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SECTION I 

INlRCWCTION 

Th 1 s report presents and discusses the feasibility study underta ken 

by the Town of Oyster Bay CTOB) and its consultants to identify, evaluate 

and recommend a remedial response action for the 1andf111 leachate plume 

emanating from the Old Bethpage Solid Waste Disposal Complex COBS\'DC). 

Delineation and characterization of the OB~DC landfill leachate plume 1s 

sL111mar1zed in subsections 1.1 and 1.2 of this report and described in 

detail in the Geraghty & M111er, Inc. reports titled: 1'0B~DC Off-s1te 

Groundwater Monitoring ProgrcrT1 11, September 1986; 1'0B~DC Off-s1te Ex­

ploratory Drilling and Monitoring Well Installation ProgrcrT1 11
, August 1985; 

and 11Final Design Report, OO~DC Off-Si·te Groundwater Investigation and 

Mani tori ng ProgrcrT1 11 , March 1984. ~drogeol ogi c stud1 es and computer 

simulations presented in this report were performed by Geraghty & Miller, 

Inc. S1m11arly, engineering and cost analyses of remedial alternatives 

were provided by Lockwood, Kessler & Barlett, Inc. CLKB). 

Th1s feas1b11 ity study was prepared pursuant to an Inter i m Consent 

Order entered 1n Federal District Court for the Eastern District of New 

York and was coordinated and rev 1ewed w 1th the New York State Department of 

Law (NYSDOU, the New York State Department of Environmental Conservation 

CNYSDEC), and the Un1ted States Environmental Protection Agency (USEPA). 

It was prepared 1 n conformance w1th USEPA g.i 1 deli nes prov 1ded in 11Gu1 dance 

on Feas1b111ty Studies Under CERQA11• In th1s feasib111ty study, alter­

native remedial actions are developed and evaluated in terms of cost, 

engineering implementation and constructability, the extent to wh1ch each 

alternative provides protection to public health and env1ronnent, and en­

v1ronnental impacts during or ranaining after implementation. 
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The format of this report is ronsi stent with the feasibility study 

report format recommended by USEPA. The report is divided into four 

sections: 

Section I - Introduction 

This section has three main topics: site background information, 

nature and extent of contam i nation problans and ranedial objectives. 

These items briefly characterize the site in terms of past and present site 

investigations relevant to remedial action strategies, the nature and ex­

tent of contaminant release and migration at the site, and general and 

specific goals of remedial action responses. 

Section II - Screening and Testing Remedial Response Actions 

This section summarizes the screening process used to identify the 

most appropriate remedial action responses, identifies those remedial ac­

tion responses and discusses their initial feasibility testing and results. 

Section III - Remedial Action Alternatives and Analyses 

This section describes the remedial action alternatives identified 

and selected for detailed analysis and includes: the intent of the ran~ 

dial alternatives, key features of the alternatives, graphic illustrations 

of the alternatives and aspects of the problem that the alternatives will 

or w 111 not OJ ntr o 1 • 

In addition, this section presents detailed analyses of the ranedial 

action alternatives and is divided into two major topics: no~cost 

criteria analysis and cost analysis. The no~cost criteria section 

addresses considerations of technical feasiblity, enviromiental protection, 
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1nst1tutional issues and public health protection. The cost analysis 

section summarizes the estimated costs of each alternative and includes 

capital costs, operation and ma1 ntenance costs and present worth analysis. 

Section IV - Recommended Remedial Action 

Section IV sLmmarizes the ranedial alternatives, presents the 

results of the analyses and identifies and gives a detailed descr1pt1on of 

the recommended ranedial alternative. 

1.1 Site Background 

The Old Bethpage Landfill located 1n Nassau County, Long Island, has 

been operated by the Town of Oyster Bay since 1958. The landfill covers 

approximately 65 acres. The landfill is presently closed to operations 

under a closure order issued by the N8'11 York State Department of 

Env1rormental Conservation (NYSC£C). 

There are three raned1al actions currently completed or underway at 

the 01 d Beth page Landf 111 • These are 1 each ate co 11 ect 1 on, 1 andf 111 gas 

collection, and capping of the landfill. These actions are fully described 

in the October 1983 report by Lockwood, Kessler & Bartlett entitled 

•comprehensive Land Use and Operations Plan 11 which was prepared in 

accordance w 1th l andf 111 closure regulations found at 6 NYCRR Part 360 and 

the Sol id Waste Management Fac11 ity Guidelines and approved by the NYSC£C. 

These progrcrns were designed to limit migration of contaminants fran the 

landfill via air and surface runoff. In addition, the capping progrcrn was 

des1 gned to reduce water inf 11 trati on, thereby reducing the production of 

leachate and subsequent contamination of the groundwater. The three 

progrcrns are described bel °": 
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Leachate Collection 

A leachate control system has been in operation at the landfill 

since late 1983. The system is designed to collect, store, treat and 

dispose of leachate generated by the landfill. Collection wells and an 

underdrain system have been installed over the lined portion of the 

landfill (approximately 12 acres). Leachate flows fran these points of 

coll ect1 on to a clay and polyethylene 11ned short-term storage bas1 n. The 

leachate is then treated by standard metals precipitation techniques and 

sol ids separation. The clear, treated effluent is discharged into the 

Nassau County sewage treatment system in accordance with the State 

Pollution Discharge Elimination System (SPDES) and Nassau County Ordinances. 

The sludge is dewatered and the resulting dry material is returned to the 

landfill. This progran is described in detail in Section 4 of the 1983 

11Comprehensive Land Use and Operations Pl an. 11 

The capacity of the leachate collection system is 50,000 gallons/day. 

The amount of leachate produced is approximately 150,000 gallons/week. It 

is monitored monthly for metals, sulfites and total suspended solids. 

Landfill Gas Collection 

The landfill gas collection system has been installed at the 

periphery of the landfill in phases since 1982. The system is designed to 

monitor and prevent migration of 1andf111 gas beyond the property boundary. 

Approximately seventy sampling points around the landfill are monitored 

monthly for the presence of methane. When the monitoring indicates that 

landfill gas is migrating beyond the collection system at any point, the 

system has been constructed and expanded to address that migration. 

In 1982, Phase I of the collection system was installed in the 

vicinity of the Nassau County Firanan1 s Training Center at the southeastern 
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corner of the landfill. The system consisted of a series of extraction 

wells and blowers which collected gas and vented it into the atmosphere in 

uninhabited areas surrounding the landfill. In 1984, Phase II extended the 

collection system along the eastern border of the 1 andf il 1 at Winding Road. 

The ori gi na 1 design of Phase I and II as well as the monitoring progran is 

fully described in Section 6 of the 1983 "Comprehensive Land Use and 

Operation Plan". In 1986, an incinerator was installed to incinerate the 

extracted gases fran Phase I and II in 1 ieu of venting. Phase III was 

installed at the northwest boundary of the landfill and became operational 

1 n ear 1 y 1 987 • 

Data collected through the gas monitoring progrilTI is compiled 

annually into published reports. The most recent report available is the 

''1986 Annual Report: S1Jnmariz ing the Status of Landf 111 Gas Monitoring 

ProgrilTls and the Establishment of the Zero Percent Gas Migration Lfmitation 

at the Old Bethpage Landfill" released in April 1987. The monitoring 

progrilTI has been revised as required since 1982 and will continue to be 

expanded as necessary. 

In addition to the gas collection system at the site perimeter, there 

is an extraction system in the center of the landfill which is privately 

operated under license by the Town of Oyster Bay. The system harvests gas 

for the generation of approximately 3 megawatts of electricity. It is 

estimated that this process w1l l produce gas sufficient for 10 to 15 years 

of electrical generation. 

Capping 

Closure and capping of the 1 andf 111 is required pursuant to 6 NYCRR 

Part 360. The capping process involves regrading the slopes of the 

landfill and applying an l~inch impermeable clay cap over the landfill to 

limit infiltration of precipitation into the fill. A 6-inch so11 cover 
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will be placed on the clay cap and the area will be revegated. The design 

and spec1ffcations of the cap are described in Section 8 of the 1983 

"Comprehensive Land Use and Operations Plan.'' At the present time , the 

clay cap has been applied to approximately 29 acres of the 65 acre 

landfill. The capping progran is proceeding and will be ex>mpleted in 

conjunction with the groundwater rErnediation prograns discussed in this 

report. 

The i nvesti gati on of groundwater ex>ntam 1nati on in and around the 

area of the OBSvDC began in 1979. The initial prograns were designed to 

determine the quality of the groundwater beneath the site. These were 

later expande d to include the monitoring of existing off-site wells to 

provide information on the impact of OOSvDC on surrounding groundwaters. 

These prograns and their findings are discussed in detail in Lockwood, 

Kessler & Bartlett, Inc. reports titled: ''Groundwater Monitoring Progran, 

Phases l and 2", June 1981;'' Phase 3 Groundwater Monitoring Progran, 

1983-1984 Ana 1 yti cal Results'', May 1984; and ''Phase 3 Groundwater 

Monitoring Progran, 1984-1985 Analtyical Results 11
, June 1985. 

On July, 19, 1984, a ex>nsent order was signed by the NYSOOL, NYSCtC, 

and the TOB for implErnentation of a ex>mprehensive off-site groundwater 

quality investigation. The purpose of the investigation was to delineate 

and characterize the landfill leachate plume believed to be Emanating fran 

the site. The investigation, whe'1 ex>mpleted in April 1985, included the 

dr 111 i ng of si x exp 1 oratory borings and the i nsta 11 ati on of 23 monitor 1 ng 

wells in Bethpage State Park. The drilling and monitoring wel 1 instal­

lation progran was ex>mpleted when the extent of the landfill leachate pll111e 

was defined. Inorganic chErnical paraneters, which are typical of sanitary 

landfill leachate, were used to define the extent of the plume. 

After ex>mpletion of the well installation phase, five rounds of 

water quality samples were ex>l lected (June, July, October 1985 and January, 
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April 1986) from the 23 monitor i ng wel 1 s and other se 1 ected w el 1 s. Water 

samples were analyzed for an extensive list of parcWneters that included 

metals and organic compounds. In addition, water level measurE111ents and 

water quality samples were taken in three temporary wel 1 s directly up­

gradient of the landfill,· in order to determine the effects of mounding. 

The results of the monitoring are sLmmarized in Section 1.2 of this report. 

1.2 Nature and Extent of Probl an 

As discussed in the Geraghty & M11 ler report of August 1985 (cited 

earlier), water-level data from off-site wells clearly demonstrates that 

groundwater fl ow under the 1 andf 111 is to the south-southeast. Water-level 

data collected from the three temporary upgradient wells ooes not indicate 

components of groundwater fl°" to the north or west. 

The approximate lateral extent of the landfill leachate plLme (at 

three depths) is shown on Figure 1-1. The plume exhibits the greatest 

lateral extent at the middle depth, extending approximately 2000 feet from 

the landfill. The approximate vertical extent of the landfill leachate 

plLme is shown on Figure 1-2. The thickest section of the plume is 

approximately 200 feet in the area of exploratory boring No. 2. Further 

discussion on the configuration of the plume is provided in Geraghty & 

M11 ler, Inc. 1 s September, 1986 OOS\'DC groundwater report, cited earlier. 

Results of the five rounds of groundwater sampl 1ng of the 23 offs1te 

monitoring wells indicate that the landfill leachate plume is comprised of 

inorganic compounds and volatile (halogenated and non-halogenated) organic 

compounds ( voe• s). The data generated from these sampl 1ng efforts 1s con­

tai ned and discussed in the Geraghty and Miller report of September 1986. 

The lateral and vertical extent of the total organic plume 1s shown in 

Figures 1-3 and 1-4 respect1 vel y. 
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BonrnT Annnt:; 
Attorney General 

J, m ~ \ . St:,"'", 

~T\TE OF \E\\ 'Ollt, 

DEP\lff\lENT OF L\W 
T" ,, \\ ,,uu, TH 111E c~., T1.11 

\ ~ \\ ) 1111 11.. \ \ 100 Vi 

Assistant Attorney General ,n Charge 
Envuonmenlal Prolectoon Bureau (212) 4R8-6?10 

May 7 , 1985 

Francis Hyland , P . E . 
Chief Engineer 
Longisland State Park 

and Recreation Commission 
Belmont Lake State Park 
Babylon, New York 11702 

Re: State Park Irrigation Wells 

Dear Frank: 

We appre ciate the spirit of coope ration which prevailed 
at our me eting o n March 19th and thank you in h e lping us 
r each an acceptable s o lutio n to the problem presented by the 
initial proposal to locate a new irrigation well in the park 
maintenance area . 

