9 66.1 820,709

• Household populat ion on ly
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A-34 Town of Brookhaven : Percent of Total Saturat ion Represented by Exist ing and Projected Po pulation of Municipalit ies.

Saturation
1975 1980 1985 1990 1995 Population

% % % % %
Municipalit ies

Belle Terre Vil lage 74.0 84 .6 90 .1 91.1 93.5 1,073
Bellport Village 69.8 68 .5 69 .9 72.6 75.7 4 ,089
Lake Grove Village 80.7 88 .6 92.7 95 .5 98.5 11 ,599
Old Field Village 50.6 54.1 57.8 62.1 68 .3 1,627
Patchogue Village 68.5 67.5 68 .9 71.6 74 .0 16,464
Poquot V illage 39.2 43.5 50.3 56 .5 64 .1 1,316
Port Jefferson Village 77 .6 79 .9 81.0 83.2 85 .9 7,477
Shoreham Village 68.1 75.1 82.4 89.0 9 2 .2 8 16

U nincorporated A rea 36.5 44.3 51.9 58 .8 65 .2 776,248
Town Total 38.4 45.9 53.2 59.9 66 .1 820,709

A-35 Town of East Hampton : Percent of Total Saturat ion Represented by Existi ng and Projected Populat ion of School Districts and Municipalities .

52

School D istr ict s

East Hampton 1

Wainscott 2

Amagansett 3
Springs 4
Sag Harbor 5 (pt)

Montauk 6

Town Total

M unicipa lities

East Hampton Vil lage
Sag Harbor Village (pt)

U nincorporated Area
Town Total

Saturation
1975 1980 1985 1990 1995 Population

% % % % %

21 .6 24.2 28.4 31.9 35.9 25,831
5.9 13.0 15.7 19 .9 24.7 6,359

11.8 14.2 17.8 20.9 24 .6 11,516
11.6 14 .7 19.1 23.1 27 .6 23,532
21.0 22.4 25.4 27.3 29.4 4,236
10.1 12 .6 16.0 19.1 22 .6 20.892

14 .1 17.3 21.1 24 .5 28 .5 92,366

39.1 42 .6 47.4 51.1 55.0 4 ,994
21.8 22.4 25.4 27.3 29.4 4,085

12.3 15 .0 19.3 22.7 26.8 83,287
14.1 17.3 21 .1 24.5 28.5 92,366



A·36 Town of Huntington: Percent of Total Saturation Represented by Existing and Projected Population of School Districts and Municipalities.

Saturat ion
1975 1980 1985 1990 1995 Population

% % % % %
School Distr icts

Elwood 1 93.2 95.6 97 .9 99.1 99 .2 15,068
Cold Spring Harbor 2 (pt ) 58 .5 66.7 74.9 8 1.1 85 .5 12, 193
Hu ntington 3 82.8 87 .6 91.7 94 .7 96.6 44 ,319
Northport 4 85 .1 * 90.6' 94 .8* 97.4' 98 .5 ' 48,037
Half Hollow Hills 5 (p t) 78.6* 84 .4* 89.4 • 93 .3' 95 .7* 42,889
Harborfields 6 83.6 92.2 97 .0 97.7 97 .8 26,200
Commack 10 (p t ) 102.4 98.5 98.9 99.2 99.3 20,124
South Hun tington 13 91 .2 92.3 93.6 95.0 96.5 42,362

Town Total 85 .1* 89.4 * 93.0* 95.3 * 96 .8 * 251 ,192

Municipalities

Asharoken Village 28 .2 31.0 42 .1 54.2 67.3 2,171
Huntington Bay Village 81 .0 88.2 93 .3 95.8 97.4 2,303
Lloyd Harbor Village 66 .2 70 .6 75.0 79.3 83 .9 5,444
Northport Village 84 .1 9 1 .6 96.0 98.1 100.0 9 ,544

Un incorporated Area 86 .2* 90.3* 93 .8* 96.0* 97 .2* 231,730
Town Total 85 .1* 89.4* 93 .0 * 95 ,3* 96 .8 * 251,192

A·37 Town of Islip : Percent of Total Saturation Represented by Existing and Projected Population of School Districts and Municipalities.

Saturation
1975 1980 1985 1990 1995 Population

% % % % %
School Districts

Bay Shore 1 79 .6 82 .5 89.7 96.6 99.4 40,166
Islip 2 69.3 74.3 84.0 95 .1 99.2 23,969
East Islip 3 83 .5 88.7 92.3 96.4 100.0 32 ,011
Sayville 4 73 .2 78.8 86 .5 94.9 99.5 26,437
Bayport·Bluepoint 5 (pt) 68.2 77 .9 92.2 96.1 99.9 12,259
Hauppauge 6 (pt) 70.5 79 .8 93.6 96.2 97.1 12,702
Connetquot 7 64 .9 79 .1 91.0 96.1 98.9 60,821
West Islip 9 94.1 9 7. 1 97.9 98.4 99 .7 35,123
Brentwood 12 8 7 .0* 90.2' 93 .1• 96.5* 98.9* 84,409
Central Islip 13 78 .6 * 87.4* 95.0 ' 97 .0 ' 99.7* 39,720
Fi re Island 14 (PI ) 2 .1 2 .1 2.5 3. 1 3. 1 7,368
Sachem 5 (pt) 48.0 65.6 77 .8 9 3.3 97 .6 35,648

Town Total 74 .5 * 81 .8* 89 .0* 94 .5* 97.3* 410,633

Municipa lities

Brightwaters Village 84.2 97.4 98 .9 99.4 100.0 4.015
Ocean Beach Village 6.6 6.6 7 .8 9.1 9.1 1,403
Sal ta ire Village 1.8 1.8 2 .4 3 .1 3 .1 1,985

Unincorporated Area 75.0* 82.3 * 89 .6 * 95.2* 98.1* 403,230
Town Total 74 .5* 81.8 * 89.0 * 94.5* 97 .3* 410,633

* Household population only
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A-38 Towns of Riverhead & Shelter Island: Percent of Total Saturation Represented by Existing and Projected Population of School Districts and Municipalities.

Saturation
1975 1980 1985 1990 1995 Population

% % % % %
Riverhead School Districts

Shoreham - Wading River 1 (pt) 37.7 49.3 65.4 81.3 90.4 4,822
Riverhead 2 (pt) 9.6 10.4 11.6 13.0 14.8 199,239
Lau rel 11 (Pt ) 7.0 7.7 10.7 18.0 26.4 3, 142

Town Total 10.2 11.3 12 .8 14.7 16.8 207 ,203

Municipalities
Unincorporated Area 10.2 11.3 12.8 14.7 16.8 207,203
Town Total 10.2 11.3 12.8 14.7 16.8 207 ,203

Shelter Island School District

Shelter Isla nd 1 11.3 13.1 16.4 19.6 23.3 16,983

Municipalities

Deri ng Harbor Village 13.5 13.5 16.9 25.8 43 .8 178

Unincorporated Area 11.3 13.1 16.4 19.5 23.1 16,805
Town Total 11.3 13.1 16.4 19 .6 23.3 16,983

A-39 Town of Smithtown : Percent of Total Saturation Represented by Existing and Projected Population of School Distri cts and Municipalities .

Saturation
1975 1980 1985 1990 1995 Population

% % % % %
School Districts

Smithown 1 74 .0 79.0 83.1 87 .5 91.6 70,132
Kings Park 5 69.5 ' 76 .5' 83.3 ' 90.3' 96 .7 ' 33,583
Hau ppauge 6 (pt) 82.4 85 .0 88.4 93 .1 96 .8 17,005
Commac k 10 (pt) 90 .0 91.2 92.3 94.1 96.4 30,220
Three Vill age 1 (pt) 39.9 50.4 68.9 83 .5 88 .2 692
Sachem 5 (pt) 72.1 88.6 95.9 97.4 98.8 4 ,397

Town Total 77.0* 81 .7* 85.6* 90.2' 94.4* 156,029

Municipalities

Head of the Harbor Village 37 .3 42 .5 53.9 68.3 80.7 2.804
Nisseq uogue Village 39.8 50 .1 60 .9 74 .2 83 .2 3,544

Village of the Branch 64 .1 66 .9 71 .8 80 .7 90 .4 2,620
Unincorporated Area 78.9 * 83.5* 87 .3* 91 .2* 95.0* 147,061

Town Total 77.0* 81.7 ' 85 .6 * 90.2* 94.4* 156,029

*H ousehold population only



A-40 Town of Southampton: Percent of Total Saturation Represented by Existing and Projected Population of School Districts and Municipalities .

Saturat ion
1975 1980 1985 1990 1995 Population

% % % % %
School Districts

Remsenberg 1 19 .5 22.6 26.3 30.6 35.7 7,764
Westhampton 2 30.6 35.1 40 .9 48.7 57.9 15,780
Quogue 3 11 .3 12.6 14.7 16.7 19.1 9,243
Hampton Bays 5 31.4 37.7 46 .0 55.1 65.8 22,960
Southampton 6 2 1.0 23 .0 24 .7 26 .9 29 .5 43,986
Bridgehampton 9 6.8 7.9 9.2 11.3 13.7 25,639
Sagaponack 10 12 .0 14.1 16 .8 22.2 28 .6 5,642
Eastport-East Manor 11 (p t) 42 .0 47 .9 54.0 61.6 70 .6 2,995
Tuckahoe 13 14.5 15.6 17 .8 22.4 27 .8 10,382
East Quogue 17 21 .1 25 .1 30 .5 37 .1 44 .9 12,014
Riverhead 1 (pt) 17 .1 20.0 24.3 30.4 37 .6 3 1,094
Sag Harbor 5 (pt) 29.0 32 .4 37.0 40.1 43.9 15,011

Town Total 20.4 23.3 27 .1 31 .8 37.3 202,510

Municipalities

North Haven Village 22.3 25.6 29.9 32.6 35.7 3,577
Quogue Village 12.9 14.4 16.4 18.9 21 .7 7.426
Sag Harbor Village (pt) 53.4 6 1.3 65.9 68.8 72.3 3,273
Southampton Village 35.3 36.9 38.8 4 1.3 44 .2 14,451
Westhampton Village 32.9 36.8 42.7 52 .2 63.3 6,506

Unincorporated Area 18.2 21 .2 25.1 30.0 35.7 167,277
Town Tota l 20.4 23.3 27 .1 31.8 37.3 202,510

A -41 Town of Southold: Percent of Total Saturation Represented by Existing and Projected Population of School Districts and Municipalities.

Saturation
1975 1980 1985 1990 1995 Population

% % % % %
School Distr icts

Oyster Ponds 2 16.8 19.7 23 .2 26.8 31.6 9,603
Fishers Island 4 11.4 11.4 12.2 13 .9 16.7 3,468
Southold 5 25.7 29.2 33.3 37 .2 4 1.2 19,443
Mattituck.cu tchogue 9 22.8 25.6 29.5 33.7 38.4 26, 154
Greenport 10 47.9 50.5 53 .6 56.5 60.1 8,949
Laurel 11 (pt) 28.4 37 .8 47 .5 55.8 63.0 3 ,162
New Suffolk 15 26.9 29.1 31 .7 37 .1 43 .2 2,142

Town Tota l 25.7 28.8 32.7 36.6 41.1 72,921

Municipalities

Greenport Village 79.3 81.5 83.2 85.1 89.2 3, 174

Unincorporated Area 23.2 27.2 30.4 34.4 38.9 69,747
Town Total 25.7 28.8 32.7 36.6 41.1 72,921
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A-42 Nassa u & Suffolk Counties : Percent of Total Saturation Represented by Existing and Projected Population of School Districts and Municipalities
With Area in Two or Mo re Towns.

Saturation1975 1980 1985 1990 1995 Popu lation
% % % % %Nassau County

Farm ingdale 22 102.2 103.4 104.1 104.0 104.0 47,447
Floral Park 22 95.8 95 .8 95 .9 96 .0 96 .0 24,349
Jericho 15 86.2" 89.7 " 92.2' 92.4 " 92.1" 18,618
New Hyde Park 5 97.0 97.2 97.1 97.1 97.1 25,822
North Shore 1 89.9 9 1.3 9 1.9 92.5 92.8 18,990
Roslyn 3 94.9 95.2 95 .8 96 .7 97.3 20.354
Westbury 1 94.6 96.1 96 .9 97 .2 97 .3 21.766

Suffolk County

Amityvi lle 6 86.3 91 .4 95.3 98.2 98.6 28,595
Bayport-Bluepoint 5 67 .3 73 .9 83.8 87.2 91.3 18.882
Cold Spri ng Harbor 2 59 .5 67.1 74 .5 80 .2 84.4 14,516
Commack 10 950 9 7.1 97.9 99 .1 100.5 50,344
Eastport-East Manor 11 4.3 5.4 7.3 10.3 18.3 48,465
F ire Island 14 1.7 2 .0 2.5 2 .7 2.7 17.801
Half Hollow Hills 5 80.6 ' 86.0 ' 90.7* 93.8 ' 95.9" 53,041
Hauppauge 6 77.3 82.8 90.6 94.4 97 .0 29,707
Laurel 11 12.7 16.4 20.9 26 .5 32.1 8,784
Riverhead 2 11.4 12.8 14.7 17.1 20.1 221,757
Sachem 5 59.0 71.0 79.3 86.6 89.0 106,468
Sag Harbor 5 14.8 16 .4 18.6 20.2 22.0 35,330
Shoreham-Wading River 1 27.9 38.6 50 .9 61.9 72 .3 22,717
Three Vi llage 1 64.0 70.1 75 .7 80 .0 84 .2 62,072

Nassau County

East Hills 97 .5 97.7 97 .9 98.0 98.1 8 ,961
Floral Park 95.3 95.4 95.4 95.5 95.5 19.571
Mineola 98.7 99 .2 99 .6 99 .6 99.7 22,681
New Hyde Park 99 .8 100.0 99 .7 99.5 99.4 10,3 15
Old Westbury 61.2 65.2 70.7 74 .2 77 .5 4,512
Roslyn Harbor 99.4 99.4 98.5 99 .0 98.9 1,260

Suff olk County

Sag Harbor 35.9 40.1 43.4 45.8 48.5 7,358

• Household population only
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APPENDIX B

COMPARISON OF NASSAU·SUFFOLK PROJECTIONS

AND THOSE DEVELOPED BY OTHER AGENCIES

The Nassau-Suffolk utilizes best judgements

as to the future of the area rather than mathematical formulas. Since
it starts with small areas, the produced are mo re useful for water

quality management school district and municipal than are
those initially for the nation or the state as a whole and appor-

tioned to counties or sub-county areas. Table 8-1, which lists the most recent

federal, state and that have included separate for

Nassau and Suffolk Counties, of the results of the

markedly different assumptions employed. TablH B-1

also lists the Nassau Commission projections of Jan-

uary 1, 1975.
Nassau·Suffolk's represent an extension of trends.

are not goal oriented as an: the Tri-State projections. Nassau-Suffolk's

are not in respect to the future economic

growth of the Northeast, the New York Metropolitan Area and the Nassau

Suffolk and are, therefore, lower than the OBERS

(Office of Business Economics-Economic Research Service) projections and

somewhat lower than the Plan Association projections. At the same

time, the Nassau-Suffolk are not as pessimistic as the

projections of the New York State h~jrmi1mi '" Clevelctpn'llHlt

County for the entire twenty year

ten years. The Reaioina! t'lr1",nll1f1

understate the f'XlstlrlO populat icln

many of the subsequent calculatii::ms

larly true in the case of

3 .5% lower than the LI LCO estimate

that the LI LCO 1975

d ecrHase in the

are somewhat closer t o

EDB 1975 estimate is 2 .7%

EDB for Suffolk are sornelN!l,at

the EDB 1975 estimate and

the 1990 almost
Differences in base

niques, apportionment formuilas
to have resulted in <im"ifi(';u,t rli<n"ritir><

Suffolk throughout the ''''r,iM"tin,''

The differences be1twEHm

the Nassau-Suffolk
can be attributed to the prcljec:tion tf'(~llnlfllJf)~ elnll:>!o'y'ecL

approach that was used by

tends to a higher total

trend approach, at

TABLE B·'

POPULATION PROJECTIONS FOR THE NASSAU·SUFFOLK S,M.S.A,

1975 1980

Nassau County

1985 1990 1995 2000 1975 1980

Suffolk County

1985 1990 1995 2000

,L/~JX)"'V' 1,411,737

1.690,995
1,600.000

1,350,000
1,520,309
1,430,000

1.670,284
1,576,666

1,649,752
1.553,333
1,500.000
1,391,000
1,496,052

1,481 ,821

1,588,902
1,530,000
1,494,000
1,393,000
1,460,900

1,475.6941,467,789

Projection Series

OBEFiS-LiSS
Fie(jional Plan. Assn,
Port 6/74
N. Y, S. E. D. 11/75
Nassau C. Plan. 1
Tri-State 1/76
Nassau ·Suffolk 10/76

Provision ,) I, N. Y, S. Department ot Health
Li(jh tifl(j Co. estimate
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First Suffolk County Executive, first in environmental planning,
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Foreword

Newsdav Photo

Wate r, life's ul timate indispensib le mineral, is no match for its greatest
enemy, man. But man's victory is hollow.

"Mommy, my toothbrush tast es funny ." This scene could be early
morning in Levittown, Lynbrook or Po rt Jeffe rson, as a typical Long Island
fam ily p repares to begin anothe r day . The circumstances along with others
similar in consequence could become reality in the absence of the compre
hensi ve water qu ality management program contained in this multi -faceted
work. Even with this document, t hey might corne to pass. The program only
shows the way. Un less imp lemented, t oothbrushes may indeed begin to taste
funny and sur face wate rs, commerciall y and recreationally , may become
endangered hydrological species. In th is br ief contex t - citing hazard s but
knowing they can be eliminated-I wr ite th is introductory segment with
utmost pr ide. T his work , in my o pi nion , rep rese nts excell ence unusually dis
tinctive in quali ty, a demonstrat ion of a publi c agency 's ab ility to create,
prod uce and execute at the highest leve l o f compet ency.

Long Island possesses rich and unusual natural bounty: wh ite and
pebb leless ocean sands, vast expanses of sa lt meadow , white-cedar swamps, in
land pine barrens, flat plains, colo rf u l downs, f io rdlike harbors, bays, pond s,
la kes and freshwater bogs. It offers someth ing to su it th e t aste for nature in
each of us. It is a remarkably varied, beaut ifu l and fert ile insular tract, lying
at the t h reshold of t he greatest urb an center in the nation. For 250 years
after its first sett lement Long Island changed little. From 1812 to the turn
of t he century Suffolk County 's tota l populati o n increase amounted to only
42,58 2 souls. Even the railroad did li tt le to alte r the generally rural
atmosphere . All his serenity came to an abr upt e nd fo ll owing World War II
when people, equal in number to the population of more than a dozen
states, emigrated eastward across the city line. Vast publ ic works were carried
o ut, par kways and expressways laced the largest island on the Atlantic sea
board . But it was not until 1974, two years after passage of the Federal Water
Poll ution Control Act Amen d ments, that th e fruits of environmental
management became apparent and resu lted in this far-reaching docu ment.
Chrono logically it represents the Reg io n 's fourth most important plan
following the Nassau County Charter in 1938, t he Suffolk County Charter in
1959 and the Bi-county Comprehensive Devel o pment Plan in 1970- affecting
the lives of all its residents.

There is a valid question concerning the Region's success in developing
comprehensive studies. Would they be possible without a reg ional planning
agency? Possibly, yes; anyth ing is. But as timely and of such professional
ca libre; probably not. Therefore, the underlying wisdom in establishing an
areawide regional planning agency has been amply justified. The Nassau·
Suffolk Regional Planning Board was created in 1965 by adoption of ordi·
nances and resolutions by the Boards of Supervisors of Nassau and Suffolk,
in accordance with provisions of the General Municipal Laws of New York
State. As the solutions to economic and social problems become increasing
ly regionwide in nature, having this agency with a proven track record in
performance already in place will serve as a source of assurance to Long
Island citizens.

It would be extremely shortsighted to view this plan as just another
study - its pages Iike leaves on trees, decidious and gone, once fall e n to the
ground. Its direct value is in its use as a working document, important to the
life-styles of future generations and business growth. Indirectly, the applica
bility of its analyses and findings renders it of national importance and in
tu rn assures national recognition of Long Island as a homogeneous entity
with identity well beyond its false reputation as sim ply a bedroom
comm unity .

There is a legal expression, "The evidence speaks for itself." So do the
following pages. In the main, Long Island's water supply, derived solely from
its own groundwater sources (and not eve n partially from Connecticut - the
erroneous impressio n lingers) is adequate in terms of quantity. Tunnels from
upstate or other outside sources are not only unnecessary, they are equally
foolish even to consider. But there is the point-blan k question of preserving
the quality of our water. This stern challenge must be met by the courage of
gove rnment supported by an informed constituency, sensitive to parochial
interests, yet willing to override them for the common good . Effective
implementation wi ll provide bread-and-butter be nefits in preserving home
values, protect ing the qual ity of life and sustai ning econom ic strength.

Elsewhere in this document the reader will find amply justif ied
ex pressions of appreciation to the numerous private citi ze ns who served on
the technical and citizens advisory committees. Policy was always determined
by Board members, past and prese nt. The ir cooperat ion along w ith that of
e lected offic ials was cruc ial t o the completion of this work. In this regard our
lasting gratitude is enthusia stically extended to the following: to former
founding member and Chairman, Leonard W. Hall; former County Executives
Ralph G. Caso and H. Lee Dennison; County Execut ives John V. N. Klein and
Francis T. Purcell; former Board members, Thomas Halsey and Robert Flynn;
and present Board members: Vice Chairman Seth Hubbard, Vincent Balletta,
Robert Be ll , Winfi e ld Fromm and Jo hn Wickham. Finally, words are often
weak and fruitless when attempting to describe the single most important
contribution. For th at I simply concl ud e with where it all began, was and
will be, by use of proper noun : Dr. Lee E. Koppelman.

Harold V. Gleason
Chairman
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Prefatory

Introd uction
The passage of the Federal Water Pollutio n Co ntrol Act Ame ndm ents

of 1972 heralded a new era in environmental man agement . National inte rest
and pu rpose was stated in goal to ach ieve "water qual ity wh ich provides
fo r the p rotection and propagation of fis h, shellf is h and wildlife and prov ides
for recreat ion in and on the wa er" by 1983, w hereve r atta inabl e. It not on ly
se forth a timetable for action but also provided some new approaches to
solv ing the problems of our nation's poll uted waters . For the first tim e th e re
is a clear recognition that improved qua lity and the prevention of fu rth er
po ll ution will also require changes in land use and manageme nt of growth
in addit ion to the preva il ing practice of build ing sewage treatme nt works .
Non -poin t sources of co ntam inati o n w hich result fro m construction and
agricul t ural activities, highway runoff, w idespread d iscarding of the residu es
of modern society , and the lack of control ove r ani mal wast es, etc . m ust now
be considered . The Act is a land mark in th ree ot her instances. It p rovides for
a com pre hensive planned approach, requ ires stro ng c iti ze n participat ion in
the planning p rocess and mandates a committm ent from stat e and local
govern me nts to implement th e results of t he p la nn ing e ffort.

Sect ion 208 of the Act spec if ical ly creates a compl-e il ensive wate r
q uali ty manage ment progra m to deal expl ici tly w ith both th e treatment and
the prevention of water pollution. The pla ns pre pared unde r t h is prog ram
must include a process for meeting established wat e r qual ity goals and must
show that management institut ions exist with su ff ic ient fin anc ial and legal
aut horities to implement the plan ; or that new inst itu t ional arrangem ents
will be created to achieve this purpose.

Tile Nassau-Su ffo lk Reg io nal Planning Board (NS RPB ) was design ated
by Governo r Malcolm Wil son in Decembe r 1974 as t ile legiona l planni ng
enti t y to car ry o ut Section 208 plan n in g for Nassau and Suffo lk Counti es .
Realiz ing that a program of this magnitude had to il ave th e suppo rt and
in put from those governmental agencies th at e it her have an interest in,
o r a mandated role to play in water pol lution co ntrol , t he NSRPB imme
diately established a Technical Advisory Commi ttee (T AC ) t o ass ist it in

Comments

t he preparation of the plan. The initial vot ing constituency of the TAC
included representat ives from the Nassau County Depa rtm ents of Hea lth,
Public Works and Planning. The Suffolk County participants we re from the
De partments of Health and Environmental Control and tile Suffolk County

Wat er Auth ority. The seventh member was the Executive Director of t he
Nassau -Suffolk Regional Plan ning Boa rd w ho se rved as Ch ai rm an of the
Tech nica l Adv isory Committee and Project Director for the overall program.

In addition to th e seven voting members, representatives from the
Int erstat e Sanitat ion Commission, Region I I of th e Env iro nmenta l Protection
Agency (E PA ), t he New York State Departme nt of Environmental Conserva
tion (NYSDEC), the United States Geological Survey (USGS), the Suffo lk
County Soil and Wate r Conservation Di st rict and the Soi l Co nservation
Serv ice (SCS), th e Coo perative Exte nsion Servi ce (CES) and the New York
State Department of Hea lth (NYSDH) were invited to participate as resource
members.

In accord ance w it h the guidelines for Section 208, and prior practices
of the Board in conducting other regiona l pl annin g stud ies, th e Cit izens
Adv iso l-y Committee (CAC) was created to provide input to the T AC from
til e gene ral public, and to act as a forum fo r distributing tile findings of the
study to the ge nera l pu bl ic .

The Program rece ived a $5.2 mill io n grant f rom the EPA to carry out
the detailed work program necessary to comply with the requirements of
th e Act.

Between Jan uary 1975 and Dece mber 1977 the TAC, wh ich was
formed pr io r to th e grant award in June 1975, met at least one day a week,
first for the d es ign of t he pmgram and sel ect ion of consultants, and then for
the general co nduct of t ile Program. The CAC met bi-weekly during this
per iod.

The co nsultants retained to ca rry out specific technica l tasks we re
selected by national solicitation o n the basis of merit. Th is single factor was
one of th e key e lem ents in achi eving the high level of competence displayed
in the Plan.
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Report Descript ion
This re port is a sum mary o f the numero us worki ng repo rt s and studies

prepared by the various consultants and member age ncies of the project. It
is also a reflection of the original workplan submitted to the EPA. w ith addi
tional materials developed to meet amendments to the project which resulted
from changes in the fed eral regulations, or work elements generated from
requests made by the CAC. In addition to the working reports, six interim
reports that summar ize the technical documents have been prepared for
public distribution. They are: (1) Population Estima tes and Projections 1975
1995, (2) Modeling Studies, (3) Surface Wa ter Quality, (4) Groundwater
Conditions, (5 ) Managemen t Options and (6) Virus Study.

This summary report constitutes t he last in the genera l series. The TAC
also published a study prepared by the SCS. This discusses the impact of
animal wastes as a major non-point source of pollutants to the ground and
surface waters. The interim reports and the su mmary repo rt affords the
serious reader a reasonably sufficient expositi on of the 208 Plan .

This presentat ion is in seven sect ions with two appen dices. Sec tion
One-General Background-contains a descriptive d iscussion of regional
ground and surface water considerations. Th is portion has t hree segments.
The first is a discussion of groundwater, including its major uses, ex isting
qua lity and contamination sources. The second segment discusses the surface
waters of the two counties in similar fashion. The third segment describes
ma jor options of structural and non-structural nature , and a descript ion of
th e various eval uat ion and selection factors that are used in ma king ch oices .

Section TWD ·-Assessment o f Conditions-is devoted to an assessment of
cond itions, including popul ation and land use, pollutant so urces from point
and non-poi nt origin, and a discussion of transport mechanisms. Groundwater
qu ali ty and quantity, and surface water qual ity are summarized to include the
majo r findings of th e study. The last segment of th is chapter describes the
marine, fresh wat er and terrestr ia l ecological conditions.

Section Three-Alternative Was tewater Management Programs-the
major segment of this repo rt , presents va ri o us wastewater management al t er·
natives to control point and non-point source po llution . It inc ludes structural
and non-structural approaches rang ing from sewer installations with varying
degrees of t reatment, to best management practices (8MP) for runoff control,
fresh water conservation, watershed management and land use controls .

The first segment contains a listing and brief explanation of the objec
ti ves that the plan ning options shou ld achieve in orde r to insu re: public
heal th protect io n, and the protect io n, en hancement and conservat ion of the
natu ral resources ..- freshwater, marine , wetlands and te rrestri al--of the two
counties ..

The next segment conta ins a series of structural and non-structural plan
al ternatives that meet in whole or in part a suitable solution to a defined
problem or objective. The alternatives relate both to the hydrogeological
nature of the two counties, as exp ressed by eight distinct zones, and t o the

marine surface waters. Strong efforts were made to include all reasona ble
alte rnatives. In th is fas hion the pu blic has a ge neral scenario o f th e man y
ways in which waste treatment can be addressed, with some explanation of
the constraints attendant to each solution, and the consequences thereof.

Section Four-Environmental Assessment-relates the environmental
im pacts for each of th e Plan alternatives discussed in Section Three.

Section Five-Citizen Participation-is a two-part discussion of citizen
pa rticipation. The first portion (5 .0-·-5.5), written by the Project Director,
contai ns a history and crit ique of the creation, functio ns, activities and can ·
tr ibuti ons of the CAC. The second portion (5.6 -5.11), prepared by the CAC,
d iscusses their critique of the process and planning options developed in the
208 Program.

Section Six-Preferred Plan Alternatives-presents the options deemed
by the TAC to achieve the objectives of water quality planning for Long
Island in the most desirable fashion. Explanations and reasons for the selec
tions are d iscussed.

Section Seven·.. -lmplementation-contain s the recommendat ions for
man agement responsibili t ies-existing, modi fied or new-to carry out the
financing, design, construction, maintenance, monitoring or regulation of
the Plan elements. Recommendations for amendments to existing laws or the
enactme nt of new ones at various governmental levels are also mentioned.

Appendix A-Modeling-contains a synopsis of the various models used
in the 208 Study to simulate the natural groundwater and su rface wate r
systems, and to allow the t echnicians to test a wide range of options as
though the environment was undergoing stress. Some of the model s were
specifically designed to furnish responses for geographically specific areas,
(the South Fork study by Princeton) or for specific contaminants (the CES
nitrate study)"

Appendix B-Bibliographic Data Summary-identifies the range of data
used to reach the plans' conclusions. It also contains a listing of the almost
175 reports and publications prepared by the TAC agencies and consultants
in the conduct of the study .

Appendix C- Memoranda of Agreement-contains the two statements
of agreement between the Suffolk CountY Departments of Health Services
and Environmental Control.

Admini trative Observations
The Section 208 effort discussed herein has proven to be challeng ing

and rewardin g. Since the Prog ram is entirel y new from a nationa l po in t of
view, it can serve as an example for other pa rts of the nation . An indication
of the strengths and weaknesses, successes and failures resulting from this
initial effort can assist in the formulation of continuing programs to be
carried out in thi s Region and in other parts of the country.

Among the strengths, we would have to acknowledge the strong interest
and support received from Region II of EPA. They have recognized that
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Section I General Background

1.0 Introduction
This section sets t he stage for th e discussion of the options available to

t he Nassau-Suffolk Region in coping w it h the management of its waste t reat 
ment ove r the next two decad es. The planning boundaries are described,
fo ll owed by a brief description of t he phys ical characteristics and the prob
lems of growth result ing fro m t hree decades of rapid u rbani zation. One of
the key problems readily apparent is the need to protect and properly manage
the groundwater-the sole source of potabl e water for the two counties. In
addit ion , th e quali ty of fresh and marine surface waters must be protected for
both commercial and recreational LIse. The respo nse to t hese needs are the
essence of this repo rt.

A description of t he institu tio nal sett ing, and a capsule summary of the
work elements designed to prod uce a wo rkable plan follow. The last segment
discusses the key water quality and qu anti ty issues.

1.1 Planning Boundaries
1.1 .1 location. Nassau and Suffolk Counties, occupy ing one-sixth

of the land area of the New York Met ropolitan Region , have bee n two of
the fastest growi ng cou nt ie s in the Un ited States since th e end of World
Wa r II. In 1960, the combined Nassau and Suffolk population of two milli on
persons was one-eighth of the total Regional pop ulatio n of sixteen million .
It is projected that 25 percent of the additional si x million persons that will
inhabit the Region by the year 1995 will be living in these two counties.
The projected growth of t he two counties indicates a potential increase in
the impacts on the env ironme nt .

The counties, with their streams, lakes, ri vers, ocean, bay and Sound
fro ntages exceed ing 1,000 linear mil es in total, are familiar natural att ributes
to mill ions of persons inte res ted in resort and rec reation opportunities.
l ong Island Sound o n the nort h and t he Atlantic Ocean on the south and
east afford a decided ly unique advantage fo r the proper development of

marine resources. The south shore is paralleled by barrier beaches, which
create bays between the south shore of the Island and the ocean from long
Beach on the west to the Hamptons in the Town of Southampton; Jones,
Fire Island , Moriches and Shinnecock In lets connect these bays to the ocean.
Th is portion of the long Island peninsula is over 100 miles long and 20 miles
wide at its widest point, which is near the Nassau -Suffolk boundary. The
major land area extends eastward from the Queens- Brooklyn and Nassau
County border for approximately 60 mil es to Riverhead. East of Riverhead
two forks or peninsulas continue eastward, separated by the waters of Pecon
ic and Gardiners Bays. The northern fork terminates at Or ient Point and is
approximately 27 mil es in length. The southern fork terminates at Montauk
and is about 44 miles long. The land areas of the two counties is approximate
ly 1,200 square miles. Figure 1-1 depicts the municipal boundaries with in
the Region.

1.2 Geography
1.2.1 Physical Characteristics. A high ridge of glacial origin running

approx imately east and west from the northwesterly corner of Nassau County
and then running in a southeasterly direction through Nassau from the North
Shore reaches an elevation of about 300 feet above sea level. North of the
ridge the topography is generally abrupt with an overall slope to long Island
Sound. South of the ridge is a long gentle slope terminating in the marsh
and meadow land which borders th e bays on the sou th . Four ma in ri ver
watersheds are located in Suffol k County. These are the Nisseq uogue in the
Town of Smithtown, Connetquot in the Town of Islip, Carmans in the
Town of Brookhaven and the Peconic in the Towns of Riverhead, Brook
haven and Southampton.

The area is mainly composed of unconsolidated deposits of sa nd,
gravel and clay laid down in more or less parallel beds on a hard bedrock
surface. The rock floor is t ilted downward in a southeasterly direction, so



·.

A J I.,. I Co



that from a position of surface outcroppings in the northwest end of Long
Island (Queens County) it reaches a depth of 2,100 feet below sea leve l
beneath Fire Island. The subsoil is ge nerally sandy and yellow colored except
on the ocean side of the south shore dunes, which are of light gray sea sand.
The topsoil is part icularly suit ed for agr ic ul tu ral uses in va ri ous parts of the
Region. Elsewhere the ground is generally covered with scru b growth, mostly
oaks and pine. North of the glacial ridge there is an abundance of flora
including many of the hardwoods as well as evergreen cover.

Estuarine marshes and the off-shore waters abound in a variety of
shel l- and finfish . The inland fresh waters, particula rly in Suffolk County,
have an abundance of trout and other important sport fish.

The water supply for the Nassau-Suffolk Region is obtained enti rely
f rom groundwater. Natural rdplenishment of this supply is derived sole ly
from precipitation (i.e., rain, snow and sleet) which averages 44 inches per
year. It has been estimated that approximately 50 percent of the precipita
tion is lost due to evapotranspiration and other factors, so that only about
half of the precipitation reaches water-bearing strata.

1.2.2 Problems of Growth. Obviously , Long Island is an area where
the quality of life and large segments of the economy are related to and
dependent on the quality of its environment. Tourism, agriculture, seasonal
homes and residential communities, thrive in areas of healthy and aesthet
ically attract ive natural settings. There are a number of major surface and
groundwate r pollution problems. Marine water problems include excessi ve
nutrient enr ichment and the closing of beaches and shellfish ing areas due to
bacterial contamination, which is attributed to both point and non-point
sources of pollution. Some portions of the fresh water streams have dried
up and others are threatened because of lowered grou ndwater levels due to
sewering and excessive well pumpage. Groundwater quality has been degraded
by nitrates, chlorides and other contaminants from fert ilizers, recharge of
domestic and industria l wastewater, la ndfill leachate, and stormwater re
charge. Water quality-both potable and marine-is the key to Long Isl and's
future. Planning for the orderly growth of these communiti es and the man
agement of their wastes is the linchpin that will determine the qual ity of the
future.

In response to earlier perce ived growth problems, e.g., res idential
sprawl, transportation deficiencies, rapidly changing community character
istics, increased deterioration of older downtowns and housing, and shortages
of community facilities, the Boards of Supe rvisors of Nassau and Suffo lk
Counties created the Nassau-Suffolk Regional Planni ng Bo ard in 1965. This
agency's prime task was the preparation of a comprehensive plan that would
serve as a guide for all units of government in the two counties for coping
with future growth and for reversing the negative aspects of past develop
ment.

The Comprehensive Land Use Plan was completed in J uly , 1970. In
essence, it recommended contro ls on the ult imate size of growth, location

and form of development, and institutional changes necessary to achieve
im plementation. Based on environmental data extant at the time , it was
apparent that the most obvious limit to growth was the availability of potable
water. It was also apparent that some degradation of these waters had already
occurred. However, the projected total popu lati on of 3.3 mil lion people by
1995, was less than 60 percent of the estimated population that could be
sustained, and it was assumed that the Plan was environmentally prudent .

The Nassau-Suffolk Regional Planning Board also recommended that
additional funds be sought to conduct water quality studies in order to insure
that t he two counties' so le source of potable water not be jeopardized .
The adve nt of the 1972 Amendments to the Water Pollution Control Act
(PL 9 2-500), and particu larly the Section 208 planning provision, furni shed
the answer to this quest. In the next section, a brief discussion of the plan
ning program will indicate the nature of the designation process and the
organization of the techn ical staff and will identify the major substantive
elements in the Program.

1.3 Institutional Setting
1.3.1 Designation . The 1972 Amendments to the Act provide t hat the

Gove rn or may designate regional planning agencies to engage in 208 planning.
Where such agencies are not designated, the State is required to assume the
planning responsibil ity . Several of the operat ing age nc ies in Nassau and Suf
folk Counties, and the Nassau-Suffolk Regional Planning Board expressed
interest in this designation. The two County Executives agreed that the Board
should be the applicant.

All agencies that wished to be eligible for 100 percent fUl.ding had to
receive designation before January 1, 1975 and re cei ve contractual approval
from EPA prior to July 1, 1975. In late November 1974, a preliminary work
program was quickly assembled and a designation request was made to the
Governor. On December 28th, Governo r Malcolm Wilson gave the first
designation in the State of New York to the Board.

1.3.2 Technical Staffing. The Progra m represents a jo in t effo rt of the
Board and various reg\Jlatory, operating and planning agencies in Nassau and
Suffolk Counties. A Technical Advisory Committee (TAC), with seven voting
members, was formed. The Nassau Departments of Health, Public Works, and
Planning were matched by representatives from the Suffolk County Water
Authority and the Departments of Health Services and Envi ronmental Con
trol. The Executive Director of the Board, who is Project Director for the
Program , serves as the Chairman of the TAC.

In addition, the New York State Department of Environmental Conser
vation, Region II of EPA, and t he Interstate Sanitation Commission also
provide represe ntat ives to serve as non-vot ing resource persons. The TAC is
composed totally of professionals . It was organized in this fashion with
the recognition that the agencies with the responsibilities for carrying out
portions of t he Plan should have the opportunity to participate in its formu-
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lation. Also these participants represented the cumulative local expertise
and knowledge base at the onset of the Program.

Preparation of a detail ed work program was the initial work conducted
by the T AC. At first, a li st was compiled of each agency's recommended
projects. Much culling, additions, deletions and alterations occurred as the
items were compared with the requirements and/or limitations of the Act.
The document finally submitted to EPA and the State for contract approval
was reduced from $17 million to $5.2 million during this iterative des ign
stage, and quite faithfully adhered to the requirem ents in the Act.

A seco nd ary concern during this pre-planning period was expressed
in rega rd to the work to be conducted by consultants where specialized
talents and equipment were needed. The TAC followed the procedure man
dated by the Board, and sole source contracts were awarded only to those
governme ntal and/or academic institutions that had a unique talent . In all
other cases, the T AC prepared "Requests fo r Proposal s, " which were adver
tised nationally. Thi s procedure was followed in order to secure the best
talents in the country. Although this technique was time-consuming and
often onerous, it has proven meritorious. The consultants were selected by
the voting members of the T AC based on the technical merit of their
proposals . Budget information was kept sealed until each se lection was made .

1.3.3 Work Elements. The general goals of the Program to achieve water
quality criter ia established by Federal and State laws require an ex tensive
knowledge of: the exi sting and proposed land uses and demography of the
Region; th e quantity, qual ity and hydrology of the ground and su rface waters,
includ ing inter-relationships betwee n both; t he types, sources, amounts and
impacts of contaminants entering the waters; the alternative technologi es best
suited to address any spec ific problems; the legal, fiscal and insti tutional
arrangements, and th e laws, agencies and regulations needed to implement the
completed Plan. This aspect will be discussed in the implementation section
of this report .

The Comprehensive Land Use Plan released by th e Nassa u-Suffolk
Regional Plan ning Board in 1970 still serves as the basic guideline for growth
in the two counties until 1985-1990. The Plan has been updated over the
past three years as a result of a United States Department of Housing and
Urban Development assisted project that involved the development and
testing of a methodo logy for th e integration of coastal zone science with th e
planning process. Fortui to usly, on ly minor modifications were indi cated to
enable th e Plan to meet specific environmental needs. This affords a strong
advantage to the two counties' likelihood of producing a workabl e waste
management plan-the land use plan already exists. Thus it is much easie r to
develop and test two major management approaches . If we assume t hat the
land use plan will be reali zed , then it becomes a task of esti mating the con
tamination loadi ngs that will result from the various land uses and
recommendi ng t reatment faciliti es, e.g., sewers, treatment plants, etc . Con
versely, the land use plan can be modifi ed and population densities altered to

avoid the need for structural sol u tions. Both approaches are examined in this
Program .

Comprehensive water supply studies were conducted in each county
d uring the 1960's and earl y 1970's. These studies eva luated the possible
changes in groundwater quantity th at might result from the im plementation
of various wastewater treatment proposals. The United States Geological
Survey, which was chosen as one of th e public agency consultants by th e
Board because of th eir extens ive knowledge of Long Island's groundwater,
has conducted stud ies in the bi -county area for many decades. During recent
yea rs , th e Survey developed an electric analog model, which simulates the
physical characteristics of th e groundwater system. This model was used in
the 208 Stud y to simulate water level responses to a number of hypothetical
water-management options.

Water qu ality problems are usua ll y of significantly greater complexity
than quest ions of water levels or of water quantity. Invest igations and mon
itoring programs are general ly conducted for the purpose of providing
information on ambient ground water condit ions. as well as of examining t he
adverse effects of known or suspected sources of pol lution, and to assess
water qua lity improvements att ributable to correction measures (e.g. , sewers).
For exampl e, in the past, studies have been cond ucted addressing the impacts
of individual on-lot sewage disposal systems, landfill leachate, detergents,
sewage t reatment effluen t recharge, stormwater recharge, meteorological
conditions, ferti lizers and pesticides. The pollutants monitored were limited
t o those considered relevant to public health and natural resources, for which
reliable monitoring proced ures were available.

During the past few years, the increasing awareness of the prese nce of
additional hazards to publi c health and natural resources, as well as the con
tinuing development of sampl ing and analysis techn iques, have resulted in the
monitoring of additonal substances, e.g. , viruses and organic chemicals. The
208 Program included a study of organic chemicals, heavy metals and viruses
in wastewater and groundwater in the bi-county area. Water sample loca
tions we re carefully selected to refl ect the influence of various types of land
use and wastewater act iv ities. Samples were analyzed for heavy meta ls,
organics in trace amounts and viruses .

In order to provide simulation capabil it ies for water quality evaluations,
the Department of Civil Engineering of Princeton University was retained to
adapt and appl y existing d igital models (one, two and three-dimensional)
to simulate the impacts of various groundwater levels on saltwater intrusion,
and furt her groundwater pollution. The modelintJ runs are parall eled with
quality evaluations based on empirical d ata and related literature. The work
also included a digiti zation of the Geological Survey's analog mod el to facil
itate the testing of management alte rn atives.

Similar emphas is was placed on questions of surface water quality.
Various estua rine steady-state and time-variable models were applied to
specific bodies of water to est imate the effects of vari ous waste treatment



schemes on receiving water quality.
The reliability of model results bears a direct relationship to the accura 

cy of pollutant loadings input into them _Point sources of contamination have
been routinely identified and tested. In the past this was sufficient because
wastewater studies were directed towards engineering solutions to these
sources of contamination. Much of the current planning effort is also con
cerned with non-point sources of pollution-stormwater ru noff , sed imenta
tion, uncontrolled depos its of animal wastes, etc. Several responses to t hese
more pervasive and usually unquantified sources were included in the Work
Program . The Cooperative Extension Service conducted field studies and
literature searches to identify and evaluate the volumes of pesticides, fertili
zers and other home and agricultural chemicals used in the two counties .
The impact of nitrogenous fertiliz'!rs, relative to other sources, was evaluated
in part by means or a preliminary regional nitrogen balance. The Suffolk
County So il and Water Conservation District identified other non-point
pollution problems associated with various animal populations, runoff and
sedimentation. In addition, the two County Health Departments, the Suffolk
County Department of Environmental Control (which was already engaged
in a study of fertilize rs), the Suffolk COlJllty Water Authority, and the Town
of Islip Department of Environmental Control, all contributed substantially
to the sampling and analysis of non-point sources.

The information gathered from the sampling and analysis programs
served as inputs for the determination of engineering and non-structural
alternatives fOI' the achievement of water quality o bjectives. This approach
afforded the broadest possible array of policy choices as to method, location,
timing and cost of solutions_

The alternatives and their consequences have been conside red by the
TAC for the purpose of selecting the most viable combinations of solutions
structu ral and non-structural -that in the aggregate form the Comprehen
sive Areawide Waste Treatment Management Plan fo r Nassau and Suffolk
Counties. The Citizens Advisory Commitee (CAC) has also reviewed and
contributed to the final product. In some ins ances where more than one
solution is viable, or where a consensus was not achieved, this report men
tions the array of choices.

1.4 Regional Ground and Surface Water Co nsiderations
With in the overall framework of the 208 Program, major techn ical

issues have arisen wh ich have had to be add ressed as part of the Study . Th is
segment of Section One includes a discussion of the major considerations. It
relies upon the previous segments to describe th e regional setting and then
discusses ground and surface water uses, and quantity and quali ty problems.
The segment is concluded by generalized descriptions of management op
tions, which may be applicable to the Bi-county Regi o n. It is p resented to
effect a transition between the planning issues and the scientific/engineeri ng
considerations.

1 .4.1 Groundwater
1.4 .1.1 Major Uses. Groundwater beneath Nassau and Suffolk Counties

is the only source of potable water for almost three million people . Pumpage
and use characteristics within the Region are complex and fragmented . The
user of groundwater can be a single facil ity operating its own domestic well
on a small parcel of land, a large water district with a dozen individual high
capacity wells located miles apart in several different communities, a private
water company with a single well field serving one subdivision, o r an industry
parti ally supplied by its own well system and partially dependent on a local
utility _ Thus, pumpage for different well owners can range from a few
hundred gall ons to many millions of gallons per day.

The use of water withdrawn is equally varied. Groundwate r pumpage
satisfies not only domestic requirements, such as drinking wate r, but also
must meet the needs of industry, commerce, agriculture and recreatio n.

Water suppl ies are developed principally from two major water-bearing
units: the Uppe r Glacial and Magothy aquifers. A relatively unexploited
t h ird aquifer, the Lloyd, lies beneath the upper two formations, and is
separated from them by a thick, confining bed of clay. Total withdrawal
f rom al l aquifers now approaches 400 MGD (million gallons per day).

The pattern of pumpage is not uniform. The development of multiple
sources of supply, even when not necessitated by fragmented supplies, was
deliberate in order to more uniformly withdraw from the system and then
minimize the disruption of equi librium conditions . Major concentrations
of pumpage have been developed near areas of dense population, leavi ng
other portions of the subsurface reservoirs underutilized. This has resulted
in a pronounced east-west imba lance in pumpage distribution. Also , degrada
tion of water quality in the Uppe r Glacial aquifer beneath urbanized areas has
led t o the abandonment of shallow wells, in favor of withdrawing water from
progressively deepe r aquife r zones. Thus, the principal water supply aq uifer
in Nassau County and western Suffolk is the Magothy, whereas the principal
water supply aquifer in eastern Suffolk County is the Upper Glacial.

Groundwater discharge supports streamflow for most of each year. The
volume of groundwater underflow discharged to surrounding saltwater bod ies
can affect surface wat er salinity. Relatively small fluctuations in water table
elevations, on the o rder of a few feet, can cause pronounced changes in
stream discharge. On the other hand, underflow to saltwater bodies is not
very sensitive to such fluctuations. It has been estimated that substant ial
changes in consumptive use of groundwater in the Region would be re qu ired
to significantly affect underflow.

A certain amount of underflow is also needed to maintain the fresh
salt water interface at an equilibrium position. The position of the boundary
between fresh and saline groundwater is dependent upon changes in water
leve ls in th e various aquifers. However, the fresh-salt water interface is
genera lly so me distance offshore in the confined aquifers of Long Island.
Therefore, changes in head at the interface, resulting fro m red uctions in
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natural recharge or increases in pumpage and consu mptive water use, are
generally small and localized. Inland movement of saline groundwater is very
slow, even in areas where the interface is already on shore and in close
proxi mity to centers of pum page.

1.4,1.2 Existing Quality. The quality of groundwater in the aquifers
of Long Island is dependent upon a number of factors. In undeveloped
areas, recharge from relat ivel y good quality rainfall , together with whateve r
natural treatment and pollutant retention is provided by the vegetation , so il s
and geologic sediments have resulted in the availability of very high quality
groundwater in the underlying aquifers. Where the land has been subjected
to heavy use or modification by man, groundwater quality has been degraded.
The degree of degradation is dependent upon the type of land use; the loca
tion of individual sources of contamination, such as cesspools and landfills;
the characteristics of the con tami nants; and the length of time that the waste
disposal practice has been in existence.

Groundwater quality is also extremely dependent upon hydrogeologic
factors. Recharge to the Magothy from the water table or Upper Glacia l
aquifer occurs over a large area along the central east-west corridor of the
Island. This region, where groundwater movement is generally vertically
downward and unimpedt)d by interve ning cl ays, is commonly refe rred to
as the Magothy recharge area. Therefore, sources of contamination discharg
ing to the water table can migrate downward to the underlyi ng Magothy.

Deep fl ow also occurs in port ions of the Upper Glacial deposi ts t o the
north of the limits of the Magothy recharge area in Nassau and weste rn
Suffolk.

Along the South Shore and parts of the North Shore groundwater move·
ment is generally horizontal 01' upward, and intervening clays inhibit down
ward mOVement of groundwater, even where heavy pumping is taking place.
This region is referred to as the Magothy discharge area. Groundwater quality
is considerably more vulnerable to land use changes and sou rces of contamin·
ation in recharge areas than in discharge areas.

Another factor affecting groundwater quality over the long term is the
slow movement of groundwater, especially in the vertical component. Under
natural conditions, it takes about 100 years for water from the surface to
reach the lower portion of the Magothy in the center of the Island. Heavy
pum page in the Magothy can reduce th is ti me period to about twen ty years.
Thus, sources of contamination can be eliminated (for example septic tan ks
and cesspools replaced by sewers) but the effects on deeper aquifers may not
be noticeable for many decades. 1n the Upper Glacial aqui fer the effects of
pollutants and of remedial measures are realized much faster.

Actual groundwater quality problems in the 208 Region have been char
acteri zed by a significant rise in nitrate concentrations in portions of the
recharge area of the Magothy aquifer. Also of importance is the discovery
of organic chemicals in sections of the two counties in both shallow and deep
aquifers. Several independent analyses of nitrate trends in shallow ground-

water and in the Upper Glacial aquifer were completed during the period
in which the 208 Program was conducted. From this work, it is difficult
to make clear-cut generalizations regarding statistically calculated trends,
espec ially with respect to mak ing distinctions between sewered and non·
sewered areas. However, there is general agreement that nitrate concentra
tions are decreasing in many shallow wells in southwestern Nassau County
where sewering took place in the 1950's and early 1960's. In unsewered
eastern Nassau, one of the analyses also found generally decreasing nitrate
trends, while another failed to find a trend , Water in shallow wells in south
western Suffolk has generally increasing concentrations of nitrate. On the
basis of limi ted da ta, it appears that the quality of the underlying Magothy
has not improved. In Nassau County, the Magothy has apparently sustained
an overall decline in water quality.

Indi vi dua l sources of contamination, such as landfills and industrial
waste recharge basins, have developed discrete bodies of contaminated
groundwater. These plumes of contaminated water are isolated. but are of
extreme importance locally . Analysis of organic chemicals is a new effort,
and. thus far, no trends can be developed from the very limited data collected.

1.4.1.3 Contamination Sources and Identification of Control Needs.
There are many sources and causes of contamination in the 208 area. Basic
all y, these can be divided into four categores (Table 1-1). The first two
categories include discharges of contaminants that are derived from solid and
liqUid wastes. The third category concerns discharges of contaminants that
are not related to wastes, and the fourth category consists of those causes
of groundwater contamination that are not discharges at all.

The variety and type of controls available for each category differ.
For example, some Category I causes may require a discharge permit, whereas
others may be controlled by restrictions on land use. Sources under Category
II may require satisfaction of specified construction standards, such as the
li ning of landfi lls and the installation of leachate collection systems. Guide·
lines and manuals (e.g., tons/lane-mile limits on highway deicing salts) may
be the only tools available for dealing with Category Ill. Special types of
regulatory control s are ava il able fo r the causes of groundwater contamina·
tion listed under Category IV. An example is the current system of ground
water diversion applications and hearings emploYed to minimize saltwater
encroachment. Another is the continued licensing of drilling contractors
in order to upgrade waterwell construction practices.

The protection of groundwater quality involves both the elimination or
mitigation of exist ing problems, and the prevention of new ones. Control
needs will va ry depend ing upon the nature and location of the source of
pollutants, and upon the prevailing background or baseline conditions.

In the case of an established industrial source, the imposition of efflu
ent controls and moni toring to assu re compliance may be the best approach.
Where the pollutant generating activity is a necessary one that is not readily
controlled by traditional permitting systems, as in the case of landfills,



TABLE 1-1
CLASSIF ICATION OF SOURCES AN D CAUSES OF GROUNDWATE R

CONTAMINATION USE D IN DETERMINING LEVE L AND TY PE OF CONTROL

relocation to an area where the aquifer is already degraded, and no longer
used for water sLlpply, may be appropriate. The prevention o f degradation
In rela tively pristine areas may requirE: a man age ment program that employs
a combination of land use and other non-point source co ntrols t o prohibit
or severely restrict the development of potential pollutant sources.

1.4.2 Surface Water
1.4,2.1 Major Uses. Surface waters on Long Island provide a variety of

beneficial uses. Fresh waters, including streams and la kes, are used for aesthe
tic enjoyment, swi mming, fishing and boating. Marine waters, including
bays and estua ries, are used for both commercial and recrea tion al purposes.
Shellfishin9 and fin fi shing are majo r comme rcial enterprises in bays and
estuaries. Recreational use includes shell f ishing, sportfishing , swimming and
boating. In addition, the assimilation capacities of surface waters may allow
their use as a major receiving system for waste disposal.

In recognition of th e variety of, and sometimes com peting, beneficial
uses, Long Island marine waters have been classified by the New York Stat e

Department of Environmental Conservation as to their potential best usage
in th e public in terest .

The New Yor k State Department of Envil'Onmental Conservatio n
classif icat ion of best usages for marine waters, in decreasing order of water
quality requirements, comprises the following four classes:

SA Waters suitable for shellfishing for market purposes and primary 1

and secondary2 contact recreat ion .
SB Waters suitable for primary and secondary contact recreation

and any othe r use exce pt shellfishin g for market purposes_
SC Waters su itable for fishin g an d all other uses, exce pt for primary

contact recreation and shellfishing for market purposes.
SO Waters not primarily su itable for recreational purposes, shellfish

culture, or development of fishlife and which cannot meet t he
requi rements of these uses.

Notes 1. Primary contact recreation means activities where the body
may come in d irect contact with raw waters to the point
of compl ete submerge nce (e.g" swimming, di ving, water
skiing, skin div ing and surfing).

2. Secondary contact rec reation means activities where contact
with the water is minimal and ingestion of water is not
probable (e.g., fishing and boating).

These specific uses are dependent upon naturally functioning marin e
ecosystems whi ch are commonly characterized by a number of wate r quality
para meters. Two maj or parameters are dissolved oxygen and coliform bacteri a
concent rations. Adequate dissolved oxygen is essential to the growth and
reproduction of finfish and shellfish. Dissolved oxygen is also required in the
natural decomposition of organic wastes. Current public health standards call
fo r low coliform bacteria concentrations since the presence of such bacteria
is regarded as an indication of potentially pathogenic contamination due to
h uman or animal wastes.

1.4.2.2 Existing Quality . T he ti dal flu shing of Lon g Isl and 's North
Shore bays is substantia lly greater than in the South Shore bays o r the
Peconic Estuary . Because of the greater tidal range in Long Island Sound, a
parcel of fresh water or waste discharged to a North Shore bay will be flushed
out within one to three days, whereas from one to three months may be
required in eastern Great South Bay.

The dispersion and flushing of pollutants within any bay is genera lly
maximum fo r discharges near th e in let and decreases with distance away
from t he inl et . Localized po lluti on problems ~Jen e r al ly exi st where streams
or municipal waste discharges enter a bay at a point well away from the
inlet .

Within each bay, constituent concentrations are modified by bio
chemical processes. T he parameters of primary concern, wh ich reflect the
net result of co m plex processes, are coliform bacteria and disso lved oxygen

Airborne pollution

Water well con
truction a nd
abandonment

Saltwater
intrusion

Category IV

Causes of ground
water contamina·
tion that are not
discharges.

Fertilizers and
pes ticides

Product sto rage
tanks and pipelines

Spi lls and incidental
discharges

Sand and gravel
m ining

Highway deicing
and salt storage

Category III

Systems, facilities or
sources that may
discharge or cause
a dischurge of con
tam !nants tha t are
not wastes th e
land and ground
waters.

Animal wastes

Sanitary sewers

Landfills

Category II

Systems, facilities or
sources not specifically
designed to discharge
wastes or wastewaters
to the land and ground·
water' s.

Industrial waste
discharges

Stormwater Cemeteries
basin recharge

Incinerator Quench
water

Diffusion wells
(heatl

Scavenger waste
disposal

Domestic on-site
waste dispoal
systems

Sewage treatment
plan t efflue nt

Category I

Systems, facilities or
sources designed to
discharrle waste or
wastewaters to the
land and grou nd·
wal ers.
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concentrations, Levels of these constituents have been established for each
bay system by the New York State Departmen t of Environmental Conse rva
tion . In addition to these parameters, sa linity levels, and the concent rations
of non-point sources, are a majo r sou rce of con tam inants to th e surrounding
marine wate rs, The d egree of contamination derived from a particu lar stream
w ill depend upon t he volume of streamflow, the ,ate and deg ree of po ll utant
input, and th e degree of mixing of stream and bay waters_ Othe r so urces of
marine surface water contamination include pointsource discharges from
sewage treatment plants, subsurface inflow from groundwater, discharges
fro m boa ts , and inputs from adjacent marine wate rs. In any particular bay,
the d egree of contamination attri butable to those sources depends upon the
rate of inpu t of the pollutant and its rate of removal from the system by
physical and biological processes.

1.4.3 Management O ptions
1.4.3.1 Int rod uction. There are many appro aches that ca n be uti lized

to manage th e ground and surface water quality problems of the Bi -co unty
Region, The more traditio nal type of program has reac ted to existi ng water
quality problems by constructing facilities to ameliorate them . Less tradition
al approaches are to gu ide growth and to develop various types of programs
w hich preve nt water quantity or quality probl ems from occurring or to
develop solutions whic h do not include facilities. The form er approach can
be defined as a structural set of solu t ions while th e latter approach is non
structural in nature. The recommendations of the 208 include impl ementa
ti o n of both types of p rograms,

The 208 has identified and eva lu ated numero us opt ions and approaches .
In some cases, only genera l evaluations could be performed while at other
times, detail ed studies were possible. However, th e intent throughou t has
been to identify a viable set of options, both structu ral and non -st ruc t ural ,
which should be studied in deta il in more localized studies. Th is is the key
t o th e relationship between 208 and the more detailed studies (e.g" 201
Faciliti es Plans) in the Nassau-Suffo lk area. Th e 20 8 must identify the struc
tural and non -structural alternative approaches wh ich are viable on a regional
level. The more detailed local stud ies must start with th e regional ly satisfac
tory options and scree n tnem as to their applicabi lity at the local le vel.

1.4 .3.2 Structural Approaches . The structu ral approach to wastewater
management begins with collection of the waste. Water carriage has been and
will continue to be the method of waste transpo rtation in the Nassau-Suffolk
Region for all wastes except certain spec ial hazardous wastes. Sewers will be
used whether the wastes are conveyed to large regional fac ili ties or to sm all e r
local or sub-regional plants. Mod ifications such as pressure o r vac uum systems
may be used in local situations.

The 208 Program has anal yzed alternative coll ect ion concepts and has
determined that vacuum and pressure col lection systems should be eval uated
in local studies. The comparison to tradit ional gravity collection shou ld be
m ade on the basi s of construction cost, opera tion and mai n tenance costs

and o n ope rati onal re liability . A concern of the 208 is the energy consump
tion , on a continual basis, of pressure or vacuum systems. As energy costs
con ti nu e to increase, and as energy resources become increasingl limited,
vac uum or pressure collection systems become increasingly less attractive ,

St ructu ral t reat ment options are generally grouped according to the
types of wastes that they process. Domestic sewage, for example, is one
type of waste, in d ustrial waste, another. A number of processes, both biologi
cal and phys ical/c hemical, are ava il able for the treatment of domestic sewage
(activated sludge, activated carbon filtration, etc.) and other systems have
been proposed or t ried on an experimental basis (e,g., spray irr igation, marsh
pond system, etc.). It is worth not ing that all biological systems, including
co nve ntional biological treatment as well as spray irrigation and marsh·pond,
are variations on a single theme, diffe ri ng in design details such as scale,
layout and treatment efficiency .

Ind ustrial liquid wastes can be divid ed Into two catego ries: toxic and
non-tox ic . The non-toxic wastes can be handled in the same manner as
domest ic sewage. The toxic wastes are almost exclusively handled by
physical !chemical treatment processes.

Sto rmwater runoff is diff icult to treat by structural approaches be
cause of high and varia ble flow rates. Sedi mentation and disinfection may be
feasi bl e options.

The 208 Program has in vestigated various treatment options and has
determined that t wo of the newer concepts should be tested In a situat ion
where th e processes wo uld receive no more than normal operating attention .
The ma rsh-po nd treatment process wi ll be tested by Suf folk County a t the
Village of Gree npor t sewage t reatment plant site (1978 funds approved).
Although design procedures and cri te ria w ill be o bta ined duri ng this test,
normal operation by pl ant perso nn el rather than control by an engineering
staff will be used . S imilar'ly , impro ved sept ic tank systNIlS , which d e-n itrify
the waste, should be tested in a small development. Once these systems have
operated satisfactor'il y through all seaso nal co nd itions, and procedures for
design and implementation are obtained, their use as potential alternatives to
conventional systems can be co nsi d ered .

T he treated effluent and sludge , which includes domestic industrial
and haza rdous wastes, m ust be di sposed . The no rm al disposal methods fo r
t reated effluent are sea or bay disposal , recharge to the ground, stream
augmentatio n or land surface app lication . The options avai lab le for slud ge
disposa l include barging, various types of incineration and land disposal
eithe r on Long Island or outside the area , EPA regulations, ho weve r, call
for the cessation of ocean dumping of sludge by 1981. The selection of
any of these disposal techniques depends upon the toxicity of the waste,
cost -e ffecti veness and the degree of desired protection of ground and surface
water q uality.

1.4.3.3 Non-Struct ura l Management Options. Non-structural manage
ment options identified in th is Progra m relate to the control of pote n tial



sources of poll ut ion . They may be categorized as follows:
a. Options to prevent the establishment of sources
b. Options to better manage existing sources
c . Options to el im inate existi ng so urces.

Land use controls can be used to ' prevent new sources of pollution
from aris ing. An activi ty may be prohibited, or it may be permitted to
devel op in a controlled manner consistent with environmental object ives.

Good management practices can m in imi ze pollution d ischarges. Fo r
exa mple, in areas of low soil pe rm eab ility, se ptic syst ems may malfunction as
a result of septage not being periodica lly pumped from the ta nk. Hence an
appro priate management policy may be to require pu mping accordi ng to a
formally required procedure. Likewise, wastes fro m domestic animals on
streets and highways may ccnstitute a majo r so urce of contamination in
storm dra inage wat er. A non-structural option may be t o prohibit litteri ng or
to require owne rs of dogs not to all ow the ir dogs to defec<ne where water
pollLJtion m ight result. Regu la r sweep ing of streets would also limit th e
amount o f pollutants transported in stormwater.

Another management practice that may be particul ar ly relevant to
Lo ng Island is to encourage the use of ferti li zers and pest icides at leve ls
not e xceeding the requirement s of cultivation. Thus house ho lde rs cou ld
be encouraged to adopt "l ow ma intenance" methods of cu ltivating lawns
as opposed to growing species of grasses that demand high levels of water and
chemicals fo r th eir maintenance .

If use of inorgan ic fertil ize rs by househo lders were to be banned
ou tr ight, the ban wo uld constitute an exa mp le of the total el imin atio n of
a po ential so urce of contam ination. Such bans are d iff icult to im plement.
However, Suffo lk County's recent p rohibition of the sale o f non·biodeg rad
able synthetic detergents is an exam ple of a successful management attempt
to eli minate an (~xisting pollu tio n source. Likew ise the prohibiti o n of chron
ica lly toxi c and persistent pesticides such as DDT has begun to reduce th e
levels of th ese chem ical s in th e environme nt. Simil ar ly, certai n organic
materials should also be controlled . The substitution of less harmfu l mate rials
in place of such o rganic chemicals may provide a partial, non-st ructu ral
solution .

1.4 .3 .4 Legal/ Institutional. Another set of possible management op
tions dea ls with the formu lation of legal and insti tutiona l programs. T hese
types of approaches m ight inc lude:

- strengthening of existing laws or regulat ions
-enact ing new laws or regulations
-rest ructul"i ng of existing county and town level agencies
- establishment of new age ncies
-eliminat ion of exi st ing agencies
-redefini tion of responsibilties.

The thrust in these types of management options is to ensure that
pro per regulato ry power ex ist s, that regulation and operation of facilit ies

do not confl ict, and an adequate system of monitoring and control is avail 
able.

An institutional approach recognizes that improvements can be made in
the administration and implementation of water quality management pro
grams. It recognizes the need for improved communication between operating
agencies and for a clear definition of responsibilti es .

1.5 Summary
Nassau and Suffolk Counties together form a regio n of about 1,200

sq uare mil es, having a to tal of more than 1,000 miles of ocean and bay
shorel ine, lakefront and river edge. The area's subsoil is mostly sandy, and
groundwate r is the sole source of potable water. Precipitation ave rages 44
inches per yea r, of which approximately one-half is lost to th e atmosphere
and to the surface waters by evapo-transpiration and runoff .

Long Island 's environment possesses a particular impo rtance, because
the area is an important place of resort for vacationers and sportsmen of
all kinds. Its waters and marshes abound in shellfish and finfish of many
varieties, and its coastline offers esthetic pleasure to many.

The quality of this environment, howeve r, is beginning to suffer from
problems due to growth . In areas of more intense deve lopmen t, marine water
quality is deteriorating from the discharge of excessive quantit ies of nutrients.
Beaches and shell fi sh ing areas have been closed to the public because of
bacterial contamination. In certain locat ions, heavy pumping of groundwater
and the installation of sewers with disposal to marine surface waters have
ca used a permanent drop in th e water table, with the resulting drying up of
parts of streams. Groundwater q uality, in part s of the Reg ion , has been
deg raded by pollutants from excess ive ferti li zer application , the recharge
of domestic and industria l wastes, landfill leachate and stormwater recharge.

The dangers of uncontroll ed development have been recognized for a
long time , and the Nassau-Suffolk Regional Plann ing Board issued a Compre
hens ive Land Use Pl an in 1970. Since then, Congress has recognized th e
need for more detail ed st udi es of wate r pollution prob lems in many areas,
and, in 1972, passed the Fede ral Water Pol lutio n Control Act Am endments.
Under Section 208 of th is act, funds have been made available to study the
Reg io n 's waste disposal and water supply problems, and to dev ise a plan for
t heir solution.

