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institutional 1issues and public health protection. The cost analysis
section summarizes the estimated costs of each alternative and includes

capital costs, operation and maintenance costs and present worth analysis,

Section IV - Recommended Remedial Action

Section 1V summarizes the remedial alternatives, presents the
1 g : f \ 1) ' tton T

the recommended remedial alternative,

1.1 Site Background

The 01d Bethpage Landfi11 located 1n Nassau County, Long Isiand, 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 New York State Department of

Envirommental Conservation (NYSDEC).

There are three remedial actions currently completed or underway at
the 01d Bethpage Landfi11. These are leachate collection, landfill gas
collection, and capping of the landfill. These actions are fully described

the October 1983 report by Lockwood, Kessler & Bartlett entitled
'"Comprehensive Land Use and Operations Plan" which was prepared in
accordance with landf1{l1 closure regulations found at 6 NYCRR Part 360 and
1 e Solid Waste Mapagement Facility Guidelines and approved by the NYSDEC.
These programs were designed to 1imit migration of contaminants from the
landf 111 via air and surface runoff. In addition, the capping program was
designed to reduce water infiltration, thereby reducing the production of
leachate and subsequent contamination of the groundwater. The three

programs are described below:
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will be placed on the clay cap and the area will be revegated. The design
and specifications of the cap are described in Section 8 of the 198
“Comprehensive Land Use and Operations Plan."™ At the present time, the
clay cap has been applied to approximately 29 acres of the 65 acre

landf 111, The capping program is proceeding and will be completed in
conjunction with the groundwater remediation programs discussed in this

r ort.

The investigation of groundwater contamination in and around the
area of the OBSWDC began in 1979. The initial programs were designed to
datermine the quality of the groundwater bensath the site. These were
later expanded to include the monitoring of existing of f-site wells to
provide information on the impact of GBSWDC on surrounding groundwaters.
These programs and their findings are discussed in detail 1in Lockwood,
Kessler & Bartlett, Inc. reports titled: "“Groundwater Monitoring Program.
Phasss 1 and 2", June 198l;" Phase 3 Groundwater Monitoring Frogram,
19683-1984 Analytical Results", May 1984; and 'Phase 3 Groundwater
Monitoring Program, 1984-1985 Analtyical Results", June 198.

On July, 19, 1984, a consent order was signed by the NYSDOL, NYSLEC,
and the TOB for implementation of a comprehensive of f-site groundwater
quality investigation. The purpose of the investigation was to delineate
and characterize the landfill leachate plume bel ieved to be emanating from

e site. The investigation, when completed in April 1985, included the
drilling of six exploratory borings and the installation of 23 monitoring
wells in Bethpage State Park. The drilling and monitoring well instal-
lation program was completed when the extemt of the landfill leachate plume
was defined. Inorganic chemical parameters, which are typical of sanitary

landf 111 leachate, were used to define the extent of the plume,

After completion of the well installation phase, five rounds of

water quality samples were collected (June, July, October 198 and January,
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April 1986) from the 23 monitoring wells and other selected wells. Water
samples were analyzed for an extensive 1ist of parameters that included
metals and organic compounds., In addition, water level measurements and
water qual ity samples were taken in three temporary wells directly up~
gradient of the landfill, in order to determine the effects of mounding.
The results -“ the monitoring are summarized in Section 1.2 of this report.

Nature and Extent of Problem

As discussed in the Geraghty & Miller report of August 1985 (cited
earlier), water-level data from of f-site wells clearly demonstrates that
groundwater flow under the landfill 1s to the south-southeast. Water-level
data collected from the three temporary upgradient wells does not indicate

components of groundwater flow to the north or west.

The approximate lateral extent of the landfill leachate plume (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 landfil1 leachate
plume 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 1s provided in Geraghty &
Milier, Inc.'s September, 1986 OBSWDC groundwater report, cited eari fer.

Results of the five rounds of groundwater sampling of the 23 offsite
monitoring wells indicate that the landf111 leachate plume is comprised of
inorganic compounds and volatile (halogenated and non-halogenated) organic
compounds (YOC's). The data generated from these sampling efforts is con-
tained and discussed in the Geraghty and Miller report of September 1986.
The Jateral and vertical extent of the total organic plume is shown 1n

Figures . | and 1-4 respectively.

1-7















continued ~ 2 «~

well would not influence the migration of the exis
contaminant plume. You mav want to discuss this o)
vour consultant. In anv event, we understand that
will be svstematicallv sampled bv Nassau Countv De)
of Health, to insure that it has not become contam:
the landfill plume. Our recommendation is that it
sampled in conjunction with the sampling in our of:
investigation.

You will provide us on a periodic basis the u:
records and short terms pumping records of these we
well the analvtical sampling data to monitor these
We have also agreed to keep each other apprised of
events and well testing (such as pump tests, etc) |
each other with information useful to our respectix
purposes.

Thank vou again for vour cooperation. Please
us, whenever appropriate, to review vour final prog
plans for future operation.

Sincerely,

fedt (G

ROBERT L. OSAR
Assistant Attorney Ge

RT.O/sm
cC: Vance Brvant
























1964
1968
1969
1670
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982

1983

PUMPAGE - BETHPAGE STATE PARK
Wells 1 & 3

54,235,000
41,900,000
43,738,000
58,804,000
47,866,000
78,512,000
107,006,000
98,889,000
103,251,000
81,328,000
90,929,000
74,823,000
72,432,000

57 D

3)
(3
(3
(3)
(3)
(3)
(3)

Well 4

71,550,000
69,085,000
72,345,000
73,064,000
50,596,000
32,835,000
44,550,000
45,034,000
32,150,000
83,171,000
70,065,000
33,798,000
59,865,000

T 857,

Total
147,147,000

174,652,000
116,322,000
165,084,000
125,785,000
110,985,000
116,083,000
131,868,000

98,462,000
111,347,000
151,556,000
143,923,000
135,401,000
164,499,000
160,994,000
108,621,000
132,297,000

89,169,000









SECTION II
SCREENING AND TESTING REMEDIAL RESPONSE ACTIONS

2.1 Screening of Response Actions

Table 2-1 lists the 15 classes of response actions identified by
USEPA for consideration in remediating "Superfund" sites. The actions are
1isted along with a brief description and their possible applicability to
OBWDC. As noted, Acertain response acticns have been deemed not applicable

for one or more of the following reasons:

0 the response action of fered 1ittle or no benefit,

0 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 technologies which have significant

inherent envirommental risks.