As a result of this meeting, it is our understanding 
that any new irrigation well will not be located adiacent to 
Bethpage State Park Well No. 1 (N-189) in the maintenance 
area , but rather in an area at a considerable distance to 
the west of the park maintenance area . Once you have chosen 
that location you will review it with us to insure that it 
will not interfere with our mo nitoring programs at the Old 
Bethpage landfill or influence any leachate plume from the 
landfill. 

Secondly, it was understood that existing Bethpage 
State Park Well No. 3 (N- 617) would be rehabilitated to 
sustain a maximum pumping capa city of 800 gpm . It wa~ 
agreed that the pumping of this wel l would be carefully 
controlled to insure that it will not influence the leachate 
plume or interfere with our monitoring program. An 
additional al ternative for vou to consider would be to 
re-drill thi s well (N-61 7 ) to a much deeper depth 
(approximately 300-400 feet) . This wou ld provide you with 
an even greater degree of assurance that the use of this 



continued - 2 -

well would not influence the migration of the existing 
contaminant plume. You mav want to discuss this option with 
vour consultant . In anv event , we understand that this well 
will be svstematicall,· sampled bv Nassau Countv nepartment 
of Health, to insure that it has not become contaminated by 
the landfil l plume. Our recommendation is that it be 
sampled in coniunct ion with the sampling in our off-site 
investigation. 

You will provide us on a periodic basis the usaqe 
records and short terms pumping records of these wells as as 
well the analyt ical sampling data to monitor these effects. 
We have also agreed to keep each other apprised of samplinq 
events and well testing (such as pump tests, etc l to provide 
each other with information use ful to our r espective 
purposes. 

Thank vou again for vour cooperation. Please contact 
us, whenever appropriate , to review your final proposal and 
plans for future operation . 

Sincere ly, 

l?cuM l-k_ 
ROBERT L. OSAR 
Assistant Attorney ~eneral 

RLO/sm 
cc: Vance Bryant 
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Z\.pril 10, 1985 

State Park 

\, 

Re: State Park Investigation Wells 
------------------------------

Dear Frank: 

We appreciate the spi.rit of cooperat i o n which prevailed 
at our meeting on March 19th and thank vou in help ing U$ 

reach an acceptable solution to the p r oh l em presented bv the 
initia l proposa l to l ocat e R ne w irrigation well in the park 
mainten a nce area . 

As a result of this meetina , it is our understanding 
that anv (~ew ~rrigation well will not. be located adiace nt to 

- well- No ~ \!'f-J 89) in the maintenance rrea , hut rather in a n 
ar~a ~ a cons i derable distance to th~ west of the park 
maintenance a r ea . On ce vou have chosen that location ','OU 

will r eview it with u s to insure that it will not inter fere 
with our monitoring programs at t h e Old Bethpage l andfil l o r 
influence anv leachate plume from the landfill . ~~~ 

,(~ 1~ 
Secondlv , ft was understood t hat ex j sting ~7e ll No . 3 ~nl~ 

(N-hl 7 l would be r ehabilitated to pump at a maximum capacity fQll~(~'' 
of ROO gpm. It was agr eed tha t the use of this well woul<l ''?t'\.,v ...,_ 
be carefullv contro lled t.o i nsure tha t it will no t influe nce vflv~fV 
the leachate plume or i nterfere wi t h our monitoring program . 
We also unde rstand t hat thi s well wil l be periodica l]: \ < ? 
sampled to insure that it ha s not hecome o ntaminated by the 
l ane f i 11 plume . ,A~ A--i. tn e-,1½ 

p rt.c)lo MM , 
You will provide us on a periodic bas is the usage 

r ecords of these wells as as well the analytical sampling 
data to mo n itor these e ffects . We have also agreed to keep 
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continued - ? -

each other apprised of sampling events and we ll testing 
(such as pump tests, etc) to provide each other with 
information useful to our respective purposes. 

Thank you again for your cooperation. Please contact 
us, whenever appropriate , to review your final proposal and 
plans for future o p e ration. 

Sincerely, 

ROBP.RT L. OSAR 
Assistant Attornev General 

RLOlsm 



TO: 

FROM: 

SUBJECT: 

DATE: 

New York State Department of Environmental Conservation 

MEMORANDUM 

John GreenthaJ,.,'."2. 
Vance Bryant Vu 
New Irrigation Well in Bethpage State Park 

January 25, 1985 

qn Friday, January 25, I received a call from Mr. Paul 
Gross/er of H2M Corporation, a consulting firm on Long Island. 
Mr . Gross/ er had been referred to my by Phil Barbato of Region 1. 

Mr. Gross/ er was interested in details of the investigation 
presently underway in Bethpage State Park to determine the impact 
of the Old Bethpage Landfill on groundwater quality downgradient 
of the site . H2M has been hired by the Office of Parks and 
Recreat ion to design a water supply well for irrigation purposes 
at the park. This is the same project that we discussed 
approximately a month and a half ago (see Ivan Vamos _letter of 
November 30, 1984 and my memo of December 18, 1984). 

At the time of my conversation with Mr. Vamos, he gave me no 
indication that the project was under design. We had agreed to 
discuss it on Long Island when it was mutually convenient for us 
both. Mr. Gross f er indicated that the well was to be installed 
at the existing maintenance area east of Round Swamp Road and 
south of the landfill. This area is the location of two existing 
wells one of which was closed in 1976- for drinking pu~poses 
because of organic chemical contamination. Mr. Gross/ ~r 
appeared to be unaware of the this fact. 

I indicated to Mr. Gross/ er that the release of any details 
of the ongoing study would have to be cleared through the 
Attorney General's Office (Bob Osar ). I also indicated that the 
installation of such well certainly could have an impact on the 
plume. 

Both Mr. Vamos, previously, and Mr. Grossjer, indicated that 
unless the contaminants were at unsafe levels, as decided by an 
appropriate health agency, the well would be installed as 
planned. The significance of such action in relation to the 
ongoing investigation should be discussed with the Parks people 
in the very ne ar future to decide upon an appropriate course of 
action. 

Both Mike Tone and Bob Osar have been apprised of this 
development. I will contact Ivan Vamos and try to arrange a 
meeting on Long Island next week at which time appropriate 
personnel from our var ious agencies can get together to discuss 
the situat ion. 

VB:cj 

cc: M. Tone 
K. Walter 
B. Osar 



TO: 
FROM: 

SUBJECT: 

DATE: 

New York State Department of Environmental Conservation 

MEMORANDUM 

John Greenthal 
Vance Bryant Yl> 
Ivan Varnes ' Memo Regarding Bethpage Golf Course Well System 

December 18, 1984 

I have had occasion to read the subject letter, dated 
November 30, 1984 (attached) , and to evaluate its contents in 
relation to the . on-going groundwater investigation within 
Bethpage Park. The instant investigation is to determine the 
presence or absence of a contaminant plume emanating from tDe Old 
Bethpage Landfill and to determine its constituents as well ~s 
its vertical and areal extent and rate of movement. Although 
interim results of the investigation are being kept confidential, 
the writer has previously made you aware that a plume has indeed 
been discovered beneath a portion of the park, to the southeast 
of the landfill. The plume extends at least 2,000 feet into the 
park and is some 150 to 200 feet thick according to preliminary 
data. 

The discovery of this plume must be considered in light of 
the Office of Parks, Recreation and Historic Preservation's plans 
as described in Mr. Varnes' letter. I have advised Bob Osar , the 
Assistant Attorney General in charge of the case, of this deve­
lopment. Mr. Osar suggested that I contact Mr. Varnes, who is an 
Assistant Commissioner--a geologist--and a personal acquaintance 
of mine, and discuss the situation with him. This was 
accomplished on Decembe r 14, 1984. Mr. Varnes would like 
with representatives of the Department of Law and DEC at 
Bethpage Park offices the next time I am on Long Island. 
agreed to such a meeting with Mr. Osar's concurrence. 

to meet 
the 

I 

Although I am not sure of the reason for transmission of the 
subject l etter to Lang Marsh from the Governor's Of fice , it would 
seem appropriate to advise Lang of the facts presented herein. 
Obviously, I leave this decis~on up to you. If you need any 
further information or have any instructions for me, I will await 
your direction. Meanwhile, I will plan to meet with Mr . Varnes at 
the earliest opportunity. 

VB:cj 

Attachment 

cc: K. Walte r Cw/attachment) 
B. Osar (w/ o attachment) 
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Orin Lehman 
Commissioner 

TO: 

New York State Office of Parks, Recreation and Historic PreservaUon 
The Governor Nelson A. Rockefeller Empire State Plaza 
Agency Building 1 Albany, New York 12238 

M E M O R A N D U M 

November 30, 1984 

Rudy Runko ,h _. 
FROM: Ivan Vamos ~ 
RE: . Bethpage Golf Course Well· System 

518-4 7 4-0456 

Pursuant to our discussion of November 27 regarding the 
Bethpage State Park golf course irrigation wel1 system, I am 
happy to report that most of the concerns you bad raised can 
be appropriately addressed witllin our project. 

The wells proposed at Bethpage will be kept entirely 
withi~~ the upper strata, Magothy formation. We will not use 
the lo}IL'er Lloyd sands which are reserved for use in other 
areas of Long Island. . 

We are proposing to connect all of our potable water 
systems to municipal water systems. This separation of.potable 
water from the irrigation systems is required in the area. The 
existing and new well systems will be used exc1usively for 
irrigation. · 

We intend to provide some treatment of the irrigation 
- waters, which will reduce the iron and neutralize the ph. Where 

trace organic materials exist in the water, the Nassau County 
Health Department has informed us that the quantities involved 
do not pose a health problem provided that the water is used 
exclusively for irrigation: Removal of these e1ements cannot 
economically be undertaken for the quantities of water required 
for irrigation. Consequently, the water that we are pumping out 
of the near-surface formation will be returned to the same forma­
tion somewhat purified, but not absolutely pure. The quality of 
water in the aquifer will be somewhat better as a -;esult of our 
project. Some -water will be lost through evaporation and intake 
by plants; however, improved irrigation will put the ground 
surface in better condition for the absorption of rainwater needed 
to replenish the aquifer. Well fields for irrigation have been . 
used at Bethpage State Park for over 40 years. Since the removal 
of water from the aquifer is in approximately the same location 
as the replenishment 9f the same formation from irrigation and 
rainfall, I presume our project will have a negligible effect on 
the movement of the plume of polluted waters that may be in the 
aquifer under the Bethpage landfill. 

~hank you for expressing your concerns regarding this 
issue. If you have any questions, please call. 

cc: Gary Striar 

AA EQual Opportunity Employer 
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TO: 

New York State Office of Parks, Recreation and Historic Preservation 
The Governor Nelson A. Rockefeller Empire State Plaza 
Agency Building 1 Albany, New York 12238 

M E M O R A N D U M 

November 30, 1984 

Rudy Runko ,h .. 
FROM: Ivan Vamos ~ 
RE: . Bethpage Golf Course Well- System 

518-4 7 4-0456 

Pursuant to our discussion of November 27 regarding the 
Bethpage State Park golf course irrigation wel1 system, I am 
happy to report that most of the concerns you had raised can 
be appropriately addressed witllin our project. 

The wells proposed at Bethpage will be kept entirely 
withi~~ the upper strata, Magothy formation. We will not use 
the 10.,.er Lloyd sands which are reserved for use in other 
a~eas of Long Island. . 

We are proposing to connect all of our potable water 
systems to municipal water systems. This separation of. potable 
water from the irrigation systems is required in the area. The 
existing and new well systems will be used exc1usively for 
irrigation. · 

We intend to provide some treatment of the irrigation 
waters, which will reduce the iron and neutralize the ph. Where 
trace organic materials exist in the water, the Nassau County 
Health Department has informed us that the quantities involved 
do not pose a health problem provided that the water is used 
exclusively for irrigation .- Removal of these e1ements cannot 
economically be undertaken for the quantities of water required 
for irrigation. Consequently, the water that we are pumping out 
of the near-surface formation will be returned to the same forma­
tion somewhat purified, but not absolutely pure. The quality of 
water in the aquifer will be somewhat better as a -result of our 
project. Some -water will be lost through evaporation and intake 
by plants: however, improved irrigation will put the ground 
surface in better condition for the absorption of rainwater needed 
to replenish the aquifer. Well fields for irrigation have been . 
used at Bethpage State Park for over 40 years. Since the removal 
of water from the aquifer is in approximately the same location 
as the replenishment 9f the same formation from irrigation and 
r ainfall, I presume our project will have a negligible effect on 
t he movement of the plume of polluted waters that may be in the 
aquifer under the ·Bethpage landfill. 