The plan wi ll include a combination of many ma nagement optio ns,
which can be categorized und er t he follow ing t h ree headings:

a. Structural , e.g., th e installation of co llection and t reatment
systems, etc.

b. Non-structural, e.g., passing ordinances for the control of
animal wastes, instituting special pract ices for minimizing
runoff at construction sites, ca rryi ng out publ ic education
prog rams concerning th e correct use of certain materials in
agricul t ure and in the ho me, and so on.

9
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c. Legal/Institutional, designed to improve the administration and
implementation of wate r qu ality management programs.

Some of th ese options wi ll have areawide applicabili ty, others w ill be

determined by the specific needs of each locality . In combination, they will
protect the Bi-county Reg ion's esth etic and recreat ional values, and ensu re
a healthy and adequate water supply for the foreseeable future .



Section 2 Assessment of Conditions

2.0 Introduction
1,200 square mile Nassau-

cou nties' location
and by the historic trends that

Island during the more than
CtYIOrlial eottle.m emt< establ ished in the east

Island
the transport of fann

The construction of the
nir1et1eerlth century provided impe'

eSlabdlshn1(H1t of new settlements
aware of the recrea-

shores. to come
developments that

In such places as Long
Had10[ and Hunting-

still semi-rul'al Nassau
,petrl,m,',' In proximity to the railroad

eally twentieth century
Island and further spur red

North Shore, main line and South
Nassau and Into western Suffolk.
the 1920's, wealthy people pur·

mansions. and private clubs
of t he North Shore area from Great

Coast. Others established similarly luxuri-

ous weekend or vacation retreats in scattered locations along the Sout h Shore
or built summer in the seasonal "Gold Coast" colonies in the
Hamptons. The less affluent acquired small parcels and built cabins or tiny
cottages in the presumably healthful wooded areas around Lake Ronkonko
ma and along the moraine or in such shorefront communities as Bayvillr:, San
Remo, Babylon, Lindenhurst and Mastic Beach.

As early as the mid 1920's, Increased mobility provided by the auto·
mobile permitted the expansion of older settl ements. However, the Great
Depression and, thereafter, World War II new construction

a virtua l standstill and set the stage for the explosive that to
follow the end of hostilities.

Comrnencing in the late 1940's, new household forma t ions and a back-
of unsatisfied needs unknown of

construction activity, first central and eastern then in western
Suffolk. Increased brough t need expanded
and pl'ovided skilled labor force for Island defense and high

industries. Farms and woodlands, older homes and gave
way to the sch ools and un iversities, the off ices, sto res and shopping centers
that accompanied eastward spread of residential development.

By 1975 had just about in Nassau and had slowed
markedly in western Suffolk. to the most recent estimates,
than two percent of the land of Nassau and about 30% of the land
area of Suffol k remains vacant. Approximately 95 percent of the vacant
land in Suffolk is in Brookhaven and the five eastern towns, The Census
Bureau's line indicating the eastern limit of the urbanized area located
In central Brookhaven 1970, but has now redl'awn incl ude Long
Island's most rapidly areas in central and eastern Brookhaven.



2 .1 Land Use in the 208 Planning Region
2.1 .1 Summary of Existing Land Use Patterns
2.1.1.1 General. The informat ion on exi sting land use , w hich has been

furnish ed to th e 208 consultan t s in considerable area-spec ific detail, was
o bta ined by updat in g o lde r land use maps th rough th e use of aerial photo
gra ph y, office records and, where necessary, f ie ld chec ks. Com pu ter ized
tabulations of land use on a 1440 acre grid ce ll basis are availab le at the
Planning Board. Ta b le 2- 1 presents a summ ary o f th e land use data, as of
1975.

Table 2-1

More than three-fo urt hs of t he land area in the 20 8 Planning Region
is bu ilt up o r o th erwi se committed , with 44. 5 percent in resi d enti al and 3 1.7
percent in non· res idential uses. T he latter category includes agricultural uses,
which occupy about 5.8 pe rcen t of the bi-county acreage. Virtually all of
th e agricultura l lands are located in Su ffol k Cou nty , w hic h h as u nde rta ken
a mu lti -m illion d o ll ar p rogram t o preserve at least two-thirds of the ex isting
fa rm land through th e purchase o f d evelopment rights.

There is li ttl e , if any, oppo rtu nit y to affe ct wa te r qu ality or th e need
fo r sewer co nstructi o n throu gh cha nges in proposed land uses in Nassau

THE NASSAU-SUFFOLK 208 AREA : PERCENTAGE OF LAND AREA IN VARIOUS USES, BY TOWN AN D COUNTY , 1975

RESIDENTIAL NON·RESIDENTIAL

0- 1/ D.U . Utili ty Total Total
High 5- 10/ D.U. 2-4/ D.U . per acre & Total and A gricul - Institutional Non· Land

Loca lity Density per acre per acre Low Density Residential Industry Commerce Landfill ttlre & Open Space Residen tial Vaci.:ult Area

Nassau

N . Hempst ead 4 .6 20.5 19 .5 25.5 70 .1 2 6 6.3 0 .3 17 .8 27.0 2.9 32,828

Hempstead 4 .1 56 .1 1.0 1.0 62 .2 0 .9 6.7 0.4 28.4 36.4 1.4 77,413

Oy ster Bay 1.4 19 .5 14.4 30 .4 65.7 2.8 3 .9 0 .4 25.4 32.5 1.8 69,275

County Tota l 3.1 35 .5 9.6 16.8 65 .0 1.9 5.6 0 .4 25.3 33.2 1.8 179 ,516

Suffolk

Huntington 0 .3 7.0 21.8 42 .5 71 .6 1.2 3.3 0.7 17.7 22.9 5.5 59,227

Babyl on 3.2 38 .4 9 1 50 .7 5.8 3 .6 2.3 33 .5 45.2 4.1 32,886

Smithtown 06 36 37.8 22.3 64.3 3 .3 3.4 0 .3 23.3 30.3 5.4 34,160

Isl ip 1.6 17.9 33.9 6.3 59.7 2.4 2.7 2 .9 28.6 36.6 3.7 63,909

Brookhaven 0.8 2.7 26 .6 11.4 41.5 0.9 1.4 2 .1 1.8 18. 3 24 .5 34 .0 163.366
Riverhead 0 3 0.5 42 5.6 10.6 0 .3 1.0 12.4 45.7 12.8 72.2 17.2 41 ,462

Sou thampton 0 .2 1.1 6 .0 7 .7 150 0.1 0 .9 2.1 12.6 9.0 24.7 60.2 87,100

Southold 0.1 0.8 7.0 6.1 14.0 0 .2 0.8 01 30 0 91 40 .1 45.8 30, 191

Shel tel' Islane:! 0 .9 3. 5 57 10.1 0.8 0. 3 0.4 4 .3 5.7 84.1 7,603

East HamplOn 0. 3 80 4.7 130 0.2 0 .5 1.8 3.4 17.0 22.9 64.1 46,4 16

County Total 0 .7 6 .3 18.9 12.2 38 .1 1.3 1.8 2 .5 7 .7 18.0 31.2 30.7 566,320

The Nassa u-Suffolk
208 Area 1.3 13.3 16 .6 13.3 44 .5 1.4 2.7 2.0 5.8 19 .7 31 .7 23.8 745. 836

(Percentages may no t to ta l 100.0 due to rounding)

Source: Section C of the Areaw ide Waste Treatment Management Plan .
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County. The townwide figu res suggest a sim ila r lack of opportunity in the
western Suff o lk towns of Huntington, Babylon, Sm ithtown and Islip. Th e
remaining Suffolk towns, sensitive to real or assumed water supp ly pro ble ms
and to other "quality of li fe" issues, have alread y moved to impose limits
on growth through changes in zoning.

2.1.1 .2 Residentia l Land Use. Gross residentia l densities genera ll y
decrease from west to east, with the highest densities in the Town of Hemp
stead and particularly in older Nassau commun it ies such as the City of Long
Beach and the Village of Hem pstead. The next h ighest dens ities are fou nd in
port ions of North Hempstead, souther'n Oyster Bay and southwestern Suffolk .
Lower densities are found in much of northern Oy ste r Bay, Hunti ngton,
Smith own and most of Brookhaven . The lowest dens ities are found in the
rema ining estate areas in northern Oyster Bay , in the extreme eastern part
of Brookhaven and in the five east end towns of Riverhead, Southampton,
East Hamp ton, Shelter Island and Southold. Resi dential densi t ies va ry greatl y
within rela tively short distances, tending to be high er in the older harbor·
related or rail-related comm un it ies , eve n in eastern Suffolk. Accord ing to
the 1970 census, densit ies ra nged from a high of 22.8 persons per ac re in t he
City of Long Beach to 0 .2 persons per acre in the Town of Shelter Isl and.

Most of the bi-county populat ion resides in single family detached
struc ures on plots of from 1/10 of an acre to severa l acres or mo re. The
1970 census revealed that 84.0 percent of the Region's inhab it an ts lived in
single family dwellings, 15.7 percent in multi -family uni ts and 0.3 pe rcent
i mobile homes. The percentage of t he popul at ion res iding in singl e family
Uf1lts was somewhat higher in Suffo lk , whil e the percentage in mul t i-family
units was somewhat higher in Nassau . Mobile home dwe ll ers were virtually
non-existent in Nassau and we re of local ra ther than county -wide sig nificance
in Suffolk

Land use studies d is t inguish five categories of residential use. Th e first
or most intensive category, high density, includes all developme nt at mo re
than ten housing units per ac re. In Nassau, the typical high density develop·
ment ave rages about 25 housing units to the acre ; in Suffo lk, about fifteen.
Highest densi t ies were found in h igh rise apartment areas in Lo ng Beach and
Hempstead Vill age, where they reach 200 and 100 housing units per acre,
respect ive Iy .

The second category, five to ten housing units per acre, is essentia lly a
single family detached or two fam il y category although It occas ionally
includes apartments in some of the Nassau com muni ties and a few recrea 
ti on ' related or sen io r citi zen condom iniu ms. AI"eas in th e five to ten housing
units pe r ac re category account for we ll over half of the res idential acreage in
Nassau, and slightly less than one-sixth of that in Suffolk.

The third ca tegory , two to four housing uni ts per ac re, like the zero
to one and the low density (estate or rural) categories, is a single family
dwelling category. It is a predominan t category in Suffolk where it accounts
for almost half of the residential acreage. Much of the newe r hous ing in t hi s

category has been built at two unit s to the acre. In many areas, sewe rs have
alread y been provided throu gh connections to exist ing systems or through
the constructio n of a sma ll coll ect ion system and treatme nt plant to se rve
a si ng le la rge deve lopment or gro up of deve lopments . In oth er areas sewers
are needed at present or may eventually be required. There appear to be
some locations where individual systems are functioni ng and may contin ue
to funct ion we ll eno ugh to meet relevan t pub lic hea lth criteria . In areas of
low dens ity, indi vid ual systems can be constructed so that regio na l ground
water qual ity will meet drinking water standard s.

The zero to one housing uni t per acre category and the low densi ty
category acco un t for sl ightl y more th an one- fou rt h of all res identia l acreage
in Nassau and sl iQhtlv less than one-third of all residential acreage in Suffolk.

2.1 .1.3 Non-Residential Land Use . The original tabulations, which were
furn ished to the consultants, Iist ed eight non-res ident ial land use categories:
industr ial , comme rcial, inst it ut iona l, utility, open space, la ndfi ll, ag ricul ture
and duck farm. For pu rposes of t he summary tabl e, the acreage reported for
landfill s has been combi ned with that reported for utili t ies . The uti lities
ca tegory inc ludes power plants, waste treat ment and water supplV faci liti es,
radio and TV t ransmi ssion sites and tra nspo rtat ion fac ili t ies. The acreage
report ed for duck farms has been combined with that for al l other agri cul
tural uses; the acreage reported fo r insti tu t ional uses has been combined with
that for open space uses . The latter category inc ludes ac reage for parks,
conservation areas, private clubs or other recreation facilit ies, and cemete ries.

Industrial uses occupy o nly 1.4 percent of the land area in the Region;
1.9 percent of the land area in Nassau and 1.3 percent of the land area in
Suffol k. Although some ma nu facturin g operations are located in older mixed
use areas , increasing numbers of them are concent ra ted in industria l parks or
strip developments, close to the Long Island Expressway, or along several of
t he ma jor north-south highways.

Com mercia l uses , amon g the m reta il and servi ce establ ishments, offices,
restaurants, marinas and warehouses, occupy nearly twice the area occupied
by industr ial uses in the Reg ion as a who le; three and one-half times the area
occup ied by indust ri al uses in Suffolk. Commerc ial uses are found in a variety
of locat ions-in o lde r d9wn towns, in str ip and mixed use roadside deve lop
ments, and in neighborhood, community and regional shopping centers.
The Garden City - Hempstead Vill age- Roosevelt Field area encompasses the
greatest sing le concentrat io n of commercia l activity in Nassa u County. Small
er concentrations are located along Northem Boul eva rd from Manhasset to
Roslyn; along Sunri se High way, east to Patchogue ; and along Route 110 from
the Walt Whitman Shopping Center south to the Lo ng Island Expressway.

Utilities and landf ill s account for 2.0 pe rcen t of t he acreage in the 208
area; 0 .4 percent of the acreage in Nassau and 2.5 percent of that in Suffolk.
Nearly all of the power plants and major sewage treatment facil iti es are
located on shorefron t sites in bo th counties, whil e wate r supply, communica
t ion and transporta t ion facilit ies, and landf ills are usually located on inland
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parcels. Al t hou gh most uses in th is catego ry are unevenly distributed through
out the Bi-county Reg ion, th ere is at least one la ndf ill in each of the thi rteen
towns . The larger la nd use rs in the ut ilities catego ry , th e communicat ions
transmission sites and the ai rport s, are a ll located in Suffo lk, wh ich lis t ed
more than twenty ti mes the Nassau acreage in th is category_

Ag ric ultu ra l land use repre sents a shrinking, but nonetheless important,
category in Suffolk County and in the Region . It accounts for 5 .8 pe rcent
of the land area in the Regio n and 7.7 pe rcent in Suffo lk County . Th e fe w
rem aining agricultura l e nterprises in north eas tern Nassau Cou nty are gene ral ly
sm all scatte red operations special iZing in nurse ry crops or pl'Oduce for local
sa le and consumption. Estimation techniques preclude separate id enti ficatio n
of such uses .

Ninet y pe rcent o f th e fa rm ac reage in Su ffo lk is 10c£lte d in three tow ns:
Ri ve rh ead, Southold and So u t hampton . The major u pland cro ps are potatoes,
cauli fl ower, sad a nd nu rsery stock . Ducks are rai sed at water front locations
in Brookhaven, Riverhead and Southampton .

The last no n-resident ial ca tego ry comprises two major grou ps of land
uses : institutional uses and open space. The in sti tut io na l uses include
churches, schools, hospitals, governmental buildings and other public or
qu as i-public establishments. The open space uses include parks, parkways ,
prese rves, private rec rea tion al facilti es, and ceme teri es. T he combined inst itu 
tion al-ope n space catego ry accounts for almost one-f ifth o f th e land a rea in
th e Region as a whole; a somewhat h igher proportion of th at in Nassau and a
somewhat lower proport ion of t hat In Suffolk. Institu t ional uses occu py
abo ut one- fourth of th e acreage in thi s cat egory. Small institut ional use s
a re d ispersed throughout the two county area . Majo r educational facilit ies,
many of them located on fo rm er estat es, occupy la rge si t es in northern
Oyste r Bay and northwest Brookhaven, w h ile a research facility, th e Brook 
h aven National Laboratory , and a nuclear generating plant, now unde r
const ruct ion , occupy some al'eas in northe ast e rn Brookhaven . New York
State is gradually phaSing o ut operations at th ree sizeable De partmen t o f
Mental Hyg iene hosp ita ls in Suffolk: Kin gs Park , in Smithtown; and Pilgrim
and Cen tral Islip, in Islip. Some land h as already been sold o ff or transferred
to local government fo r o th e r uses, and it is e xpected that eventually New
York State will pa rt w ith most or al l of the rema in ing ac reage.

Open space uses occupy about three -fo urth s of t he acreage in th e
comb ined inst itutional -o pen space cat ego ry . AI though the greater pa rt of th e
open space acreage is in Suffol k County, the more intensively used recreation
areas are in Nassau Co unty. For the most part, the larger Nassau sites are at
in land locat ion s; t he larger Suffolk sites a re on th e shore or in strea m co rr i
dors . In bo th count ies public and private e ffo rts to preserve wet lan d s and
stream va ll eys have resulted in th e comm itmen t of extensive acreage to con
servat ion and other open sp ace use . (See Figu re 2- 1 in the Map Sect ion. )

2.1 .2 Projected l and Use Pa tterns. Th e Nassau ,Suffo lk Comp rehens ive
Pla n sets forth priorities for rat io nal soci al a nd econom ic deve lo pment of

Long Island th at are compatib le with the existing natural environment. The
Pl an, which was original ly completed in 1970, was amended, in part, during
1976 and 197 7. Th e revisi ons reflect new env iro nme ntal kn owledge and
concern . Th e 1976 and 1977 amendments affected the wa tershed of the
Peconic River, easte rn Great South Bay, and Moriches Bay. These are indica
ted in the 1995 Revised Land Use Plan_ It is anticipated that furtl l er revisions
will be made as JI1creased kn9wledge and chanqed conoitions dictate. The
Plan is a reg iona l one th at IE)I,l tes the am ou nt of ian d that is zoned for cate ·
go ries such as incl ustr y, housing and commerce to the amount of land that
will be ne eded for these purposes. The primary goal of the Nassau -Suffolk
Comprehe nsive Plan is to develop a series of conidors, clusters and centers
throughout the Bi-county Relli on_ The 1110St valuable recrea tio n land is a t th e
w aterfron!. and t he bes t iocatlon for hous ing is adjacent to this recreation
land. The most logical location for industry and other development is along
the ce nt ral spine o f the Island, which would put it in prox imity to the major
tnmsportation facilities. The use of the corridor concept means th at the
h igh es t in ten si t y use s wou ld be equ id ista nt from the No rth and Sou th Shores.
The cl evelo pment of high intensity uses in this central corridor would mini
fTliz e the need fOI- such uses in coastal areas, hus a1l0roin9 some protection
to the sensitive shore edge in Nassau and Suffolk Counties_ The recommenda
tions fo r industry include a stip u lati on that the use of acces sible si tes alo nf]
major highways and railroads be rese rved to meet the neeos of both counties.
The corridors along the shorefron would be primar ily rese rved for water
related recrea t ion and low density residential development and, on the
eastern forks , for ag ri cu lture and fishing. The Plan makes a number of recom
mendat ions re l at in~l to "esiden tial den sit ies. It p ro vid es fo r the lowes t d enS ity
al ong the shore, w ith an increase towards the central transportation corridor.

Land for parks and conservation has been accorded a first priori ty in
the Regiona l Pl an. T here are many sites that must be preserved in order to
provid e ad equate recreati ona l o pportu nit ies fo r e xist ing an d futu re res iden ts,
or to protect th e e nv iron menta l resources from th e degradation that could
res ul t from impro per development.

The Plan recolllme nos the use of clustering techniques, a most effective
tool for open space preservat ion at min imal cost to the community. Cluster
1n~1 a llows for the const ruction of a m ix town house s, apartments and
single family d etached houses, while maintaining the permitted density for
th e development as a w ho le. T hrough the use of clustering adjoining develop
ments, extensive open space systems can be developed, thus retaining land
that is best left in an undeve loped state. Th is lan d IS val u able for watershed
protection and preservation of sites o f particul a r scen ic beauty or ecological
significance. It also provides sites for certain recreational uses. The clustering
tech ni qu e a lso a ll ows a reduction in utility costs such as those for water lines
a nd sewers, an d a red uct ion in other- publ ic expenditures for road construc
tion a nd main t enance.

Th e Pl an recommendat ion for centers is a combination of preservation



and more intelligent use of developable land. There are proposals ror new
centers to be located only in the portions or the Island that are presently
undeveloped and where it is not possible to expand existing small concentra
tions of non-residential uses. A significant part of the new economic activity
should be concentrated in older central business districts that have extensive
community facilities but are losing population and importance in their
section of the Region. Other locations should be extensions of small husiness
districts that have a nucleus of community services.

The Plan accords a high pl' iarity to land for apartments, since changing
age patterns and family structure indicate a demand for this type of housing.
It is recommended that many of the new apartments be located in older
business districts where rebuilding and increased densities would stimulate
revitalization, encourage greater use of mass transit and utilize ex isting
services.

The Pla n proposes to locate as Illu ch new commercial and offi ce space
as poss ibl e In th e eX isting CI:H1tr" a I b usin ess d istr icts. Location o f new bu siness
act ivit y in t he olde r dow nt owns wou ld pet'mi t thl' use of ex isting fra -
struC(l.II'E; would reduce som e of the pressu re o n t he re mai n
land .

The 1995 Plan envisions a Region in which more than three-fi fths of
the acreage is used for residential purposes and less than two-fifths for no n
residential purposes, including farming . It is assumed that, by 1995, all of
Nassau,Suffolk will have been committed to one or another land use, and that
there will be no vacant land. Such an assumption does not preclude further
development, which may occur through the sub-division of large estates or
non-residential holdings, through in-filling in established residential and com
mercial areas, and through clearing and redevelopment of older areas. Table
2-2 presents a summary of the proposed 1995 land uses.

Implementation of the Plan as revised will result in an increase in
residential land use of slightly more than two percent in Nassau and of more
than 59 percent in Suffolk, and an increase in non-residential land use of
just over one percent in Nassau and of 26 percent in Suffolk.

In Nassau, almost all of the increase in residential acreage will be in the

ten dwelling units or more per acre category, while in Suffolk, approximately
two,thirds of the increase will be in the less than one housing unit per ac re
category and the low density category, and over one-fourth will be in the
two to four hOUSing units per acre category .

Of the ve ry smal l inc l·ease in acreage devo ted to non, resi d en t ial uses in
Nassau , t h ree-f ifths will be in industrial , o ne fift h In in sti tutiona l and
o pen and one-fifth in com me rcia l Of t he m uch larner Increase in
11 011- I'e sid entl a l aereafje in Suffolk, just o ve r fou r-fifth s wi ll be in in st it ution a l
and open space, about three-twentie ths in com mercia l, an d less t h an one
twentieth in industrial uses, The nu mber o f acres in ag ri cul tural use wi ll
decline, but will still account for more than six percent of the tota l in Suffo lk
County and somewhat more than 37 percent and 25 percen t o f t he total in
Towns of Riverhead and Southampton respectively. (See F igu re 2-2 in th e
Map Section.)

2.2 Poll utant Sources
2.2 .1 Po in t Sources, Point sources include all discharges from domestic

wastewater treatment plants and from those industries which do not dis
charge to a municipal system but operate their own treatment facility. The
land, the ocean, and the intervening bays all receive waste dischar!jes directly
from point sources, Table 2-3 indicates the quantities of industria l and
domestic wastes being discharged in Nassau and Suffolk Counties. Although
the numbers of industrial and domestic plants are similar, domestic flows
exceed industrial by a factor of 40. 1

The major pattern of discharge differs markedly between Nassau and

Suffolk. Nassau, being the more heavily sewered, and having all major treat
ment plants located near the shore, discharges 98 percent of its t reated
wastewaters to the surface water. Suffolk, however, discharges approxi ma te ly
the sa me amo u nt to the land as to the bays, The quantity of was tes bei ng
t reated a lso dif fe rs significa ntly, wi th Nassau treati ng i:l to ta l o f about 107
MG D compaled t o Su ff o lk 's 16 MG D. It sh ou ld be noted tha t o perati ons
of t he Southwest Dist r ict Se wage Plan t are sc hed uled
me nee in 1978 It IS ant ic ipa ted t hat flow from t h is plant w ill add 30 MGD to
the Su ff olk County surface water disc hat'ge s by 1986 ,

Alt hough greatly outweighed by d omestic volumes, industrial w astes
have created significant localized degradation, especially to the grou nd water
resource . Recent well pumping cutbacks in both Nassau and Suffolk have
been related to ol'ganic industrial discharges (e.g., halogenated hydrocarbons),
Leachate from landfills, septic system cleaners and other home p roducts
have also been cited as possible sources of contamination. The lack of hist ori
cal data on trace organic chemicals makes quantification of this problem
ex tremely difficult.

Pollutants from point sources include oxygen-demanding subs tances
(BOD , COD), micro-organisms, heavy metals, organics , suspended solids and
nutrients . For discharges to groundwater, nitrogen compounds and organic
chemicals receive the most attention, although localized proble ms may ex ist
with any of the contaminants listed. Modeling and a her studies of the
reaction of the ground and surface water to these pollutants have indicated
t hat, for discharges to' bays, nitrogen and bacteriological pa ramete rs are of
primary im portance , Analysis of marine water quality has shown that cont ra
vent ion of the d issolved o xyge n standard is ge ne rall y caused by the resp it'a '
ti o n of excess al gae , The most fe asible means of reducing d isso lved oxygen
stand ard s co ntravent ion is t o lim it al gal prod ucti on t h rough limi ta t ion of
the nutr ient element, nitrogen. Nit rogen is thus a key water q ual ity parameter
whi ch is co mm o n to bot h groundwate r and su rfac e wate r and there fore is
selected as a po ll u t ant ind icato r.

T he d esignation of nit rogen as t he prime water quali ty indica to r u nder
consid e rat io n in t his study is based upo n th e fo llowi ng:

1, The presence of nitrogen in all its forms, but par t icularly as
nitrate, in both ground and marine waters correlates di rectl y
with the level of man's activit ies within the affected areas.
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T able 2- 2

THE NASSAU·SUFFOLK 208 AREA: PERCEN TAGE OF LAND AREA IN VARIOUS USES, BY TOWN A N D COUNTY , 199 5

RESIDENTIAL NON·R ESI DENTI A L

Locality
H igh

Density
5-10/D.U.

per acre

0 - 1/ D .U .
2- 4/ D .U. per acre & Total
per acre Low Density Residentia l Industry Commerce

Ut i l ity
and

L andtill

Total
Agr icul· Institu tional Non ·

ture & Open Space Resident ial Vacant

Tota l
Land
Area

Nassau

N. Hempstead

Hempstead

Oy ster Bay

County Total

Suffolk

Hunt ington

Babylon

Smithtown

Isl ip

Brookhaven

R rverhead

Southampton

Sou thold

Shel ter Island

East Hampton

County Total

The Nassau ·Suffolk

208 Area

6 .0 20.9 19.5

5.5 55.9 1.0

2.6 19. 7 14 .4

4.4 35 .6 9 .6

1.6 7.1 2 1.8

5.3 38.0 9.0

1.3 4.3 39.1

2.3 18.4 342

1.8 5 1 36.7

0.7 1.0 9.3

0 .4 2.0 14.0

0 .6 1 0 20.0

1. 2 81

0.1 0.3 15.0

1.5 7.2 24.9

2 .2 14.0 21.2

255

1.1

30 .4

16.8

43 .4

22 .3

66

23 .4

13.0

44. 1

27 .8

520

46.3

27.1

24.6

71 .9 2.7 6.9 0.1 18.4 28.1 32.828

63 5 1.1 6.8 0.3 283 365 77,4 13

67 .1 3 .1 4 0 0 .3 25 .5 3 2.9 69,275

66 .4 2.2 5.7 0 .3 25.4 33.6 179,516

73.9 39 3.6 0 .5 18.1 26 .1 59,227

52 .3 6 .9 3.6 2 1 35. 1 47 .7 32,886

67.0 5 .3 3.4 24.3 33.0 34.160

61 .5 3 5 2 .8 3.0 29. 2 38.5 63,909

67.0 3.1 1 .9 1.5 0.5 26.0 33.0 163,367

24.0 1 .5 1.5 12.3 37 .3 23.4 760 41,462

605 0 .8 1.7 2. 5 12.1 22 .4 39 .5 8 7,100

48 .4 0.4 1.6 2 .0 24.6 22 .0 50.6 30,191

6 1.3 1 .5 0.1 0.4 36.7 38.7 7,603

61.7 06 1.4 1.6 3 .4 31.3 38.3 46 .416

60 .7 2.7 2.2 2.5 6.3 25 .6 39.3 566,32 1

6 2.0 2.6 3.1 2.0 4.8 25.5 38.0 745.8 37

16

Source: Section C of the A reawide Waste Trea tment Management Plan

2. A nume rica l standard not t o exceed te n milligrams per li te r as
nitrate ni t rogen m ust be met for al l d rin ki ng wa te rs sup plied to
th e consumer.

3. As noted above , t h e presence of excess nitrogen in t he m arin e
rece ivin g wate rs is a cause of eUtl'oph ication and att endant con·
traventio ns of t h e d issol ved o xy gen standa rd .

4 . The determinat ion of n it ro gen is an accura te and fa irly rapid
and st ra igh tfo rwa rd an alytical p rocedure .

5. A great deal of h istori ca l d ata ex is ts re lative to ni tl'ogen concen '
trat ions in bo th ground and su rface waters which can be used to
assess tre nd s.

Th e cho ice of t h is param ete r, ho weve r, does no t precl ude th e co ns id er·
at io n of other con tami nants, such as organic chemicals and bacteria, in the
se lectio n o f wastewater management alternat ives. This is more clearly exhibi·
t ed in th e follo w ing sections .

The dist ributi o n of point d isch arges is illu st rated in Table 2-4 . T he bays
of Nassau Cou nty cur rently receive the greatest amount of treated waste
discharge, t he highest bei ng Hempstead Bay (Reynolds Channel). Suffolk
County bays recei ve re lat ive ly li ttl e discharge , the highest q uan ti t ies cu rre n t ly
be ing d ischarged to Po rt Jeffe rson Harbor and Hu ntington Bay.

Waste t reatment p lants generat e slUdge. Currently, Nassau County dis·
poses of approxim atel y 9 0 m ill ion gallons of sl udge per year, predominantly



Tab le 2- 3

TOTA L POINT SOU RCES-FLOW SUMMARY (JA N U ARY, 1976)

Source: Sec tion C of the A fI]awide Waste Treatment Mangemeot Plan,

Table 2- 4
DOM ESTI C WASTEWATER T R EA TM ENT PLANT DISCH A RG ES T O BAYS* , 1976

In the context of 208, landfills can be considered as ei t her point
sources or non-point sources. In the Bi-county Region, the re are a total of 40
ma jor operat ing and abandoned land disposa l sites. T he liquid waste gene r
ated at landfil ls is termed "leachate" and is fOrmed by th'e interaction of
rainfa ll wi th the bur ied wastes. Leachate constituents may in,clude Organics,
heavy meta ls, ni trogen, ch lo ride, iron and microOl'gan isms. The vo lu me of
waste can be significant. Theoretica ll y , given average Long Island rainfa ll
and typical geologic conditions, 100 aCres of landfill cou ld generate 40
million gall ons of leachate per year .

2.2.2 Non-Point Sources. Non-point sources of poll ution are a major
water quality man agement problem in the Nassau ·Suffolk area, The sources
are bo th wet-weather related as wel l as continuous. The pollu tant loads are
discharged to surface water bod ies and to the ground, Non·po int discharges
have been found to co ntain a va riety of poll utant paramete rs, ranging from
relatively innocuous grit to compl ex organic compound s in trace (microgram/
liter) concentrations, with organics of different formu lat ions contai ned in the
sources li sted below.

The pollutant parameters of ma jor conce rn in non-point sources of
pollution are basically the same as those found in point sources : various
fO rm s of nitrogen, Organ ic chem ica ls, coliform bacter ia and heavy metal s.
There is, however, a basic di fference in the patte rn s of occurrence for th e two
ty pes of sources- poll utan t loadings from non-point sou rces show greater
va riati on over time than those from point sources. This makes accurate
quantification difficult and contro l approaches most costly .

The 208 Program has identified the fo llow ing non-poin t sources of
pol lution as contribut ing major pollutant loadings to the ground and surface
w aters of the study area:

1. Stormwater runoff from highway s, medium and high density
residentia l areas and commercial /i ndustri al areas. Th e major
contaminants in the runoff from these areas are coli fo rm
bacteria, Organic chem ical s, sedi ment, heavy metals and nitro
gen. The loadings are discharged to surface wate rs and to t he
ground .2

2. Cesspools· and sept ic systems. Contaminants from properly
functi oning systems inc lude nitrogen and, to a lesse r degree,
organic chemical s, The loadings are almost enti rely to the
groundwater .3

3. Fertilizers and pesticides applied to crops, lawns and land
scaping. Over-fertilization appea rs to occur in res ident ial and
recreational areas, The major contami nants from agricu ltUral
chemica ls are nitrogen and organic compounds, The loadings
are both to groundwater and to surface wate r4

4. Groundwater underfl ow to marine waters. Thi s can be a major
source of nitrogen , (See Table 2- 7.)

14.26
2. 07

Total

105.63
1.20

687
0,87

104.42
0.41

To Surface Wat er

D ischarge in MGD

7.39
1. 20

1.21
079

T o Groundwater

Domestic 101
Indust ri al 86

No. of Plants

Domestic 23
Industrial 20

Source: Section C of the Areawide Waste Treatment Management Plan

Total
Flows Nitrogen Total Coliform

Water Body County (MGD) Lbs/day 1010 Organisms/day

Manhasset Bay Nassau 7.18 1,600 93

Hempstead Harbor Nassau 6 .41 3,000 140

Oyster Bay Nassau 190 390 91

Huntington Bay Suffolk 2.03 360 16

Port Jefferson Harbor Suffolk 1.44 160 6

Fl anders Bay Su ffol k 1.82 840 2,8

East Great South Bay Suffolk 0.47 130 10

West Great South Bay Suffolk 0.06 10 < 0.001

Sou th Oy ster Bay Nassall 0 ,0 0 0

East Bay Nassau 0. 18 40 33

Middle Bay Nassau 4,2 860 130

Hempstead Bay Nassau 72 .45 16,000 4 ,300

Littl e Neck Bay Nassau 1, 59 240 3

Total 99.73

- Thl,se loadinqs do not inclu d., BOD or suspended solids, sin ce th ese pa rameters are

not a major concern of the 208 Program . They do not, in general, cause signif icant

water quality problems, Nitrogen and coliforms, on the other hand , impact sub
stantially on water quality in all the bays.

by barging to the Atlan tic Ocean. Suffolk County treatment plants produce
approximately twenty million gallons of sl udge per y ear, disposed of almost
entirely in landfills.

Suffolk

Nassau
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ECHARGE

Total
Nitrogen

Subtotal 2470

Subtotal

Drainage
Basin

Bi-county Total 3900

ESTIMATED STORMWATER RUNOFF LOADINGS TO

(Based on 1975 land use data and Siilrnpling

Suffol k

County

for all
estimated 76

Tables 2--7, 2-8
total and fecal
sources.

Along the North Shore

Coliform
Organisms/day

170
220

Trf.'atrneIH 1V1anaq'7Inen t Plan.

potential
could be sul>stan1tlal

for this non-point

County

ESTIMATED STORMWATER RUNOFF l.OADINGS TO LONG ISLAND BAYS, 1976

Receiving Water Body

land

The I also identified a
number of other non-point sources of pollution, which may cause local or

problems, but not pervasive sources
paragraph. These sources include runoff from con

from boats, runoff from oil storage depots, and
exfiltration from sewers, and from

Although these sources not as important
sources listed in the previous they can cause

qual ity problems.
ine storage tanks constitute an additional

an impact on Clrt1Jlt"rI',M~t"r quality. The 208 Pro
from th is

Detailed studies and
should be con-

srruction
sand and
product pipel
the four
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Approximate contributing area

FIGURE Surface Dil'ect lv to Streams and
N1, N2, N3... Drainage Basim
81,52, S3 .....

and

Precipitation _.. Runoff

that
evenly distributed

the also uniform.
o nly because it generates the flows of water

because it is a di rect contribut or of
have airborne over the northeastern

restored to !'lnllil:l!r~\

daily from
this also becomes vehicle for cont aminant tr,'m<nn,'t

components of
balance eq iual:ioll :

Hel;harge (fresh

a

For the purpose of the 208 P"''I1r:>m

computed for the whole !"I,·ref):' mt\J

ca lcu lations month ,

pote r)t! ;,1 cont am inants
2.3.1 Precipitation. It

under fou r inches
year.

is impo rt ant, not
that Island,
Iutants. Residual materials

evapo transp irat ion, to
contami nants
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Table 2-7 Tab le 2- 8

COMPARISON OF TOTAL NITROGEN LOADINGS TO LONG ISLAND BAYS, TOTA L COLIFORM LOADINGS TO LONG ISLAND BAYS. 1976*
BY SOURCE, 1976'

Organisms (MPN )/day
pound s/day (percentage of total )

(percentage of total)

Dry Weat her Storm Point
Ory Weat her Storm Point Strea mflow Runoff Sou rces Tota lGroundwater St rea ms Rainfall Runoff Sources Tota l

Manhasset Bay 2.4xl 0 12 5.8x l0 13 9.3 x 1011 6. 1 xl 0 13
Manhasset BW 280 140 110 170 1,600 2.300

(41 195 ) (1)
(12) (6 ) (5) (7) (70)

Hempstead Harbor 6.4xl012 7.4 x 10 13 1.4xl0 12 8.2 x 1013
Hempstead Harbor 500 340 120 220 3,000 4,180

(8) (90) (2)
(12) (8) (3) (5) (72)

Oy ster Bay 5.6 x 10 11 1.3 x 1014 9. 1 x 1010 1.3 x 1014
Oyster Bay 790 70 170 290 390 1,710

(99)
(46 ) (4) (10) (17) (23)

Huntington Bay 2.7xl012 1.5 x 10 14 16 x 10 11 1.5 x 1014
Hu ntington Bay 760 130 200 370 360 1.820

(2) (981(42) (7) (11) (21) (20)
Port Jefferson Harbor 1 7 x 10 12 5.8 x 1013 60 x 1010 6.0 x 10 13

Port Jefferson Harbor 250 70 110 200 160 790
(93) (97)

(32) (9) (14 ) (25) (20)
F landers Bay 1.0x10 12 5.1 x 1012 1.9 x 1012 8.0x 1012

F landers Bay 120 120 30 840 1,110
(13 ) (64) (24 )

(11) (11) (2) (76)
Eastern Great Sou th Bay 9.4 x 10 12 19 x 10 14 1.0xl0ll 2.0 x 10 14

Mecox Bay 150 70 30 60 3 10 (5) (95)
(49) (21) (9) (21)

2.6 x 10 13 1. 2 x 10 14 8.6 x 106 1.4 x 10 14Western Great South Bay
Shinnecock Bay 180 40 250 60 530 (1 8) (82)

(33 ) (7) (48 ) (12)
6.0xl011 6 .9 x 10 13 7.0x 10 3Sou th Oyster Bay 0

Moriches Bay 700 640 290 190 300 2.1 20 (1) (99)
(33) (30) (14) (9) (14)

6.7xl 0 11 5.7 x 1013 3.3 x 1011 5.8 x 10 13East Bay
Eastern Great Sou th Bay 330 830 1.100 670 130 3,060 (1) (98) 11)

(11) (27) (36) (22) (4)
9 .7 x 1011 8.8 x 10 13 1.3 x l 0 12 9.0 x 10 13Middle Bay

Western Great South Bay 720 1.800 640 440 10 3.610 (1 ) (97) (2)
(20) (50) (18) (12)

1.5 x l012 2.5 x 1013 4 .3 x 1013 6.9 x 1013Hempstead Bay
Sou th Oyster Bay 430 840 230 270 0 1.770 (2) (36) (62)

(24) (481 (13) (15)
'Loadings do not include coliform organisms transported to the bay from Long Island

East Bay 270 630 90 220 40 1,250 Sound or the Atlantic Ocean. See parts "8 " and "0" of the Plan fo r discussion of
(21) (521 (7) (17) (31

estimated loadings. Total coliform loading es timates have not been made for Moriches,
M iddle Bay 380 680 90 330 860 2,340 Shinnecock and Mecox 8 ays.

('161 (29) (4) (14) (37)

Hempstead Bay 590 80 80 90 16,000 16,840
portion of the United States are returned to earth in the precipitation . For
example, the average concent rations of nit rogen in rainfall vary from about(3) (1) (1) (1) (94)
1.0 milligrams per liter in Nassau County to 0 .5 m illigrams per liter in eastern

"Loadings do not include nitrogen contributed bV L ong Island Sound or the A tlan tic Suffolk. 7 Th us precipitation deposits over 3000 tons of nitrogen on the two
Ocean. See par ts "8" and "0" of the Plan for discussion of estimated loadings. counties every year. This deposition is a sign ificant source of the nutrient.
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2.3.2 Evapotranspirat ion . Figure 2- 4 shows that evapotranspiration
is markedly seasonal, bei ng close to zero d uring w inter months and almost
equal to total precipitation during the su mmer. Evapott'anspiration therefore
indi rect ly affects th e transport of contaminants, since it can red uce runoff
and groundwate r recharge to insi gn ificant levels dUI'ing much of t he summer
period. It can also affect contaminant transport directly because co·
evaporation distillation of contami nants may occur in conjunction with
evapotranspiration. For exampl e, a class of pesticides, w hich includes DDT,
is very immobile in so il. Yet quantities of t hese pestic id es have been found in
marine envi ron ments. It is believed that the pri mary mode of transport is
co·d istillation of th e pesticides wi th water from the soil.S

Table 2- 9

FECA L COLIFORM LOAD IN GS TO LONG ISLAND BAYS, 1976*

Organ isms (MPN )/day
(percen tage of total)

Dry Weather Storm Point
Streamflow Runoff Sources Total

Manhasset Bay 1.1 x 10 11 2.1 x 1013 2.5 x 109 2.1 x 1013

(0.5) (99.5) (-)

Hempst ead Ha r'bor 3.3 x 10 11 2.6 x 10 13 4 .1 x 109 2.6 x 1013

(1) (99) (-)

Oyster Bay 9.2x10 1O 6.6 x 10 13 2.9x 10S 6 .6 x 1013

(-) (99) (-)

Huntington Bay 2.5 x 1012 6 .2 xl013 0 .3x l09 6.5x 1013

(4) (96) (-)

Po rt Je ff erso n Harbo r 5. 7 x 1011 1.6 x 10 13 2 x 10 10 1.7 x 1013

(3) (97 ) (-)

Flanders Bay 1.0 x 10 12 4.4 x 10 12 1.6 x 10 12 7.0 x 10 12

(14 ) (63) (23)

Eastern Great South Bay 2.9x10 12 5.7 x 10 13 1.6 x 1010 6.0 x 1013

(5) (95) (-)

Western Great South Bay 8.2 x 10 12 2.2 x 10 13 8.6 x 106 3.0 x 1013

(2 7) (73) (-)

South Oyster Bay 5.7 x 10 10 1.l x l013 0 1.1 x 1013

(1) (99) H

East Bay 27 x 10 11 0.9 x 1012 2.6 x 1011 1.4 x l012

(19) (63) (lS)

Middle Bay 2.0 x 1011 1.6 x 1013 2.5x l011 1.6 x l 013

(11 (9 7) (2)

Hempstead Bay S.7 x 109 4 .5x1012 7.6 x 101 1 5.3 x 1012

H (S5) (14)

V>...
:z:...
:II:

5 . 0

4.0

3.0

2. 0

1.0

o PRECIPITATION

f:::,. EVAPOTRANSPIRATION

o NET CHARGE

M A M A S o N o
"Loadings do not include coliform organisms t ransported to the bay from Long Island

Sound or the A tlantic OC(;ml. Soe parts "8 " and "0" of the Plan for discussion of

estimated loadings. Total coliform load ing es timates have not been made for Moriches,

Shinnecock and Mecox Bavs.

MONTHS

FIGURE 2-4 Average Values for Hvdrologic Components
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'A ssuming an annual recharge ot about 500 billion [Ia//ons, the msulrin[l conCel1tr,1'

tions in the leachate equals about 6.8 mgl/.

GROSS SUMMARY OF ESTIMATED SOURCES AN D FATE OF NITROGEN
IN TH E SI- COUNTY REGION.
(Based on 1975 and 1976 data.l

Nitrogen (tons/yr.)
Init ia l L oad to

Source Load Groundwater Comment o n Sink

Wastew£iter

On-site systems 8500 4300 (Denitrification, etc.1

Sewers & sewage treatment

Sewer leakage 500 200 (Denitrification. etc.!

Effluent discharge to

ground 200 100 (Denitrification. etc.l

Effluent discharge to

marine bays 4200 (Discharge to seal

13400 4100

Farm (Inc. Socl fa rms) 4000 1000 (Crop r"nlOval)

Turf l i ne. households. golf

courses, etc.) 9300 5600 (Volatiliza tion & Df!nit.l

Animals (primarily clogs &
cat,l 1600 800 (Volatilinltion & Deni!.l

Ducks GOO 300 (Volatili/ation & D eniU

15500 7700

Precipitation 4000 3700 (By difference from 10tals)

Totals 32900 16000' (Totnl, p,timilred by

v\'at /;;r/n it r o qeli n)Odt~l)

Table 2-10A

Assumption

(10 Ib,. N!personl

iaverage household income $16.000)
(0.82 Ibs/person approx.)

(1 mg!11

50
25

5
6

100
45
10
10

Lb s. of Nit rogen
In itia l A ppt'Ox. load to
L oad Groundwater

Table 2-10B

ESTIMA TED ANNUAL LOAOS ORIGINATING ON AN ACRE
OF RESIDEN TIAL LAND, WITH THREE HOUSES.

Source

10 Person s

15.000 sq. ft. of turf

Pets

Prec ipi tat ion

It may also be noted that urbanization, with its associated impervious
areas (highways, rooftops and parking areas) effectively decreases evapotrans
piration and augments runoff. On long Island, much of this runoff is
collected and allowed to percolate through the soil in excavated basins. Local
ities contai ni ng high ly developed area s and recharge basins can t hus provide
gre ate r qua ntities qroundwate l tha n ru ral ilnd tu ral areas.
However, th e qua lity of water recharged in urba n are as is substantially lowe l
than rural recharge arcas.

2.3.3 Recharge. Recharge water, prior to its passage through the soil,
may be contaminated in many ways. Contaminants in the original precipita
tion and materials on the land surface, such as animal wastes or organic
chemicals on highways, may affect the quality of the water before it begins to
percolate through the soil. There is, in addition, a major source of contamina·
tion within the soil: cesspools and leaching fields are used for human waste
disposal by 40 percent of the population of Nassau and 80 percent of the pop
ulation of Suffolk .

So il ca n, to a lim ited extent, remove orga nic po llu t an ts, hea vy
meta ls and m icroorgani sm'" such as bacter ia and viruses, from t he ground·
water by processes such as filtration, adsorption, precipitation and ion
exchange. However, highly soluble salts, such as chlorides and nitrates, will
generally not be removed. Potential for desorption is an additional
complication.

Thus groundwaters underlying Long Island's soils have acquired increas
ing amou nts of inorganic materials as the Region has become urbanizecJ . As
shown in Table 2-·10A, the estimated annual load of nitrogen carried down
to groundwater by regional recharge is over 16,000 tons. This nitrogen is pri

mari ly in the nitrate form , and about 30 percent of it originates frorn human
being to . ThE! 16,000 tons wh Ich ap pears in the

grou nd water is on ly about 50 percent of the orig inal load. Runoff accounts
for very little of the difference and it is believed that denitrification in the
soi l is a major factor. A very large portion of the nitrogen input to the Long
Island system is believed to escape to the atmosphere in the gaseous form. 8

The figures given in Table 2-10A represent gross averages for the entire
Bi-county Region. It must be recognized that a great deal of variability will be
encounte red under specific conditions. Also, the relative average magnitudes
of the various components will change from locality to locality within the
Region. For example, Table 2-10B shows gross estimates of nitrogen pro
duced in a residential area with medium density housing . As can be seen, the
re lat ive ma~lnitudes of the loads d iffer from those for th e whole Region.

Th e origi nal t otal load of n it rogen for the ac re , would p roduce a co n·
centration of inorganic nitrogen of about 30 milligrams per lite r, if it all
leached. It is t:stimatecl however, based on work done during the 208
Program,' that reductions in nitrogen levels during, or prior to, leaching to
groundwater, would produce an actual concentration closer to fifteen milli
grams per liter. This compares with ten milligrams per liter that would be

22



predicted by empirical relations based on groundwater data presented in
Porter (1978).

As discussed by Porter, the estimate of ten milligrams per liter is probab
ly an underestimate of the true level of nitrogen in th e groundwater due to
bias in the data.

2.3.4 Groundwater Flow. Once the recharge water enters th e saturated
lOne, movement is controlled by the natural and artificial flow regi mes oper
citing in the system . Although groundwater moves very slowly , it can travel
long distances. As a result, sources of contamination of human or natural
origin, which are apparently remote, may have prolonged and wide-reaching
gmundwater impact at some time in the future .

Based on estimated flow rates in the Upper Glacial aq u ifer, many
shallow wells in that aquifer now reflect the quality of water that ente red the
groundwater system since the ,ate 1940's.10 The exact age of water at these
wells is probably quite variable , depending on depth, location, permeability
of the sediments at the particular site, and the inf luence of pump ing.

In the central portion of Long Island, recharge to the Magothy from the
water table aquifer occurs over a large area. The definition of this region is
critical in trying to assess how chemical contaminants, introduced to the
water table from the land surface, will tend to move in the groundwater
system. Groundwater in the water-table aquifer near the ground water divide
is subject to hydraulic gradients which tend to carry some of the water verti-

cally downward to the deepest part of the Magothy. To the south and north
of this zone, water from the shallow deposit flows with vertical and horizon
tal components that result in some water moving in the middle portion of the
Magothy. Farther toward the coastlines, circulation becomes shallower until,
at some point, flow is essentially horizontal in both the water· table and the
Magothy aquifers. Beyond this area, water in the Magothy has a ve rtically
upward component, while the water in th e shallow deposits flows essentially
horizontally until it discharges to streams or saltwater bodies. Under pre
development conditions, it takes about 100 years for water from the surface
to reach the lower portion of the Magothy in the center of the Island. The
travel tim e to the barrier beach is about 800 years and, to the North Shore ,
about 400 years. I I However, the travel time may be greatly reduced by
pumping. Partial cross sections of Long Island, depicting typical patterns
of groundwater flow, are shown in Figures 2-6 and 2-7. The location of
these cross-sections is shown in Figure 2-5.

In general, the distribution of known contaminants follows the typical
flow patterns shown above. It should be noted, however, that the flow pat 
terns in reality are complicated by layers of different types of materials in
the ground, such as clay lenses in otherwise sandy layers. However, ground·
wate r flow into the bays constitutes a significant source of nitrogen to the
surface waters. In some cases the nitrogen loads from groundwater inflow are
more than one-th ird of the total input. 1 2

_;;::7c::::::;;:-

LEGEND

AREAS OF GENERALLY NEGATIVE
HEAD DIFFERENCE

AREA OF GENERALLY POSIT IVE
HEAD DIFFERENCE

Io nf

-:;:- ',~..-

"'"""'-~.~ ' ;;~~;t<3/ ~~~

A

F IGURE 2-5

~OTE JJOSITl'1t ' fEAU Olj:~fnP.Cl \~EAi""S : ... ~ WA.T!:.A Tl~O'tE!:\.EVATIQN

IS HIGHEi~ !HAt.,; 'Tt~!: r U'VJ\1'ICN OJ; THl BA~AL MAG01HY F'QTt:;N·
nmtETl1ll:: SURFACe A r ., Glv(r.. ?-'}IN!

Areas of Generally POSitive or Negative Head Differences
Between Wells Screened in the Water TalJ/e and Lower
Magothy Aquifers, Based on USGS Maps for 1966, 1972,
1974 and 1975

A----A LOCATION OF HYDROLOG IC PROFILES
SEE FIGURES 2--6 AND 2--7

23



Measurements at twelve sites d u ri ng t he 208 Study produced an est ima'
ted ave rage ra t e of in f il t ration of over seven inches per hour. This suggests
that th e soil is ca pable of infiltrating the precipitation of a 100 year storm,
wh ich delive rs as m uch as fO Ul' inches of precipitalOn in one hour , or 81ght
inches in 24 hours, It sho uld be n oted that extremely heavy precipitation may
impact th e so il in a way t hat reduces natural inf iltriltion ,

Mos t run o ff occurs as a resul t of precipitat ion falling on an imperme·
able area. It follo ws t hat th e volume of runoff has been increased by urbani·
za ti o n . T he prolife l'ation of residential areas, shopping malls, highways and
parking lots ha s req ui red the provision of drainage system. Drains,
and storm sewe rs all gl'ea t ly augment the transfer of contaminants. Nitrogen,
sed iments, col ifor m b acte ria and other pollutants may all be dissolved or
suspend ed and conveyed to surface water. (See Table 2- 11.)

Table 2 - 11

FIGURE 2- 6 Approximate Hvdraulic Profile of the Groundwater
Reservoirs Under/ving the Babvlon -- Islip Area, October 1960

APPROX IMATE YEARLY LOADS TO SURFACE WATE RS

FROM WET -WEATH ER RUNOFF, 1975

Drai nage Basin
BO D
Ibs/yr

Suspend ed
Solids
Ibs/ y r

Tota l To tal F . Coli
Nitro gen Phosphorus organ isms/

Ibs/yr Ibs/ Vr Vr

T. Coli
organisms/

vr

FIGURE 2- 7 Hvdraulic Section Through the Groundwater Reservoir from
Lattingtown to Plainview, in March, 796 7

2.3 .5 Su rface Runoff . As alreody indi cated, th e volume of surface run ·
off from undeveloped lan d represents probably no more than five to ten

percent of th e original prec ipitation.

35 x 10 17

1.9xl017

1.1 x 10 17

54 x 10 16597,000 195,0008,942,000

16,911,000 1,137,000 368,0002,30 7,000

1,185,000

NilSsau
Subtota l

Su ffolk

Subtotal

Source: Weston. R. F., /977. "Wet-Weather, Non·Point Source Pol/u·

tan t Loads in Nassau and Suffolk Counties," Prepared under

contrac t to the 208 Program Study.

Total 3,492,00025,853 ,0001,734,000 563,000 1.6x1017 5.4 x 1017

2.4 G roundwat e r Ava il abi lity and Quality
A bas ic und ers t an d lllg of p resen1 groundwater conditions and trends is

esse n t ia l in eva luati ng various 208 plans for waste management. The following
sections describe cu rren t know ledge of the overall availability of groundwater
to meet wate r supply requirement s. In addition, the status of water qua lity
in the various aquife rs und erlying the 208 Region is discussed.

2.4.1 G round wa te r A va il abi lity. The limit on the amount of ground
watel' availabl e for d evelopment is termed the "safe" or "permissive" yield of
th e syst em . Til e concept of safe or permissive yield is normally defined as:
"the amount of groundwater which can be withdrawn from the system
and lI sed consumptive ly all an an nual basis without producinQ undesired
results." 14 Ove r th e yea rs, several values have been proposed for this limi t ing
yi e ld on Long Island. The t e rm " d eficiency" re fers to exceed ing the permis·
sive yield . For the Lo ng Island 208 Region, water used "consumpt ively"

r;o... ,1) p'"ne f,o'" obl . qL.e Ii)
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(from F ran ke and Cohen, 1972)
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simply means that it is not returned to th e groundwater system .
Domestic and industr ial pumpage, t h at is even tually lost to th e system

following collection, treatment and bay or ocean di scharge , co nst itutes
the principal year-round consumptive use of fresh water on Long Island .
Irrigation practices constitute the principal seasonal con sumpt ive use . As
consumptive use increases, groundwater is take n from sto rage , and und erflow
to streams and the sea is reduced. These stresses on th e groundwate r syste m
result in water-level decl ines and saltwater enc roachm ent .

Greeley and Hansen in 1971 estimated a mean perm iss ive yi e ld of
151 MGD for Nassau County. Holzmacher, Mc Lendo n and Murre ll in 1970
computed a permissive yield ot 466 MGD tor Suffolk County . T he Nassau
County Department of Health computed the average consumptive loss in
Nassau during the period at 1969 to 1973 to be 133 MGD. Average consu mp·
tive loss tor Suffolk County was on the order of 40 to 50 MGD for th e
same period.

Both of the engineering studies est imated that large water- table d ecli nes
would result from withdrawal at permissive yield rates if most areas we re
sewered and effluents were discha rged by ocea n outfall. Greeley and Hanse n
predicted maximum declines of 30 feet, and Hol zmacher, McLendon and
Murrell estimated reductions up to 75 percent of prese nt e levat io ns above
sea level before equilibrium occurs. The autho rs of both county in vestigation s
felt that, at the permissive yield, the saltwate r inte rface off the So uth Shore
would move landward to a new equili br ium position , pe rhaps a mil e from its
present position, The water-level declines predicted for Nassau are signi fi 
cantly greater than those predicted in recent runs of th e U.S . Geologica l
Survey (USGS) analog model. A report 15 of th e USGS for t he 208 Study
analyzed groundwater response to proposed sewe rage programs an d projected
populations increases in Nassau and Suffol k Co unti es by 1995. T he tota l
mod eled inc rease in withdrawal by 1995 was 9.54 MGD in Nassau County
and 46.4 2 MG D in Suffolk County. The total model ed decrease in recharge
by 1995 was 39.9 MGD and 42 .67 MGD in Nassau and Suffolk Counties,
respectively, It was concluded t hat by 1995, these stresses wo uld re sult in
a st abilized water table after declines o f as much as si xtee n fee t in east
central Nassau County, and as much as six feet in ce ntra l Suffolk County.
Sl igh tly smaller declines in the potentiometric head may occur in the
Magothy aquifer.

Decl ining water levels wil l significantly reduce st rea mflow and w ill
also affect the amount of freshwater und erflo w to the bays. For instance,
a run of the USGS analog mode l pred ict ed red ucti on s of stream flow of about
55 percent by 1995 in southeast Nassau County, based on prese nt popula 
tion and sewe ring projections. Reductions in streamflow may cause changes
in the vegetation of certain freshwater wetlands. In add ition, signi ficant
long-term reductions in groundwater outf low ana streamf low to the various
saltwater bodies surrounding Long Isl and mav al t e r sa lin itie s. The environ 
me ntal conseq uences of these changes are L! ,know n at the present time. A

dec r-ease in fr eshwater discharge to the bays could be offset in part by sh ifting
centers of pumpi ng , stream augme ntat io n or recharge with sewage effluent,
importation o r transfe r of groundwater- from surp lus areas, or through
planned water conse rvation program s.

A fact o r- t hat adds some unce r·tainty to pr'edictions of impacts in
Nassau County is the future of the Jamaica Water Co mpany in Quee ns. Thi s
su ppli e r is pump ing abo ut 60 MGD, creat in g signifi cant underflow frorn
weste rn Nassau to Queens . It is und erstood that, upon compl etion of New
Yo rk City's t hird wa ter t unnel, disHibution of surface water to this area
w ill be made poss ible. However, the lack of additio nal supply sources upstate,
or e lsewher'e, p recludes complete replacement o f the present Quee ns ground
wate r supply, especially dur in g drought periods . If J amaica Water Company
pumpage is e limin ated or- reduced in the future, underflow will be reduced
and signi ficant recovery of wate r leve ls in weste rn Nassau wi ll occur.

Th e Quee ns / Nassau common wate r-level dec lin e illustrates the insig·
n ificance of political bou ndar ies when dea lin g with the manage ment of
reso ur-ces common to the entire Isl and . The prese nt sub-surface flow from
Nassau to Queens is estimated to be bet ween ten an d fift ee n MGD. Whil e
som e of this flow is due to natural cond it ions, a significant portion is un
doubted ly du e to heavy pumping in Queens. There h ave been a number of
plans proposed for- future groundwate r deve lopmen t in the 208 area, tha t
call for in stalling a regio nal we ll fi eld in Su ffo lk County an d pumping th e
wate r to Nassau County. At the present ti me, t he r'e is littl e natural exchange
of ground wat e r betwee n these two coun ti es. However, if water level s are
allowed to declin e substantially in Nassau County, natural underflow of
groundwater from Suffo lk will occur.

If present patte rn s of use continue, groundwater outflow w ith in the
Magothy w ill be red uced alo ng both the north and sou th shores of Nassa u
and Suffolk Counti es. Howeve r-, on the basis o f past and prese nt studies of
sa line groundwater o n Long Island, including those on th e North and So uth
Forks, it is expected that the regiona l impact of saltwater intrusion will
be sma ll. -,'he saltwater wedges in tile upper and lower Magothy in the
south-west e rn and so uth e rn part s of Nassau, an area of tl istorical saltwate r
contamination , will probably not advance much more than a mil e locally,
and less than a mil e j'egionally, by the y ea r 2000. 16 Thi s would put the
interface of the d ee p wed ge in th e vicinity of Sunrise Highway in Vall ey
Stream and Lynbrook . Those few sup ply we ll s sc ree ned in th e lower Magothy
would be affected.

From the standpoint of water supply and wastewate r management,
it is esse nti a l t hat the potentia l threat o f saltwate r encroachment be viewed
in its prope r perspective and be fu ll y und erstood. The loss of usa bl e ground
water resources as a result o f saltwate r intru sion has been minor in compari 
son to th e ex te nsive fresh groundwate r supp li es that still remain in storage
and un tapped w ithin the 208 Study area. Water-leve l declines due to increased
pumpage, sewe ring, or tempo ra ry de fi cie nc ies in rainfall do not bring about
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massive encroachment of saltwater bodies within the various aquifers. In only
one area of the Bi ·county Reg ion {southwestern Nassau}, ha s t here bee n docu ·
mented evidence that saltwater is actively in truding. Even here, th e average
rate of movemen t has been less than twenty feet per year, notwithstanding
the fact that water levels in nearby areas have bee n below sea level for
decades.

Many of th e past studies infe r that a u itical shortage of water may be./
expected withi n the next few decades . Increased consumptive use and declin·
ing water levels hav e freq uently been equ ated with runn ing o ut of water.
The fact is, that on a bi·county bas is, there is suffici ent availabl e groundwater
to supp ly Lo ng Island for many years beyond t he current 1995 population
projection, provided that action is tak en to solve problems in specific areas
and proper management techniques are adopted. 1 7 In evaluating wastewater
management options, i.e. , recharge and stream augm entation, under 208,
emphasis must be placed on determining th e impact of proposed plans on
groundwater quality and the effects on oth er segme nts of the env ironme nt,
such as streamflow and freshwater d isch arge to th e surrounding sa ltwater
bodies.

2.4 .2 Groundwater Qua lity. A fu rth er constrai nt to water supply
sel f·suffici ency is water quality. Past and prese nt waste disposal pract ices
modify the purity of a signi fi cant portion of the avai lable groundwater
resource. The p resence of n itrate, trace organic chem icals and heavy me tals
in som e portions of the aqu ifer system may be much more important to long·
term avail ability of usab le wate r supp ly than short·t e rm droughts and salt·
water encroachment. In the fo ll owin g d iscussion, n itrate occurrence and
trends are used to il lustrate present conditions in th e various aqui fe rs. This
constituent has been of great concern historically in the 208 Region , and
data are available to reach some prel iminary conclusions on how changes
in land use and the presence of contamination sou rces have impacted ground
water quality on a regional basis. Other contaminants, such as heavy met als,
organics in trace amounts and detergents have been of local importance.
Chlorides, re lated to saltwat er intrus ion, have been discussed in the previous
sect io n on groundwater avai labil ity.

2.4 .2.1 Wate r-Tab le Aqu ifer. Th e water-table or uppermost aquifer on
Long Island receives most of the contaminants o riginating at the land surface .
This aquifer consists primarily of Upper Gl acial deposits and includes some
sedimen ts of the Magothy formation, the Manetto gravel and recent deposits.
The aquifer has become contaminated to various degrees and is, in some
places , unsuitable for use as a so urce of potab le water supply. The ground·
water found in th ese sediments is of special importance because in many
areas it supplies water to the deeper Magothy formation. In add ition , streams
in Nassau and Suffolk Counties are largely d ependent on flow from shallow
groundwater and closely ref lect its quality . Si gnificant input to the bays
and most freshwater lakes is also derived from the water·table aqu ifer by
und erflow.

The normal background qu ality of grou ndwater in th e shallow sedi·
ments of Nassau and Suffolk Counties is very ~lOod . In general, t he water
can be characterized as soft, mildly corrosi ve and , in some cases, somewha t
high in iron and mangan ese.

Ove r the past few decades, wid espread effects of urbanization have
considerably altered th e qual ity o f grou ndwater in the water-table aquifer .
Many stud ies have detail ed the extent and magnitude of these effects, with
particular atte ntion paid to nitrate, d et ergent, chl orid e and , to a lesser extent,
sulfate. These constitu ents are usually good indicators of co ntamination.
Median concentrations of these parameters in Nassau and Suffo lk for the
pe ri od 1972- 76 with the exceptio n of detergents are given in Tab le 2- 12.

Statistica l analyses o f nitrat e concentrat ions in selected wells through 
out Nassau and Suffolk Coun ti es were perform ed as part o f the 208 Program .
T rends in nitrate are important not o nly in themselves, but also because
associated contaminants may fo ll ow sim ilar trends.

A recent study 18 found that, of 21 wells in Sewage Disposal District
No.2 in Nassau, thirteen show valid decreasi ng trends of nit rate . Four had
increasi ng trends. Th e median change in n it rat e pe r year for all of th e seven·
teen wells that showed trends is - 0.34 m illigrams per lite r. Eight of the wells

Table 2-1 2

CONCENTRATIONS OF SELECTED CONSTITUENTS
IN TH E UPPER GLACIAL AQUIFE R, 1972- 76

Median Mean Range

Southwestern Nassau

Nitrate 4 .9 (159) 4 .8 0 .04 - 14
Chloride 28 (164) 43 66 950
Sulfate 44 (128) 47 5.0 - 120

Northern and Eastern Nassau

Nitrate 3.0 (259) 4.3 0.00 - 36
Chlor ide· '19 (309) 83 1.3 - 14,000
Sulfate 30 (259 ) 30 0.00- 450

Suffolk

N itrate 1.4 (1,273) 2.3 0.00 - 23
Chl oride" 12 (2,04 7) 20 0.10 -- 2,600
Sulfate 9 .2 19 0.00 - 4 70

N ote: The number in parenthesis indicates the number of analyses. Concentrations
are in mg/I.

'High concentrations of chloride ne., 14,000 and 2,600) are due to contamination by

salt water and are not representative of typ ical concentrations in fresh water.
Source: Section 8 of the Areawide Waste Treatment Managemen t Plan.



indicate a pattern of increasing and then dec rea si ng co ncentrat io ns. The time
of inflection, or change from positive to negati ve slope, occur red du ring th e
late 1950 's or early 1960's in most of these well s, and does not appear to be
a d rought · rel ated phenomenon. The change co rrespo nds to large sca le sewe r
co nstruct io n which sta rted in the early 1950 's and was com pleted in 1964.

In add it ion to the dec reasi ng tre nds of ni t rat e in most of th e water
table wel ls in Sewage Dis posal Dist rict No.2, t he medi an n itrate concentra
tion in streams sampled during the period 1972- 1975 shows subst anti all y
lower levels in southwestern Nassau as co mpa red with t hose in so utheaste rn
Nassau. The median values are shown in Table 2- 13 . Al t hough it is not
possib le to identify trends on the basis of the li m ited data, it appea rs t hat
sewer ing may have been respons ib le fo r !'educing nit rate levels in th e strea m
discharges, which generally represent the most recentl y recha rged wate r in
Sewage Disposal District No.2.

Despite generally decreasing trends of ni t rat e in well s in Sewage Dispos
al District No.2, the actual concentrations in some well s are sti ll qu ite h igh .
Poss ib le ex pl anati o ns fo r th is are (1) the sewers are leak ing, (2) t he use of
home fe rtilizers is such an impo rtant input t hat removal of o n-lo t sewage
disposal systems alone results in only a slow decrease in nitrate levels, o r
(3) insufficient time has elapsed for even shallow wells t o be fl ushed of high
nitrate water.

Applying the criteria used in th e st udy , t he nu mbe r of we ll s in t he
unsewered po rti on of Nassa u County (Sewage Disposa l Dist rict No .3) is
fo und to be insu ffic ient to permi t any conc lusio ns. T hree we ll s show increas
ing trends in nitrogen concentration, while two show decreasing t rends. Well s
in northern Nassau County generally show eith er small increases or small
decreases in nitrate concentration.

Twenty-one water-tab le we lls in Suffolk th at have n itrate-nit rogen
concentrat io ns ab ove bac kgrou nd leve ls show signi ficant n itra te tre nds. Of
eigh teen wells in southwestern Suffol k (B abyl o n and Isli p) , si xteen show
increasing trends, an indication of deteriorating water q uality . The peri od
of record fo r most of these wells started in the 1960's_So ut hweste rn Suffo lk
is of interest because it is hydrologically simi lar to Nassau Sewage Disposa l
Dist rict No , 2. Rece nt land use is also sim ila r, alth o ugh develo pment too k
place some years late r. The medi an cha nge pe r year in n it rate in th e e ighte en
wells in this part of Suffolk is +0.13 mi lligrams per lite r.