Based on Table 2-1, two response actions were identified for further
consigeration. These are: capture of the contaminated groundwater through
punping and subsequent treatment, and the provision of an alternative water
supply. These two response actions have been further developed into

U.. ¢ 31 w8 two ocor ( ar

1. Development of a long-term groundwater monitoring program to
provide detection of potential contaminant movement towarg
public water supply wells. Such detection would allow timely

woell replacement or treatment system installation.
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Response Action

On-site Treatment

Off-site Treatment

In-Situ Treatment

Storage

~site Dispoaal

Description-

Treatment or solidification of wastes
on-site to render them harmless by phy-

sical, chemical or biological treatment.

Treatment of wa: 28 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-aite in a land-
fill or ¢ 'er waate management 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 effective or possible

and thus is not being considered.

Ground-Water On-site treatment of contaminated ground
water 1is being considered.

Waste Trestment requires removal of wastes from their
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 8 Public-Owned Treatment Works (POTW) 1s being
considered.

Im-Situ treatment of an amount of waste such as exists
at the landf 111 has never been acoomplished nor been
proven possible, thus this action is not being con
sidered. Hydrogeologic conditions in the of fsite plume
also make imsitu treatment of this contamination in-
feasible. The vertical thickness of the plume makes
inr-situ treatment infeasible. In-situ methods are

sui table for treatment of shallow groundwater plumes,
Conditions in shallow 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.

Thia site is currently a landfill, and this action
would presumably require excavation and redeposition;
for reasons given under "Complete Removal”, thias

action is not being considered.



Responge Action

Off-gsite Disposal

Alternete Water
Supply

Relocation

'8€ri| ion

Applicability

Disposal ( wastes off-site 1n a land-
fill or ol r waste management unit.

Provision clee drinking water in
the event contamination; this would
include treatm t of the existing sup-
ply or pr ridi other supply.
Temporary permanent relocation of

area r id ts,

This action would regquire removal of wastes, and 1s
not being 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
and long-term monitoring is beinqg considered.

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






the arganic plume but within the landfi11 lechate plume,
although elevated over background, do not violate

drinking water standards.

2. A pumping well array capable of capturing 5 McD would un-
avoidably intercept clean groundwater outside the plume. This
imposes an envirommental impact over and above the problem of
water disposal, because mixing of contaminated and uncontaminated

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

3. Groundwater withdrawal caps proposed by the New York State
Department of Envirommental Conservation (NYSDEC) would 1ikely
pronibit consunptive withdrawal of this magnitude, if
discharged to a publicaly owned treatment plant.

In consideration of these 1imitations, subsequent modeling efforts
were directed at containing total volatile organic compounds (TYOC) at the
defined edge of the organic plume. Flow modeling indicated this portion
could be contained with a pumpage of approximately 1.5 MaD. This amount of
water pumpage appears feasible since it would effectively contain the edge
of the TYOC plume as defined and would not withdraw substantial amounts of
potable drinking water fram the aquifer.

Solute transport simulations were executed for both abated and
ur »a1 | sce rios, using various vali T * 1« tur ° retardation and « :ay
{(r woval) pro In th opinion of the .own's nsulti :s, the
unabated scemarios suggest that the plume would not move south of Melville
Road. The abated scenarios clearly {indicate that the TVOC plume can be
contained within the boundaries of Bethpage State Park, with a five well
system ‘igure 2-1) operating at approximately 1.5 MsD,
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SECTION III

REMEDIAL ACTION ALTERNATIVES AND ANALYSES

This section identifies and describes the remedial actions that are
being considered for the OBSWDC plume and presents analyses of the alter-
natives. Seven alternatives have been identified which represent the two
general remedial responses discussed in Section II. The first remedial
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 downgradient water supply systems should
they become threatened. The second response action is to hydraulically
control by capture and extraction, the contaminated groundwater plume
through the installation and operation of five barrier pumping wells
located at the downgradient extremities of the TVOC plume. Alternatives
Nos. 2 to 7 represent this response action, providing for various treatment
and disposal methods. These alternatives are 11sted below together with

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

Mternative No. 1 = Alternative water supply

Alternative No. 2 - Removal of groundwater by pumping; pipe to
OBMWDC for use in operation of the proposed
F i - F  we: Facility (F..7);* and
discharge of 1 wal 1 ini” vy
system on Winding Road.

* A Resource Recovery Facility (RRF} {s being proposed by the Town of
Oyster Bay. It will be subject to state permit process. New York State
has informed the Town that the State is not willing to accept a remedial
alternative that is contingent upon approval of the RRF.
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Alternative No, 3 - Removal of groundwater by pumping; pipe to
OBSWOC for treatment to remove TVY(OC's; and
discharge of treated water into sanitary sewer

on Winding Road.

Alternative No. 4 - Removal of groundwater by pumping; pipe to
OBSDC and the proposed RRF to remove TVYOC's
and discharge of treated waste waters to

sanitary sewer system on Winding Road.

Alternative No. 5 - Removal of groundwater by pumping; treatment to
remove TYOC!'s, and discharge to a leaching
field within Park boundaries.

Alternative No, 6 = Removal of groundwater by pumping; treatment
to remove TYOC's and disposal in a storm

sewer on Flainview Road.

Alternative No. 7 - Removal of groundwater by pumping; pipe to
OBWDC for treatment to remove TYOC!'s,
and discharge to a recharge basin-leaching
field system at the OBSWDC.