~hank you for expressing your concerns regarding this 
i ssue. If you have any questions, please call. 

c c: Gary Striar 

An Equal Opponunity Employer 
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PUMPAGE - BETHPAGE STATE PARK 

We ll s 1 & 3 Well 4 

Total 

1964 147 ,147 , 000 

1968 174,652,000 

1969 116,322 , 000 

1970 165 , 084,000 

1971 54,235 , 000 71,550,000 125,785,000 

1972 41 ,900 , 000 69 , 085 , 000 110 , 985,000 

1973 43,738 , 000 72 , 345,000 116,083 , 000 

1974 58 , 804 , 000 73,064,000 131 , 868,000 

1975 47,866,000 50 ,596 , 000 98 ,462,000 

1976 78,512,000 32,835,000 111,347,000 

1977 107,006,000 (3) 44 , 550 , 000 151 , 556,000 

1978 98,889 , 000 (3) 45,034,000 143,923,000 

1979 103,251,000 (3) 32,150,000 135 ,401 , 000 

1980 81 ,3 28,000 (3) 83 ,171,000 164,499,000 

1981 90,929,000 (3) 70 , 065,000 160,994,000 

1982 74 , 823,000 (3) 33 , 798,000 108 , 621 ,000 

1983 72,432,000 (3) 59 , 865,000 132,297,000 

1984 57,312, 000 (3) 31,857,000 89,169,000 
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The most dominant halogenated organics, in terms of concentration 

and distri bution, are 1,2-dichloroethene, 1,1-dichloroethane, vinyl ch­

loride, methylene chloride, trichloroethene and chloroethane. The 

no~halogenated organic compounds occur in a smaller area of the plume than 

do the halogenated compounds. The most dominant compounds of this group 

are benzene, toluene, ethyl benzene and isomers of xylene. Tetrach-

1 oroethene, al though present at similar concentrations, has a different 

lateral distribution than the compounds cited above. In this regard, com­

parison of the distributions of the different VOC groupings within the 

landfill leachate plume indicates that part of the VOC contamination may 

not be attributable to the landfill. This finding is discussed in the 

Geraghty & Mil 1 er, Inc. report of September 1986, cited earl ier. 

Results of groundwater sampling of the three temporary wells up­

gradient of the landfill indicate that no significant mounding is occuring 

at the landfill. In addition, the proposed final capping of the landfill 

w111 minimize any potential for mounding. 

1.3 Objective of Remedial Action 

The general objective of a remedial response action is to mitigate 

current a- potential impacts on public heal th, welfare and the env i rorment 

posed by the contaminant release. The specific objective of'. a remedial 

response to the OBStJOC leachate plllTle emanating fran the site is prevention 

of the plume fran contaminating downgradient water supply wells. The dow~ 

gradient public supply wells nearest to OBSWOC are: Fanningdale Water 

District Wells Nl937, t-6644 and N7852. To date, water quality data do not 

indicate that these wells have been affected by groundwater contamination 

attributable to OBStJOC or other potential sources near CBSti'OC. 

1- 8 



SECTION II 

SCREEHING MD TESTING RBEDIAL RESPONSE ACTIONS 

2 .1 Screening of Response Actions 

Table 2-1 lists the 15 classes of response actions identified by 

USEPA for consideration in ranediating ''Superfund" sites. The actions are 

listed along w 1th a brief desert pt1 on and their possible appl icabi 1 ity to 

0B~DC. As noted, certa1 n response actions have been deemed not applicable 

for one or more of the fol lc:Ming reasons : 

o the response action offered little or no benefit, 

o the response action required technologies which were not proven, 

o the response action required unprecedented technologies which 

would be technically and/or economically unfeasible, or 

o the response action required technol og1 es which have s1 gn1 f icant 

inherent env 1 rorvnental risks . 

Based on Table 2-1, two response actions were identified for further 

consi derat1 on. These are: capture of the contarn inated groundwater th rough 

pumping and subsequent treatment, and the provision of an alternative water 

supply. These two response actions have been further developed into con­

ceptual designs. The two oonceptual designs are: 

l. Development of a long-term groundwater monitoring progrc111 to 

provide detection of potential contaminant movanent toward 

publ 1c water supply wells. Such detection would allow timely 

well replacement or treatment system installation. 

2-1 



Description of Remedial Actions ,ABLc 2-1 

Response Action 

No Action 

Containment 

Pumping 

Collection 

Diversion 

Complete Removal 

Partial Removal 

Description 

No installation of remedial technology, 
although some form of monitoring may be 
required. 

Containment of contaminants by physical 
means such as capping and subsurface 
barrier walls. 

Removal of contaminated ground water, 
liquids by pumping or removing sedi­
ments by dredging. 

Collection of leachate, gases, and 
water-borne sediments. 

Re-directing surface water flow away 
from the site. 

Removal of all wastes and contaminated 
soils and sediments from the site and 
restoration. 

Removal of some wastes and/or contami­
nated soil and sediments from the site. 

Applicability 

Not applicable, as remedial technologies have already 
been put in place. 

Capping is considered to be feasible and is currently 
underway at the landfill as described in Section 1.1 
and as per specifications required in 6 NYCRR Part 360 
closure permit. The great depth (1000 ft±> to a con­
tinuous confining layer precludes the installation of 
barrier walls using current technology. 

Pumping of contaminated ground water is under consi­
deration. 

Systems to collect leachate and gases are already in 
place. The final capping progrm1 is intended to pre­
vent transport of contaminated sediments. 

Not applicable as there is no flowing surface water 
body within proximity of the site. Contaminated sedi­
ment transport by runoff is prevented by the capping 
program. 

This action has never been undertaken for a site as 
large as the Old Bethpage Landfill, and would have 
serious inherent environmental hazards such as uncon­
controllable emissions. Since an action of this 
magnitude has not been proven effective or possible, 
it is not being considered. Additionally, any off­
site contamination would remain after partial or com­
plete removal of the waste. 

No benefit is discernible from partial removal as 
wastes at the site are relatively uniform, thus this 
action is not being considered. 



Response Action 

On-site Treatment 

Off-site Treatment 

In-Situ Treatment 

Storage 

On-site Disposal 

Description · 

Treatment or solidification of wastes 
on-site to render them harmles s by phy­
sical, chemical or biological treatment. 

Treatment of wastes off-site to render 
them harmless by physical, chemical or 
biological treatment. 

Treatment of wastes in place by physi­
cal, chemical or biological treatment. 

Temporary or permanent storage of 
waste. 

Disposal of wastes on-site in a land­
fill or other waste manag~ment unit. 

Applicability 

Waste Treatment requires removal of wastes from their 
present place, and for reasons given under "Complete Re­
moval", treatment of wastes is not being considered. 
Solidification for the amount of wastes present at the 
landfill has never been proven effect ive or possible 
and thus is not being considered. 

Ground-Water On-site treatment of contaminated ground 
water is being cons idered. 

Waste Treatment requires removal of wastes from t heir 
present place, and for the reasons given under "Complete 
Removal", off-site treatment is not being considered. 

Ground-Water Off-site treatment of contaminated ground 
water at a Public-Owned Treatment Works (POTW) i s being 
considered. 

In-Situ treatment of an amount of waste such as e xists 
at the 1 andf 111 has never been acc:ompl ished nor bee n 
proven possible, thus this action 1s not being con-
s1 dered. Hydrogeol 091 c conditions in the offsi te pl tn1e 
also make in-situ treatment of this c:ontam1nat1on in­
feasible. The vertical thickness of the pltn1e makes 
1n-s1tu treatment infeasible. In-situ methods are 
suitable for treatment of shal 1 Otl groundwater pl tn1es. 
Conditions in shallOt# groundwater are more amenable to 
supporting the bacterial populations which degrade 
wastes. 

The site is currently a landfill, so this action is 
not applicable by definition. 

Thie site is currently a landfill, and this action 
would presumably require excavation and redeposition; 
for reasons given under "Complete Removal", t his 
action is not bei ng considered. 



Response Action 

Off-site Disposal 

Alternate Weter 
Supply 

Relocation 

Description 

Disposal of wastes off-site in a land­
fill or other waste management unit. 

Provision of clean drinking water in 
the event of contamination; this would 
include treatment of the existing sup­
ply or providing another supply. 

Temporary or permanent relocation of 
area residents. 

Applicability 

This action would require removal of wastes, and is 
not beinq considered for the reasons given under 
"Complete Removal". 

Contamination has not been detected in the nearest 
downgradient supply wells, however, monitoring of 
these supply wells and intermediate wells is on-going 
end long-term monitoring is being considered. 

At this time, no hazard which would warrant relocation 
has been identified at this site, therefore, this option 
will not be considered . 

~ 
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2. Pumping of contaminated groundwater through a system of wells, 

establishing a treatment system on or near the site, and 

subsurface or surf ace effluent disposal. 

2.2 Testing of Conceptual Design No. 2 and Suaamary of Results 

FlOfl and solute transport models, described in detail in Appendix A 

of this report, were executed to test the feasibility of actively 

remedi ati ng a 11 or pa rt of the l andf fl l leach ate plume th rough pumping. 

The results of the flOfl modeling indicate that approximately 5 MJD would 

have to be pumped to hydraulical ly contain the entire area impacted by 

landfill leachate. The extraction of that amount of water appears to be 

infeasible because: 

l. The only area large enough, within a 1-mile radius of the 

l andf 11 l, for the recharge of such a great amount of 

water will result in interference with the hydrogeological 

conditions and consequently any ranedi al progran. 

2. The DEC1 s water conservation pol 1cies for this area of Long 

Island, would prohibit the extraction of such a large anount of 

water fran the aquifer without replacement in the vicinity of 

the extraction (see Envirorrnental Conservation Law Article 15, 

spec1 f ical ly Section 1527 and regulations pranul gated thereunder 

at 6 NYCRR 602). 

The extraction of 5 t-GD would be otherwise inappropriate because of 

the follQting considerations: 

l. Vol at1le a-ganic compounds are found within an area 

substantially snal l er then the leach ate pl L111e and 

concentrations of leachate indicata- parlllleters outside 

2- 2 



the a-ganic plume but within the landfill lechate plume, 

al though elevated over background, do not viol ate 

drinking water standards. 

2. A pl.Ill ping well array capable of capturing 5 t-t;D would un­

avoidably intercept clean groundwater outside the plume. This 

imposes an env i rormental impact over and above the probl an of 

water disposal, because mixing of contaminated and uncontaminated 

water results in a loss of potable water fran the aquifer system. 

3. Groundwater withdrawal caps proposed by the New York State 

Depar'tlTlent of Env irormental Conservation (NYSC€C) would likely 

prohibit consllllptive withdrawal of this magnitude, if 

discharged to a publ icaly <ll'ned treatment plant. 

In oonsi derati on of these l imitations, subsequent modeling efforts 

were directed at oontai ni ng total volatile a-ganic compounds (TVOC) at the 

defined edge of the a-ganic plume. Fl<ll' modeling indicated this portion 

could be oontained with a pumpage of approximately 1.5 t-t;D. This amount of 

water pllllpage appears feasible si nee it would effectively contain the edge 

of the lVOC pl line as defined and would not withdraw substantial amounts of 

potable drinking water fran the aquifer. 

Solute transport simulations were executed for both abated and 

unabated scenarios, using various values for natural retardation and decay 

(ranoval) processes. In the opinion of the Town's consultants, the 

unabated scenarios suggest that the plllTle would not move south of Melville 

Road. The abated scenarios clearly indicate that the lVOC plllTle can be 

contained within the boundaries of Bethpage State Park, with a five well 

system (Figure 2-1) operating at approximately 1.5 t-t;D. 

2-3 
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SECTION III 

REJEDIAL ACTION H.. lERNATIYES 11110 ANH.. YSES 

This section identifies and describes the ranedial actions that are 

being considered for the OBS\'DC pl urne and presents analyses of the alter­

natives. Seven alternatives have been identified which represent the two 

general ranedial responses discussed fn Section II. The first ranedfal 

response, termed ''Alternative Water Supply" (Alternative No. 1), is the 

monitoring of the plume using the existing monitoring well system and the 

timely replacement or treatment of downgradf ent water supply systems should 

they become threatened. The second response actf on is to hydraul fcal ly 

control by capture and extraction, the contam fnated groundwater pl urne 

through the installation and operation of five barrier pumping wells 

located at the downgradient extranities of the lYOC plooie. Alternatives 

Nos. 2 to 7 represent this response action, providing for various treatment 

and disposal methods. These alternatives are listed below together wfth 

Alternative No. 1, and are described in subsequent subsections. 