An indication of the effects of sewe ring o n gro undwater q ual ity is
provided by ongoing studies of the U.S. Geological Survey .19 Pre lim inary
findings of continued evaluation of the informat ion o btained du ring t he
preparation of a U.S. Geo lo9ical Survey report for th e 208 Prograrn2 0 reve al s
si gnifica ntl y lower median concentrati ons of ammonia in Shallow gro und 
water underly ing Sewage Disposal Dist rict No .2 co m pared to sh all ow ground ·
water in Sewage Disposal District No.3 in Nassau Co unty . Again, sewe ri ng
was undertaken in District No. 2 during the 19 50 's, whe reas the inst allat ion
of sewers in District No.3 is sti ll underway . In addition , an eval uat io n of

wat er qual ity trends in on ly th e very sh all ow glac ial deposits in District No.2
and Distr ict No. 3 ind icates stronge r decreasi ng t rends of nitrat e in t he
form er. These prelim inary fin dings are ind ications of the result s of a reduc·
tion in ni t rat e loading, apparently du e to sewering.

Table 2 - 13

QUALITY OF NASSAU AND SUFFOLK STREAMS

M edian Median
Nitrat e-Nitrogen Specif ic Conductance

(mg/ I) (lJrnhos)
Stream 1972- 75 1972-75

North Shore (Nassau and Suffolk)

Glen Cove Creek 3 39 (11) 228 (14)

Mill Nec k Creek 0.77 (26 ) 164 (3 5)

Cold Spr ing Broo k 0 .50 (12) 76 (13)

N issequogue Rive r 1.13 ( 8 ) 100 (12)

Southwestern Nassau

Valley Stream 0 88 ( 6 ) 150 ( 9)

Pines Brook 2.03 ( 9 ) 340 (11)

Southeastern Nassau

East Meadow Brook (tributary) 3.61 (28) 449 (38 )

Bellmore Cree k (tributary ) 8. 58 (10) 3 53 (14 )

Bellmore Creek 5.87 (12) 340 (1 4 )

Massapequa Cree k 7.00 (3 1) 3 20 (36)

Southwestern Suffolk

San tapogue Creek 2.26 (13 ) 290 (15)

Carll s R iver 2.93 (14) 2 15 (16)

Sampawam s Cree k 3.16 (15) 215 (17)

Penataqu it Creek 3.61 (14) 3 13 (17)

Champl in Creek (Oakdal e) 1. 85 (1 4 ) 151 (16)

Con netquot River 0.93 (1 2) 80 (1 5)

Co nnetqu ot R iver (North Grea t R iver) 088 (12) 84 (1 4 )

Southeastern and Eastern Suffolk

Patchogue River 1.11 (10) 114 ( 4)

Swa n River 1.20 ( 10) 90 (12)

Carma ns R iver 0.74 (29 ) 101 (36 )

Peconic R iver 0 .25 (12) 9 2 (24)

Note: The num ber in parenthesis indica tes the number of analvses.

Source: Section 8 of the A reawide Was te Treatm ent Management Plan.
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2.4 .2 .2 Magothy Aq uifer. The nat Ll\ral chemica l quality of water w ithin
t he Magothy is genera lly excel lent and chla racter ized by a very low dissolved
solids content. Contamination of th e Magoth y is of great concern, since
many pu blic supply we ll s are screened in t h is form ation . Past water-q ua lity
investigations have dealt pr imari ly with the distribution and trends of nitrate.

From these studies, it is well established t hat many wells wi th in t he Magothy
are pum ping chem ical ly altered or contaminated wat er.

The 1972- 76 median concentrations of nitrate, chlori de and sulfate
in the various portions of th e study area illustrate the rela t ive degree of
alteration (Tab le 2- 14). Differe nces in concentrations of th ese constituents
between the two specified areas of Nassau are probab ly not due to sewering,
except possibly at th e shallower depths . Oth er facto rs, such as location of
we lls w ith respect to past la nd uses, are probab ly more important. Those
water·quality trends now occurring in the water-tabl e aquife r, as discussed
in the prev ious section , will undoubtedly be reflected in some way in the
Magothy in future years. In general, the levels of contaminants decrease with

Table 2-14

ME DIAN WATER-QUA LI TY DATA IN T HE MAGOTHY AQUIFE R 1972·19 76

Depth Southwest East and North
(feet) Nassau Nassau Suffolk

Nitrate as N

Less th an 200 0.88 ( 18) 2.8 (104) 2.6 ( 4)

200 to 399 2.5 (130) 2.8 (443) 0.10 (263)

400 to 599 0.2 (526) 1.1 (515) 0.10 {391)

Greater than 600 0.01 ( 42) 0.13 (177) 0.01 (322)

Chloride

Less than 200 18 ( 18 ) 13 (108) 14 ( 13)

200 to 399 12 (136) 10 ( 45) 5.0 (270)

400 to 599 6.4 (542) 5.8 (532) 4.5 (400)

Greater than 600 4 .6 ( 42) 4.4 (1 79) 4.0 (355)

Sulfate

Less th an 200 32 ( 14) 22 ( 93 ) 2.6 ( 11)

200 to 399 13 (122) 7.0 (392) 3 .2 (264)

400 to 599 5.0 (500) 2.0 (403) 3.2 (388)

Greater th an 600 3.0 ( 39) 1.0 (159) 3 .4 (399)

Note: Numbers in parentheses are the number of analvses. All concentrations in mg/I.

Source: Section 8 of the Areawide Waste Treatment Managemen t Plan.
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depth, unt il nea r·background concentrat ions are found in most wells greater
than 600 feet deep . The apparent smaller value a nitrate for wells of the
sewered area less than 200 feet deep m ay be due to insuff icient sampling.

A recent U.S. Geo logical Survey study in southeast Nassau County
provides an analysis of vertical and ho rizontal distributio ns of nitra te, chlor·
ide and disso lved solids2 2 Th e conclusions reached illustrate th e ty pical
hi story of heavily urbanized areas served by heavy pumpage from local,
deep aquifer zones:

1. Downward movement of nitrate in the Magothy between the
early 1950's and 1973 ranged from no significant movement
in the area south of North Mer rick and South Farmi ngdal e to
a maximum movemen t of a few hundred feet in the areas o f
West bury, Hicksvi lle and Plainview. There also seems to be a
definite hori zo ntal move ment of equal nitrate concentration
lines th rou gh the aqu ife r.

2 . There has bee n a more rapid downward movement of nitrate
in the eastern part of the st udy area tha n in the central and
western parts. The rap id movement in the eastern part may be
part ly due to a large increase in pumpage in the Plainview area.

3. T here is a zone of h igh·nitrate water in the Magothy aquifer in
the area of Westbury , Hicksville and Plainview. Some of these
increases may be at tri bu tabl e to pas t large-scal e farmin g, and th e
associated use of ferti lizers in th e Hicksv ille and Levi ttown areas,
and to subsu rface domest ic discharges and pumpage.

4. The downward movement of chloride covers a broader area than
does that of nit rate .

5. There has been signifi cant downward movement of higher than
normal total so lid s co ncen trat ions between the 1950's and 1973 .
Ove r'all downward movement ranges from a few feet to approxi 
mately 300 feet. A zone of high total solids concentrations of
more than 200 mill ig ram s per liter is found in the Hicksville and
Plainview areas. The total solids concentration in groundwater
in th e Pl ainview area approx imately doubled in twenty years.

It is also likely t hat red uction of pum page f rom th e Glac ial formati on
and preferentia l or exc lusive development of the Magothy formation has
accelerated th e downward movem ent of contaminated waters. A study com·
pleted in 1969 reviews the trends of nitrate in 373 public suppy wells in
Nassau County. 23 Most of t he we lls analyzed were deep wells, screened in
the Mago thy. Eighty wells showed stat istica lly sign ificant increasing trends
and nin e were decreasing . A general upward trend of nitrate in most Magothy
we lls is also confirmed by a stud y prese ntly under way by the U.S. Geological
Survey.24 In th is investigati on, t rends of nitrate in most Magothy wells in
Nassau County showed stat istically significant increases. Studies in Suffolk
County have not been as extensive as in Nassa u , but the data indicates no
signif icant change in wate r q ual ity in t he Magoth y aq uife r



Table 2- 15

TH E M EDIAN CONCENTRAT IONS OF SELECTED CONST ITUENTS
IN TH E llOYD AQUI FER IN NASSAU COUN TY (1972- 76 )

2.4.2.3 lloyd Aq uifer . The lloyd aquifer is t he least altered by human
activities. This is due primarily to the thick confining bed of Rar itan clay
which overlies the Lloyd in most places and impedes the exchange of water
with the Magothy. On the North Shore, howeve r, th e Raritan clay is discon 
t inuous in places, and the aquifer is in lateral, and possibl y vert ical , hydrauli c
connection with Pleistocene deposits which have re placed the Magothy
deposits. Regionally, the Lloyd is recharged t h rough the clay o ver a broad
area covering most of Nassau and Suffolk Co unt ie s. Discharge in th e western
part of the study area is primarily through wells, w hil e in the eastern part
d ischarge is mostly to the bays and to the ocean. (See Table 2- 15 for Nassau
water quality data.)

Southwest
Nassau

North and East
Nassau

have bee n removed from service because of th e presence of volati le orga n ic
compounds.

The form atio n of chlorinated hydroca rbon s in " fi nish ed" waters, as
the result of ch lorinati o n pract ices, requ ires the presence of th e prec ursor
compounds. This is very rarely th e case in Long Island groundwate rs,
espec ially Magothy waters, even though it has been the case in so me surface
waters.

The 208 Program responded to requests from its T AC and CAC, and
initiated a program to analyze samples from groundwaters, stormwater,
dom estic waste discharges and la ndfi ll leachates fo r th e presence of volat ile
and non- vol atile organic compounds. The survey of non-vo latile compounds
resulted in the detection of substituted benzene compounds, napthalenes
and various butylphthalates . So me of t hese compounds are common consti
tuents of plastic ize rs, and some are on th e list of those suspected o f be ing
carcinogenic to animals. Vol ati le organic compounds we re also d etected
at parts per b illion concentrations, with their sources yet to be determ ined
or eva luated . Studies are conti nuing, and a full repo rt will be forthcoming 25

N ote: Concentrations in mg/I; numbers in parentheses are numbers of analvses.

Source: Section 8 of the Areawide Waste Treatmen t Management Plan.

Many of the wells in the north and east area a re located in Manhasset,
Great Neck and in the northern part of the Tow n of Oyster Bay. Some of
the wells in these areas show elevated levels of nit rate, indicat ing cont amina
tion from the surface . This suggests some degree of hydraulic con nection with
overlying sed iments, probably in areas whe re the Rarita n cla y has been
emded and rep laced by more permea bl e d eposits.

Uncontaminated water in the Lloyd is characterized by low d isso lved
solids (less than 50 milligrams per liter) . Iron , however. com monly occurs
at levels considerably above the recom mended limit of 0.3 m illigrams per
liter.

2.4.2.4 Organic Chemicals. Several years ago. an incident of ground
water contamination was reported near an industrial complex in Nassau
County. Subsequent sampling and analysis of water from we ll s with in th e
compl ex indicated significant concentrations of vi ny l chloride and in d ust rial
d egreasers such as tri o and tetrachloroethyl ene . The wells y ie lding wat er
containing th ese contaminants were re moved from service as sources of
potable water. An int ensive survey of al l public dr inking water supply wells in
both Nassau and Suffolk Counties has been underway for th e past two yea rs.
As of Octo ber 1977, almost 650 analyses have been performed on samples
coll ected f ro m 475 pu blic water su ppl y we ll s in both counties. Fifteen wells

Nitrate as N
Chloride
Sulfate

0.07
5.1
6.0

(13 )

(12)
(13)

0.21 (100)
5.2 (106)
3 .0 (94)

2 .5 Surface Water Quality
2 .5.1 Introduction. As part of the 208 plann ing process, an extensive

review of h istorical water quality data was made for se lected bays. The bays
we re chosen fo r de tai led investigati o n because of cur re nt wate r quality
problems or th e presence of ex ist ing or proposed major di scharges . The data,
which we re collected between 1970 and 1975. we re obtained from various
sources. These p rograms were des igned for a va riety of pur poses, not neces
saril y to cha racte ri ze th e water qua lity throughout the bay. To supplement
this data base and to prov ide data for mathematica l m odel calibration and
verif ic at ion. an addit ional data co ll ect ion prog ram was undertaken during
1976. All of these data, in conjunction with mathemat ical model results,
provide a means to cha racte rize th e water qua lity o f each bay . Prese ntation of
data and deta il ed ana lysis is contained in a large number of technical reports.
This section provides a summary water quality assessment for each bay for
eigh t se lected bay systems. A no n-model in g w ater qua lity assessm ent was pl-e
pared for Moriches, Shinnecock and Mecox Bays, weste rn Long Island Sound
and the nea rshore At lan tic Ocean.

It is im portant to note that, on the north shore of Lo ng Island, water
q uality cond itions withi n t he bays are largely influenced by the quality of
Long Isla nd Sound wat er, which provides the boundary values for th e bay
models. Lon g Island Sou nd shows a .defin ite gradient of improvi ng quality
from west to east . For example. total coliform bacteria concentrations ranged
from approx imately 2400 MPN per 100 mill il iters near Manhasse t Bay to less
than twen ty MPN per 100 milliliters near Hu nti ngto n Harb or . Nit roge n shows
a simi la r trend , with concentrations decreasing from approximate ly 0.8 milli 
grams n it rogen pe r liter at Manhasset Bay to app roximately 0.3 milligrams
nitrogen per lite r at Port Jeffe rso n Harbor.26
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Co nversely , if bou ndary conditions are low, waste loads can be re lat ive
ly hi gh, du e to the rapid mix ing and high flushing rate s in the North Shore
bays. The importance of these boundary values cannot be overe mph asized,
because no waste m anage ment pl an fo r an individual bay woul d be abl e to
reduce co ncentrations sign ifi cantly below the bound ary valu es .

The Peconic Estua ry -Flanders Bay system, as we ll as the Gre at South
Bay , have relativel y lo ng res ide nce ti mes and , although changes are slow to
mani fest, d ilution and flush ing are much less than in th e North Sho re bays.
Th is character istic causes water qua lity in these two systems to be h ighly
sensitive to internal waste loads, and boundary effects to become minimal.

Unlik e Long Island Sound 's effect on water q uality of the North Shore
bays, the nearshore Atlantic Ocean water qual ity does not appea r to signi
f ica ntly infl uence water quality of the South Shore bays. Available water
qua lity data indicate that tetal nitrogen co ncentrations are consistently
between 0.1 and 0.4 milligrams nitrogen per liter in nearshore Atlant ic waters
that rep resent the bou ndary co nd it ions for th e South Shore bays . Fu rthe r
more, bacterial water qual ity local to the Long Island South Sho re is
determ ined p rima ri ly by con tami na nt loads emi tted by the bays t hemselves.
A revi ew of historical physical and water qu ali ty data in the New York Bigh t
Apex in dica tes that th e great majority of wast es emitted from New York
Harbor travel so uth along the New Jersey coast, except during sust ained
period s of southerly winds. In add it io n, the sludge d umping practices in the
Bight Apex do not, at present , appear to significantly affect water quali t y
al ong the South Shore of Lo ng Island. For these reason s, waste management
plans fo r reduci ng waste loads with in the South Shore bays should be effec
tive in contro ll ing water quality in these bays.27

The followin g su bsecti ons provide a descr iption of o bserved wat er
quality co nditions in a ll o f the bays, and attem pt to indicate th e amount o f
pollutants that resul t fro m differen t sou rces, based on data taken from
Sect ions B and D of the A reawide Waste Treatmen t Management Plan . The
last section provides a summary for a ll bays. Most of th e discussion ce nters
arou nd coliform bacteria and nitrogen concentrations because t hey have
been found to be key indicators of water quality cond itions.

2.5.2 Manhasset Bay . Ma nh asset Bay, the most westerly of the North
Shore bays th at were studied, is largely in fluenced by Lo ng Island Sound .
Seven ty percent of the t otal n itrogen contributed to t he bay from internal
load ing is from poi nt sources. The remainder (700 pou nds per day) comes
from non-po in t sou rces incl udi ng groundwate r inflow, stream base fl ow,
stormwater runoff and di rec t rainfall. Storm- related nitrogen inputs are
approximate ly twelve percent of th e inte rn al n it rogen load ing to Manhasset
Bay. Depending o n location in th e bay nine to 80 percent of th e o bse rved
nitrogen is a result of internal sou rces. Co ncen trat io ns of total ni trogen
with in t he bay range from 0.1 to 3.4 m illigrams nitrogen per li t e r. The h igh
concentrations are found in t he vicini ty of discharges located in relati vely
poorl y-fl ushed areas.

The nitrogen concentrations are sufficient to allow large phytoplankton
b looms. The field data fo r 1976 showed chlorophyll 2. values to exceed
300 m icrograms per liter on occasion .

Large masses of phytoplan kton generally produce very high dissolved
oxygen concentratio ns during the d ay through photosynthesis, and very low
dissolved o xygen levels du ring n ight due to resp irati on. Whil e a no rmal
valu e for d issol ved oxygen would be between 7.5 and 9.0 milli grams per
liter, the fie ld data for 1976 sh owed values to reach nearly 20.0 milligrams
per liter during th e day. While nighttime measurements of dissolved oxygen
were not made, some early morning measurements as low as 3.6 milligrams
per liter suggest cons id erable dissolved oxygen depression at night.

Ninety-f ive percent of the total coliform bacteria contributed by
sources within Manhasset Bay is from stormwater runoff. An additional four
perce nt is contributed by stream base flow, while point sources generally
contribu te o nly o ne percent. These total coliform loadings, in conjunction
w ith 1'1 igh boundary conce n t rati ons (2400 MPN per 100 m ill iI iters), have
resulted in the classifi ca t ion of Manh asset Bay as unfit for and
occasio na ll y, afte r storm events, ha ve resulted in the temporary contravention
of the standa rds for swimm ing.

2.5 .3 Hempstead Harbor. Hempstead Harbor, located just east of
Manhasset Bay , is also largely influenced by Long Island Sound water quality.
Approx imately 72 percent of the internal n itrogen loading is from point
sources .

The rema ind er (approximately 1200 pounds per day) comes from non
point sources, includ ing groundwater inflow, stream base flow, stormwater
runoff and direct rain fall. Storm-related nitrogen inputs are approximately
five percent o f the internal nitrogen loading. Concentriltions of tota l nitrogen
w ithin th e harbor ranged h o rn 0 .3 to 16.8 m illigrams n itro~le n per liter.
Depend ing on location in the hilrbor, thirtee n t o 80 percent of the observed
nit rogen is a resul t of internal sources. The high values are found in the
vicin ity of discharges that are located in relatively poorly flushed areas.

T hese nitrogen concentrations are sufficiently high to allow large
phytoplankton b loom s. The field data for 1976 showed chiorophylll.. values
up to 200 micrograms. per liter on occasion. Such large chlorophyll ~ concen
trat ions ge nerally p roduce la rge amounts of oxygen by photosynthesis during
the day, and consume la rger amounts by respiration at night. Field data
showed oxyge n concentrat ions to range from two to seventeen milligrams
per li ter.

Nin ety pe rcent of the tota l coliform bact(;r ia contri bu ted by sou rces
within th e harbo r is from storm runoff . An add itional eight perc(; nt is con·
tri buted by stream base flow and two percent by point sources. These total
coliform loadings, alon g with high boundary concentrations, have resul ed
in the closi ng of shellfish ing areas in Hempstead Harbor.

2.5 .4 Oyst er Bay _ Oyster Bay receives a total nitrogen loading of
approximate ly 1,700 pounds per day from all non-po int sources within the



bay. About 46 percent of the loading is from groundwater underflow and
23 percent from point sources. The nitrogen contri bution of Long Island
Sound to Oyster Bay is substantially less than to Manhasset Bay and Hemp
stead Harbor . Concent rat ions range from a "wo rst case" bo und ary condition
of 0.45 milligrams nitrogen per liter to an average of about 0.30 observed in
Augus t 19 76.

Nitrogen concentrations in Oyster Bay observed in August 1976 ranged
from 0.1 milligrams nitrogen per liter to 0.53 milli grams nit roge n per liter .
The highest concentrations were obse rved in Mill Neck Creek and the south
end of Cold Spring Harbor. In Mill Neck Creek, point sources account for
about 34 perce nt of observed ni t rogen concentration. In Cold Spring Harbo r,
31 percent of the observed nitrogen concentration is due to point sources.
In these areas the additional nitrogen was contributed by Long Is land Sou nd.

Virtually one hundred percent of the total coliform loading to Oyster
Bay is from stormwater runoff. Median coliform counts in Long Island Sound
at the entrance to Oyster Bay/Cold Spring Harb o r are below the maxim um
70 MPN per 100 milliliters standard for shellfishing areas. Areas in the vicin
ity of the Cold Sprin g Harbor Treatment Plant out fall, the Oyster Bay Treat
ment Plant outfall, Mill Neck Creek and adjacent to Mill Pond are closed t o
shell f ishin g.

2.5 .5 Hun tington Bay. Approximately 42 percent of th e total inte rn al
nitrogen loading (1800 pounds per day) to Huntington Bay is estimated to
derive from groundwater inflow. An addi t ional twenty percent comes from
point sources, twenty-one percent from runoff, eleven percent from di rect
rai n fall and seve n perce nt fro m stream base flow. Concentrations of to tal
nitrogen within the bay range from 0.1 to 1.4 mill igrams n itrogen per li t er .
Depend ing on location in the bay, with a boundary nitrogen concentration of
0.32 milligrams nitrogen per liter, three to 50 percent of t he obse rved n itro 
gen is a result of internal sources. The high values are in Centerport Harbor
and Northport Harbor, where po int sources discharge to poo rl y m ixed areas.
Huntington Harbor receives the HuntingtonSewage Treatmen t Pl ant discharge.

The genera lly high nit rogen concent rations resu lt in substant ial a lgal
production in those area that are poorly flushed. Chlorophy ll .9.. values up

to 50 micrograms per liter have been found in Ce nte rport Ha rbor and in
Huntington Harbor. Dissolved oxygen concentrations ranged from 4 .2 to 12.6
milligrams per liter.

Ninet y -e ight percent of total colifo rm bacte ria loading contributed by
sources within the bay are computed to derive from storm runoff . Stream
base flow contributes most of the remaining two percent. T reatment plant
discharges are minor sources . Total col iform bacteria concentra t ions with in
the Bay range from less than three to 1100 MPN per 100 milliliters. Typical
coliform concentrations in Lo ng Island Sound, nea r the entrance to Hunting
ton Bay, are less than 70 MPN per 100 milliliters. As expected, the poo rl y
flushed areas receivi ng treatment effluent and stream d ischarges (N orthport
Harbor, Centerport Harbor and Huntington Harbor) are closed to shellfish ing.

2.5 .6 Po rt Jefferson Harbo r_ Port Jeffer'son Har bor exh ibi t s the best
water qu ality of al l the North Shore bays studied under the 208 Program .
The total nitrogen loading fro m internal sou rces is app rox imately 800 pounds
per day . Twe nty percent of this total is contributed by point sources (Port
Jeffer son Treatment Plant ). Total loads (wet and dry weather) indicate that
grou ndwat er inflow contributes 32 pe r'cent, stream base flow nin e pe rcen t,
direct rai nfall fou rteen perce nt and stormwater runoff 25 percent of the total
nitrogen load ing to th e harbor ,

The contribution of Lo ng Island Sound to nitrogen concentratio ns in
t he ha rbor is re lative ly low. Four observations in the Sound during J une and
J uly 1976 ranged from 0.20 milligrams nitroge n per lite r to 0 .4 1 m ill igrams
n it rogen per liter w ith a mean of 0.30 milligrams nitrogen per liter.

Tota l nitrogen values o vserved in the ha rbor duri ng June and Ju ly o f
1976 ranged from 0 .10 to 0.73 mill igrams n it rogen per liter. High est concen
t rations were observed at t he so uth end of Port Jefferson Harbo r, in Li tt le
Bay, and in Conscience Bay , In J uly 1976, point sources and stream base

flow accounted for 21 percent of th e nitrogen at the south end of Port
Jefferson Harbor. Non-point sources alo ne accounted for over twenty percent
of th e nitrogen in Little Bay and Conscience Bay. The remaini ng nit rogen
in all areas was contributed at th e boundar·y.

It is estimated that stormwater runoff is responsib le for 97 percent of
the to tal colifo rm input to Port Jefferso n Har bor . The remaining th ree
percent is contributed mostly by stream basl flow. The treatment plan t
d ischarge is only a m inor source . Thi s has resulted in the closing to shel l
fishi ng o f areas near t he mou ths of the th ree st re am s disch argi ng to the Po rt
Jefferson Harbor system. Total coliform co ncentrations at th e Long Island

Sound bound ary are below th e maximum of 70 MPN per 100 m illiliters
allowable fo r shellfishing waters.

2.5 .7 Peconic-Flanders. The Peco nic · Estuary -Flande rs Bay system,
located on the eastern end of Long Island, is characte ri zed by long reside nce
times . The total internal nit rogen loading was approximately 1100 pounds
per day in 1976 . Approximate ly 76 percen t of t h is nitro gen load ing was from
point sou rces, wh ich included duck farms and the Riverhead Sewage T reat 
ment Plant. St ream fl ow and di rect rainfall each accoun t for an add it ional
ele ven percent of n itrogen loads. Bay water qual ity , under dry weath er
cond itio ns, is impacted by sewage t reatment efflu ent .

Co ncentrati ons of total nitrogen in the system range from 0 .1 mill i
grams per liter to over 9 .0 millig rams per liter. The hi gher concentrations are
ge nerall y fo u nd in th e Pecon ic Estuary and near Meet inghouse Cree k. Very
h igh chlorop hy ll .£, concentrations were observed in areas with high nit rogen
levels . Ch lorophyll ..9.. concentrat ions ra nged from less than five mic rograms
per Iit er to ove r 370 mi c rograms per Iiter. Dissol ved oxygen ranged fr o m nea r
ze ro to over fou rt een mill igrams pe r li ter,

It was dete rmined that 64 pe rcent of tot al coliform lo ad ings result
fro m sto rm ru noff . Approx imat ely thi rt ee n pe rcent is f rom stream base fl ow.
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Total coliform bacteria concentrations in t he Peconic/Flanders system ranged
from five to 13,000 MPN per 100 milli liters. The Peco nic Estuary is closed
to shellfi shing because of high bacter ial concentrations.

2.5 .8 Great South Bay . The Great So uth Bay is a large open estuary
abou t 25 mil es lo ng and one to two mi les wi de. The ave rage dept h is near
six fe et . Water q uality in the bay is largely affected by stream discha rges,
groundwater fl ow, two sewage t reat ment plants and t id al f lu sh ing.

Resi dence time in port ions of Great Sou th Bay is t wo t o th ree mo nth s.
Thi s means that a parce l of wastewate r requires abo ut two or th ree months
to be flu shed ou t of the bay. It a lso means that, at any t ime, the bay con tains
nearl y all th e wastes and freshwate r discharged to it over the last two or
t hree month s.

Total nitrogen loading t f' th e Great South Bay is approximate ly 6 ,600
pounds per day . Of thi s total, approx imate ly 39 percent is from base stream 
fl ow, sixteen pe rcent fr om gro undwat er infl ow, 26 pe rce nt from direct rai n
fall , seventee n percent from sto rm runoff and o nly two percen t from point
sou rces. Total nitrogen concentra tion s observed in Novem ber 1976 range
fro m 0.12 to 1.72 m ill igra ms nitroge n per Iiter . The values genera lly inc rease
from west to east, with h igh est concent ra t ions found near Bellport Bay
(Carmans River).

Chl o rophy ll i!. concentrations ran ged fro m one to 90 micrograms per
liter. Di sso lved oxygen concen trati o ns ranged f rom 0.2 to fourt ee n mil lig rams
per liter. T he lowe r val ues of dissolved oxygen are generally toward th e
western end of th e bay and are not found in con junction with th e higher
ch lo rophyll i!. level s.

The shall ow nature of th e Great So uth Bay, th e abund ance of macro
phytes, and the benth ic oxygen demand all co ntribute to the o xygen ba lance
of the Great South Bay. As a result of th e long residence t ime in the bay,
phytoplankton abundan ce is o fte n limited by nitrogen d epletio n .

Approximately 90 perce n't of th e total co liform bacte ria load ings to
Great South Bay are from stormwater I·unoff . The remainder is primar ily
from base streamfl ow . Total col iform concentrations in Great South Bay
ra nged fr o m less than two to greater than 35,000 MPN per 100 milliliters in
the vic in ity of Bayshore Cove . Porti ons o f the Grea t So uth Bay near stream
di scharges are closed to shellfish ing as a result of high bacte rial concen
trations .

2.5.9 Western South Shore Bays. The weste rn So uth Sh ore bays include
Hempstead, East, Midd le and South Oyster Bay. These bays comprise a seri es
of interco nnecting channels , marshes, t idal f lats and islands. Hydraulic
reside nce t imes are relati vely sma ll compared to Great South Bay , an d flush ing
is good . However, there are a number of large pollutant sources.

To ta l nitrogen loading is approx im atel y 22 ,400 pound s per day, 75
percent of which is fro m point sources . Grou ndwater in fl ow and stream base
flow contribute an addition al seve n an d ten percent , re spective ly. Storm
runoff contributes only four percent, and d irect rainfall two percent of tota l

nitrogen loading. Total nitrogen concentrations within the bays ranged from
0.03 to 2.4 milligram s nitrogen per liter. Areas in the vi cintiy of d isch arges,
part icu larly the Bay Park Sewage Treatme nt Plant, showed the highest concen
trations .

Chlorophyll ~ co ncentrations ranged from less than one to 130 micro ·
grams per liter, il lu st rating th e potent ial for large phytoplankton production .
Dissol ved oxygen concentrat io ns ranged fro m 0 .04 to fourteen m illigrams per
lite r. The oxygen concentrat ions are primarily a resul of organic matter oxi
dat ion , algal resp iration and benth ic oxygen demand .

Approximately 83 percent o f tota l co liform load to the western
So uth Shore bays result from storm runoff . Poin t sources account fo r approx·
imately fift ee n percent. Specifically , in Hempstead Bay, point sources contri
bu te approx imat ely 62 percent of total coliform; 36 percent comes from non·
poin t sou rces . Total coliform bacte ria concentrations in the bays ranged from
less than two to great er t han 24,000 MPN per 100 milliliters. Virtually all
of the western South Shore bays are closed t o she ll fish ing because total
coli fo rm conce ntrati ons exceed the stand ard. It shou ld be noted , howeve r,
that the contr ibution of fecal coliform loadings is less eve nly dist ributed
between runoff and po int so urces with the forme r accounting fo r roughly
96 percent , and th e latter for four pe rcent.

2 .5 .10 Moriches Bay. Mori ches Bay lies to the east of Great South Bay
on Long Island's South Shore. An estimated 2100 pounds per day of nitrogen
are discharged to t he bay , ma inl y from groundwater underflow (33 percent)
and stream base flow (30 perce nt). Point sources of discharges fro m cluck
farm s account fo r fou rteen percent o f th e ni tro~len loadin ~J , wh ile di rect rai n·
fall and runoff togeth e r contr ibute 23 percent. There are no known measure ·
me nts of nit rogen input fro m d uck sludge deposits, and it is therefore nearly
impossible to est imat e any present day nutrient loadings.

Virtually 100 percent of tota l and fecal coliform loadings to Moriches
Bay are from stormwater runoff . Total coliform concentrations commonly
exceed 70 MPN per 100 milli lite rs in tri butaries of Moriches Bay, with an
observed range from less th an three to greater than 2,400 MPN per 100
millilite rs. Several triputa ri es and the ir mouths are cl osed to she ll f ishing
du e to total co liform concent rations in excess of the standard.

The statu s o f Moriches Inlet is a major influence on water qual ity .
The inl et is at p resent open , p roviding more tidal flushing than at any othe r
t ime in th e past 40 years. Total nitrogen concentrations in Moriches Bay
average arou nd 0.6 milligrams nitrogen per liter. Water quality in the bay
has been steadily improving du e to stabiliza t ion and na tural enlargement
of the in let and recent reducti ons of po in t so urce loadi ngs.

2.5 .11 Shinnecock Bay. Shi nn ecock Bay lies to the east of Moriches
Bay and receives a relativel y small nitrogen loading (500 pounds per day).
T he largest single source of nitrogen t o the bay (48 percent) is d irect rainfal l.
There are no po int sources. Coli form loadings to Shinnecock Bay are due
sole ly to stormwater runoff. Observed coliform concentrations throughout



Shinnecock Bay are typically below ten MPN per 100 mill iliters. As a result,
there are presently no area s c losed to shel lf ishin(j in Shinnecock Bay. Also, as
a result o f the sm al l nitr o(jen load ing, Shln necock exhibit s excell ent water
quality. The average total nitrogen concentr ation in the bay is approximately

0.32 milligrams nitrogen per liter.
2.5.12 Mecox Bay . Mecox Bay is a shallow coastal em bayment locat ed

east of Shinnecock Bay on Long Island's South Shore. Mecox Bay receiv es
an estimated 310 pounds per day of nitrogen of which groundwater under
flow con tributes 49 percent, stream base flow 21 percent, stormwater I'unoff
2 pe rcent and rai nfal l n ine pe rcen t. T her e are p resen tly no po int sources
to Mecox Bay. In addition. there is no clear evidence to su ggest that duck
sludge deposits created by the past operation of the Mecox Bay Duck Farm
do or do not contribute nitrogen to the bay. Co lifo rm contamination in
excess of the State standard occurs in Mecox Bay due mainly to stormwater

runoff. As a result. most of Mecox Bay is closed to shellfishing.
Despite this small loadi ng to the system. Mecox Bay has exhibited

water quali ty problems, espeCia lly in its side em bay ments . Total dissolved
ino rganic nit rogen concentra tions have ave rage 0.77 mill igra m s per Iite l' in
Hayground Cove. Coliform concentrat ions frequ ently contravene standard s in
Hayground Cove and Mill Creek, probably as a result of stormwate r runoff
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loads. Th e only outlet tor the bay is a n epheme ral chan nel connecti ng it to
the Atlant ic Ocean . Thi s inlet p rov ides lim ited flushing and drainage to
Mecox Bay approxi mately 50 pe lcent of the t im e .

2.5.13 Comparison of Bay Water Qua lity . Any evaluat ion of surface
water quality necessarily requires a conside ration of physi cal. chemical and
biological processes . Unfo rtunately, exist ing gove rnmental regulations set
standards for only two parametel's normally considered in marine wate r
quality assessm ents. Dissolved oxygen and coliform bacte ria levels h ave tradi ·
tionally been measured fOI' most of th e waters on Long Island, and a re used
by th e State as the basis for t he cla ss if ica tion of areas as to their "best use. "
Tabl e 2- 16 presents d ata on both d issolved oxygen and total coliforms for
each bay syst e m, and the fr equ ency w it h which Sta te standa rd s for these
parameters have been contravened . In ad di tion, da ta on total n itroge n and
ch lorophy ll i!. levels are prese nted . These paramete rs have been shown to be
highly useful in determ ining the gene ral bio logica l state of the ma ri ne waters
of Long Island . Analyses of historical and newl y acqu ired 208 da ta have
indicated that tota l n itroge n values of ap proxim ately 0.4 millig rams nitrogen
per lit e r and ch lo rophyll .!:!. le ve ls of abo ut twen ty mi crograms per liter can
be used as guidelines for eval uati ng the overall biologica l sta te o f each
syste m .28

SUMMARY OF WATE R OUAL ITY DATA AND FREQUE NCY OF STANDARDS CONTRAVENTION FOR LONG ISLAND MARINE WATERS

Hunt ington· Port Peco nic-
Manhasset Hempstead Oyster Northport Jefferson Flanders Hempstead Middle East S. Oyster W. Great C. Great E. Great Moriches Shinnecock

Bay Harbor Bay Complex Harbor Complex Bay Bay Bay Bay South Bay South Bay South Bay Bay Bay

Diss. 02+ (ppm) 2 ·-19 2· -17 3-18 4- 15 4 - 10 0 .2-12 1.2-- 14 .1 0.4 - 14 .0 3 .8 -- 15 1 15 0.2- 15 2 - 15 3 .6 - 10

Co li.+ (MPN/100 mil 4·····11000 3·-1 1000 2-- 11 000 2 ··11000 2 - 1600 2·-15000 3-24000 3·- 11000 2--24000 2-·- 11000 2- 35000 2..- 1600 2- 24000 <3- ·2400 <3- 1100

T. Nit.+ (mgN/I) 0.1-3.4 0.3-16.8 0.1 -0.5 0 .1- 1.4 0 1 - 0.7 0 .1- 11.8 0 .03-2.38 0.08- 1.62 0 .09- 0.63 0 .12- 0.76 0 .13- 1.24 012- 1.65 0.51- 1.72 0.1 - 1.6 0.1 --0.6

Chl.!!.+ (mg/I) 2-308 4-220 10- 35 1-49 1-18 1- 372 < 1- 130 < 1- 40 3-50 3-·14 1-- 50 1--90 1- 46

T. Col. % exceed 70 MPN/l 00 ml 11 • 11 • 24 26 33 55 16 8 6 33 46 38 40 27 10

Diss. 02 % below 5.0 ppm 17 46 5 36 4 t 60 20 24 3 6 45 16 8

Chi.!!. % above 20 mg/I 59 t 60t 57 t 21 t < 1 t 15 14 10 8 < 1 61 42 62

+
t

range includes historical and newly acquired 208 data.

indicates frequency of contravention calculated based on average of 208 data only-all other f requencies based on historical data.

criteria is based on 2400 MPN/100 ml-therefore % contraven tion of 70 MPN / 100 ml would be significantly higher.

Source: Tetra Tech Inc. 1977, 'Water Quality Evaluation - Western Long Island Sound," Prepared under contract to the Nassau-Suffolk 208 Program Study.
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Several gene ral co nclusio ns can be d rawn fro m t he data presented in

Tab le 2-15.
1. All bays exh ibi t ranges of disso lved oxyge n co ncent rations that

period ica ll y contravene the five mill igrams per li ter standa rd.
Hempst ead Harbor and weste rn Grea t Sou th Bay show the
high est freque ncy of depressed o xygen values , whereas Oys te r
Bay and Po rt J effe rso n Ha rbor on the North Shore, and East
Bay and Sou th Oyste r Bay on t he South Shore , exhibit th e
lowest frequ ency of low oxygen levels. (Mo riches and Sh innecock
Bays were not evaluated for this pa ra mete r.)

2. All are as stud ied show to tal coli form concentrati ons above the
70 MPN per 100 mi lli liters standard set fo r shellf ish areas. Histor
ically, sampling locations are not un iformly dis trib uted , but
rath er concentratec' in areas wh ere contravention of t he standard
is expected to occur, in order to det ermine the necessi ty for
closing shellfi shing areas. Consequently, the record is biased
toward hi gh bacte ri al values . The percent frequ ency of contra
ve nt io n seems to ind icate t hat t he Pecon ic -Fl an ders an d Great
South Bay syste ms exhib it th e most persist en tly elevated coli
form valu es . Unfol1 unate ly, the only h istori cal d at a avai lab le fo r
Manhasset Bay and Hempstead Harbor were analy zed w ith
respect t o the swimm in g water st andard of 2400 MPN per 100
milliliters. Had avail able dat a for these areas been based on the 70
MPN per 100 milliliters crite rion, both areas would have shown
significantly high er frequ enc ies o f co lifo rm contamination . The
majority of th e open water areas of Great So ut h Bay are free of
coliform contaminati on , and indeed , almost all open wate r areas
are ce rtifi ed fo r commercial shell fishing. Are as c losed to shell 
fish ing in Augu st 1977 are shown in Figu re 2 - 8.

3. There are large regi o nal va ria t io ns in to tal nitrogen concentrat
t ions. No rth Shore bays generally exh ibit sligh tl y lowe r val ues
t han t he South Shore bay systems. The influence of t reatment
p lant locations ca n be see n in Manh asset Bay, Hem pstead Harbo r,
Peconic-Flanders and t he Hempstead Bay system .

In the Nassau County So uth Sho re systems, va lu es decrease
from wes t to east , reflect ing increased flushi ng and th e di stance
from the Bay Park Sewage Treatm ent Pla nt o utfall. Values in
Great Sou th Bay ge nerall y increase from west to east, reflecting
the inputs from Carmans River and th e decrease in flu shing with
increasing distance from Fire Isl an d Inlet. All bays periodica ll y
exceed 0.4 milli grams ni t rogen per li ter. This has been suggested
as t he concent rat ion below which abnormally h igh fluc tu at ions
in dissolved oxygen levels wou ld not be expected . Indeed, all
bays exh ibi t phytopla nkton "bloom" condi tions fro m t ime to
tim e, with concommitant fl uctuations in disso lved o xy gen leve ls.

4 . Chlorophyll a concentrations are used as an indicator of the
sta nding crop of phytop lan kton .29 larger fl uct uat ions in th is
parameter often indicate the probability of associated fluctua
tions in n itrogen and dissolved oxygen. This is readily apparent
in Manh asset Bay , Hempstead Harbor, Peconic-Flanders and th e
Great South Bay systems. Oyster Bay and Port Jefferson Ha rbor
on the North Shore, and South Oyster Bay on the South Shore,
ex hi bit the narrowest range of chlorophyll ~ values.

2.6 The l ong Island Ecosyste m
The following discussion on the long Island ecosystem is based on

informat ion taken from a report prepared by Energy Resources Company
Inc. ,3 0 and contained in Sect ion P of th e Areawide Waste T reatment Mange·
ment Plan.

2.6.1 Ecological Processes on long Island . The functioning of the long
Island ecosystem is governed by several processes that integrate the biological
elements and cycle and transport material. The major processes affecting the
food web include nitrogen cycles, phosphorus cycles, organic matter cycling,
land -water interactions and surface-groundwater interactions. The nature of
o ne o f th ese processes on Long Island is indicated in Figu re 2-9. Prese nt
st resses on the Long Island ecosystem include accumulations of trace contam
inant s, modificat ion of wetland habitats by point and non-point source
in puts, and vari o us chemical discharges. The reduct ion in shoreline wetlands
has elim inated m uch of t he capab ility o f th e bays to easil y assim ilate sed i·
men t, an d organic and nutri ent materia l loadings . Groundwater-surface water
relationships have also been alterd by development, that is, the substitution
of impermeab le surfaces for natural vegetation, and sewe ring.

2.6.2 Existi ng Eco logical Communitites. The Nassau -Suffol k Region is
cha racter ized by complex ecological systems, of which the chief components
are offshore water, bays and estuaries, streams and lakes, wetlands, land, and
grou ndwater. A number of si gn ificant types of interact ions tie together the
six subsystems with respect to the environmental processes affected by waste
treatment (nut ri ent cycles, organic cycles, food web). Most treated and
untreated wastes are d.ischarged to offshore areas, bays and land; some are
d isc harged to st reams and lakes.

The present condi ti ons and areal extent of the various subsystems can
be assessed . In the following discussion, offshore wate r, bay and estuary,
stream and lake , wetland and land systems are discussed in order. Finally , the
processes occu rr ing in th ese systems are co nsid ered. A di scussion of ground·
water has been provided in Section 2.4 .

Each of the su bsystems presented below can be further divided into
smalle r systems, which are te rmed " habitats." Diverse habitats generally
permit a va riety of life forms t o fl ou rish , and provide ma ny pred ato r ·prey
relationships, which promote system resiliency. Easy access to food sources
often allows the deve lopment of prod uctive fisheries. The edges of bays
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FIGURE 2- 8 Areas Closed to Shellfishing in August 1977

FIGURE 2-9 Typical Nitrogen Cycle for a Bay Ecosystem

Source: Energy Resources, Inc., 1977, "Environmental Tradeoffs on Long Island with
Respect to Areawide Waste Management, n Prepared under Contrac t to the
Nassau-Suffolk 208 Program Study.

provide a si mple example of the importa nce of habitat diversity. The various
natural " edge" habitats include Spartina altemiflora marshes, Spartina patens
marshes, sandy beaches, gravel and boulder beaches, bluffs, mudflats, and
stream mouths. In many bays, large areas of such habitats have been replaced
with uniform, bulkheaded shoreline. These altered areas are generally less
ecologica lly productive except, perhaps, fo r phytoplankton blooms. Oyster
Bay, with a diversity of shoreline habitats, supports a productive community
of shoreline uses: waterfowl, sea birds and mammals; Manhasset Bay and
Hempstead Ha rbor, wi th less dive rsity of ha bitat and a great proportion of
altered shoreline, mainly support bottom and water column users such as
shellfish and finfish .

2.6.2.1 Offshore Subsystems. The offshore ecosystem is composed of
several ecological habitats, commonly termed marine zones. These are : the
surface film, where ultravio let radiati on inhibits productivity ; the near-surface
layer, which is high ly productive ; t he water column, which is sparse ly in
habited ; the near-bottom layer, which is productive ; and the benthic zone,
which is organized around processing of detritus. The offshore waters of
Long Island include Block Island Sound, Long Island Sound and New York
Bight.

Open waters are cha racterized by significant local and regional hori
zontal and vertical circu lation patte rns. Thus, materials introduced in a
d issolved or suspended state te nd to be rapidl y dispersed. Despite rapid

35



36

dispersion, western Long Island Sound has h igh pollutant concentrations that
are attributable to East Ri ver di scharges.

2.6.2.2 Bay and Estuarine Subsystems. Bay subsy stems include a

variety of habitats. Each of the six bays stu died in detail has its ow n part i
cular ecological characteristics.

Manhasset Bay and Hempstead Harbo r are the closest to New York
City. Hence, they have a relatively developed shoreline, and adjoini ng Lo ng
Island Sound waters tend to be of low quality. The two bays are long and
narrow, and are well flushed by tidal action . They are generally characterized
by few wetlands, high leve is of water po ll utants, shel lfish populatio ns con
taminated by colifor m bacteria, and minor fi sh kills .

Farth er east, Oyste r Bay has a we ll protected shore li ne, large areas of
wetlands, and low pollutant level s, except in a few high ly loca li zed problem
areas . The bottom substrate is gene rally suitable for oyste r production, and
an active oyster maricul ture program is carri ed out. The wet land, cree k and
pond habitats are suitable for invertebrate and fish spawning.

Huntington is a complicated bay system contain in g well -flushed
bay areas and less well -f lu shed harbors and creeks. The northeast sections
contain shallows and mudfl ats. The ha rbo rs are present ly subjected to signi
fic ant pollutant loads, while the open bay areas exhibit generall y low
po llu tant levels. Wetlands are limited.

Port Jefferson Harbo r is t he c leanest of th e six North Shore bays. Th is
may be attributable to its easterly posit ion on t he North Sh ore . It is a small
harbor w ith lim ited divers ity of hab itats. However, t he adjo in in g Conscience
and Little Bays are relatively undeve loped, with exte nsive wetl and areas .

Pecon ic- Flanders is a large bay-estuarine system, which grades from d eep
and well -flushed in Little Peconic Bay to shallow and poorly -f lu shed in th e
Peconic estuary. Many of th e creeks tributary to Flanders Bay have bee n
dredged and d isplay eutrophic cond it ions. Some of th ese cree ks support
extens ive wetlands. The shall ows and wetlands are key fi sh spawning areas .

The eastern part of the South Sh ore bay system tends to be ve ry
sha ll ow and poorly flushed. The weste rn bays are better flu shed . Essentiall y
all of th e Nassau Co un ty Sout h Shore bays have bee n closed to shellfish ing
due to elevated col iform concentrat ions. On the other hand, in Great South
Bay, in Suffo lk, the on ly areas closed to shell fi shi ng are located along t he
northern shore , at the rive r mouths . Both systems support a great diversity of
estuari ne forms and are prime spawning areas for shellf ish . Great South Bay
provides a suitable habitat for bottom dwellers such as hard clams and
flound er.

Phytoplankton are a ma jor primary producer in bay systems. They can
be sensit ive to changes in water quality, particularly with respect to nitrogen
levels, nitrogen/phosphorus ratios and turbidity. It is genera lly agreed that
nitrogen/phosphorus ratios o f 10 :1 0 1' higher are usually corre lated w ith high
phytop lankton species diversity, whe reas values below 10: 1 are ge nerall y
found in areas associated with elevated algal biom ass and low species

d iversity. Water qual ity c an give an ind ication of what flora and fauna may be
prese nt in a body of wate r , and conversely, phytoplankton b iomass and
dive rsity can give an indication of water quality_ Highly turbid waters have a
reduced ph yto plankto n m ass. Polluted waters generally have very small
d iversi t y . Excess nit rogen can stimulate algal production with the attendant
problems associated wi th eut rophication . Algal blooms shift productivity
and species d is t ri but ion at t he lowest level of production. Phytoplank on
b looms have bee n observed in most Long Island bays.

The bays, est uar ies and Long Island Sound support large fish popula
tio ns, ma ny of wh ich have great commercial value. These populations are
se nsit ive to changes in salinity , phytoplankton, and zooplankton levels,
and also to the abund ance o f shell f ish and other finfish upon which they
feed . The li fe cyc les of so me spec ies are dependent upon both the bay and
we tl and habi ta ts, wh ile som e species depend on wetlands mainly as spawning
or nursery areas. The im porta nt fin f ish species of Long Island can be conven
iently divided into tw o catego ries : resident and m igrat o ry popu lations.

Among com me rcially valuabl e fin fi sh the bays are th e w inte r
f lounder, menhaden and b lackfi sh , t he latte r two species, however, mo ve
offsho re to spawn . No rth e rn pi pe fish , m u m m ich ug and At lantic silversides are
th e most im portant res ident for age species in seve ral bay systems, especially
Great South Bay .

Bluefish and stri ped bass are the most abundant of the migratory
species that spend a porti o n o f their life cycle in Long Island waters. North
ern porgy and weakf ish , somewhat less abundant migratory species, spawn
in shallow bays and estuaries whe re the larvae remain for one season.

Shellf ish and inve rtebrates are plentiful; however, the shellfish industry
is affected by sewage d isposa l and non·point runoff since shellfish are gener
all y found in sha llow waters close to the shore or in bays. In 1975,214,000
acres or e ighteen percen t of the Long Island shellfish beds were closed
because o f coliform bacteria contamination.

Co mm ercially sign ificant shell fish species include lobster, oyster,
many species of clam s, b lue m ussel, bay scallop and, in some years, blue
claw crab. Hard clams are particu larly abundant in Great South Bay, while
oyste rs are fo und in large q uantities in Oyster Bay.

The bays adjoini ng wetl ands o n Long Island serve as wintering grounds
fo r so me birds, breed ing gro unds for others, res t ing stops for many birds
migrat ing o n th e At lantic flyway, and permanent homes for o ther spec ies.
Scoters, black du cks, scau p, me rgan sers, go ldeneye and b ran t overwin ter in
man y wetlands on Island. Black d ucks, ~)eese, m al lards, gad w alls
a nd wood ducks also breed t here. Other spec ies commonl y see n in th e
wetlands of the region inc lude old-squaws, canvasbacks, ringed neck ducks,
bu f fl eheads, pintail du cks, ba ld pates, tea l, ruddy d ucks and coots. These
po pulations are affected by bay wat er quality, by changes in wetland areas,

and by alterations of beaches and other bird habitats.
2 .6 .2 .3 St reams, Lake and Freshwater Wetlands. Although streams,



2.6.2.5 The Inland Environment. Five major types of plant cover
existed on Island prior to development: (1) the red oak forest; (2) pine
oak and pine-dune forest; (3) scarlet oak/black oak forest, (4) Hempstead
Plains , and (5) downs grassland and dune heath. The extensive
red oak forest of the western third of the Island has virtually disappeared
and very little remains, even in Suffolk County. The Hempstead Plains have
been almost splinter remain only in the vicinity
of Mitchel Field. The pine-oak and pine-dune forest and the scarlet oak/black
oak forest still survive in large tracts. Small areas of the downs grasslands
and dune heath remain.

Although many other tree and plant species are found scattered, or
even in local abundance, at various sites, and although many areas have been
cleared and the vegetation removed, the historically dominant
communities still exist in certain areas.

The types of altered habitats that exist on Long Island include
(1) urban or suburban residential and commercial areas, (2) agricultural lands,
(3) old fields, and (4) basins. Each of these plays a role in the
terrestrial subsystem.

The terrestrial includes both natural and man-induced
habitats. Island vegetation is a product of the Island's geolog-
ic soil supports such scrub as pitch pine,
black pine and black oak. Long Island's chief agricultural activity is the
growing of potatoes, which do well in areas. The soil column
allows rapid assimilation of precipitation. The of fertilizer tends to
be although cover slows the process.

There are in which maintenance of is of
particular As discussed in 2.6.1, a diversity of habitats
is Th is is particularly true of the land/water interface,

species need the protection of the upland The
r"-o,cCH-",,rinn of forested or shrub buffers at the of wetlands and ponds,
and along streams, is critical.

2.1 Summary
Pollution enters. the and surface waters of Long Island from

both point and non-point sources. Point sources include such discharges as
municipal waste treatment plant effluents and industrial wastes, both treated
and untreated. Nassau County treats about 107 MGD of domestic and indus-
trial wastes, and all except two MGD to surface waters. The two
MGD is and, of this, 40 percent is of industrial origin. In contrast,
only 0.4 percent of the flow to surface waters is of industrial

Suffolk treats sixteen MGD, although, by 1986,
when the Southwest Sewer District plant is operating at capacity, this quan·
tity will rise to 46 MGD. At the present, Suffolk's treated effluent, of which
ten to fifteen percent is of industrial to ground and
surface waters in roughly equal amounts. Nassau also generates 90 million
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ga ll ons pe r yea r of waste t reatment sl udge, mostly d isposed of in th e Atlantic
Ocean . Su ffolk generates twenty million, mostly disposed of in land fill s.

Non-point sources of pollut ion comprise stormwater runoff from
impervious surfaces, cesspools and septic systems, fertilizers and pesti cides
and grou ndwater underfl ow to streams and bays. Stormwater finds its w ay
into both ground and surface waters. Effl uent s from domestic on-si te waste
disposa l systems enter th e groundwater. Fertilizers and pesticides are applied
to t he ground su rface, and ra in fall washes them down int o t he groundwater.
In ce rtain areas, contaminated grou ndwater carries polluta nts into streams
and marine waters by underflow.

The concept of "safe" o r "permissive" yi eld is de fined as t he volume of
groundwater that can be wit hdrawn f ro m the aq uifer and used consumptive
lyon an annual basis without producing undesirable results. The safe yield
for Nassa u Coun ty has bee n esti mated at 151 MGD, and that for Suffolk
County at 466 MG D. In con t rast, although current withdrawal rates are
considerably higher, consum ptive losses are estimated at 133 MG D for
Nassau and 30 MGD in Suffolk . Daily pumpages in Suffolk are well over
110 MG D, and peak days pumpages over 300 MG D, but a substanti al portion
is returned to the system and not consumed, o r is discharged to the ocean.

Chl orophyll 2.. is an indicator of th e standing c rop of phytoplankton ,
and if large fluctuat ions of chlorophyll ~ occur, then large fluctuations occur
in total nit rogen and dissolved oxygen levels. Such changes are observed fre
quentl y in Man hasset Bay, Hempstead Harbor, Peconic Bay and Great South
Bay .

Because of po llution in weste rn Long Is land Sound , the water qual ity
and marine environment in the North Shore bays show steady improvement
with distance fro m New York City . Superimposed on this pattern are local
variat ions due to runoff and poor flushing in certain creeks and harbo rs. The
amount of deve lopment falls off from west to east, so that the easte rly bays
have better water quality and more extensive wetlands. Most of the South
Shore bays in Nassau County are closed to shellfi sh ing. However, in t he Great
South Bay , in Suffo lk County, such closures are confined to river mouths. In
the Peconic Estuary-F landers Bay system, tidal fl ush ing dim ini shes going
from the bay into the estuary. The re are extensive wetlands on the tri buta ry
creeks, and eutrophication is frequently observed.

All bays support large and val uable fish populations, wh ich are sensitive
to changes in salin ity and plankton levels. Shell fish and inve rtebrates are also
plent ifu l. Shellfish are particularly sensitive to sewage disposal and non- point
pollution run o ff. Marine we tlands and tid al marshes cover 545 sq uare
kilom eters, and provide habi tats and wintering areas for many bird species.

The tota l su rface area of streams and lakes, and their associated wet
lands is small. The lakes are generally shallow, and suffer from eutrophicat ion
du e to waterfowl pollution and surface runoff.

Long Island's sandy glacial soil supports scrub growth, such as pitch
pine, black pine and black oak. Much of th e origi nal tree cover has bee n lost

to developmen t. The sar>riy soil allows the rapid seepage of rainfall, which, in
tu rn , carr ies contaminants rapidly into the groundwater. Vegetative cover
hel ps to slow th is process.

In sum, Nassau and Suffolk Counties present a picture of rapid growth
and development, in the course of which th e area's great natu ral resources
have been seriously impacted. Those that remain are still of the highest
quality. Section 3 .0 addresses the alternatives for the protection of these
resou rces.

Long Island's geologic system is characterized by three geologic forma
t ions, strat ified and generally hydraulically connected. The uppermost aquifer
usually conta ins the water table surface, and is most suscepti ble to con tamin ·
tion as a result of activities on the land surface. Water quality in the upper
most aquifer is somewhat variable, at times containing objectionable concen·
trations of iron and manganese, and at times, evidence of the leaching of
domestic wastes. Water quality variability in shallower wells is more related
to popul ation density and land use. Concentrations of most contaminants
are somewhat lower in Suffolk than in Nassau. For example, Nassau County
we lls show an average nitrate level of 4.5 milligrams per liter compared to
2.3 milligrams per liter in Suffolk. Similarly, Nassau County shallow wells
range in ch loride concentration from nineteen to 83 milligrams per liter,
whereas Suffolk County averages twelve milligrams per liter.

The next deeper aquifer is the Magothy form at ion. Its background
water quality is excellent, having very low dissolved solids. In the deep
recharge area, the Magothy formation is affected by seepage of contaminants
from the water table aqu ifer, as evidenced by nitrates detected deep in the
Magothy in the center of Nassau County.

The deepest aquifer is the Lloyd, and this too has excellent background
quality , with low dissol ved solids. In some locations, the iron content can
exceed the drinking water standard. The Lloyd aquifer has not yet been
greatly deve loped for water supply.

Organ ic chemicals have been appearing in the groundwater in recent
years. Their concentrations have been very low, but their presence is a cause
for pUblic concern. Fifteen wells have been removed from servi ce because
of trace amounts, mostly in industrial areas.

In the marine waters of Long Island, all bays have shown dissolved
oxygen concentrations which periodically fall below the standard of f ive
mi ll igrams per liter. Hempstead Bay and western Great South Bay show this
periodic drop most frequently. Simil(jrly, all bays show high total coliform
counts peri od icall y, at least in some locati ons. No rth Shore bay wat ers gener
a lly contain lower total nitrogen concentrations than South Shore bays.
Nassau County South Shore bays show a decrease in total nitrogen level
fro m west to east, attributable to the im proved tidal flushing as one moves
east. In contrast, Great South Bay waters show a decrease in total nitrogen
from east to west. Again, this is probably due to improved tidal flushing, in
th is case as one approaches Fire Island Inlet.
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Section 3 Alternative Wastewater
Management Programs

3.0 Introduct ion

This section outlines alternat ive wastewater management p rograms in
terms of:

1. objectives
2. source control alternatives (both point and non-poin t ), and
3. methods by which objectives may be met , usi ng a comb ina

t ion of tr-aditional and in nova t ive struc tural and non -structural
alternatives.

3 .1 Objectives
The various alternative wastewater management programs all have as

their general objective the development of a comprehensive management plan
for the treatment and disposal of waste to protect the publ ic heal th and
natural resou rces of the Long Isla nd 208 Regio n.

3.1.1 Pub lic Health Object ives. The major public health o bjectives may
be met by (a) the continued protection and restora t ion of the qua lity of the
water-table aquifer, and the deeper aquifers, in order to assure the avail ab ility
o f potable wate r, and (b) the main tenance and/or impmve me nt of water
quality of both fresh and marine surface waters so as to ensure the ir use for
swimming, fishing and other recreational and commercial purposes.

A. Protection of Groundwater. There is a wide ra nge in t he types and
locations of the sources of groundwater contaminants. Land fills, ind ustr ia l
discharges, sewage treatment plant recharge basins, accidental spills, process
and incinerator wastewater, cesspools, rainwater and stormwater recharge are
important sources of pollutants for Long Island groun dwate r.

Just as the sources of contamination vary wide ly, the materials co ntrib
uted by each source also vary. Inorganic and o rganic nitroge n, halogenated
hydrocarbons, heavy metals, pesticides, deicing salts, colifo rm bacteria and
viruses are a ll contr ibuted by these sou rces. Nitrat e and o rganic chemi ca l
contamination are of particular concern in the Long Island area .

Within this c ategory, items that impact th e public health include failing
cess pools, leakage from fa ulty or failing sewer coll ection systems , ove rloaded
t reatm ent systems, physical breakdown of wastewater treatment faciliti es and
inactiv ation of treatme nt syst ems by plant upset. These conditions result in
the co nta min at ion o f ground and surface waters with nitrogen, co li form bac
te ria, viruses, inorga nic ions, heavy metals and o rganic compounds.

B. Maintenance of Surface Water Qualitv. Shoreline development places
t he source o f contam inat io n du e t o human activities immediately adjacent
to vital wat er resou rces. The erosion of st ream banks a nd th e d estruct ion of
mar sh edges increase surface wate r conta mi natio n fro m fertili ze rs, silt, anim al
wastes and o th er pollutants. Th e locat ion of sewage treatm ent plant outfall s
may cause localized degrad at ion of surface waters to levels that prevent
t he ir util izat io n fo r shellfish ing and water-intensive recreat iona l activities.
In genera l, non -point sources cont ri bute th e greate r pa rt of th e pollutant
loadi ng t hat endangers pu b lic health.

3 .1.2 Natu ral Resources Objectives. Th e natural resource object ives
include : (al the protection o f critical environmenta l zones such as primary
recharge areas, ma ri ne and freshwater wet land s, and unique wi ldli fe habitats;
(b) t he p rotecti o n of biol ogi cal resources, especia lly fin and she ll fi sh popula
t ions, in the marine environment; and (e) th e protect ion of biologica l diver
s ity.

A. Protection of Critical En vironments. Wh ile public health aspects
t hat relat e directly t o h um an di seases are obvio us conce rns to be addressed
in a wastewater management plan, the protect ion of un iqu e env ironmenta l
zones has often been overlooked , o r its importa nce underest imated. Develop
ment or loss of natural recharge areas increases non -point source contamin
ants in grou ndwater, such as n itrates, m etal s and o rganic chemicals. It al so
red uces t he pa rt ia l rem oval of nit rates in rainwater, which norm ally occurs
in naturally vegetated areas. The loss of wetlands such as ma rsh es, swamps
and lowly in g areas adjacent to streams increases erosion, siltation and the
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Table 3- 1

CONTAMINANT SOURC ES AND IMPACTS
ON PUBLIC HEALTH AND NATURAL RESO URCES

trol options ava il abl e. A number of conclusi ons ca n be drawn fro m these
tab les . It is obvious that a num ber of sources impact both public health and
natural resource objectives. It is also apparent that the contaminants that
are of major concern are common to a wide variety of sources. State and
Federal standards exist for coliform bacteria , certain organics and heavy
metals in d ri nkin g water. There exist s a Federal dr inking water stand ard of
ten m illi grams N0 3 - N per lite r. Nitrogen is the only paramete r common to
almost all publ ic health and natural reso urce concerns for w h ich total load 

ings can be calculated . Control of this contaminant from each source will in
many cases lead to reduction or e lim ination of other pollutants. (There are,
of course , some specifi c exceptions to this, as in the case of colifo rm bacteri a,

Health Resou rces

Ground Surface Critical
Contaminant Source Water Water Environ ments Biological

Animal wastes X X X
Cesspools X X X
Stormwater runoff X X X X
Rainwa ter X X
Leakage fr om sewer systems X X X

Shoreline developmen t X X X

Deve lopment of recha rge areas X X X

Loss of wetla nds X X X
Changes in streamflow X X X

Landfi lls X X X X
Recharge basins X

Industrial process water X X X X

Spills X X X X
STP operat ion' X X

Siti ng of STP X X X

Siting of outfall s X X

Siting of collection systems X
Residuals X X X

Hazardous wastes X X X X

' STP sewage trealrnent pl ant

Impacted Factors

X adverse impact

3.2 Identification of Wastewater Management Needs
Table 3- 1 lists the main sources of contaminant s and th e wastewater

management objectives that they impact. T able 3- 2 lists t he major types of
pollutants th ey contribute t o the enviro nm ent, and the possible ty pes of con-

runoff of nutri ents and coliform bacteria to surface waters . Fu rt hermore,
these areas are highl y productive and of the greatest importance in th e food
chain . The protection of th ese u nique habitats is required by several Federa l
and State regul at ions.

Beyond t he effects of t he physical dislocation of th ese cri tical areas,
their degradation due t o quality changes resulting from adopted management
philosophies must be co nsidered . Stra tegies that resu lt in th e maintenance of
publ ic health but allow wholesa le changes in the physical or chemical char
acteristics of surface waters can easily lead to loss or changes in uniqu e
natural resources. For example, decreases in gro undwate r levels can result in
changes o r losses of marshes, swamps and bottoml an d zones, with t he resul t
ing prob lem of erosion and runoff. Dec reases in the streamflow may affect
salinity regi mes in the tidal portion of st rea ms and the receiving waters o f
bays, possibly resulting in changes in spawning and nursery areas for marine
organisms.

B. Protection of Biological Resources. The loss o r chan ge of existi ng
popul at ions of marine and freshwater organisms, whil e not necessarily direct
ly affecting man's use of the ma rin e zone, or impact ing public hea lt h, could
indicate a seve re al terat ion in the physical and chemica l propert ies of th ese
wat ers. Any loss of th ese resou rces would also have serious economic conse
quences affecting the shellfish, sportfish and tou rist industries. It must
be remembered that, while the natural population o f a marine organis m such
as th e hard clam m ay be m a intained, if it cannot be ut ilized because o f con·
tam inati o n by coliform bacteria or viruses, th en the popu lation is effectively
"lost " to commerce.

The maintenance of ex isting biological resources im plies the prevention
of any changes th at wil l affect the no rm al functioning of the ecosystem.
Furth ermore, changes in phytoplankton density wi ll resu lt in alterations in
d isso lved oxygen leve ls, with subsequent effects o n all animal populations in
the area. These alga l populations are highly dependent u pon nutri ents such
as nitrogen and phosphorus. Any significant increases in nut rient level s

• may result in large scale changes in phytoplankton .
Dec reases in streamflow may result in sa linity changes, affect in g the

growth and reproduct ion of many marin e organisms. Incl uded here are
dislocat ions of fi nfish popu lations due to th e sh ift ing of optimal salin ities in
nursery areas . Mid-bay outfalls may give rise to local sali n ity changes and
increases in coliform bacteria levels, which may affect the health and market
abi lity of shellfish . Sto rmwater run off cont ributes coliform bacteria, heavy
metal s, pesticides, ni trogen and other contaminants to su rface bays, and m ay
severely impact t he biological resources of th ese areas.
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Table 3-2

WATER CONTAMI NANTS. BY SOURCE AND TYPE OF CONTROL

Contaminant Control

Coliform Nutr ients Organic Non-
Contaminant Source Bacteria (Nitrogen) Chemicals Metals Other Structural Structural None

Animal Wastes X X Viruses X X

Cesspools X X X Viru ses X

Stormwater runoff X X X X Viruses X X

Rainwater X X Acids X

Leakage from sewer systems X X X X Viru ses X

Shorel ine development X X X Sediments X

Development of recharge areas X X X Viruses X X

loss of wetlands X X X X Sediments X

Changes in streamflow Sediments X X

Landfills X X X X X X

Recharge basins X X X X

Industrial process water X X X X Variabl e X X

Spills Variab le X

STP operation X X X X X

Siting of STP X X Viruses X

Siting of outfalls X X Viruses X

Siting of collection systems Sediments X

Residuals X X X X X

Hazardous wastes X X Variable X X

organ ic chem icals and viruses, ) It is for this reason that nitrogen has been
se lected as the pri mary pa rameter upon wh ic h th e following treatm ent alte r
natives have been developed. However, it shou ld be understood that other
treatment may be req u ired to rem ove spec ific co ntaminants not directly
affected by nitrogen removal processes. In add it ion, the impacts of parame
ters not historically monitored, and therefore not specif ically treated , requ ire
fu rther evalu ation.

A primary question is what levels of nitrate-nitroge n are consistent with
both the public health and wate r reso u rce objectives? As d escribed prev ious
ly, groundwater is th e sole sou rce o f drinking water on Long Isla nd . There
fore , if the public health standard is to be sat isfi ed, the nitrate-nitrogen
concentration in groundwater should not exceed ten mill igrams per liter.
Regulations req u ire tha t, if a wate r su p ply reaches this concentrat io n , the
purveyor must immediately notify all custom ers .

Groundwater q uality on Long Island is highly vari able both in tim e and
from place to place. In order, the refo re, to satisfy t he drinking wate r stan
dard, this variation should be acco modated. A st at istica l analysi s of ground
water data, obt ained from wells in Nassau County , indicated that, if the mean

nitrate-nitrogen concentrations in the Upper Glacial aquifer was si x m illigrams
per lite r, t hen there is a 9 0 percent chance that we ll samples wi ll contain
levels of nitrate-nitrogen less than ten milligrams per lite r.

