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GERAGHTY & MILLER'S RESPONSE TO NYSDOL 
COMMENTS ON THE FINAL DESIGN PLAN FOR 

THE GROUND-WATER REMEDIATION PROGRAM AT 
THE OLD BETHPAGE SOLID WASTE DISPOSAL COMPLEX 

NYSDOL Comment: Provide a copy of the calculations used to determine the pumping 

rate required to achieve the necessary drawdown in the pumping wells. 

Geraghty & Miller Response: Several methods were used as part of an effort to 

determine the pumping rate required to achieve the drawdown necessary to create and maintain 

a hydraulic barrier to the flow of ground water at the downgradient edge of the total volatile 

organic compound (TVOC) plume attributable to the Old Bethpage Landfill. Calculations made 

-= as part of this analysis were performed by a computer; therefore, copies of the computations 

are not available. However, the following summary was prepared in an attempt to provide the 

NYSDOL with information on how the recommended remedial alternative was developed. 

Three separate methods (i.e., numerical, analytical, and field testing) were used to 

develop and verify the alternative recommended to remediate the TVOC plume at the Old 

Bethpage Solid Waste Disposal Complex (OBSWDC). A description of each method, the 

· limitation(s) of the method, and the results obtained is provided below. 

Numerical Methods 

Numerical methods employed included the development and use of two different models; 

a ground-water flow model (to assess drawdown effects accompanying hypothetical remedial 

scenarios) and a ground-water solute transport model (to determine the fate of contaminants 

already in the ground-water system). 

GERAGHTY & MILLER. INC. 
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The ground-water flow model used was the basic Aquifer Simulation Model (PLASM), 

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 ground-water flow. The flow model was constructed using 

hydrogeological data obtained from published sources augmented by field data obtained during 

the OBSWDC offsite drilling and monitoring programs. Input data include water-level 

elevations, hydraulic conductivity, elevation of "bottom" of the water-table aquifer, 

transmissivity, storativity, recharge, and model imposed boundary conditions. The region 

included in the numerical 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 variably spaced grid 

was superimposed over a map of the aquifer. A fine grid spacing (500 foot grid interval) is 

used within the area of the plume to provide greater detail. Coarser grid spacings of 2000 foot 

grid intervals are employed further away from the area of concern (TVOC plume) to complete 

the flow system and establish boundaries beyond the impacts from aquifer stresses (i.e., 

pumpage). The model ~:::counts for changes in transmissivity and hydraulic gradient resulting 

from pumpage; however, it should be noted that the model's simulation presents optimistic 

results with respect to pumping rates, because the model simulates the aquifer as if the bottom 

of the system is located 300 feet below the water-table surface (i.e., the approximate thickness 

of the TVOC plume). Hence, flow to the remedial wells in the model is horizontal. However, 

under field conditions, the bottom of the system is approximately 700 ft below the water-table 

surface; therefore, partially penetrating wells would be used to remediate the plume. Hence, in 

addition to the predominant horizontal movement of water, some water would move vertically 

up to the wells. Thus more water than that calculated by the model may have to be pumped to 

offset this vertical component of flow. Additional details on the construction and calibration 

of the flow model are provided in Appendix A of the Remedial Action Feasibility Study, 

GERAGHTY & MILLER. INC. 
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(Lockwood, Kessler & Bartlett, and Geraghty & Miller 1987). Modeling results are provided 

below. 

Prior to simulating remedial pumpage scenarios using the numerical flow model, 

preliminary values on the number of wells and potential pumpage rates were calculated 

analytically. In addition, analytical calculations of drawdown from partially penetrating wells 

and the areas of ground-water contribution to wells pumping in an aquifer with uniform flow 

(i.e., capture zone) were made. Pumpage rates per well from 500,000 to 1,625,000 gallons per 

day (gpd) and transmissivities ranging from 200,000 to 350,000 gallons per day per foot 

(gpd/ft) were used in these analytical techniques. Based on an analysis of limiting flow lines, 

when drawdown exceeded 0.5 ft at the edge of the plume and the areas of ground-water 

contribution to the pumping wells overlapped, the number, locations, and pumpage rates were 

considered to be potentially successful in controlling the plume. Additional information on the 

analytical techniques employed and the results obtained are provided below in the analytical 

methods section. The flow model was then used (since it approximates field conditions more 

accurately than the analytical techniques [as it accounts for changes in transmissivity and 

hydraulic gradient due to pumpage]) to simulate values of the number of wells and the total 

pumpage rate obtained from the analytical calculations, as well as several other remedial 

scenarios, to determine the configuration and rate that best captured the TVOC plume. 

Based on the flow model results (as corroborated by the analytical analyses), it appears 

that the minimum pumpage required to intercept the TVOC plume is approximately 1.5 million 

gallons per day (mgd). The 1.5 mgd is divided among five wells, each pumping 300,000 gpd. 

Lower pumpage rates and/or fewer wells were judged ineffective to capture the plume. 