Alternative No. 1 - Alternative water supply 

Al ternatfve No. 2 - Ranwal of groundwater by pumpf ng; pf pe to 

OBS\'DC for use f n operation of the proposed 

Resource Recovery Fac11 ity CRRF); * and 

discharge of waste waters to sanitary sewer 

system on Wfndi ng Road. 

* A Resource Recovery Facfl ity CRRF) is being proposed by the Town of 

Oyster Bay. It w 111 be subject to state perm ft process. New York State 

has informed the Town that the State is not willing to accept a ranedfal 

al ternatfve that is c:onti ngent upon approval of the RRF. 
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Al terna ti v e No. 3 - Removal of groundwater by pumping; pipe to 

OBStt'OC for treaunent to remove TVOC1 s; and 

discharge of treated water into sanitary sewer 

on W i ndi ng Road. 

Alternative No. 4 - Removal of groundwater by punping; pipe to 

OBStt'OC and the proposed RRF to remove TVOC1 s 

and discharge of treated waste waters to 

sanitary sewer system on Winding Road. 

Alternative No. 5 - Removal of groundwater by pun ping; treaunent to 

remove TVOC•s, and discharge to a leaching 

field within Park boundaries. 

Alternative No. 6 - Removal of groundwater by pumping; treaunent 

to remove TVOC' s and disposal in a storm 

sewer on Pl ai nv iew Road. 

Al terna ti ve No. 7 - Removal of groundwater by pumping; pipe to 

OBStt'OC for trea1Jnent to remove TVOC' s, 

and discharge to a recharge basin-leaching 

field system at the ·OBS\'DC. 

Analyses of the rEmedial action alternatives can be divided into two 

major topics: non-cost criteria analysis and cost analysis. The non-cost 

criteria analysis addresses considerations of technical feasibility, en­

virollTlental and public health impacts, and institutional issues. The cost 

analysis reviews the main cost items, discusses important considerations in 

the cost estimation and presents the estimated costs of each alternative. 
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3.1 Alternative No, l 

3,11 Description 

The intent of this alternative is to insure that the local residents 

have a supply of potable water which is free of contamination, This can be 

accomplished by monitoring groundwater quality and pl lJTle dynamics on a 

periodic basis using the 23 monitoring wells (figure 3-1) installed in the 

Park and other selected wells in the vicinity. A recommended monitoring 

progran would consf st of quarterly sampl fng and subsequent analyses for a 

select list of contam 1 na nts characteristic of the plume. Under such a 

progran contaminants which could potentially migrate t<:Mard a supply well 

would be detected long before they reach any well. This would all<:M for 

timely well replacement or installation of a water treatment system. 

3 .12 Non-Cost Criteria 

a) Technical Feasibility 

Implanentation of Alternative No. l is anticipated to be technically 

feasible because of the network of monitoring wells located between the 

OB~DC and the downgradien.t publ fc supply wells which can be monitored on a 

regular basis to provide continual data on plume dynamics. Should data 

indicate contaminant migration t<:Mard supply wells, well replacement or 

treatment system installation can be done in advance of contaminant 

contact. 

b) E nv i rormenta l Impacts 

Alternative No. l will have the least beneficial effect on the en-

vi rorment -- no improvanent to the groundwater resource. Compared w 1th the 

other alternatives, there are some positive aspects of Alternative No. 1, 

such as no loss of potable groundwater from pumping, no increase in ai~ 
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borne contaminants fran water trea1ment processes and no decrease in Park 

esthetics fran visible remedial structures. 

c) Pub l i c Heal th Anal y s i s 

Alternative No. 1 will provide long-term public health protection 

through timely detection of the migration of contaminants attributable to 

the landfill before they reach a supply well. 

d) Instituti onal Issues 

The NYSOOL has stated that they will not approve or al low Alter­

native No. 1 as a response action for the landfill leachate plume emanating 

f ran CB s-/ DC. 

3 .13 Co st Ana l y s i s 

The total estimated cost of Alternative No. 1 is $700 ,000. This is 

based on quarterly monitoring of approximately 30 wells (testing of samples 

for a-ganic and inorganic parcrneters), 1987 prices, and the present worth 

estimated over a period of 10 years with an annual interest rate of 8 

percent. 

3 .2 Alternatives Nos. 2 to 7 

The intent of these alter natives is the protection of dow ngr adi ent 

public water supply systems through contairment and collection of the TVOC 

pl 1111e. After capture and collection of the pl 1111e by the five barrier pllTl­

ping wells, the water would be conveyed th rough an underground piping 

system to a location where it would be treated to remove its organic and 

inorganic contaminants. This would be done through the use of an iron 

removal system, air stripping towers, and if necessary, carbon adsorption 
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col 1.1T1ns. After treatment, the water would be disposed either through 

recharge to the ground or discharge to surface waters via sanitary or 

storm sewers. 

General components of this remedy include: groundwater well pl.lTl­

ping, conveyance to a collection tank, transport to a treatment unit (by 

gravity or pumping, depending upon whether the treatment unit is located 

upgradient or downgradient of the plllTle), treatment to obtain contaminant 

concentrations that meet the various Federal and State drinking water 

standards/guidelines (Table 3-1) or Nassau County Sewer Ordinances stan­

dards and ultimate conveyance to a disposal point. 

As discussed in Section II, the groundwater well pllTlping system will 

have a combined capacity of 1.5 M;D and be located in Bethpage State Park, 

as shown on Figure 2-1. Pumped water will be discharged into a collection 

tank which also will be located within Bethpage State Park. The collection 

system remains the same for Alternatives Nos. 2 to 7. The treatment system 

I site and the disposal point vary for each alternative. The treatment tech­

nologies selected for the removal of organic contaminants fran the plllTle 

I 

are air stripping through a packed tower or a cooling tower, fol lowed by, 

as needed, activated carbon adsorption. Gross amounts of the lighter, 

volatile a-ganic compounds, such as chlorinated solvents and light petrolellTl 

fractions, can be removed relatively inexpensively and efficiently by air 

stripping. The remaining trace amounts of light organics and the heavier, 

less volatile a-ganics may require a more expensive and technically more 

complex activated carbon process. These process units will be preceded, 

as necessary, by an iron removal system to remove any excess iron concen­

tration. The technical concepts and design considerations involved in ap-

plying these processes are presented in Appendi x B; a schematic of the 

treatment system is provided in Figure 3-2. 
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TABLE 3-1 

Applicable Standards, Guidelines, Cr1ter1a and Adv1 sor1es for Selected Compounds 

EPA 

Inorganics 

Iron 
Manganese 
Chloride 
lotal Dissolved 

Solids 
Maqnes1um 
Ranum 
Cadmwm 
Mercury 
Lead 
Zinc 

Organics 

Phenols 
Methylene 

Chloride 

SOWA 
MCL 

1 .0 mg/L 
0.01 mg/L 
0.002 mg/ L 
0.05 mg/L 

Vinyl Chloride 1.0 uq/L 
(P reposed) 

1,1-D1chloroethane 
1,2-01chloroethene 

1,1-0ichloroethene 7.0 ug/L 
(Proposed) 

1,2-Dichloroethane 5.0 ug/ L 
(Proposed) 

Trichloroethylene 5.0 ug/L 
(Proposed) 

10 ug/ L 
(Proposed) 

Secondary 
Standards 

O.J mg/L 
0.05 mg/L 
250 mg/ L 

500 mg/ L 

5 .0 mg/ L 

le tr achl oro­
ethylene 

Chloroform 0. 1 mg/ L ( BS total 
trihalomethanes) 

1,1,1,-Trichloroethane 
Benzene 5.0 ug/ L 

(Proposed) 
Toluene 
Ethy 1 benzene 
Xylene (all isomers) 
Chlorobenzene 
01chl orobenzenes 

para- 750 ug/ L 
(Proposed) 

ortho- and para- (sum) 
al I 1somr.rs 

CWA 
AWQC 

10 ug/L 
50 ug/ L 
5.0 mg/ L 

0 (2.0 ug/ L) 

O(JJ mg/ L) 

0 (0.94 ug/1) 

0(2.8 ug/ L) 

0(0,88 ug/ L) 

19 mg/ L 
0 (0.67 ug/L) 

15 mg/L 
2 ,4 mg/ L 

488 ug/L 

470 uq/ L 

SOWA HAs 
1-day 

4.0 mg/L 
2 . 7 mq/L 
1 . 0 mg/L 

2 .O mg/ L 

2. J mg/ L 

21. 5 mq/ L 

12 mg/ L 

Chronic 

0.4 mg/L (Ci s ) 
0 . 27 mg/ L ( trans ) 

0.2/ mg/ L 

0.175 mg/L 

0.2J mg/ L 

2 .2 mq/ L 

1.2 mg/L 

0 ,07 mg/L 

0.07S mg/ L 

0.02 mq/L 

0 .07 mg/L 

O. 34 mg/L 

0.62 mg/L 

NYSDEC/ NYSDH 

STD 

O.J mg/L 
O.J mg/L 
250 mg/ L 

1,0 mg/L 
0 .01 mg/ L 
0,002 mg/ L 
0.025 mg/ L 
5.0 mg/L 

0,001 mg/L 

5.0 ug/ L 

10 ug/L 

100 mg/ L 

Not De tectable 

GV 

J 5 mg/L 

50 ug/L 

50 ug/L 

50 ug/L 
0 . 07 ug/ L 

0.8 ug/L 

O. 7 ug/ L 

50 ug/L 

50 uq/ l 
50 ug/ L 
50 ug/L 
20 ug/ L 

4. 7 ug/ L 



EPA: SOWA MCL Safe Or1nk1nq Water Act, Maximum Containment Levels - thes e are enforceable s tandards. 

Secondary Standards - developed to protect the aesthetic quality of dr1nk1ng waler (color, tas te, sal1n1ly, etc.). 

CWA AWQC Clean Water Act, Ambient Waler Quality Cr1ter1a - lhese are non-enforceable cr1ter1 a based 
sol ely on sc1ent1f1c evaluation (not economic or technical feas 1b1l1ty of attainment). In 
many cases, the value 1s zero ( 1.e., there 1s no sa fe threshold); 1n this case, the value 

given in parentheses represents a 10-6 l1fet1me cancer risk from consuming water contami­
nated at that l evel. These c ri ter i a, or1g1nally published in 45FR79318-79379 November 28, 
1980, have been adjusted to account for only ingestion of contaminated water . 

SOWA HAs Safe Dr1nk1n~ Water Act, Health Advi so r1P.s - originally i ssued as sugges ted No Adverse Re­
sponse Levels (SNARLs), these advisories are not enforceable; they have been developed for 
specific contamination incidences . An example of their use is a public health official who 
must decide on short-term clos ure of a waler supply becaus e of a chemical spill. 

NYSO(C/NYSOH Standards and Guidance Values i ssued by New York State Department of Envi ronmental Protection 
for Class GA Waters (potable drinking water). Standards are indicated under STO and Guidance 
Values are indicated unde r GV . 
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3.21 Alternative No. 2 

3.211 Description 

Alternative No. 2 (Figure 3-3) includes the well collection system 

and a piping system to convey the extracted groundwater fran the collection 

tank to the proposed OBSVOC RRF for utilization as cooling tQ!ier ''make up•• 

and process water. The RRF is expected to be built in the landfill complex 

in the vicinity of the present-day incinerators. After being used at the 

proposed RRF, the waste waters would then be discharged to th e Nassa u County 

sanitary sewer system on Winding Road. 

3.212 Norr-Cost Criteria 

a) Technica l Feasibility 

As discussed in Section IL flQ!i and transport models were executed 

to test the technical feasibility of actively rEl!le di ati ng all or part of 

the l andf il 1 leachate plume by pllllpi ng. The results of the modeling effort 

indicate that the defined edge of the 1V0C pllllle can be captured by five 

wells operating at an approximate combined capacity of 1.5 t-GD. Based on 

these results, Alternative No. 2 is technically feasible with respect to 

pllllle collection; hQ!iever, the trea"trnent and disposal component of this al­

ternative may hinder feasibility. Alternative No. 2, which includes the 

conveyance of plume water to the proposed RRF for use as cooling tQ!ier 

''make up 11 and process water (which will ranove VOC1 s through air stripping 

in the cooling tQ!iers) may not be impl fJllentabl e 1f the proposed RRF does 

not require 1.5 t-GD of cooling water. Presently, it is anticipated that 

the proposed RRF will require only 0.5 t-GD and this quantity would be 

variable each day. 
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b ) Envirormental Impacts 

The beneficial effects of Alternative No. 2 on the envirorment i~ 

cl ude improvement to the groundwater resource and water conservation -the 

use of pl lllle water in the proposed RRF as cooling t0rter ''make up" and 

process water. There are some adverse effects, h0rtever, which include: a 

loss of some potable groundwater as a result of pllllpage (sane quantity of 

clean groundwater may unavoidably be pumped ) , an increase fn af rborne emfs­

si ons ( from the RRF, al though the RRF would be requf red under its perm ft to 

meet all appl fcable · air emissions standards), and a decrease in Bethpage 

State Park aesthetics due to v isi bl e remedf al structures and components. 