Although t h is result is prelim in ary, it is a useful criterion for managing
the Region's nitrogen sources in a manner that ensures that the drinking
water standard of ten mill igrams per liter will probab ly not be vio lated in the
Upper Glaci al aq Uiter.

Surface water qual ity analyses, und ertaken within the 208 Program,
have demonstrated that levels of oxyge n are largely determined by alga l respi
ration and photosynthesis, and by the util ization of oxygen in the bacterial
decomposition of dead algal materi al and other detritus. Large diurnal fluctu
ations of oxygen are highl y undesirab le. In particu lar, larvae of shellfish and
other juvenile fish are vulnerable to low leve ls of oxygen. Given th e depen
dence of algal prod.uction on nitrogen, it fol lows that controls that limit
nitrogen wil l in turn reduce the range of oxygen fluctuat ions .

From data obtain ed during the 208 Program , an app roxim ate re lat ion
shi p between nitrogen, ch lorophyll a and levels of oxygen was computed, and
a nitroge n guideline fo r t he determination of waste load all ocatio ns fo r
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the contamin at ion is all
be controll ed in a ma nner si mil ar
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may

marine receiving water was developed. An outline of the method of calcula
tion is given in Section B of the Areawide Waste Treatment Management
Plan. The results show that a total nitrogen concentration of 0,4 mill igrams
per liter or less will generally maintain chlorophyll j! levels below 40 micro
grams per liter, and will minimize diurnal fluctuations in dissolved oxygen
levels. Although this recommended standard can only be as prelim'
inary, the limited data available supports the hypothesis that accelerated
eutrpphication will not occur where this concentration of chlorophyll j!

is not exceeded.
3.2.1 The Hydrogeologic Zones. As previously indicated , there are

two broad public health objectives, one with groundwater and the
other with surface water. The primary objective in of
groundwater is to maintain the resource as the regional water

The major patterns of groundwater flow are such that the
deep groundwater reservoirs are mainly replenished over a broad area in
the central part of the Bi-county Region, as shown in Figure 3-1. Recharple
water entering this central area affects the quality of the middle and lower
supply . The area outside the central area may be less critical in terms of
water supply. On this basis, and the use of the qn)U!ld\Nater
wastewater management zones can be defined in the Bi-county
3-3 and Figure . It should be that deep flow also occurs to
the north of the northern limit of the Magothy in both Nassau and Suffolk.

FIGURE 3-1 Flow Re<~ha'rge Area
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FIG UR E 3-2 Water Management Zones in the Nassau-Suffolk 208 Study
A rea

sources of poll ut ion will be necessary for reasons of public hea lt h .
Zone III is an area of low density, primarily non-agricult ural land use ,

which st ill has good qu ality grou ndwater in both the Upper Gl acial and
Magothy aquifers. Med ian nitrat e-ni t rogen concentrations in water from wells
in this area have always been low. Moreove r, si nce t he hydraulic cond uctivi
t ies of bot h aquifers are high , there is considerable potentia l fo r water su pply
development in this zone. This zone shou ld be protected by apply ing land
use restrictions, as we ll as st rict pollution source controls. In this zone, con·
trol of non·poi nt sou rces is necessa ry for t he protection of the resource itself,
and the ent ire zone should be governed by non-deg radat io n regulations.

Zone IV comprises the North Fork and the eastern part of the Sout h
Fork. This area has unique groundwater condit ions, and special management
alternat ives apply to it. Intensive agricult ural activit ies have resul ted in
nitrate-nitrogen concentrations in wells located in agricultural areas t hat are
above si x milligrams per liter, with ma ny observations exceeding ten mill i
grams per liter. Although groundwater underl ying ag ricu lt ural areas shows
defin ite signs of nitrogen- related contam inati on, the residenti al areas sti ll
have good quali ty water, and stat istical exam ination of over 300 analyses
from domestic wells located on t he North Fork ind icates t hat almost al l
have ni trate-nitrogen co ncentrations of less than three milligrams per liter.
High chlor ide concent rations (over 250 mill igrams per liter) have been found
in a few areas on t he North Fork, in New Suffo lk, and al ong both shores

of Great Hog Neck and Littl e Hog Neck . Public supply well s in the Green
port area have experienced sa ltwater upconing where pumpage was concen
t rated at one si te. Wh ile the re are many areas wit h acceptab le water quality ,
any ex pansion of farmi ng, wi t hout the adoption of proper fertilizer manage
ment procedu res, will lead to increased nit rate contamination of ground
water. However, reduction o r eliminat ion of farm acreage and subsequent
resident ial deve lopment may result in water supp ly problems, because most
groundwater beneath these agricultural areas already contains very high
ni t rate concentrat ions. Based on assessments of t he groundwater develop
ment potential in each of these areas, there appears to be sufficient availab le
groundwate r to su pport projected land uses, if pumpage is properly developed
and managed. This conclusion is support ed by t he results of a deta iled hydro
logic model st udy of the South Fork , conducted as part of the 208 Program.
However, because of the limited depth of fresh wate r on the forks , waste
water management contro ls must protect those areas that stil l have accept
able groundwater quality if the areas are to remain self-sufficient in water
supply. Failing this, alternative engineering solutions based on water importa
t ion or large-scale renovation , wil l be ext remely expensive . Public health
q uestions in Zone IV are related to nitrat e concentrations in groundwater.
The protection of resources, both natu ral and recreational, is related to the
quality of mar ine waters. Non-point source controls are relevant to both .

Zone V comprises t he southwestern port ion of t he South Fork not
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Table 3- 3

*Shel ter Island and Fishers Island were considered separatelv ·

included in Zone IV _ It differs from Zone IV in having less agricultural
activity and, conseq uently, less of a fe rtili zer run off and leach ing problem .
In all other respects, Zone V shares the charact er istics of Zone IV .

Zone V I is that po rtion of the groundwater syste m th at discharges to
Mor iches Bay and the eastern po rt ion of Great South Bay. Because the
flushing rate in eastern Great South Bay is so low contam inant concentrations
are not sufficiently dispersed and dil uted.

The shore li ne of Zone V I has valuable recreat ional resources, and the
adjacent bay has important shellf ish resources. This zone should be covered
by non·degradation regul atio ns.

Zone VII and VI II are areas which are like ly to contribute water only
to the sha ll ow groundwater flow system . This flow system discha rges to
streams and sa ltwater bays, and hence will affect the qua lity of the su rface
water. Zone VII groundwater flows into the Nassau County South Shore
bays, and has a more sign ifi cant im pact on ma rine water qu ali ty than the
groundwate r from the areas ma rked Zone V III. The latter enters North Shore
bays, whose water quality is more dependent on Long Island Sound .

WATER MANAGEMENT ZONES IN NASSAU AND SUFFOLK

Zones VII and VIII differ geologically. In lone VIII areas, the Magothy
formation has been com plet ely eroded away and re placed by deep glaci al
aquifer. The zones are al so d ifferentiated on the basis of sewering options.
Zone VII is predominantly committed to comprehensive sewering, whereas
Zone VIII areas are generally not. Possible exceptions to the shallow flow
concept discussed he re include those areas of heavy pum p ing such as in
southwestern Nassau , where local reversals of gradient occur. Areas immedi
ately surround ing h igh capacity supply wells situated in the shallow flow
regio n could al so act as local rech arge zones. In addition , aba ndoned wells
or wells with faulty construct io n ca n se rve as condu its fo r contam inated
water and allow movement from shallow to deep systems.

In the matter of nitrates, one may allow mean concentrations in shal 
low we ll wate r to reach six mill igrams per liter in Zo ne I areas, whereas level s
in Zone VIII m ight be allowed to app roach ten milligrams per liter, without
contravening surface water standards. In Zone V II, the eastern portion of
the zone presently has low groundwater nitrogen concentrations . Increases
in gro undwater nitrogen in th is area will increase the n itrogen load ing to
eastern Great South Bay. Nitrogen loadings from the western portion of
Zone VII do not have as large an effect on eastern Great South Bay, due to
the proximity of Fire Island Inlet. The boundary lines separating Zone I
and Zones V II and VI II are not meant t o be defi niti ve, because the re is a
lack of data in some areas. The northern boundary of Zones V, VI and VII
corresponds rou gh ly to the limit of the Gard iners Clay or equivalent clays.
These zo nes al so are areas where ava ilable head data between the Magoth y
and t he Upper Gl ac ial indicate essen t ially ho rizo ntal fl ow in the Upper
Gl ac ial aq uifer. The sout hern boundary of Zone VII I on the North Shore

was dete rm ined using existing in formation on head distribution near the
coastl ine and inte rpo lati ng betwee n these points . Fl ow in the uppe r aquifer
in Zone V III is, again, essenti ally ho rizontal. The area in Zone V III near
Smithtown coincides with th e extent of the Smithtown Clay . Further investi ·
gat ion is required t o evaluate the flow relationships in most areas before
speci fic management schemes can be im plemented . These especi all y include
the Smithtown and Shoreham areas, as well as the southeast portion of
Suffol k County.

In some localities, Zones VII and VIII are similar, in that they have a
high water table and so ils of low pe rm ea bili ty .

3.2.2 Surface Waters. Fresh waters in the Nassau-Suffolk Region in
cl ude several lakes, four major streams and numerous ponds and minor
streams . Freshwater qua lity is a funct ion bo th of groundwater qu ali ty and of
the nature and volume of th e poll utants carried in runoff orig inat ing in t he
immed iate watershed. Freshwater streams contribute locally significant
amou nt s of n itrogen and coliform bacteria to the bays.

These po ll utants affec t not onl y pu blic heal th but al so en vironmental
resou rces. Abno rmal changes in the volume of streamflow, such as might be
expected t o resul t from sewage collect ion and discharge of effluent to marine

Deep recharge wi th vertical

flow.
Area of substantially impaired

groundwater qua li ty .
1-1 igher grade reservoi r. Excep

t ionally high quali ty water with

h igh potential y ield .

Local water quali tY problems.

but wit h p otential fo r develop·
ment , part icularly on South

Fork .
As previous, but l ittle agri

cultural inpu t.

Poilu ted grou ndwater has major

impact on su rface w ater, due to
long residence time in bays.
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ta l fl ow .
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tal f low .
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waters, can be expected to produce changes in stream corridor and bay
ecosystems. In the first instance, the changes will occur because of lowered
water levels or disappearance of the streams; in the second, because of in
creased salinities resulting from reduced quantities of fresh water reaching
the bays as streamflow and underflow_

In order to protect the marine surface waters and b io log ical reso urces
of Nassau and Suffolk Counties, nitrogen and coliform bacteria have been
selected as the two key pollutants to be controlled. Nitrogen is contributed
to the bays by point sources (principally municipal treatment plant discharges)
and non-point sources . The non-point sources include groundwater under
flow, stream base flow, stormwater runoff and direct rainfall. For each Long
Island bay, the relative loading of each source varies. The response of each
bay to a given loading also varies due to the different flushing rates of each
bay. It is also true that the effect of a nit rogen load ing to a bay va ri es, de
pending on the exact location of the discharge. The individual bays are dis
cussed below, in Section 2.5 of this report and in Section B of the Areawide
Waste Treatment Management Plan. Figure 3-3 indicates the areas considered
in the natural reSOurce planning alternatives.

Great South Bay. Over 50 percent of the present total nitrogen loading
to Great South Bay is from groundwater-sixteen percent from groundwater
underflow, and 40 percent from stream base flow . (See Table 2- 7 in Section

2.5.) Since nearly 100 percent of stream base flow is deri ved from ground
wate r, bot h sources can be considered toge ther. Grou ndwater underflow to
Great South Bay is approx imately 78 cu bic feet per second (cfs). Th is com
pares to the average stream base flow of 260 cfs. * Nitrogen concentrations in
ground water underflow and stream base flow show similar concentrations.
In western Great South Bay (west of the Connetq uot River), groundwate r
nitrogen concentrations average about five milligrams nitrogen per lite r. The
resulting nitrogen loadings to western Great South Bay are 720 pounds per
day from groundwater and 1800 po und s per day from stream base flow ,

In eastern Great Sou th Bay (east of the Connetquot Rive r) ni t rogen
load ing is 330 pounds per day from groundwater underflow and 830 pounds
per day from stream base flow_ The lower loadings are primarily d ue to lower
nitrogen concentrations of 1.4 mill igrams nitrogen per lite r for st reams and
one mill igram nitrogen per liter fo r groundwater. Although the nitrogen
loadings to eastern Great South Bay are smaller tha n t he loadings to the
western Great South Bay , the long residence time (the average length of time
for wh ich a parcel of water remains in the bay) of easte rn Great South Bay
makes it the most critical half of the system . Current nitrogen load ing fro m
stream base flow and groundwater underflow in eastern Great South Bay

* Includes groundwater inf low to streams below gau ging stations.
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produces ave rage receiving water nitrogen concentrat ions over one mill igram
nitrogen pe r liter.

Additional increases in groundwater nitrogen discharging to eastern
Great South Bay must be avoided if serious degradat ion to the bay is to be

prevented. If groundwater nitrogen concentrations increase to two milligrams
nitrogen pe r liter or more, nitrogen concentrations in easte rn Great South
Bay will exceed two milligram s nitrogen pe r liter.

In western Great South Bay, the residence t ime is lower and t he flush
ing considerably better than eastern Great South Bay, except in so me ca nals,
whe re t he low flushing rate is a very real problem . Although the loadi ngs
are greater, receiv ing water nitrogen concentrations are currently near accept 
abl e levels. Sewe ring programs with ocean outfall, curren tl y pla nned fo r
southwestern Suffolk County, should result in lower groundwater nitrogen
concentrations within ten to twenty years.

The two remaining major non-point sou rces are di rect rainfall and
stormwater ru noff. There are no options avail abl e for controlling ni trogen
loading from direct rainfall. However, storm runoff into eastern Great South
Bay should be controlled . Poin t sources account for only two percent of the
tota l nitrogen loading to Great South Bay. The major point source, the
Patchogue treatment plant, di scharges to eastern Great South Bay . This
d ischarge shoul d be removed, or rece ive deni t rification _

Western Sou th Shore Bays. Po int source discharges are the major
inte rnal source (76 percent) of ni trogen to th e western South Sh ore bays
of Nassau County. The point sou rces are concentrated in Hempstead Bay
with an additiona l source at t he Jones Beach Sewage Treatment Plant outfall
located to the east of Jones Inlet, and the Freeport Sewage Treatment Plant
(sched ul ed for diversion to Cedar Creek in 1979). Rece iving water nitrogen
concentrations are excessive in Hem pstead Bay and Middle Bay , and near
acceptabl e levels in East Bay and South Oyste r Bay.

The Bay Park Sewage Treatment Plant contributes about 85 percent of
the total po int source nitrogen loading to the Nassau County South Shore
bays. If this outfall we re moved to an offshore location, there would be a
reduct ion of the total nitrogen loading (to the western South Shore bays)
by 66 percent and the total colifo rm loading by eleven percent .

Moriches Bay. Moriches Bay has experienced high nutrient and coliform
loadings, particularly in the form of wastewate r from duck farms in the
vicinity of its tributary streams. Point sources account for fourteen percent
of the total nitrogen loadings. There are no estimates of t he amount of
nitrogen trapped in duck waste sludges deposited du ring past years. However,
th ey are not considered to be sign if icant nitroge n sou rces at present. Ground
water underf low and streams contribute signifi cant inputs of ni t rogen to the
system. In order to atta in surface water qual ity goals of 0.4 m illigrams n itro 
gen per liter and 5.0 milligrams pe r liter dissolved oxygen, these sources must
be reduced. Point sources, although only fourteen pe rcent of the total loads,
ca use localized problems in the poorly flushed streams on which th ey are

located . An y pollutant loads to th e Nar rows area will affect bo th Moriches
Bay and eastern Great South Bay. Large areas of Moriches Bay are presently
closed to shellfishing because of elevated coliform concentrations.

Nitrogen and colifQrm loads do not occur to the same e~tent in all the
sources. It will be necessary t o red uce po ll utant contributions f rom a number
of sources in order to att ain the req ui red water q ual ity object ives.

Mecox Bay. The inlet from this bay to t he Atlantic Ocean is closed
approx imat ely half the ti me. There are several duck farms discharging into
t he bay o r it s t r ibutary st reams.

Shinnecock Bay. Flushing rates, surrounding land use and the absence
of po in t sources have allowed mainte nance of high water qu al ity in Sh inne
cock Bay . For thi s reaso n, wastewater rnanagemen t shou ld ensure non-degr a
dation of this resource.

Manhasset Bay. Seventy percent of the nitrogen loading from sources
w ith in the bay is d ischarged from point sources_ High nitrogen concentrations
in Long Island Sound water are an even larger influence. A waste management
plan to maintain recommended nit rogen leve ls in Ma nhasset Bay must, there
fore, consid er control of sources within the bay and possibi lities for control
of sources outside of the bay (Lo ng Island Sound) and beyond the boundaries
of the Nassau-Suffolk study area.

The high nitrogen concentration in Long Island Sound impacts water
quality in Manhasset Bay (and Hem pstead Ha rbor). The recommended nitro
gen loading to Manhasset Bay assu mes fut ure red uction in the concentrat ion
of nitrogen in the Sound . This assum pt ion is valid only if New Yo rk City
ceases its nitrogen d ischarges to the upper East River. If Long Island Sound
water quality does not improve, t he attainment of water Quality standards in
Manhasset Bay (and Hempstead Harbor) cannot be assured even with nitrogen
remova l or m id· bay disch arge. It is therefo re ve ry important that the New
York State DE C or EPA plan and implement waste controls req uired to
improve water qua lity in west e rn Long Island Sound.

Hempstead Harbor. Hempst ead Harbor, like Manhasset Bay, is subject
to high n it rogen load ings from Long Island Sound. Approximately seventy
percent of the nit rogen lo ad ing f rom sources within the harbo r is from poin t
sources. These point sou rce nitrogen loadi ngs are concen t rated in Glen Cove
Creek, whi ch recei ves approximate ly 1600 po unds per day from t he Gle n
Cove Municipal Treatment Pl ant and an average of 400 pounds per day from
the Powers Chemco plant. (Powers is preparing to treat their wastewater fo r
nitrogen removal.) Although not normally regarded as a point source , the
semi-wild duck population on Rosly n Park Pond const itutes one. (The po nd
discha rge fre quently requires chlo rin ation because of high bac teri a level s.) To
avo id localized wate r qua lity degradation , the recommended total n it rogen
loading to t he harbor has been established at 4 17 pounds per day. At the
south end of Hempstead Harbo r, the Roslyn Sewage Treatment Plant dis
charges an ave rage nit rogen loading equal to the total recommended for the
enti re harbo r.



Oyster Bay. Stormwater runoff and stream base flow are curre ntly
responsible for co ntraven tion of coliform bacteria standards and elevated
nitrogen loadi ngs.

Current nitrogen loadings from the Oyster Bay Treatment Plant are
well below the maximum recommended loading.

Huntington Bay. Within this embayment, 75 percent of the point
source loadings discharged to Northport Ha rbor and Huntington Har bor
originate from sewage treatment plants. Loadings to both harbors exceed the
recommended loadings. Therefore, reduction of nitrogen concentrations is
req tll red. Stormwater ru noff contributes 98 pe rcen t of the coli form loading
to the bay and require s control.

Port Jefferson Harbor. The Port Jefferson Sewage Treatment Plant is
the major nitrogen point sour.:e to the harbor. Current loadings are within
the recommended maximum of 500 pounds per day. Future loadings greater
than 500 pounds per day will result in unacceptable concentrat ions if the
outfall remains in its present location.

Storm water runoff and stream base flo w are curre ntly respon sib le for
viol ations of shell fish standards in Conscience Bay and Setauket Ha rbo r/
Little Bay; they also contribute to violations in southern Po rt Jefferson
Harbor.

Flanders Bay. Flanders Bay and the Peconic Estuary receive po int
source nitrogen loadings from duck farms located on tributaries, including
the Peconic River, and from the Riverhead Sewage Treatment Plant. Over
50 percent of the present loading is from duck farms. The approxim ate
load ing to Fl anders fro m Meetinghouse Cree k and the Cresce nt Duck
Farm was 600 pounds per day during the 208 sampling pe rioJ . The recom
mended discharge is 464 pounds per day. Thus nitrogen removal would be
indicated for the Crescent Duck Farm. However, significant treatment system
improvements were made subsequent to the 208 sampling period . These have
resulted in no surface discharge from th is farm for most of the period begin
ning February 1977. A re·evaluation of the impact of this discha rge poin t
shou ld the refore be made.

The Peconic Estu ary receives most of its nitrogen loadin g from the
Riverhead Treatment Plant and the Peconic River. The ni trogen loading
of the Peconic River is variable because of the variation of river discharge.
From four observat ions between July 1976 and April 1977, the total nitrogen
loading to the Peconic Estuary from the river ranged from 133 pounds per
day to 414 pounds per day. In addition to the Peconic Rive r d ischarge, the
Riverhead Treatment Plant d ischarges an average of 148 po unds per day of
tota l nitrogtm.

The maximum allowable nitrogen loading to the estuary is 182 pounds
per day . To meet this allowable discharge, the two duck farms on the Peconic
River must either institute effluent nitrogen removal, o r go to zero discharge.
This Will reduce the nitrogen loadings of the Peconic Rive r by 40 to 50
percent . No additional nitrogen loading should be allowed f rom t he Brook-

haven or Grumman treatm ent plants. With these contro ls on the Peconic
River, the river loadi ng may st ill periodically exceed th e maximum allow
able load ing.

3.3 Point Source and Residual Controls
The previous parts of Section Three have described the objectives of

the Program and have developed a se ries of waste management options for
different geographic areas . These are ge nera l in nature and are meant to
provide decisionmakers with an overview of existing problems, th eir probable
causes, and general co urses of act ion for addressing the problems.

Th is section discusses in more detail st ructural alte rn atives to waste
wat er management. It presents information on various treatment app roach es
that may be used in the bi-county area , eva luates new technological concepts,
and discusses al t ernative programs for residuals (solid waste, sludges, haza rd
ous wastes) management.

The term "cost-effectiveness" is used throughout this report. It is
defi ned in trad itional engineering terrninology as those measure s that
aloe economically feasible in terms of tangible benefits that accrue from
monies spent. Cost-effectiveness, as defined in USEPA "208" Gu idelines,
refers to the solution, chosen as a result of the systematic comparison
of alternatives, tha t minimizes total costs to society over time, while
meeting specified goals and object ives. The total costs should include re
source, social, environmenta l and do ll a r costs. Effectiveness refers to meeting
the 1983 goals of the ACT (P L92- 500l. while providing for the h ighest
pract ical degree of tech nical re li ability in th e pollution control alternative
that is chosen. This national goal stat es, in Section 101 - a- (2), that wherever
attainab le, an in te rim goal of water quality which provides fo r the protection
and propagation of fish , shellf ish and wildl ife and provides for recreation in
and on the water be achieved by J uly 1, 1983.

3.3.1 Point Source Contro ls
3.3.1.1 Introduction : Traditional Collection and Treatment Approach

Alternatives. This section descri bes th e alternative treatment approaches that
have been developed in the 208 Program for Nassau and Suffolk Counties.
Because of differences in the degree of development in t he two cou nties,
and the inherently fixed nature of the exist ing Nassau system, treatment
emphasis differs not only by the hydrogeolog ic zone but also by administra
tive area. In Nassau, t he major options concern t reatment plant locations and
effluent disposal; in Suffolk, t he ma jor options concern an identi fic atio n of
those areas that should be sewered as well as the siting of treatment fac ilities
and effluent di scharges.

In addition , Nassau and Suffo lk are di scussed separatel y because their
municipal wastewat er treatment needs di ffer. Nassau County is highly devel
oped ; according to t he 208 population estimates, the county population is
approximately 96 percent of saturation or zoned capacity , and is projected to
reach 98 percent by the year 1995. Suffol k's population, on the other hand,
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is currently at 52 percent of saturation and is expected to increase to 71
percent by 1995. Nassau County has 23 existing dom estic wastewate r treat
ment facilities, and major new construction is not an t icipated except where
expansion and upgrading of exi st ing facil iti es is necessa ry . Suffo lk County
has 105 small domestic treatment facil iti es in operat ion, and one major
facil ity (30 MG D) under const ruction . Nassau's domestic treatment faci lit ies
are generally large scal e, treat ing up to 60 mil lion gallons per day (MGD ),
but a typical Suffo lk County domestic wastewater treatment plant t reats
less than one MGD, with t he largest treating only approximately two MGD.

Surface water qual ity considerations also d ictate different approaches
in the Bi -county R e~i on. Marine wat er quality in Nassa u County and western

Suffolk is influenced by the effects of New York City d isch arge . In easte rn
Suffolk, agricultura l uses impact river and bay qual it y. A final reason for
separate consideration of the two count ies concerns th eir degree of urbaniza
tion: Nassau and western Suffolk Count ies are highl y u rbani zed , while eastern
Suffolk is essentially rural and agricultural in nature .

In order to assist in the establishment of potential future sewer service
areas and to estimate future domesti c wastewater loads for trad it ional sewer
ing alternat ives, an attempt was made to correlate populat ion d ensity with
nitrate-nitrogen (N03 - N) concentrat ions in the Upper Glacial aquifer. Al 
though the results were not statistically conclusive , they indicated that
population density was an important facto r th at had to be consi dered in
establishing sewer service areas. Several popu lat ion density criteria we re
applied in those geographic areas that recha rge to the Magothy aquifer t o
develop alternative geographic limits for potential sewer se rvice areas.

A second reason for establi shing areas to be sewered concerns high
groundwater tables or low so il permeability, bot h of w hich would resul t in
pervasive septic tank/cesspool fai lures and consequent health hazard. Conce rn
for the protection of surface water quality was a fi nal consideration in
delineating potential future sewer serv ice areas.

These criteria - protection of t he Magothy, potential for on -lot systems
failure and protection of surface waters- were combined to develop th e
various sewering alternatives . In Suffolk County, t hese alternatives ranged
from the maintenance of the status quo, or no addi tiona l sewerin g, to sewer
ing at a population density of one dwe ll ing uni t per acre. The greater part
of the Suffolk area is currently unsewered and potential future sewer serv ice
areas could be extensive. For t h is reason, a wid e range of al te rn at ives had to
be examined in order to del ineate these areas, and to develop fl ow and cost
estimates. Potentia l future service areas were developed for each of th e
following assumptio ns:

a. No new sewering; utili ze existing service areas onl y (1975 popu
lations)

b. Include land with two dwelling units (D .U.) per acre in hi gh
groundwate r t abl e areas; five D.U. per acre in th e Magothy
recharge area (1995 populati on )

c. Include two D.U. per acre in high groundwater table areas;
five D. U. pe r acre everywhere else (1 995 population)

d. Include two D.U. per acre in high groundwater table areas;
two D.U. per acre in the Magothy recharge (1995 population)

e. Include two D.U. per acre in high groundwater table areas;
two D.U . per acre in the Magothy recharge area (1975 pop
ulation)

f. Include two D.U. per acre in high groundwater table areas;
two D.U. per acre everywhere el se (1 995 popul ati on )

g. Include a density of one D.U. per acre everywhere (1995 pop
ulation).

Figures 3-4 through 3-10 indicate the approximate geograph ic extent
of the areas that wo ul d be sewered fo r each alternative. The areas do not
incl ude separate commercial/industrial areas because of scale, but they would
be included in sewering approaches. Flows from these land uses are included
in subsequent estimates.

Two dwel ling un its per acre was selected as the sewering criterion in
areas of h igh groundwater or low soil permeability because, at lower densities,
individual homeowners will normally have sufficient acreage to permit the
inst all at ion , ex pa nsi on or construction of new leaching facili ties on other
parts of the lot. At densities of two or more dwelling units per acre, those
options are not as readily available and sewer systems may be the only
viable solution.

Fi ve dwe ll ing un its pe r acre was selected as representative of high d en
sity land use because, at this density and at higher levels, there is a clear
threat to groundwater contamination from individual on-lot systems.

Although protecting groundwater quality provides a major justification
fo r establishi ng an allowable population density, the geographic li mi ts of th e
Magothy aquifer recharge area are not precisely defined. It should be recog
nized t hat deep flow also occurs to the north of the northern limit of the
Magothy in both Nassau and SUffolk. This flow occurs in the deeper portion
of t he Upper Glac ial deposits, which are the hydrologic equ ivalent of the
Magothy in this area. Since this part of the aquifer is also used for water
suppl y, it may be necessary to consider sewering here even in the minimum
sewering al tern atives. Therefore, crite ria for seweri ng were appl ied on an
Island-wide basis for some of the alternatives. Definition of those areas contri·
buting su bsurface flow to the bays was also uncertain, and provided further
reason to exam ine sewering in all areas for some alternatives.

In conside ri ng sewering alt ern'1ti ves it sh ould be noted tha t even the
most comprehensive sewering plan will not address all water quality prob
lems. Sewer ing does not reduce the nitrogen input from fertilizer, which
appears to be a major source of elevated nitrate concentrations in groundwa
ter. In addition , sewering an area ca n lead to la nd use changes that may
actually increase contaminant loading, by encouraging more intense develop
ment. Th is results from more lawn fertilizing, greater volumes of stormwater
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runoff from roads, and increased commercial activity with attendant spills
and accidental discharges.

The NS RPB projected 1995 population estimates were used to deline
ate future service areas. In order to study sewerage needs under no-growth
policy, alternative (e) was mapped using the same density criteria but substi
tuting the 1975 population for the 1995 population. Figures 3-4 to 3-10
illustrate potential future service areas for those alternatives identified above,
including al ternative (e) which uti lized 1975 population figures.

3.3.1 .2 Discussion of Various Sewering Alternatives. Each of the seven
sewering alternatives listed in the previous section was developed to test the
sensi tivity of the study area (particularly Suffolk County) to various degrees
of sewe ring. The first alternative (a ) assumes that no new sewe ring will occur
beyond the present sewer service areas (assuming Nassau County District III
and Suffolk County Southwest Sewer District are complete). It implies that
other technologies or non-structural measures will be employed and will be
sufficient to handle the wastewaters of the area. It reflects a no-action altern
ative in terms of the traditional sewering approach.

As a first approach, it is assumed that sewering is not the most cost
effective method for protecting public health and ground and surface water
quality. Either water quality will be allowed to degrade and public health
th reatened, or alternatives will be found to protect public health and water
quality that do not require sewers. The major potential problem areas

in the first approach will be south of Sunrise Highway, where groundwater
elevations are high and on-lot systems fail, and in the Magothy recharge area,
where ni trates, organic chemica ls and other contaminant s fro m on-l ot systems
discharge to the Magothy aquifer.

The second sewering alternative (b) attempts to alleviate the major
problems cited in the no sewering approach. It provides for sewers in the
areas of high groundwater since it assumes that other options are not vi able
for that area; the alternative would provide sewers in areas of high ground·
water when population densities are equal to or greater than two dwelling
units per acre. In areas of lower density, septic tanks with additional leaching
fields are recommended.

Thi s second approach also assumes that sewe rs are necessary in the
Magothy recharge area to protect the water supply from contamination from
on-lot home systems. It reflects a policy that is quite different from past
practice in that it assumes sewering at high densities equal to or greater
than five dwelling un its per acte. Past practice in Suffolk County has requ ired
the provision of sewers whenever an area is developed at a density equal to or
greater than one dwelling unit per 40,000 square feet. The county currently
does not require sewering at lot sizes of 20,000 square feet or more, providing
public water supply is available. It is important to note that none of the
seweri ng alternatives assumes that sewers will solve all publ ic health, and
surface and groundwater quality problems. Rather, they attack the problems



of domestic sewage and industrial wastewater disposal by traditional means
and assume that other pollutant sources (e.g., fertilized areas, stormwater
runoff) will also be controlled.

Because the specific Magothy recharge area is difficult to define with
accuracy, alternative (c) has been included. It would sewer at densities equal
to or greater than two D.U.s per acre in areas of high groundwater and is
similar to (b). However, everywhere else, it would sewer at densities of five
D.U.s per acre or greater. This approach is included to ensure that the t otal
water supply is protected from wastewater generated by high density areas.

Alternatives (b) and (c) rely on sewering to protect the ground and
surface waters and public health only from human and industrial waste. Both
the (b) and (c) must be combined with waste management programs for fer
tilizers, stormwater runoff, landfills and other pollutant sources. Sewering
alone cannot be used as a management tool to control all pollutant sources.

Alternatives (d) and (f) are similar to each other and differ from (b) and
(c) only in that more protection is given to the Magothy recharge area by
sewering at population densities of two D.U.s per acre or greater. In (d) and
(f) areas of high groundwater table are sewered at two D.U.s per acre. In (d).
areas in the Magothy recharge area are sewered at two D.U.s per acre or more.
In (f). all areas of two D.U.s per acre or more are sewered because of the
uncertainty of the recharge boundary lines.

In adopting alternatives (d) or (f), it must be emphasized again that
other major sources of pollution must be attacked concurrently as was
described in' the alternatives (b) and (c).

Alternative (e) has been developed for comparative purposes. It util izes
1975 population distributions, not 1995 data, and assumes sewering whereve r
population densities are equal to or greater than two D.U .s per acre. It is
similar to alternative (fl, except 1975 population is used . Alternati ve (e )
expresses the sewering consequences of a no-growth policy. In other words,
if land use and population were controlled to the point where no growth was
allowed, a sewering scenario similar to alternative (e) would result . The results
of (e) can be visually and statistically compared to the other options, allowing
decisionmaklm to opt for future growth or no-growth policies..

Alternative (g) is the final traditional sewering approach that has been
studied. It assumes that sewers would be provided in all areas where popula
tion densities are equal to or greater than one D.U. per acre . Thus, it might
be considered the opposite of alternative (a) in that the first alternative
assumed all sewering would cease at the present service area boundaries,
while (g) assumes sewering will occur wherever subdivision development
might occur. Later on in this section, flow estimates are presented for the
various alternatives that indicate numerically the relative degree of sewer
ing for each of the alternatives . Cost estimates are al so presented.

The study areas used for the development of traditional sewering altern
atives represent existing sewer service areas, 201 areas and disposal districts
identified in earlier studies. The use of these areas, which are based on surface

drainage, does not imply a conflict with the hydrogeologic approach to the
selection ot wastewater management options.

3.3.1.3 Development of Traditional Sewering Alternatives. In t he
detailed development of the structural sewering approaches, Nassau County
was subdivided into four study areas approximately coinciding with existing
or proposed disposal district boundaries as designated by the Nassau County
Department of Public Works (NCDPW) . In general, Suffolk County was
subdivided into the five western towns and five eastern towns. The five
western towns are considerably more urbanized and are similar to Nassau
County in respect to land use and water quality problems. The five eastern
towns are more ru ral and have extensi ve agri cultu ral land use and lower popu
lation densities. The five western towns were subdivided into seven study
areas, which approximate the boundaries of seven 201 planning areas as
designated by the Suffolk County De partment of Environmental Control
(SCDEC). With the exception of those areas in or adjacent to the hamlet
of Riverhead and the Village of Greenport, and on Fishers Island, the five
eastern towns cannot be conveniently subdivided into proposed 201 study
areas and were therefore divided into study areas coinciding with the SCD EC
proposed disposal districts as identified by the 1966 Suffolk County Com
prehensive Sewerage Disposal Plan (Disposal Districts No. 11 through No.
17) . The seven study areas for the five western towns are the Southwest
Sewer District (SWSD). West Central excluding the SWSD, Hu nti ngton
Northport, Kings Park, South Central, Port Jefferson and Yaphank.

Nassau County treatment alternatives consist of combining a variety
of feasib le components, incl ud ing sewage flow diversions and/or the expans·
sion of particular treatment facilities. Since there are 23 existing domestic
facilities in Nassau County, the number of possible permutations is too great
to permit examinati on of all possible d iversions between facil it ies. Instead ,
only viable options, as determined on the basis of an initial screening, were
selected for examination.

In Suffol k County, sewering and treatment alternatives we re more
numerous than Nassau because many more options were available. Various
potential future service areas were delineated utilizing different popul ation
density cr iter ia; regional , sub-regional and small plant approaches were ana
lyzed. A regional facility was defined as one treatment plant serving an ent ire
study area such as the SWSD or the Huntington-Northport study area. A
sub-regional approach was defined as two to six wastewater treatment fac il i
ties serving a study area, and the small plant approach was defined as a
prol iferatio n of treatment facil ities of approximatel y one MGD in si ze,
serving localized growth within a study area.

Table 3-4 summarizes the flow projection figures for each of the st udy
areas of t he five western towns in Suffo lk Cou nty . The flows are presented
for each of the various sewering criteria and include both domestic and
industrial flows for the different scale systems (regional to small plants).
Table 3-5 presents similar informat ion fo r the five eastern towns of t he
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Table 3-4

SEWAGE FLOW BY STUDY AREA FOR VARIOUS SEWERING CRITERIA (MGD)
FIVE WESTERN TOWNS{41

Study Area Alternative Approach Sewering Criteria

2 DUIA high GW (2) 2 DU/A high GW 2 OU/ A high GW :2 DU/A 10U/A
5 DU/A Mag (31 5 OUIA everywhere 2 OU/ A Mag. everywhere everywhere

1995 1995 1975 1995 1995 1995

SWSD
1-1 Regional 19.5 28.0 17.0 19.5 30.0 30.0
1-2 Regional 33.5 52.5 31.5 36.5 54.0 61.0

West Cent ral
11 -2 Sub-Regional 6 .00 7.50 10.5 13.3 17.0 21.0
11-3 Sub-Regional 11.0 24.0 20.0 24.5 41.0 42.5
11-4 Small Plants 11.0 24.0 20.0 24.5 41.0 42 .5

Huntingt on-Northport
11 1-2 Regional 0.25 10.5 1.50 2.25 13.0 20.0
111 -3 Regional 0.25 10.5 1.50 2.25 13.0 20.0
11 1-4 SUb·Regional 0.25 10.5 1.50 2.25 13.0 20.0
111 -5 Small Plants 0.25 10.5 1.50 2.25 13.0 20.0

Kings Park
IV-2 Regional 2.50 7.00 4.00 6.00 14.0 16.0
IV-3 Sub-Regi onal 2.50 7.00 4.00 6.00 14.0 16.0
IV-4 Small Plants 2.50 7.00 4.00 6.00 14.0 16.0

South Cent ral
V-2 Regional 19.0 21.5 18.0 25.5 31.0 32.0
V-3 Sub-Regional 19.0 21.5 18.0 25.5 31.0 32.0
V-4 Sub-Regional 19.0 21.5 185 26.0 32.0 33.0
V-5 Small Plants 19.0 21.5 18.5 26.0 32.0 33.0

Port Jefferson
VI -2 Regional 5.00 4.75 5.00 8.50 8.50 9.00
VI -3 Regional 5.00 4.75 5.00 8.50 8.50 9.00
VI-4 Sub·Regional 5.00 4.75 5.00 8.50 8.50 9 .00
VI-5 SUb-Regional 5.00 4.75 5.00 8.50 8.50 9.00
VI-6 Small Plants 5.00 4.75 5.00 8.50 8.50 9.00

Yaphank
VII -2 Sub-Regional 20.5 23.0 15.0 31.0 37.5 385
VII -3 Sub-Regional 20.5 23.0 15.0 31.0 37.5 38.5
VilA Small Plants 20.5 23.0 15.0 31.0 37.5 38.5

(1 JWhere m ore than one regional or sub-regional op tion is lis ted, different con figurations of regional
or sub-regional systems were studied. These are discussed in detail in other study reports.

(2J Two dwelling units per acre in high groundwater table areas.
(3) Five dwelling units per acre in the Magothy recharge area.
(4) Refer to Section C of the Areawide Waste Treatment Management Plan. Numbers include indus-

trial waste flow affocations. Nassau flows are not included since most of the Coun ty is currently
sewered or wiff be sewered under existing plans. Therefore, the flows for the Nassau alternatives
are essentiaffy the same as those p resented for existing Nassau treatment plants.
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St udy Area

0 .0. No. 11

0 .0 . Nos. 12. 15. 16

(Sag Harbor)

(Amagansett)

(Hampton Bay)

(East Quogue)

0 .0 . No . 13

(Greenport)

(Mattituck)

0 .0 . No. 14

(Shelter Island)

D .O. No. 17

(Fishers Island)

Table 3-5

SEWAG E FLOW BY STUDY AREA FOR VARIOUS SEWERING CRITERIA (MGO)
FIVE EASTERN TOWNS

Approach Sewering Criteria

2 OU!A high GW (1) 2 OU!A high GW 2 OU!A high GW 20U!A 10U!A
5 OU!A Mag. (2) SOU!A everywhere 2 OU!A Mag. everywhere everywhere

1995 1995 1975 1995 1995 1995

Regional 6.00 5.50 2.50 7.50 8.00 9.75

SUb-Regional 6.00 5.50 2.50 7.50 8.00 9 .75

Small Plant s 6.00 5.50 2.50 7.50 8.00 9.75

0 .00 0 .00 0.75 0.75 0.75

0.35 0.35 1.50 1.50 1.50

1.60 1.65 2.00 2.00 2.00

1.70 1.70 1.75 1.75 1.75

1.00 1.00 2.00 2.00 2.00

0.30 0.30 1.50 1.50 1.50

0.33 0 .33 1.00 1.00 1.00

0.00 0.00 0.25 0.25 0.25

(1) Two dwelling units p er acre in high groundwater table areas
(2) Five dwelling units per acre in the Magothy recharge area

County.
Capita l, ope rating and mai ntenance costs were calculated for the

various point source sewering altern at ives . Present worth - that is. the current
value of all costs incurred over the pl anning period as t he result of the se lec
tion of a specific o ption-was determin ed for all sewering al t ernatives to
facilitate comparison between t hem. Present worth inc ludes the total capital
cost. piLlS all of the annual ope rati o n and maintenance costs discounted back
to the present time. For the various sewering alternative components in
Nassau County , a least-cost opt imi zation model was utilized to identify the
combination of components that would result in t he lowest total cost to
Nassau Count y . A se ries of possi ble divers ions and/or upgradings was screened
based upon engineering feasibility and environmental impacts. In Nassau
County , t he fo urteen ex isi ng domestic treatment plants (With one proposed
new plant at Bayvi ll e) were examined for expansion and/or upgrading to
accept add it ional service area or t o be phased out with d iversion to a reqional
facility. To permit selection of t he most promising combination , a cost was

(3) A more detailed definition of the alternatives for Suffolk County can be found in Section H
of the Areawide Waste Treatment Management Plan, Appendix D - Suffolk County Point

Source Alternatives.

devel.oped for each component and computer techniques were utilized.
(See Section H of the Areawide Waste Treatment Management Plan.)

The optimization results for th e north shore plants of Nassau County
are dependent upon t reatment requirements. If the plants are to continue to
discharge at the shorelines or bu lkheads, it appears most economical to main
tain t he individual plants as they presently exist. If. however, the modeling
runs indicate that AWT or mid-bay discharges are requi red to meet bay water
quality standards. the cost-effective solution for meeting waste load alloca
tions for the North Shore Nassau County plants appea rs to be to divert many
North Shore facilities to the South Shore Cedar Creek plant to achieve econ
omies of sca le. It appears most cost-effective to divert the Great Neck Sewer
District, Village of Great Neck. Port Washington Sewer District. Roslyn and
Oyster Bay Treatment Plant flows to the Cedar Creek treatment facility,
leaving Belgrave and Glen Cove as the major remaining facil ities on the North
Shore . Belgrave discharges to Little Neck Bay , and was therefore not studied
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in detail. In addition, the New York Institute of Technology (NYIT) and
CW. Post treatment plants may be phased out and their flows diverted to
the Cedar Creek Sewage Treatment Plant; if not, nit~ogen remova l should be
provided. These concepts must be studied at the 201 level where greener
cost estimating accuracy is possible.

The goal s of the FWPCA will not be met in every instance in the
Nassau ·Suffolk study area. Some of the reasons fo r not attaining water

. qual ity goals, particularly those relating to she llfishing, include overriding
surface water boundary conditions in western Long Island Sound caused
by both treated and untreated sewage discharges, and combined sewer over·
flows, emanating from New York City; and the impact of internal sources
of stormwater runoff to the bays.

Improved groundwater quality may be unattainable in the near-term
due to the costs that would have to be incurred in controlling non·point
sources of pollution . I he actual cost implications of these acti ons, as well
as the effectiveness of the proposed solutions and the probable benefits
from attaining the water quality goals as stated in the Act, will require
study and evaluation at a much greater level of detail, such as that which
is associated with a 201 type of program.

The lowest cost option would maintain existing service area lim its.
Th is would in\lnlve utilizing on-lot diposal systems, such as septic tanks
and cesspools, and cou la possibly lead to significant groundwater quality
contamination in areas of higher population density. Table 3- 6 summarizes
the impact on costs of the different sewering criteria for Suffolk County .
Costs are presented for the va rious regional, sub-regional and small-plants
approaches by study area . The combination of a particular approach (e.g. ,
regional system) with a specific sewering criterion (e.g., one D.U. per acre
everywhere) constitutes an alternative. The variability in costs for different
sewering criteria depends upon population density patterns in an area, how
much of the area is part of the Magothy recharge system, or how much of
the area has high groundwater table elevations.

3.3.1 .4 Other Structural Alternatives Studied. In addition to the con
ventional structural sewering alternatives, a variety of newer technologies
were examined in the 208 Program. An attempt was made to determine the
large scale applicability of a variety of alternatives to the conventional sewer
ing approach . Much of the new technology developed over the past seve ral
years is encouraging. However, whe n evaluating new technology, other
factors, such as aesthetics, legal implications, reliability of operation, and
implementation feasibility, must also be considered. Once these factors have
been examined , recommendations can then be made as to those technologies
most applicable to specific Nassau·Suffolk problems.

The approach taken in the evaluation of new technology in the Nassau
Suffolk 208 Program was to first analyze ground and su rface water qual ity
problems and their probable causes in the Region. Utilizing a literature review,
a variety of new concepts were then described and discussed for applicability

to the Nassau·Suffolk area.
The foll owing technologies and concepts which are described in greater

detail in Sect ion N of the Areawide Waste Treatment Management Plan , were
in itially considered:

Ma rsh-Pond System for Treatment of Wastes
Spray Irrigation wit h Cropping for Treatment of Wastes
Black /Grey Water Separat ion
Modified On-lot Systems (Aerobic Treatment)
Septic Tanks with De-nitrification Units
Waterless Composting Toilets
Vacuum Collection Systems
Pressure Collecti on Systems
De-nit rification of Water Supply
Dual Wate r Systems
Flow Reduction Measures

New technologies that did not address regional water quality problems
were then eliminated from further consideration. For the concepts that did
address regional problems, ty pical capit al and operation and maintenance
costs were developed . The costs were compared to the costs of the trad itional
sewering and treatment approach . General conclusions were then reached and
recommendations were made on those processes most applicable to Nassau ·
Suffolk that warra nt further eval uatio n on a 201 level.

After an alyz ing t he above list ing o f tech no logies, the fo llowing were
selected for more detai led cost eva luations: marsh-pond, spray irrigation with
cropping, black /grey separation, subsurface denitrification of septic tan k
efflue nt, denitrification at a water supply well (ion exchange/ reverse osmo
sis*). dual water systems (with denitrification of potable water supply).
and flow reduction measures. These technologies we re compared with the
traditional sewering and treatment approach on the basis of costs for a
representative development in Suffolk County. The traditional approach
ut ilized a gravity co llection network with secondary treatment and biological
nitrification and denitrification.

A number of conc lus ions were reached as part of the analysis:
1. Mod ified on-lot treatment systems do not address the water

qu ality problems of the Nassau·Suffolk area since they do not
remove nitrate or ammonia. The waterless composting toilet
concept probably cannot be implemented although it does
address t he nit rate problem, but the toilet has possible safety and
health problems, and a sludge disposal problem . Furthermore, it
is extremely expensive to install in existing homes, and there fore,
its economic advantages are severely limited .

2. Vacuum and pressure collection systems should be evaluated at
a 201 leve l of study . Their main attribute is capital cost savings
but <mergy costs may eliminate their use in the future.

* Biological den itrif ication is another alternative that was not studied in detail.



Table 3-6

SEWERAG E COST BY STUDY AREA (Disposal District) FOR VARIOUS SEWER ING CRITERI A (1) (8)
TOTAL PRESENT WORTH (6 ) (2) (Millions of Dollars)

Study Area Approach (3) Sewering Criteria

2 DUIA high GW (4) 2 DUIA high GW 2 DUIA high GW 2 DUI A 1 DUIA
5 DUIA Mag . (5) 5 DUIA everyw here 2 DUIA Mag. everywhere everywhere

1995 1995 1975 1995 1995 1995SWSD

Regional 358 444 329 358 463 463
Reuional 41 2 515 379 414 524 564

West Central

Sub-Regional 68.0 77 .7 95 .1 109 127 194
Sub-Regional 10.4 167 150 169 230 23 5
Smail Plants 169 270 242 274 373 381

Huntington-Northport

Regional 638 59.6 18.5 23.6 67.7 87 .7
Regional 577 54.4 16.9 21.6 61.8 80.0
Su b· Regional 530 49.9 15.5 19.8 56 .7 73.4
Small Plants 530 49.9 15.5 19.8 56.7 73.4Kings Park

Regional 21.0 38.9 27.8 35.3 58 .9 63 .8
Sub-Regional 27 .2 50.4 36 .0 45 .8 76.4 82.8
Small Plants 38.8 71.9 51.4 65.4 10.9 11 .8

South Central

Regional 110 119 107 132 148 151
Sub-Regional 122 132 11 8 146 164 167
Sub· Reg ional 151 161 145 178 202 206
Small Plants 191 204 184 226 256 261

Port Jefferson

Regional 33 .8 32.8 33.8 46.5 46.5 48.1
Regional 45.0 43.7 45 .6 61.9 61 .9 64.1
SUb-Regional 36.3 35.2 36.3 49.9 49.9 51 .6
Small Plants 46 .0 44.6 46.0 63 .3 63.3 65.5

Yaphank

Su b-Regional 193 207 160 348 278 282
Sub· Regional 186 199 154 238 267 271
Small Plants 228 244 189 292 327 332

Disposal District No . 11
Regional 21.7 21.4 13 .3 25.8 26 .8 30.2
Sub-Regional 25.2 24 .8 15,4 29.8 31.0 34.9
Small Plants 25.5 24.8 15.4 29.8 31.0 34.9

Disposal District Nos. 12, 15, 16
Sag Harbor 0.00 0.00 17.1 17.1 17.1
Amagansett 11.3 11.3 27.1 27.1 27.1
Hampton Bays 17.1 17.1 19.6 19.6 19.6
East Quoque 24.2 24.2 24.6 24.6 24.6

Disposa l District No. 13
Greenport 16 .0 16.0 24.2 24.2 24.2
Mattituck 7.0 1 7.01 18.4 18.4 18.4
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Table 3- 6 ... Co nt inued

Study Area Approach (3 ) Sewering Criteria

2 DUIA high GW (4) 2 DUIA high GW 2 DUI A high GW 2 DUIA 1 QUIA
5 DUIA Mag . (5) 5 DUIA everywhere 2 DUIA Mag. everywhere everywhere

1995 1995 19 75 1995 1995 1995
Disposal District No. 14

Shelter Island 7.25 7.25 14.1 14.1 14.1

Disposal Distr ict No. 17
Fishers Island 0.00 0.00 6.20 6.20 6 .20

(1) Costs do not include recharge, m id-bay or ocean outfalls, or lateral portions of the collection systems.

(2) Present worth at 6 3/8% in terest amortized over 20 years, CRF (Capita l Recover y Factor) = .08986.

(3) Where more than one regional or sub-regional option is l isted, different configurations of regional or sub-regional systems were studied; they are discussed in detail in Section H of the

A reawide Was te Treatment Managemen t Plan, Appendix F - Cost Memoranda.

(4) Two dwelling units per acre in high groundwater table areas.
(5) F ive dwelling units per acre in the Mago thv recharge area.

(6) Costs are based on m id-1977 cost data, ENR (Engineering News Record) = 2580; they account for the staging of construction through the 20-year p lanning period (1975-1995).
(7) Cost obtained from Suffolk County Depar tment o f Environmental Control.

(8) All costs in th is table reflect secondary treatmen t.
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3 . The marsh-pond and septic tank deni tr if icati o n systems should
be tested in the field under normal operating conditions and
without experimentally controlled operation. Both are promisi ng
new technologies. (Refe r to Section 1.4.3 .2.)

4. Spray irrigation and other forms of land applicat ion may be
viable; the concept should be evaluated in local studies .

5. Black/grey water separation systems may have limited application
and should be evaluat ed in t he fie ld under normal operating
conditions.

6 . Water conservation and flow reduction measures should be
generall y recommended for im plementation. Although the
Nassau-Suffo lk Region does not have a pot able water shortage,
water conservation measures are beneficial because they might
slightl y reduce flows to treatment plants or to on- lot systems.
Fu rthermore, the potenti al savings in energy from reduced
pumpage may be significant .

7. Intent ional degradation, which allows fo r exceeding ground
wate r d ischarge and/or d rinking water standards, is unacceptable
under current State and Federal statutes. Limited o r controlled
degradat ion t hat does not exceed standards but leads to water
quality that is poorer than baseline conditions is unavoidable
in much of the planning region . In other areas, groundwater
quali ty in selected aquifer zones has alread y exceeded drinking
water standards. Where such aquifers are necessary to meet water
supply requ irements, treatment of water at t he wellhead shou ld
be considered as a viable management procedure.

8 . Another management option in areas described under seven above
is the tapping of unaffected aquife rs for spec ialized uses. For
exam ple, the Ll oyd aquifer in Nassau Cou nty coul d be developed

to supply drinki ng water needs to limited coastal areas. Dual pip
ing systems can also be employed to isolate drinking water from
water used for other purposes.

9. Blending of good quality groundwater with water that has already
been degraded is a vi able technique for continuing to meet
drinking water standards in problem areas. This may extend the
life of an affected aquifer while still maintaining water of accept 
able q ua lity for consumption .

3 .3.1.5 Ani mal Feedlot Operations. On Long Island , this category of
point sources is represented, fo r the most part, by du ck farms . Commercia l
duck farm operations are generall y located close to marine waters and pres
ently contribute bacte rial and chemical pollution to surface waters. Commer
cial duck farms are requi red to obtain operating permits, designed to reduce
and fina ll y e liminate du ck waste pollutio n. (Refer to Section J.)

Management options avai lable are:
1. Prohibit t he location of animal feeding operations where they

may pollute surface waters or groundwater.
2. Expand monitoring and surveillance procedures to foster uninter·

rupted compl iance w ith permit conditions.
3 . Provide effective legal remedies for rapid abatement of illegal

pollutant discharges.
3 .3 .2 Residuals Management. In the context of t his study, residual

wastes are considered to inc lude solid wastes (re fu se), hazardous wastes and
domest ic sludges. Hazardous wastes in the bi-county area generally include
concentrated industrial pretreatment or treatme nt sludges . They may also
include other misce llaneous liquid products and small amounts of toxic,
solid materials. They do not include radioact ive wastes. Disposal of residual
wastes represents a potential im pact on water quality , primarily as the result
of surface and /or groundwater contamination at the disposal site.



General concepts and specific alternatives are discussed fo r each of the
three types of resid ual wastes. For solid wastes, concepts necessary to formu
late a comprehensive management approach are discussed, including consider
ations for management and control strategies.
gies are also covered.

For hazardous wastes, a model hazardous waste treatment d isposal
facility is recommended and conceptually designed fo r each county . A dis
cussion of t he vari ous p rocesses in t he fl ow scheme and t reatment costs are
also cove red.

For sl udges, specific alternative disposal techniques as well as alterna
t ive management approaches such as regional, su b-regi onal and local systems
are desc ribed fo r both count ies. Capita l and annual operation and mainten
ance costs are deve loped from genera lized cost functions. The purpose of
eval uating these al te rnatives is to identify those disposal techniques and
sludge management approaches that should be invest igated further. Solu
tion of the sl ud ge disposal problem has become urgent because of the planned
discontinuance of ocean dumping. Sludge management studies have been
and are being conducted on regional and loca l levels, in response to t h is dis
continuance.

3.3.2.1 Solid Wast e Management Concepts. A review of the present
situation in the Nassau-Suffolk Region indicates that present disposal systems
(landfills and incineration ) in gene ral, do not prov ide adequate safeguards
to preven t environmental degradation as t hey attem pt to handle the approxi
mately 3,000,000 to ns per year of solid wastes generated. Also, existing
county solid waste management plans do not address controlled landfil ls
and do not present any alternatives to the processes of conventional incinera
t ion and landfilling.

Recently, the trend in the Nassau-Suffol k area has been towards the
development of regional resource recovery facilities, but each has been an
individual effo rt for a specific geographic area rathe r than part of a compre
hensive county or Nassau-Suffolk area approach. A desirab le sol id waste
management concept is that of resource recovery (such as pyrolysis or co-in
cineration) with residuals disposal in sma ll , controlled landf ills after 1985.
The current system of incineration and landfi lli ng, with the addi ti on of
those resource recovery facilities currently proposed o r under construct ion,
will be expanded to fill the solid waste management requ irements t hrough
1985.

Efficient, economical and environmentally sound solid waste manage
ment for the Nassau-Suffolk area is the goal; the fo llowing sect ions present
generalized concept s, constraints and considerat ions recommended to aid in
achieving that goal.

a. Landfillil1g. landfilling is t he only fina l method of di sposal
avai lable. Any ot her process (incineration , co-incinerat io n, composting or
resource recovery) generates secondary resid uals t hat requ ire disposal in a
landf ill.

l andfill ing of solid wastes (processed or unprocessed). even under the
best cond itions and most stringent constraints, wi ll resul t in the production
of leachates and gases- by-product s which can degrade the environment.
Historically, these by-products have not been controlled, and there are many
cases on l ong Island of pollution caused by uncontrolled landfil ls. Because
of geo logy (predominantly porous material s) and dependence upon ground
water, the Nassau-Suffolk area is particu lar ly susceptible and sensitive to
th is type of degradation.

Hav ing established the need for landfi ll s, what rema ins is t he estab
lish ment of the recommended o perating constraints. Th e intent is the crea
t ion of sma ll , easi ly contro ll ed landfill s. Size is a very important constraint.
If landfills are kept small , corrective measures can easi ly be imple mented if
problems ari se. Recommended constra ints, which should be followed to
the maximum possible extent, are as fo ll ows:

• Locat e no landfill s in the Magothy recharge area or in other areas
that contribut e to deep gro undwate r flow , o r in areas of high
water tabl e.

• Establish a max imum size of 25 to 30 acres.
• Accept p rocessed (shredded, ba led , incinerated, etc.) wastes only.

Th is will extend the usefu l life of t he landfills.
• Provide a dou ble lining with adequate and proper mate rials to

ensure isolat io n of any leachate from the surrou nd ing ground
or surface water environment.

• Accept no hazardous mate ri als (except in chemical la ndfi ll s).
• Establ ish complete leachate collection and treatment systems.
• Establish gas coll ection and t reatment or venti ng systems.
• Employ impermeable covers, drai nage channels or topographic

drainage controls to minim ize the amount of leachate that is
generated.

• Consider locating new land fill s down-gradient of existing landfills
if the existi ng landfil ls are improperly designed and operated and
are generat ing a pollutant plume in the groundwate r.

• Provide an impermeable cover upon completion (e.g., PVC
asphaltic membrane, or other impervious non-reactive material,
foll owed by two to four feet of cover material) to isolate the
complete landfill from rain fall percolation and the atmospheric
environment.

• Establish extensi ve and con tin uous monitoring systems (surface
water, groundwater and gas).

The above constraints provide the optimum la nd disposal method
known at th is time and offer the max im um protection to t he environment.

In order to lim it the size and required number of controlled land fil ls,
some types of intermediate processes are required .

b. Intermediate Processes. An intermediate process serves two
functions: first, it reduces the vol ume and changes t he charact eristics of the
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materials requiring disposal; and second, it usuall y produces a usable by
product ei ther in the form of energy (e.g., steam or fuel) or recoverable
mate rials (e.g., ferrous metals, non-ferrous meta ls, glass and compost ). For
ease of compari son, a very brief descript ion of each orocess fol lows.

• Inc inerati on·-controll ed c0mbustion of sol id waste. Achieves
signi fi cant volume and weight reducti ons. By-prod uct s are gases,
quench waters and generally ine rt residue. Resource recovery is
not practiced in conventional incineration (exception ferrous
metals).

• Co- incineration and pyrolysis-controlled combustion of solid
waste and usually dewatered wastewater t reatment plant sludges.
Achieves significant volume and weight reduction. By-products
are gases, quench waters and a generally inert residue. Usually re
source recovery is achieved by passing the off gases thro ugh a
waste heat boiler to generate steam.

• Compost ing-·-the ae robic, biological decom posit ion of solid
waste. Achieves vol ume reduct ion . Resou rce recovery is also
possib le if the materials are applied to plants in accordance
with normal cultivation pract ices, thus permitting the utilizati on
of nutrients. The compost can be used as a soil conditioner.

• Resource Recovery-processes are divided into two classifica
tions: materials and energy, but a mixture of both is usually
present in anyone system. Materials recovered are used to re place
a portion of the materials normally reqUi red in the production
of iron, aluminum, glass, etc. Energy in the form of fue ls for
lat er use or steam for immediate use is generated by these pro
cesses . In gene ral, all processes ach ieve some fo rm of vo lume
reduction.

c. Recommended Concep ts. It is recommended t hat, for the short
t erm through 1985, the fol lowing tasks be completed :

• Perform detailed evaluations of existing resource recovery facili 
ties and update as new facilities are constructed and started up,
especially those currently proposed for the Nassau-Suffolk area.
It is felt that, for the long term , resource recovery should rece ive
primary emphasis in solid waste planning.

• Through the regulatory controls contained in 6 NYCRR Part 360,
supervise, monitor and initiate the corrective measures required
to insure the proper disposal of so lid wastes.

• Requ ire all new landfill s to be desi gned for operation under the
suggested constraint s.

• Formulate a comprehensive solid waste management pl an fo r
implementation as soon as possible.

At t his .time, the two processes showing the most promise for imple
mentation in the future are co-incineration and pyrolysis. Both processes,
which may include resource and materials recove ry, can be used fo r the simul-

t aneous processing of solid wastes and wastewater treatment plant sludges,
and both generate a form of energy: co-incineration by passing the gases
through a waste heat boiler to generate steam; and pyrolysis by passing the
fuel rich gases through an afterburner and then through a waste heat boiler
to generate steam. In pyrolysis , the fuel rich gases can either be condensed
to torm a fuel oi l or cleaned to provide a fuel gas.

Two other processes (waterwall incineration and refuse derived fuel)
are technically viable, and by 1985 it would be expected that they would
have undergone sufficient refinement/upgrading to warrant further con
sideration . Composting, although workable, is not a viable alternative for
mixed solid wastes; it should only be considered for sludges and leaves
or other agricultural wastes.

Taking into consideration the rapidly advancing technology and the
scale of facilities either on line or under construction, it is almost certain that
a numbe r of proven systems will be available by 1985, The system recom
mended for the post-1985 comprehensive plan consi sts of a complete materi
als and energy recovery system (s ), with disposal of remaini ng materials in a
cont rolled landfill.

3.3 .2.2 Hazardous Waste Treatment Systems. Hazardous waste disposal
is only one part of hazardous waste management. Management of hazardous
wastes means awareness and control over the wastes from the time of their
generation through their transportation, temporary storage, treatment and
disposal. In the past, comprehensive hazardous waste management has not
been practiced in the Nassau·Suffolk area. Therefore, a brief descri ption
of components that make up a good hazardous waste management system is
presented below (Refer to Section K of the Areawide Waste Treatment Man
agement PIan .)'

1. Regulat ion and En fo rcement-at both Sta te and local levels,
are necessary if a proper and effective hazardous waste manage
ment system is to be formulated and enacted in order to provide
adequate protection for the environment.

2. Survey and Inventory-of all firms in the Nassau-Suffol k area
(with appropriate Standard Industrial Classification System
Codes) is required to identify all generators. In the bi-county
area, the existing NYS Department of Environmental Conserva
tion survey and a Nassau County Department of Health survey
should establish this data base.

3. Standard and Effective Ident ification and Labeling System-is
essential so that all personnel invol ved may identi fy the
hazardous waste and in itiate proper handling and/or treatment
procedures.

4. Waste Transportation Control System-is required for continuous
monitoring of the waste flow from generator through disposal.
This usually consists of some manifest or "trip ticket" system
to ensure accountability.



5. Control at the Source
a. Waste Reduction-through process changes and /or changes in

raw mate rials, is desirable . Restr iction of hazardous chem icals
utilized in operations, substitut ion of less hazard ous mater ial s,
better quality control and material recovery are all alt ernatives
t hat may redu ce the quant ity of hazardo us wastes ~enerated .

b. Waste Separation and Concentrati on- hazard ous waste sepa ra
t ion early in process stream flows before cont aminat ion of
other, non·hazardous process stream flow occurs, isolation
of similar wastes into sepa rate d isposal conta iners, and concen
t ration by dewatering or some o ther process wi ll reduce
quantit ies o f hazard ous wastes that req uire t reatment and
disposal.

c. Waste Exchange-investigate the possibility of reuse by an
other fi rm (e. g., one firm 's wastes ma y be another firm 's raw
materials or process chemical).

d . Energy or Material Recovery-extraction of materials from
hazard ous waste streams may be cheaper th an to produce
them from virgin materials . Combustion t o recover energy or
heat value for other pu rposes may resu lt in savings.

6 . Treatment and Disposal
a. Treatmen t -for those hazardous waste s not suitable t o ene rgy /

material recovery systems, some form of t hermal , b iol ogical,
physical or chemical treatment should be applied to detox ify
and neutralize the wastes to the max imum ext ent possi ble.

b. Encapsulation/Chemical Waste Landfill-fo r those hazardous
wastes not am enable to recove ry, treatment o r dest ruct io n,
volume reduction followed by encapsulation or di sposal in a
chemical waste landfill is recommended.

7. Eme rge ncy Haza rdous Waste Manage men t Procedures--requ ired
in case of spills so that t he best means of correcting the si t uation
and protecting the environment w ill be utilized .

8. Moni to ring of Hazardous Waste T l'eatment Facil iti es and Chemi 
cal Waste Landfills-to insure proper operat ion .

9 . Hazarduus Waste Disposal Site Shut-Down Procedures- to insure
that d isposa l site s are properly closed and rn ainta ined afte r
closure.

10. Buffer Zones-in addition to suffic ient land for all processes
to insulate sites from the public .

Description of Recommended Hazardous Waste Treatmen t System.
Public health and environmental conside rat ions suggest that Lo ng Island dis
posal of hazardous wastes is the least acce ptable of several alte rnatives. The
need to protect the deep flow aquifers, in o rder to maintain a pot able water
suppl y , and the sh allow flow system, to prevent degradat ion of productive
mari ne wate rs, provides a strong argument fo r out of area disposal.

Export of hazardous wastes t o out of area landfill s o r processing
facili ties wou ld meet the local objectives of this Waste Treatment Manage
me nt Pl an. The relat ively low volu me and somewhat diverse nature of th e
wastes requi ring treatment wou ld probably make th is option mo re cost
effecti ve than local t reatment. However, should Federal regulat ions or legal
action precl ude such expo rt , conside ration should be given to t he establi sh
ment of a sin gl e bi-cou nty facility o r ind ividual county fac ilities. The treat
ment process, described next, woul d be the same whether for one o r two
faci li t ies.

A hazardous waste management syst em for the Nassau-Suffolk area
shou ld include a com prehensive regulat ory and monit o ring program t hat
d irect s al l haza rdous wastes gene rated in t he bi-county area to o ne or two
county owned and operated, central ly located treatment faciliti es, one in
Nassau and one in Suffolk . Alte rn ati vely, a si ngle faci li ty might be imple
mented to se rve both cou nties. Disposal of treatment resid uals is by trans
porting and placing th em in properl y located , const ructed, ope rated, moni·
tored and contro lled chemical landfill , one for each treat ment facil ity .
Th is ty pe of comprehensive, control led system is req uired to ensure en viron 
mental ly safe treatment and d isposal of haza rdous wastes in t he area.

Treatmen t Processes. The treat ment system for haza rdous wastes
should include physical-chemica l treat ment, sludge dewate ring, inci neration,
effl ue nt poli shing and disposal of t reatment residues in a chemica l landfill.
Faci lit ies proposed fo r each county d iffer in t hat batch treatment of cyanide
and chromic wastes is provided in Nassau as opposed to the continuous
t reat me nt of these wast es in Suffolk . (Batch treatment may also be employed
in Suffolk County after a more defi n iti ve anal ysi s is made of the types and
quantit ies of wast es to be treated. ) Concentrated metal finishing wastes
are of a suffi c ient volume in Suffol k to require equali zation fo r cont inuous
f low-th ru processing.

Estimated costs for each coun ty's fac ilit ies are presen ted in Table 3- 7.
(See Plan Section K.) The treat me nt plan t is designed to accomodat e all
hazardous wastes gene rated with in the co unty t hat were identified during the
208 St udy. It is recoml1)ended t hat once th e inventories of ha zardous wastes
are completed , the design fl ows be ad justed if necessary , A detai led study is
requi red to establish the des ign basis for the plant.