Analy: i 1 i1 ° action alternatives can be divided into two
major topics: nomcost ¢« teria anmalysis and cost analysis. Tb
criteria analysis addresses considerations of technical feasibility, e
viromental 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 al irnative.
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3.1 Alternative No. 1

3.11 Description

The 1ntent of this alternative is to insure that the local residents
have a supply of potable water which is free of contamination., This can be
accompl {shed by monitoring groundwater quality and plume 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
program would consist of quarterly sampliing and subsequent analyses for a
select 1ist of cc-“aminants characteristic of the plume. Under such a
program contaminants which could potentially migrate toward a supply well
would be detected long before they reach any well. This would allow for

timely well replacement or installation of a water treatment system,

3.12 Non-Cost Criteria

a) Technical Feasibil ity

Implementation of Alternative No. 1 1is anticipated to be technically
feasible because of the network of monitoring wells located between the
OBWDC and the downgradie ~ public supply wells which can be monjitored on a
regular basis to provide continual data on plume dynamics. Should data
indicate contaminant migration toward suppiy weils, well replacement or

L

tr » it T TER I-Slt | n“ in ¢ 'ance ¢. contan

vt

b) Envirommental Impacts

Alternative No. 1 will have the least beneficial effect on the en
viromment =~ no improvement to the groundwater resource. Compared with the
other alternatives, there are some positive aspects of Alternative No. 1,

such as no joss of potabie groundwater from pumping, no increase in air-
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borrne contaminants from water treatment processes and no decrease in Park

esthetics from visible remedial structures,

¢) Public Health Analysis

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} Institutional Issues

The NYSDOL has stated that they will not approve or allow Alter—
native No, 1 as a response action for the landfill leachate plume emanating

fram (BSWDC.

3.13 Cost Analysis

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 organic and inorganic parameters), 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 alternatives is the protection of downgradient
publ i~ water supply systems through contaimment and collection of the TVOC
plume, After capture and collection of the piume by the five barrier pum
ping wells, the water would be conveyed through an underground piping
system to a location where it would be treated to remove its organic and
inor , nic cont  1inants. This would be done through the use of an iron

removal system, air stripping towers, and if nece iary, carbon adsorption
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columns. 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 pum-
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 plume), treatment to obtain contaminant
concermtrations that meet the various Federal and State drinking water
standards/guidel ines (Table 3-1) or Nassau County Sewer Ordinances stam

dards and u 1mate'6onveyance to a disposal point.

As discussed in Section 1I, the groundwater well pumping system will
have a combined capacity of 1.5 MGD and be located 1n 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
site and the disposal point vary for each alternative., The treatment tech-
nologies selected for the removal of organic contaminants from the plume
are afr stripping through a packed tower or a cooling tower, followed by,
as needed, activated carbon adsorption. Gross amounts of the 1ighter,
volatile arganic compounds, such as chlorinated solvents and 11ght petrol eum
fractions, can be removed relatively inexpensively and efficiently by air
stripping. The remaining trace amounts of 1ight organics and the heavier,
less volatile organics 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 1ron concen
tration. The technical concepts and design considerations involved in ap~
plying these processes are presented in Appendix B; a schematic of the

treatment system 1s provided in Figure 3~2.
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TABLE 3-1
Applicable Standards, Guidelines, Criteria and Advisories for Selected Compounds
EPA
SOWA Secondary CwA SDWA HAs
MCL Standards AWGQC 1-day 10-Day Chronic
Inorganics
Iron 0.3 mg/L
Manganese 0.05 mg/L
Ch ride 250 mg/L
Total Dissolved
Solads 500 mg/L
Ma :zsaium
Rarium 1.0 mg
Cadmium 0.01 mg/L
Mercury 0,002 mg/L 10 wg/L
Lead 0.05 mg/L 50 ug/L
Zinc 5.0 mg/L 5.0 mg/L
Organics
Phenols
thylene
Chloride
Vinyl Chloride 1.0 ug/L 0{2.D ug/L)
{Proposed)
1,1-Dichloroethane
1,2-Drchloroethene 4.0 mg/L 0.4 mg/L (Cis)
2.7 mg/L 0.27 mg/L (trans)
1,1-Dichlotoelhene 7,0 ug/L 0(33 mg/L) 1.0 mg/L 0.07 mg/L
(Proposed)
1,2-Dichloroethane 5.0 ug/L 0(0.94 ug/1}
(Proposed)
Trichloroethylene 5.0 ug/L 0(2.8 ug/L) 2.0 mg/L 0.2/mg/L 0.075 mg/L
{Proposed)
Tetrachloro- 10 uq/L 0(0.88 ug/L) 2.3 mg/L D.175 mg/L 0.02 mg/L
ethylene (Proposed)
Chloroform 0.1 mg/L (as totsl
trihalomethanes)
1,1,1,-Trichloroethane 19 mg/L
Benzene 5.0 ug/L 0(0.67 ug/L) 0.23 mg/L 0.07 mg/L
(Proposed)
Toluene 15 mg/L 21.5% mg/L 2.2 mg/L 0.34 mg/L
Ethylbenzene 2.4 mg/L
Xylene (all 1somers) 12 mg/L 1.2 mg/L 0.62 mg/L
Chlorobenzene 488 ug/L
Dichlorobenzenes
para- 750 ug/L
(P roposed}

ortho- and para- (sum)
8l] i1somers

870 ug/L

NYSDEC /NYSDH
STD GV
0.3 mg/L
0.3 mg/L
25D mg/L
35 mg/L
1.0 mg/L
£.01 mg/L
0.002 mg/L
0.025 mg/L
5.0 mg/L
0.001 mg/L
50 ug/L
5.0 ug/L
50 ug/L
50 ug/L
0.07 ug/L
0.8 ug/L
10 ug/L
0.7 ug/L
100 mg/L
50 ug/L
Not Deteclsble
50 ug/L
50 ug/L
50 ug/L
20 ug/L
4.7 ug/L
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b} Environmental Impacts

The beneficial effects of Alternative No. 2 on the enviromment in-
clude improvement to the groundwater resource and water conservation -the
use of plume water in the proposed RRF as cooling tower "make up" and
process water. There are some adverse effects, however, which include: a
loss of some potable groundwater as a result of pumpage (some quantity of
clean groundwater may unavoidably be pumped), an increase in airborne emis-
sions (from the RRF, although the RRF would be required under {ts permit to
meet all applicable air emissions standards), and a decrease in Bethpage
State Fark aesthetics due to visible remedial structures and components.