As much as feasible, TOO wil, construct remedial components such as pipe, 

pllllp stations, storage tanks, etc. bel0rt grade or in wooded areas out of 

direct public view. 

c) Public Heal th Analysis 

Alternative No. 2 will provide long-term public health protection · 

through the combined actions of removal of contaminants from the 

groundwater system and groundwater monitoring to detect potential 

contaminant migration t0rtards a public supply wel 1. 

d) Institutional Issues 

Alternative No. 2 includes discharge of RRF effluent water to a 

Nassau County sanitary sewer. Discharge of water into a publ icly-arned 

trea-tment works (sewer) requires a sewer discharge permit. Preliminary 

discussions with Nassau County indicate that this discharge into the 

County's sanitary sewer system will be al l0rted. New York State has 

informed the Town that the State is not willing to accept a ranedial 

alternative that is contingent upon approval of the RRF. 
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3.213 Cost Analysis 

The total estimated cost of Alternative No. 2 is $2,275,000. The 

capital and annual operating costs were estimated based on a fl°" of 1.5 

t-GD. Al 1 estimates were based on 1987 prices and the present worth of the 

operating cost was estimated over a period of 10 years with an annual in­

terest rate of 8 percent. The above cost does not include 1 and purchasing, 

bu11 ding construction, or personnel expenditures required for operating and 

mai nta1 ni ng the fac11 iti es. 

3.22 Alternative No. 3 

3.221 Description 

Alternative No. 3 (Figure3-4) will include the collection system and 

the conveyance system fran the collection tank to the trea1Jnent site and 

then to the disposal site. The proposed point of disposal is the Nassau 

County sanitary sewer on Winding Road. The proposed trea1Jnent facility will 

be built at the southeast corner of the OBStl'DC and it will consist of the 

trea1Jnent described above. 

3 .222 Non-Cost Criteria 

a) Technical Feasibility 

Fl°" and transport models were execute·d to test the technical 

feasibility of actively ranediating all or part of the landfill leachate 

pl 1.1ne by p1.1npi ng. The results of the modeling effort indicate that the 

def 1ned edge of the lVOC pl 1.1ne can be captured by five wells operat1 ng at 

an approximate combined capacity of 1.5 t-GD. Based on these results, Al­

ternative No. 3 is technically feasible with respect to plume collection; 
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hOl'ever, factors which may limit the applicability of this alternative are 

the capacities of the sanitary sewer lines. For the purpose of this 

report, a preliminary study was performed on the sewer line along Winding 

Road. It shaited that this sewer line's excess capacity may be as much as 

1.5 t-GD. Additional investigations are needed to confirm this including an 

evaluation of the remaining sewer lines that connect to the municipal water 

pollution control pl ant. 

b) Envirormental Impacts 

Alternative No. 3 will have a beneficial effect on the envirorment-­

improvement to the groundwater resource. There are some adverse effects; 

hOl'ever, which include: a loss of some potable groundwater as a result of 

pllTlpage, an increase in airborne emissions fran the treatment facility 

process Cal though any treatment facility would be required to meet all 

applicable air emissions standards), and a decrease in Bethpage State Park 

aesthetics due to vi si bl e remedial structures and components. 

c) Public Health Analysis 

Alternative No. 3 will provide long-term public health protection 

th rough the combined actions of removal of contaminants fran the ground­

water system and groundwater monitoring to detect potential contaminant 

migration tOI' ards a public supply well. 

d) Institutional Issues 

Alternative No. 3 includes discharge of treated pllJTle water to a 

Nassau County sanitary sewer. Discharge of water into a publicly cwned 

treatment works (sewer ) requires a sewer discharge permit. Preliminary 

discussions with Nassau County indicate that although the pll.rne water w111 
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be treated and may be of acceptable quality, discharge into their sanitary 

sewer system would not be permitted by the County. More important a re 

~C•s water conservation policies which restrict the depletion of a sole 

source aquifer. Any treatment faci1 ity must al so comply with all applicable 

air snissions standards and permit requirenents. It 1s anticipated that 

such req ui rsnent s w il l be a tta i nab l e. 

3 .223 Cost Analysis 

The tota l estimated cost of Alternative No. 3 is $4,165,000. The 

capital an d annua l ope rating costs were estimated based on a fl°" of 1.5 

M;D. All estimates were based on 1987 prices and the present worth of the 

operating cost was estimated over a period of 10 years with an annual 

interest rate of 8 percent. 

The above costs does not include land purchasing, building 

construction, or personnel expe ndi tu res required for operating and 

mai nta i ni ng t he f acil i ti es. 

3 .23 Alternative No. 4 

3.231 Descri ption 

Alternative No. 4 (Figure 3-5) combines the technologies of Alter­

natives Nos. 2 and 3, and includes the conveyance of extracted groundwater 

fran the collection tank to both the RRF and a proposed treatment pl ant at 

the southeast corner of the OB~OC. This alternative reduces the quantity 

of water that would have to be treated at the proposed plant, since a por­

tion of water would be conveyed to the proposed RRF for use as •make-up" 

process water. The water fran the treatment facility wil 1 be disposed of in 

the sanitary sewer on Winding Road. 
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3.232 No~Cost Criteria 

a ) Technical Feasibility 

Flew and transport models were executed to test the technical 

feasib11ity of actively ranediating all or part of the landfill leachate 

pllllle by pllllping. The results of the modeling effort indicate that the 

defined edge of the 1V0C pl lllle can be captured by five wells operating at 

an approximate combined capacity of 1.5 ~D. Based on these results, Al­

ternative No. 4 is technically feasible with respect to plume collection; 

h°'ever the disposa l component of this alternative may hinder feasibility. 

Alternative No. 4, similar to Alternative No. 3 requires discharge of 

treated pl lllle water to the Nassau County sanitary sewer system. 

Preliminary studies indicate that the capacity of the sewer ·on Winding Road 

is adequate; h°'ever, ranaining lines that connect to the municipal water 

treatment plan have to be analyzed to confinn adequate capacity. 

b) Envirorrnental Impacts 

The beneficial effects that Alternative !•:·o. 4 will have on thee~ 

vi rorrnent include improvanent to the groundwater resource and water co~ 

servati on -- the use of some pl llTle water in the proposec1 RRF as cooling 

t°'er ''make up" and process water. Adverse effects of this alternative 1~ 

elude: a loss of some potable groundwater as a result of pllTlpage, an 

1 ncrease in a1 rborne emissions fran both the treatment facility and the RRF 

Cal though the treatment facility would be requ1 red to meet al 1 applicable 

air anissions standards), and a decrease in Bethpage Park aesthetics due to 

v isi bl e ranedi al structures and components. 
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c) Public Health Analysis 

Alternative No. 4 will provide long-term public health protection 

through the combined actions of removal of contaminants fran the 

groundwater system and groundwater monitoring to detect potential 

contaminant migration t011'ards a public supply wel 1. 

d) Institutional Issues 

Alternative No. 4 includes discharge of treated pl lllle water to a 

Nassau County sanitary sewer. Discharge of treated water into the sewer 

requires a permit. Preliminary discussions with Nassau County indicate that 

discharge of the treated plume water into their sanitary sewer system would 

not be permitted by the County. More important are CEC•s water conservation 

policies which restrict the depletion of a sole source aquifer. Although 

discharge of RRF effluent water into the Nassau County Sanitary Sewer may be 

allarted, New York State has informed the Town that the State is not willing 

to accept a remedial alternative that is contingent upon apprO'lal of the 

RRF. Any treatment fac11 ity must al so comply with all applicable air 

emissions standards and permit requi ranents. It is anticipated that such 

requirements will be attainable. 

3 .233 Cost Analysis 

The total estimated cost of Alternative No. 4 is S4,3a:l,000. The 

capital and annual operating costs were estim·ated based on a flart of 1.5 

M:JD. All estimates were based on 1987 prices and the present worth of the 
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operating cost was estimated over a period of 10 years with an annual in­

terest rate of 8 percent . The above cost does not include land purchasing, 

bui1 ding construction, or personnel expenditures required for operating and 

maintaining the facilities. 

3.24 Alternative No. 5 

3.241 Description 

This alternative (Figure 3-6) involves the conveyance of extracted 

ground water by gravity fran the collection tank to a treatment facility 

and a leaching field, both to be constructed in the Park. 

3 .242 Non-Cost Criteria 

a ) Technical Feasibility 

Fl°" and transport models were executed to test the technical 

feasibfl ity of actively rErnedfating all or part of the landfill leachate 

plL1ne by pllllping. The results of the modeling effort indicate that the 

defined edge of the 1V0C plune can be captured by five wells operating at 

an approximate combined capacity of 1.5 t-GD, Based on these results, Al­

ternative No. 5 is technically feasible with respect to plume collection. 

Alternative No. 5 is also technically feasible with regard to its disposal 

component (leaching fields in Bethpage State Park). The leaching fields 

would be designed to accommodate the required LS f-6D fl ow . 

b) Envirormental Impacts 

The beneficial effects of Alternative No. 5 on the envirorment 

include improvanent to the groundwater resource and water conservat1 on --

3-13 
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plune water returned to the aquifer via the leaching field. Adverse effects 

of this alternative include an increase in airborne emissions fran the treat­

ment fac1l ity (al though any treaunent facility would be required to meet 

all applicable air anissions standards), and a decrease in Bethpage Park 

aesthetics due to the treaunent facility and other v isi bl e ranedi al 

components to be located in the Park. 

c) Public Heal th Analysis 

Alternative No. 5 will provide long-term public health protection 

through the combined actions of ranoval of contaminants fran the 

groundwater system and groundwater monitoring to detect potential 

contaminant mi gr ati on t~ ard a pub l i c supply wel l. 

d) Institutional Issues 

Alternative No. 5 includes discharge of treated plune water to the 

groundwater via leaching fields in Bethpage State Park. Discharge of 

treated water into the groundwater requires a National Pollutant Discharge 

Elimination System CNP[ES ) permit or its equivalent. In order to obtain 

the permit, pollutant concentrations in the discharge have to meet or ex­

ceed the applicable effluent/groundwater quality standards. Extracted 

ground water can be treated to attain all clean-up goals; the NPCES perm it 

or its equivalent for Alternative No. 5 is anticipated to be obtainable. 

Any treaunent facility must comply with all applicable air anissions stan­

dards and perm it requi ranents. It is anticipated th at such requi ranents 

w 111 be attainable. 
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3 .243 Cost Ana 1 y sis 

The total estimated cost of Alternative No. 5 is $5,935,000. The 

capital and annual operating costs were estimated based on a flCM of 1.5 

t-GD. All estimates were based on 1987 prices and the present worth of the 

operat1 ng cost was est1 mated over a perf od of 10 years w 1th an annual i~ 

terest rate of 8 percent. The above cost does not 1 ncl ude 1 and purchasing, 

building construction, or personnel expenditures required for operating and 

maintaining the facilities. 

3.25 Alternative No. 6 

3.251 Description 

Alternative No. 6 (figure 3-7) involves the conveyance of the plllTle 

water by gravity to a treatment facility to be 1 ocated in the Park and 

thereafter, conveyance of the effluent to a storm sewer on Plainview Road. 

The storm sewer ultimately discharges to a municipal recharge basin. The 

treatment pl ant effluent would be conveyed to the storm sewer by pipf ng 

through the Park or around the perimeter of the Park. 

3 .252 No~Cost Criteria 

a) Technical Feasibility 

Fl CM and transport models were executed to test the technical 

feasibility of actively rElllediating all or part of the landfill leachate 

plllTle by pllllping. The results of the modeling effort indicate that the 

defined edge of the lVOC plll!le can be captured by five wells operating at 

an approximate combined capacity of 1.5 tJGD. Based on these results, Al­

ternative No. 6 is technically feasible with respect to pllllle collection. 
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The disposal aspect of this alternative may hinder feasibility, h~ever, if 

the storm sewer or recharge basin does not have adequate capacity to handle 

the 1.5 M3D fl~. A preliminary site evaluation of these two components 

suggest that adequate capacity is available. 

b) Envirormental Impacts 

Alternative No. 6 will have beneficial effects on the 

env1rorment-1mprovanent to the groundwater resource and water conservation 

(a portion of the treated plume water will be returned to the groundwater 

via the recharge basin). Adverse effects of this alternative include: a 

loss of some pumpage (a portion of the treated pllJTle) water will be 

discharged to Massapequa Creek which flc:Ms into the South Oyster Bay, an 

increase in airborne emissions (fran the proposed trea'trnent facility, al­

.though any trea'trnent facility would be required to meet all applicable air 

emissions standards), and a decrease in Bethpage State Park esthetics due 

to trea'trnent pl ant construction in the Park, as well as other visible rane­

di al structures and components. 