The u lt imate d isposa l of res idues f rom these plants is to be by chemical
landfill. Residue quantities would be small. An esti mate of dewatered sludge
(30 percent solids), wh ich wo uld be inc inerated , wou ld be 1.1 cubic yards per
day . The landfill would be p rotectively lined , with prov isions for leachate
collection and t reatment, and installation of monitoring well s. Special atten
t ion is to be given t o the locat io n of the landf ill because of possible ground
wat er contami nation . The proposed landfil l should be locat ed in accordance
with th e previously d iscussed criteria .

The efflu ent from the haza rdous waste treatment plants would be
discharged through existi ng or proposed ocean outfalls, as an add itional
safety measu re .
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Table 3- 7

COSTS FOR HAZAROOUS WASTE DISPOSAL PLANTS (1 )

Design Flow (2) Annual Total
A lternative (GPO) Capital Cost 0& M Cost Annual Cost (3)

Bi-county Plant 325,000 $ 6,931 .000 $ 458.000 $ 1,050,000

County Plants
Nassau 65.000 $ 4,363,000 $ 247,700 $ 616,000
Suffolk 260.000 4,513,000 357,600 736,000

Tota l 325,000 $ 8,876,000 $ 605,300 $ 1,352,000

(1)Order-oF-magnitude cost estimate; based on mld- 19 77 costs (ENR = 2580)

(2)Less trucked-in sludge volume

{3} Capital cost amortized over 20 year p lanning period at 6 3/8%

3 .3 .2.3 Sludge Management Alternatives. Alternative sludge d isposal
techniques for the Nassau·Suffolk area were identi f ied, developed and evalu·
ated. Various manageme nt systems and approaches were formulated and
capital and operation and maintenance costs were generat ed . (See Plan
Section K.) Seven sludge handling and reduct ion techniques were exam ined
and include composting, la nd filling, land app lication, incineration, co·inci ner
ation (with solid waste), pyrolysis and thermal drying. The alternative man·
agement approaches compared regiona l, SUbregional and small treatment
plants .

In Nassau County, th e regiona l approach was defined as a single sludge
processing facility to hand le th e app roximately 90 MG per year of sludge
generated in the county. In Suffolk County , a reg ional approach was defined
to include a central processi ng fac ility for each particular study areCl . Total
sludge generated from treatment systems in Suffolk is about eigh teen MG
per year. The study areas are the sam e as those defined for point source
alternatives.

A pre liminary screening of the disposal techniques and management
approaches was conducted fo r each area. In Nassau, it was not deemed fea s·
ible to combine incinerators, py rolysis, or therma l dryin g units with all the
domestic treatment fa cilit ies, and a regional or sub-regional approach was
examined for these processes. In Suffo lk, it was considered unnecessary to
haul a ll sl udge to a single wastewater treatment plant fo r subsequent land
filling, provided there are suitable land f ill sites available closer to the sludge
source. Landfill ing, as a slud ge disposal option, was exa mined on a plant-by
plant basi s.

Sludges gene ra ted from the implemen tation of non·poi n t source struc
tural abatement alternatives are negligible in quantity compared to domestic
wastewater treatment plant sludges . The non-po int source sludges can be
dewatered by vacuum fi lter and transpo rted to the nearest regional or sub
regional slud ge processing facil ity. Sludges currently generated from the
periodic scouring and d redging of recharge basins are landfi ll ed. Th is sludge

could be pl aced in a sanitary landfill directly, or treated at a sludge process
ing facility. The disposal of contaminated dredge spoil from bays and estuar
ies was not studied as part of the 208 Program .

In general, the degree of confidence that can be placed in the sludge
processing costs is somewhat low (±- 50 percent) when compared with actual
detailed cost estimates. Documentation in the literature on sludge processing
costs is not ne arly as extensive as documentation found in conventional
wastewater treatment processing. In particular, newer technologies, such as
composting, land application, co· incineration, thermal drying and pyrolysis
have litt le available cost information. Costs for the newer technologies were
obtained, wherever possible, fr om documents describing actual operating
installations.

Nassau County. In Nassau County, all seven of the alternative disposal
techniques were eval uated, some being applicable on a regional and sub·
regional basis, and others on a local basis.

For purposes of economic analysis, locations for regional sludge pro
cessing facilities were considered to be Bay Park, Cedar Creek or adjace nt
to a solid waste processing facility, e.g., the Town of Hempstead plant.
Potential SUb-regional locations included Port Washington and Glen Cove.

Fo r inc ineration , thermal drying and pyrolysis, dewatering was assumed
to ach ieve a cake solid content of approximately 35 to 40 percent, which
is su fficien t for autogenous combustion. For composting, land application,
la nd fillin g and co·incineration, liquid sludges were assumed to be dewatered
by vacuum fi lters to approximately twenty percent solids, which is suffic ient
for handling as a semi-solid material rather than a liquid.

T ransportat ion costs within the county were calculated assuming the
trucki ng of dewatered material. For the two largest treatment facilities in
Nassau County that currently do not dewater (Cedar Creek and Bay Park)'
costs for pipel ine transportation were utilized because of potentially signifi
cant savings over truc ki ng. In ad di ti on, the re is an exist ing pipeline between
Cedar Creek and Bay Park. Additionally, for the land appl ication alternative,
sludge was assumed to be barged to available farm land in Suffolk County
for ap pl ication . The actual acreage required for applying all the sludge gener
ated in Nassau County would not be sufficient within county boundaries.

Apart from economic considerations, processes such as pyrolysis,
thermal drying, co·incineration, land application and composting lack a
significant operating record. While these processes seem promising in many
instances, they have also been prone to failures in full-scale operation. Fur.
thermore, the eco nomic feasibility of such processes as thermal drying or
composting fo r the purpose of recovering a saleable by·product such as soil
conditioner is a function of the market for th is material. If both counties
were to undertake full·scale composting operations or thermal drying opera '
tions for soi l conditioning, there might not be a readily available local market
for all the material that would be generated. Further, should New York City
utilize the recommended ISC plan of composting sludge, a great deal of



difficulty could be experienced in finding a market fo r all the compost that
would be generated.

Other considerations besides economics affect the feas ibi lity of im ple
menting the various technologies. For example, in land application, concerns
include the possibility of applying excess nu trients, heavy metal s or organic
chemicals that may be found in the sludge. The intent of applying the sludge
to the land is to st imulate p lant growth by add ing various nutrients. Addi
tional nutrients however could be leached out of the sludge and into the
ground wate r. This same concern applies in the case of heavy metals since
wastewater slUdges could leach toxic metals such as cadmium, lead and
mercury to the groundwater. Further, cadmiu m is readily ta ken up into
plants and subsequently concent rated. If these plants are uti lized for human
consumption they may be toxic. Potential bacterio logical contam ination is a
furthe r concern since pathogens may be conveyed from the sludge to the land
and then onto plants or into the groundwater.

Theoretically, complete enforcement and implementation of county
and local pretreatment guidelines would prohibit large concentrations of
metals from reaching domestic wastewater treatmen t facilities and subse
quently being concentrated in the sludge. Due to the number of metal fini sh
ing industries in the county, however, it is difficult to ensure that metals
will not reach these domestic facilities. The extreme care required to protect
the environment from these potentially hazardous materials reinforces the
case for a regional approach to hazardous wastes handl ing.

Table 3-8 summarizes the cost s for various sludge alte rnatives. Costs
ranged trom a low of $6.28 million per year for land filling to a high of $16 .0
million per year for land applicat ion (exc lusive of land costs). High transpor
tation costs ($12.4 million) are incurred in barging Nassau Cou nty's sludges
to Suffolk County farmland near Riverhead_ Nassau Coun ty could have diffi
culty in finding 17,600 acres of suitable land (agricul tural or park land) for
spreading sludge. While landfi lling is the least ex pensive process, (at an
assumed cost of $15 per ton), it is contingent upon the avail ibil ity of suitable
landfill capacity.

Ranking very close to landfilling, in terms of costs, were composting
and co-incineration at $6.7 million to $7.2 million depending upon manage
ment level (regional, sub-regional o r small plant). The ten to fifteen percent
difference in cost between landfilling and composting (or co-i ncineration) is
well within the accuracy of the cost estimates. Compost ing appears to be
slightly more costly on a regional basis due to h igher transportat ion costs
and minimal economies of sca le. Co-incineration at abo ut $7.0 mil lion per
year appears quite promising economically, even at low refuse to sludge
ratios (2 .67 :1).

Incine ration, pyrolysis and heat drying represent a thi rd group of costs
ranging from about $9.5 million (i ncineration) to $12.2 mi lli on {heat drying}.
Incineration appears to slightly less costl y on a regional basis, with economies
of scale off-setting increased transportation costs. Whil e incine ration is the

Table 3- 8
ESTIMATED ANNUAL COSTS FOR DOMESTIC AND NON-POINT SOURCE

SLUDGE DISPOSAL ALTERNATIVES FOR NASSAU COUNTY
(Dollars Per Year)

Management Approach Transportation Cost (1) Total Annual Cost(2) (7)

Inc ineration
Regional $ 760,000 $ 9 .550,000
Sub-Regional 503,000 9,82Q,000

Composting (3)
Regional $ 760,000 $ 7,070,000
Sub-Regional 503,000 6,740,000
Small Plants 6.860,000

Landfi lling(4 )
Small Plants $ 867,000 $ 6,280,000

Pyroly sis
Regional $ 760,000 $10,500,000
Sub-Regional 503,000 10,400,000

Heat Drying(3)
Regional $ 760,000 $10,400,000
Sub-Regional 503,000 12,200,000

Co- Incineration (5)
Reg ional $ 760,000 $ 6,100,000
Sub-Regional 503.000 7,190,000

Land Appli cation (6 )
SUb-Reg ional $12,400.000 $16.000,000

(1) Includes both amortized capital and operation and maintenance costs to transport
sludge from existing generation point to central processing facility.

(2) Amortized over 20 years at 6 3/8% interest, CRF .08986. Total annual costs also
include ultimate residue disposal (landfi//). Does not include cost of land.

(3) No credit taken for sale of final product.

(4) Assumes utilization of To wn of North Hempstead L4 landfill for North Shore
sludges and Oceanside landfill for South Shore.

(5) Assume refuse and sludge are co-incinerated at a refuse:sludge ratio of 2.67. Sludge
is dewatered to 20% solids. Costs are allocated to sludge on an "as incinerated" wet
ton basis. (See Section K of the Areawide Waste Treatment Management Plan.)

(6) Assumes sludge is barged from Glen Cove and Bay Park to farmland in Suffolk
County and applied as a liquid at a dosage of 4 tons per acre per year.

(7) Cost of energy generation or sale is not included in the calculations.

least ex pensive of the thermal processes (excluding co-incineration previously
discussed), it remains about 50 percent higher than landfilling.

Pyrolysis is approx imately ten percent more expensive than conven
tional incineration. No cost sav ings were realized in a regional app roach as
opposed to a sub-regional approach (within one percent) . While heat drying
to produce a salable product was comparable to pyrolysis on a region al
basis, sub-regional costs were about twenty percent higher. With a sale value
of something greater than twenty percent of the cost of processing, heat
drying could become less costly than incineration or pyrolysis . This again
is a function of marketability.
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Land application is feasible only in Suffol k County, since there is little
land available for this purpose in Nassau County. Whil e land application
ranked the high est in cost, a large portion of the total cost (about 75 percent)
is accounted for by transportation costs.

All of th ese processes can be utili zed without signi fican t negative
impact on the env ironment. Composting, heat dry ing and land application
would require guidelines on allowable application rates to avoid potential
groundwater contamination by excess nutrients, metals or organic chemica ls.
Incineration, co-incineration and pyrolysis require suitable emission control
devices to protect ambient air quality. Quench water from th ese processes
must also be properly treated prior to release to surface or groundwater.

It is recommended that the cost-effectiveness of some combinat ion
of landfill ing, incinerat ion, co-inc ine ration and composting be evaluated
in furth er detail in the Nassau County Sludge Management Study . Potential
impacts on the environment must be evaluated in detail.

Suffolk County. Table 3- 9 summarizes Suffol k County costs for incin
eration, composting, landfilling, pyrolysis, heat drying, co-incineration and
land application . Each table provides costs by study area (o r d isposa l district)
for various regional, sub-regional and/or small plant opt ions. Each tab le
facilitates a comparison of costs for different management approaches (re
gional versus SUb-regional) fo r each Study Area (or Disposal Dist rict ).

In reviewing the previous table, it can be seen that costs change from
area to area for the same sludge treatment process. This is a reflection of
the quantiti es of sludge to be handled and econom ies of scale. In general,
as more sludge is handled, the unit costs per ton for handling and disposal
decrease . This is al so t rue w ithin a singl e geographic area as regional , sub
regional and small -plant systems are analyzed. Aga in, economies of scale
affect the final cost estimates.

In cost ing th e landfilling option in Suffolk Cou nty , a d isposal cost
of $15 per ton was assumed and inc ludes liners as well as environmental
monitori ng and leachate treatment. Sludges from various sources would be
hauled t o the nearest landfill. The co-incineration al t ernat ive assumes that
solid wastes are diverted to a particular co-inci ne rat ion facility .

A second case is costed fo r each of the co-i ncinerat io n fac ilities repre
senting a minimum recommendable ratio of refuse to slud ge of 2.67 . For
example, for the Huntington-Northport co-incineration fac ility, all of Hunt
ington's refuse (956 tons per day) would represent a refuse to sludge ratio of
approximately sixteen to one, whereas t he min imum necessary rat io would be
2.67 to one, or 160 tons per day of refuse to 60 wet tons per day of sludge.

For many of the areas, there is an eco nomical preference for land appli
cation, landfi lling and composting as opposed to pyrolysis, incinerat ion and
heat drying. Co-incineration appears compet it ive, depend ing upon the refuse
to sludge ratio. (Co-incinerat ion becomes less econom icall y feasi ble at lower
solid waste to sludge ratios). However, cost is not t he only consideration.
Environmental impacts must also be evaluated.

For the Hunti ngton- North port Study Area , composting and land
application are economically pre ferable at a predicted annual cost of
$250,000 to $300,000 per year. Co-incineration, incineration and heat
drying comprise another level of costs at about $600,000 to $700,000 per
year. Pyrolysis represents t he highest cost at as much as $1,500,000 on a
regional basis and would seem economically prohibitive. In the land applica
tion options, specific la nd disposal sites were not identified. For cost estima
ting purposes, it was assu med that dewatered sludge would be hauled by
truck to farmland in the eastern portions of the county for final disposal.

In the Southwest Sewer District, methods of sludge disposal have
already been investigated. Because of the lack of sufficient space in the Imme
diate area, and because energy recovery was a major objective, incineration
was the method selected. The sludge incinerators have been constructed
alongside the othe r treatment facilit ies on the sewer district treatment plant
site.

For t he West Central Study Area {exclusive of SWSDj, only land applica
tion and composting are econom ica lly preferable, with landfil li ng being
significantly hi ghe r than both, by a factor of almost two, and incineration,
heat drying, py rolysis being substantially higher yet. If sewage is diverted
to the SWSD , it woul d entail expansi on of the incineration facilities.

The Port Jefferson Study Area shows land application, landfilling and
composting re lat ively cost-effective, with incineration and heat drying not far
behind, and py ro lysis bei ng significant ly more expensive than all others.
For the South Central Study Area, composting and land application appear
to be the most econom ically feasible, with landfilling almost twice as much
in cost, and heat dry ing and incineration and pyrolysis most costly. Co
incinerat ion does not appear economically competitive with composting and
Iand app licati on.

In Yaphank, th e situation is very similar to South Central, except that
landfilling is somewhat more economically competitive. Riverhead shows
land application as economically attractive due to the location of Riverhead
relative to the farmland where sludge may be applied. Composting also
appea rs economical, especially since there may be more of a market for the
compost material in the agri cultural areas of eastern Suffolk County_

For the small plants of Southold, Shelter Island, Southampton, East
Hampton, and Fishers I~land, composti ng gene rally appears slightly higher
than landfilling, with land application being slightly lower than landfilling.
Co- inc ineration, heat drying, incineration and pyrolysis were not examined
for the small plants of eastern Suffo lk County.

The cost estimates for land application do not include land costs.
Therefore, in order for this approach to be economically viable, land must
be available on a low-cost rental or purchase basis. Actual land costs are very
site-specific and so could not be analyzed here in. However, in more detailed
studies, land costs must be identified and included in the analysis.

In summa ry, it appears that in Suffolk County, landfilling, land applica-

1
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Table 3- 9

ESTIMATED ANNUAL COSTS FOR DOMESTIC & NO N-PO INT SOURCE SLUDGE DISPOSAL AL TERNATIVES FOR SUFFOLK COUNTY

SUMMARY BY PROC ESS
(Thousands of Dollars)

Study Area Total Annual Cost (1)

Management Approach Inc inerat ion Composting Landfill Pyrolysis Heat Drying Co -incineration (2) Land Application

Hunt ington.Northport
Regional 603 229 394 983 640 619 280
Regional 601 229 388 980 640 619 280
Sub·Regional 758 316 422 1,590 722 280
Small Plants 316 422 280

SWSD
Regional (3) 1,320 464 885 1,420 1,370 1,220 521

West Central
Sub-Regional 2,260 871 1,540 3,610 2,590 713
Sub-Regional 1,830 694 1,350 4 ,040 2,230 606
Small Plants 3,280 2,540 71 3

Kings Park
Regiona'i 650 247 41 9 1,030 677 743 268
Sub-Regional 868 343 503 1,740 940 305
Small Plants 1,060 83 1 325

Port Jefferson
Regional 520 196 350 935 584 207
Regional 466 176 283 830 457 173
Sub-Regional 583 258 310 518 173
Sub-Regional 674 276 356 637 194
Small Plants 584 474 194

South CentraI
Regional 1,300 475 942 1,4 30 1,380 1,2 10 481
Sub· Regional 1,660 622 1,060 1,750 521
Sub-Regional 2,050 1,010 1,210 2,090 574
Small Plants 2,580 1,860 632

Yaphank
Sub-Regional 1,930 824 1,380 3,300 2,220 1,790 615
Sub-Regional 2,330 988 1,380 2,320 561
Small Plants 2,830 2,000 615

Riverhead
Regional 431 172 256 921 459 138
SUb-Regional 566 253 286 509 138
Small Plants 253 286 138
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Table 3-9 . . . Co nt inued

Study Area
Management Approach

Southold
Small Plants

Shelter Island
Small Plants

Southampton-East Hampton
Small Plants

Fishers Island
Small Pl an ts

Incineration Composting

217

75

402

24

Landfill

172

53

297

24

Total Annual Cost (1 )
Pyrolysis Heat Drying Co-incineration (2) Land App lication

109

46

127

30

(7) Amortized over 20 years at 6 3/8% interest, CRF = .08986.

(2) Costs represent average of two different refuse to sludge ratios shown in Section K of the Plan.

(3) Incineration has already been selected because of limited available space and energy recovery requirements.
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tion and composting are economical ly preferabl e to pyrolysis, heat drying
and incinerat ion. Co-incineration becomes more economically attractive for
the five western towns (due to refuse generation in concentrated areas) . In
the eastern areas of Su ffolk, land application and composting of sludges
shoul d be given serious considerat ion by virtue of proximity to agricultural
land, and the probable lack of high concentrations of heavy metal s in the
domestic treatment plant sludges.

All of these processes can be made environmentally safe with proper
precautions, and their impacts are evaluated in Section Four of th is Summary
Plan. Those most economically attractive should be examined in greater
detail at the 201 leve l for appl ication to specific areas.

3.4 Non-Point Source Controls
The 208 Program has identi fi ed a number of non -point sou rce problems

that contribute to ground and surface water pollution in the Region. For each
class of non -point sources, th e program identified a series of impl eme ntabl e,
cost-effective responses that can be util ized to reduce the non-point problem .
These non-poi nt controls shou ld be implemented on a priority basis and
must wherever possible, supplement and strengthen existing programs,
regulations and structural alternatives.

3.4.1 Identification of Appl icable Non-Point Controls. (R efer to
Section J of th e Areawide Waste T reatment Management Pl an .)

3.4 .1 .1 Stormwater Runoff Control. Storm water runoff from imper
vious surfaces is genera lly controlled t hrough the use of infiltration basins or
all owed to flow through drainage systems or ove rl and to surface waters.
Stormwater runoff often contains plant nutrients (e.g., nitrates), heavy

metal s, organ ic com pounds and bacteria . Pollutants contributed by runoff
constitute signi fi cant h azards in many parts of the area, and are particularly
deleter ious to the Great South Bay system. The program has formulated the
following co ntrol strategies t hat can aid in minimizing problems attributable
to th is pollution source:

• Require t he immed iate recharge or on-site detention of storm
water, where feasible, in order to reduce the volume of runoff .

• Promote th e use of storage areas-either specially constructed
detent ion basins, multi-purpose paved areas, natural ponds or
other existing or altered landforms-to reduce sediment trans
port and coliform contamination from runoff.

• Pro mote or require the imposition of controls to reduce pollu
ti o n gene rated by domestic animals.

• Li mit, regufate and, where necessary and practicable, prohibit
new shore line development in order to protect the quality of
ad jacent su rface waters.

• Prov ide adequat e buffer zones surrounding tidal and freshwater
wet lands.

• Establ ish and req uire compl iance with Best Management Practices
fOl' land clearance and construction in order to minimize erosion
and const ruction related pollutant discharges.

• Promo te or require the institution of municipal street cleaning
program s t o help minimize the pollution effects of stormwater
runoff. Req uire strict control over the disposal of collected
mat erials in sanitary landfills.



3.4.1.2 Domestic On-Site Disposal Systems. Domestic on-site dis
posal systems are in widespread use throughout portions of the Nassau
Suffolk area and contribute significant amounts of nitrogen to the area's
groundwater. In addition to the usual structural responses, that is, municipal
collection and treatment. the Pro}1ram has identified the following control
strategies that can aid in mintmiztng the pollution source.

• Withold permits for individual systems in any area where its has
been determined that on-site disposal is causing significant
deterioration of groundwater or surface waters.

• Promote further investigation into the feasibility of utilizing
innovative on-site treatment-disposal techniques including, but
not limited to, pressure/vacuum systems, alternate leaching
fields and in-grounn denitrification systems.

• Prohibit or restrict the use of various classes of products that
may contribute to the chemical pollution of the groundwater.
Such products include various detergents, dry cleaners and septic
system cleaners or reconditioners.
Establish minimum lot sizes in specific areas subject to hydrologic
constraints or, if such areas are already developed, provide for
and require hook-up to a collection and treatment system.

• Promote the establishment of municipal or neighborhood pro
grams for the routine preventive maintenance of on-site systems.

• Provide for a monitoring program in areas where pervasive viola
tions of the nitrogen standard or the presence of he avy metals
or organic chemicals is considered likely.

• Plan for conversion to alternative disposal techniques in those
areas where monitoring indicates unacceptable pollutant con
centrations.

3.4.1.3 Subsurface leakage from Domestic Collection Systems. Sewer
systems develop leaks as a result of improper construction. materials failure
or aging. These leaks may permit domestic and industr ial-commerical waste
to be carried to the groundwater. The program has identified the following
strategies that can aid in minimizing the pollution problems associated with
infiltration, exfiltration and clogging:

.. Continue to appl y stringent performance standards fo r construc
tion materials and practices, accompanied by agency surveillance
during construction.

• Require the establishment of regularly scheduled maintenance
and cleaning programs.

3.4.1.4 Product Storage Tanks, Pipelines, Accidental Discharges. Leak
age of materials from product storage tanks and accidental discharges may
introduce hydrocarbons, organic solvents and toxic industr ial liquids into
surface and groundwaters. The program has identified the following control
strategies which can aid in minimizing the pollution source.

• Require construction standards that will minimize the probability

of leakage or, in the event of accident, will mi ni mize the entry
of pollutants into ground and surface waters.

• Establish siting and location standards that wi ll prohibit t he
storage of certain materials in areas where leakage and spi ll s
wil l constitute a signif icant pollLltion hazard.

• Establish a monitoring program that will enable a management
agency to evaluate the pe rform ance of storage facilities in relati on
to baseline ground or surface water qual ity .

• Require that owners or ope rato rs of storage and transmission
faci lities develop an emergency shut down, containment and
clean-up procedure as a permit condition.

• Promote or, where feasible , require changes in clean-up tech
niques to minimize the flushing or disposit ion o f hazardous
spilled materials to groundwater or surface waters .

• Est ablish and maintain an emergency notification system with
a trained emergency response team capable of responding to
spill emergencies.

• Provide for criminal and/or civ il liability in cases of ground or
surface wate r pollution caused by violation of pe rmi t or operating
conditio ns and assume that compliance with these conditions will
not affect such Iiabil ity.

• Require that accurate product reco rds be maintained and made
available to regulatory agencies.

• Require that buried t anks be construct ed or protected in such a
way as to positively prevent the escape of contents due to tank
corrosion, bot h internal and external. Techniques to be con
sidered include, but are not li mited to, the use of non-corrosive
materials, cathodic protecti on, coat ings and doubl e-walled
tanks.

• Prohib it the establishment of waste piles (stock pil es) containing
poten tial pollutants with in t he flood plai n of the 100-year flood.

• Prohibit above and below ground sto rage of poten ti al po llutants
in primary recharge or watershed areas except where reasonab le
safeguards are provided in order to prevent the esca pe or move
me nt of such pollutant into ground or sur face waters.

3.4.1 .5 Discharge and Storage of Industria l Wastes. Industr ial wastes
discharged to municipal treatment facilities and ground/surface wate rs may
contai n a variety of toxic organic and inorganic compounds t hat consti tu te
a pu bl ic health hazard. The program identified the following control strate
gies that can aid in minimizing this pollution source:

• Require adequate pretreatment levels as a condition of d ischarge.
• Prohibit disposal of waste material s on the land su rface, or to

groundwater, unless pe rm itted or exempted. (Specif ic classes of
materials may be exempted.)

• Prohibit the discharge of specific classes of industrial waste to
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agency. Require all drillers to obtain a license and post surety
or cash bonds before engaging in activ ites related to well dr illing.
The license should provide for revocation wherever regulatio ns
are violated.

• Establish a program of well inspection. Inspectio n priority should
be accorded to the classes of wells considered most like ly to con
tribute to groundwater contamination.

• Require a permit for the abandonment, sealing or demolition of
any public or private well having a capacity greater t han 45 gpm
and of any observation well or other well install ed for the pur
poses of scientific investigation.

3.4.1.10 Highway Deicing Materials. The storage and application of
highway deicing materials contribute to chloride and sodium contamination
of fresh surface and groundv"aters. Leachate from inadequatel y protected
salt piles and salt-laden runoff from impermeable road surfaces seeps directly
into the ground or is diverted to a storm recharge basin. In some places along
the shores of Long Island, street runoff is diverted to storm drains that empty
into surface waters. The Program has identified the foll owing contro l strate
gies that can minimize pollution from this source:

• Require that salt piles be stored in permanent buildings.
• Require the substitution of inert abrasives, such as sand or

cinders, for chemical salts wherever possible.
• Modify application procedures and equipment to allow prefer

ential spreading on high hazard road segments.
3.4.1 .11 Well Disposal of Heated Cooling Water to Groundwater

(Diffusion Wells), Diffusion wells may cause contamination of groundwater
through the introduction of heated water and of chemical addit ives used
in the cooling process or for the maintenance of cooling equ ipment. The
Program has identified the following control strategies that can aid in m ini
mizing pollution from this source:

• Restrict the use of chemical additives in cooling processes or in
the maintenance of coo ling equipment.

• Require that no cooling waters discharged to the ground differ
significantly from ambient water except in respect to temperature.

II Provide adequate surveillance to ensure com pl iance with diffusion
well permit conditions.

3.4.1 .12 Control of Domestic Animal Wastes, Data provided by t he
Soil Conservation Service indicates that the animal population of the Region
is sufficiently diverse and numerous to add to the BOD, COD, bacterial,
nitrogen and phosphorus content of ground and surface waters. Regula
tions controlling the disposal of waste from domestic animals are generally
designed to prevent public health nuisances and do not protect grou nd or
surface water quality. The Program has identified the fo llowing control
strategies that can aid in minimizing pollution from t his source:

• Promote dog sterilization programs in order to limit the growth

of the canine population.
• Require th at pet owners assume responsibility fo r the c lean-up

and disposal of animal wastes.
• Provide for t he repeal of dog curbing ordinances, and promote

t he adoption of clean-up ordinances.
• Require that persons havi ng ownership or control of numbers

of domestic anim al s obtai n a permit specifyi ng the Best Manage
ment Practices to be followed, includ ing an approved plan for
the disposal of wastes.

• Prohibit the continued sale and/or distribution of White Pekin
ducks for pets.

3.4 .1.13 Groundwater Development. Optimization of groundwater
withdrawal practices is required to assu re the long term quality of Nassau·
Suffolk groundwaters. Although salt water intrusion does not appear to be
a significant areawide problem, there have been instances of local contam in a
tion due to saltwater intrusion or upconing in pump ing wells. The Program
has identified t he fo llowing control strategies that can ai d in minimizing
pollution from th is source:

Management Pl an}:
It Control pumping patterns, especially of high yield we ll s, to mini ·

mize the in teraq uife r movements of contaminants.
• Control pumping patterns to minimize local sa ltwater con tamina·

tion of supply wells.
• Establish pumping pattern s that will minimize the m igratio n of

ex isting contaminants within any aquifer and/or abate ex ist ing
contaminati on.

• Fo rmalize interdi strict allocation of. pu blic water, where .req ui red.

• Encourage use of public lands for groundwater development.
• Amend the New York State law to remove the clause exempting

agri cu ltural irrigation wells from operating permit requirements.
• Employ land use cont rols to limit de ve lopment in those areas

where wate r sup ply is restr icted.
• Require wellhead treatment of public water suppli es in areas

where watr,r quality contravenes drinking water standards.
3.4 .1.14 Agricultural Chemicals. La rge quantities of pesticides and fe r

tilizers are used on Long Island, not only in eastern Suffolk agricu ltu ral areas,
but also in western Suffol k and in Nassa u, where they are app lied to lawns,
golf courses and nursery stock . Contamination hazards from pesticides are
generally control led by natural physical-chemical biological processes in ':he
soil. Recent developments in pesticide chemistry, however, may y ield classes
of chemicals that are more persistent and/or toxic . The potential hazard from
these chemicals, therefore, cannot be overl ooked. Intensive application of
fertilizer in domestic, recreat ional, agricultural and commercial use resu lts in
the leaching of a la rge part of the nitrogen content to groundwater. The
Program has identified the following control st rategies t hat can aid in mini-
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mizing polluti on from these sources:
Pest ic ides

• Limit or prohibit t he dist ri bution and/or use of specif ic chem icals
that are suspect ed carcinogens.

• Promote the substitu ti on of less persistent or less toxic chemicals
for those currently in use.

• Institute measures to cont rol the d isposal of used pestic ide
containers.

• Continue and su pplement the licensing of commercial operators.
Fertil ize rs

• Enlist the active participation of the United States Department of
Agricu lture, local So il and Water Conservation Districts, and the
Cooperative Extension Service, to conduct information and
education programs designed to promote the cost-effect ive use
of fertil izers and erosion/ru noff contro l.

• Limit or prohibi t the d istr ib ut ion or sale of those chem ical
fert ilizer formul atio ns th at have effecti ve o rganic su bsti tutes.

• Institute fert il izer use controls in areas with signi fica nt hydro logic
const rai nts, e.g., the deep flow Zones I and III. Initial emphasis
shoul d be on non-food crops, lawns, golf courses, etc.

• Promote the use of low-maintenance lawns and natu ral plant
materials in order to reduce the need for extensive watering and
fertilizing.

3.4 .2 Application to Stormwater Control
3.4 .2.1 Stormwater Runoff to Bays. A number of factors are consid

ered in formula ting and apply ing control methods to non-point sou rces.
Structural method s (e.g., ret ent ion /settling bas ins) can be used where storm
water is conveyed to th e receiving wat er by a stream or large storm sewer.
If the greater portion of flow reaches the water at many di ffuse locat ions,
Best Management Practices (usually includi ng street cleaning) are appropriate,
if cost -effective. (See Section L of t he Areawide Waste Treatment Manage
ment Pl an.)

Non-point source control in the bi-county area was evaluated on the
basi s of two factors. The first factor was the presence or absence of a long
term problem with bacterial contamination in the receiving water. Closed
shell fi sh areas were used as the indicators for this type of poll ution. (It
shou ld be noted that, in all but one of the bays studied, the contribution
of bacteri a from non- poi nt sou rces far exceeded that from po in t sou rces. )
The second factor was the relat ive magnitude of non-point pollution contrib
uted by streamflow as com pared with that contribu ted by diffuse flow. In
analyzing this fac to r, the bays and bay comple xes were d iv ided into sub
drainage areas, wh ich were then eva luated separately. Also considered was
the scale at which the evaluation should be conducted . One approach consi
ders only those streams that have drainage areas of 100 acres or more.
Another approach considers all streams.

Structural and Best Management Practice techniques for non-point
source control were grouped into the following approaches:

Approach I: Bay divided into reaches and controls applied where a
problem is indicated (for example, closed shellfish areas). Structural alterna
tives appl ied to streams with drai nage basins greater t han 100 acres where the
proport ion of st ream runoff to areal runoff is re latively high . Best Manag(,
ment Practices appli ed to suspect overland flow areas and areas d ownstream
of structural facil ities.

Approach II: Reliance on Best Management Practices only, throughout
the basin.

Approach III: Application of structural alternatives to all streams with
drainage basins greater than 100 acres, regardless of the relative proportion of
stream and areal flow. In addition, application of Best Management Practice
to all other drainage areas.

Approach IV: No action. To be applied to drainage areas contributing
to those bay segments where no problem exists or is expected.

The above approaches were applied to following and bay
complexes of sign if icance: Great South Bay complex, Manhasse t Bay . Hemp
stead Harbor, Oyster Bay/Cold Spring Harbor complex, Huntington Bay
complex, Port Jefferson Harbor and Peconic Estuary.

For each bay, approaches were developed with associated total annual
cost, annual pollutant loads and sludge production.

There are a number of natural ponds in the study area that are located
on streams near their discharge points. If the settling capability of the ponds
is utilized, then only disinfection may be required. This concept should be
eval uated in detail when stormwater structural approaches are being consid
ered . The degree o f sedimentation taking place in the natural pond should be
estimated by comparing influen t and effluent water quality. If s~1dimentation

is effective and if effluent water quality is suffic iently good (i.e., low values
of suspended solids or turbidity), only disinfection need be applied.

For a comparison of the costs of structural approaches with Best
Management Practices, street sweeping was selected as a representative of the
latter approach. It is the most commonly applied Best Management Practice;
it has been implemented in the past; its costs have been estimated ; and it
is being studied extensively in other 208 investigations. Other Best Manage
ment Practices could also be included but comparable cost-estimating data
and operational experience are lacking. In actual applications, a combination
of Best Management Practices would probably be applied to an area to
achieve max imum effectiveness.

Great South Bav Complex. As illustrated in Figure the Great
South Bay Complex basin is made up of parts of basins NI, N2, Sl, S2 and
S3a. The basin is characterized by its extensive tributary system, the discrete
location of its streams, a relatively large percentage of impervious surface
area (in N1 and N21, and a gradual basin slope with minimum bank runoff.

The percentage of the total drainage area from which runoff reaches



the bays via streams varies for each subdra inage bas in.

T he above drainage area data tak e on importance when coupled with
data ind icat ing areas closed to shellfish ing. Figure 2- 8 identif ies areas of
t he Great South Bay complex that were closed to shellfishing as of August
197 7. Inspection of F igure 2 - 8 shows that esse n t ially th e entire area o f the
Great South Bay com pl.ex below drai nage areas N1 and N2 is closed to shell 
fish ing, as are parts of the Bay be low S1 and S2 , and a sma ll are a of the
Bay below S3a.

Approach I attempts to identify areas w he re structural/ non -st ructura l
methods are m ore ap propriate, based upo n th e pollution reduction potenti al
of a particular drainage basin and a hi sto ry o f she ll f ish bed closings. This
approach resulted ill the following:

1. Best Management Practices we re considered for use in N 1, be
cau se structural methods offer a re latively low poll ut io n I'educ
tion potential and because N1 is entirely closed to shell fishing.

2. Since shellfishing closings occur in a large part of the bay be low
N2, S1 an d S2, and si nce relative ly high pollution reduction
potential by st ructural methods exists. structura l methods were
considered.

3. Although S3a has a high pollution red uctio n pote ntial, the need
for structural abate me nt fac il iti es is unwarranted because th e
shellfish closings occur in sma ll isolated areas. Fo r S3a, therefore,
Best Management Practices we re considered.

In th e sub-drainage basins where structural methods were cons idered
(N 2, S1 an d 82 ), land av ail ability was checked to determi ne whether a
storage/sedimentation reservoir cou ld fit th e ava il abl e space. If space was not
ava ilable, then a swirl regulato r-cone ntrator treatment was selected. The
total annual cost esti m ates (amo rt ized ca pita l and operation and mainten ,
ance ) as we ll as an est imate o f the recent reduction ill coliform bacteria
(effectiveness) are graph ically ill ustrated in F igure 3 - 1 1. The sludge gener
ated from the non -point source st ructu ra l abatement facili t ies wou ld be a
sma ll q ua ntity in compari so n to pl'Ojected munic ipal sludges.

Approach II involves the appl icatio n of Best Manage ment Pract ices
thl'Oughout the entire drainage basin of the Great South Bay complex. It
represents the minimum treatment level th at can be prov id ed from both a
cost and treatmen t effi c iency standpoint. The cost fo r im plementin g a stree t
sweeping program was estimated at about $97 per curb mil e per year . The
esti mated total annua l costs and effecti veness are illu strated in Figure 3 - 11 .
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Approach III invol ves the insta ll ation of st ructural abate men t facil iti es
on al l st reams drai n ing areas greater than 100 acres, and implementing Best
Management Practices in those a reas of th e basin not dra ined by t hese streams.
The only exception to thi s is that Best Management Practices we re considered
for appli cations to the Mill River, th e Connetquot River an d t he Carmans
River, s in ce they are too large t o control structurally. Approach III represents
th e h ighest degree of treatment t hat can be p rovided. Th e esti m ated total
annual costs an d effectiv eness are illu strated in Fi~Jure 3- 11 .

Approach IV is the no ·action alternative. Based on the histo ry of
shel lfish c losings a lone, it would appear that some kind of act ion is warranted
and th at the no ac ti on alte rn ative is not viabl e .

As illu strated in F igure 3 - 11 , the estimated tota l annual costs d iffer
signi f ican tl y between Approaches I and il i on the one h and , and Approach II
on th e other. T he cost of implementing a st reet swee ping program (A pproach
II) throughout the Great South Bay area is about one to t wo orders-of-magni
tude less t h an th e costs of the other approaches . The est im ated t reatment
e ffici ency, h owever, of Approach II is less than it is for Appro aches I an d III.
T he total coliform reduction of Approach III is 76 percent, while t he reduc
tio n by Approach II is 2 5 percent . *

From Figure 3- 11 it would ap pear that , of t he four approaches, the
most cost -e ffecti ve sol uti on is Approach II, w hich yield s t he greatest es t i
mated effici ency per unit dollar of cost.

North Shore Bavs. In gene ral, th e basins contribut ing f low to the Nort h
Shore bays are characterized by a minor tributary system , st ee p basi n slope
and signif icant bank runoff. The exception to th is is Oyster Bay /Cold Spring
Harbor . The drainage area of the streams in that bas in accounts for approxi
matel y 44 percen t of t he total d ra in age area. It is unl ikel y , co nsi der ing the
extent of she llfi sh c losin g in those areas, t hat Approach II would be accept
able for any of th e bays.

As illustrated in F igure 3- 12, total annua l co st s and treatment effi
ci enci es a re the sa me fo r Approaches I and II fo r Manh asset Bay, Hempstead
Harbor and Oyster Bay. Th is is because Best Management Pract ices were
used in Approach I afte r it was d ec id ed that struct u ra l m ethod s w ould not
app reciably red uce overall non-point source pollution into t h e bays because
of th e sma ll drainage area att ributable to streams. In the case of Port J effe r
son Harbor, Approaches I, II and III are id enti cal beca use th e re are no
streams whe re structural control measures would apply. In th e case of Hun 
tin gto n Bay, Approaches I and II a re id entical and III is slightly differe nt .
Both o f t hese bays are shown in Tabl e 3 - 10. Coliform red ucti ons ach ieved
by Approaches I and III di ffer significantly fo r th e bays illustrated in F ig ure
3- 12. For exampl e , Approach III at Oyster Bay /Cold Spl-i ng Harbor results

4Future studies w ill be required to determine t he efficiency of non-structural means
of non"point source contro l In add ition, f u ture mod eling stu dies w il l be required
to correlate the effects of Best Management Practices on receiving water qual ity.

FIGURE 3- 12 Cost-Effectiveness of Various Trea tment Approaches for
North Shore Bavs
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fishing standards du ring storm events, even w ith a 25 percent reduction of
coliform bacteria in runoff. However, Best Management Practices, in th e
control of runoff may insure the suitability of these waters for bathing,
follow ing moderate to heavy rainfall.

Peconic Estuarv. Flanders Bay-Pecon ic Estuary is characterized by a
major tributary (Peconic River) and a number of much smaller streams , Most
of the runoff can be considered bank runoff , with a sma ll portion contributed
by the streams. The drainage areas of the strea ms accoun t for approximately
34 .9 percent of the total drainage area of Peco ni c Estuary. A tabulation of
drainage areas of the stre ams flowing into th e Peconic Estuary and the
percentage of total drainage area attr ibutable to strea ms fo r each subd rainage
basin are given as fo ll ows:

in a coliform reduction o f 5 1 percent (versus 25 percent for Approaches I
and Il l. This pattern is generally the same in the othe r two bays.

Table 3 - 10 indicates that a structural sol ution would not achieve
much improvement in col iform leve ls in the Huntington Bay/Northport
Bay complex . Port Jefferson Harbor opt io ns are limited to Best Manage
ment Practices.

Considering Table 3- 10 and Figure 3- 12, the apparent max imum
effectiveness pe r unit cost of the four approaches for each bay is Approach II.
Approach II, therefore, appears to be the most cost-effective alternati ve for
all the North Shore bays, assuming that a 25 percent reduction in BOD 5 ,

suspended so lids , nutrients and total coliform bacteria can be achieved
by Best Management Practices, and that bay water qua li ty standards can
be met.

Table 3- 10

ESTIMATED TOTAL ANNUAL COST AND EFFECTIVENESS
OF APPROACHES TO CONTROL STORMWATER RUNOFF

INTO HUNTINGTON/ NORTHPORT BAY AND PORT JEFFERSON HARBOR

Sub-Drainage Basin
S11b
S1 2a
S 15a
S13b

% Stream Drainage Area
70

Negligible
Negli gib le
Negli gible

Estimated Total Est imated % Reduction
Bay/Approach Annual Cost , $ of Total Coliform Load

t
Hu ntington/Northport Bay

I 151,000 25

I I 151 ,000 25

t III 213,000 25
IV - 0 - 0

Port Jefferson Harbor

I 98 ,000 25
II 98,000 25

III 98, 000 25

IV - 0 - 0

The dynamic water quality model was used to measure the response
to various inputs of stormwater and pol lutants to Manhasset Bay and
Hempstead Ha rbor. On the basis of sampling programs and model runs, it
is reasonably certain th at coliform levels in th e outer po rtions of th ese bays
are dom inated by cond itions in Long Isla nd Sound , and the inne r portions
by sto rm wate r runoff from the tri buta ry drainage basin. Coliform levels in
these embayments, which are ove r 70 MPN per 100 milliliters preceding a
sto rm event , can increase to above 2000 MPN per 100 m ill iliters in respo nse
to a "design" storm. The overriding influence of present Long Island Sound
water quality will p revent he reduction of coliform levels to below shell -

The above drainage area data were compared with the data on areas
closed to shell fish ing (see Figure 2- 8). and th e fo ll owing treatment ap
proaches we re developed as part of Approach I:

1. Since Fla nd ers Bay is parti ally closed to shellfishing, there is a
need to reduce t he no n-poi nt source pol lutant loads entering
from 51 1b, It was dec ided t o consider im plementation of Best
Management Practices in t h is basin si nce structural methods are
not feasible for large st l'eams such as the Peconic Rive r. Since
the southe rn portion of Fla nders Bay has not been closed to
shellfishing, the no-action alternative was considered for Mill
Cree k and Hubbard Cree k.

2. For sub-drainage basins S12a, S15a and S13b, no -action was
considered acceptable because the bays adjacent to these basins
are not closed to shell fi shing.

The estimated tot al ann ual cost s and effectiveness for Approach I are
illustrated in Figure 3 - 13.

Approach II involves th e appl icat ion of Best Management Practices
throughout the basin . In the case of Peco nic Estua ry, th is level of treatment
seems unnecessary since certain sub-drainage basins (512a, 515a and S13b)
do not appear to contribute to the problem of shellf ish clos ings .

Approach III invo lves the appl ication of structural abatement fac il iti es
on all major streams in S11 b and t he implementation of Best Management
Practices in those areas of the bay not drain ed by the strea ms, The except ion
is th at non- point sou rce pollu tion from the Peconic Rive r is controll ed by
non-structural measures. Approach III repl'esents th e high es t degree of
treatment th at can be provided.
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Approach IV is the no-action alternative . It is reasonable to assume
that non-point source pollution from sub-dra inage basins S 12a. S15a and
S13b. need not be red uced since the bay areas ad jacent to th ese basins have
not been closed to shell fi sh ing.

Estimated total annual costs and effectiveness a re illustrated in Figure
3 - 13. Figure 3- 13 suggests that App roach I or II would provide the most
cost-e ffect ive solution. However, if water quality is improved and the duck
farms that di sch arge to Meetinghouse Creek attain zero disch arge, then
Approach IV (no action) may be acceptab le for the Peconic Estuary.

One of the major questions concerning stormwater control is the
effect iveness of street sweeping!vacuumi ng as a Best Management Practice .
There is no experiment al or operational data available to describe its effec
t iveness in the Nassau-Suffo lk area. Therefore, in order to evaluate the
efficiency of street sweeping. demonstrat ion programs should be estab
Iished on the basis of topogra phic and runoff differences_ One should be
implemented on the North Shore and one on the South Shore. Sampling
of stormwater runoff should be conducted in areas where street swee ping!
vacuuming is intensive ly employed and the results compared with samples
from areas where mi nimal amo unts or no street cleani ng is provided.

Recharge Basin Analysis. There are between 2000- 3000 recharge
bas ins on Long Island, recharging approximately 80 MG D of stormwater
runoff to the Long Island aq uifers. Street surface contamination consists
of hydrocarbons (gasoline. o il s, grease), organic chemicals (pesticides).
heavy metal s (lead , copper, zinc) and fecal matter (bacteria and viruses).

At the present time. there are no systems in use to treat the recharge
prior to its entering the ground, although use of a marsh -pond app roach
as well as mechanical systems appears to be feasible . Therefore. unless the
contaminants are removed by the natura l vegetation and soils. they may
eventually reach the groundwater.

The 208 has determined that su rface run off is a sou rce of pollutants
and that some form of treatment may have to be implemented. It is suggested
that a concept requiring li t tl e maintenance, such as the marsh ·pond concept,
be investigated on a pilot basis to treat stormwater prior to recharge. T he
marsh-pond conce pt was selected for the fo ll owing reasons:

• Run off comes in contact with the soil and vegetation roots for
a maximum amount of time.

• The vegetation removes heavy metals and organics by bio
assim il ation.

• Both of the lined sections of such a system act at settling ponds,
effect ively removing any silt particles that would otherwise plug
up the recharge basin.

• The vegetation will act as a nitrogen sink and if cropped will
reduce the nit ra tes reaching the groundwater aquifers. Cropping
wou ld also be necessary to avoid accumulation and recycl ing.
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Some disadvantages of this concept are:
• The re will not be enough room for a marsh pond installation in

all cases.
• The plants will have to be c ropped about once per year and dis·

posed of as potential hazardous wast es.
• Water levels in the marsh may have to be mai nta ined during dry

periods to prevent the plants from dying off.
• Vari able cl imatological factors may impair the effecti veness

of plant and other biological life in removing pollutants.
The est imated cost of such a system depends heavily on the size of each

basin and the ac reage requ irement of the lined sect ions . For an average-sized
recharge basin of 1.5 acres, the capita l cost would be approx imately $50,000
to $100,000, with an operation and mainten ance cost of about $300 to
$500 per year.

Summary. The recharge of untreated urban runoff poses a threat to the
groundwate r qualitY on Long Island. Many st udi es have shown that urban
runoff may contain organic chemicals, heavy metals, bacteria and viru~-es, and
may reach the subsurface water through recharge basins. (See Plan Section L.)

A rev iew of possible alternatives leads to the recommendation that a
marsh-pond pilot t reatment plant be constructed in an existing recharge basin
in o rd er to test its ability to re move the pollutants in runoff. After a one year
tr ia l period , the opera ting data should be reviewed and a dec isi o n made on
whether to implement the concept on a large-scale basis or to abandon it
altogether.

If the pilot study proves successful, then a plan of phased construction
to fit recharge basins in t he Magothy recharge area with marsh-ponds can be
prepared.

If it p roves to be in fe asible to treat at the recharge basins, it may be
necessary to begin phasing them out in key groundwater areas. If this policy
is implemented , substantial quantities of recharge water w ill be lost . Th e
impact of this loss on grou ndwater levels and water suppl y must be carefu lly
analyzed by exist ing digital and analog mathemat ical models before such a
policy is adopted.

3 .5 Planni ng Options
3.5.0 Introduction. There are a number of ways of achieving any

specific wastewat e r management object ive. Common end objectives can be
reached ge nerally through point source controls, non-po int controls and /or
some mix of th e two .

In an attempt to keep the array of alternatives and /or complementary
ways of achieving a management o bjective to a reasonabl e number, the
plann ing process conta ined herein was designed to subject all alternatives to
continu ing evalu ation, based on t echnical and economic feasibility, probable
environ mental effects and lega l-statutory req ui reme nts . Where an alternative,
or set of alternatives was found to vio lat e any of these requ irements, it was

ei ther modif ied or eliminated. It is possible to establish a number of area
specific water supply alternatives as tradeoffs or second best so lutio ns to
wastewater management problems. However, one of the basic constraints,
regardi ng th e selection of the mo re viable wastewater management alterna
tives , is ma in ta in ing the se lf-sufficiency of t he Region's dr ink ing wate r supp ly
by maintaining the high quality of the reserves. The nature and ro le of these
trade-ofts are discussed in Section Six .

This sect ion describes the most viable alternatives as they relate to
specif ic hydrogeologic zones and adjacent marine surtace water elements.
These alte rn atives are broken down into two categories : (1) areawide alterna
t ives, or t hose alternatives that are genera ll y appl icable across all Nassau
Suffolk groundwater zones and surface water elements and, (2) area specific
alternatives, or t hose alternat ives that are applicable only to designated
Nassau-Suffolk groundwater zones and su rface water elements. An exa mple
of an areawide alternative is the restriction of the use of fertilizer throughout
the bi-county area, whe reas an example of an area spec ifi c alternative is t he
proh ib ition of landfills in selected groundwater zones.

The areawide and area specific alternatives follow. The preferred
alternat ives, or comb inat ions of alternatives, and the reasons for their selec
tion, are descri bed in Section Six .

3.5.1 Areawide Alternatives
3.5.1.1 Provide fo r Routine Maintenance of On-Site Septic Tank and

Leaching Pool Systems. Provisions should be made for routin e pumping and
ma intenance to extend t he service life of th e leaching facility and ensure its
conti nued efficacy.

3.5.1.2 Prohib it t he Use of Certain Chemical Cleaners in On-Lot
Systems. The use of organic so lv ents and ot her chemica l agents that are used
in an attempt to clean or extend the Iife of an on-lot waste disposa l system,
but that impair or alter groundwater quality , shou ld be proh ibited o r con
trolled.

3 .5.1.3 Expand Regulat ions and Enforcement Regarding the Disposal
of Industrial Wastes. Where industrial wastes are discharged to mun icipal
sewer systems, strict enforcement of sewer use ord inances should be insured .
Where industria l wastes are d ischarged to t he ground, present regu lations
should be expanded to include greate r coverage of specif ic contami nant s
and prescribed all owable d isc harge levels. Thi s applies primarily to o rganic
chemicals.

3.5.1.4 Regulate the Storage and Transportat ion of Chemical Products.
Permits and o th er con trols should be required for the sto rage and transpo rta
tion of chemical products that wou ld pose an environmenta l threat to
either the groundwater or surface water. The regulations should include
prescr ibed practices re la ting to safeguards, inspection and emergency cont in
gency plans. In addition to industrial chemicals, these products include
chemical wastes and sludges, deicing salts and petroleum prod ucts.

Part icul ar emphasis should be placed on regulat ing gaso line sto rage
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facili ti es at automob ile service stations and , to a lesser degree, home heating
oi l storage tanks. The 208 Study has recognized these two types of facilities
as major potential pollutant sources but has not bee n able to define the
precise magnitude of the problem.

3.5 .1.5 Restrict th e Use of Fert ilizers. Since fert ilizers co nstitu te one
of the largest sources o f ni trogen appli ed to the land surface, they are also
a signifi can t potential source of ground and surface water impairmen t .
Pend ing fu rther necessary study to better define their impact on water
quality, public ed ucation should, and regul ation may, be employed to limit
or possi bly eliminate the use of all or speci fic types of fertilizers. Included
in the Best Managemen t Practices, some of which may also pertain to agri
culture, are modification of application rates, discontinuance of reliance
on fast-acting inorganic fertilizers, and promotion of low -ma intenance lawns,
which wou ld require both less fertilizer and less consumpt ive use of wate r.

3.5.1.6 Control Stormwater Runoff . To th e extent feas ib le, su rface
runoff should be intercepted and d isposed of as close as possible to the
sou rce . Best Management Practices and/or stru ctural systems shou ld be
employed to minimize the volu me of ru noff and the transport of sediments,
nutrients, metals, organic chemicals and m icroorganisms to surface waters.
Recha rge basins may need to be modified, where feasible, to improve the
removal of nutrients, metals and organic chemicals in stormwater runoff
that contribute to groundwater contamination. Inasmuch as most of the
techniques for both practi cal and cost-effective treatment of runoff are still
relatively untested, the establishment and operation of several pilot projects
is recommended prior to considerat ion for full scale implementation. Street
vacuuming and th e use of na tu ral o r man-made detention systems with
ma rsh -pond ap pl !cat ion and/or disi nfection are recommended for further
investigation and testing.

3.5.1 .7 Reduce Ani mal Wast es. Best Management Practice s should
be employed to mi nimize th e deposition of animal wastes, primaril y from
dogs and semi-wild ducks, directly into the surface waters or on impermeable
areas draining into surface waters. Among these management practices are
the reduction of animal populations, regulation 0 the acquisition and 3ban
donment of certain domestic animals, and proper animal waste disposal
by owners .

3.5.1 .8 Minimize Pollution from Site Preparation and Development_
Regul ations should be estab lished requ iring the use of Best Management
Pract ices during si te clearance, buil ding construction and site resto ration
in o rder to control the eros io n from development activities and th e subse
que nt transport o f sediment to surface waters.

3.5.1.9 Red uce Reliance 011 Landfill s. Regional and/or subregional
resou rce recovery facil ities should be constructed as rapidly as feasible in
order to minimize the current relia nce on landfi lls for the d isposal of domes
tic and other non-hazardous wastes. In add ition, these resource recovery
facili t ies should also provide for the adequate treatment of wastewaters

originating at such facilities. The first resource recovery facility on Long
Island is presently being constructed in the Town of Hempstead. Until such
facilities become available, all new landfills should be interim in nature and
shoul d be provided with dual liner systems to prevent leachate contamina
t ion o f ground and su rface wate rs. Leachate sh ould be collected and treated .
This recom mendat ion is consistent with present New York State Department
of Environmental Conservation policy. The location of new landfills should
conform to recommendations presented as part of the area'specific alterna
tives. Abandoned and/or completed landfills should also be upgraded when
feasible by providing an impervious cover to prevent water infiltration and
the continued production of leachate, especially in deep-flow recharge areas.

3.5.1.10 Provide for the Treatment of Hazardous Wastes. Provisions
must be made for the safe disposal of hazardous wastes. Because of the types
of industries in the Nassau-Suffolk Region and the wastewater treatment
processes they em ploy, two kinds of haz3rdous wastes are generated: small
volumes of stro ng, toxic industr ia l wastes, and ind ustria l waste treatment
sludges.

In view of the environmental sensitivity of the study area, continued
disposal of these types of hazardous wastes outside of the area should be
encouraged. However, if this disposal option is not available in the future,
treatment facilities and landfills for hazardous wastes and residuals will
have to be provided in the bi-county area.

3.5.1.11 Provide Alternatives to Ocean Disposal of Municipal Treat
ment Plant Sludge. The major municipal treatment plant sludge processing
and disposal approaches that appear viable in the Nassau-Suffolk Region
includ e composting, landfill ing, land appl ication, incineration, co-incineration
with solid waste , pyrolysi s and therm al drying . (These approaches also apply
to th e sludge fro m scavengElI' waste treatmen t pl ants.) It h as been found
that any of the conventional app roaches can be implemented in parts of the
Nassau-Suffolk area without significant environmental degradation if normal
safeguards are taken. Final sludge disposal options should be selected after
201-level detail studies have been conducted, since the final decision should
be based upon cost-effectiveness, and the 208 Study has not developed suffi
ciently detailed cost analyses. The 208 has determined that the conventional
approaches are regionally acceptable.

Land-based sludge disposal options (land application, composting) must
be accompanied by monitoring or other control programs to insure against
contami nation from heavy metals, organic chemicals and other pollutants.
Th is is parti cula rly im portant hyd roglwlogic Zo nes I, II Il l. Land·
based disposal opti ons will req uire strict en forcement o f ind ustrial pre'
t reatment requirements to minimize the amount of toxic materials in munici
pal treatment plant sludges.

3.5.1.1 2 Require Nitrogen R.emoval for Treatment Plants Recharging
Effluent. All waste treatment facilities that discharge to either recharge basins
or to streams, should be required to provide nitrogen removal. The level



Table 3- 11

POPULATI ON DE NSITY AND OBSERV ED NITR OGEN CONCENTRATION
IN SHALLOW WELLS

Sources: Porter, K.S., e t al. , 1978, " Nitrogen: Sources and Potential Impac t" , Cornell
University/Cooperative Extension Service.
Appendix S, Sec tiot; H of the A reawide Wastewater Matwgem ent Plan.

The initi al selection of sewerin g options of one , two and five dwell ing
un its per acre, as discussed earlier in Sectio n Th ree, was based upon previous
ly recorded and pro jected residential densities, on which th e cost esti mates
for sewe ri ng and waste t reatment alternati ves were al so based . The i ni ~ ial

select ion of the one and two dwelling units per acre as max imum and in ter
media te sewe ring o ptio ns is st il l co nsiste nt with the st atis t ica l dat a prese nted
above. However, were one to assume a density of five dwelling units per acre
and an average ho useho ld size o f fou r perso ns, in t he area from w hich the
d ata was obtained, the resulting population density of twenty persons per
acre could be expected t o produce an average N0 3 - N gro undwater co ncen-
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yield concentrati ons below ten mil ligrams per liter in 90 perce nt of the
samples. It was ca lculated that in order to utilize on-site disposa l syste ms,
residentia l density should not exceed five to six persons per acre.

However, since the analyses relating popu lation density to N03 - N in
the groundwater are not conclusive , it was decided that a viable ran ge of
alterna tives should be offered and that add itional study to better define the
crite ria fo r del ineat ing service areas be included in a " 201" study . In addition
to the co ncern for protecting groundwate r quality, consideration was give n to
factors such as the presence of a h igh water table o r low so il permeability
affecting the reliability of individual on·site disposal systems.

Th e selection of the range o f sewe ring al te rnatives I-elat ing to popul a
tion density is based upon the ana lysis of the probabilities o f exceed ing ten
milli grams per liter as indicated from historica l data and presented be low .
(See Section H of the Areawide Waste T reatment Management Plan.l

of n it rogen removal req uired should be in conformance with all applicab le
groundwater and surface water standards.

3.5. 1.13 Mini mize Population Density. Minimize population density
by encouraging large lot development (one dwelling unit/one or more acres ),
whe re possible, to protect the groundwat er from future pollutant loadings.

3.5.1.14 Promote Water Conservation. Water conservation is a matter
of particular importance on Long Island, where the sole source of the potable
water supply is the groundwater . Conservation of water use will he lp to
preserve this water supply, and to maintain aquifer water levels. An additional
benefit will be a reduction in energy consumption, also a matte r of general
concern . It should be noted, however, that insofar as areaw ide waste t reat
ment management is concerned, water conservation will have limited benef it.

3 .5.2 Area Specific Alternatives. The selection of area spec ific alterna
tives, whether structural or non·structural or both will influence the character
and extent of future collection and treatment service areas.

In order to facilitate the selection of the most appro pr iate waste
management options and the subsequent determ ination of th e areas that
should be served by community collection systems and those that should be
served by on-site dispos~l systems, a series of alternat ives is offered for each
hyd rogeolog ic zone and surface water element. In t he case of the hydrogeo
logic zones, these range from total reliance on non-structural non-point
source contmls with no additional sewering to comprehensive sewering at
densities of one or more units per acre, in combination with the immediate
imposition of selected non-structural controls. In the case of the surface
water elements, these range from total reliance on no n-struct ura l non-point
source controls to the upgrading of t reatment plants o r t he re locatio n of
outfalls done in combination with the imposition of selected non-structural
controls. A more complete discussion of these alternatives may be found in
3.3 and 3.4 of this section of the Summary Plan, and in Sections Band H
of the Areawide Waste Treatment Management Plan.

An outl ine of the suggested procedure for relating hydrogeologic lO ne
and surface water element alternatives with 20 1 study area plans is presented
in Secti o n Six.

In most cases several alternatives are listed . The rationale for the con
sidera tion of these, rather than some of the alternatives presented in 3.3 and
Plan Section H, is discussed below.

Based upon an analysis of populat ion densities and Upper Glacial aqui
fer nitrate-nitrogen (N03 -N) concentrations in selected unsewered areas with
twenty to 30 year old development and vertica l groundwater flows, it was
concluded that waste loadings generated by development at de nsit ies of ten
t o e leven persons per acre would result in an average N03 --N concentration
of ten milligrams per liter in the shallow groundwate r. (An ave rage of ten
milligrams per liter implies that approximately 50 percent of th e sam ples
will exceed this concentration.) Further statistical analysis of these data indi
cated that an average level of six milligrams per liter N03 -N wo uld probably
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tration of approximate ly twenty mil ligrams per liter . This wou ld result in a
concentrat ion exceeding ten milli grams per liter N0 3 -·N in abou t 90 percent
o f the obse rv ations at shallow we lls.

Since t he violation probab ility of 90 percent at f ive dwe lli ng un its
per acre is ext remely h igh , th e m inim um sewering opt ion was modif ied to
reflect a lower and more reasonab le density at whic h sewe ring would be
recomme nded. The options fo r p lan selection are as foll ows:

1. Minimum Seweri ng Option . Sewer at six or more persons per
gross ac re in areas of h igh wa ter ta bl e and low soi l permeabili ty in
orde r to provide th e necessary space for adequate on- lot di sposal
systems. Such systems mi ght require relatively exte ns ive ti le
fi e lds and wou ld t herefore require more t ha n the no rmal amount
o f space.

Sewer at nine or mo re persons per gross ac re eve ry where
else, since it h as been show n that, at these densi ties , groundwater
contamin ation will probably exceed ten milligra ms per li te r, if
sewe ring is not ini tiated.

2. Inte rm ediate Sewering Option . Sewer at si x o r more persons
per gross acre everywhere. Based upon the studies conducted
during this program and others, t his d ensi ty appears to be the
critical point about v/hich both groundwater qual ity and cost
revolve.

3 . Maximum Sewering Opt ion . Sewer at t hree or more persons
per gross acre , since th is will probably insure th at groundwate r
N03- N levels will not exceed te n milli grams per liter, if non
point co ntro ls are also imple mented. Unsewered areas wi ll then
have more than adequate lot sizes to accommod ate an y on-site
sewage disposal system . However, it should be noted, that t h is
maximum sewering option does not necessa ri ly preclude th e sew
e rin g of any area, if t he re is a comp let e fai lure of on -si te systems
or if the groundwater is t hreate ned by contamination fro m
o n-site syste ms.

Regard less of th e initial sewering alte rnative se lected , it shou ld be
accom panied by a groundwater monito ri ng program in t he less densely
populated areas to determin e th e need, if any, fo r the creation of a new
community sewer system or t he expansion of t he service area of an existing
sy stem.

The intensity and scope of the mo n itor ing effort would depend in part
on the sewflring alternative se lect ed for any given area . Fo r instance, a co m
prehe nsive sewering alternative at four or mo re persons (o ne dwelling uni t)
pe r acre wo uld prob ably prec lud e the necess ity for an extensive moni toring
system . A system perhaps only slightl y broader than t he one p resently
in place might be needed . T his would a ll ow for limited monitoring of inorgan 
ic chemical s, and in the future, organic chemicals. At th e other extreme,
tota l re liance on non-st ructural controls or even seweri ng at ni ne or more

persons (three dwellin g units) per acre would requ ire an extensive monitoring
system of m any wells, sampled on a regul ar bas is and wi th data being contin 
ually evaluated. Thi s system is descri bed in mo re detail in Sect ion Six.

Moni tori ng of the concent r'ations of nitrogen, metals and organic
chemicals, can be used to identify water quality trends in recently developed
areas . The presence of average concentrations of six milligrams per Ii er
N03- N in the samples from shallow monitoring wells can be used to signal
t he presence of existi ng problems in established areas.

A finding o f increasing trend s in contaminant concentrations or of a
critical level of N0 3 - N shou ld initiate the necessary respo nse to protect
t he public hea lth and the lo ng term quality and usefulness of the groundwater
aq uifer. In recentl y d eveloped areas, such a response would comprise the
stringent con trol of relevant non-point sources of contamination, followed
b y t he extension of public water suppl in order to minimize dependence
on unt reat ed water fro m private wells where applicable. If there is no indica
tion of improvement in water quality, after continued monitoring, and if
th e d egradation can be re ason ab ly assum ed to or igina te fr om o n-l ot sewage
disposal system s, contro ls should be impl emented.

In deve loped areas, especially those undergoing 201 study in th e near
future, ti me may not a ll ow for a decision to be based upon trends, nor a
determination of t h e e ffectiveness of Best Management Practices ; therefore,
th e decision to reduce the nitrogen loading may need to rely primarily on
structura l controls .

3.5.2.1 Hydrogeo logic Zone Alternati ves. Wastewater management
alte rnatives co nsist ing of structura l, non·structural and non-poi nt source
con tro l options are give n for each of th e hydrogeologic Zones I through
V III. In ad di tion, areawide alternatives having particular importance to a
zone have been outlined.

Sewer ing, in t he context used below , is defined as c0mmunal collection
of wastewater and centralized treatment. Methods of treatment must be
evaluated (t radi tion al seco ndary/tertiary, marsh· pond, spray irrigation, and
othe r inn ovative methods) This is not indended to preclude the fu ture use
o f effective on-site treatment systems, as these are approved, in areas indica
ted for sewe ring.

Many of the pollutants that impact groundwater and surface waters
can be ex pected to persist regardless of the sewering options that are selected.
Fo r t h is reason, non-point source controls must be regarded as an essential
pa rt of a comprehensive wastewater treatment management plan.

Zone I : Deep Flow Sys tem (Magothy Recharge Area). This zone is
an area of rech arge t o the deep grou ndwater reservoirs in Nassau and western
Su ffolk Counties, and constitutes the major source of public water supply.

a. Wastewater Management Alternatives
Alternative A-Total Reliance on Non-Structural Control s
I. Perm it no additional sewering.

ii . Determine the acceptability of a given residential lot size and



of commercial and industrial activ iti es on the bas is of its im
pact on groundwate r qua lity .

iii . Str ictl y control, and possibl y upgrade, on-'site systems.
iv. Str ictly regulate site development and manage ment practices,

such as grading and ma intenance of vegetation to control
runoff.

Alternative B-Minimum Seweri ng Opt ion
i. Provide sewering for areas w ith six or more persons (two or

more dwel ling units) per gross ac re in areas of high water
table and/or low soil permeability .

ii. Provide sewering for all othe r areas with nine or more persons
(three or more dwelling units) per gross acre.

Alternative C- Inter,nediate Sewering Optio n
Provide sewering for all areas with six o r more pe rsons (two or
more dwelling units) per gross ac re.