As much as feasible, TOB wili construct remedial components such as pipe,
pump stations, storage tanks, etc. below grade or in wooded areas out of

direct public view.
¢) Publ ic Health Analysis

Alternative No, 2 will provide long-term public health protectior.
through the combined actions of removal of contaminants from the
groundwater system and groundwater monitoring to detect potential

contaminant migration towards a public supply well,
d) Institutional Issues

Alternative No. 2 include discharge of RRF effluent water to
Nassau County sanitary sewer, Dischar » of wal - into a publ icl y-owned
trea” ent worl (sewer) requires a sewer discharge permit. Preliminary
discussions with Nassau County indicate that this discharge into the
County's sanitary sewer system will be allowed. New York State has
informed the Town that the State is not willing to accept a remedial

alternative that is contii :nt 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 flow of 1.5
MaD, Al1 estimates were based on 1987 prices and the present worth of the
operating cost was estimated over a | *fod of 10 years with an annual in-
terest rate of 8 percent., The above cost does not include land purchasing,
building construction, or personnel expenditures required for operating and

maintaining the facilities.

3.22 Alternative 'No. 3

3.221 Description

Alternative No. 3 (Figure 3-4) will include the collection system and
the conveyance system fram the collection tank to the treatment site and
then to the disposal site. The proposed point of disposal 1s the Nassau
County sanitary sewer on Winding Road. The proposed treatment facility will
be built at the southeast corner of the OBSWDC and 1t will consist of the
treatment described above.

3.222 Non-Cost Criteria

a) Technical Feasibility

] ni
feasibility of activ y remediating all or part of the landfill leachate
plume by pumping. The results of the model ing effort indicate that the
dgefined edge of the TYOC plume can be captured by five wells operating at
an approximate combined capacity of 1.5 MiD. Based on these results, Al-

ternative No. 3 is technically feasible with | spect to plume ¢ 1lection;
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however, factors which may 1imit 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 showed that this sewer line's excess capacity may be as much as
1.5 MaD. Additional investigations are needed to confimm this including an
evaluation of the remaining sewer 1ines that connect to the municipal water

pollution control plant.

b) Envirormmental Impacts

Alternative No. 3 will have a beneficial effect on the enviromment~-
improvement to the groundwater resource. There are some adverse effects;
however, which include: & loss of some potable groundwater as a result of
pumpage, an increase in airborne emissions from the treatment facility
process (although any treatment facil ity would be required to meet ail
app) icable air emissions standards), and a decrease in Bethpage State Park

aesthetics due to visible remedial structures and components.

c) Publ ic Health Analysis

Alternative No. 3 will provide long-term public health protection
through the combined actions of removal of contaminants from the ground-
v ' system and groundwater monitoring to detect potenti{al contaminant

migration towards a pv ic ply well,

d) Institutional Issues

Alternative No. 3 includes discharge of treated plur water to a
Nassau County sanitary sewer. Discharge of water into a publicly owned
treatment works (sewer) requires a sewer discharge permit. Preliminary

discussions with Nassau County indicate that although the plume water will
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3.232 Nom=Cost Criteria
a) Technical Feasibility

Flow and transport models were executed to test the technical
feasibility of actively remediating all or part of the landfil1 leachate
plune by pumping. The results of the modeling effort indicate that the
def ined edge of the TVOC plume can be captured by five wells operating at
an approximate combined capacity of 1.5 MGD, Based on these results, Al-
ternative No., 4 is technically feasible with respect to plume collection;
however the disposal component of this alternative may hinder feasibility.
Alternative No. 4, similar to Alternative No. 3 requires discharge of
treated plume water to the hassau County sanitary sewer system,

Prel iminary studies indicate that the capacity of the sewer on Winding Road
is adequate; however, remaining 1ines that connect to the municipal water

treatment plan have to be analyzed to confimm adequate capacity.
b) Envirommental Impacts

The benef icial ef fects that Alternative Mo, 4 will have on the er-
vironment include improvement to the groundwater resource and water con-
servation -- the use of some plume water in the proposed RRF as cooling
tower 'make up" and process water. Adverse effects of this alternative in
clude: a loss of some potable groundwater i a result of pumpage, an
increase in afrborne emissions fram both the treatment facility and the RRF
(although the treatment facility would be req'u1 red to meet all applicable
air emissions standards), and a decrease in Bethpage Park aesthetics due to

visible remedial structures and components.
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c) Fublic Health Analysis

Alternative No., 4 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 towards a public supply well.
d) Institutional Issues

Alternative No. 4 includes discharge of treated plume water to a
Nassau County sanifary 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 DEC'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
allowed; New York State has informed the Town that the State is not willing
to accept a remedial alternative that is contingent upon approval of the
RRF. Any treatment facility must also comply with all applicable air
emissions standards and permit requirements., It is anticipated that such

requi rements will be attainable.
3..33 Cc Analysis
The total estimated cost of Alternative No, 4 1s $4,380,000. Tr

capital and annual operating costs were estimated based on a fiow of 1.5
MGD. All estimates were based on 1987 prices and the present worth of the
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plume water returned to the aquifer via the leaching f- d., Adv 'se effect
of this alternative include an increase in airborne emissions from the tre
ment facility (although any treatment facility would be required to meet
all applicable air emissions standards), and a decrease in Bethpage Park
aesthetics due to the treatment facility and other visible reamedial

components to be located in the Park.

c¢) Public Health Analysis

Alternative No. 5 will provide long=-term public health protection
through the combined actions of reamoval of contaminants from the
groundwater system and groundwater monitoring to detect potentfal

contaminant migration toward a public supply well.

d} Institutional Issues

Alternative No. 5 includes discharge of treated plume 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 (NPDES) permit or its equivalent. In order to obtain
the permit, poliutant 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 cleanup goals; the NPOES permit
or 1ts equivalent for Al1 ‘native No. 5 1s anticipated to be obtainable.
Any treatment facility must comply with all appl able air emissions stan
dards and permit requirements. It is anticipated that such requirements
will be attainable,
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3.243 Cost Analysis

The total estimated cost of Alternative No. 5 is $5,935,000. The
capital and annual operating costs were estimated based on a flow of 1.5
MiD. 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 in-
terest rate of 8 percent. The above cost does not inciude land purchasing,
buiiding construction, or personnel expenditures required for operating and

maintafning the facilities.