C) pub l i C Heal th Anal y s i s 

Alternative No. 6 will provide long-term public health protection 

th rough the combined act tons of ranoval of contaminants f ran the 

groundwater system and groundwater monitoring to detect potential 

contaminant migration t~ards a public supply well. 

d) Institutional Issues 

Alternative No. 6 will require permits for discharge of the treated 

pl I.Ille water to the storm sewer- recharge basin-Massapequa Creek system. It 

can be anticipated that these permits will not be obtainable for the 
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follawing reason. Massapequa Creek traverses a populated residential area 

of Long Island. Although the discharged water will be treated, there is a 

potential for direct personal contact with the water, since it is a surface 

disposal progrc111 and access to the water can not be control led. In this 

regard, this option is not reasonable in view of health and welfare con-

si derati ons. In addition, Cl:C1 s water conservation policies restrict 

depletion of a sole source aquifer. Any trea"trnent f ac11 ity must al so 

comply with a11 applicable air emissions standards and permit requirements. 

It is anticipated that such requirements will be attainable. 

3 .253 Cost Analysis 

The total estimated cost of Alternative No. 6 is $6,135,000. The 

capital and annual operating costs were estimated based on a flaw of 1.5 

~D. All estimates were based on 1987 prices and the present worth of the 

operating cost was estimated over a period of l 0 years with an annual in­

terest rate of 8 percent. The above co st does not i nc1 ude 1 and purchasing, 

bui 1 ding construction, or personnel expenditures required for operating and 

mai nta i ni ng the f acil iti es. 

3 .26 Alternative No. 7 

3.261 Description 

Alternative No. 7 (figure 3-8) includes the conveyance of the ex­

tracted pl lJTle water to a trea"trnent facility at OB~OC to remove TVOC' s. 

After trea"trnent, the water wou1 d be conveyed and discharged to either an 

existing recharge basin and/or a leaching field at the OO~OC. If and when 

the proposed RRF 1 s permitted and becomes operati ona 1, a portion of these 

waters, as required, may be used for cooling tawer •make up" and process 

water as described in Alternative 2. 
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3.262 Non-Cost Criteria 

a) Technical Feasibility 

FlCM and transport models were executed to test the technical 

feasibility of actively renedi ati ng all or part of the l andf 111 leachate 

plune by punping. The results of the modeling effort indicate that the 

defined edge of the lVOC pl llTle can be captured by five wells operating at 

an approximate combined capacity of 1.5 ~D. Based on these results, Al­

ternative No. 7 is technically feasible with respect to plume collection. 

Alternative No. 7 involves conveyance of treated plume water to a proposed 

leaching field and recharge hasin located in the northwestern portion of 

the OOs-JOC. The combined leaching field/ recharge basin system can be 

designed to accommodate the 1.5 ~D flCM; thus the capacity of the disposal 

component does not hinder this alternative's feasibility. 

b) E nv i rorvnenta l Impacts 

Of Alternatives Nos. 1 through 7, Alternative No. 7 will provide the 

largest nllllber of beneficial effects on the envirorment. lmplenentation of 

Al terna ti ve No. 7 will: improve the groundwater resource (by renov ing the 

contaminated water), conserve water (by returning a large portion of the 

extracted water to the aquifer via the leaching field/recharge basin 

system), and recycling, renai ni ng contaminants in the discharge water by 

disposing of it hydraulically upgradient of the extracti·on wells so that it 

can be recovered and treated continuously in a closed recovery system. 

Adverse effects of Alternative No. 7 include an increase in airborne 

contaminants fran treatment processes, although any treatment facility would 

be required to meet all applicable air en issi ons standards, and a decrease 
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in Bethpage State Park aesthetics due to visible remedial structure and com­

ponents. The latter adverse effect shall be very minimal because the bulk 

of ranedial components Ctreatrn~nt fac1l ity/recharge basin/leaching fields) 

w 11 l be 1 oca te d at th e OB Sit' DC. 

c) Public Heal th Analysis 

Alternative No. 7 will provide long-term health protection by: 

1) the hydraulic control of contaminated groundwater to protect 

the downgradient public supply wells, 

2) the ranoval of contaminants fran that groundwater system, and 

3) long-term monitoring to detect any potential contamiant 

migration tOriards the public supply wells. 

d) Institutional Issues 

Alternative No. 7 wil 1 require a NPCES permit or its equivalent for 

discharge to the groundwater via the recharge basin/leaching field system 

and air permits or their equivalents. This would be obtainable since pol­

lutant concentrations in the pl line water can be reduced to meet applicable 

effluent/groundwater and air standards. 
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3 .263 Cost Ana 1 y sis 

The total estimated cost of Alternative No. 7 is $7,045,000. The 

capital and annual operating costs were estimated based on a f10i of 1.5 

MiD. A11 estimates were based on 1987 prices and the present worth of the 

operating cost was estimated over a period of 10 years with an annual i~ 

terest rate of 8 percent. The above cost does not include land purchasing, 

bu11 ding construction, or personnel e>q>endftures requ1 red for operatf ng and 

mafntafnfng the facilities. 
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SECTION IV 

Rea.nended Rmed1al Alternative 

4 .l Remedial Al terna ti ve Selection 

Seven alternatives were evaluated for the feasi bfl ity of effectively 

rsnediating the landfill leachate plllTle snanating fran CBSiiOC. A sll!lmary 

of the no~cost cr1teri a for each of the alternatives is presented in Table 

4-1. As shown on the table, each of the alternatives is technically 

feasible and provides positive envirormental impacts and long-term public 

health protection. However, institutional issues have eliminated the fol­

lowing alternatives as follows: 

o Alternative No. l has been eliminated because it does not 

provide for active improvsnent of groundwater quality and 

the NYSOOL has indicated that this alternative would not 

be appro.1ed as a response action for the OOSii DC l andf 111 

leach ate plume. 

o Alternative No. 2 has been eliminated because the State has 

informed the Town that the State is not willing to accept 

a rsnedial alternative that is contingent upon approval 

of the RRF. 

o Alternative Nos. 3 and 4 have been eliminated because they re­

qui re discharge of treated pl lJTle water to the Nassau County 

sanitary sewer system. The Nassau County Oepar'bnent of Public 

Works has indicated that this discharge will not be allowed. 

In addition, with respect to Alternative No. 4, the State has 

informed the Town that the State is not willing to accept a 

rsnedial alternative that is contingent upon approval of the 
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Alternative 
No. 

l* 

2** 

3*" 

4•• 

Brfef 
Descrfptlon 

"Alternative 
Water Supply" 

Removal of ground­
water by pumping, 
pipe to RRF and 
discharge to N. C. 
sewer. 

Removal of ground­
water by pumpfng 
pipe to proposed 
treatment facility 
In OOSWDC, and dis­
charge to N.C. sewer 
system. 

Removal of ground­
water by pumping, 
conveyance to both 
the RRF and a treat­
ment facilfty pro­
posed for OOSWOC; 
discharge to N.C. 
sewer. 

TABLE 4-1 

NON-COST CRITERIA ANALYSIS 

Environmental Impacts 
Technical Feasib1l ity Positive Negat i ve 

The monito r ing of the 23 well s 
installed in the Park and 
other well s in the vicinity, 
wil l be effective in detecting 
contaminate migration long 
before they reach any well. 
This would allow for timely 
well replacement or treatment 
system ins tallation. 

Collection and containment of 
the plume by pumping was shown 
to be effective through numerical 
models presented In Sect ion II. 

A factor that may affect _1mple­
mentabi1 ity, i s the quantity of 
water usable by the RRF as cooling 
wate r. Thi s cannot be ascerta i ned 
until a RRF vendor is selected. 

COllectlon and containment of 
the plume by pumping was shown 
to be effective through numerical 
modeling (Section Ill. 

Feasibility may be hindered if 
the sewer does not have 
sufficient capacity ava i lable 
to accept the 1.5 "(;0. 

COllection and containment 
of the plume by pumping was 
shown to be effective thr ough 
the use of numerical models 
( Sect f on II l • 

No loss of No improvement 
groundwater to groundwater 

quality; no hydr aul i c 
No increase In control of plume. 
airborne omissions. 

No affect on 
Park aesthetic~ . 

Improvement in Reduct ion In 
quality of ground- groun<lwate r 
water resource . resource. 

Water conserva­
tion ( the use of 
plume water In 
RRF as cooling 
water ) . 

Improvement i n 
quality of ground­
water resource. 

Improvement In 
quality of ground­
water resource . 

Some water conser­
vation (portion of 
plume will be used 
in RRF as cooling 
water) . 

Limited affect on 
Park aestheti cs (wells, 
s torage tank, pump 
station and pipe wil l 
be Install ed bel ow 
grade or behind 
wooded areas) . 

Reduc t i on in ground­
water resource. 

I ncrease In a irbor ne 
emi ss i ons f rom t reat­
ment fac i li ty . 

Limited affect on Park 
aestheti cs ; t he maj or 
s truc ture , the treat­
men t fac l l fty wfl l 
be Instal led In OBSWDC. 

Some reduc t ion In 
groundwater resource. 

Some increase In 
airborne emissions 
from treatment. 

Limited effect on Park 
aesthetics (treatment 
facility wil l be in­
stalled in OOSWOC; other 
appur tenances below grade 
or In wooded areal. 

Instftut ional 
Issues 

NYSOOL has stated t hat 
they will not al l ow 
thi s Alte rnat ive. 

A permit to discharge into 
N.C. s anitary sewer will be 
required, and may not be 
attainable if the sewer capaci t y 
is inadequate. 

A permit to discharge Into 
N.C. sanitary sewer will 
be requi red and may not attain­
able If sewer capacity i s In­
adequate to handle f low . 



Removal of ground­
water by pumping, 
conveyance to treat­
ment facflfty and 
discharge to leach­
Ing ffeld to be 
constructed ,on 
property fn Park. 

Col lection and conta i nment 
of the plume by pumping 
wa~ proved effective 
through tho use of 
~umerfcal mode ls (Secti on I ll . 

Collection and containment 
of the plume by pumping 
was proved effective 

Removal of ground­
water by pump<ng, 
treatment fn facf­
lfty to be located 
the Park; effl uent 
discharge to storm 
sewer on Pl ainv i ew 
Road. 

fn through use of numerica l 
model s (Section II ). 

Removal of ground­
water by pumping 
conveyance to RRF, 
exfstfng OOSWDC 
recharge basin and 
proposed leaching 
ffeld along Clare- · 
mont Road (Treatment 
facfl fty to be 
located on OOSWDC.l 

Feas fb i lfty may be hindere d 
ff s torm sewer system does not 
have the requ i red c apac ity 
to handl e 1.5 MGD. 

Collection and containment 
of the plume by pumpi ng 
was proved effective through 
the use of nume r ical models 
C Se ction II ). 

* Alternative l wfll provide long-term publfc health protection 
through timely detection of the mfgratfon of contaminants be f ore 
they reach s upply wells. 

•• Alternatives 2 through 7 wfll provide Jong-term public health 
protection through combined actions of removal of contaminants 
from groundwater system and monftorfng to detect potential 
m1grat1on toward supply wells. 

Improvement fn 
quality of ground· 
water resou rce. 

No l oss of ground­
water ( pl ume water 
returned le aqui fer 
via leilchlng 
fi e ld!. 

Improvement In 
quality of ground­
water re~ource. 

No loss of ground­
water ( plume water 
returned t o aqu i­
fer via storm 
sewe r / recharge 
bas in system l . 

Improvement In 
quality of groun rl 
water re snurc-e . 

__.ate,· COl'SE, rva-
t Ion <us e by RRF 
as cool i ng water ) . 

Increase In a irbornE1 
emi s5 1ons f rom treat­
m~nt f~c fl fty . 

l ffec t on Park aestheti cs 
due t.o trea tment facfl lty 
which wi l l be cons tructed 
fn the vic i nity of tho 
Park . 

Increase 1n airborne 
emi ss ions f rOffl t reatment 
f ac 11 1 ty . 

Effect on Pa rk aestheti cs 
due t o treatme nt fac i l ity 
whi ch wi ll be cons tructed 
i n t hP a rea of t he Park . 

SOffle l os s In g round­
water resource due 
to port ion conveyed 
tn RRF. 