Alternative D-Maximum Sewering Opt ion
Provide sewering for all areas wi th t hree or more persons (one
or mO I"e dwell ing un its) per gross acre.

b. Highest Prio rity Areawide Al te rnatives
i. Minimize population densi ty by encouraging large lot develop

ment (one dwelling un it/one o r mo re acres!. wh ere possible, t o
protect the groundwater from futur e pollutant loading.

ii. Prohibit the establish ment o f new landfi ll s, and the ex pansion
of ex isting ones. Upgrade existi ng landfill s, where possible, to
minimize further groundwater cont am ination.

ii i. Restrict the use of inorganic, fa st-acting fert ilizers . Promote
the use of low-mai nte nance lawns.

iv. Require nitrogen removal for treatment pl ant s recharging
effl uent.

v. Strengthen and enforce regulations pe rtallllr1g to industrial
waste disposal, product storage and tra nsportat ion of residual s.

vi. Prohibit the use of certain chemica l c leaners in on-lot systems.
Zone II: Impaired Water Quality Area

a. Wastewater Management Al ternat ives . Th is zone lies mostly
w ithin Nassau County Sewage Disposal Dist rict No. 3 (Cedar
Creek Facilities Pla nning Area), and is already scheduled to be
sewered . Portions of the wate r supp ly have bee n seriously im
paired by organic chemical contamination. For these reasons
a single sewerin g alternat ive and two water supply alternatives are
presented.
i. Convey wastewater to t he Cedar Cree k Sewage Treatme nt

Plant for subsequent ocean disposal.
ii. Requ ire wellhead treatment (physical /chemical treatment,

blending) of public supply water if local water q uality does
not conform t o dri nking wa ter standards.

iii . If local water quality does not conform to drinking water
standards, or if further pumpage is considered inadvisable,
water should be imported.

b. Highest Priority Areawide Alternatives
i. Prohibit the establishment of new landfills, and the expansion

of existing ones. Upgrade existing landfills, where possible,
to minimize further groundwater contamination.

ii. Restrict the use of inorganic, fast-acting fertilizers. Promote
the use of low-maintenance lawns.

iii. Strengthen and enforce regulations pertaining to indus-
trial waste disposal, product storage and transportation of
residuals.

Zone 1//: Highest Grade Reservoir. Groundwater in this zone is
generally of excellent quality. The groundwater resource in this zone offers
a large potential for further development of public water supplies, provided
that measures are taken to ensure the protection of groundwater quality .

a. Wastewater Management Alternatives
Alternative A-Total Reliance on Non-Structural Controls
i. Permit no additional sewering.

ii. Determine the acceptability of a given residential lot size
and of commercial and industrial activities on the basis of
their impact on groundwater quality .

iii. Strictly control, and possibly upgrade, on-site systems.
iv . Strictly regulate site development and management practices,

such as grading and maintenance of vegetation, to control
runoff.

Alternative B-Land Use Controls
I. Land use controls should be employed to assure the least

intensive use of land wherever possible. Development of this
zone for residential, commercial, industrial or agricultural
use should be discouraged . However, where residential devel
opment cannot be avoided, large lot development should
be required. Large land holdings should be maintained and
public holdings should be increased to the extent possible .

ii. Institute a water table aquifer monitoring program to provide
early warning of incipient degradation of the excellent water
quality, and to permit timely action to protect the ground
water.

Alternative C-Maximum Sewering Option
Provide sewering for all areas with three or more persons
(one or more dwelling units) per gross acre.

b. Highest Priority Areawide Alternatives
i. Require nitrogen removal for treatment plants recharging

effluent.
ii. Provide for the routine maintenance of on-site disposal
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systems.
iii . Restr ict the use of inorgan ic , fas t -act ing ferti lizers. Pro mot e

th e use of low-maintenance lawns.
iv. Pro h ibit the construct ion of new landf ill s or th e expansion

of ex ist ing landfill s. Prese nt ly opera ting la nd fill s shou ld be
upgraded, insofa r as possi bl e, in orde r to min imize ground
water contaminat ion .

v. Co nt rol sto rm water runoff to m ini m ize t ranspo rt of nutrients,
metals and organic chem ica ls to gro un dwaters .

vi. St rengt hen and enforce regu lations pe rtaining to industrial
waste d isposal , produ ct sto rage and transportat io n of resid uals.

vii. Prohi b it t he use of certai n chemi cal cleaners in on-lot systems.
Zone IV: North Fork and Eastern South Fork

a. Wastewate r Man agement Al te rn atives. Thi s zone is characteri zed
by unique groundwate r cond it ions, especially with respect to
loca l q uality p ro ble ms such as h igh n it rate leve ls in farm areas
and sa ltwater upconin g wh ere pumpage is co nce ntrated . One
water supply and fou r sewe ring alternati ves are presented .
Alternat ive A- Im portation of Futu re Wate r Su pplies

Agri c ul t u ra l usage would be all owed to conti nue o r ex pand .
Groundwate r qua lity controls shoul d be em ployed on ly in
areas of present residenti al use . Publ ic wate r may be imported
fro m .Zone III if gro und wate r contami nati on beco mes pe rva
sive . Even prese ntly adequate water supp lies may be replaced
with impo rted and /or renov at ed water . Wastewate r con trols
wi ll be mini mal.

I. Only areas where on-lot disposal sy stems are sub ject to fai lure ,
or wh ere the surface wate rs are threate ned would be sewered.
(This can be equated essentia ll y to the m ini mum sewering
o ption.)

ii. No new publ ic water supply well s w ill be install ed and ex ist ing
public water supply well s will be aband o ned as concentrat ions
of nit rates or other contami nants exceed dri nking wate r
sta nda rd s.

Al ternative B- Total Reliance on Non-Structu ral Controls
i. Perm it no add iti on al sewering.

ii. Determine th e acceptability of a given re sident ial lot size and
of commercia l and ind ustrial activi t ies on t he basis of t heir
impact on ground wat er quality .

iii. Strictly control, and possibly upg rad e, o n-s ite sy stems.
iv . Strict ly regu late site development and management practices,

such as grael ing and main te nance of vegetati o n to contro l
ru noff.

Alte rn ati ve C- Minim um Sewering Option
i. Provide sewering for are as with six o r more perso ns (two

or mo re dwe ll ing uni ts) per gross acre in areas of high water
table and /o r so il permeability.

ii. Provide sewe rin g fo r all other areas w ith nine o r more persons
(three or more dwelling units) per gross acre.

Alte rnative D- Inte rm ediate Sewering Option
Provide sewering fo r all areas with si x o r mo re persons (two or
more dwelling units) per gross acre.

Alte rnative E- Maxim um Sewering Option
Provide seweri ng fo r all areas with three or mo re pe rsons (one
or more dwe lling units) pe r gross acre.

b . Highest Priority Areaw ide Alternatives
i. Reduce excessive use of irrigation water and requi re the per

mitting, regu la t ion and monitoring of irrigation wells.
ii. Optimize the t iming of agri cultural fertilizer applications.

iii. Control the est ablishment of new landfills, and the expansion
of exist ing ones. Upgrade existing land fills, where possible,
to mi nimi ze fu rther gro undwater co ntamination. In cases of
extreme hardsh ip, new landfills may be permitted if extra
ordinary measures are taken to protect surface and ground·
water. However, th e re location of landfills out o f the zo ne
should be encouraged .

iv. Optimize pumping patterns to minim ize saltwater intrusion
in pu bl ic wa ter supply wells.

v. Minimize population density by encouraging large lot develop
ment (one dwelling unit/one o r more acres), where possible
to protect t he groundwater from future po ll utant load ings.

vi . Proh ib it th e use of certain chemical cleaners in on-iot systems .
Zone V- Western Sou th Fork

a. Wastewa ter Management Alternatives. The ground water regime
and qual ity problems resemble that of Zone IV, but agriculture
is o f less im po rtance , th erefore the sa me alternatives as listed in
Zo ne IV apply.

b . Highest Priority Areawide Alternatives
i. Min imize population density by encourag ing large lot develop

ment (on e dwelling unit/one or more acres), where possible, to
protect t he groundwater fr om future pollutant loading.

ii. Control the establishment of new landfills, and the expansion
of ex is t ing ones. Upgrade e xisting landfills, where possible,
to min imi ze further groundwater contamination. In cases
of extreme hardship, new landfill s may be perm itted if extra
ordinary measures are taken to protect surface and ground
wate r. However, the relocation of landfills o u t of the zolle
sho ul d be encouraged.

iii . Reduce excessi ve use of irrigation water to minimize salt
wate r intrusion.
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3. The autotrophic component which includes all organisms capable of
carrying out photosynthesis; that is, using energy from the sun, carbon
dioxide, water and inorganic nutrients to produce complex organic
compounds; and

4. The hetero trophic component which is made up of all other living
organisms that cannot carry out photosynthesis and that require complex
pre-formed organic compounds to survive.

These four components will be present in each ecosystem but the types
of organisms that characterize them will differ from system to system. For
example, the ma in autotrophic component of eastern terrestrial Long Island
is characterized by scrub oak and pine trees, whereas the main autotrophs of
the marine ecosystem are floating and attached algae and marine grasses.

Each species exists and carries on a basic function, which is the transfer
of energy from one organism to another. Organisms that receive the ir
energy from the same source, whether they are the same species or not, are
on the same trophic or energy level . For example, clams, oyste rs and mussels
are all filter feeders relying on plankton and organic particulate matter for
their nutrition, and are therefore on the same trophic level. A highly simpli·
fied example of the trophic levels and energy cycling along a salt marsh on
Long Island is shown in Figure 1. It is obvious that changes in anyone

Solar Energy

~ ;'l " ........

Introduction

The surface waters of Long Island can be divided into those existing as
freshwater flowing across the surface as streams and rivers, and those which
comprise the surrounding marine waters. Areas where the waters of Long
Island Sound and the Atlantic Ocean mix with, and are noticeably diluted by
the freshwater streams, are classified as estuaries. The amount of freshwater
inflow, the rate at which the fresh and saline waters mix and the amount of
flushing on each tidal cycle determine the relative salinity levels in each bay
and the concentration and rate of loss of pollutants carried into them by the
streams and subsurface groundwater. In general, because of the wider connec
tion with Long Island Sound and the tidal flushing that takes place, North
Shore bays generally demonstrate narrow salinity variations, and their
biological and chemical characteristics reflect the quality of the adjacent
Sound waters. On the other hand, the South Shore bays are relatively
shallow, receive large amounts of freshwater via streams and subsurface
flow and have only a few small restrictive inlets to allow mixing of the ocean
and bay waters. Consequently, they experience greater salinity ranges, show
wide geographical variations in biological and chemical characteristics and
have prolonged flushing times. Nutrients or pollutants introduced into these
systems will remain for longer periods of time than in North Shore bays.

The physical forces that drive the mixing processes in the North and
South Shore bays are also different. In general, tidal mixing is dominant in
North Shore bays, whereas a combination of mixing due to tides and wind
driven water currents generally predominates along the South Shore.

As mentioned above, the degree of mixing and the flushing rate deter
mine the salinity levels within a bay system. The salinity of estuarine waters
is a major controlling factor of biological processes within the bays, from the
type of species of plankton, benthic organisms and fish that can survive to the
rate of growth of shellfish and marsh grasses. Since salinity is affected by the
proportions of fresh and ocean waters, it can be altered by changes in rainfall.
groundwater elevations, stream discharge, inlet characteristics and flushing
rates. Consequently, changes in these factors will result in changes in the
biological and chemical characteristics of the system.

Just as increased mixing and tidal exchange can increase salinity in an
estuarine system, these same processes will generally lead to increased disper
sion and loss of pollutants introduced into the bays.

The major components of any ecosystem, whether terrestial or marine,
can be divided into four parts:

1, The abiotic component which comprises the non-living factors such
as temperature, salinity, oxv~en levels, nutrient concentrations, etc.;

2. The decomposer transformer component comprised of bacteria and
fungi not capable of carrying out photosynthesis and which, through bio
chemical processes, breaks down complex organic compounds into simple
molecules such as carbon dioxide, water and inorganic nutrients;
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component can have both qualitati ve and quantitat ive effects on other
components. It is because of this that any evaluta ion of wastewater treatment
alternatives, which will impact one or more of these factors, must be consid
ered in light of their effect on the entire system . It is the intent of the 208
Study to define possible adverse effect s from various alternative management
schemes and to min im ize them as much as poss ible in the ligh t of existi ng
and newly generated information as outlined in the followi ng sections.

Surface Water Quality Studies
The surface water quality program of the 208 Study involves:
1. Collection and inventory of all ex ist ing data on marine su rface waters

of Long Island.
2. Statistical analyses, reduction and identification of shortfalls in

existing data.
3. Design of field sampling programs to update h istorical data and fill

in data gaps.
4. Design, cali bration and verification of mathematical models capable

of representing existing water quality and predicting future changes t ha t
may be expected to occur under varying wastewater treatment regimes.

The basis of any scientific study is the detailed gathering and analysis of
all existing information concerning the topic under investigation. Tetra Tech,
Inc., the pri me mar ine water Quality consu ltant, has amassed data contain ing
more than 400,000 observations on the physical, chemical and biological
characteristics of Long Island waters. These data were analyzed as to com
pleteness, length of record and accuracy for each bay system and data gaps
identified. Based on these analyses, water quality reports were prepared

FIGURE 2

(see bibliography) and fi e ld sampling programs designed to fill in missing data
and to ca librate and verify the mathematical models. An example of the
procedures used in developing the data base is shown in Figure 2.

One of the significant components of the Long Island 208 Study
centers on the development and use of app ropriate mathematical models. The
wastewater management plan for thi s area ul t imately depends on the abili ty
to quantify a preference for one set of structu ral and non-structura l alterna
tives ove r anothe r. In the process of doing so, it is necessary to understand in
numerical terms just wll at the impact of these alternatives may be on ground
and surface waters in t e rms of both the changes in movement and quality
that result from the options used. The modeling efforts are directed to this
end by provid ing flexible tools to evaluate and predict such im pacts without
engaging in prohibitive o r even impossible trials on the actual water bodies
themselves. That is, modeling is a ~urrogate for rea litv in which certain basic
interrelationships in t he real world are captured by mathematical statements.
By manipulating t hese statements one simulates, as it were, the events that
actuall y take place . The models are therefore a conceptual sho rthand for
organ izing the complex inte ractions which occu r between the water bodies
and the stresses placed on them . It is possible in this way to carry out "what
if" ex periments on nature by replacing the actual driving forces (as well as
initial and boundary conditions) by altered ones, which presumably would
represent new structura l and non-structural options. That we can simulate
these changes wi t hout having to engage in physical alte rat ions is one of the
great virtues of models . Al so we can look into the future by tracking present
cond itions to see what eventual effects they may produce on water
movement and quality. Finally. one can generate alterations in in it ial and
boundary cond itions to f ind the "best" future scenario.

'> ::,:: .~~~'~ :':'~::=
~ ::~:":. ....,·(""'.".1:0 __ .. ,... _._~.
~_ I-.l IU" U.'"",'''''''-.,,1'-- ....<..... , ...-.... .. w.

Data evaluation procedure.



An example of the type of sampling program requ ired to calibrate and
verify t he mode ls is shown in Figure 6. For the Great South Bay Com plex
al one, six su rvey vesse ls wi th tech nical pe rsonnel we re requi red to sam ple 4 2
stat ions on each of four days. Station locations fo r each bay system are
shown in F igures 7 t hrough 13b. The reader is referred to the indiv id
ual techn ical repo rts lis ted in t he bibl iography for more detail ed info rmation
on each bay.

At each st ation, water samples were obtained and ana lyzed fo r temper
atu re, sa li nity, di sso lved oxygen, di ssolved and total phosp horus, nitrate,
ammonia, tot al ni trogen, ch lorophy ll pigments and total fecal coli fo rm

North Shore Bays
-Manhasset Bay Complex
-Hempstead Bay Complex
- Port Jefferson
-Peconic Est uary - Flanders Bay
- Huntington-No rthpor Complex
Rivers
-Carlls River
-Peconic River
In add it ion t o wat er qual ity modeling, non-model ing water qua lity

reports are also being prepared for t he following areas (Figure 5):
--Western Lo ng Island Sound incl uding Littl e Neck Bay
-Cold Sp ring Harbor and S mithtown Bay
- Nearshore At lantic Ocean
-Moriches Bay
- Shinnecock Bay
- Mecox Bay

....
C""'4M 4'00,;: ..

11I<Q .

Diagram of l ink node system for bay and estuarine models.FIGURE 3

South Shore Bays
·_-G I'eat Sou th Bay
- Hempstead, Middle, East and South Oyster Bays

Water quality modeling for the study involves both two-dimensional
estuary and one-di mensional river models. The following parameters are
included in both types of models:

-Consel'vative substances (such as salinity)
-Total nitrogen
--Total phosphorus
- Total coliform bacteria

Fecal coliform bacteria
-Carbonaceous biochemical oxygen demand (CBOD)
-··Nitrogenous biochemical oxygen demand (NBOD)
-Dissolved Qxygen
- Temperature

The two dimensional estuary models include three different
programs-dynamic estuary, steady-state estuary and time-dependent estuary.
The dynamic estuary model uses changing tidal conditions to simulate the
hydrodynamics of flow in the estuary. This model is useful for studying short
term (one to three days) changes in water quality due to variations in tide
stage. The steady-state estuary model takes changes in water mixing and dis
persion of the materials under consideration to represent daily average
conditions that would prevail if all inputs to the system are kept constant.
This model is appropriate for comparing alternat ive management schemes
under typical conditions. The time-dependent estuary model uses dispe rsion
coeffi c ients for the parameters being studied, similar to the steady-state
model. However, the boundary conditions and waste load inputs are varied to
compute average conditions as a function of time, for example, to dete rmine
the effects of a storm. This model is useful when simulations over time
(greater t han three days) are of interest.

The water quality river models are virtually identical to the steady-state
estuatlne model except that the movement of water is calculated in one
direction only (downstream).

Each of the models represents the estuarine systems as a network of
nodes connected by links (see Figure 3) where each node represents a
discrete unit of the water body characterized by its surface area, depth and
volume. The nodes are interconnected by channels or links characterized by
length, width, cross-sectional area, depth, slope and bottom friction. Water
masses are modeled as flowing between the nodes along these links resulting
in changes in the water quality parameters under study. The reader is directed
to Interim Report No.2 outlining the detailed conceptual and mathematical
frameworks of the models for further information.

De tai led modeling and data collection is being carried out for the
following marine surface waters (Figure 4):

3



organi sms. Add itional info rmati on was also recorded for water depth , trans
parency, wind speed and d irect ion, bottom sedimen t type and tide stage .
The latter information, when combined with temperature and salinity, allows
calibration of the hydrodynamic portions of the models. The output of this
part of the model is then used in determining t he water quality parameters.

Dissolved oxygen is an impo rtan t biochemical parameter since it is
indicati ve of the re lative ra tes of organ ic production by marine plants and
respiration by bacteria and other marine animals. Depressed oxygen levels are
often associated with areas receiving organic waste material, such as that
derived from treatment plants. High concentrations of phytoplankton may
also lead to low oxygen values due to respiration during eve ni ng hours.

Severe ly depressed oxygen level s can lead to large-scale morta li ties in orga n
isms unable to migrate from the areas, especially benthic animals such as
clams and oyste rs.

Dissolved nitrogen and phosphorous are essential plant nutrients. How
ever, elevated concentrat ions or abnormal ratios of the two nutrients can lead
to " bloom " conditions or changes in the normal species composition of the
phytop lankton. If these algal blooms grow large enough because of abundant
nut rients, they can contribute to the oxygen demand by the ir respiration
and decomposi tion.

Chlorophyll pigment concentrations are used as indicators of the
amount or standing crop of phytoplankton. In some cases, it is possible to

LOCATION MAP

GRAPHIC SCALE: Nauti cal Miles
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FIG URE 4 Location o f studv areas.
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correlate ch lorophy ll and nutrient concentrations and thus make decisions
regarding the amount of nutrients that can be allowed to enter a system from
sewage t reatment plants or other sources.

Total and fecal coliform organisms are bacteria which have long been
used as ind icators of fecal pollution. The non-feca l coli forms are fo und
normally in the environment and can be derived from a variety of sou rces,
such as stormwater run -off and decomposing organic matter. Fecal coliforms,
on the other hand, are found only in the intest ines of warm-blooded animals
and as such have been used to indicate fecal pollution. They are harmless
in themse lves but are statistically correlated to the possible presence of patho
gen ic bacteria.

An example of the type of output obtained from the models is shown
in Figure 14 for a transect across Port Jefferson Harbor. The curves indio
cate the effects of discharging 15 million gallons per day at node 1 (head
of harbor), node 9 (center of harbor) and node 18 (mouth of harbor). The
increase in both nitrogen and phosphorus is easily seen when discharge takes
place at the head of the harbor. Model predictions such as these are extreme
ly valua ble when considering not only treatmen t plan t size, but also the
location of the discharge point. The structural and non-structural wastewater
treatment alternatives that were considered in each of the modeling efforts
are more fully detailed in an interim report to be published.

--"-----
FIGURE 5 Location of non-modeling study areas.
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Point Source load Inventory
In addition to water quali ty parameters for each receiving body of

water, the quantity and quality of all existing point sources have also been
fed into the models. The advantage of the modeling exercise is to be able to
show how a variety of fu ture cond itions such as upgrading ex isting plants,
increasing flow rates or moving plants to di ffe re nt areas will affect wa ter
qual ity by merely changing a few input cards to the computer program.

R.F. Weston has inventoried 411 potential point sources of pollution in
the bi·county area. These include 124 domestic (private and municipal)
wastewater t reatment plants (excluding private septic tanks or cesspools), 170
industri al waste facilities, 29 duck fa rms, 75 coin·operated laundromats and

13 inc inerators. Of the total 124 domestic plan ts, 22 representati ve facili ties
were visi ted and evaluated in regard to discharge outfall location, potential
impact on water quality, service area, service population, operational data,
anticipated future flows, potential for plant expansion, effluent limitations,
general plant operation. design limitation, infiltration/inflow problems and
sludge hand ling methods. Eleven representative industries, th ree incinerators
and one duck farm were also visited and eval uated with regard to the ty pes
and volumes of wastewater generated and treatment methods employed. The
reader is directed to "Domestic and Industrial Point Source Inventory and
Evaluation, May 1976" prepared by R.F _Weston for detailed information on
individual sou rces.
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Table 1

Non-Point Source Sampli ng Locat ions and Land Use Classification

Total Annual Loads from Point and No n-Po int Sou rces
Data obtained from the point source and non-po int source inventories

has been calcu lated for each drainage basin in the Nassau-Suffolk region.
The reader is directed to reports prepared by R. F. Weston listed in the biblio"
graphy for detailed discuss ion of the data and methodology involved.
Figure 15 shows the indiv idual drainage basins and areas contributing surface

precipitatio n and for assigning overall yearly loads to surface and
groundwater. Table 2 lists a summary of average load factors for each of
the areas sampled . A number of conclusions can be drawn from this table
t hat are applicable to the Long Island area :

1. There are no apprec iable differences in both BOD and suspended
solids in run'oft from diffe rent land uses. Tha t is , all land uses have co nsisten t
load factors for both pa rameters.

2 . There is no real difference between medium and low density
residentia l areas wi th respect to total nitrogen and phosphorus loadings
(nutrients); there are no major d ifferences between roads and industrial areas
for total ni trogen and phosphorus; residential load factors for nutrients are an
order of magnitude high er than load ings for roads and industrial areas.

3. There is no signif icant differen ce between low and medi um density
resi denti al areas with respect to both total and fecal coli form s.

4. The industrial areas have consistent ly high values for heavy metals.
Medium density residential areas exhibit elevated load values.

5. In the first six categories of pollutants, no differences can be
d iscerned be tween medium and low density residential land uses in terms of
run-off characteristics.

12

Non-Point Source Pollution
A major source of pollution for both surface an d groundwaters has onl y

rece nt ly been recognized. Non-point source storm water run -o ff may contrib
ute as much as 90% of the to tal pollutant load en te ring surface waters.
Domestic pets and farm animals contribute large amounts of co lifo rm
bacteria, organics and nutrient wastes. Lawns, recreational areas such as golf
courses and agricultural lands are sources of herb icides, pesticides and ferti ·
lizers. Roadways contribute tars, silt, hydrocarbons and heavy metals such as
lead, zinc and nicke l.

In contrast to flo win g strea ms and po int sources of po llu tio n, such as
wastewater discharges, non·poin t source po llutants en ter sULtlce water under
highly variable co~ditions a 'irpenalngon duratio;;an;rinten~;ty__of ~p~e·~.ipi
tatlonanef the degree" ~rff(nvr:>'~n'jf development In an area. One objective of
the 208 Study has been to identify and quantify the pollutants entering
sur face waters and subsurface aquifers under conditions found in the Long
Island area. This information has been used as inp ut to the water quality
models an d to determ ine th e relati ve contri butions of pollutants from point
an d non-poi nt sources.

Four agencies sampled f ifteen areas which are cha racte rized by six
different land uses (Table 1). Samples obtained were analyzed for the
following constituents:

-- Biochemical oxygen demand (BOD )
-Chemica l oxygen demand (COD)
--Total organic carbon (TOC)
-Suspe nded soli ds, vol ati le solids

Total nitrogen , nitrate, ni trite, ammonia
- Total phosphorus, ortho-phosphorus
- Dissolved oxygen
- Total coli fo rms
- Fecal coliforms
- Heavy meta ls
Because the volu me and character of stormwat er run-off is high ly

dependent upon t he types and degree of developmen t in an area, th e land use
fo r all of Nassau and Suffolk cou nties had to be determined before non-point
source po llution loadings cou ld be ca lcu lated. The Nassau -Suffo lk Regional
Planning Board constructed a netwo rk of grids, each approximately one
sq uare mil e, covering all of the bi-county area . Percent ages of land in resi 
dential, industrial , agricultural and open space use were assigned for each
grid square . Aggregat ions of squares with in each drai nage basi n th en all owed
cor rela tion of land use with t he sto rmwate r run -off cha racteristics obtained
fro m the fiel d sampling program.

Computer analysis of t he data provided plots of each po ll utant ente ring
the streams over the course of each st orm as well as t he calcu lations of load
factors for each pollu tant based on land area. These load factors have been
used to obtain stormwater loadings for each bay in relation to the amount of

Area

Valley Stream
Massapequa Creek

Cedar Swamp Creek

Mi ll Neck Creek

Wildwood

Mi ller Place

Sagaponic

Baldwin

La ke Success

Swan R iver

Sampawams Creek
Penataqu i t Creek

Heartland Industrial Park

Long Island Expressway

West Branch Brow ns R iver

Land Use

Medium density residential

Medium density residential

Mixed land use

Low density residential
Aqricultural

Low densi t y residential

Agricultura l

Medium density residential

Low density residential

Mixed land use

Medium density residential

Medium density residential

Industrial

Major roads

Mediu m densit y reside ntial



Table 2

Load Factor 1 For Land Uses In The Nassa u-Suffolk Region 1

Parameter

800

55

TN

TP

F. Coli 4

T. Coli4

Lead

Chromiun

Copper

Nickel

Average Load Factor
Lbs_ of Pollutant Per Number of

Land Use (Acre) (Inch) St orms Sam pled

Medium Density Residential .36 6
Low Density Residential (2)
Roads .32 4
Industrial .35 1

Medium Density Residential 3.3 10
Low Density Residential 2.9 3
Roads 4.6 4
Industrial (3)

Medium Density Residential .23 12
low Density Residential .14 3
Roads .06 4
Industrial .06 1

Medium Density Resident ial .091 13
Low Density Residential .018 3
Roads .005 4
Industrial .007 1

Medium Density Residential 1.02x101O 12
Low Density Residential 4.2xl010 2
Roads (5)
Industrial 3.40x106 1

Medium Density Residential 6.2xl010 12
low Density Residential 7.3x101O 2
Roads (5)
Industrial 2.18x107 1

Medium Density Residential 0.024 12
Low Density Residential 0.006 3
Roads 0.008 4
IndustfJal 0.01

Medium Density Residential 0.002 9
low Density Residential 0 .000 1
Roads 0.001 4
Industrial 0.105 1

Medium Density Residential 0.009 11
Low Density Residential 0.003 2
Roads 0.011 4
Industrial 0.014 1

Medium Density Residential 0.003 11
Low Density Residential 0.001 2
Roads 0.001 2
Industrial 0. 064 1

Standard Deviation

.24

.24

4.5

6.5
(3)

.25

.03

.29

.004

1.6x1010

11.0xl010

0.03

.002

0 .02

0.009

0.003

High/Low

.64- .056

.67-.16

.35

14 7···3
6.5-2.0
14.2-.67
(3)

.79-.002

.27-.008
10·-03

.06

1.04-.00
0.45-· .002
.0 1·-.002
.007

4.9x 1010..1.3x1 07

7.6xl 010-.72xl 0 10

3Ax106

35.9x1 0 10-6.5xl 07
13.3x1 010-1Ax1 01a

2.1 8xl07

0.063-0.000
0.010-0.000
0.018- 0.000
0.01

.007-0.000
0.000
0.001-0.0
0.105

0.067 - 0 .000
0.003-0.002
0.024-0.002
0.014

0.008-0.000
0.001-0.001
0.001-0.001
0.064

1 High density residential and open space were not sampled. Agrigculture was sampled and no appreciable runoff resulted.
2 Neither BOD nor TOC was sampled in a low density area.
3 SS was not sampled in this land use category.
4 Units are MPN/facre) finch)
5 Coliforms were not analyzed in this land use.
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ru n-off direct ly to streams and salt water bod ies, wh ile Ta ble 3 lists
the total poun ds o f six po llutants for each basin ge ne rated pe r year and the
percentage of each po llutant as represe nted by po int source, dry-weat her
stream flow and wet-weather run-off. Long term data on dry-weat her stream
flow were not available for al l areas and are indicated in t he Table by the
lette rs NA .

The following conclusions can be drawn from Table 3.
Nassau County
1. With refe re nce to BOD, it is quite apparent that except for drainage

basin N5, poi nt sources domi nate th e po llu tan t cont ri but ions. They ran ge
from 74 percent of the total loads in N6 to 94 pe rcent in N1. The o nly
exception is N5 where run -off contri butes 70 pe rcent of the total load.
The influence of the wastewate r treatment plant at Bay Park in N 1 is readily
appa rent in Table 3 since point sources contri bute 94 percent of BOD ,

2. Suspended solids behave opposite to BOD , i.e., run -off contributes
more than point sources. Loadings of suspended solids from wet-weather
run-off range f rom 62 to 94 pe rcent of t he total ann ual load fro m basi ns
N2 to N6 and in on ly one case, basin N1, do po int sou rces domin ate the
tota l load. Aga in , th e impact of Bay Park with its large d ischarge is read ily
apparent in N1.

3 . Total nitrogen appears to be dominated by point sources. T he point
sources account for between 48 and 95 percent of the total load in each
dra inage basin. It shou ld be no ted that in dra in age basin N1, when stream
effect s are included, onl y two percent of t otal n it roge n is accoun ted fo r by
the base fl ow in the streams, while over 95 percent is attr ibuted to po int
sou rces . This could reflect th e infl uence of Bay Pa rk. In drai nage basin N2,
th e streams' influence increa ses to 36 percent, compared to 54 percent for

t he point sources. The point source percentages reflect the influence of the
Ceda r Cree l< Plant . The poi nt source contribution wil l increase as the Cedar
Cree k Plant flow increases in t he futu re.

4 . Total phosphorus appea rs to be dominated by point sources in all
t he bas ins except for N5; they account for 65 to 93 percent of the total load
in each of the basins except N5. The percentage contributed by stream flow
in N 1 and N2 is only one percent.

5 . Fecal coliform load is clearly dominated by run'off rather than point
sources . The clear domination of run-off appears in five out of the six Nassau
County basins (N 2 through N6) and ra nges from 72 t o 99 percen t. Even in
basin N1 with t he influence of Bay Park, run-o ff contributes an almost equa l
amount of coliform as the point sources. Equally important is the zero dry
weath er con tr ibut ion from streams indicating dry weather flow is not a
major problem.

6 . Total coliform is given as a total number rather than a percentage
because on ly six out of 127 treatment plants, in both Nassau and Suffolk,
measu re and record tota l coliform . Because complete data does not ex ist,
percentages cannot be cornpared w ithout d isto rting the resul ts . Howeve r,
t he results would be similar to fecal coliform, i.e., domination by run-off .

7 . By review ing results by drainage basins, the following conclusions
can be drawn: in d rai nage basin N 1, which would correspond to the most
heavily populated basins, as well as the most urbanized, domination by point
sources is apparent in all parameters. This is due to the effluent from Bay
Par k and some of th e other treatment plant s that discharge in this drainage
bas in. Dra in age basin N5, whic h th e most ru ra l basi n, shows t he e xact
opposi te, i.e., t he total pollutio nal load from each of the parameters is
dominated by run'off rather than by point sources.
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FIGURE 15

L O NG I SL A ND

Drainage basins in the Nassau-Suffolk region for which
total annual point and non-point loadings have been
calculated.
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Suffolk County
1. The total loads of the six parameters are almost always dominated by

run -off, primarily due to the fact that there are not many large treatment
systems in Suffolk County. Only in small drainage basins with a large point
source would there be a significant percentage of cont ribution from poin t
sources (such as in drainage basins S11 B, S3 and S4) .

2. There is a significant difference between Nassau and Suffolk Coun
ties in terms of which sources contribute the major portion of the total load .
In Nassau, point source contributions dominate in most basins . Howeve r,
in Suffolk , run-off contributes more pollutant material than the point
sources_ The one exception, in Nassau, is fecal coliform wh ich is predom i
nantly derived from run-off. Between 47 and 100 percent of the fecal
coliform load comes from run-off in all dra inage basins. In Suffolk County,
run-oft accounts for between 86 and 100 percent of fecal col iform loads to
surface water.

3. Pollutant loadings are substant ia l in terms of total pounds per year,
especially with respect to suspended solids.

4 . The major portions of the pollu tant loads orig inated in the weste rn
drainage basins, S 1 through S8. Assuming impact on water quality is pro
portional to loads, pollution control efforts should focu s on these basins.

Water Quality and Alte rnat ive Evaluations
Using information derived from historical data searches, t he marine

field sampling programs and point and non-point source loadings, a series of
modeling studies was carried out to predict wate r quality characterist ics and
to eva luate proposed structural alternati ves for certain bay systems. Table 4
is a compilation of all water quality data generated in the 208 Study. The
values were derived from veri fi ed steady-state numer ica l models where pos
sible . In the case of non-modeled systems, data was obtained from the water
quality assessments based on historical data as pre pared by Tetra Tech, Inc.
Since each bay system undergoes large seasonal variations in chemical and
b iolog ical processes, only data from the months of J ul y through September
were used. This insures that changes due to tempe rature variat ions would
be minimized. It should a lso be remembered that the nomenclature used to
describe the South Shore bays is art ificial in t hat all bays between Hempstead
Bay and east ern Great Sout h Bay are actually one large bay complex. The
data for Great South Bay in Table 4 has been broken down into t h ree geo
graphical areas: western Great South Bay from the Nassau-Su ffolk County
line east to the Captree Bridge ; central Great South Bay from the Captree
Bri dge east to Nicolls Bay; and eastern Great South from Nicolls Bay east to
Smith's Po int. Several concl usions may be drawn from this information :

1. Tidal ranges for all North Shore bays are signifi cantly greater than
for the Peconic-Flanders or the South Shore bays.

2. The salinity range for individual No rth Shore bays is general ly much
narrower than fo r the South Shore bay complex. This is mai nl y due to
longer flu shing times and greate r freshwater input in South Shore bays
compared to those of the North Shore.

3. Disso lved oxygen values vary widely betwee n bays . Only Hempstead
Bay and Middle Bay showed steady-state values below the state standa rd of
5.0 milligra ms per liter fo r SB waters. This does not mean that other areas
have not or wi ll not experi ence va lues be low the standard . The values in
Table 4 are tidally-averaged , steady-state and as such do not show var iations
due to changes in seasonal or diurnal respirat ion and photosy nthesis . For
example, dissolved oxygen val ues in Great South Bay are genera lly above
100% sat uratio n but may fall as low as 30% saturation during the night in
summer months.

4 . Biochemical oxygen demand va lues are genera lly higher on t he North
Shore bays t han in South Shore bays . The high North Shore values are gener
ally attributed to Long Isl and Sound water, wh ich receives loadings fro m the
East River. If the effects of algal respiration are added to the values for South
Shore bays, th e values for bays east of Middle Bay would increase signifi
cantly, bri nging them in line with Hempstead and North Shore bays.

5. Nutrient va lues are generally higher in North Shore areas than in
the south bay system . Again , th is most likely reflects the effects of enriched
Long Island Sound water.

6. Nitrogen / phosphorus (N / P) ratios are calcu lated based on total values
for both consti tuents except where noted. In the latter case, only data on
ammonia , nitrate and phosphate were avai lable. In genera l, nearshore ocean
values for N/ P ratios are generally about 10:1. Values lower than th is are
ge ne rally associated with changes in species compos ition and algal bl ooms
characte rized by chlorophyll a levels higher than 20 milligrams per liter.

A comparision of N/P ratios and chlo rophyll a values illustrates th is
po int . N/P ratios in the North Shore bays are genera lly below 10: 1 and
show elevated chlorophyll values whereas the South Shore bays genera ll y
have N/P ratios higher than 10: 1 and ch lorophyll va lues below 20 milligrams
per liter. Exceptions are seen in Hempstead Harbor and in t he central and
eastern portions of Great South Bay where upper ch lorophyll values exceed
twen ty. This is most likely du e to the increased nitrogen loadings from
streams in the South bay areas.

7. The total coli form standard for she llf ish ing areas is 70 MPN pe r
100 m illiliters (log'" 1.85). In genera l, coli form levels in t he North Shore
bays bracket t his val ue and indeed all or part of each bay has been closed
to shellf ish ing. The western South Shore bays are generally above the 70 MPN
per 100 mi llil ite rs standard. However, it shou ld be noted t hat the transect
used in mode ling t he South Shore bays ru ns along the north shore of these
bays, and is therefore c loser to poi nt and non-point sources of pollution.
Are as of central and eastern Great South Bay are generally below t he 70 MPN
standard .
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Table 3

Approximate Percentages of the Total Pollutant Loads
Contributed by Point Sources, Dry-Weather Stream Flow

and Wet-Weather Non-Point Sources (1975)

BOD SS TN
Lbs/Yr % Run- %Pt. Lbs/Yr % Run- %Pt. Lbs/Yr % Run- % % Pt.Drainage Basin Total off Source Total off Source Total off Stream Source

N-l 4,530,000 6 94 9,500,000 22 78 5,880,000 3 2 95
N-2 1,540,000 20 80 3,400,000 71 29 1,830.000 10 36 54
N-3 699.000 18 82 1,480.000 64 36 645.000 10 NA 90
N4 1,650,000 10 90 1,960.000 62 38 701,000 12 NA 88
N-5 368,000 70 30 2,000,000 94 6 199.000 52 NA 48
N-6 164,000 26 74 447,000 76 24 110,000 21 NA 79
Nassau Total2 8,951,000 18,787,000 9,365.000

S-1 300.000 97 3 2.240.000 99 1 964 ,000 16 83 1
S-2 485,000 72 28 2.750,000 98 2 707.000 27 70 3
S-3 329,000 53 47 1.550.000 89 11 180,000 51 49 0
54 358,000 55 45 1,690,000 90 10 171,000 52 NA 48
S-5 111,000 92 8 780,000 99 1 69,000 66 NA 34
S-6 104,000 100 727,000 100 46.000 100 NA
S-7 327,000 98 2 2.380,000 99 1 21 3,000 74 NA 26
S-8 433,000 32 68 1,210,000 84 16 136,000 52 NA 48
S-9 62,000 100 510.000 100 35,000 100 NA
S-10 49,000 100 305,000 100 23,000 100 NA
S-llA 8,500 100 57,000 100 4,100 100 NA
5-118 472,000 18 82 826,000 44 56 84.000 36 NA 64
S-12A 6.000 100 51.000 91 9 2 ,900 100 NA
S-128 127,000 67 33 483,000 95 5 32,000 100 NA
5-12C 45,000 100 359,000 100 23,000 100 NA
S-13A 11,000 100 87.000 100 5,400 100 NA
S-13B 324,000 14 86 424.000 85 15 88.000 26 NA 74
5-14 15,000 100 108.000 100 6 .700 100 NA
S -1 5A 67.000 100 477,000 100 32.000 100 NA
S-158 24.000 100 867,000 100 55,000 100 NA
S-16A 24,000 100 164,000 100 11,000 100 NA
S-16B 8,200 78 22 42,000 95 5 4,100 64 NA 36
Suffolk Total2 3,690,000 18,087,000 2,892,000

Total2 12,641 ,000 36,874,000 12,257,000

1 Reflects runoff loading only
2 Rounded total

Note: NA = Not Applicable



TP F. Col i T. Col i
Lbs/Yr % Run- % % Pt. MPN/Yr % Ru n- % % Pt. MPN/Yr
Tota l off Stream Source Total off Stream Source Total1 Drainage Basin

866.000 6 1 93 1.6xl016 4 7 0 53 4.1xl 0 16 N· l
202,000 34 1 65 l.lx l016 72 1 27 4.7x l 0 16 N-2
115.000 16 NA 84 3.5xl015 90 NA 10 2.1xl016 N-3
89,000 27 NA 73 9.9x l 015 95 NA 5 2.7x l 0 16 N·4
34,000 58 NA 42 2.4xl0 16 99 NA 1 4 .6xl016 N-5
27,000 29 NA 71 2.1xl015 98 NA 2 7.1xl015 N-6

1,333,000 6 .6x1 0 16 1.9x1017 Nassau Total2

76,000 80 20 8. 0xl015 98 1 1 4.4x l 0 16 5-1
146,000 4 7 49 4 1.2x l0 16 98 1 1 5.4xl016 5-2
35,200 87 13 8.5xl015 100 0 0 2.86 x l 0 16 5-3
40,000 58 NA 42 1.5xl016 99 NA 1 3.5xl016 5-4
16.000 72 NA 28 7.8 xl015 99 NA 1 1.8xl 0 16 5·5
12.000 100 NA 6 .7x l 0 15 100 NA 1.6x l 0 16 5-660,000 83 NA 17 1.6x l016 99 NA 5.0xl016 5·742,000 57 NA 43 5.8x l015 99 NA 2.1xl 016 5-813,000 100 NA 2.5xl015 100 NA 1.0 x l 0 16 5-98 ,000 100 NA 1.3xl015 100 NA 6.0 xl015 5·101,400 100 NA 3.1xl014 100 NA 1.2xl015 5-11 A33,000 25 NA 75 4 .9x l 0 15 99 NA 5.6xl015 5-11 8

800 100 NA 4 .0 xl014 100 NA 1.0x l 0 15 5-12A
7,500 100 NA 4 .6x l 0 15 100 NA 1.1xl 0 16 5-12B
7,600 100 NA 2.4 xl0 15 100 NA 7.6xl015 5-12C
1,600 100 NA 7.2xl0 14 100 NA 1.9 x l0 15 5·13A

11,000 69 NA 3 1 2.8xl015 98 NA 2 7.8 xl015 5-138
1,800 100 NA 2.4xl015 100 NA 2.4 x l 015 5-14

10,000 100 NA 3 .3 xl015 100 NA 1.0xl 0 16 5-15A
16,000 100 NA 7.4xl015 100 NA 1.9xl016 5-158

3,700 100 NA 1.0xl015 100 NA 3.4xl 0 15 5·16A
700 100 NA 4 .0xl014 86 NA 14 8 .80xl 0 14 5-1613

543,000 1.lx1017 3.5xl017 5uffollk Total 2

1,876,000 1.8x1017 5 .4xl017 Total2
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Table 4

Compilation of Water Quality Data Derived from Numerical Mod els and Historical Data

North Shore South Shore

--_ ......_-----_-.-._-_.._.._---- - --------------.._.._--- ._-

0.93- 2.43 0.33 - 0.45 0.3 2---041

10- 15 6- 7 5-·6

10- 220 10- 30 2- 28

0.5- 1.9 - 1.4 to O.3 0.19--2.25

0 .0- 2.88 -1 .35 to - 0. 19 - 04 to 1.3

30--31

20-23

5-9

13-15

2-15

2 .2--2.7

1.4-1.5

0.7- 1.1

025..·073

0.04-0.11

Peconic
Hempstead

Bay

2.0--4.02.7

15-27

20--22

8-10

0_2- 1.3

Peconic
Flanders
System

11-12

5--370

0.38-2.25

0.38-2.25

031-0.88

0.06-0.16

6 .6

26-27

21-23

7-9

1.5-1.8

Port
Jefferson

15- 16

2-18

3.1 - 4 .22

2.99-4.22

----_.. _-- ._.- ---

0.30·-0 .37

0 .04-0.05

NO

6- 9

7.1

24-27

21 - 23

8- 10

NO '

0.1 2- 0 .18

0 .34-- 0 .78

- 1.3 to 0 .4

- 1.1 to 1.5

Northport
Centerport
Complex

Huntington
Lloyd

Complex
Oyster

Bay

8.6 7.3 7.1

23- 26 24·-26 25- 28

20- 24 19- 25 21 - 23

7- 9 8- 9 8- 10

1.5 - 4 .5 0.2- 0.9 1.3- 2 D

0. 19- 0 .35 0 .12- 0 .14 0 .12- 0 .16

Hempstead
Harbor

3- 11

3- 5 1

0.3- 5 .8

Manhasset
Bay

7.3

21 --26

14- 19

8 - 12

0.5- 3.5

0.08- 0. 39

0.13 --203

- 0 .3 to 5 .8

Western
Long Island

Sound

10- 30

1.15- 3.70

6

0.55- 3.5

24 - 26

19-21

5.5- 8.5

2.0 - 4 .0

0.12- 0 .15
(P04 )

0.24- 0.45
(NH4 + N03 )

1- 3

o
C.

log

ppt.

log

ft.

Units

mg/ L.

atoms

mg/L.

mg/ L.

mg / L.

mg/ L.

F. coli.

NIP

T. coli .

Chi !!.

Oiss . 0 2

B005

T. Phos.

T . Nit.

Tida l Range

Temperatu re

Salinity

Sou th Shore

NO NO

1.5 2.0

25-31 27-32

22-24 22-24

NO NO

0.11-0.19 0.01 -0.04
(P04)

0.28-1.07 0.01-0. 15
IN H4+N0 3+N02)

5- 14 ND

Shinnecock
Bay

Moriches
Bay

0 .5-2.0
(d issolved)

6-30

~20-22

9-13

NO

0.05-0.20

0.02-1 .09

Mecox
Bay

2.0 variable

40- ·158

NO

004 --0 .8

22- 27

22- 23

8-10

0 .05- 0 .09

1.33-1.65

Great
South Bay

East

22- 23

7- 10

30- 60

0 .6 - 1 .0

26-30

Great
South Bay

Central

NO

0.01 - 0.05

0.13- 1.33

30- 3 1

0 .1 3-0.25

1.0- 3.0

29-31

22- 23

6 - 8

0 .1 - 0 .3

0.0 1--0.02

Great
South Bay

West

45- 60

5- 7

21- 22

0.3 - 0 .5

South
Oyster

Bay

1.2- 2.0

30- 3 1

0 .01 - 0 .02

0 .25--0.38

East
Bay

2.0 - 3.0

25- 78

29 - 31

20- 22

5- 6

0.5- 0.7

0.01 - 0.04

0.33 - 0.45

29 - 31

21- 23

14- 18

Middle
Bay

2.5 --3.5

4- 6

0.7- 0 .8

0 .33- 0.70

0.04- 0.11

Units

o
C.

mg / L.

mg / L.

mg/ L.

mg/ L.

f t.

ppt.

atoms

Temperature

NIP

T. N it.

B005

T. Phos.

Oiss.02

Tidal Range

Salin ity

log 1.5- 1.6 1.5- 2 .0 1.4- 1.5 1.3-- 1.6

' NO = N o Data
N ote: Only data for months of JulV through September are included in th is table.

NO NO

0.48- 3.4 0.48-3.5

18

Chi a

T . coli.

F. coli.

mg/ L.

log

5- 17

2.2- 2.6

9- 12

2.0 - 2.4

3- 6

1.9- 2.0

4- 8

1.8-1.9

6--28

1.1 - 2 .1

0 .8- 2 .0

12- 25

1.1 - 1 .9

0.8- 1.5

26-49

0.3-3.4

NO NO NO



Structural Alte rna t ives Examined for Long Island Surface Waters

The following section lists the point sou rces for each of th e model ed
bay,. the structural alterna t ives proposed and resul t s of these model eva lu
a t ions wh ere availabl e.

described, an entire se ri es of "i ncremental load va lues" were ca lculated for
eac h possible com b ination of alte rnatives . These w ill be used along with
envi ro nme ntal an alyses to determ ine th e most cost -e ff ective and environ
men ta lly sound management p lan .

Wastewater Sources

Point Sources fo r Man hasset Bay

!
1::l""2'

LONG ISLANO SOUNO

..,...·----+------.::. ~::w----,;,.-;;;;uM~oi--_:=_t'1:

LlrTL EINECK BAY

I
13"~'

200

200

F . coli. t

400
400

4

4

7. Manhasset Valley Park
Pond Cree k (Wh itney Lake)

8 . Gre at Neck Sewer Distric t STP
9. Great Neck Vill age STP

10. South Pond (Mann' s Cree k)
11. Mitchell 's Cree k
12. Wilson's Pond

30
3

Discharge Locations

Curren t

Mid-Bay
Long Island Sound

BOD5
30
10

T reatment T ype and Effluent Character istics

T. Nit.' T . Phos.· T. col i.t

Great Neck STP @ 3.5 MGD
Village o f Great Neck STP @ 1.5 MG D

Kings Poin t-Manhasset Co llection Dis tr ic t @ 2.0 MGD
Port Washington Sewer District STP @ 4.5 M G D

Plandome-Sands Po int Co llect ion Distr ict @ 2.0 MGD
ROSlyn STP @ 0.7 MGD

• values in mglL
t values in M PN l l00 ml

Secondary

Advanced

Ta ble 5

Summary of Alternati ves Examined for Manhasset Bay Complex

1. Mill Pond
2. Port Washington Sewage

Treatmen t
3 . Baxter Pond
4 . Knickerbocker Drain
5. Stannard's Drain
6. Leed's Pond

GRAPHIC SCALE"Nautical Mil ...
o II. III !

Alternative Analyses for Manhasset Bay Com plex
As can be seen fro m Table 5 the n um ber of treatment pla nts, the est i

mated future flows, the type of t reatment an d the ou tfal l locations re sult in a
very large num ber of possible structural alternatives for wastewater manage
ment in t his area . In ad dition 'to the type of model ing effo rts previously FIGURE 16

®-POINT SOURCE

Poin t source locations for Manhasset Bav.
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Wastewater Sou rees

Point Source Locations for Hempstead Harbor

......._--......

I
!-f--..._ -
i

. 11

-'I!~"'-'=-----if----- -

I
n''''

GRAPHIC SCAlE.: Nouheol MUn
o 1/"4 V2. I

LONG ISLAND SOUND

40· ..8'--·--- --- --

Long Island North Shore bays. For this reason, two sets of boundary condi
tions were chosen fo r the model runs : yearly averages and "typical worst
case" condit ions. In addition to these, a " zero discharge" situation (no treat
ment plan ts) was al so run as a basis fo r compari son.

! ij :~""· " 11I /1/ f ;
I /1/ ,i .,

! ti·
i j'/: I

I
,

200
200

F. coli. t

400
400

T. coli. t

4
4

T . Ph os. '

10. Dra in North of
Emmanuel's Pond

11. Emmanu el's Pond
12. Roslyn STP
13. Roslyn Duck Pond
14. Roslyn Viaduct

(N orth Cente r, S) Pi pes
15. Roslyn Inc inerato r
16. Drain North of Hempstead

Harbor Beach

30
3

T . Ni t.'

Current
Mid·Bay
Long Island Sound

Discharge Locations

BODS

30
10

Treatment Type and Effluent Character istics

• values in mglL
t values in MPN!1 00 ml

Glen Cove @ 6.5 MGD
Sea Cliff- Roslyn Harbor Collec t ion Dis trict @ 5.0 MGD
Oyster Bay STP @ 2.0 MGD
Unsewered Bayville and East Norwich areas @ 2.7 MGD
Port Washington Sewer District @ 4.5 MGD
Unsewered Plandome-Sa nds Point Collection District @ 2.0 MGD
Great Nec k Sewer Dist ri ct @ 3.5 MGD
Unsewered King'S Point area @ 2.0 MGD
Roslyn STP @ 0.7 MGD

Table 6

Summary of Alternat ives Examined for Hempstead Harbor

Alternative Anal yses for Hempstead Harbor

Because of their proximity to one another, many of the structu ral
alte rna tives exam ined fo r Manhasset Bay are al so possible alternatives for the
Hempstead Bay complex . Again, a series of inc rementa l values (milligrams per
liter of constituent per million gallons per day or equivalent un its) were calcu
lated for the series of alternat ive loads, treatment type and d ischarge location
examined. As mentioned previously, boundary conditions (water qua lity in
western Long Isla nd Sou nd ) have a ma jo r influence on water qual ity w ithin

Secondary
Advanced

1. Cedar Swamp Creek
2. Powers Chemco
3. Glen Cove STP
4. Scudders Pond
5. N. Tappan Drain
6. S . Tappan Drain
7. Powerhouse Drain
8. Swan Club Pond
9. Drain at Swan Club

FIGURE 17 Point source locations for Hempstead Harbor.
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Point Sources for Oyster Bay-Cold Spring Harbor

1. Oak Neck Creek 6. Center Island STP
2. Mill Neck Creek--Factory Pond 7. Tiffany Creek
3. Kentuck Pond Creek 8. Cold Spring STP
4. Mill Pond Creek 9. Cold Spring Brook
5. Oyster Bay STP

Alternative Analyses for Oyster Bay-Cold Spring Harbor

Treatment plant load ings as proposed by the engineering consultants
were evaluated as shown in Table 7.

The results of modeling stud ies have shown that there is a relatively
minor improvement in surface water quality for all constituents whether
receiving secondary or advanced treatment with outfall s located at mid·bay or
present locations. For example, an increase of 0.1 milligrams per liter of
nitrogen is seen under the highest loading (7.29 cfs) with secondary treatment
at the present location. These results are consistent with the high flushing rate
of the area and the levels of nutrients in Long Island Sound waters which
reflect loadings from the East River.

• values in mg/L
t values in MPN/l00 ml

Treatment Type and Effluent Characteristics

Wastewater Sources

200
200

F. coli .t

400
400

T. coli. t

4
4

T. Phos.*

30
3

T. Nit.*

Discharge Locations

Current
Mid·Bay
Long Island Sound

BOD5
30
10

Oyster Bay @ 3.1 cfs
Oyster Bay with unsewered Bayville area @ 4.96 cfs
Oyster Bay with unsewered East Norwich area @ 5.43 cfs
Oyster Bay with both Bayville and East Norwich @ 7.29 cfs

Table 7

Summary of Alternatives Examined for Oyster Bay
Cold Spring Harbor Complex

Secondary
Advanced

FIGURE 18 Point source locations for Oyster Bay-Cold Spring Harbor
Complex.
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Table 8

Summary of Alternatives Examined fo r Huntington Bay
Nort hport Harbor Complex

Plant

Huntington @ 13 MGO
Hu ntington concurrent operation @ 6.5 MGO
Northport concurrent operation @ 6 .5 MGO

Point Sources for the Huntington-Northport Complex

1. Mill Ro ad Creek 5. Stony Holl ow Ru n
2. Huntington STP 6. Northport STP
3 . Hunti ngton Harbor Cree k 7. Storm drain
4. Centerport Mi ll Pond

Poin t source locations for Huntington-Northport Complex.

~""''''''''''' IoI'''' !

t1' _Point .Source
~ Locolions

FIGURE 19

,.', I

LONG ISLAND S()(/N{/

due main ly to the contri butions from Huntington Harbor Creek and storm
d rain inflow. The incremental effect of sewage treatment plant discharge on
coliform concentrations is minimal since coliforms are essentially removed
in the treatment process.

The advanced waste t reat ment alternatives examined would be Clearly
favorable with respect to nitrogen and BOD concentrations.
However, t hey do not prevent su bstantial increases in phosphorous concen tra
t ions in the receiving water.

Comparisons of secondary versus advanced treatment with a single
plant d ischarging 13 million gallons per day at the presen t Hu nt ington STP
locat ion ind icate there would be effective nitrogen and BOD removal with
advanced treatment but little removal of phosphorus. Again, there appears to
be negligible impact with respect to coliform concentrations due to treatment
plant discharges.

Comparisons of secondary treatment alternatives under diffe rent out
fall locations indicate that substantial improvement in water quality would
occur by moving the outfa lls to the mid-bay area. Under these condit ions,
neither concu rrent d ischarge of 6.5 million ga llons per at the present
Huntington and Northport plants nor 13 mill ion gallons per day discharge
from the Huntington plant alone causes appreciable change over the
p resent conditio n.

200
200

F. colL t

400
400

T. colL t

4
4

T. Ph os. •

30
2

T.N ic '

Discharge Locations

Huntington

Current
M id-Bay
Long Island Sound

Northport

Current
Mid-Bay

B00 5
30
10

Treatment Type and Eff luent Character istics

• values in mglL
t values in MPNI100 mt

Secondary
Advanced

Structural Alternative Analyses-Huntington-Northport Complex
The objective of this work was to provide quantitat ive estimates of the

effects of projected effluent di scharges on receiv ing water qual ity using the
verifi ed numerical model. A variety of treatment plant loadings as proposed
by the engineering consultants was examined and the load ings are listed
in Table 8.

Comparisons of secondary vers us advanced waste t reatment with con·
current discharge of 6.5 mi llion gallons per day at two plants indicated that
secondary treatment is clearly unacceptable. Nitrogen, phosphorus and BOD
concentrations would be approxi mately one order of magnitude higher than
t hey are at present. The impact of t his increase is difficul t to quantify but it
is reasonable to assume that significant increases in these parameters will
resul t in adverse changes in the system . Coliform counts are present ly above
the lim it set for shellfishing (not more t han 70 MP N per 100 milliliters
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Plant

Port Jefferson @ 2,5,8.5,10 and 15 MGD discharge rates

Table 9

Summary of Alternatives Examined for Po rt J efferson Harbor

Point Sources for Port Jefferson Harbor Complex

1. Port Jefferson Creek 4 . Long Island Lighti ng Company
2. Exxon Storm Sewer 5. Setauket Creek
3. Port Jetferson STP 6. Conscience Bay Stream

Effluent Characteristics

ilnd dc.,easi ng effects as the outfall is moved closer to the mouth of the
harbor. However, there are more locali zed effects seen around the d ischarge
points with t hese two parameters , especially with coliform where higher
concentrations are found throughout the harbor.

In all cases, differences between baseline and proposed alternatives
became increasingly less by moving t he outfall close r to the harbor entrance.
Th is is a refl ect ion of t he effect of boundary condit io ns on water quality in
the harbor. One might conclude t hat t he presence of contaminants in Long
Island Sound may reduce t he benefits of relocat ing a waste discharge nearer
the harbor entrance (and, on the other hand , any marked future improvement
in Sound water quality will increase the benefits to be gained from good
waste management steps taken now).

It is generally agreed that 8.5 million gallons per day is t he most realis
tic treatment plant si ze. Add it ional analyses have led to t he recommendation
to allow secondary treatment at t he existing outfall if disso lved oxygen leve ls
are monitored, and that nitrogen re moval be inst ituted if disso lved oxygen
levels are not mai ntained above 5 .0 mill igrams per liter.200

F. coli .'t

400

T. colL t

4

T . Phos.*

30

T . Nit.*BOD;

30Secondary

Dis.charge Locations

Current
Mid-Bay
Harbor Entrance

i.J]IV(i ISUlN{) SOUNO

* values in mglL
t values in MPN!100 ml
800 and Fecal coliform values are 7 day arithmetic means

Alternative Analyses fo r Port Jefferson Harbor
The 208 Study, in response to requests by county agencies involved in

the 20 1 Facilities Plan for Port Jefferson, ran a series of management alte rna·
tives using the verified numerical model. Tab le 9 lists the various options
examined.

Since tidal cycle and degree of flu sh ing are highly significant in Port
Jefferson , the "worst case" tide givi ng m inimum flushing was used in the
models.

Discharging 15 million gallons per day to the current location results in
a four·fold increase in total n itrogen and a th ree-fold increase in total phos
phorus over baseline conditions or discharge at t he harbor entrance .

Modeling results for BOD and coliforms show essentia lly the same
results as found for nut rients; that is, a significant increase ove r basel ine
conditions with 15 million gallons per day discharging at the current locati on FIGURE 20 Point source locations for Port Jefferson Harbor Complex.
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Point Sources for the Peconic Estuary-Flanders Bay System

Plant

Riverhead @ 1,9 and 20 MGD discha rge rates

Table 10

Summary of Alternatives Examined for Peconic Estuary-Flanders Bay

Alternative Analyses for Peconic Estuary-Flanders Bay
As with each of the other modeled bays, a series of structural manage'

ment alternatives was proposed. In addition, the 208 Study responded to
requests by outside agencies to assist in modeling various alternatives for the
201 Riverhead Facilities Plan. The range of alternatives is given in
Table 10.

Results of the modeling effort indicate there will be no sign ifican t
effects on within the area no matter which outfall location is chosen.
It should be remembered that the model assumes complete vertical mi xing in
the water column and therefore predictions are lower estimates than val ues
wh ich may occur in localized areas near discharge plumes. This holds for both
conservative and non-conservative constitutents.

The one million gallons per day case is representative of the present
condition which has often resulted in severe oxygen depletion in the Peconic
Estuary during evening hours due to diurnal cycles in photosynthetic
activity.

Increases in nutrient concentrations above the present condition may
be expected to reach 345% for the nine million gallons per day discharge and
710% for the 20 million gallons per day situation. These estimates are based
on nutrient accumulations near the outfall where the impact of the discharges
is the greatest. Increases in nutrients at the entrance to Flanders Bay are
expected to be 200% (nine million gallons per day) and 400% (20 million
gallons per day) above the present condition.

Model predictions do not show significant changes in coliform concen·
trations resulting from increased effluent loads. These pred ictions are based
on the assumption that the projected concentrations are truly representative
of 24 hour loads from the operating plant and that the coliform decay
coefficien t of 0.5 per day is appropriate.

Incremental increases in BOD were shown to be similar to increases
nitrogen and in areas close to outfalls. Increases in BOD
values at the entrance to Flanders Bay are relat ively smaller than nutrient
changes due to biologica l decomposition in diluted discharges. However,
wh ile tidally averaged model predictions do not show severe oxygen depletion
due to effluent discharges, one should not assume that these situations will
not occur at one time or another. Results of the field survey and model
sensitivity studies have shown that even under present nutrient loadings,
oxygen depletion can be expected to occur from time to time. Dissolved
oxygen concentrations in the Peconic Estuary are primarily dependent on
phytoplankton photosynthetic·respiration activity. Dissolved oxygen is
therefore a function of available nutrients, light intensity and temperature
and will vary according to the times of day and season.

Discharge of proposed effluent loads at the mid-bay locations indicates
that concentration/gradients are far less pronounced and that better mixing
of pollutants would be achieved. Concentration of nutrients at the mouth of
the bay with this alternative is much the same as for discharge at the present
location, indicating that although the discharge point is closer to the entrance,
increased flushing will maintain lower levels of nutrients. Near the outfall,
increases over the one million gallons per day case are 163% (nine million
gallons per day) and 338% (20 million gallons per day). This represents an
improvement in receiving water near the outfall of greater than 50% over the
discharge at the present site.

Discha rge at the mouth of the bay results significantly bette r
and dispers ion nu tr ients than the present condition. The pollutan ts
carried out and dilu ted in Great Peconic Bay so that receiving water nutrient
concentrations are believed to be lower than for both other alternatives.
While nutrient concentrations in the vicinity of the outfall are essentially
the same when discharged at the mouth or at mid·bay locations, nitrogen and

200

F. coli .t

400

T. coli. t

4

T . Ph os.*

10. Peconic River
11. Little River
12. White Brook
13. Goose Creek
14. Birch Creek
15. Mill Creek
16. Hubbard Creek

30

T. Nit.*

Treatment and Effluen t Characterist ics

BOD5
30

Discharge locations

Current Site
Mid-Bay
Flanders Bay-Great Peconic Bay Boundary

* values in mglL
t values in MPNI100 ml
BOD and Fecal coliform values are 7 day arithmetic means

Secondary

1. East Creek
2. Reeves Creek
3. Crescent Duck Farm
4. Meetinghouse Creek
5. Broad Cove Duck Farm
6. Terry's Creek
7. Shubert Duck Farm
8. Sawmill Creek
9. Riverhead STP
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phosphorus concentrations within the bay are generally 20% less for the nine
million gallons per day discharge and 30-40% less for the 20 mill ion gallons
per day discharge when located at the entrance to the bay .

Since dissolved oxygen concentrations are highly sensitive to changes in
rates of photosynthesis and respiration, a series of evaluations was carried
out to determine the maximum permissible nutrient loadings which would
maintain phytoplankton populations at levels not expected to cause oxygen
deplet ion. Results of these analyses indicated that discharge of six mill ion
gallons per day with nitrogen removal at t he mid-bay would maintain nutrient
concentrations and phytoplankton populations within appropriate ranges
where oxygen depletion would not be expected.

FIGURE 21: Point Source Locations For Peconic Estuary- Flanders
Bay System and Peconic River.
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Point Sources For South Shore Bays 32. Harbor Club Apts. 54
Node 33. Sampawams Cree k 55

Source Name No. 34. Will ets Cree k 55
35. Skookwa ms Creek 55

Hempstead Bay 36. Trues Creek 56
1. Lawrence STP 2 37. Watchogue Creek 76
2. W. Long Beach STP 2 38. Penataquit Cree k 76
3. Bay Park STP 13 39. Awixa Creek 76
4 . Mill River (E + W) 11 40. Orowoc Creek 76
5. Long Beach STP 13 41 . Cascade Lakes 76

42. Pardees Pond 76
Middle Bay 43. Champlin Creek 77

6 . LI LCD Power Plant 14 -+ 9 44. Ocean Beach STP 68
7. Oceanside Incinerator 9 45. Connetquot River 79
8. Pa rsonage Creek 18 46. Green Creek 82
9. Milburn Cree k 19 47. Brown Creek 82

10. East Meadow Brook 21 48. Tuthills Creek 84
11. Freeport Creek 21 49. Patchogue River 84
12. Freepo rt STP 21 50. Patchogue STP 84
13. Freeport Incinerator 21 51 . Watergate Gard en Apts. 84

52. Justus Roe 84
East Bay 53. Swan River 84

14. Merri ck Incinerator 22 54. Mud Creek 85
15. Jones Beach STP 34 55. Hedges Creek 85

16. Newbridge Cree k 23 56. Beaverdam Creek 87

17. Bellmore Creek 40 57. Motts Creek 87

18. Cedar Swamp Cree k 23 58. Carm ans River 89
59. Rattl esnake Brook 79

South Oyster Bay
(See Figures 13a and 13b for Po int Sou rce Locations ).

19. Sea mans Creek 17
20. Seaford Creek 17
21 . Massapequa River 41
22. Carman Cree k 51

Great South Bay
Alternative Analyses for South Shore Bays

Table 11 gives a summary of all alternatives examined for the Sou th
23. Amityville Creek 52 Shore system. This is by far the most complex of all areas examined both
24. Woods Creek 52 from an ecological viewpo int and from the broad range of structural alterna-
25. Great Neck Creek 53 tives to be examined. At least 65 separate model runs are being carr ied out
26. Strongs Creek 53 for this system. It must be remembered t hat al most all of Nassau County is
27. Neguntatogue Creek 53 already sewered, wheareas generally , only t he western parts of Suffol k County
28. Santapogue Creek 54 are presently sewered . Th is red uces the number of alternatives available for
29. West Brook 79 Nassau County while increasing those fo r Suffolk County. As noted in
30. Carl Is Rive r 54 Tab le 11 , a series of regi onal , su b-regional and small plants is possible in
31. Park Ave. Apts. 54 Suffolk County .
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Table 11

Summary of Alternatives Examined fo r South Shore Bays

The Nassau County cases consisting of several combinat ions of alternative flows,
locations and diversions were run separately from Suffolk County alte rnatives. Suffolk
County cases were broken down into regiona l, sub-regional and small plants and were
run with existing Nassau County average point source load ings as background.

Nassau County loadings

Lawrence STP @ 1.0 MGD
West long Beach @ 0.9 MGD
Jones Beach @ 0 .2 MGD
Long Beach @ 8.0 MGD
Bay Par k @ 75 MGD
Bay Park and Inwood and Cedarhurst and

Great Neck Peninsula @ 84.5 MGD

Point Sources for Moriches and Shinnecock Bays"

1. Jergielwiez Processing Plant- 6. Romanowski Duck Farm-

Forge River Tuthill Cove

2. Moriches Duc k Farm - 7. V igliotta East Farm-

Forge River Harts Cove

3. Certifi ed Duck Farm- 8. Long Island Co ·Op Plant-

Te rrel River Seatu c k Creek

4. Vigliotta North Farm- 9. Powell Fa rm -

Terrel Rive r Seatuck Cree k

5. Vigliotta West Farm- 10. Tuttle Farm -

T erre l River East River

" Duck farms are the p r incipal point sources of pollutant loading for

Moriches Bay.