3.25 Alternative No. 6

3.251 Description

Alternative No, 6 (Figure 3~7) involves the conveyance of the plume
water by gravity to a treatment facility to be located in the Park and
thereafter, conveyance of the effiuent to a storm sewer on Piafnview Road.
The storm sewer ultimately discharge to a municipal recharge basin., The
treatment plant effluent would be conveyed to the storm sewer by piping
through the Park or around the perimeter of the Park.

3.252 Non-Cost Criteria

a) Te nical .oasibil _

Flow and transport mot s were executed to test the technical
feasibility of actively remediating all part of &+ 1 "“111 leachate
plume by pumping. The resuits of the modeling ef fort indicate that the
defined edge of the TYOC plume can be captured by five wells operating at
an approximate combined capacity of 1.5 MaD., Based on these resuits, Al-

ternative No. 6 is technically feasibie with respect to plume collection.
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The disposal aspect of this alternative may hinder feasibility, however, if
the storm sewer or recharge basin does not have adequate capacity to handle
the 1.5 MGD flow. A preliminary site evaluation of these two components
suggest that adequate capacity is available.

b) Envirommental Impacts

Alternative No. 6 will have beneficial ef fects on the

env iromment- improveme... to the groundwater resource and water conservation
{a portion of the treated plume water will be returned to the groundwater
via the recharge ba‘sin). Adverse effects of this alternative include: a
loss of some pumpage (a portion of the treated plume) water will be

di scharged to Massapequa Creek which flows into the South Oyster Bay, an
increase in airborne emissions {from the proposed treatment facility, al-
.though any treatment facility would be required to meet all applicable air
emissions standards), and a decrease in Bethpage State Park esthetics due
to treatment plant construction in the Park, as well as other visible reme-

dial structures and components.
¢) Public Health Analysis

Alternative No. 6 will provige long-term publ ic health protection
through the combined actions of removal of contaminants fram the
[ i _¢ ‘ral :n itoring to cpol 0 al

contam’ _'atfon 1 rards a public pply well.
d) Institutional Issues
Alternative No. 6 will require permits for discharge of the treated

plume water to the storm sewer-recharge basinMassapequa Creek system. It

can be anticipa” j that these permits will no be obtaii e for the
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3.262 Non-Cost Criteria
a) Technical | sibility

Flow and transport models were executed to test the technical
feasibil ity of actively remediating all or part of the landfill leachate
plume by pumping. The results of the modeling effort indicate that the
def ined edge of the TVOC plume can be captured by five wells operating at
an approximate combined capacity of 1.5 MiD, 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 f* d and recharge basin located in the northwestern portion of
the OBSWDC. The combined leaching field/ recharge basin system can be
designed to accommodate the 1.5 MaD flow; thus the capacity of the disposal
component ¢oes not hinder this alternative's feasibility.

b) Environmental Impacts

Of Alternatives Nos, 1 through 7, Alternative No. = will provide the
largest number of beneficlal effects on the enviromment. Implementation of
Alternative No. 7 will: 1improve the groundwater resource (by removing the
contaminated water), conserve water (by returning a large portion of the
exti 1 1 water to the aquifer via the leaching field/re arge basin
system), and recycling, remaining contaminants in the discharge water by
disposing of 1t hydraulically upgradient of the extraction wells so that it

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

Adverse effects of Alternative No. 7 include an 1ncrease 1n airborne
contaminants fram treatment processes, although any treatment facflity would

be required to meet all applicable air emissions 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 remedial components (treatment facility/recharge basin/leaching fields)

will be located at the OBWDC.
c} Public Health 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 removal of contaminants from that groundwater system, and

3} long-term monitoring to detect any potential contamiant

migration towards the public supply wells,

d) Institutional Issues

Alternative No. 7 will require a NPIES permit ' 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 concentr tions in the plume water can be r luced to meet applicable

effluent/groundwater and afr standards.



3.263 Cc . Analysis

The total estimated cost of Alternative No. 7 is $7,045,000., The
capital and annual operating costs were estimated based on a flow of 1.5
MaD, 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 in-
terest rate of 8 percent. The above cost does not include land purchasing,
buil ng construction, or personnel expenditures required for operating and

maintaining the facilities.

3-20



SECTION IV

Recommended Remedial Alternative

4,1 Remedi al Alternative Selection

Seven alternatives were evaluated for the feasibility of effectively
remedi ating the landf 111 leachate plume emanating from (BSWDC. A summary
of the noncost criteria 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 envirommental impacts and long-term public
health protection, However, institutional issues have el iminated the fol-

lowing alternatives as follows:

o Alternative No. 1 has been el iminated because it does not
provide for active improvement of groundwater qual ity and
the NYSDOL has indicated that this alternative would not
be approved as a response action for the OBSWDC Jandf 111

leachate plume,

o Alternative No. 2 has been el iminated because the State has
informed the Town that the State i1s not willing to accept
a remedial alternative that is contingent upon approval
) RRI

o Alternative Nos. 3 and 4 have been eliminated because they re-
quire discharge of treated plume water to the Nassau County
sanitary sewer system. The Nassau County Department 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

remedial alternative that is contingent upon approval of the
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RRF., Furthermore, the DEC's water conservation policies
restrict the depletion of a sole source aquifer without

repl acement.