In an attempt to verify the results of the numerical flow model and the analytical 

analyses, a ground-water s~lute transport model was developed. The solute transpont model 
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used is the "Random-Walk" Solute Transport Model described by Prickett, Naymik, and 

Lonnquist (1981). According to Prickett, Naymik, and Lonnquist (1981), solute transport is 

based on dissolved constituent concentrations in the ground water being equivalent to a finite 

number of discrete particles. A simulation is begun with this model by introducing a suitable 

number of particles (representing a finite amount of contaminant mass) into the ground-water 

velocity field obtained from the head distribution simulated using PLASM. The two principal 

mechanisms which can alter contaminant concentration in ground water, dispersion, and 

dilution and mixing, are included in the numerical code (Prickett, Naymik and Lonnquist, 

1981). Particles are introduced at random over a specified area and period of time (" time 

step"). Transport of these particles through the flow field is divided into two stages. In the 

first stage, ("advective stage" ), the particles are moved in the direction of ground- water fl ow 

in sequential time steps and the distance moved in each time step is equal to the ground- water 

velocity multiplied by the duration of the time step. In the second "dispersive stage", the 

model assumes that dispersion in a porous medium can be considered a random process tending 

toward a normal distribution. Each particle is given a random dispersive displacement based on 

_ the values of the longitudinal and transverse d:spersion coefficients, the distance moved in the 

advective stage, and a fractional random number that is greater than zero and less than one 

(probable locations of particles, however, are considered only out to six standard deviations on 

either side of the mean. On a practical basis, the probability is low of a particle moving beyond 

that distance). Finally, the distance moved in the dispersive stage is added to the distance 

moved in the advective stage and the new location coordinates for each particle in the flow field 

are shown at the end of each new time step. 

The transport model was constructed by utilizing PLASM and adding the appropriate 

data needed to solve the tranport equation. The TVOC plume was approximated by first 

calculating the total mass of solute in the (contoured) plume, and then using the correct 

combination of particles and particle mass to reproduce the field interpreted condition. Each of 
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these particles is moved by ground-water flow, and the assigned mass represents a fraction of 

the total mass of chemical constituent involved. The dispersion parameters were obtained from 

Pinder's 1973 solute transport model of chromium contamination on Long Island. Values that 

define retardation and decay were obtained from published sources, when included in the 

model. 

Once constructed, the solute transport model was used to simulate ground-water quality 

conditions at locations around and downgradient of the landfill under unabated (current) and 

abated flow conditions using various values for natural retardation and decay (removal) 

processes. The simulations were carried out by assuming that the discharge of contaminants 

from the landfill occurs at a continuous and constant rate of 3.3 pounds per day (lbs/d) Oli 1206 

pounds per year (lbs/yr) for a period of five years, after which no additional solute is leached 

into the aquifer. Time zero is taken from the point of completion of the cap over the unlined 

landfill, at which time it is assumed that almost 100 percent of precipitation is diverted from 

entering the landfill. Thus, a period of five years means five years after capping the landfill 

(i.e., if the cap was completed in the year 1990, then five years signifies the year 1995). By 

mutual agreement of technical representatives of the Town of Oyster Bay (TOB) and NYSDOL, 

the modeling detection limit employed was 50 parts per billion (ppb); the principal reason for 

this was that field- interpreted data indicated that the positions of the 50 ppb and O ppb contour 

lines were identical, within the accuracy of the modeling grid. Additional considerations in 

establishing the modeling lower limit at 50 ppb include the data and conditions needed to define 

a plume at lower, more refined values, for example: numerous wells would be needed, closely 

spaced on a horizontal and vertical grid; the analytical technique used yields different detection 

limits; variability in the water column, etc. 

Results of the solute transport model for the unabated scenarios suggest that the TVOC 

plume attributable to the Old Bethpage Landfill would not move south of Melville Road; 
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results for the abated scenarios clearly indicate that the TVOC plume can be contained within 

the boundaries of the State Park, using the five well system operating at a total pumpage rate of 

approximately 1.5 mgd. These results corroborate those obtained from the numerical flow 

model and the analytical analyses. 

Analytical Methods 

Since the numerical flow model assumes full penetration of the aquifer by the remedial 

wells, analytical methods were employed to analyze various remedial scenarios involving 

partially penetrating remedial wells and the resultant capture zone. The analytical methods 

employed utilize equations that define the geometry of the cone of influence (i.e., drawdown) 

from a partially penetrating pumping well in a uniform flow field (i.e., capture zone analysis) 

as presented in Todd (1980). Calculations were made using the stagnation point formula and 

the expression for the boundary of the region producing inflow to a pumping well in a uniform 

field for several remedial scenarios. The computer code that calculates drawdown under 

conditions of partially penetrating wells was obtained from Walton (1962). Limiting flow lines 

were then calculated to approximate the area of the flow system within the capture zone of one 

pumping well. superposition of the resulting capture zone was then used to approximate the 

number of wells necessary to capture the TVOC plume attributable to the Old Bethpage 

Landfill. When the plume outline was entirely contained within the limiting flow lines, 

hydraulic control of the plume was considered complete. Based on an analysis of the limiting 

flow lines, when drawdown impacts exceeded 0.5 ft at the edge of the plume, and the area of 

ground water contribution to the remedial wells overlapped (i.e. , the individual capture zones 

overlapped), the number of wells, location of wells, and pumpage rate were considered to be 

potentially successful in controlling the TVOC plume. 
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Based on the results of the partial penetration and capture zone analyses, it appears that 

complete capture of the TVOC plume attributable to the Old Bethpage Landfill can be obtained 

with five remedial wells, located at the toe of the plume (i.e., downgradient edge), pumping a 

total of approximately 1.5 mgd. These results support and corroborate those obtained from the 

numerical model which because it accounts for changes in transmissivity and hydraulic 

gradient, approximates field conditions more accurately than does the analytical techniques. 