Treatment Type and Eff luent Characteristics

Suffo lk County loadings

Use Nassau CountY d ischarges as backgrou nd
Regional-Southwest Sewer District @ 30 and 54 MGD

- South Central District @ 3 1 MGD
Sub-Regional-Oakdale Sub @ 9 MGD

- Southeast Sub @ 5.0 , 6 .5 and 15 MG D
- Yaphank-Sou th Sub @ 6 .5 and 8.5 MGD
- With and without duc k farms

Small Plants- Patchoque @ 0.5 MGD
- Watergate Apartments @ 0 .2 MGD

Discharge Locations

Atlantic Ocean
Bergen Point
Nico ll s Bay
Patchogue Bay
Bellport Bay

Table 12

Estimated Loadings from Duck Farms and Non-Point Sources
for Moriches and Shinnecock Bays.

Moriches Bay Shinnecock Bay
(Ibs!day) (Ibs!day)

Direct rainfall N 292 N 253
P 2 P 2

Stormwater run-off N 188 N 63
P 53 P 21

Streamflow N 637' N 35'
P 95 P 8

Groundwater seepage N 698* N 175*
P 155 P 39

Duck Farms N 303 N 0
P (150) p 0

Total N 2118 N 526
P 455 P 70

400
400

T.cOli t

Suffolk

4
4

T. Phos. '

30
3

T. Nit.'BOD5
30
10

Nassau

East Rockaway Inlet
Long Beach STP
Jones Beach STP
Atlantic Ocea n
30-60 MG D recharge

Secondary
Advanced

• values in mgl L
t values in MPNl l00 ml

* Total inorganic nitrogen onlv
( ) assumes an NIP ratio 0.5 for duck farm effluent
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Projected Alternative Point Waste Sources

Management Study Region Flow BOD TSS
Approach and Bay Alternatives MGD

SUb,Regional S. E. Sub. secondary 2.0 500 500
Yaphank to advanced 2.0 67

Moriches Duck Farms 4.0

Small plant Hampton Bays secondary 500 500

to Moriches advanced 2.0 167 50

Small plant East Hampton secondary 375 375 375
to Shinnecock advanced 1.5 125 125

Small plant East Ouogue secondary 1.75 438 438 438
to Shinnecock advanced 1.75 146 146

Alternative Analyses for Moriches-Shinnecock Bays
Treatment plant options and estimated loadings as proposed by the

engineering consultants are shown in Table 13.
Non-point source for this system include direct rainfall,

stormwater run-off, streamflow, seepage and cesspool and sept ic
tank Table 12 lists the relative contributions for both and
phosphorus from these sources and duck farms. The sources shown fall into
two transient and continuous. The continuous sources are of the
greatest concern for the bay system. Even though tidal flushing is const:antly
diluting and removing part of the nutrient load from the system, it is appar-
ent from historical data that the larger continuous nutrient sources
from streamflow, seepage and duck farm P9int sources are
producing elevated nutrient levels in Moriches

Transient sources such as
less the nutrient
Shinnecock Bays are well flushed
these sources will
one week.

To reach their full
system to

diurnal oxygen cOlnc€mtiration,s.
the tidal

where
least rlIJ< ir:,hl"
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systems which are undergoing natural l()rln-liIJnm challgEis
simultaneously responding to stresses man's If these
cnan!~es are to be understood and action taken to prevent further

of these resources, continuous
present study is required.
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I. Introduction and Overview
Growing public concern over the fate of dwindling natural aquatic

resources has resulted in a nationwide commitment for t he re-eva lu ation of
water management practices, especially those related to domestic waste
water disposal. Efforts to evaluate the relevance of various treatment schemes
have often been stymied by the lack of adequate information with which to
predict the movements and ultimate fates of the potentia ll y pathogen ic
biological organisms commonly associated with human fecal material. Among
these organisms much attention has been given to the final disposition of
human viruses. The major human virus groups known to occur in sewage
include: (1) Enteroviruses-transient members of the human alimentary tract
consisting of over 100 species including Polioviruses, Coxsackieviruses, and
ECHOviruses; (2) Adenoviruses-upper respiratory viruses which are able to
withstand the acidity of the human gut and may be shed in t he feces;
(3) Hepatitis virus; and (4) Reoviruses. While only Hepatitis virus and
Poliovirus infections have been conclusively proven as being transmitted by
the water route (;.e., sewage pollution of drinking water, shellfish beds,
recreational waters, etc .). studies have indicated the li kelihood of si milar
transmission of some or all of the species mentioned above. A listing of the
viruses which may be water-borne and the diseases associated with them is
presented in Table I.

Reports of human virus isolations f rom dive rse aquatic systems (e. g.,
rivers, bays, estuaries, treatment plant effluents, etc.). which have appeared
on occasion in the literature, have underscored the need for more extensive
virus monitoring programs. Such a need was realized by the Nassau -Suffo lk
advisory committees, which included a virus st udy as part of thei r fede ra lly
funded 208 program. The study, initiated in June of 1976 , was designed to
survey the occurrence of human enteric viruses in a number of rout inely mon
itored aquatic systems. Enteroviruse~ were specifically chose n as a mode l
system because of their predominance in sewage-associated systems, and the
relative ease of their isolation and identification in the laboratory.

The ultimate goal of the virus survey was to provide previously unavail
able background information on the presence of t hese uniq ue organi sms in
various Long Island aquatic resources. Information generated from the study
would then be utilized by those involved in water management planning
decisions . In this regard, the virus data was not meant to stand alone, but in
conjunction with eXisting physical and chem ical informatio n. In add it ion,
virus results would be used to define trends in specific treatment systems and
to delineate areas for future study.

II. Literature Review-Human Viruses in Aquatic Systems
Because of the great diversity among the kinds of samples taken du ring

the 208 virus study, it will be necessary to review each as a separate uni t (e.g.,
surface waters, sewage treatment plant effluents, drinking water, etc.).

Table 1

HUMAN VIRUSES COMMONLY FOUND IN SEWAGE AND
DISEASES ASSOCIATED WITH TH ESE VIRUSES.

No. of Type
Group Subgroup Serotypes Nucleic Acid Diseases

Enterovirus Poliovirus 3 RNA Mild-Severe Gastroenteritis
Abortive Poliomyelitis
Aseptic Meningitis
Paralytic Poliomyelitis

Coxsackie-
virus

A 24 RNA Summer Minor Illness
Herpangina
Aseptic Meningitis
Common Cold
Hand, Footand Mouth Disease
Infant Diarrhea

B 6 RNA Aseptic Meningitis
Common Cold
Pleu rodyn ia
Neonatal Disease
Sudden Infant Death

Syndrome
Myocarditis
Per icardi t is

Echovirus 34 RNA Aseptic Meningitis
Mild Paralysis
Febrile Illness
Con junct ivitis
Boston Exanthem Disease
Infant Diarrhea
Vaginitis and Cervicities
Pericarditis and Myocarditis

Hepatit is
Infectious (viral) HepatitisA RNA?

B DNA? Serum Hepatitis

Adenovirus 31 DNA Acute Respiratory Disease
Pharyngoconjunctiva l Feve r
Primary Atypical Pneumonia
Epidemic Keratoconjunctivitis

(shipyard eye)
Intussusception
Febrile catarrh

Reovirus 6 RNA

A. Drinking Water
The likely presence of virus in d rinking wate r has been a d iffic ult, often

perplexing pro blem to evaluate. Among questions facing environmenta l scien
tists in th is area are those concerning: (1) the minimum infective dose neces
sary fo r t he establishment of an infection; (2) the documented transmission
of virus diseases via t he water route and (3) the confi rmed occu rrence of virus
in publ ic drinking water supplies.
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Wh ile many disagree on t he questio n of how ma ny virus pa rticl es are
necessary for th e es tabli shment of in fec tion in humans, laboratory expe ri
ments in t iss ue cultu re cell s have ind icated that one virus is sufficient to pro
duce an infection in human cells (Plotk in and Katz , 1961 ; Katz and Plot kin,
1967). The infection mayor may not lead to disease depe ndi ng upon a w ide
range of host-related factors_ Hypothet ical calculations done by Ge rba, Wallis
and Me lnick (1 975a) suggested that where one infectious unit is present per
50 gallo ns o f f inished water, a community uti lizing 50 mi llion gallons per day
would have a minimum of 600 of its reside nts exposed to possible infect io n
each day (assum ing 0. 2% use of water for drinking purposes, and an infection
rate of 30%).

A second prob lem in the assessment of virus in d rinking water relates t o
the lack of epidemiol ogical evidence on the transmiss ion of d isease by the
water route. To date, the only documentation fo r wat er transmission of
human disease by sewage-borne viruses is that perta ining to the Hepatitis type
A virus, and possi bly Po liovi rus. In 1955; a sewage-co ntam inated munici pal
water supply was blamed for o ve r 30,000 cases of infect iou s hepati tis in New
Delh i (Viswanathan, 1957). Between 1961 and 1970, ove r 30 outbreaks of
water-bo rne hepatit is were record ed in the United States , w ith a majority
bei ng caused by sewage contam inat ion of p rivate or semi-publ ic wate r
suppli es (Sobsey, 1975 ; Tay lor et al., 1966). Sobsey (1975) poi n ted out that
the lack of epidemiological evidenc!:l for water-borne transm ission of o ther
enteric d iseases does not mean th at transmission of such dise ase is impossib le.
Goldfie ld (1976) suggested t hat usual epidemio log ical procedures could not
be used t o det erm ine water-borne transmissi on of most enteric d iseases ci ting
a number of reasons incl udi ng prior immunity of individuals lead ing to
subclinical infection ; t he broad spectrum of disease syndromes common to
many virus ty pes; and the secondary spread of disease by person-to-person
contact obscuring the role of wa ter. Sobsey (1975) concluded that al ternative
invest igative approaches must be ut ilized to determin e the t ransm ission of
wat er-borne enter ic d isease.

The t hird prob lem in evaluating the virus as~essment in drinking water
centers on controve rsial isolations and diff icult virus testing procedures. As
mentio ned previo usly, Hepat itis viru s was respo nsible for a massive disease
outb reak in New Delh i in 1955. In 1964, Coin et al. isol ated enteric virus in
18% of t he drinki ng water sam ples an alyzed in Paris. Among the isolates he
ident ifi ed were Poliovi rus types 1 and 3, Coxsack ievirus and ECHOvirus ,
with an average concentration of one plaqueforming unit (PFU) per 300
liters of water. Enteric viruses were also found in t en li ter vo lumes of dr ink ing
water in Sou th Africa (Nupin, Batem an and McKinney, 1974). In the United
States, enteric viru s iso lations from drinking wate r have bee n sporadic and
sometimes qu estionabl e. In 1970, Poliovirus type 2 was iso lated f rom an
unchlorin ated d rinking water well in southeast Michigan (Mack, 1973) . Afte r
chlorine treatment was in it iated, the virus could not be det ected . Al so in
1970, a nat ional controve rsy arose when the Northeast Water Supply

Resea rch Laboratory reported th e isolation of enteric virus from the finished
d rinkin g wate r suppl ies of two Massachusetts communiti es (Po tab le Water
Senate Hearings ). Almost imrned iately , the Water Supply Research Lab
orato ry of the EPA Nat ional Environmental Research Center initiated studies
in order t o confi rm these findings and evaluate the isolation methods used.
The investigators concluded that techniques used by the Northeast Lab
required excessive manipulations and were therefore subject to the possibili ty
of extraneous viral contamination. A similar situation recen ly occurred when
Hoehn (1975) repo rted th e presence of Polioviru s in the Virginia's Occoquan
Rese rv oir. Subsequent st udi es Akin and Jak ubowski ( 1976) of the
Envi ron menta l Protect ion Agency fail ed to confirm the presence of virus
in the system and again raised the question of possible laboratory
contamin at ion .

Extensive studies of drinking-water systems in communities located in
Ohio, Indiana and Missouri have shown these water supplies to be free of
enteric vi ru s (Akin et al., 197 5a). In these studies, the authors sampled large

vol umes of drin king water (1900 liters) usi ng sensitive virus conce ntrat ion
techniques design ed to recover th ree to five PFU per 380 li ters. In the
absence of positi ve findings , the authors concluded that good conventional
t reatment was adequate for virus removal from public drinking water
suppl ies.

B-1. Surface Waters
The possible transmiss ion of diseases of viral et iology in surface wate rs

(lakes, strea ms , bays, estu aries and coastal waters) has been topic of
numerous st udies. Co ncern has been amplified by the recent inte rest in the
conservation of the aq uatic environment for both recreational and economic
purposes. The latter is of particular importance in an area such as Long
Isla nd where coastal waters and embayrnents serve as important shel lfi sh
growing areas.

The virus haza rd has been created by the release of sewage material
eithe r di rectly into the la rger water masses, or indirectly via waste wate r con
tam inat io n of their tribu ta ry streams and rive rs.

Human vi ruses have been isolated from almost all types of surface
water. Sim kova and Wal lnerova (1973a) isolated Coxsackie virus from wate rs
of the Danube River. Nestor and Costin (1976) reported simi lar findings in
sewage-conta minated river waters in Roumania. Hu man enteric virus have
been isolated in est ua ries (Metcalf and Stiles, 1967; Vaughn and Metcalf,
1975), as well as in seawater and coastal mari ne sediments (DeFlora, De Renzi
and Bado lati , 1975) . In the latte r stud y, the concentration of vi ruses iso lated
from marine wate rs ranged from 0 .1 PFU per 100 milliliters in moderately
po ll uted waters, to 40 PFU per 100 mil liliters in heavily pollu ted wate rs near
sewage outfall s. The au t ho rs found that vi ruses readily adsorbed to marine
sediments and could be released int o the water column by simple mechanical
shak ing si mi lar to th e agitation occu rr ing in natural waters.



The survival capacity of enteric vi ruses in mar ine environments is qu ite
unpredictable, even though seawater has bee n shown to contain ant iviral
properties. Seawater co nstituents such as organic matter, part iculates and
heavy metal ions have been shown to be antagoni stic to the action of non
specific antiviral components, ultimate ly resu lting in the exte nsion of virus
survival (Vaughn, 1974). Initial virus inactivation stud ies were conducted
using Po liovirus type 3 in Baltic and No rth Sea waters by Lycke et al.
(1965). The authors found that marine wate rs had a virus inactivating
capacity (V IC) capable of inactivating 99% of th e virus in eight days at
23 Celsius. Since the inactivati ng agent or agents we re not heat-lab ile o r
filte rable, the authors suspected that marine bacterium m ight have been
involved in the virus inact ivat ion process. In a similar study, Shuval,
Thompson, Fat tal , Cymbalista and Wiene r (1971) found anti viral act ivity in
Medite rranean and Red Sea waters. Heating and filter sterilization reduced
the inactivating capacities of the water, leading the authors to also conclude
that marine bacte ria might play a ro le in viral inactivat ion . Laboratory
studies by Metca lf and Stiles (1968) and Vaughn and Metcalf (1975) demon
strated that inactivat io n of Coxsackie type ECHOvirus type 6 and
Poliovi rus type 1 was dependent primarily upon wate r temperature , auto
c1aved and ultravio let light-sterilized waters showing similar VIC . Follow
up studies in the fie ld indicated, however , that viruses could be inactivated
at an even faster rate in natural environments, suggesting that fac tors other
than temperature were involved. By using a flow-through system, Akin
et al. (1976) found that au toclaving and filtration had littl e effec t o n the
virus inact ivating capacity of waters from the Gulf of Mexico. They found
water temperature t o be the most important factor in virus survival but
ci te d the very complex nature of vi rus inactivation in an aquatic environment.
Temperatu re was again found to be an important factor in a study by Lo
et. al. (1976). The study revea led that while Po liovirus could survive six
wee ks at 25 Celsius, survival could be extended to 40 weeks by reducing t he
temperature to 4 Celsius. Their field studies indicated that whi le viruses
were more sensi tive to inactivation in natural enviro nments than in labora
tory environments, water temperature still played an im portant rol e in
survival rate. Poliovirus was shown to survive 27 days during the summer
months at temperatures of 21 to 26 Celsius, but was still viable for pe riods
of up to 65 days during the winter (0- 12 Ce ls ius). The authors demonstrated
t hat su rviva l rate varied greatly with the type of virus be ing studied. EC HO
virus type 6 was mo re stable than Poliovirus in bot h f ield and laboratory
studies. Coxsackievirus type 5 was the most stable, capable of surviving up
to 53 weeks at 4 Celsi us in laboratory exper iments, and over 80 days in fi e ld
stu dies.

The surv ival of ente ric virus in non-mar ine aquatic env ironments has
not been extensive ly studied. Simkova and Wa llnerova (1973b) found th at
Coxsackievirus A4 cou ld su rvive for 45 days at a temperature of 22 Celsius
and up to 154 days at 4 Celsius in Danube River water. Us ing membrane

dialysis chambers, O'Brien and Newman (1977) observed inactivation rates
of Poliovirus types 1 and 3, and Coxsackievirus types B1 and A 13 in the Rio
Grande River . They found inactivation to be a functi on of both water tem
perature and the virus type. All viruses were more readi ly inacti vated at
23- 27 Celsius than at 4 Celsius, with Po lio 1 and Coxsackie B1 showing
greater stabi lity than Polio 3 and Coxsackie A13. Lycke et al. (1965) found
river and lake waters to be devoid of inactivating capacity for Poliovi rus
ty pe 1, but Herman n et al. (1974) demonstrated that Pol io ty pe 1 and
Coxsackie type A9 could be inact ivated by water from a Wisconsin lake.
The viruses were inactivated more rapidly in natural-lake water than in
ster ili zed-lake water.

The mechanism for t he viricidal action of marine and othe r surface
wat e rs rema ins complicated . The role of powerful oxidants, sunl ight, salinity,
met als, detr ital mat erial and marine organisms has been suggested as con
tributing to vi ricidal capacities of natural waters (Won and Ross, 1973) , but
the re is considerable conflicting evidence concerning the effect of heat-labil e
filtera ble agents or toxins. All studies seem to agree that water temperature
appears to be of primary importance with greatest vira l inactivation occurring
at higher temperatures . Recent studies by O' Brien and Newman (1977) have
indicated vira l inactivatio n at tempe ratures lower th an 37 Celsius might be
due to damage of the nucleic acid core of the virus. They found that inacti
vated virus was still capable of adsorb ing to host cells even after exposure to
river water, indicating no major alteration of externa l structures. They
theorized that inactivation resu lted as a consequence of an exposure of the
viral nucleic ac id to some inactivating agent in the water, damage to th e
nucleic acid likel y resul ting in an inability for the virus to rep licate, rendering
it functionally "dead." While nucl eic ac id degradation appears to be the
primary mechanism for viral inactivation at a temperature of 25 Celsius and
below, it appears that oxidation of the vira l protein coat is the most likely
mechanism fo r inactivation at temperatures of 37 Celsius and above
(Lund ,1973) .

B-2. Shellfish
There has been increasing concern over the likelih ood of human virus

carriage by she llfish . While t here is littl e ep idemiological evidence for th e
transm ission of enteric disease from the consumption of sewage-contaminated
shellfish (with t he notable except ion of infectious hepatitis), the potent ial
for infection cannot be ignored. Fugate, Cliver and Hatch (1975) outlined a
number of reaso ns why a potentia l health hazard ex ist s : (1) she llfi sh-raising
waters are continually being subjected to high levels of pollution from sewage
sources; (2) shellfish , being filter-feeders, are able to efficiently concentrate
viruses from the su rroundi ng waters; (3) a majority of viruses are concen
trated in the digestive organ of the mollusk, which is consumed along with all
the other parts of the animal; (4) shell fish are frequently consu med raw or
w ith min imal cooking that may not be suff ic ient to inactivate all of the
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viruses within them.
The occurrence of human virus (i.e. enterovirus) in va ri ous shellfish

is well documented . Mo rri s, Mearns and Kim (1 976), while studying
the presence of virus in the California mussel found that 18 of the 39 samples
tested contained virus. The mussels had been taken from beds located near
outfalls which were discharging primary and secondary treated sewage
effluent. Viral enumerations revealed concentrations ranging from 25 to 1475
PFU per kilograms of meat. Fugate et. al. (1975) found virus in two of 17
oyster samples in Texas and in one of 24 samples taken from the Louisiana
Gul f Coast . Oysters had been taken from areas t hat met the approve d
coliform standard . Vi ru s isolates were identi fied as ECHOvirus type 4 and
Poliovirus type 1 from the Texas oysters, and Poliovirus type 3 from the
Louisiana oysters.

In 1968, Metcalf and Stiles isolated Poliovirus, Coxsackie B-3 and
Reovirus from shellfish growing in a sewage-polluted estuary in New
Hampshire. Coxsackie type A was isolated from seven of 70 oyster samples
and two out of ten mussel samples found in a French market (Denis, 1973).
Sero logical assays in suckling mice iden tified the majority of t he French
isolates as being Coxsackie virus type A16.

Although many enteric virus isolates have been found in shellfish, there
is no epidemiological evidence to indicate that consumption of contaminated
shellfish would lead to infection. There is, however, well-documented evi
dence for the shellfish-mediated transmission of disease by Hepatitis virus.
The first reported shellfish-related outbreak occurred in Sweden in 1955
resulting in 629 cases of infectious hepat itis (Roos, 1956) . Since then, ou t
brea ks have occurred in 1961 in New Jersey, Mississi ppi and Alabama; in
Philadelph ia and Connecticut in 1963; in North Caro lina in 1964; in New
Jersey in 1966; and in Rhode Island and Massachusetts in 1971 (Portnoy
et al., 1975). An outbreak occurred in October and November 1973 (Portnoy
et. al_, 1975) affecting 263 individuals from Houston and 15 from Calhoun,
Georgia, who were infected with hepatitis following the consumption of raw
oysters from Louisiana Bay. After elim inati ng the possibility of contam ina
t ion during transportat io n and storage, investigati on concluded that the
oys ters were contam inated prior to, or at the time of harvesti ng. The area
from which the oysters were harvested had been closed six weeks earlier
due to contamination by polluted flood waters from the Mississippi Valley.
On September 1, the area was re-certified by means of a coliform standard.
The authors concluded that the Hepatitis virus had been retained within
the oysters for periods as long as six weeks. More recently, Mahoney et. al.
(1974) detected the presence of Austral ia antige n (Au), indicat ive of t he
presence of ty pe B Hepatitis virus, in Ma ine clams. The cl ams were taken
f rom waters known to be contaminated with untreated sewage f rom a loca l
hospital. It was found that the antigen could be transmitted to previously
uninfected clams, and they concluded that shellfish could act both as a vector
and a reservoir for Au antigen and type B Hepatitis virus.

Shellfish obtain their food through a filter· feeding process in which
they selectivel y ingest small particles of organic matter from large volumes of
seawater , Food partic les become attached to the mucous sec retions of
shel lfish and are directed by ciliary action to the mouth region where they
are either swept into the mouth, or rejected and passed out as pseudofeces.
Since viruses are often attached to small particles of organic material, they
readily gain entrance to the inner portion of shellfish .

DiGirolamo et al. (1977) proposed a mechanism for the attachment of
virus to shellfish mucus during feeding . Utilizing a number of enteric viruses
in seeded laboratory ex per iments, they foun d t hat viru s particles became io ni 
cal ly bound to secretions. The b inding sites we re fo und to be the sulfate
radicals in the mucopolysaccharides of the shellfish mucus . The uptake of
virus particles by shellfish occurs very rapidly resulting in the accumulation of
large numbers of viruses in the digestive glands of the animal. Liu, Seraichekas
and Murphy (1966a) found 70% of the poliovirus seeded into seawater tanks
was accumulated in species of the Northern Quahaug in 48 hours.
DiG irolamo, Liston and Matches (1975) reported a similar rate of uptake in
the West Coast oyster wit h 80 to 90% of seeded viruses accu mu
lated within 24 hours. Liu, Seraichekas and Murphy (1966b) found that
maximum efficiency of virus uptake occurred when virus concentrations in
the surrounding water were at low levels. Hamblet et al. (1969) reported that
oysters subjected to low turbidity water accumulated three times as many
Poliovirus as oysters in high turbidity seawater.

Although high titers of virus can be accumulated within shellfish in a
rel ati vely short period of time, the an imal's filterin g system can work to
remove virus when placed in clean water through a process called depu ra·
tion . Laboratory studies have shown that contaminated shellfish, when
placed in fresh running seawater, can be rendered virus-free. Depuration rates
have been found to be dependent on the temperature as well as the salinity
of the seawater (Liu, Seraichekas and Murphy, 1967). Studies have found
removal of virus occurring in 48 hours at 18 C. Reducing the temperature
to 13 Celsius resulted in an increase in the depuration time. Little or no
depura tion occurred at 8 Cel sius, temperature at which the shel lf ish ceased
pumping , The authors also demonstrated that a reduction of 50% in the
salinity of the water in the oyster tanks was sufficient to halt the virus depur·
ation process. Studies conducted in an estuarine environment by Vaughn and
Metcalf (1975) showed that complete virus removal from seeded oysters
required a period of 21-30 days in summer (17- 22 Celsius) and 60- 80 days
during winter months (-1-12 Celsius). These results tended to confirm those
of severa l ea rl ie r stud ies. Hamblet et. al. (1969) concluded that under con
trolled envi ronmenta l conditions, oysters can effectively elimi nate virus
irrespective of turbidity levels. The optimal conditions for depuration were
judged to be continuously flowing virus-free seawater of either high or low
turbidity; a temperature optimum of 20 Celsius; and a salinity of greater
than 18 parts per thousand.



In addition to determination of uptake and depuration rates, the ques
tion of virus surv ival within the shellfish has also been addressed. Morris et al.
(1976) ca lculated t hat enteric viruses could su rvive in mussel tissue t hree to
six times longer t han coliform bacteria. Hedstrom and Lycke (1964) found
Poliovirus to be more stable in oyster tissue than in the surrounding waters.
DiGirolamo et al. (1970) went one step further in testing the survival of
Poliovirus in shellfish during various food preparation procedures. They
found a marked stability during refrigeration for periods up to 30 days.
Studies with heat processing showed surprising results. The authors were
unable to inactivate all of the shellfish-bound Poliov irus after fry ing or
stewing for 8 min utes, baking for 30 minutes, o r steam ing for 30 minutes.
They concluded that none of the procedures were of sufficient duration to
generate enough internal heat to bring about total virus inactivation. Later
studies conducted by the same authors concluded that total virus inactivation
required a 3D-minute exposure to temperatures in excess of 70 Celsius.

C. Sanitary Landfills
Sanitary landfills contain a mass of heterogeneou s so lid waste materia ls

including those generated by households, such as animal (pet) feces and
fecally soiled disposable diapers. Since fecal material is known to contain
potential human pathogens, the possibility exists that such organisms may be
collected and passed via the landfill leachates to groundwater aquifers
(Pohland and Engelbrecht, 1976).

While a number of studies have investigated landfills for pathogenic
bacteria, few have concerned themse lves with the fate of human enteric virus
in landfil l leachate and leachate-conta minated groundwater. Peterso n (1971)
examined raw municipal solid wastes and found human enteric virus in 4 of
12 samples in concentrations of 192 to 684 PFU per 200 grams of solid
waste. The viral isolates were identified as Poliovirus types 1, 2 and 3 . Among
the waste items most commonly present in the municipal waste were dis
posable diapers. Further studies by Peterson (1974) demonstrated that
enteric viruses could be found in 10% of the soiled disposable diapers
analyzed .

The potenti al hazard of enteric viruses in sanitary landfill s depends
upon the amount of viruses in the landfill, their survival in the landfill envi
ronment, and the ability of the viruses to pass through the landfill into the
surrounding environment (Engelbrecht et al. 1974). As with most micro
organisms, the fate of enteric virus in landfill environments is contingent
upon a number of factors including temperature, pH, moisture, duration of
storage and the presence of chemical and biological antagonists. A majority
of survival stud conducted thus far has dealt with t he survival of virus in
landfill leachate. Peterson (1971) fai led to recover virus after seeding solid
waste with Poliovirus in a sanitary landfill. Cooper et al. (1975) reported
sporadic recovery of seeded Poliovirus for periods of up to 20 weeks from
the leachates of simulated sanitary landfills whose chemical and physical

properties were similar to those of natural sanitary landfill leachates. The
authors felt that the sporadic occurrence was due to the irregu lar distribu
tion of t he fill, and the non-u niform flow of wate r over t he fill. They were
able to show, however, that the leachate had no detrimental effect on Polio
virus over a 48 hour period. Sobsey et al. (1975) was unable to recover
Poliovirus or ECHOvirus in a simulated sanitary landfill seeded with high
concentrations of each virus. They conceded that their Iysimeters might not
have been operating for a sufficient amount of time to allow viruses to
travel the length of the refuse column . Engelbrecht et. al. (1974) studied the
stability of Poliovirus in landfill leachates at vari ous temperatures and pH.
They found that naturally occurring leachate (22 Celsius) at a pH of 5.3 was
more viricidal than at a pH of 7.0. Additional stud ies on the effect of temper
ature showed an almost immediate viral inactivation at 55 Celsius. Simi lar
work by Sobsey et. al. (1975) showed 95% virus inactivation in two weeks
at 20 Celsius, in six days at 37 Celsius and in 27 days at 4 Celsius.

From the above, it can be determined that the rate of viral inactivation
will vary great ly depending on the type of leachate stud ied. In an effort to
determ ine which spec ific chemical characteristics were responsi ble for viral
inactivat ion in leachates, Engelbrecht and Amirhor (1975) fract ionated a
landfill leachate by ultrafiltration and tested the various subfractions for virus
inactivating capacity. They observed that most of the inactivation was found
in a 500 molecular weight (MW) permeate. Chemical analysis of the permeate
revealed that it contained high concentrations of short chain fatty acids as
well as iron (120-190 milligrams per liter) and zinc (30-48 milligrams
per li te r).

Li t tle informat ion is available on t he passage of vi ruses from landfills
leachates to groundwater aquifers. Existing data on removal of virus in sew
age material via adsorption to soil columns cannot be extrapolated to a
virus-in leachate situation (Pohland and Engelbrecht, 1976). A single study
conducted by Novello (1974) showed an 80% or less retention of Poliovirus
in landfill leachate by soil. To date, no follow-up studies have been reported .

D. Sto rmwater Recharge Basins
The re is li tt le or no information available concern ing the presence of

human viruses in stormwater recharge basi!"'s, or the groundwater beneath
them. It can be speculated that the most likely source of viruses in such
basins would be from surface run-off (provided such waters would have access
to basins). Viruses on entering basins would be subjected to the same removal
systems d iscussed for sewage recharge basins in section E-2 (i.e., adsorption to
soil, etc.).

The presence of virus in grou ndwater beneath stormwater recharge
basins could also be indicative of other pollutio n sources. Such a condition
might occur in an area where the basins are in the midst of a heavily devel
oped area making use of septic tanks. In such an area, viruses might enter the
groundwater through septic leachates with no direct involvement of the basin.

5



6

E-1. Sewage Treatment Plants
T he occurrence of virus in human domestic wastewater is well-doc

umented. Poliovirus was first found in raw sewage by Levaditi (1940) and by
Paul, Trask and Gard (1940). Melnick (1954) found Poliov irus in secondary
treated sewage efflu ents. Although outbreaks of poliomyelitis were reported
shortly the reafter (Little, 1954), the evidence incr iminating the outbreak as
water-borne was circumstantial. Other enteric viruses have been isolated from
sewage, such as Coxsackie (Clarke, Knowles, Shimada, Rhodes , Ritc hie and
Donahue, 1951) and ECHOvirus (Kelly and Sanderson, 1957) . More recently,
Shuval (1970) found high concentrations of enteric vi rus in raw sewage rang
ing from five to 11,000 PFU per liter. Ina two-year study of Israeli waste

.waters, Buras (1976) found virus were present throughout the year in both
raw sewage and secondarily treated effluents. The highest concentrations
reported were during the summer months with average concentrations of
28,000 PFU per 100 milliliters in raw influent and 20,000 PFU per 100 milli
liters in the treated effluent. There we re considerably less virus found during
the winter months. During a period of epidem ic poliomyelitis, seven strains
of Poliov irus 1, 2 and 3 were recovered from Madrid wastewaters (Olivares,
1974). Studies have demonstrated the high number of solid-associated virus in
sludge (Wellings, Lewis and Mountain , 1976; Cliver, 1975) that is removed by
primary settling during the initial phases of wastewater treatment. Although
the raw sludge is rich in nutrients, it cannot be utili zed in this form due to the
high concentrations and long-te rm survival of both bacterial and viral path
ogens. Invest igations have shown that virus associated with sludge solids is
still capable of causing infection (Moore, Sagik and Malina, 1975) . A common
treatment for raw sludge is anaerobic digestion. Studies have elucidated the
mechan ism of viral inactivation du ring anaerobic digestion. Us ing raw sludge
seeded with different serotypes of Poliovirus, Ward and Ashley (1976) found
that virus could be recovered intact from digested sludge, but the concentra
tion vari ed with temperature and time. They observed a 90% reduction in
viral infectivity in one day at 28 Celsius, but required a digestion period of
five days for the same reduction at 4 Celsius . Since raw sludge exhibited no
viricidal acti vity, th ey concluded in a later study that the viricidal agent was a
product of the digestion process (Ward, Ashley and Moseley, 1976). Frac
tionation of the digested sludge indicated that the anti-viral activity was
associated with t he liquid portion of the sludge. When this fraction was added
to raw sludge viral inactivation occu rred . Analysis of the liquid indicated the
agent responsible for the inactivation was ammonia (Ward and Ashley , 1977).
Inactivation was found to occur only when the pH of the digested sludge was
8.0 or higher where the am monia would be in the uncharged state. Inactiva
tion was observed for several viruses belonging to the Picornavirus family
(Polio , ECHO, Coxsackie) wh il e Reovirus was resistant to the effects of
ammonia. The mechanism of inactivation appeared to be cleavage of the
major capsid proteins followed by destruction of the viral RNA.

A number of studies have been conducted that were designed to det-

ermine the efficiency of virus inactivation at each step of the wastewater
treatment process.

Primary Settling. The data on virus removal by primary settling is
confusing and incompl et e . Afte r seeding Poliovirus in raw influent, Clarke
et al. (1961) reported that virus fa iled to set t le out withi n three to six hou rs
after seeding. Only 40 to 70% of the vi rus had settled after 24 hours even
though 75% of the solids had sett led . Berg (1973b) pointed out t hat t here
was no way of measuring those viruses imbedded and adsorbed within the
fecal material. Presumably, a large portion of these viruses would settl e out
with the solids .

Storage. Lo ng-term storage has been suggested as a sim ple method for
destroying virus. The su rvival of vi rus, however, is d irec tly related to the
water quality and the temperature (Berg, 1973b) _ In his study, Berg reported
that 99% inactivation of Pol io 1 and ECHO 12 required 60 days of storage at
10 Celsius, and 30 days at 30 Celsius. ECHOvirus type 7 required twice as
long for the same inactivation . Survival was found to be longer in clean water
than moderately or grossly polluted water (C larke and Chang, 1959 ). Because
of the lengthy detention times and the la rge storage facil it ies req uired , thi s
method of virus removal is not considered to be pract ical.

Biological Treatment. Several methods of biological treatment have
been utilized to remove virus from wastewater including: trickling filters,
stabilization ponds and activated sludge. Trickling filters show errat ic vi rus
removal rates. Shuval (1970) reported 16 to 100% recovery of virus from
wastewater passed through trickl ing f ilte rs. Results f rom experiments utilizing
stabilization ponds to remove virus were eq ually varied and erratic. In a series
of repeated experiments, Shuval (1970) reported that virus removal ranged
from 0 to 96% in ponds with a 20 day ret ention time.

Activated sludge appears to be the best method of b io logical treatment
available for virus removal or inacti vation. In labo rato ry studies , Berg (1971)
reported that 96 t o 99% of Coxsackie type A9 was removed after a 6 to 8.5
hour treatment period. When Polio 1 was seeded into activated sludge, 88 to
94% was removed within 7 .5 hours. S imilar studies conducted at treatment
plants yielded reductions of 53- 71%.

Chemical and Physical Treatment . Coagulation appears to be the most
effective chemical procedure for remova l of viruses from wastewater. The
reactio n involves a metal cat ion-protein interaction forming a meta l-virus
complex that aggregates to form a precipitate (Clark and Chang, 1959).
Aluminum sulfate, calcium hydroxide and polyelectrolytes have been most
often used in the coagu lation process. Chang et al. (1958) obtained virus
reduction up to 99% using 60 to 100 mill ig rams per li te r o f alum. By using
ten milligrams per liter of alum as a coagulan t, Thorup et al. (1970) removed
85 to 90% of seeded Poliov iru s ty pe 1. Virus is ge nerally not inactivated by
coagulation but precipitated in the sludge. A number of investigators have
isolated viab le virus from alum sludge and expressed concern ove r the disposal
of such sludge (Berg, 1973 b). Li me rCa (OH) 2) is an e ffective coagulant at



Table 2

TIME TO INACT IVATE 99.99 PERCENT
OF TWENTY-FIVE HUMAN ENTERIC VIR USES

WITH 0.5 MG/L FREE CHLORINE IN POTOMAC WATER
(pH 7.8 and 2 C)

Virus M inutes Virus Minutes

Reo 1 2,7 14

2 Reo < 4.0 5 16,2

Reo 2 16
4 Adeno < 4,3 1

Cox 82 1 ECHO 1 27,0

6 A9 1 Polio 3 30.0

7 Cox 84 7,0 20

8 ECHO 7 35.3

9 ECHO 5 8.0 22 39 ,5

10 Cox B1 8.5 40.0
11 ECH09 12.0
12 Adeno 7a 12.5 20.0
13 ECHO 8 13.0

E·2. Sewage Effluent Reichalrae
Most effluents from wastewater treatment contain IJ'JIJ"t"UIJII~

of enteric viruses. The presence of these viruses constitutes a threat
to wastewater should be carried soil
and contaminate the groundwater aquifers. The fate of viruses in soil, their
adsorption, movement and survival, should be studied in order to

liter were to inactivate 99.9% of Poliovirus in sewage in ten minutes.
To reach the same level of nine per liter of
chlorine were needed to inactivate coliform Kott et ai, (1
also demonstrated Poliovirus to be more resistant to chlorination treatment
than E. coli.

Other agents have been used to disinfect Ozone appears
to have excellent potential value as a terminal agent ","' fIf'''',,,,,,
in waters containi ng 1973b) It has been shown to inactivate
Polio type 3 and Coxsackie B3 in ten minutes. Iodine has also been used in
small water While slower in virus inactivation than HOCI,
12 has the advantage of not amines and may be useful in wastewaters
containing ammonia (Berg, 1973a) Studies of the use of bromine have
yielded results to those for 12. While all methods have
shown in small scale none has proven
to be totally reliable in sewage disinfection processes.

Efforts to virus, free sewage effluents have thus far met with
little success (Sproul, 1974) The problem appears to rest not with the
type disinfectant used, but the of the water disinfected
1971).

viruses were more resistant to the
Chlorine concentrations of 40 milligrams per

milligll'arrlS per liter, When the concentra·
1 resulted. This level was sufficient to

of virus a gO-minute contact
removal was also reported using

Cationic have been found
ren10val than non ionic or anionic polyelec1tro

water up to 99% removal of virus was

sewage treatment cannot
harmful bio-

treatment, a terminal disinfection stage is
fo r due to the nature of the

" ffh '<lnt wastewaters, there evidence to indicate that routine disin-
fection used in most sufficient to viruses. There is
no agent which can disinfect all types of wastewaters due to
the of the effluents.

te rminal disinfectant. The viric idal effec-
upon retention temperature,

of the water treated. There is
to which form of chlorine the most

and neutral pH levels chlorine hydro·
while under alkaline conditions, it

Kott , and Ross (1 indicated
a more effective viricidal agent

had (1954) that the
concentration of one milligram per liter was

inactivate of Coxsackie type A2 in 100 seconds at 27
V"">HJ~,V"""' " sim il ar concentrations of ion 3.5 minutes

leve l of inactivation. reduction was shown to
lengUlen the inactivation but the same difference was noted with HOCI

seven minutes and OCI- in 30 minutes. Other investi-
gators found ocr to be the more effective viricidal agent (S(:anpinlo
et . The effect iveness of chlorine as a agent is compli·
cated its reactions with other wastewater components to the
formation of a of compounds. The presence of ammonia, for example,
i·esults in the production chloramines. Not are chloramines less
"ffi"i"n+ in the ir viral but at a concentration of 0.06
millliaran'lS per liter to and other life. within the
Enterovirus group have sensitivities chlorine as seen in Table 2 (Liu

Reovirus type 1 was inactivated in 2.7 minutes, but
Coxsackie type A6 virus ove r 120 minutes of contact time to reach

level of The inactivation time among members of the
group vary significantly
Shuval 1

of chlorine than hFlI·'t"ri"

7
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determine if potential health hazards exist.
A number of field studies have been discussed in the literature which

ind icated that viruses can be effectively removed fro m sewage effluents by
percolation through soil. At the Santee Water Rec lamat ion Project, chlorin
ated sewage effluent, percolated through 400 feet of sand and gravel, was
used to supply waters for a recreational lake (Merrell and Ward, 1968). Out of
128 samplings, two showed posit ive vi ral isolat ions. Afte r seedi ng t reated
wastewater with high concentrations of Polio type 3, no virus could be found
after passage through 200 feet of sand reclamation bed. It should be noted
that the authors used swabs and gauze pads as water sampling devices . These
methods do not represent very effective means of recove ring viruses under
field conditions. Gilbert et al. (1976b) found that percolat ion through
60-90 centimeters of fine loamy sand was sufficient to remove 99.99% of
the viruses found in secondary sewage effluents. Sand filtrat io n was also
found to be sufficient to remove over 99% of tota l col iforms, fecal coliforms
and fecal streptococci (Gilbert et al., 1976a).

A number of studies have detected the presence of viruses in ground
water follow ing the recharge of sewage effluents through sand basins. Hori
et al. (1970), studying the fate of Poliovirus type 2 recharged through Oahu
Island soils, found instances of viral contamination of groundwater despite
the good removal characteristics of the soil. The authors concluded that the
possibility of groundwater contam inat ion existed if t he underl ying so il was
interrupted by fissures and fractures that would resu lt in channe ling of the
percolating waters. In a study of the rapid infiltration of viruses through silty
sand and fine gravel, Schaub and Sorber (1977) demonstrated the sporadic
occurrence of enterovirus in groundwater. Laborato ry experiments confi rmed
the poor removal qualities of the test soil used in the ir field experiments.

The probable mechanism of virus removal during percolation through
sand or soils is adsorption rather than filtratio n or siev ing (Drewry and
Eliassen, 1968). The adsorption process is strongly influenced by a number of
factors including the pH of the recharged water, the chemical composition
of the soil, the moisture content of the soil and the rate of recharge (Gerba
et. al. , 1975) . Since viruses are electricall y charged, collo idal part icles consist 
ing of an inner core of nucleic acid surrounded by a protein coat, the pH
and ionic strength of the surrounding medium greatly influence the ability
of the virus to adsorb to soil particles. Drewry and Eliassen (1968) demon
strated this pH dependence in a study of the abi lity of bacte riophage to
adsorb to different types of soils. They found that maximum adsorption
occurred when pH values were below the isoelectric po int of the virus parti
cle. Under these conditions, the virus would be posit ively charged and act
as a cation, freely adsorbing to the negatively ch arged so il.

The ionic strength of the adsorbing environment was also found to be
an important factor in the attachment of virus particles. Wellings et. al.
(1975) studied the ability of a cypress dome to remove enteric viruses present
in treated sewage effluent. No isolations were observed during the first five

months, however, three isolations of virus from groundwater were later
reported following a period of heavy rainfall. The authors concluded that
the rainfa ll resulted in an increase in the water /soil ratio, which acted to
desorb the viruses allowing them to move vertically towards the aquifer.
A similar desorption effect was seen when deionized water was added to
250 centimeter calcareous sand columns used to recharge sewage effluent
(Lance et al., 1976). The virus, which had been previously adsorbed to the
top five centimeters of the soil column, moved down the column readsorbing
at a lower level. Desorption was minimized by drying the columns one day
between applications of the sewage , or by addit ion of cations to the effluent.
The investigators concluded that desorption was due to a reduction in the
ionic strength of the soil. In a similar study Duboise et al. (1976) reported
that a specific conductance of 700- 800 micro-ohms per centimeter was
necessary for maximum retent ion of vi rus to soiL The add ition of di stilled
water to simulate rainfall diluted the ionic capacity of the soil and freed
the virus.

Robeck et. al. (1962) reported that the rate of recharge was important
in the removal of Po liov irus ty pe 1 in a sand recharge bas in. At recharge rates
of 0.6 to 1.2 liters per minute per meter squared (I/min/m 21. 99% of the virus
was removed during passage through sand columns. At higher flow rates of
38 to 76 l/min/m2 , viruses were commonly found in the sand column efflu
ent. Gilcreas and Kelly (1955) reported sim ilar results using Coxsack ie A5.
A flow rate of 7.5 l/min/m2 allowed removal of 99% of the virus while a
75 l/min/m2 recharge rate resulted in the removal of only 10% of the virus .

Clean dry sand has been shown to have little or no capability for remov
ing virus (Berg, 1973a). Moistened sand showed a better removal efficiency
(Nestor and Costin, 1971). Drewry and Eliassen (1968) reported that soils
with a high clay and silt content (composed of .5 to 1% organic matter)
were effective in remov ing vi ruses . Clay part icles were fou nd to possess a
larger surface area than sand which provided numerous sites for viral adsorp
tion (Britton , 1975).

Although viruses are readily adsorbed to soils during the process of
recharge, they can rem ai n viable for signi fi can t per iods of ti me. Moore
et al (1975) found that Poliovirus adsorbed to organic and inorganic par
ticulates was still infective. Schaub and Sagik (1975) reported that c1ay
adsorbed virus retained its infectivity in tissue culture monolayers and in
mice. Bagdasaryan (1964) studied the survival of enteric viruses in soil and
concluded that survival was dependent on the pH of the soil, its moisture
content, the nature of the soil and its temperature. Sandy soil at a pH
of 7.5 provided the best conditions for virus survival , wi th Polio type 1
surviving for 170 days at 3-10 Celsius. Wellings et al. (1975) reported
isolating Poliovirus in a groundwater well below a recharge basin 28 days
after application of sewage effluent was terminated. Duboise et al. (1976)
found Poliovirus capable of surviving 84 days in soil at 3 Celisus. Increasing
the temperature to 20 Celsius resulted in a 99% inactivation rate in 84 days.



A simi lar study by Tierney et at. (1977) detected Poliovirus after 96 days in
irr igated soils du ring the winter. Summer survival in soil was significantly
shorter, lasting only 11 days.

F. Septic Systems
Little information is available on the fate of human enteric viruses

in septic systems. Since large numbe rs of human viruses can be shed in
feces, there is little doubt of their p resence in the syst em. What is needed
is more info rm ation concerning the amount of vi rus rem oved duri ng the
init ial stages of settling, the mechanisms and rate of viral inactivat io n during
th is pe riod and the ultimate fate of viruses discharged in septic tank effluen ts.

Due to the lack of scientific study, the answ ers to the first two que s
t ions have not been det ermined. One can, however, speculate based upon
similar processes occurring during the initial stages of conventional waste
water treatment. As found in primary settl ing, some viruses will be re moved
with the solids, the surviva l depending upon the presence of non -specific
vir icida l agents p resent in the sludge or the toxic metabolic by-products of
the resident microbial population.

T he fate of vi rllses d ischarged in septic ta nk effluents has been the
subject of a few laboratory stud ies, but little or no data has been gathered
from fi e ld tri als. T he studies have concerned themselves with th e removal of
viruses from effluents by percolation through soils, a subject which has been
revi ewed in Section E-2. Sproul (1975) reported that viruses discharged from
leaking septic tanks cou ld be efficiently removed from the leachates depend
ing on the type of subsoil , t he flow rate and the overall quality of the efflu
ent itse lf. He recommended using soi ls which contain a high percentage of silt
or clay , w ith a minimum dept h of with in five t o ten feet of th e fractured
ledge. The recommended flow rate for such a system was 0.4 to 0. 7 gallons
per day per foot squared (gpd / ft 2 ). Cit ing the number of viral isolations from
groundwater fo llow ing recharge, Sproul wa rned that the soil adsorbing layer
shou ld be f ree f rom fissu res or fractures that would lead to channeling and
possible contam in ation of the groundwate r. Green and Cli ver (1974) reported
on laboratory studies invo lv ing the removal of virus by sand columns. Using
Pol iovi ru s ty pe 1 seeded into septic tank effluent , they found that a majo rity
of t he viruses were removed in 60 centi mete r sa nd columns . The sand co
lumns were the most efficient when the column was unsaturated. Drewry
and El iassen (1968) found so il to be an effective virus adsorbing medium
except whe re channeli ng occurred. T heir recomme ndat ions for an id eal sub
surface soil percolation system included a minimum infiltration rate of 2 .54
centimete rs per hour with a loading rat e of three ga llons per day per foot
squared (gpd / ft 2) and a h igh adsorptive so il containing 1 to 2% silt or clay
and 0 .5 to 1% organic matter. They conc luded that incorporation of the
above criteria, in addit ion t o placement of the septic system 100- 150 feet
from the nearest well, would be suffici ent to avoid viral contamination of
groundwater used for domestic purposes .

III. Methods and Materials
A. Sample Site Selection
Sites for virus samp li ng were chosen by a sub-group of the Technical

Adv isory Committee which represented a diversity of professional disciplines.
The sites selected and the frequency with which they were sampled are

desc ribed below and reviewed in Table 3 .

Table 3

SIT ES CHOSEN FOR VIRAL ANAL YSES

Site Location Type Sample Frequency
(County)

1. Meadowbrook STP Nassau Chlor inated sewage effluent Monthly

2. Meadowbrook Well Nassau Groundwater from obser- Monthly
vation well located down
flow from sewage effluent
recha rge basin

3 Oyster Bay STP(a) Nassau Chlorinated secondary Monthl y
sewage effluent

4. Oyster Bay- closed Nassau Bay water (area closed Monthly-
waters to shellf ishing) June-Sept,

March-May
Bi-monthly-
Oct-Feb

5. Oyster Bay- open Nassau Bay water (area open Monthly·
waters to shellfishing) June-Sept.

March-May
Bi-monthly-
Oct-Feb

6. Oyster Bay- closed Nassau Oysters from closed Monthly-
oysters area June-Sept

March-May
Bi-monthly-
Oct-Feb

7. Oyster Bay- open Nassau Oysters from open Monthly-
oysters area June-Sept

March-May
Bi-monthly-
Oct-Feb

8. No. Massapequa Nassau Wa er from observation Monthly
recharge basin well locat~ d wi thin

recharge basin receiving
storm water run-off

9. Bayport Well Suffolk SCWA(b) well water Monthly

10. Oakda le Well Suffolk SCWA well water Month ly

11. Stony Brook STP Suffolk Chlorinated secondary Monthly
Sewage effluent

12. Stony Brook We ll Suffolk Groundwater from Monthly
observation well located
down flow from sewage
efflu en t recharge basin

9



Tabl e 3 Cont'd.

Site Location Type Sample Frequency
(County )

13. Penataqu it Creek Suffolk Sa l t water creek rece iving Monthly
freshwater ru n·off

14 . Great Sou th Bay - Suffolk Bay wa ter (area open to Mon th ly·
open waters shellfishing) June·Sept,

March·May
Bi·monthly ·
Oct·Feb

15. Grrwt South Bay - Suffolk Cl ams f rom open area Monthly.
open clams June··Sept,

March·May
Bi·monthly·
Oct·Feb

16. Great South Bay - Suffolk Bay water (area closed Monthly·
Closed waters to shellfishingl June·Sept,

March·May
Bi ·monthl y ·
Oct·Feb

17. Great Sou tn Bay ···· Suffolk Clams from closed area Monthly·
closed c lam s June·Sept,

March·May
Bi·monthly ·
Oct·Feb

18. Babylon Well Suffolk Groundwater from Monthl y
observation well located
down f low from san itary
landfill site

19. Sunrise STP Suffo lk Chlorinated secondary Monthly
sewage efflu ent

20. Sunrise Well Suffolk Groundwater f rom Month ly
observation well located
down flow from sewage
effluent leachi ng pools

21 . Parkland III STP Suffolk Chl orinated sewage effluent Monthly

22. Parkland II I Well Suffo lk Groundwater from Monthly
observation well located
down flow from recharge
basin receiving sewage effluent

23. Lake Ronkonkoma Suffolk Lake Water Monthly·
June·Sept,
Bi·monthly·
Oct·May

24. SCHD (c) Experimental Suffolk Raw wastewater Monthly
wastewa ter septic
system (located at
Brookhaven Nat ional
Labora tory) ·- Influent

25. SCHD experi m ental Suffolk Treated non·ch lorinated Monthly
sep tic system-eff luent eff luent

(a) Sewage Treatment Plant
(b) Suffolk County Water Authority
(e) Suffolk County Health Department
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APP EN DIX TO T ABL E 3

All " well" sampl es l isted were co llec ted hom observat ion wells which had
driven a few feet below the upper surface of the groundwater aquifer .

1. Sites Located in Nassau County
(a) Meadowbrook Hospital. The site included a 1,000,000 gallon per

day (G PO ) capacity secondary sewage treatment plant (trickling filter) which
services the hospital comp lex of the Nassau County Medical Center and
Nassau County Jail . Chl orin ated effluent was discharged into a ser ies of
recharge basins th at we re located ap proxim ately 34 feet above the ground
water tab le. Sampling at th is site consisted of a 25 gallon sewage effluent
sample and a 100 gallon groundwater sample taken from an observation well
that was located within ten lateral feet (downflow) of the primary recharge
basin (sample designated as "Meadowbrook Well"). Samples were taken on a
monthly basis .

(b) Oyster Bay STP. The si te consisted of a secondary sewage t reat·
ment fac ility (trickling filter) that disinfected its effluents via chlorina
tion. T reated effluent was discharged directly into Oyster Bay. Twen ty-five
ga llon samples were taken on a month ly basis from t his site.

(e) Oyster Bay Waters and Shellfish. Water (100 gallons) and shell·
fish (oyster) samples were ta ken from areas of Oyster Bay that had been
designated as " open" or "closed" to shell fishing by the New York State
Department of Environmental Conservation on the basis of coliform data.
The sites were sampled monthly from June- September, and again from
March- May, and on a b i·month ly basis from Octobe r- FebrLlary .

(d) North Massapequa . The si t e was chosen as a representative
stormwater recharge basin located in a thickly settled area. Sampl ing con
sisted of 100·gallon volumes collected monthly from a United States Geo
logical Survey observat ion we ll located in the bottom of the basin.

2. Sit es Located in Suffolk County
(a) Bayport Well, Oakdale Well . Both sites were Suffolk County

Water Authority publ ic drink ing water supply wells located in the ham lets of
Bayport and Oakdal e respectively . Samples, taken at month ly interva ls, con
sisted of 100 gallons each. Both areas had been in service for a number of
years with neither having any past problems with high coliform counts.

(b) Stony Brook . This site included a 300,000 gall on per day capac
ity secondary sewage treatment plant (contact stab ilization) and a series of
recharge basins into which chlorin ated effl uent was discharged. At monthl y
inte rv als, 25 gallon treated effluent samples were taken along with 100
gallons of water taken from an observation well located some eight lateral
fe et downflow from the nearest rech arge basin. T he basins themselves were
some 80 feet above the water table.

(e) Penataquit Creek. The creek, located in the hamlet of Bay Shore



is a tributary to Great South Bay. In making its way to t he bay , the water
passes t hrough a residen t ial area and by a hospita l. The actual samp li ng point
was the Town of Islip boathouse located well below the above areas.

(d) Great South Bay Waters and Shellfish . Located wit h in the Town
of Islip, sites for collection of wate r (100 gall ons) and shellfish (cl am) sam ples
included areas designated as "open" and "cl osed" t o shellfishi ng by the New
York State Department of Environmental Conservat ion. Samples were taken
monthly from J u ne-September, and March - May , and on a bi-month ly basis
from October - February .

(e) Babylon. The sampling area was a groundwater observat ion well
locat ed within one quarter mile down grou ndwater flow from the Babylon
landfill site . The landfill includes regu lar rubbish d isposal and pits for scav
enger-waste disposal , and is located approximate ly 75 feet above the glac ial
aquifer. Monthly samples of 100 gallons each were t aken from a United
States Geological Su rvey o bse rvat io n well.

(f) Sunrise Garden Apartments. This si te, located in the hamlet of
Sayville, included a secondary sewage treat me nt fac ility (contact stabi lization)
with a 38,000 gallon per day measured operating capac ity . Chlorinated efflu
ent from the plant was discharged to a leaching fi e ld that was located some
five to eight fee t above the groundwater table. Twenty-f ive gallo n effluent
samples were taken at month ly interva ls, along with 100 ga llon vo lumes from
an observat ion well that was sunk within ten feet downflow from the leach
ing field.

(g) Parkland /II. The site consisted of a 260,000 gall on per day ca
pac ity te rtiary treatment plant (exte nded aeration, d enitrif icatio n, gravity ,
sand fi lt ration) with recharge basins located some 18 feet above the water
table . Twenty-five gallon samples of the chlorinated effluent were taken on a
monthly basis along with a 100 gallo n vo lume from an observatio n well lo
cated some 50 lateral yards down water f low from the recharge basi ns.

(h) Lake Ronkonkoma. The sit e co nst itutes the largest fresh wat er
lake o n Long Isl and . The area is t hic kl y settled by both res identi al and com
mercial concerns, and contains several publ ic bath ing areas . Virus sampling
was confined t o an area within the Isl ip Town Beach. One-h und red gall on
volumes we re t ake n from a depth of five fe et (approximate ly t en to 15 feet off
sho re) on a monthly basis from June- September, and b i-monthly from
October-May.

(i) Sep tic System . The site, located at the Brookh aven National Lab
oratory , con tains an ex perimental sep t ic syst em that has been constructed
by t he Suffo lk County Health Depart ment in co ll aboration with Will iam F.
Cosulich Associat es. The subsurface system consists of a ti le f ie ld, whic h has
been constructed over an ae robic soi l zone. Be low th is is an anaerobic soil
zone- the princ iple funct ion of which is denitrification. Final eff luent from
the system is collected in a sampling shaft . Samples of t h is syst em's raw influ 
ent (one gallon) and fi nal effluent (1()O gallon- undisinfected water) were
collected for viral analysis on a mont hly basis.

B. Sample Collection
Sample volumes of 100- 125 gallons each were t aken from public wat er

supply wells, groundwater wells near recharge basins and sanitary landfills,
embayments, lakes and streams. Twenty ·five gallon samples were usually col 
lected f rom wastewater treatment plants whil e one ga ll on sampl es were taken
when raw influent was required .

All samples (with exception of raw influ ents ) were collected in plastic
55 gallon tanks (Plast-i-cube, Grei f Brot hers Corp.). Between sample col ·
lectio ns, ta nks were thorou gh ly rinsed with tap water, sanitized with 0 .12 ~

hydrochloric acid (30 min utes), and rinsed o nce again with tap wate r. Upon
ar rival at each site, tanks were initia ll y ri nsed with 10- 20 gallons of sample
wate r before being fill ed with sample mater ial. Brookhaven Nat iona l Labora·
tory pumping equipment (i.e., impe ll er pumps, hosing) was also rinsed with
20 - 30 gallons of sample water prior to collection. Bro okhaven Natio nal
Laboratory equipment was rout inely used for al l sampling, with the excep'
tion of waters from Oyster Bay (open and closed). In these inst ances, water
samples were taken by mea ns of pumps available on oyste r boats be longing
to Flowers Inc. of Bayvill e . Before co ll ection of these samples, water fr om
the desig nated area was rinsed through t he pumping system fo r five to t en
minutes.

The above precautions were taken in order to obvi ate an y chance of
virus cross-contamination between samples.

Great South Bay clam samples were collected by tong ing, whi le oysters
from Oyster Bay were obtained by dredging. Shellfish samples were stored in
ice during transport to the laboratory where p rocessing was carr ied out imme
diately whenever possible .

C. Virus Concentration Procedures
1. Water Samples
Viruses in large volume water samples were in itia ll y concentrated by

means of an Aquella Virus Concentrator (Carboru nd um Corporat ion). Appro
priate sample volumes were pum ped through a series of prefilters to remove
debris. Sample pH was then ad justed to 3.5 and alumi nu m chloride was
added to a f inal concentration of 0.0005 M. The water then flowed th rough
virus concentrating fil t ers, where virus was adsorbed to the surface of the f il
ters. Elution of adsorbed virus was carried out with 0.1 M glycine at p H 11.5.
Samples were then neutrali zed to pH 7.5. The concentration proced ure
routinely yielded a final volume of 4 .1, which was furth er concentrated in
the laboratory . The p rocedu re involved the formation of an alumi num
hydroxide floc to which virus particles became adsorbed. After concentration
of the floc by centrifugat ion, viral particles were eluted with 0.1 M glycine
(pH 11 .5) to a final vo lume of approximate ly 50 milliliters. After the addi 
tion of 10% fetal calf serum to each reconce ntrate, samples were stored at
- 72 Celsius until needed .

11



12

2. Shellfish Samples
Shellfish (clams and oysters) were shucked and placed in 100 gram

aliquots. Following homogen ization. samples were acidified causing formation
of a virus-conta ini ng prec ipitate which could be centrifuged and collected.
Viruses were eluted from the prec ipitate with a glycine-saline solution ,
then separated from the rest of the precipitate by centrifugation. Virus-laden
supernat es were then filte red through a series of 47 millimeter membrane
filters (0.8, 0.45 and 0.22 micrometers porosity respectively) and concen
trated by ultrafiltration to a final volume of fiv e milliliters. Processed samples
we re frozen at - 72 Celsius whi le awaiting ti ssue culture assay .

D. Isolation and Identification
Virus enumerations from fie ld samples were carried on monolayers

of Buffalo Green Monkey Kidney Cells (BGM -M icrobiological Associates) .
Quintuplicate 0.5 millilite r sample volumes were placed on prepared cell
sheets and incubated for one hour to facilitate virus attachment. After
decanting excess sample material, cells were covered with a four milliliter
neutra l red agar overlay media and incubated at 36 Celsius under 5% C02
for a period of eight days. Daily readings were taken to determine the pres
ence of viruses that appeared as "plaques" (clearings in the normall y red
stained background ind icating cell death as a result of virus infection) . After
eight days each plaque was "picked" and the iso lated viruses were enriched
for one week on a monolayer of BGM cells. Isolates were identified in micro
titer plates by serum neutralization techniques using enterovirus typing pools
made available by the National Institute of Allergy and Infectious Disease.

E. Poliovirus T-Marker Studies
Iso lates ident ified as being members of the Poliovirus group were

furth er tested to determ ine whether they were vaccine strain or wild type
virus. This was accomplished through T-marker tests which differentiate
between vaccine strain and wild type based upon the latter's ability to grow
at 40 Celsius. T- marker tests were carri ed out in response to a request by
health officials who reali zed the pub lic health significance of the isolation
of non-vaccine Polioviruses from Long Island aquatic systems.

F. Coliform Stud ies
In order to correlate virus data with a recognizable biological pollution

indicator, total and feca l co liform numbers were determined from all sites
tested for virus. Coliform enumerat ions derived from standard "most prob
able numbers" methods were carried out by the staff of the New York State
Department of Environmental Conservation Microb iology Section (Stony
Brook), under the direction of Mr. J ames Redman..

G. Other Chemical and Physical Tests
PH determinations were carried out on all samples with the excep-

tion of shellfish . Residual chlorine and tu rbidity measurements were made
on sewage treatment plant efflu ents (turbidity m oni toring began in
February 1977).

IV. Results
A. Limitation of Study
Before proceeding with the presentation of the results of the 208 Virus

Study, it is appropriate to discuss the major limiting factors that were inher
ent in the program .

The use of virus concentrating units, such as t he Carborundum concen
trators used in our study , has greatly facilitated the isolation and enumeration
of human enteric viruses from large volumes of water. However, because
of the variables involved, (e.g. , turbidity, salinity, presence of organics,
etc.) it is not reasonabl e to expect a 100% efficiency of concentrat ion.
Similarly , methods for viru s ext raction from shellfish do not re lease all of
the virus particles bound up within the t issues of the ani m al. Budget ary
considerations required our use of a single host ce ll type (BGM) ,which has
been shown to be sensitive to a great var iety of en terov iruses (Dahling et
1974), but not to all known members of the group . Ex tending the range
would have required the .use of additiona l cell strains, an action which would
have involved considerab le expense.

As a result of the above lim it ations, the viral enumerations reported
in the following pages must be construed as be ing rep resentative of the
minimum numbers of virus in each sample. It is likely that in most cases
there were more than we were ab le to report. Samples in which no viruses
were detected have been labeled NI (no isolates) in the tab les rather than
with a ze ro . The NI designation refe rs to the inab il ity to det ect viruses within
the constraints of our testing systems, but cannot preclude the possibility
of viral presence in very low concentrations.

Isolate identification procedures utilize serum pools that can accurately
identify 42 members of the Enterovirus group . These include th ose species
most often encountered in domestic wastewater. As there are over 100
known Enterovi ruses, it was impossible to identify a ll isolates derived from
the 208 study. Untypab le isolates w ill be designated by a U in the tabu lated
listings of virus ident if ication.

B. Results of Field Samplings
1 . Public Water Supply Wells
All samples from both the Bayport and the Oakdale d rinking water

installations yielded no positive virus results (Tab les 4 and 5). Correspond
ing coliform counts were at the lowest limits of detection (Figures 1
and 2).

Drinking water sample reconcentrates were assayed on tissue culture
more extens ively than any other sample type. The resulting dat a are
therefore more rep resen tat ive of the entire sample vo lu me.



Month

JunH 1976

July 1976
August 1976

September 1976

October 1976

November 1976
December 1976
January 1977

February 1977
March 1977

April 1977
May 1977

Table 4

COLIFORM AND VIRUS ISOLATION

Bayport Well

Total Fecal
Coliform/ 100 m l Coliform/100 ml Virus PFU/gal

<2 <2 ni

<3 <3 nj

<3 <3 nj

<3 <3 ni
<3 <3 n j

<3 <3 ni

<3 <3 oi

<3 <3 ni

<2 < 2 ni

<3 nt o i

<3 ot ni
<3 < 3 ni

E
o
o
::::::..
c
Q.

E
Vl

::I::
Vl

z
<
(!)
Cl<:
o
::I::
Cl<:
o.....
:::;
o
u

O-Total coliform
0 -Fecal coliform
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FIGURE 1 Total and Fecal Coliform Counts (per 100 milliliters)
Bavport Well

ni ; N o Isolates

nt= Not Tested E
o
o
::::::..
c
Q.

E

O·Total coliform
O-Fecal col iform

2. Surface Waters
(a) Lake Ronkonkoma. Viruses were recovered from the lake on two

occasions, September and March. Isol ations occurred at times when coliform
numbers were not at particularly appreciable levels (Table 6, Figure 3).

The area from which the samples were taken is used extensively during
summer months as a bathing beach. With this in mind, it would not be un
reasonable to expect a certain level of enteric viruses to be present in the near
shore waters in early September, the likely viral source being the bathers

Month

June 1976
July 1976

August 1976
September 1976

October 1976
November 1976

December 1976
January 1977
February 1977
March 1977
April 19 77
May 1977

ni ; N o Isolates

nt =Not Tested

Table 5

COLIFORM AND VIRUS ISOLATION

Oakdale Well

Total Fecal
Col iform/1 00 m l Coliform/ lOa ml Virus PFU/gal

<2 <2 ni
<2 <2 nj

<3 <3 o j

<3 <3 ni
<3 <3 oi
<3 <3 ni
<3 <3 oi
<3 <3 oi
<2 < 2 ni
<3 ot oi
<3 ot oi
<3 <3 nj

Vl

::I::
Vl

z
<
(!)
Cl<:
o
::I::
Cl<:
o.....
~

o
u

10

-0 -0 -0 -0 -0 -0 -0 ....... ....... ....... ....... .......
~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~... 2;- a> Q. - > .... C ..Q .... >-c ::> .... 0 ... 0 ... 0 .... 0

::> ::> < ... 0 Z 0 -. ..... ::I:: 0- ::I::-. -. Vl <
FIGURE 2 Total and Feca/ Coliform Counts (per 100 mi/liliters)

Oakdale Well
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Table 6

CO LI FORM AND V IRUS ISOLATION

Lake Ronkonkoma

10

V')

::E
V')

:z
<
C>
0:::
o
::E
0:::
o.........
o
u

E

o
o
::::::.
c:
0.

E

C-Total coli form
a-Fecal coliform

Total Feca l
Col if o rm/ 100 m l Co li fo rm/1 00 m l V irus PF U/gal

230 230 ni

2,300 930 ni

43 4.3 2 3

nt nt nt

930 930 ni

nt nt nt

14 9 ni

nt nt nt

7 nt 6.5

nt nt nt

150 75 ni

Month

July 1976

Augu st 1976

September 1976

October 1976
November 1976

December 1976
January 1977

Febru ary 1977

March 1977

April 1977
May 1977

· U = Identirv Unknown

ni = No Isolates
nt = No t Tested

themselves, especially young children. Sampling problems arISing from the
presence of alga l blooms during July and August may have inhibited the iso
lation of viruses whose presence could also have been linked to bathers.
September isolates were confi rmed but could not be specifica lly identified as
they were insensi.tive to our typing antisera (T able 7) .