Of the remaining alternatives (Nos, 5, 6 and 7}, * e most positive
aspects are associated with Alternative No. 7. Alternative No. 5 would re-
quire extensive excavation and construction in the State ark dus to the
treatment and recharge facilities being located there. Alternative No, 6
would also require construction of a treatment system in the Park, as well
as discharge to the storm sewer system on Plainview Road that flows to Mas-
sapequa Creek. Furthermore, the [EC's water conservation policies would
restrict depletion of the sole source aquifer without replacement. It is
also anticipated that this discharge will not be permitted. It is an-
ticipated 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 resicents.

Alternative No. 7 requires the smallest amount of construction in
the Park, In addition, Alternative No. 7 provides the largest number of
benef icial effects to the enviromment. This includes di: osal of the
discharge water hydraulically upgradient of the extraction wells so that it
can be recovered and treated continucusly 1n a closed recovery system,
This alternative also affords maximum flexibility in terms of water usage.
.8 dy | 1
propos 1 RRF f¢ "11ty, if permiti i and operational, wh = ul replace a
consumptive use, Considering the above factors, Alternative No. 7 appears
to be the best alternative and ts recommended for the remediation of the
landfi11 leachate plume emanating from (BSWDC. A description of Alter-

native No. 7 is presented in the following section,
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4.2 Recommended Remedial Ac..on - Alternative No. 7
4.21 General Description

The groundwater removal system shall include five barrier pumping
wells installed 1n Bethpage State Park. These wells will have a combined
pumping capacity of 1.5 MaD and will discharge into a collection tank
within the Park., From the collection tank, the water will be conveyed
through an underground piping system to a water treatment facility in OBSWDC.
At the treatment facility, the influent will be treated to remove its or-
ganic constituents. After treatment, the water will be recharged to the
groundwater at the OBSWDC through an existing recharge basin and/or
leaching field upgradient of the landfill and the collection systems.

4.22 Treatment

During the operation of the system the extracted water is expected
to have variable total volatile organic compound (TVOC) concentrations.
Model ing of the proposed groundwater extraction wells as presented in Sec-
tion II, revealed that the expected average TVOC concentrations will be as
shown 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-
centration from a single well will be approximately 1 ppm. The treatment
system will be designed based on the capability of treating the 1 ppm con-

\
stitutents that will be influent to the proposed treatment sy : , The ex-
pected effluent concentrations, considering a 95 percent removal ef-
ficiency, are also presented on the table, Al so included, for comparison
purposes, are various State and Federal groundwater cleanliness Standards

and Guideline values,
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Comparis

Inorganics, mg/)

or

Iron

Maganese

Chloride

Total Dissolved
Solids

Magnes fum

Mercury

Lead

Zi

ganics, ug/l

Methylene
loride

Yiny! Chioride
1,1-Dichloroethane
1,2-Dichloroeth |
1,1-Dichloroeth
1,2-Dichloraathane
Trichioroel 1«
Chloroform
1.1;1'-TrlchTor‘oet
Benzene
Toluene
Ethylbenzene
Xylene (all tsomer
Chlorobenzens
DichTorobenzenes

para=-

ortho-and para-

all isomers
Chloroethane
Tetrachloroethene
Carbon Tetrachlor{

Ratfo of 1nf
Ef 1ent pari
®* Standards an
Waters (potal
under GV,

TABLE 4-2

of Projected Influent® and Effluent Parametors®® with Applicable State Standards

NSDEC/NYSDH* ¥
Influent Effluent STD GY
1-5 <1.0 0.3
3.9 <1.,0 0.3
103 103 250
280 280 500
18 <1,0 35
.003 .003 0.01
.009 .009 0.025
.04 .04 5.0
4.2 <1.0 50
68 <1.0
178 <4.0 50
273 <1,0 50 (trans)
1.2 <1.0 0.07
8.7 <1.0 0.8
14.4 <1.0 10
0.6 <1,0 100
3 3.7 <1.0 50
90 <1,0 Not detectable
4.8 <4.0 50
2712 <1.0 50
32.3 <1,0 50
5.7 <1.0 20
4.2 <1,0
6.3 <1,0 4.7
7.5 <l.0
25 <1.0
4.0 <1.0
0.6 <1.0

irameters taken from Well 6B analyses and based on assumed organic {nfluent of 1000 ug/?
taken from manufacturer's proposed system and other performance data.

ico Yalues issued by New York State Department of Environmental Protection for Class GA
tking water), Standards are indicated under STD and Guidance Yalues are indicated



Before final design of the treatment system is completed, 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 MGD pumped, will be treated at the treatment
faci1ity which will include iron removal, air stripping through a packed
tower, followed by, as needed, activated carbon adsorption. The iron
removal {s required to prevent clogging of the air stripping tower. Gross
amoul of the lighter, volatile organic compounds such as chlorinated sol-
vents and 11ght petroleum factions can be removed efficiently by air strip-
ping. The remaining trace amounts of 1ight organics and the heavier, less
volatile organics may require a more complex activated carbon process., The
treatment facility will comply with all applicable air emissions standards

and permit requirements.

4,23 Disposal

The effluent from the treatment facility will be conveyed to either
an existing recharge basin or a proposed leaching field ¢+ the landfill
complex or both, and shall meet discharge standards establ ished by the
State of New York in the final Remedial Action Plan,

tion and Ma‘

Operation and maintenance of all system components will be as recom-
mended by the respective manufacturers, Typical maintenance activi "es for
the treatment facility include: periodic replacement of 1e packing
material of the tower aerator, backwash of the filter in 1e iron removal
system, replacement of the tower's packing material 1in the air stripper,
and regemeration of the carbon in the carbon adsorption system. Collection
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and analysis of the treatment plant influent and effluent will be under-

taken to determine when packing material has to be replaced.