Increase f n a irborne 
emiss i ons f rom 
t reatme nt pl ant . 

Li mite d affect on Park 
ae stheti c s ; trea tment 
fac il 1ty ar.d p i ping 
et c . wi l l be below 
grade, o r In woods o r 
i n OOSWDC. 

A NPOES permit wfll 
be required and shoul d 
be attainable. 

A NPOES permfit wfll be 
required and may not be 
obtainable ff the capac ity 
of the storm sewer f s not 
adequate t o handle t he f low. 

NPOES pennfts wfll be 
required and shoul d be 
attainable. 
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RRF. Furthermore, the t:£C1 s water conservation policies 

restrict the depletion of a sole source aquifer without 

replacement. 

Of the rEmaining alternatives (Nos. 5, 6 and 7), the most positive 

aspects are associated with Alternative No. 7. Alternative No. 5 would re­

quire extensive excavation and construction in the State Park due to the 

trea'tment and recharge facilities being located there. Alternative No. 6 

would al so require construction of a trea'tment system in the Park, as wel 1 

as discharge to the storm sewer system on Plainview Road that flows to Mas­

sapequa Creek. Furthermore, the CEC1 s water conservation policies would 

restrict depletion of the so1 e source aquifer without replacement. It is 

a 1 so anti ci pated th at this discharge w 111 not be permitted. It is an-

ti ci pated that this discharge will not be permitted by the County because 

of the Massapequa Creek's location in a populated residential area and the 

potential for direct contact and exposure to residents. 

Alternative No. 7 requires the smallest amount of construction in 

the Park. In addition, Alternative No. 7 provides the largest number of 

beneficial effects to the envirorrnent. This includes disposal of the 

discharge water hydraulically upgradient of the extraction wells so that ft 

can be recovered and treated continuously in a closed recovery system. 

This alternative also affords maxfmllTI flexibility in terms of water usage. 

Treated water can be discharged to the groundwater system or used in the 

proposed RRF fac11 ity, if permitted and operational, which could replace a 

cons1JT1ptive use. Considering the above factors, Alternative No. 7 appears 

to be the best alternative and f s recommended for the rEmedi ati on of the 

landfill leachate plllTle Emanating fran CB~DC. A description of Alter­

native No. 7 is presented in the fol lowing section. 
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4.2 Recommended Remedial Action - Alternative No. 7 

4.21 General Description 

The groundwater r0'Tloval system shall include five barrier pumping 

wells installed in Bethpage State Park. These wells will have a combined 

pllllping capacity of 1.5 t-GD and will discharge into a collection tank 

within the Park. Fran the collection tank, the water will be conveyed 

through an underground piping system to a water trea'trnent facility in 089\'DC. 

At the trea'trnent facility, the influent will be treated to ranove its or­

ganic constituents. After trea'trnent, the water will be recharged to the 

groundwater at the OB~ DC th rough an e xisting recharge basin and /or 

leaching field upgradient of the landfill and th e collection systems. 

4 .22 Trea'trnent 

During the operation of the system the extracted water is expected 

to have variable total volatile organic compound <TVOC) concentrations. 

Modeling of the proposed groundwater extraction wells as presented in Sec­

ti on II, revealed that the expe cted average TV OC concentrations will be as 

shorn on Table 4-2 . It is estimated that the concentration will reach 

"peak'' during the fifth year of the system's operation and the highest con­

centrati on fran a singl e wel l wil 1 be approximately l ppm. The trea'trnent 

system will be designed based on the capability of treating the l ppm con­

centr ati on. Table 4-2 prov ides the di str1 buti on of the expected VOC con­

sti tutents that will be influent to the proposed trea'trnent system. The ex­

pected effluent concentrations, considering a 95 percent ranoval ef­

ficiency, are also presented on the table. Also included, for comparison 

purposes, are various State and Federal groundwater cleanliness Standards 

and Guideline values. 
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TABLE 4-2 

Collparfson of Projected Influent• and Effluent Paraineters•• with Applicable State Standards 

NSOEC/NYSOH*** 
Influent Effluent STD GV 

Inorganfcs, mg/1 

Iron 1-5 <1.0 0.3 
Maganese 3.9 <1.0 0.3 
Chlorfde 103 103 250 
Total Ofssolved 

Solfds 280 280 500 
Magnesium 18 <1.0 35 
Mercury .003 .003 0.01 
Lead .009 .009 0.025 
Zfnc .04 .04 5.0 

Organfcs, ug/1 

Methylene 
Chlorfde 4.2 <1.0 50 

Vfnyl Chlorfde 68 <1.0 
1,1-Dfchloroethane 178 <4.0 50 
1,2-Dfchloroethene 273 <1.0 50 (trans) 
1,1-Dfchloroethene 1.2 <1.0 0.07 
1,2-Dfchloroethane 8.7 <1.0 0.8 
Trfchloroelthylene 14.4 <l.O 10 
Chloroform 0.6 <l.O 100 
1,1,1,-Trfchloroethane 3.7 <1.0 50 
Benzene 90 <1.0 Not detectable 
Toluene 4. 8 <4.0 50 
Ethyl benzene 272 <1.0 50 
Xylene Call fsomers) 32.3 <1.0 50 
Chlorobenzene 5.7 <1.0 20 
Ofchlorobenzenes 

para- 4.2 <1.0 
ortho-and para- 6.3 <1.0 4.7 
all isomers 7.5 <1.0 

Chloroethane 25 <1.0 
Tetrachloroethene 4.0 <l.O 
Carbon Tetrachloride 0.6 <1.0 

• Ratio of influent parameters taken from Well 6B analyses and based on assumed organfc influent of 1000 ug/1 
•• Effluent parameters taken from manufacturer's proposed system and other performance data. 
••• Standards and Gufdance Values fssued by New York State Department of Envfronmental Protectfon for Class GA 

Waters (potable drinkfng water), Standards are fndfcated under STD and Guidance Values are fndfcated 
under GV. 
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Before final design of the trea1rnent system is ex>mpleted, a pilot 

treatabil ity study will be performed. This study will be undertaken 

to establish the removal effluences that can be achieved under varying 

design operating conditions. 

Most of the 1.5 M;D plll1ped, will be treated at the trea1rnent 

facility which will include iron removal, air stripping through a packed 

t<Mer, follc:Med by, as needed, activated carbon adsorption. The iron 

removal is required to prevent clogging of the air stripping tawer. Gross 

amounts of the lighter, vol atfl e a-gani c ex>mpounds such as chlorinated sol­

vents and light petroleum factions can be removed efficiently by air strip­

ping. The remaining trace amounts of light organics and the heav fer, less 

volatile a-gani cs may require a more ex>mpl ex activated carbon process. The 

trea1rnent facility will ex>mply with all applicable air emissions standards 

and permit requirements. 

4 .23 Di spo sa l 

The effluent fran the trea'trnent facfl ity will be ex>nveyed to either 

an existing recharge basin or a proposed leaching field in the landfill 

complex or both, and shal 1 meet discharge standards established by the 

State of NEltl' York in the final Remedial Action Plan. 

4.24 Operation and Maintenance 

Operation and maintenance of all system components will be as recom­

mended by the respective manufacturers. Typical maintenance activities for 

the trea'tment facility include: periodic replacement of the packing 

material of the t<Mer aerator, backwash of the filter in the iron removal 

system, replacement of the t<Mer 1 s packing material in the air stripper, 

and regeneration of the carbon in the carbon adsorption system. Collection 
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and analysis of the trea1ment plant influent and effluent will be under­

taken to determine when packing material has to be replaced. 

4.25 Monitoring 

Modeling simulations were extended several years in order to deter­

mine contaminant fate within the different scenarios. Generally, most of 

the simulations which included hydraulic contai llTlent and no~zero values 

for natural retardation and decay mechanisms predicted the attaillTlent of 

no~detectable concentrations within the defined edge of the lVOC plllTle 

within a period of about 10 years. Specific groundwater cleanliness 

criterial will be establishec by the State of New York in the final Reme­

di al Action Pl an. 

The measuring points for assessing progress of renediation will be 

selected monitoring wells, which best represent the areal and vertical 

extent of the plume as wel 1 as the areas of highest contamination. 

Parcrneters for monitoring will be chosen. The completion of renediation 

will be achieved when the established cleanliness criteria are reached in 

the monitoring wel 1 s and verified by a procedure to be specified in 

the final Remedial Action Plan to be approved by the State. 
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APPENDI X A 



NUtvERICAL GRQJNa-/ATER Fl°'1' ~CEL 

The groundwater fl<M model used by Geraghty & Miller, Inc. for this 

study is the basic aquifer simulation progrc1T1, modified for water-table 

conditions, as described by Prickett and Lonnqui st, ( 1971). The model uses 

the finite-difference nunerical method to obtain approximate solutions to 

the equations that define groundwater flCM. 

The fl CM model was constructed by utilizing hydrogeol ogi cal data 

obtained fran published sources augmented by field data obtained during the 

OBS\'OC offsite drilling and monitoring progrc1T1s. The input data include 

water- level elevations, hydraulic conductivity, elevation of the ''bottan'' 

of the water-table aquifer, transrn issiv ity, storativ ity, recharge and model 

imposed boundary conditions. 

Model Grid 

The region included in the fl<M model encompasses an area which is 

12,000 feet by 14,500 feet and is represented by a rectangular grid of 18 

colunns and 20 r<Ms. The grid, which is variably spaced, was superimposed 

over a map of the aquifer. A fine grid spacing (500 foot grid intervals) 

was used within the leachate plune to provide detail. Coarser grid 

spacings of 2000 foot grid intervals were enpl oyed further i!III ay fran the 

pl une to corn pl ete the fl"" system and establish boundaries beyond the 1~ 

pacts fran aquifer stresses (i.e., punpage). The 500-foot spacing was co~ 

sidered appropriate given the maximum plune width of approximately 4,250 

feet. The aquifer system properties were discretized by assigning specific 

values to each node which occur at the fntersectfon of colunn and rCM 

grf ds. 



was calculated by the model fran the hydraulic conductivity and the initial 

saturated thickness. In this case, because wells are pumping and water 

levels are declining, the saturated thicknesses within the cones of 

influence decrease, resulting in reduced transmissivities. The model 

revised transmissivity values to account for this decrease in saturated 

thickness. 

The storage coefficient is important only for transient simulations 

where it provides an indication of how quickly an aquifer will respond to 

a change in stress. The groundwater system was simulated under 

steady-state conditions, thus the storage coefficient is irrelevant. 

However, for the purposes of the nllTlerical code, one must be entered. A 

published storage coefficient of 0.2 (dimensionless) was used. 

Recharge to the water-table aquifer is supplied by preci pi tati on. 

The average annual recharge rate is on the order of 21 inches Clsbi ster, 

1966), which transl ates to a value of approximately one mil 1 ion gallons per 

day per square mile Cl mgd/sq mi) or about0.0359gpd/sq ft. 

Calibration/Approximation of Field Conditions 

Several simulations were run until the computed heads reached 

11steady-state", no longer changing with time. The resultant head distribu­

tion and hydraulic gradient fran the model were found to approximate ffeld 

conditions. The average simulated hydraulic gradient is about 0 .0026 as 

compared to a field value of approximately 0.002. The general direction of 

the groundwater flow is toward the south-southeast. Additionally, the ob­

served water-level elevations in the 23 off-site wells, Phase 3 and Nassau 

County observation wells Cfran June 5, 1985) were compared to the simulated 

heads, and differences between the two were less than one-half foot whfle 

some values were reproduced exactly. 



Water-Level Data 

A groundwater elevation map was obtained fran Geraghty & Miller, 

Inc. •s August 1985 report. Site-specific water-level data fran the report 

were obtained fran the 23 off-site progrc111 monitoring wells, Phase 3 

monitoring wells, and Nassau County observation wells on June 5, 1985. The 

water-level map indicated that the hydraulic gradient ranged from a le. of 

0.0013 ft/ft to a high of 0.0027 ft/ft with an overall average hydraulic 

gradient of approximately 10.56 feet per mile (0.002 ft/ft). The c,.,eral l 

gradient was interpolated l ineral ly to establish upgradi ent and down­

gradient model boundary conditions. 

Hydraulic Conductivity 

Hydraul i c conductivity values were obtained fran published reports 

and found to range fran 400 to 1,100 gallons per day per square foot 

(gpd/sq ft). Sensitivity analyses were performed using the flc. model and 

a value of 800 gpd/sq ft was · found to produce hydrostatic heads that best 

represented field conditions. Values lQiler than 800 gpd/sq ft resulted in 

simulated heads th at were too high when compared to the measured water 

levels of June 5, 1985. Similarly, higher hydraulic conductivity values 

produced simulated water-table elevations that were lQiler than the June 5, 

1985 values. 