Isolations made in March cannot easily be linked to bathers unless it is
proven that viruses can over-winter in lake bottoms. Since there are suppos
edly no direct sewage discharges int o the lake, t he source possibil it ies are
logica lly narrowed to runoff and co ntamination from the septic systems
(via seepage or overflow) of homes situated around or near the lake. The
lat ter possib ili ty is strengthened by t he isolation of a vacci ne stra in of Polio
virus type 2 (Table 7) normally shed by young chil dren who have recentl y
been immun ized aga inst poli omyelit is. The rema inder of t he confi rmed March
isolates cou ld not be identified .

Date

September 7, 1976

March 9 , 1977

Table 7

VIRUS ISOLATE IDENTIFICA T IONS

Lake Ron konkoma

Identif ications Include

u·

Po li ovirus Type 2 (Vaccine strain)
U·

-0 -0 -0 -0 -0 -0 ...... ...... ...... ...... ......
!:' !:' !:' !:' !:' !:' !:' !:' !:' !:' !:'
2:::' Cl ii v '" u c: ..D .... >-

:;:) 0 '" 0 '" 0 .... 0
:;) < '" 0 :z 0 ~ ..... ::E 0. :E~ V) <

FIGURE 3 Total and Fecal Coliform Counts (per 100 milliliters)
Lake Ronkonkoma

(b) Penataquit Creek. Viral isolations were made in the creek in June
and July du ring periods when total and fecal coliform counts were moder
ately high (Table 8, Figure 4), but not when total coliform counts reached
the ir highest point in August It is possible that the August counts were
representative of a non-human fecal source (i.e., ducks, seagulls, etc.).

The major sources of contamination in the creek likely occurred from
points above our sampling area, rather than from the bay. The consistently
high coliform counts suggested a fairly constant sou rce of pollutants, such
as runoff, and leakage from the septic systems located along the banks of
the creek. The likelihood that contamination arose from a number of
sources, rather than a single one, was further supported by the wide
variety of iso lates identified from the two samples (Table 9). No Polio·
virus speci es were recovered from any creek samples.

(c) Great South Bav Wa ters and Shellfish
i. OPEN AREA. Virus recoveries in water occurred twice during

the summer, and once in the spring (Table 10). With the exception of the
July sample, virus isolations were made during times when coliform counts

14



Table 8

COLI FORM AND VI RUS ISOLATION

Penataquit Cree k

~----------------------------

nf ~ N o Isolates

nt = Not Tested

Mo nth

June 1976
July 1976
August 1976
September 1976
October 1976
November 1976
Decern b,)r 1976
Ja nuary 19 77
February 1977
March 1977
April 1977
May 1977

Date

Tota l Feca l
Colifo rml100 ml Coliform ! 100 Inl V ir us PFU!gal

43,000 43,000 25 0
1,100 460 8.0

230,000 9 ,300 ni
nt nt nt

9,300 2,300 ni
1,500 390 ni

930 93 n,
9,300 4 ,300 n,
9.300 nt ni

15,000 nt n i
4,300 4,300 ni
4,300 430 ni

Table 9

VIRUS ISOLATE ID ENTIFICATIONS

Penataquit Creek

Ident ificat ions Inelud e :

E

V')

:::E
V')

z
<:
C)

~ 103

:::E
0:::
o.....
...J
o
U

O-Total colifo rm
D-Fec al colifo rm

'U = Idvntity Unknown

June 29, 1976

J Uly 15, 1976

EC HOvirus T ype 6
U'

ECHOvirus Type 2
Coxsac kievlru s Ty pe A·9

U'
U'

ECHOvirus T y pe 15
Coxsackievirus Type 8 ·3

ECHOVi ru s T ype 25
EC HOVirus T ype 32

to

-0 -0 -0 -0 -0 -0 -0 ...... ...... ...... ...... ......:-- :-- :-- :-- :-- :-- :-- :-- :-- :-- :-- :--
'" >- C> 0.. t; > u c: ...c ... >-c: ::> 0 '" c '" c ... c::> ::> <: '" 0 Z 0 -. ..... :::E c. :::E-. -. V')

<:

FIGURE 4 Tota! and Fecal Coliform Counts (per 700 milliliters)
Pentataquit Creek

were at thei r maximum (Figure 5). Iso lations from clam samples occu rred
in A pri l, when recoveries were also made in the water colum n, and in Ju ne
(Tab le 11). Some moderate correlation was noted between virus iso lations
and coliform counts (Figure 6) during these month s. Difficulties in obtain.
ing shellfish seve rely limi ted the total number of samples taken during the
study period.

The poss ible sources of po ll ution to this region include land ru noff,
leakage from domest ic sept ic systems located along the bay, and the dis
charges of prev iously contam inated t ributary rive rs and creeks. (No te:
Penataquit Creek, which was previously shown to contain vi ru s dur ing
summer mont hs, empties into Great South Bay at a point just north of
where "c losed" and " open" water sampling was carried out .)

15



-.0 -.0 -.0 -.0 ....... ....... ....... ....... ....... .......
!:' !:' !:' !:' !:' !:' !:' !:' !' !:'
Ci. t:i > v c: ..c ... >- ...... 0 0 <U 0 <U 0 ';: 0 c:
Vl Z 0 -- ...... :E Q. :E :>
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F IGURE 6 Tota/ and Fecal Coliform Counts (per 100 milliliters)

Great South Bay. Open Shellfish-Clams

Month

J u ly 1976
August 1976
September 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
April 1977
May 1977
J une 1977

fli -~ No Isolates

fit = Not Tested

Table 10

CO LIFO RM AND V IR US ISOLAT ION

Great So uth Bay. Open Shellfish Waters-Islip

Total Feca l
Col ifo rm/1 00 ml Coliform/l00 ml Virus PFU/gal

4 4 8.0
460 4 1.2

93 <3 ni
nt nt nt
43 nt n i
nt nt nl
nl nl nt

93 nl ni

23 <3 ni
150 15 2.9
nl J1t nt

93 <3 nl

E
o
o
--....
c:
c. 10 2
E

Vl

:e
VI

z
<
t!>:s 10
:e
C<:
o...........
o
u

O·Total collto rm
a ·Fecat co li form

VI

:e
VI

z
<
t!>
C<:
o
:e
a::
o.....
.....
o
u

10

O·Total coliform
a ·Fecal coli form

-.0 -.0 -.0 -.0 -.0 -.0 ....... ....... ....... ....... ....... .......
!" !:' !:' !:' !" !:' !:' !:' !:' !:' !' !"

01 Q. - > u c: ..c ... >- ...v:> ... 0 0 ... 0 ... 0 ... 0 c:
< Vl Z 0 -- ...... :E c. :E :>

< --

Month

Sep tember 19 76
October 1976
November 1976
December 1976
January 197 7
February 1977
March 1977
April 19 77
May 19 77
Ju ne 1977

n i = N o Isolates
nt = N o t Tested

Table 11

COLI FORM AND V IR US ISOLATION

Great South Bay . Open Shellfish - Clams

Total Fecal
Coliform / 100 ml Califo tl,., / l00 ml V ir us PFU/gal

<20 <20 nl
nl Ilt nl
nt Ilt Ilt
nl Ilt nt
III III nt
20 III ni

<20 <20 Ili
170 130 03

III Ilt nt
70 <20 0.1
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F IGURE 5 Total and Fecal Coliform Counts (per 100 milliliters)
Great South Bay, Open Shellfish Wa ters- Isl ip

With the exception of the J uly sample, most of the water and she llfish
isolates could not be specifically typed (Table 12). The Poliovirus type 2
isolate occurring in July was later shown to be a vaccine strain .



Table 12

VIR US ISO LATE IDEN TI FICAT IONS

Great South Bay

"Open" Water and Shellfish

Date

July 7, 1976

August 18, 1976

Apri l 25,1977

April 25, 1977

June 2,1977

Sample Type

Water

Water

Water

Shellfish

Shellfish

Identifications Include:

U'
U*

Pol iovirus Type 2 (Vaccine strain)
ECHOvirus Type 22
ECHOviru s Type 11

U*

U'

u·

U *

Month

July 1976
August 1976
September 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
Apr il 1977
May 1977
June 1977
ni = No Isolates
nt = No t Tested

Table 13

COLI FORM AND VIRUS ISOLATION

Great South Bay. Closed Shellfish Waters-Islip

Total Fecal
Coliform/l 00 ml Coliform/l00 ml Virus PFU/gal

430 75 4 .0
110 23 ni

93 4 ni

nt nt I1t
2,300 43 ni

nt ot ot
nt nt nt

150 nt 4.4
45 15 ni

2,400 460 ni
nt nt nt
23 4 1.1

U' = Identity Unknown

ii. CLOSED AREA . The area sampled was located within one
mi le in-shore from the "open" area, and was the refore closer to those
potentia l poll ution sources previously discussed .

Vira l isolat ions from closed wate rs and she llfish were made in July
(1976) and June (1977), with an additi onal isolat ion made in water alone
in February (Tables 13 and 14) , In general, viral isolation did not corre
late we ll with co liform counts (Figures 7 and 8) , with the exception of the
July clam sample,

Isolate identif ications, shown in Table 15, incl uded severa l Polio and
ECHO virus types. Of particular inte rest were the June 2 samples in which
Poliovirus type 1 was isolated from both shellfish and the overlying water
column.

Extrapo lation of data collected from Penataquit Creek suggests that
this and other local creeks were cont ributing to t he "viral pol lution"
observed in this immediate region of the bay.

Based on the limited info rm ation coll ected , there was apparently litt le
virological difference between the wate rs and shellfi sh of the " open" and
" closed" areas. It must be noted , howeve r, th at the distance between the
sites was not sufficient to expect a" y meani ngful virus removal from the
water column. A significant difference may have been seen, had the
" open" testing site been located several miles from the "closed" area .

Q·Total coliform
Q·Fecal col iform

t:
103

0
0
:::::..
c:
0..

E
.." 10 2
~
~
Z
<C
<.::>
co:
0

~ 10
co:
0...........
0
u

-.0 -.0 -.0 -.0 -.0 -.0 '" '" '" ...... r-.. '"
t' t' t' t' t' t' !' !' r-.. t' t' t'

2:: 01 Q. v > .., c: ...Q ... >- II>

:> 0 II> 0 II> 0 ... 0 c:
:> <C

II> 0 Z 0 ...... ..... ~ c.
~

:>...... .." <C ......
FIGURE 7 Total And Fecal Coliform Counts (per 100 milliliters)

Great South Bay, Closed Shellfish Waters- Islip
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Table 14 10 5

COLIFORM AND VIRUS ISOLATION

Great South Bay Closed Shellfish-Clams

Total Fecal 10 4 O"hlal colilorm
Month Coliform/100 ml Coliform/100'111 Virus PFU/gal

E
Cl"fecal coliform

July 1976 16,000 16,000 0"16 0
0

August 1976 20 <20 ni ::::::..
September 1976 1,300 20 ni c::

Q,.

OClober 1976 nl nl nl E 103

November 1976 nl nt nt Vl
:IE

December 1976 nl nl nt Vl

January 1977 nt nt nt Z
February 1977 20 ni

c:
nt l.,!)

March 1977 50 20 ni 0.::
0

102
April 1977 630 20 ni :IE
May 1977 nl nt nt 0.::

June 1977 220 20 0,1 0.....
::::;
0

ni No Isolates v
nt Not Tested 10

Table 15

VIRUS ISOLATE IDENTIFICATIONS

Great South Bay

"Closed" Waters and Shellfish

Date Sample Type Identifications Include:

-0 -0 -0 -0 -0 -0 ....... ....... ....... ....... ....... .......
!.' ....... !.' !.' !.' ....... !.' ....... ....... !.' !.' !.'
.J!:: en - ti :> IJ c:: ...Cl ... >- '"::;) Q. 0 '" 1:1 '" 1:1 1:1 c::

::;) c: III 0 :z: 0 ...., ..... :IE :IE ::;)...., Vl ....,

FIGURE 8 Total and Fecal Coliform
Great South Closed

July 7, 1976 Water

July 29, 1976 Shellfish

February 28, 1977 Water

June 2, 1977 Water

June 2, 1977 Shellfish

'U Identitv Unknown

U'

ECHOvirus Type 20
ECHOvirus Type 23

Poliovirus Type 2 (Vaccine strain)

Poliovirus Type 1 (Vaccine strain)

Poliovirus Type 1 (Vaccine strain)

(d) Oyster Waters and Shellfish
i. OPEN AREA, Virus isolations from waters and shellfish

were infrequent (Tables 16 and 17). coliform counts also
tended to be quite low with the of some of the summer n'~lrl;''ln~

(Figures 9 and 10). Virus isolates which recovered in July and
could not be identified using typing (Table 18)

The study area in question, which had been open to ~hf,llfi~hinn

many years, was located several miles from the nearest
source, a secondary effluent outfall. The relative infrel1U€lncy
viruses were isolated was probably related to the viricidal nn"nl~rti,,~

waters, in conjunction with the distance to reach the
area.
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Table 18

VIRUS ISOLATE IDENTIFICATIONS

Oyster Bay

"Open" Water and Shellfish

' U = Identity Unknown

July 20, 1976 Water

March 30, 1977 Shell f ish

U'

U'

Identifications Include:Sample TypeDate

Total Fecal
Coliform/ 100 ml Col iform/ 100 ml Virus PFU/gal

1, 100 9 2.8

230 93 ni
930 43 ni

nt nt nt
23 23 ni
nt nt nt
nt nt nt

23 nt ni
4 nt n i

<3 <3 nj

nt nt nt
15 < 3 ni

Table 16

COLIFORM AND VIRUS ISOLATION

Oyster Bay , Open Shellfish Waters

Month

July 1976

August 1976
September 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
April 1977
May 1977
June 1977

ni = N o Isolates
nt = Not Tested

Month

July 1976
August 1976
September 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
April 1977
May 1977
June 1977

ni = N o Isolates

n f = No t Tes ted

Table 17

COLIFORM AND VIRUS ISOLATION

Oyster Bay, Open Area-Oysters

Total Fecal
Coliform/ 100 ml Col iform/ 100 ml Virus PFU/gal

80 20 ni
2,400 < 20 nj

1,100 60 ni
nt nt nt

< 20 < 20 nj
nt nt nt
nt nt nt

< 20 nt n j

50 nt 0.48
70 < 20 nj
nt nt nt

210 < 20 n j

E
0

10 30
::::::.
c:
Q. O-Tolal coliform
E O-Fecal coliform

VI
:e
VI

Z 10 2
<
<.!)
lX
0

:e
lX
0....

10::::;
0
u

-0 -0 -0 -0 -0 -0 r-.. r-.. r-.. r-.. r-.. r-..
!:'- !:' "- !:'- !:'- !:' !:' !:'- !:'- !:'- !:'- !:'-
~ o:n Q. - > u c: ..Q ... >0- ...

:::> u 0 ... 0 ... 0 ... 0 c:
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FIGURE 9 Total and Fecal Coliform Counts (per 100 milliliters)
Oyster Bay, Open Shellfish Waters
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g 10 3

:::::..
c
a.
E

10

O-Total coliform
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A number of workl ) have shown greate r nu m bers of vi ru s in sedimen ts
than in th e surro undi ng wate rs . If this was occurring in th e "closed " area
of Oyster Bay, viI J ses would be d ifficu lt to fi nd in water samples, but
wou ld still be av ail ahl ·;' uptake by she ll fish . (Table 21 )

Littl e value v De o btai ned fro m any attemp t to compare data from
"open" and "closed '" 1S based upon so few sa m pling eve nts.

O -Total coliform
O-Fecal colifo rm

Total and Fecal Coliform Counts (per 700 milliliters)
Oyster Bay, Closed Shel l fish Waters
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FIGURE 10 Total and Fecal Coliform Counts (per 700 milliliters)
Oyster Bay, Open Area- Oysters

ii. CLOSED AREA. The bay area studied had been closed to
shellfish ing fo r several years. The surrounding banks were extensive ly
developed with single family dwellings.

Viral isolations we re not made from any of the water samples tested
(Table 19). With the exception of the June 1977 sample, coliform counts
in this area were quite low (F igu re 11). These findings were difficult to
reconcil e with she ll fish data from th e same area which revealed a number
of virus isolations and high coliform counts in three of the eight times the
area was sampled (Table 20, Figure 12). There are two possible exp lana
tions for this d iscrepa ncy: (1) t he waters in the "closed" area contained
heavy concentrations of suspended material (i.e. , algae, detritis). It has
been shown that such conditions, especially when in a marine or estuarine
e nv ironm ent , can severely limit the effici enci es of virus concentration
methods; and (2) in extremely turbid estuarine waters, human viruses will
not usu ally remain in a free state. Studies have shown that viruses in the
water column readily bind to particulates which later become sedimented .
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Table 19 10 5

COLIFORM AN D VIRUS ISOLATION

Oyster Bay, Closed Shellfish Waters

Total Fecal
10 4Month Coliform/ 100 ml Coliform/ 100 1111 Virus PFU/gal

E
July 1976 15 15 ni 0 O-Total co liform
August 1976 <3

0 o -Fecal coliform4 ni "-September 1976 23 9 ni c:
Q.

October 1976 nt nt nt E
November 19 76 9 9 ni VI 103

December 1976 nt nt :En t V"l
January 1977 nt nt nt Z
February 1977 93 ni

«nt <.!l
March 1977 <20 nt n j ex

0
April 1977 9 4 ni :E 10 2
May 1977 nt n t n t ex
June 1977 2,400 2,400 ni

0
u..
:::;
0

ni = No Isola tes u

nt = No t Tes ted

10

Month

July 1976
August 1976
September 1976
October 1976
November 1976
December 1976
January 1977
February 19 77
March 1977
April 19 77
May 1977
June 19 77

ni = No Isola res
n r =Not Tested

Table 20

COLIFORM AND VIRUS ISOLATION

Oyster Bay, Closed Area-Oysters

Totaf Fecal
Coliform/ 100 m l Coliform/100 ml Virus PFU/gal

50 20 0,4 8
5AOO 270 n j
1,400 90 ni

nt nt nt
<20 < 20 0_08

nt nt nt
ot nt nt

<20 nt ni
70 nl ni

<20 < 20 0 .2
nt nl nl

1,300 220 nj

-0 -0 -0 -0 -0 -0 ...... ....... ...... ....... ....... .......
!' !' !' !' !' !' !' !' !' !' !' !'
2;- C'l Q. - > v c: ..0 ~ >- GlV

::)
::)

'" 0 0 '" 0 Gl 0 ~ 0 c:.... « VI z Cl .... u.. :E c. :E ::)

« ....
FIGURE 12 Total and Fecal Coliform Counts (per 100 milliliters)

Oyster Bay, Closed Area- Oysters

3. Landfill Site
Groundwater samples taken nea r the Babylon landfi ll yielded a single

positive result (Table 22) d uring the month of November. Coliform counts
during th e entire sampling program tended to be quite low (Figu re 13) .
The likely virus source was the scavenger waste pits located at the landfill
site . Since no tests were performed on the scavenger waste, it is not pos
sible to comment on removal rates.

Water samples from the Baby lon site had a light orange color, and gave
off a "chemical" smell. It is possible that the extreme ly poor quality of
the wate r inhibited additiona l virus iso lations .

The only confirmed isolate identification was a Coxsackievirus type B-3
(Table 23).
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'U = Identity Unknown

Table 22

COLIFORM AND VIRUS ISOLATION

Baby lo n Well

Date

July 27, 1976

November 22,1976

April 27, 1977

Table 21

VIRUS ISOLATE IDENTIFICATIONS

Oyster Bay

"Closed" Area, Shellfish

Identifications Include:

ECHOviru s T ype 15

ECHOvirus T ype 2
u·

Coxsackievirus Type B-3

u·

Month

A ugust 1976
September 1976
October 1976
November 1976
December 1976
January 1977
Febru ary 1977
March 1977
April 1977
May 1977

Total Fecal
Coliform/ l00 m l Coliform/ 100 ml Virus PFU/gal

2 < 2 n1
<3 < 3 oi

23 <3 oi
<3 < 3 3.6
<3 < 3 01
<3 <3 ni
<3 nt ni
<3 nt ni
<3 < 3 ni

79 <2 n l

ni = No Isolates
nt = No t Tested

'U = Identity Unknown

10 3

E
0
0
:::::..
c:

o ·Total coliformQ.

E 10 2 o ·Fecal coliform
VI

~
VI

:z
-<
<.!>
Cll::
0

~
10

Cll::
0
u..
......
0
U

Date

November 17, 1976

Ta ble 23

VIRUS ISOLATE IDENTIFICATIONS

Babylon Well

Identifications Include:

Coxsackievirus Type B·3
U·
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FIGURE 13
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-< ... 0 :z 0 -.. u.. ~
Q.

~VI <C

Total and Fecal Coliform Counts (per 100 milliliters)
Babylon Well

4 . Stormwater Recharge Basin
Viruses were recovered from grou ndwater beneath the North Massa

pequa stormwater recharge basin during the month of August (Table 24).
At no time during the entire sampling period (July '76- May ' 77) were
co lifo rm counts higher than four per 100 milliliters (Figure 14). The pH
values (Table 25) fo r water beneath the basin were among the lowest
recorded of any of th e areas stUdied. A contributing factor to the low pH
may have been rainfall , wh ich tends to be acidic in th is region.



Table 24 E

COLIFORM A ND VIRUS ISOLATION 0
0

North Massapequa Well -........
c::
Q.

E
Total Feca l

V')Mo nth Coliforml lOO ml Co liforml lOO ml Virus PFU/gal :!:
V')

July 1976 4 < 3 n i Z
<:August 1976 4 < 3 40 <..::>

September 1976 <3 <3
c.::

ni 0
October 1976 <3 < 3 ni :!:
November 1976 <3 < 3 ni c.::

0December 1976 nt nt nt ....
January 1977 <3 < 3 ni -'

0
February 1977 <3 nt ni u

March 1977 <3 nt n i
April 1977 <3 < 3 ni
May 1977 2 < 2 n i
ni ,. No Isola tes
nt ~ Not Test ed

o ·Total coliform
o .Feca l coliform

10

-0 -0 -0 -0 -0 -0 "- "- "- "- "-
!:' !:' !:' !:' !:' !:' !:' !:' !:' !:' !:'
2:- "" Ci - > u c:: ..Q .. >-

::>
u 0 <I> 0 <I> 0 .. 0::> <: <I> 0 Z Cl -. .... :!: Q. :!:-. V') <:

FIGURE 14 Total and Fecal Coliform Counts (per 100 milliliters)
North Uassapequa Well

Table 25

AMBIENT pH VALUES OF WATER FROM VARIOUS SITES

Site Month
June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June
1976 1976 1976 1976 1976 1976 1976 1977 1977 1977 1977 1977 1977

Meadowbrook STP 7.1 6 .3 7.1 7.2 7.2 8 .2 7.5 7A 7.4 7.1 7.2 nt 6.8
Oyster Bay STP 6.8 7A 7.1 6 .2 7.1 7.1 7.0 7.2 nt 7.0 7.1 7A nt
Parkland STP nt 7.7 7.2 8 .1 7.2 7.2 6.8 7.3 7 .3 7.3 7.1 nt 6.2
Stony Brook STP 6 .9 7.5 6 .5 7.2 6.8 6 .6 6 .8 6.9 7.3 7.3 nt 7.1 nt
Su nrise STP nt nt 7.0 7A 7.3 7.2 7.0 7.8 7.2 7.2 7.5 7.0 nt

Meadowbrook Well nt nt 6.2 6 .2 6.1 6.3 6.2 6.3 6.2 6.3 6A nt nt
Parkland Well nt nt 7.0 7.0 7.0 7.6 6.7 7.0 6.9 7.0 7.0 nt 6.8
Stony Brook Well nt nt nt 6.6 6.4 6 .6 6 .4 6A 6A 6 .6 nt 6A nt
Su nrise Well nt nt nt 6 .7 6.6 7.0 nt 6 .7 7.1 6 .8 7.0 6.7 nt

Great South Bay Closed Shellfish H
6

0 nt 8 .0 8.6 8 .1 nt 7.8 nt nt 7.9 7.5 7.2 nt 75
Great South Bay Open Shellfish H

2 nt 8.2 8.2 8 .1 nt 7 .8 nt nt 8.0 7.8 7.3 nt 7.6
Oys ter Bay Closed Shellfish H

6
0 nt 7.7 7A 7.5 nl 8.1 nt nt 6 .9 8.3 8.1 nl 7.4

Oyster Bay Open Shellfish H
2 nt 7.9 7.9 7 .6 nl 7 9 nt nt 8 .3 8 .1 8.0 nt 7.9

Lake Ronkonkoma nt 10.0 7.6 7.7 nt 7.2 nt 6.8 nt 6 .7 nt 6.6 .It
Pena taquit Creek 6.6 7.5 6A 6.8 nt 7.1 7 .1 7 .0 6.6 6.6 6.6 6.7 nt

Bayport Well 6.0 6 .2 8.8 8.9 6.6 7.1 7.4 6 .8 6.9 7.2 6. 7 6 .8 nt
Oakdale Well 5.8 6.3 6. 1 6.2 6.3 6.1 5.7 6 .1 6.6 6 .5 6.3 6.4 nl
North Massapequa Well nt 6 .0 5.7 5.6 5.5 5.3 nt 5.0 5.0 4 .5 4.7 4.5 nt

Babylon Well nt nt 7.3 7.1 7.1 7 .2 6.9 6.9 7.0 7.1 7.2 7.0 nt

SCHD Experimental Site nt 7.0 6.1 6 .2 6.5 6 .0 6.0 6 .2 6.2 6 .3 6.0 5.7 nt
nt '" Not Tes ted
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Since litt le is known about t he viro logical make-u p of stormwater run
off, it would be presumptuous to identify this as the sole sou rce of vi rus
contam inat ion. The divers ity of viral spec ies isol ated {Table 26} suggests a
recent human fecal source, lending some credibility to the theo ry of septic
tank seepage from homes surrounding the basi n. Further test ing would
have to be conducted before either or both possibilities coul d be dismissed.

5. Sewage Treatment Plants
(a) Discharge to Surface Waters- Oyster Bay. The secondari ly treated,

chlorinated effluent discharged from the Oyster Bay sewage t reatment plant
(STP) was found to contain significant numbers of viruses on four sam pling
occasions (Table 27). As is typical with sewage effluent, a wide varie ty of
virus species was isolated (Table 28). There was little co rrelat ion bet ween
viral numbers isolated and corresponding coliform cou nts (Figure 15).

Table 26

VIRUS ISO LATE IN DENTI F ICAT IONS

North Massapequa We ll

O·Totat colifo rm
O·fecal co liform

-0 -0 -0 -0 -0 -0 -0 ....... ....... ....... ....... .......
~ ~

.....
~ ~ ~ .....

~ ~ ~ ~ ~

'" 2::- 0> 0.. v > ... c: ...Q ... >-c: :::> 0 '" 0 '" 0:::> Q> 0 ... 0:::> ...., «( VOl Z 0 ...., ..... :E Q. :E;-' «(

10

VOl

:E
VOl

z
«(
<.::l

~ 103

:E
0::
o.....
....J
o
U

Identif ications Include :

ECH Ovirus Type 23
ECHOvirus Type 11
Coxsackievirus Type A -16

Tota l Fecal
Coliform/l OO ml Coli f orm / 100 ml V irus PFU/gal

4,300,000 390,000 nt
2,300,000 430,000 227.0

23 < 3 ni
430 43 67.2

43 <3 ni
9 <3 ni

430 <3 ni
39 <3 ni
13 <2 ni

150 nt 2636.4
2,300 nt 2 16.4

23 < 3 ni

Ta ble 27

COLIFORM AND VIRUS ISOLATION

Oyster Bay STP

April 4. 1977

Date

Month

June 1976"
July 1976
August 1976
September 1976
October 1976
Novernber 1976
December 1976
Janu ary 1977
February 1977
March 1977
April 1977
May 1977

" Unchlorinated

nl : No Iso/ates

nt = Not Tested

FI GU RE 15 To tal and Fecal Coliform Counts (per 100 milliliters)
Oyster Bav STP
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2.0

Identificat ions Include:

Table 28

VIR US ISO LATE IDENT l ICATIO NS

Oyster Bay

STP

Date

ECHOvirus Type (3

CO:Ksa,=k i,~vir us Type B·3

COXs8ickieviTu s Type A -17

0.5

late winter and Iso-
chlorine levels were in excess of 1.0

16), but there is insufficient information
residuals would consistently result in virus-free

r£JsldillQS presented in all STP samples were
sarnol ina occurred. should not be inter-

th,-m Inh,,,, ,t the month .)

0.1
-0 -0 -0
!:" !:" !:"

C> -v:::> 0«

fi GURE 16



Site

Meadowbrook STP
Oyster Bay STP
Par kland STP
Stony Brook STP
Sunr ise STP

Table 29

RESIDUAL CHLORINE VALUES (ppm) FOR SEWAGE TREATMENT PLANT EFF LUENTS

Month

June July Aug Sept Oct Nov Dec Jan Feb Mar Apr May June
1976 1976 1976 1976 1976 1976 1976 1977 1977 1977 1977 1977 1977

1.0 2.0 2.0 1.5 1.5 1.0 < 0 .2 < 0 2 < 0.2 < 02 <0.2 < 0.2 nt
nt nt 1.0 nt 20 < 0.2 < 0 .2 < 0 .2 < 0 .2 < 0 .2 <0.2 < 0 .2 nt
nt 1.5 2.0 2.0 2.0 < 0 .2 < 0 .2 < 0 .2 <0.2 < 0 .2 nt nt < 0 .2
1.5 3.0 3.0 2.0 2 .0 < 0.2 < 0.2 < 0.2 < 0.2 < 0.2 nt < 0 .2 nt
nt nt 2.0 2.0 2.0 nt < 0 .2 < 0.2 < 0 .2 < 0.2 < 0.2 < 0.2 nt

nt = Not Tested

Table 31

COLIFORM AND VIRUS ISOLATION

Sunri se STP

March Apr il May June
1977 1977 1977 1977

Meadowbrook STP 19 10 14 nt
Oyster Bay STP 20 24 10 nt
Parkland STP 37 9.5 nl 20
Stony Brook STP 10 nt 25 nt
Sunri se STP 25 68 19 nl

Site

Table 30

TURBIDITY VALUES (NTU)
FOR SEWAGE TREATMENT PLANT EFFLUENTS

Month

Month

August 1976
September 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
Apr il 1977
May 1977

Total Fecal
Coliform/ l00 ml Colifonn/100 ml Virus PFU/gal

93,000 43,000 1440.0
24 ,000,000 4 ,600,000 1900.0

2,400,000 9,300 854 .2
4 ,600,000 43,000 n j

2,400,000 23,000 1232.0
230,000 4 ,300 10.8

110,000,000 930 ,000 ni
2,400,000 nt 990 .0

930,000 43 ,000 4000.0
9,300,000 2,300,000 120.0

26

(b) Discharge to Leaching Fie/ds- Sunrise Garden Apartments. With
two exceptions, which cannot be accounted for, signif icant numbers of
viruses were routinely isolated in chlorinated treated wastewater (Table 31).
At the same time, extremely high co liform counts were also recorded (F ig
ures 17 and 18) . The high levels of virus and bacteria are indicative of grossly
inadequate treatment procedures, which resulted in effluents of such poor
quality that chlorine res iduals as high as 2.0 parts per million (Figure 19)
were unable to affect any appreciable disinfection. The net resu lt was an
effluent that often resembled (microbially) the product of a primary treat
ment plant. It was impossible to identify all isolates from each sample, and
is likely that many more virus species would have been identified than indi
cated in Table 32.

ni = No Isolates
nt = Not Tested

Despite the high virus numbers entering the leaching fields, only two
samples from the groundwater observation well yielded positive results
(Table 33) . This unexpected f inding indicated the extraordinary virus
adsorb ing capacity of the so il. It is probable that a majority of the viruses in
the effluents were bound to small particles. The parti cles were then removed
during horizontal passage th rou gh the soil by a sieving action. Reductions
were also noted in co liform numbers (exceptions occu rred in February and
A pril). Precise determinations of virus and bacterial removal cou ld not be
made due to a lack of information concerning effluent residence t ime in the
leaching fields, and the soil characteristics of the area.



Fecal Coliform Counts (per 700 milliliters)
Sunrise STP and Sunrise Well
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Sunrise

Table 32

VIRUS ISOLATE IDENTIFICATIONS

STP and Observation Well

0.1
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FIGURE 19 Residual Chlorine (parts per million )
Sunrise STP
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(c) Sewage Treatmen t Plants with Groundwater Recharge Basins
i. MEADOWBROOK STP. Viruses were isolated in chlorinated

effluents on three occasions (Table 34) . Of interest was the isolation of virus
during periods when coliform counts were extremely low (September and
Februa ry), and the absence of virus isolates during months when colifo rm
counts were unusually high (Figu res 20 and 21 ), the exception being the
sample from June 1976. In all likelihood , human viru ses were present during
those periods of high co liform densiti es (August and January), but thei r
adsorption to virus concentrating fi lters may have been inhibited. (Other
workers have noted similar diff icul ties when using the virus concentrator in
grossly contaminated waters. The process responsible has not as yet been
determined.) V iruses were recovered from effluents with chlorine residuals as

Identifications Include:

Coxsac kievirus Type B-3
EC HOvi ru s Type 6

ECHOvirus Type 7

ECHOviru s Type 21

Coxsack ievi ru s Type B-4

U *

u·

Coxsack ievirus Type A-16
ECHOvirus Type 15

U'
ECHOviru s Type 31

ECH Ovirus T ype 6
Coxsac k ieviru s Type 8-6
Po l iov iru s Type 2 (Vaccine strain)
Coxsac kievirus Type 8-2
ECHOviru s Type 7

Coxsac kievirus Type B-3
ECHOvirus Type 24

ECHOvirus Type 31

ECHOviru s T ype 24
ECHOviru s Type 25

Coxsac kiev irus Type B·3

U *

Pol iovirus Type 2 (Vaccine strain)
Pol iov iru s Type 1 (Vaccine strain)

ECHOvirus T ype 6

Coxsackievirus Type 8-4

U'
ECHOvirus Type 2

Coxsack ievirus Type B-3
Polioviru s Type 3 (Vaccine strain)

Effl uen t

Effluent

Eff luent

Effluent

Observation We ll

Sample Type

Effluent

August 13, 1976

Date

January 18, 1977

January 18, 1977

Apr il 20, 1977 Effluen t

October 19, 1976

September 22, 1976

December 15, 1976

' U = Identitv Unknown

March 22, 1977 Eff luent

May 16, 1977 Observation Well

May 16 , 1977 Eff lu ent
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Month

Sep!ember 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
Apri l 1977
May 1977

1)/ ~ No Isolares

Ilt ~ Nor Tesred

Month

June 1976
July 1976
August 1976
September 1976
OC!ober 1976
November 1976
December 1976
January 1977
February 1977
March 1977
April 1977
May 1977

1)/ ~ No Isola res

I)r'" N o r Tested

Table 33

COLIFORM AN D VIRUS ISOLA TION

Sunrise Well

Total
FecalColiform/ lOa 011

Coliform/ lOa 'Ill
Virus PF U/gal

4,300
2,300

ni230
4

ni4,300
750

nlnr
nl

nl4
<3

3 _8230,000
93,000

n l2,300
nl

ni12,000
6,400

ni43
< 3

5.7

Table 34

COLIFORM AND VIRUS ISO LATIO N

MeadOwbrook STP

Total
FecalColiform/ lOa 011

Coliform/ lOa 011
V irus PFU/gal

430,000
23 ,000

80.023,000
9,300

ni750,000
43,000

ni<3
< 3

6 .4230
< 3

ni230
< 3

n i2,300
43

ni11,000,000
2,400,000

ni49
11

100.09,300
nt

n l9,300
nt

nl2,300
4

n i

0 -Total coliform _ STP

. -Total coliform . Well
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FIGURE 20

Total Coliform COUnts (per 100 1n/i/i/iters)
Meadowbrook STP and MeadOWbrOOk Well
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high as 1.5 parts per million (Table 29, Figure 22) . Isolate correlation wi th
turbidity levels could not be made (Table 30). Isolate identifications
(Table 35) included a wide variety of enterovi rus species. Among the isolates
obtained from the September 1976 sample were Coxsack ievirus t ypes B-3 and
8-4 . The same virus species had been reported during that period as having
been isolated from numerous patients suffering from a variety of cl in ical
symptoms by Dr. Wayne Klein, Chief of Virology Service, Nassau County
Medical Center (Meadowbrook Hospi tal).

Small numbers of virus were found on three occasions in the observa
tion well (Table 36), indicating vertical movement of virus particl es through
the basin. The likelihood of horizontal movement of viruses cannot be
commented upon due to the location of the Observation well. The well had
been sunk within eight f eet of the bank of the basin . At such close proximity,
it is likely that the well drew from the dome of recharged water that extended
outward from beneath the basin. Wel l samples were therefore not representa
tive of groundwater that had undergone any appreciable horizontal flow.
Viral isolations showed little re lationship to col iform counts in the we ll
water samples.

Table 35

VIRUS ISOLATE IDENTIFICATIONS

Meadowbrook

STP and Observation Well

Identif ications Include:

ECHOvirus Type 12
U·

ECHOvirus Type 13
ECHOvirus Type 21

Coxsackievirus T ype 8-3

Coxsackievirus Type 8 4

ECHOvirus Type 30
u·

Coxsackievirus Type B4

Coxsackievirus T ype B-3
ECHOvirus Type 6

Poliovirus Type 1 (Vaccine strain)

Effluent

Observation Well

Sample T ype

Effluent

August 17, 1976

June 22, 1976

Date

September 13, 1976

O-Fecal coliform . STP

• Fecal coliform Well

-0 -0 -0 -0 -0 -0 -0 '" '" '" '" '"!" !" !" !" !" !" !" !" !" !" !" '" September 13 , 1976 Observation WellCl> 2::- Cl Q. v > v c: ~ ... ,- >-c: ::> 0 Cl> 0 Cl> 0 ... 0::> ::> 4(
Cl> 0 Z 0 .... L4- :IE Co :IE...., ...., V')

4( February 2, 1977 Effluent
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FIGURE 21 Fecal Coliform Counts (per 100 milliliters)
Meado wbrook STP and Meadowbrook Well

Apr il 5, 1977 Observat ion Well

' U = Identitv Un known
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Table 36

COLIFORM AND VIRUS ISOLATION

Meadowbrook Well

Table 37

COLIFORM AND VIRUS ISOLATION

Stony Brook STP

Overa ll, the results were viewed as supporting t he practice of the
recharge of properly treated sewage effluents t hrough basins located at
reasonable distances (e.g., 80 feet) above groundwater aquifers. (Table 39)

Total Fecal
Coliform/100 ml Col iform!lOO ml Virus PFU!gal

7,500 3,900 ni
2,300 150 ni

9 < 3 ni

9,300 <30 ni
4 < 3 ni

11,000,000 nt 84.4
2.400,000 430,000 369 .6

2,300 23 ni

9,300 430 ni
4,300 nt 32 .4

930,000 240,000 23.2
240,000 240,000 ni

Total Feca l
Coliform!100 ml Col iform!lOO ml Virus PFU!gal

23 ,000 4 1.3

23 15 3.6
23 9 ni

430 23 ni

23 < 3 ni

4,300 150 ni

27 < 2 ni

39 nt n i

15 nt 2.4

nt nt ni

ni = No Isolates
nt =Not Tested

June 1976
July 1976
August 1976
September 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
Apr il 1977
May 1977

Month

ni No Isolates
nt = Not Tes ted

Month

August 1976
September 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
Apr il 1977

May 1977
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i i. STONY BROOK STP. Human viruses were isolated from
chlorinated effl uents during winter and spring months (Table 37). On three
occasions there were correlations w ith unusually high coliform counts
(Figures 23 and 24). Most of the isolations occurred when chlorine res iduals
we re less than 0.2 parts per million (Table 29, Figure 25). The sporadic
nature of the co liform and vi rus levels suggests a temporary breakdown
in treatment or disinfection processes. Such breakdowns were known to
occur at this and other plants studied.

Well samples yielded no virus isolations, indicating the inability of
viruses to penet rate the 80 feet from basin bottom to groundwater aquifer
(Table 38). Coliform counts were also substantially reduced during so il
percolation (wi th the obvious exception of the December sample) . The resu lts
for this month do not fit t he trends observed over the year and cannot be
readily explained.
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iii. PAR KLAND III STP. The Parkland 111 p lant, which was
the only tertiary treatment system sampled during the study, experienced
a nu mber of operating problems during the study period. As a result,
monthly coliform counts were quite high, and viruses were isolated on
six different occasions (Table 40, Figures 26 and 27). Viral and bacterial
numbers were lowest when chlorine residuals were above one part per million
(Table 29, Figure 28) . At residuals below 0.2 parts per million, the microbial



ni ; Not /solated
nt; Not Tested

Table 38

CO LI FORM AND VIRUS ISOLATION

Stony Brook Well

quality of the effluent often resembled that of primary treated sewage.
The highest virus count occurred in March when turbidity was at a high
of 37 Nephelometric Turbidity Units (Table 30). As noted with a previously
discu ssed STP eff luent, the iso lation of addi t ional viruses duri ng the months
of December, January and April was probably inhibited by the presence
of excessive numbers of coliform bacteria.

Coxsackievirus Type B-3
Pol iov irus Type 1 (Vacc lr1e st ra in)

Ident ifications Include:

ECHOvirus Type 2
ECHOvirus Type 21

u·
Coxsackievllus Type A-16
Coxsackievirus Type B-3

Total Fecal
Coliforml1 00 ml Co liform/l00 ml VIrus PFU!gal

4 < 3 ni
4,300 7 n,

430 nl ni
23 ,000 930 n i

43 4 ni
390 <3 ni

93 nl ni
nt nt ni

150 <3 ni

Table 39

VIRUS ISOLA TE IDENTIFICATION S

Stony Brook

STP

December 13, 1976

November 9, 1976

Dat e

Month

September 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
April 1977
May 1977
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Parkland III STP and Parkland III Well

Iso late identificat ions included the broad ra nge of enteric viru ses com·
mon ly associated w ith municipal wastewater (Table 4 1). As of this writing,
three Poliovirus isolates recovered from effluent samples during February,
March and April have been tentatively identified as being wild type (non
vaccine) strains . Fina l confirmat ion of these isolations will be m ade with the
assistance of th e Cen ter fo r Disease Control (C.D.C. ) Atlanta, Georgia.
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2.5 ,--- - ---------- - - ----......, Table 40

COLIFORM AND VIRUS ISOLATION

Pa rkland III STP
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Month

Ju ly 1976
A ugust 1976
September 1976
October 1976
November 1976
December 1976
Januar y 1977
Febru arv 1977
Marc h 1977
A pril 1977
May 1977
June 1977

Total Fecal
Coliformll 00 011 Co lifor01l100 011 Virus PFU/gal

430 3 ni

4 < 3 ni

75 ,000 430 6.8

930 15 ni

430,000 430 oi

930,000 4,300 22.0
11 ,000,000 23,000 94 .7

23,000 230 315.5
230,000 nt 1070.7

2,400,000 93 ,000 94 .0
nt nt nt

2,400 2,400 ni

1
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FIGURE 28 Residual Chlorine (par ts per million)
Parkland III STP

ni = No Isolates
IJt = Not Tested

Because of the prevalence of low quality effluents, it was not possible
to adequately assess the recha rge system 's abi li ty to perform under norm al
plant operating conditions.

Comparative ly low numbers of viruses we re iso lated f rom th e obser
vation wel l on three occasions (Table 421. The well was situated a suffi
cient distance from the basins to be representative of some horizonta l fl ow.
The high virus and coliform num bers occurr ing in improperly treated efflu 
ents represented a neve r-i ntended stress to t he removal capac ities of the
recharge system. Despite the load ing, the system appeared to have removed a
significant num ber of o rga nisms. It is not known how far the viruses could
have moved th rough the aquife r, but they would likely have been subject to
the same remov al mechanisms t hat occur du ring vertical pe net rat ion
through basins.

6. Experimental Sept ic System
The rout ine iso lation of high concen trations of human viruses and coli

form bacte ria from raw septic tank influent was expected (Table 43) . No
unusual species were noted among the many isolates ide ntified (Table 44).

Results from tests of the system's undisinfe cted effluents were nothing
less than remarkable . Viru ses were isolated on a single occasion in the very
beginning of th e study (Table 45) . Effluent coliform counts were often
si mil ar to those found in drinking water (Figure 29). There was little evi
de nce of any majo r system failure, and removal efficiency did not appear
to be affected by seasonal change.

Simple adsorptive processes can not account for th e treme ndous remov
al rates observed. Further elucidation of th e mechan isms involved must
await additional study .
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Table 41

VIRUS ISO LATE IDENTIFICATIONS

Parkland II I

STP and Observation Well

Date Sample Type

August 17, 1976 Observation Well

September 6, 1976 Effluent

December 14, 1976 Effluent

December 14, 1976 Observation Well

January 18, 1977 Effluent

February 8, 1977 Effluent

O·Totll co liform . inlluent
a ·Fecal coli form . inlluenl

. ·Tota l cOl1form elflu en l
. -Fecal coliform . elfluent

10

u·

u·
ECHOvirus Type 25

U·

ECHOvirus Type 6

ECHOviru s Type 9

Ident ifications Include:

Poliovirus Type 3 (Vaccine stra in)
U·

u·
Poliovirus Type 2

(Non-vaccine stra in )
ECHOvirus Type 13
ECHOvirus Type 25
Poliovi rus Type 3 (Vaccine strain)

Coxsackievirus Type A·16

Coxsackievirus Type B-3
Poliovirus Type 3

(Non-vaccine strain)
Pol iovirus Type 2 (Vacc ine strain)

u·
Poliovirus Type 3

(Non-vacc ine strain)
EC HOvirus Type 32

. ECHOvirus Type 21
ECHOvirus Type 24

Eff luent

Observation Well

EffluentApril 13, 1977

February 8, 1977

March 15, 1977
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Table 42

COLIFORM AND VIRUS ISOLATION

Parkland III Well

Table 43

COLIFORM AND VIRUS ISOLATION

SCHD Influent

ni
ni

V irus PFU/gal

5,400.0
600,0

10,000.0
2,730.0
1,800,0
8,880.0
1,660.0

ni
672.0

Fecal
Coliform/100 ml

2,300
110,000,000

11.000.000
2,400,000
4,600,000
4.600,000

43.000
930,000

nt
4,600.000
2.300,000

Total
Coliform/100 ml

23,000
110,000,000

11.000,000
24,000,000

4,600.000
24,000.000

2.100.000
930,000

11,000,000
11.000,000

7,500,000

Month

July 1976
August 1976
September 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
April 1977
May 1977

ni = No Iso/ares
nt = No t Tested

Total Fecal
Coliform/100 ml Coliform/1 00 ml Virus PFU/gal

430 43 3.7
930 43 ni
750 23 nl

93 < 3 ni
430 9 1,6

43 < 3 nl
15 < 3 10,6
4 nt ni

75 < 3 ni
nt nt nt

460 150 ni

Month

August 1976
September 1976
October 1976
November 1976
December 1976
January 1977
February 1977
March 1977
April 1977
May 1977
June 1977

ni = No Iso/ates
nt No r Tested

Table 44

VIRUS ISOLATE IDENTIFICATIONS

SCHD Septic System

Influent and Effluent

Date

July 8. 1976

Sample Type

Influent

Identifications Include:

U*
ECHOvi rus T ype 21
Po liovirus Type 2 (Vacc ine strain)
Coxsackievirus Type A-16
ECHOvirus Type 25
Poliovi rus Type 3 (Vaccine strain)

October 5. 1976

November 2.1976

Influent

Influent

Poliovirus Type 1 (Vaccine strain )
ECHOvirus Type 21
ECHOvirus Type 12
ECHOviru s Type 24

U'

Coxsackievirus Type A-16
U*

* U = Identity Unknown

July 8. 1976

August 2. 1976

September 14, 9 76

Effluen t

Influent

Influent

U·

ECHOvirus Type 23
U*

ECHOvirus Type 11

ECHOvirus Type 11
Coxsac kievi ru s Type B-3
Coxsackievi rus Type B-5
ECHOvirus Type 2
Coxsackievirus Type A -16
ECHOvirus Type 23

U*

December 7, 1976

January 10. 1977

March 14, 1977

Influen t

Influent

Influent

Polioviru s Type 2 (Vaccine strain)
ECHOvi rus Type 2
Coxsac kievirus T ype A -16

U*

ECHOvirus Type 11
Coxsackievi ru s Type B-3

U'

Coxsack ievirus Type B-3
ECHOvirus Type 2
ECHOvirus Type 25
ECHOvirus Type 14

U·
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Table 45

COLIFORM AND VIRUS ISOLATION

SCHD Effluent

38

Month

July 1976
August 1976
September 1976
October 1976
November 1976
December 1976

1977
February 1977
March 1977

1977
May 1977

No Isolates
nt Not Tested

Total
Coliform/l00 ml

93
23

230

28
<3

3

Fecal
Col iform/100 ml

nt

3
4

Virus PFU/gal

10<0
nl
n i
ni
ni
nl
n i
ni

ni



V. Discussion
A. Introduction
There is as yet no established standard for viral pollution levels in

aquatic systems. The reasons for this incl ude the difficu lty of sa mpl ing, the
nonexistence of a single standard method for enumeration and ident ification,
and the lack of concise epidemiologica l information conce rning the wate r
borne transmission potentials of the vi rus groups invo lved. In isolating
members of the Enterovirus group in Long Island aquatic systems, we do not
stress their significance as disease causing agents, but rather as ind ices of
recent contact with human fecal material.

The study described herein does not represent the " definitive" state
ment on pollution in the areas studied. Such a determination would be
obviated by the low sample numbers, and the brief d uration of the program.
In addition, there was no information gathered on non-Ente rovirus species,
which may also be found in sewage po lluted systems (e.g., Adenovirus,
Reovirus, Rotavirus [Reo-likel, Norwa lk -agents).

The conclus ions presented on the following pages were developed with
the above restrictions in mind, but based primarily upon the results ob
tained from the study. As this ration al e exists throughout the report, the
dange rs of out-of-context interpretation by the reader ca nnot be under
estimated.

B. Discussion of Resu lts from Field Samples
1. Public Water Supplies
Reliable technology for the study of virus in drink ing wate r has only

been recently developed. Methods now exist which e'1a ble specialized lab
oratories to sample volumes of water rangi ng f rom 380 liters to 1900 lite rs
(Sobsey et al., 1973; Farrah et al., 1976) . The techniques have recently been
approved and included in the 14th edition of Standard Methods for Exam
ination of Water and Waste Water (1976).

Several studies have dealt with the sensitivi ties of the new methods.
Hill et al. (1976) reported that three to fiv e PFU pe r 380 li ters could be
recovered when 1900 liters of sample water were tested, wi th overall recovery
efficiencies ranging from 28 to 42%, with an ave rage of 35%. The methods
have been successfully tested for a numbe r of viruses including Polio, Cox
sackie, ECHO, Reo and Adenovirus.

Few virus isolations would be expected in public wate r supplies due to
a number of facto rs incl uding the inability of human viruses to rep roduce
outside of their host; the natural physica l, biological and chemical processes
that inactivate virus in aquatic environments; and the efficiency of virus
removal and inactivation by conventional drinking water treat ment plants
(Ak in and J akubowsk i, 1976). Ev idence for the presence of virus in drinking
water is sketchy and inco mplete. A few reports have cited viral isolations
from drinking water. After subsequent testing, the findings could not be
confirmed and were judged to be the result of contamination . To avoid

similar errors in the future, Akin and Jakubowsk i (1976) proposed a set of
guidelines for sampling finished water :

- Personnel di rectly involved in sample collecting and handling should
routinely have throat and rectal swabs co ll ect ed. They should be processed
if a vi rus-positive water sample is found.

- Ase ptic technique in a closed system should be used for sample col·
lecting and processing.

- When samples are to be stored prior to testing, they should be
placed in ultra low temperature freezers that contain no othe r type of virus
sample.

- Samples should be processed in isolation facilities where no o ther
type of virus sam ple is handled .

- Multiple barriers to air contam inat ion should exist, i.e., separate
isolation facility, lamina r flow hoods, etc .

- All isolates must be confirmed as bei ng viral in nature.
Few ex isting laboratories ca n meet all the above recommendations,

particularly in regard to a separate isolation faci li ty. The Brookhaven
National Laboratory Virology fac ili ty was able to adopt a majority of the
Environmental Protection Agency 's recommendations for studying the
drinking water samples from Bayport and Oakdale.

The study wells were specifically chosen because of their relatively
shallow depths and vulnerability to contaminants because of their location .
The water quality met appropriate drin ki ng water standards in all cases.
Based upon our data, whi ch showed no virus isolations from any drinking
water samples, it may be concluded that virus and bacteria l-free water should
result from the adequate treatment of groundwater from publ ic supply wells
that have bee n located considera ble distances from possible pollution
sources, such as contaminated rivers or streams, or heavily developed (hous
ing) areas where leaching from closely packed septic systems may adversely
affect wate r qua li ty in the surrounding area. In light of the above findings,
it is tentatively recommended that such measures be taken whenever possible
for public water suppl ies on Lo ng Island . As the systems stud ied (Bayport,
Oakdal e) may not rep resent t he "average" water supply well o n Long Island,
it is further recommended that additional virological st udies be carried out
on a variety of public water supply systems in order to lend support and
further justify the above conclusions.

2. Surface Waters
(a) Lake Ronkonkoma. A review of the available literatu re reveals no

previous report of isolation of human viruses in lake wate r in the United
States. The major reason for th is would appea r to be the lack of vi rus studies
actual ly carried out o n this particular type of aquatic resource .

Isolation of hu man viruses in Lake Ronkonkoma samples on two out of
seven occasions (28. 5%) could theoretically be att ributed enti rely to the in
fluence of bathers. The theory is easi ly appli ed to t he occurrence of viruses at
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a bathing area in early September, a time when the area was still in use. Sur
vival of human viruses in lake water would appear to be extensive (Hermann
et al., 1974), especially if they become trapped within the sediments. It is
possible (but not proven) that such viruses could survive for periods of up to
six months, which would explain the iso latio ns in March of 1977. There were,
however, an insufficient nu mber of measu rements taken between September
and March to totally support or refute this theory .

It is impractical to ignore the possibility of other sou rces contributing
to viral presence in the la ke. As previously mentioned, the March isolations
could reflect the passage of feces-contaminated liquid from domestic septic
systems to the water of the lake. Information gathered at other sites con
cerning the likelihood of horizontal migration of virus particles through soils
would suggest that septic systems would have to be located adjacent to the
shores of the lake for this type of movement to occur with any predictable
frequency. In order to adequately assess the likelihood of this particular type
of source, it would be necessary to test the waters in those areas where septic
systems are known to occur.

Standards now exist regarding the placement o f systems near
surface waters. It is recomme nded that fur ther study be carried out to assess
the adequacy of these standards in preventing the passage of viral contami
nants into these waters.

(b) Penataquit Creek. Numerous studies have demonstrated the
presence of human viruses in the tributary waters leading to embayments
(Metcalf and Stiles, 1967; Vaughn and Metcalf, 1975). In most instances,
pollutants have been traced to direct discharge of treated or untreated sewage
into the rivers, creeks or streams under study. The likelihood of the passage
of infectious virus through tributaries and into em bayments of estuarine
reg ions has been established . In the case of Penataquit Creek, the two posi
tive samples out of a total of eleven taken (18.1%) could not be traced to a
regular discharge of sewage effluent. While leakage from septic systems along
t he creek bank, run-off from streets, and the discharge from large boats
located in the creek may be suspect, the periodicity of virus isolation (and
that of bacteria) suggests a more intermittent source.

Penataquit Creek exerts an influence on the water quality of the nearby
region of Great South Bay. An improvement in the quality of this and other
creek waters would likely result in a correspond ing improvement in the
immediate area of the bay.

(e) Marine Embayments and their Shellfish. (Author's Note: Over the
past several months much debate has been centered on the adeq uacy of the
coliform index to accuratel y identi fy the potenti al hazards posed by sewage
borne pathogens to com mercial shellfish beds. It is no t t he intent of the 208
virus study to pursue this question, and the present report contai ns insuf
ficient information to properly address the problem. Cau tion is therefore
advised regarding any correlation of viral and bacterial data which could not
be supported by the authors or by Brookhaven Laboratory.)

Numerous investigators have described the isolation of human viruses
from shellfish and shellfish growing waters (see Literature Review-Section
II). In most of the cases described, the source of viral pollution was the dis
charges of primary or secondary sewage treatment plants.

Although a definite correlation between viral numbers in Penataquit
Creek and those in Great South Bay could not be established, the creek obvi
ously represents one ot the sources of contamination the bay. The
transm ission from creek to bay was probably in effect during the entire year
(even though we were unable to isolate them from the creek at all times),
with the actual virus concentrations fluctuating with season_ Viruses were
isolated from "closed" waters in 37.5% of the samples tested while being
found in 28.5% of all "closed" clam samples. The "open" area yielded pos·
itive results in 37 .5% of the water and shellfish samples. These results do not
conflict with established survival patterns for marine waters that show ex
tended survival in water, shellfish and sediments (Vaughn and Metcalf, 1975;
Akin etal. , 1975b; DeFlora et aI., 1975).

The installation of septic systems along the immediate shoreline has
been curtailed state and county regula tio n, which shou ld prevent fu rther
movement of viru ses to nea r shore areas of the bay. The role of stonnwater
run-off as a source of human viruses has been suggested but not proven in the
area studied. Additiona l studies would be necessary to define both the extent
of the pollution contributed by run-off, and the likely measures for control.

The "open" and "closed" areas studied in Oyster Bay were probably
influenced by separate sources of pollutants. Results showed that 12.5% of all
water and shellfish samples taken at the "open" site contained species of
human viruses. Li kely sources of viral contamination to this region include
overland ru n-off, septic tank leaching and the nearby (one to two miles)
discharge of treated sewage effluent from the Oyster Bay sewage treatment
plant. Whi le the majo r vira l sou rce coul d not be determined within
conf ines of this study; it should be noted that previous wo rk by one of the
authors (Vaughn and Metcalf, 1974; Metcalf, Vaughn and Sti les, 1972),
conducted in a si milar bay system receiving discharges from secondary
treatment plants, indicated the presence of human viruses in shellfish beds
that were located seven to eight miles from the nearest outfall.

The " closed" site was located several miles west of the "open" area
discussed above. Microbial contamination at th is si te was probably influenced
slightly by the sewage outfa ll, the more likely sources being from overland
ru n-off and septic tank seepage from the numerous older homes surrounding
the area. The results of sampl ing in this area yielded no virus isolates in the
wate r co lumn, yet 37.5% of the shellfish tested did contain viruses. The li kely
reason for this discrepancy, prev iously discussed in the Results section, was
the heavy turbidity of the water. This finding raises some interesting ques
tions concerning the accuracy of sole use of water samples to predict the viral
quality of shellfish residing in especially turbid environments.

As the sources of vi ral pollution in these areas cannot be specifically



identified without further study, it is impractical to offer concrete sugges
tions concerning t heir control.

3. Babylon landfill
The banning of the open burning of trash, and the demise of the "town

dump" have popularized the use of sanitary landfil ls for the disposal of trash
items. Certain precautions should be taken to prevent the passage of viruses
through the landf ill and into the groundwater aquifer. Such precautions cou ld
include the use of impermeable membranes beneath the fill to prevent leach
ing, or the use of "filtering systems," such as artificial peat bogs, to polish the
leachates before percolation to groundwater aquifers.

Investigators have previously isolated human viruses in solid wastes
(Peterson,1974), but few have reported similar isolations in landfill leachates.
To date no reports have described isolations in leachate-contaminated ground
wate r. Correlation of the results of our study with those of prev ious studies
was complicated by the presence of scavenger waste pits on the Babylon
landfil', a pract ice which is apparently not often used in other parts of the
country. The presence of so obvious a source of human viruses tended to
dimi n ish t he li kelihood of other potential sources such as disposable d iapers.

Virus isolations were made in 10% of the grou ndwater samples tested.
Because nei t her the scavenger waste, nor the landfill leachate was test ed,
li tt le can be concluded concerning the virus removing capacity of the landfill
itself (significant removal could have actually occurred during movement
t hrough the groundwater aquifer between the landfill and the observati on
we ll ).

While t he greatest th reat to groundwate r pollution by landfill leachates
is li kely chemical rather than biological in nature, the possible movemen t of
potentially harmful micro bes through landfi lls (especially those which mix
domestic sewage or sludge with fill) cannot be igno red. Stud ies to def ine
procedures (e.g., t hose precautions mentioned above) for the abatement of
b iological pollutants in leachates would be indicated .

4. Storm Water Recharge Basins
little is kn own abo ut the occurrence, tra nsm iss ion and su rvival of

human viruses in storm water, and questions concerning their passage through
storm water recharge bas ins are moot. The iso lat ion of viruses from the
groundwater beneath the North Massapequa recharge basin provides more
questions than answers. Since the sto rm waters entering the basin were not
tested, it is not ce rtai n that viruses were ever presen t within them. The only
alternative virus source noted was possible leak ing o r overflow from sept ic
systems located around t he basin. Again, the re is not sufficient info rmation
to make t hi s conclusion.

Add itional testi ng of groundwater and the sto rm water run-off entering
t he basin over a period of time wou ld li kely provide information regarding
viral source, or at the ve ry least provide addi t ional data with which to deter-

mine the significance of the single isolation that was encountered.
Should storm water be identified as the virus source, it would be most

interesting to determine the effect of the low pH of waters beneath the basin
on the removal of viruses during percolation through the soil (as previously
mentioned, pH levels between 3.0 and 5.5 tend to enhance virus adsorption
to many surfaces).

5. Sewage Treatment Plants
Currently practiced sewage treatment methods cannot guarantee the

removal of all human viruses. Iso lation of viruses in treated effluents is
therefore not surprising. The results of tests carried out on a number of
sewage treatment plant effluents indicated that efforts could be made to
minimize the number of virus in treated wastewater (i.e., carrying out stand
ard treatment practices in a properly designed plant). Three of the plants
released significant virus numbers in less than 50% of their effluent samples
tested (Stony Brook STP-36.3%, Oyster Bay STP-36.3%, Meadowbrook
STP-25.0%). The Parkland III plant showed slightly higher frequency with
54.5% of samples taken yie ldi ng positive results. Least effective at removing
viruses (and bacteria) was the Sunrise Garden Apartments plant which
showed an 80% frequency of virus isolation.

The Oyster Bay facility was the only plant studied which was
discharging t reated effluents into su rface waters. While the virus removing
efficiency of t his plant was among the highest of those stud ied, significant
numbers of virus particles were periodica ll y released into areas of the bay
t hat are now closed. It can be calculated , given t he survival capacities of
vi ruses in such systems, t hat even infrequent discharges of viruses and other
microbial pollutants can eventua lly affect the wate r qua lity of the ent ire bay
area. Such a risk shou ld not be ignored and more effective virus-removing
methods, or alternati ve means of efflue nt disposal should be considered .

The increasing demand for potable water to supply domestic and
commercial needs has prompted a search for methods to supplement fresh
water rese rves. Among methods proposed are seve ral dealing with the
recharge of groundwater aquifers with renovated wastewater, includ ing spray
irrigation ; land application; well injection; and percolation through recharge
basins. Inherent in any scheme of wastewater reuse is the potential hazard
posed by the pathogenic microorganisms commonly found in sewage. The
success of many rech arge methods may de pend large ly upon their ability to
successfully remove these organisms. An important facet of the 208 virus
study was the monitoring of several groundwater recharge sit es in order to
qualitatively assess their abil ity to remove human viruses (No te: quant itative
assessment would require more elaborate programs than those conducted for
208) . While being unable to define all the necessary cond itions, it was hoped
t hat the program of monthly vira l analysis would be able to ind icate the
likelihood of returning virus-free waters to grou ndwate r aquifers.

While not usually listed among recharge methods, t he use of subsu rface
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leaching fields associated with sewage treatment plants will eventually result
in the return of water to the aquifer. It is recommended that effluents of
simi larly low quality to those found at the Sunrise plant not be used for such
purposes. However, the information gathered at this site may be useful as an
index of the effi ciency of such recharge systems under "worst possible
conditi ons." Viruses were iso lated fro m 80% of the STP effluent samples
taken, while only a 22.2% frequ ency was noted in the groundwater observa
t ion well. The data suggested that this type of disposal of low volume
effluents in fairly isolated areas wou ld be practical, providing the effluents
were of adequate qual it y .

Among treatment plants discharging into recharge basins, the best
results were obtained from the Stony Brook site where no viruses cou ld be
isolated from t he eight samples tested. Parkland III yielded positive results in
20% of samples taken , and Meadowbrook showed an isolat ion frequ ency of
25.0%. Previously cited stud ies have demonstrated an inability of effluent
borne viruses to penetrate appreciable distances through soil columns
depending on soil composition and effl uent appli cation rates. The apparent
inabil ity to recover significant nu mbers of virus at the Stony Brook site was
likely a result of the soil depth from the bottom of the recharge basi n to t he
aquifer, which measured some 80 feet.

The 34 foot soil layer from basin to aquifer at the Meadowbrook si te
seemed to be a less efficient viru s remover. This conclusion does not account
for differences in eff luent quali t ies, and so il characteristics. Stud ies of the
latter may have indicated the presence of small fissures wh ich would have
allowed rapid virus infiltration by channeling. Had t he observation well
been located further down-flow, rather than within the dome of recharged
water, some estimate of virus removal during horizontal flow would have
been possi b le. In the absence of th is info rmation, it can only be assumed
that remova l rates through the aq uifer would be sim ilar to those encountered
during perco lation th rough the recharge basin. Based upon this, it is cal
culated that viral penetration in the aqu ifer would not be significant after the
first 100- 200 feet of travel. Confirmation of this hypothesis would require
an additional study of the site, which would in cl ude t he installation of a
second obse rvation well 150 feet down groundwater flow from the recharge
basin.

The microbial quality of effluents discharged from the Parkland III
plant did not resemble those of a properly operated tertiary treatment
system. In spite of this, encouraging removal rates were noted in obse rvation
well waters. Based upon these data, it is conceivable that the recharge of
properly treated effluents woul d contribute no sign ifican t virus numbers to

the aquifer. The premise could be confirmed with a study similar to t hat
just completed .

On the bas is o f viral information derived fro m t his and other o ngoing
and recentl y completed studies, the following general guidelines concerning
the recharge of domestic sewage treatment plant effluents on Long Island
are presented for consideration:

- The overall microbial quality of effluents to be recharged should, at
the very least, conform to standards prescri bed for secondary effluents,
includ ing a suggested fecal coliform count of no greate r (and preferably
less) t han the EPA recommended 200 per 100 milliliters (geometric mean).
Properly treated secondary effluents with chlorine residuals of 1.5-2.5 parts
per million (15 minutes contact time) should contain reasonably low numbers
of viruses that should be removed duri ng percolation.

~ Recharge basi ns should be located in areas where groundwater
aquifers are at a sign ifica nt depth. Because of di fferences in soil character·
istics, an exact figure cannot be ind icated. Depths to ground water of 60- 100
fee t would appear to be adequate for the removal of a majori ty of virus
particles. Shallower recharge zones might be acceptable to a minimum of
approximately 30 feet. Construct ion of recharge basins with distances to
groundwater of less than 30 feet would have to be carefull y scruti nized.
Alternative treatment methods may modify the above co nsiderat ions.

- Recharge basins should not be const ructed in areas abu tting lakes,
rivers, creeks, streams or coastal wat ers where saturated soi l cond i ~ i ons

would facil itate the movement of viruses.
-Consideration shou ld be gi ve n to the si t ing of rech arge operat ions

with respect to their proximity to public water supply wells.
- A series of addit ional monitoring wells should be const ructed at each

recharge site in order to routinely mon ito r t he quality of the recharged water
and its effect on aquifer qual ity.

6. Experimental Septi c System
A major portion of Suffolk County is unsewered, and is likely to

remain so for some time, necessitating t he use of septic tanks. In an effort
to find a more efficient septic system, the Suffolk County Health Department
constructed an experimental subsurface system on the grounds of Brook
haven National Laboratory, which treated a portion of raw wastes originati ng
from the Laboratory 's apartment complex.

Results from t he testing of this system, which was part of the 208 Virus
Program, ind icated it to be most prom ising for the treatment of small vol 
umes of raw wastewater. In spite of the large num ber of viruses and bacteria
entering the system , undisinfected effluents consistently revealed signif icant
re moval s of both. The removal mechan isms involved could not be determined
within the confines of the 208 program, but it is hoped that this research
may be conducted in the futu re.
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APPENDIX I

Approximate Location of Virus Study Sampl ing Sites
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Oyste r Bay Open Waters . . .

Oy ste r Bay Closed Waters .
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Parkland III STP 0

SCHO Experimenta l Septic System P
(Brookhaven National Laboratory)
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