Field Methods 

To verify the numerical modeling and analytical analyses performed (as described above) 

and to provide additional data for remedial system design, a test production well and two 

observation wells were installed, and a 120-hour aquifer test was conducted at the site. 

Information on well installation, aquifer test design and conduct, and analysis of the data 

obtained are presented in Geraghty & Miller's report (1987). Results of the aquifer test are 

summarized below. 

Input values for transmissivity (240,000 gpd/ft) and storativity (0.05) used in the 

numberical models were verified by the aquifer test which produced transmissivity values in the 

range of 227,000 to 247,000 gpd/ft, and a storage coefficient of 0 .05. This supports the 

feasibility of ground-water plume remediation as determined by the model. Distance 

drawdown calculations using Theis' equation (Q = 208 gpm, t = 2 weeks) indicate a drawdown 

of 0.5 ft at a radius of approximately 350 ft from the pumping well. This confirms and 

illustrates that the area of the pumping well capture zone predicted by the model is 

conservative. Thus pumpage at the rates predicted by the model will result in a larger capture 

zone and the withdrawal of more water than necessary to remediate the plume. In addition, 

water quality data collected throughout the aquifer test demonstrates that both the areal 
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location of the well and the screened interval are appropriate for intercepting the full thickness 

of the TVOC plume attributable to the Old Bethpage Landfill. 

NYSDOL Comment: Provide the procedure to be used to verify that the amount of 

drawdown obtained is sufficient to create and control the hydraulic barrier. 

Geraghty & Miller Response: The procedure to be used to verify that the amount of 

drawdown, achieved through operation of the remedial system, is sufficient to create and 

control the hydraulic barrier is specified in Section II, Part A of the Remedial Action Plan 

(RAP). To summarize, creation and control of the hydraulic barrier will be demonstrated by 

monthly water-level measurements taken in adjacent monitoring wells. Water levels will be 

converted to elevations (relative to mean sea level) and plotted on several base maps, according 

to well depth. Contour lines (indicating areas of equal hydraulic potential) and limiting flow 

lines (indicating the effective capture zone) will then be drawn for each depth interval. These 

maps will then be used to show, by comparison of the size and location of the capture zone in 

relation to the TVOC plume, that drawdown sufficient to create and contro! the hydraulic 

barrier, regardless of seasonal fluctuations, has been created and maintained by operation of the 

remedial system. 

NYSDOL Comment: The ground-water monitoring plan should include the location and 

design of the additional upgradient monitoring well required to be installed between the 

recharge area and the Plainview Water District. 

Geraghty & Miller's Response: The upgradient monitoring well required to be installed 

between the recharge area and the Plainview Water District shall be installed at the 

approximate location shown on Figure l . The well shall be installed and designed as described 

below. The hollow-stem auger method will be used to drill an 8-inch diameter borehole 
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approximately 20 ft into the water table (approximately 90 ft below land surface). During 

drilling operations, split-spoon core samples will be collected at 5-ft intervals from land 

surface to the final borehole depth, and a core log prepared by the on-site geologist. When the 

borehole has been drilled to the specified depth, a geophysical log (both natural gamma and 

electric) will be run. 

All well construction materials, including casing, screen, and backfill materials shall be 

installed within the hollow-stem augers; augers shall be slowly removed as backfill materials 

are added. The upgradient monitoring well shall be constructed of new, commercially 

manufactured, 4-inch I.D., NSF-grade, schedule 40 PVC well casing and screen. The screen 

shall be 20 ft in length and be continuous slot with openings of 0.020 inches (i .e., 20 slot). 

Both the well casing and screen shall be internally threaded. All joints shall be made up so that 

when tight, all threads are buried in the lip of the casing or screen. No glues, solvents, or 

detergents shall be used in well construction. The screen shall be set approximately 18 ft into 

the water table to allow for seasonal fluctuation in water levels, and any mounding effects 

_ which may occur. A Jessie Morie™ No. I or equivalent gravel pack shall be installed in the 

annular space between the well screen and borehole wall to approximately 5 ft above the top of 

the screen. A 2 ft thick bentonite pellet seal shall then be installed, followed by the installation 

(via tremie pipe) of a thick bentonite slurry. The bentonite slurry shall be installed to 

approximately 2 ft below land surface; all bentonite products used shall be 100 percent polymer 

free. A 6-inch diameter protective steel casing with a hinged locking cover shall then be 

cemented in place over the well. The well will be developed with a submersible pump, surge 

block, air/water jet and air-lift pumping, or any combination of the above until it produces 

clear, sediment-free water to the extent possible. 
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