4.25 Monitoring

Model ing simulations were extended several years in order to deter—
mine contaminant fate within the different scenarios. Generally, most of
the simulations which included hydraulic contaimment and non-zero values
for natural retardation and decay mechanisms predicted the attaimment of
non-detectable concentrations within the defined edge of the TVOC plume
within a period of about 10 years, Specific groundwater cleanliness
criterial will be establishec by the State of New York in the final Reme-
dgial Action Plan,

The measuring points for assessing progress of remediation will be
selected monitoring wells, which best represent the areal and vertical
extent of the plume as well as the areas of highest contamination.
Parameters for monitoring will be chosen. The completion of remediation
will be achieved when the established cleanl iness criteria are reached in
the monitoring wells and verified by a procedure to be specified in
the final Remedial Action Plan to be approved by the State.
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NUMERICAL GROUNDWATER FLOW MODEL

The groundwater flow model used by Geraghty & Miller, Inc. for this
study is the basic aquifer simulation program, modified for water-table
conditions, as described by Prickett and Lonnquist, (1971). The model uses
the finite-difference numerical method to obtain approximate solutions to
the equations that define groundwater flow.

The flow model was constructed by utilizing hydrogeological data
obtained from published sources augmented by field data obtained during the
OBSWDC offsite dr1'l>11ng and monitoring programs. The input data include
water-level elevations, hydraulic conductivity, elevation of the “bottom"
of the water-table aquifer, transmissivity, storativity, recharge and model

imposed boundary conditions,
Model Grid

The region included in the flow model encompasses an area which is
12,000 feet by 14,500 feet and is represented by a rectangular grid of 18
columns and 20 rows. 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 plume to provide detail. Coarser grid
s| cings of 2(") foot grid intervals were employed further away from the
plume to complete the flow system and estal.ish boundaries beyond the 1

fr aquifer r¢ s (1. , pum 3e). Tr 500 | it ¢ r-wi « =
sidered appropriate given the maximum plume width of approximately 4,250
feet. The aquifer system properties were discretized by assigning specific
values to each node which occur at the intersection of column and row

grids.



was calculated by the model fram the hydraul ic conductivity and the initial
saturated thickness. 1In 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 numerical code, one must be entered. A

published storage coefficient of 0.2 (dimensionless) was used.

Recharge to the water-table aquifer is supplied by precipitation.
The average annual recharge rate is on the order of 21 inches (Ishister,
1966), which translates to a value of approximately one million gallons per
day per square mile (1 mgd/sq mi) or about 0.0359 gpd/sq ft.

Calibration/Approximation of Field Conditions

Several simulations were run until the computed heads reached

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

r oot o 1 1 d
conditions. The average simujated hydraul ic ~~adient is al rt 0.0026 as
compared to a field valt of approxirs y 0,002, T @ .. di1 :tion of
the groundwater flow 1s toward the south-southeast. Additionally, the ob-
served water-level elevations in the 23 off-site wells, Phase 3 and Nassau
County observation wells (from June 5, 1985) were compared to the simulated
heads, and differences between the two were less than one-hal f foot while

some values were reproduced exactly.



Water-Level Data

A groundwater elevation map was obtained from Geraghty & Miller,
Inc.'s August 1985 report. Site-specific water-level data from the report
were obtained from the 23 off-site program monitoring wells, Phase 3
monitoring wells, and Nassau County observation wells on June 5, 1985. The
water-level map indicated that the hydraul ic gradient ranged from a Tow 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 overall
gradient was interpolated 11inerally to establish upgradient and down-

gradient model boundary conditions,

Hydraul ic Conductiv ity

Hydraul ic conductivity values were obtained fram publ ished reports
and found to range fram 400 to 1,100 gallons per day per square foot
(gpd/sq ft). Sensitivity analyses were performed using the flow model and
a value of 800 gpd/sq ft was found to produce hydrostatic heads that best
represented field conditions, Values lower than 800 gpd/sq ft resulted in
simul ated heads that were too high when compared to the measured water
levels of June 5, 1985. Similarly, higher hydraul ic conductivity values
produced simulated water-table elevations that were lawer than the June 5,

1985 values,

Saturated Thickness

Tt groundwa® -~ system in the modeled area has a saturated thickness
or approximately 700 feet. In essence, this aquifer {is a large, thick
sequence of sand with varying amounts of silt and clay layers that impede

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



separating shallower water-table and deeper confined aquifers. Since
leachate contamination is 1imited to the upper 250 to 300 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 remedial wells would have to be par-
tially penetrating. Additional analyses were performed to account for the
of fects of partial penetration (which would be the case under field con-
ditfons) on drawdown and the volume of water pumped to control the plume,
Calculated drawdown values were applied to the flow system (as shown by the
June 5, 1965 water-level elevation map) and results indicate that the plume

t indaries are within the simulated pumping barrier,

It should be noted that the model's simulation presents optimistic
results with respect to pumping rates because the model simulates the
aquifer as {f the bottam of the system 1s located 300 feet below the
water-table surface. Hence, flow to the remedial wells in the model 1s
horizontai. However, under field conditions of partially penetrating
remedial wells, some water would move vertically up to the wells in
addition to predominant horizontal movement, More water would have to be
punped to offset this vertical component of flow, however, the additional
pumpage, 1f any, cannot be quantified in advance of a pumping test

involving one remedial well.

Transmissivity, Stor-—=2 Coefficient and F har-

Aquifer tranamissivity, T, 1s defined by the relationship T = Kb,
where K is the hydraulic conductivity and b 1s the saturated thickness.
Publ ished values of transmissivity range fram 51,000 to 270,000 gallons per
day per foot (gpd/ft) and an initial transmissivity value of 240,000 gpd/ft



Simulations of Remedial Pumping

Prior to simulating remedial pumpage options, preliminary values on
the number of wells and potential pumpage rates were calculated
amlytically. Calculations of draw-down fram partially penetrating welils
were analyzed, and the areas of groundwater contribution to wells pumping
in an aquifer with uniform flow were investigated (Todd, 1980, pp. 121-123).
Pumpage rates per well frem 500,000 to 1,625,000 gallons per day (gpd} and
transmissivities ranging fram 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 plume and the areas of groundwater contribution to the pumping wells
overlapped, the number, locations and pumpage rates were considered to be
potentially successful in controlling the leachate piume. These
combinations were then simulated utilizing the fiow (numerical) model, as
1t acoounts for changes in transmissivity and hydraulic gradient, which

better approximates field conditions than the analytical techniques.