Saturated Thickness 

The groundwater system in the modeled area has a saturated thickness 

of approximately 700 feet. In essence, this aquifer is a large, thick 

sequence of sand w 1th varying amounts of s11 t and clay layers that impede 

flc. in places, but that do not constitute a continuous confining unit 



separating shal 1 ow er water-table and deeper oonf ined aquifers. Si nee 

leachate oontamination is limited to the upper 250 to300 feet of saturated 

materials, a saturated thickness of 300 feet was used in the model. 

In order to control a 300 foot thick plume in an aquifer whose 

saturated thickness is 700 feet, the renedial wells would have to be par­

tially penetrating. Additional analyses were performed to acoount for the 

effects of partial penetration (which would be the case under field oon-

di ti ons) on drawdow n and the volume of water pumped to oontrol the plume. 

Calculated drawdown values were applied to the flow system (as shown by the 

June 5, 1985 water-level elevation map) and results indicate that the plume 

boundaries are within the simulated pumping barrier. 

It should be noted that the model's simulation presents optimistic 

results w 1th respect to pumping rates because the model simulates the 

aquifer as if the bottan of the system is located 300 feet below the 

water-table surface. Hence, flow to the renedi al wells in the model is 

horizontal. However, under field oonditions of partially penetrating 

renedi al wel 1 s, some water would move vertically up to the wel 1 s in 

addition to predominant horizontal movenent. More water would have to be 

pumped to offset this vertical oomponent of flow, however, the additional 

pumpage, if any, cannot be quantified in advance of a pumping test 

involving one renedi al wel 1. 

Transmissivity, Sta-age Coefficient and Recharge 

~uifer transmissivity, T, is defined by the relationship T = Kb, 

where K is the hydraulic oonductivity and bis the saturated thickness. 

Published values of transmissiv ity range fran 51,000 to 270,000 gallons per 

day per foot Cgpd/ft) and an initial transmissivity value of 240,000 gpd/ft 



Simulations of Remedial Pumping 

Prior to simulating rsnedial pllTlpage options, preliminary values on 

the nllTtber of wel 1 s and potential pllTlpage rates were ca 1 cul ated 

analytically. Calculations of draw-down fran partially penetrating wells 

were analyzed, and the areas of groundwater ex>ntribution towel ls pumping 

in an aquifer with uniform flari were investigated <Todd, 1980, pp. 121-123). 

Pumpage rates per wel 1 fran 500,000 to 1,625,000 gallons per day (gpd) and 

transmissivities ranging fran 200,000 to 350,000 gpd/ft were used in these 

analytical techniques. When draw-down exceeded one-half foot at the edge of 

the pl llTte and the areas of groundwater ex>ntri buti on to the pumping wel 1 s 

overlapped, the nllTlber, locations and pumpage rates were ex>nsidered to be 

potentially successful in ex>ntrolling the leachate plll!le. These 

combinations were then simulated .utilizing the tlari (nllTlerical) model, as 

it accounts for changes in transmissivity and hydraulic gradient, which 

better approximates field ex>nditions than the analytical techniques. 

Results 

Results indicate that five wells placed along the leading edge of 

the landfill leachate plume, would have to be pllllped at a total approximate 

rate of five mill ion gallons per day (MGD) to capture the entire plume. 

This is an optimistic estimate because of assll!lptions and restrictions 1n 

the cxrnstruction of the model, discussed 1n Section 2.2.s. Under field 

conditions, the pllllpage rate is likely to exceed five t-GO. 

A comparison between the nll!ler1cal ly and the analytically derived 

results was made to demonstrate the rel iab11 ity of the results obtained 

f ran the nllTter i ca 1 ana 1 y sis. The ana 1 yti ca 1 method employs equations th at 

define the geanetry of the ex>ne of influence fran a pllTlping well in a 



uniform flcw field as presented in Todd (1980). Calculations were made 

using the stagnation point formula and the e>q:>ression for the boundary of 

the region producing i nfl cw to a punpi ng well in a uni form field. The 

limiting flcw lines for a well punping at a rate of 500,000 gpd and 

1,000,000 gpd were calculated. Superimposition of the resulting zones of 

influence shcwed that six and four wells, respectively, are necessary to 

capture the entire landfill leachate pllllle. These nlJTlbers of wells and 

p1JT1ping rates result in a total punpage of three and four t-GD, which is in 

reasonably good agreanent with the nlJTlerical model results of approximately 

five t-GD. Unlike the nll!lerical model, the analytical (Todd) calculations 

do not account for changes that occur in the groundwater system as a result 

of punping (e.g., interferenc-,e effects, changes in saturated thickness and 

gradient, etc.). Thus the nll!leri cal approach better represents field 

conditions and the results of this nll!lerical analysis more accurately 

approximate the punping stress and aquifer response. 

The concentrations of volatile organic compounds (June, 1985 

sampling round) were sunmed for each well cluster, and plotted on a site 

map; fran these data, the approximate extent of the plume defined by 50* 

ug/L of total volatile a"ganic compounds (TVOC) was determined. The flcw 

model was then used to simulate different combinations of wells and total 

p1JT1page rates to determ fne the cont igurati on and rate th at best captured 

this pllJTle. 

Pumpage of 1.5 t-GD appears to control the organics pl lJTle, wh11 e a 

p1JT1page rate of 2 t-GD apparently e>«::eeds the rate necessary to intercept 

the organics contaminated groundwater. 

* The precision of the model construction did not allcw for distinction 

between50 ug/L and O in this analysis. Therefore, the edge of the pllJTle to 

be captured is defined as being in th at range. 



Based on the model results, it appears that the mini mun pumpage rEr 

quired to intercept the organics plune as defined is approximately 1.5 M:;D. 

The 1.5 M:;D is divided among 5 wells, each punping 300,000 gpd. Lower 

punpage rates and/or fewer wells were judged ineffective to capture the 

plune. The location of the pumping wells are shown on Figure 2-1. 

The flow model simulated only a portion of the total saturated 

thickness of the flow system. Thus, the 1.5 M:;D and 1.0 M:;D punping 

schemes were also tested with analytical calculations that take into 

account the partial penetration of the pll11p1ng wells. Finally, capture 

zone calculations were also done to test the scheme. These last two 

analyses indicate that the interpretation of the flow model simulations is 

correct, thus results of three approaches corroborate one another. 



APPENDIX B 



AIR SlRIPPING 

Air stripping is a simple, reliable mass transfer process by which 

volatile a-ganic oontaminants are ranoved fran aqueous solution and trans­

ferred to the atmosphere. By Henry's Law, those volatile components having 

a high partial pressure have an affinity for the air phase over the water 

phase. As a mass transfer phanonena, air stripping is enhanced when the 

greatest degree of oontact between the air and water stream is provided; 

ha.ever, Henry's Law and the laws of solubility indicate that oomplete 

ranoval of a-ganic oontaminants by air stripping is impossible. 

To pranote good contact of af r and water, most af r strf ppf ng ar­

rangements provide for oountercurrent operation in packed towers. Con­

tam inated water is directed to the top of the tower where ft trickles oown 

over the packing providing a large, constantly wet and renewed area for 

mass transfer; at the same time air is blown through the packing fran the 

tower bottan. The exhausted air stream contains much of the initial or­

ganic co ntam i na ti on. 

It is obvious that for a given water flow rate, a point can be 

reached where increasing the air volume to the packed tower will eventually 

inhibit and then prevent the down.vard water flow. This oondition is known 

as "fl oodf ng'' and typf cal ly af r strf ppers are designed to operate at an air 

to water ratio representing the air flow at 6(Jg of flooding. Different 

packf ng arrangements w 111 influence the point at which flooding occurs and 

therefore, the volume of air introduced will also change. Optimun strip­

ping will occur when the largest wetted surface area is exposed to the lar­

gest air flow. 



nature of the chanical ranoved, surface deposition may be due to l0tw 

solubility, the weak Van der Waals forces, and electrical or chanical bon­

ding. Most probably, a oombination of these mechanisms are at work. 

As a surface attraction phenanena, renoval efficiency is enhanced 

and contact time subsequently reduced when the individual carbon particles 

are 11activated 11 • Activation involves the enlargement of the existing pores 

into a macroporous structure, which greatly increases the surface area of 

carbon available for adsorption. The larger the surface area, the 

generally more effective the carbon will work to ranove a oontaminant. Al­

though spe ci al ty carbons a re av a 11 ab 1 e w f th surf ace areas as 1 arge as 2 500 

square meters/grcrn, treatment designs employing surface areas of 1000 

square meters/grcrn are more typical. This structure results in a material 

that is highly selective for organic compounds and in particular, very well 

suited for the ranoval of mixed organics fran aqueous solution. 

The mechanisms of adsorption take place by initial attachment of an 

organic molecule to the carbon surface, diffusion through the porous struc­

ture and finally, accumulation on the deep interior capillary spaces of the 

activated carbon particles. In addition to the nature of the carbon sub­

strate, the facta-s influencing the adsorption process include the nature 

of the chenical adsorbed, such as its molecular shape, size and polarity, 

the nature and pH of the transport medium, and finally the design and con­

figuration of the equi pnent hardware. 

The ab11 ity of activated carbon to adsorb organics without rerelease 

or desorption renains nearly constant during the useful life of the carbon. 

The end of the useful life of activated carbon for treatment is defined as 

11breakthrough 11
, wherein a marked increase in effluent organics c:oncen-

trati on is noted. Breakthrough typically occurs when up to one pound of 



The primary advantages of enploying air stripping as a treatment op­

tion are the relative simplicity of the equipment and operation, and sub­

sequent lower cost over other treatment methods. Air stripping al so 

preferentially renoves those lower weight molecular weight organic com­

pounds least ammenable to treatment by activated carbon. The major disad­

vantages concern the higher degree of maintenance often required to prevent 

scale buildup on the tower internals and packing, which ultimately leads to 

channeling of the water flow through the tower which inhibits treatment. 

Chenical pretreatment of the water phase is often required to renove poten­

ti al seal e products and suspended sol ids, and al so to reduce the sol ub11 ity 

of some contaminants to improve their transfer to the air phase. Although 

preliminary air stripping designs can be predicted on prior experience, the 

optimum air to water ratios, packing arrangements and other pretreatment 

requi renents are better established by p11 ot seal e treatab1l ity studies. 

N::fIVATED CARBo. ADSCRPTION 

As previously indicated, simple air stripping, while capable of 

renoving gross levels of volatile organics effectively, cannot achieve an 

essentially zero level of contamination in the effluent. Treatment by 

highly porous activated carbon is the most thoroughly understood and 

reliable process currently employed to renove trace organics. It is ef­

fective wer a broad range of chemical species and treatment levels below 

10 ppb have been reported. The less volat1le organic compounds not rEmoved 

by air stripping are often very anenable to this treatment process. 

Porous carbon removes contaminants by adsorption, a process wherein 

matter is extracted fran solution and concentrated at the carbon/water 

interface, and therefore is known as a surface phenomena. Depending on the 



organics has been adsorbed per cubic foot of carbon. In large systems the 

spent carbon is regenerated in situ with steam, produci ng a la,,, volune 

aqueous solution of organics for disposal. In smaller systems, such as 

described for this report, the · spent carbon is exchanged with an outside 

vendor for fresh carbon. The vendor then regenerates the carbon at his 

f acil iti es for eventua 1 resale and reuse. 

The prime advantage of activated carbon trea'trnent is its unique 

ab11 ity to produce an effluent ex>nta1ning almost no organic ex>ntamination 

over a wide range of organic species and influent ex>ncentrations. It is 

not particularly sensitive to changes in ex>ncentration or fla,,, rate. Other 

advantages include good selectivity, no requiranent for chanical additions, 

ease of waste products handling, overal 1 ease of operation and smal 1 space 

requ1 ranents; ha,,,ever, these advantages come at a price. Activated carbon 

trea'trnent is often the most expensive trea1ment option (per pound of ex>~ 

taminant ranoved), and therefore, is usal ly reserved as a final "polishing" 

trea1rnent after gross ex>ntam inant ranoval. 

Aside fran ex>st, other disadvantages include the need for 

specialized tankage and coatings to minimize ex>rrosi on, and prefl itering, 

to minimize plugging of the carbon pores by suspended sol ids, which w11 l 

1mpa1 r trea'trnent eff1ci ency and reduce the useful life of the carbon bed. 

Although it is considered a well developed technology, the 

phenomenon of adsorption is ex>mplex and not necessarily predictable. To 

accurately predict system performance, carbon l 1fe and the operating 

eex>nom 1cs, field pilot pl ant stud1 es are necessary. 