Results

Results indicate that five wells placed along the leading edge of
the Tandf 111 leachate plume, would have to be pumped at a total approximate
rate of five million gallons per day (MGD) to capture the entire plume.
This is an optimistic estimate because of assumptions and restrictions in

condit! i the pumpage rate is 1ikely to exceed fiv MiD,

A comparison between the numerically and the amalyticaliy derived
results was made to demcnstrate the reliabflity of the r iults obtained
fram the numerical analysis. ..e analytical method employs equations that

define the geometry of the cone of influence fraom a pumping well in a



uniform flow field as presented in Todd (1980). Calculations were made
sing the stagnation point formula and the expression for the boundary of
the region producing inflon to a pumping well in a uniform field. The
Timiting flow lines for a well pumping at a rate of 500,000 gpd and
1,000,000 gpd were calculated. Superimposition of the resulting zones of
influence showed that six and four wells, respectively, are necessary to
capture the entire landfill leachate plume. These numbers of wells and
pumping rates result in a total pumpage of three and four MGD, which 1s in
reasonably good agreement with the numerical model results of approximately
five MGD. Unl ike the numerical model, the analytical (Todd) calcul ations
do not account for Changes that occur in the groundwater system as a result
of pumping (e.g., interference effects, changes in saturated thickness and
gradient, etc.). Thus the numerjcal approach better represents field
conditions and the results of this numerical analysis more accurately

approximate the pumping stress and aquifer response.

The concentrations of volatile organic compounds (June, 1985
sampl ing round) were summed for each well cluster, and plotted on a site
map; fram these data, the approximate extent of the plume defined by 50*
ug/L of total volatile organic compounds {TVOC) was determined. The flow
model was then used to simulate different combinations of wells and total
pumpage rates to determine the configuration and rate that best captured
this plume.

P 1.5 MaD ap ar t « ntrol ‘ol . ume, whil a
pumpage rate of 2 MaD apparently exceeds the rate nece: ry - finter i

the organics contaminated groundwater.

* The precision of the model construction did not allow for distinction
between 50 ug/L and O in this analysis. Therefore, the edge of the plume to
be captured 1s def ined as being 1n that range.



Based on the model results, it appears that the minimun pumpage re-
quired to intercept the organics plume as defined is approximately 1.5 MGD,
The 1.5 MGD is divided among 5 wells, each pumping 300,000 gpd. Lower
pumpage rates and/or fewer wells were judged ineffective to capture the

plume. The location of the pumping wells are shown on Figure 2-1,

The flow model simul ated only a pertion of the total saturated
thickness of the flow system. Thus, the 1,5 MED and 1.0 M3D pumping
schemes were also tested with analytical calculations that take into
account the partial penetration of the pumping wells, Finally, capture
zome calculations wlere also done to test the scheme. These last two
analyses indicate that the interpretation of the fiow model simulations is

correct, thus results of three apprc hes corroborate one another.






AIR STRIPPING

Alr stripping 1s a simple, reliable mass transfer process by which
volatile organic contaminants are removed from 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 phemonena, air stripping is enhanced when the
greatest degree of contact between the alr and water stream is provided;
hawever, Henry's Law and the laws of solubility indicate that complete

removal of organic contaminants by air stripping is impossible,

To promote good contact of air and water, most air stripping ar-
rangements provide for ocountercurrent operation in packed tawers. Con-
taminated water is directed to the top of the tower where it trickles down
over the packing providing a large, constantly wet and renewed area for
mass transfer; at the same time air is blown through the packing from the
tover bottam. The exhausted afr stream contains much of the initial or-

ganic contamination,

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 dowrward water flow. This condition 1s known
as “flooding" and typically air strippers are designed to operate at an air
tow " r ' r''ng =~ rf "1l
packing arrangsme:’ will influence the point at which flooding o¢ ‘s and
therefore, the volume of air introduced will also change. Optimun strip-
ping will occur when the largest wetted irfac ai 1 1s expc | to the la
gest afr flow.



nature of the chemical removed, surface deposition may be due to low
solubility, the weak Yan der Waals forces, and electrical or chemical bon-

ding. Most probably, a combination of these mechanisms are at work.

As a surface attraction phencmena, removal efficiency is enhanced
and contact time subsequently reduced when the individual carbon particles
are “activated". 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 ef fective the carbon will work to remove a contaminant. Al-
though specialty carbons are available with surface areas as large as 2500
square meters/gram, treatment designs employing surface areas of 1000
square meters/gram are more typical. This structure results in a material
that 1s highly selective for organic compounds and in particular, very well

suited for the removal of mixed organics from 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 nmature of the carbon sub-
strate, the factors influencing the adsorption process include the nature
of the chemical adsorbed, such as its molecular shape, size and polarity,

the mature and pH of the transport medium, and finally the design and con-
figuration of the equipment haraware,

The ability of activate” carbon to adsorb organics without rerelease

or desorption remains nearly constant during the useful 1ife of the carbon.

1e end of the useful l1ife of activated carbon for treatment is def ined as
“"breakthrough", wherein a marked increase in effluent organics concen-r

tration is noted. Breakthrough typically occurs when up to one pound of



The primary advantages of employing 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 also
preferentially removes 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
channel ing of the water flow through the tower which inhibits treatment.
Chemical pretreatment of the water phase is often required to remove poten-
tial scale products and suspended solids, and also to reduce the solubility
of some contaminants to improve their transfer to the air phase, Although
prel iminary air stripping designs can be predicted on prior experience, the
optimum air to water ratios, packing arrangements and other pretreatment

requirements are better establ ished by pilot scale treatabil ity studies,
ACTIVATED CARBON ADSORPTION

As previously indicated, simple air stripping, while capable of
removing gross levels of volatile organics effectively, cannot achieve an
essentially zero level of contamination in the effiuent. Treatment by
highly porous activated carbon is the most thoroughly understood and
rel iable process currently employed to remove trace organics. It 1s ef-
fective over a broad range of chemical species and treatment levels below
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Porous carbon removes contaminants by adsorption, a process wherein
matter 1s extracted fram solution and concentrated at the carbon/water

interface, and therefore is known as a surface phenomena. Depending on the








