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ABSTRACT 
 
Several recorded instances of elevated chlorides in public water supply wells on the 
Great Neck peninsula of Long Island, New York baffled water supply officials for 
many years, eventually leading the Nassau County Department of Public Works 
(NCDPW) to investigate. The selected approach was designed to minimize costs by 
making optimal use of computer modeling and surface geophysics early in the study 
to develop an understanding of the hydrogeologic system without extensive field data 
collection.  A numerical model of salt water intrusion was developed for the 
peninsula, utilizing a sharp interface dual phase modeling code. Simulated and field 
measured data were matched to calibrate the model, and the model was used to 
simulate the period between 1900 and 1990. Results showed several active areas of 
intrusion, but more importantly, the model results suggested that the published 
stratigraphy by the United States Geological Survey (USGS) was probably incorrect. 
 
On the basis of these results, a surface geophysical survey was performed using Time 
Domain Electromagnetic (TDEM) techniques to help locate the interface. The results 
of the survey confirmed the accuracy of the modeling results, and led to a joint 
NCDPW/USGS field study to further investigate intrusion. Twelve wells were drilled 
at locations indicated by the model as likely to have intrusion. Downhole resistivity 
logging of the wells confirmed the accuracy of the modeling results, showing the 
existence of extensive salt water intrusion. In addition, the well logs provided 
supporting evidence that the published stratigraphy was indeed incorrect, as predicted 
by the model. New publications of the stratigraphy have subsequently been published 
by the USGS. 

 

BACKGROUND 
The North Shore of Long Island, New York, is characterized by numerous 

bays and inlets separated by peninsulas that jut out into the Long Island Sound. These 
peninsulas, often called “necks”, are surrounded on three sides by salt water, and have 
always been considered vulnerable to salt water intrusion of the fresh water aquifers 
that serve as their only supply of water. One such peninsula, Great Neck, (see Fig. 1) 
was the subject of an extensive study by Camp Dresser & McKee and the USGS in 
cooperation with a local County agency. 
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The Great Neck peninsula was one of the earliest peninsulas on the north 

shore of Long Island to be heavily developed as a suburb of New York City. By the 
1930s, water supply pumping had caused the water table to decline by about five feet. 
As the demand for water grew from less than 1 million gallons per day (mgd) to over 
4 mgd, more and more water was withdrawn from the deepest, confined aquifer 
overlying the bedrock. During the 1960s, heads had declined in the deepest aquifer 
(called either the Lloyd or Port Washington aquifer). In some areas, the United States 
Geological Survey (USGS) measured heads at 20 to 30 feet below mean sea level 
(msl), raising fears of salt water intrusion. Elevated chloride concentrations were 
recorded in several public wells screened at bedrock (N-30 and N-31), however, no 
good explanation existed for this. The impacted wells were often interpreted as being 
affected by downward leakage of salt water from nearby tidal creeks, primarily 
because an outpost well located between the public supply wells and the coast 
contained fresh water. Since the outpost well was screened only about 30 feet above 
bedrock, this supported the hypothesis that deep intrusion of salt water was not the 
cause of public supply well closings, deepening the mystery surrounding the source of 
salt water. 

 
STUDY APPROACH 
 The approach developed for the study emphasized the use of a sharp interface 
model early in the process to minimize the costs usually associated with extensive 
drilling and sampling. This is similar to the approach advocated by LeGrand 
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(LeGrand, 2000) that uses available piecemeal and imprecise information at the early 
stages of site studies through the use of conceptual modeling, generalizations, and 
inference to build a “prior conceptual model explanation” of the site phenomenon. 
LeGrand and this author have long advocated that hydrogeologic foreknowledge and 
preliminary modeling can often reveal more useful information than may be supplied 
by routine analysis. This approach should precede initial collection of extensive new 
data. 

 



 

 4 

Fig. 2, a flow chart of the approach developed for this site, shows the steps 
taken during the course of the study. The objective was to minimize the costs early in 
the study, and avoid the trap of collecting extensive field data prior to developing a 
conceptual understanding and theory of the intrusion occurring beneath the peninsula. 
Key to the approach was the early use of the sharp interface model (CDM’s 
DYNSWIM code) to serve as a screening tool.  If modeling results showed no danger 
of intrusion, no additional field work would be required and the study could be 
terminated. If modeling did indicate the potential for intrusion, geophysical surveys 
could be used as a field check on the model results. Only in the event that both 
modeling and geophysical survey results strongly indicated intrusion, would a more 
extensive (and expensive) drilling program be initiated. 

 
MODEL DEVELOPMENT AND CALIBRATION 
 The first step was the development of a model of the peninsula using the code 
DYNSWIM, a fully 3-dimensional, finite element numerical code capable of 
simulating flows and pressures in both the salt water and the fresh water system 
(CDM, 1992). The code can simulate multiple intervening wedges of salt and fresh 
water in a single vertical column. DYNSWIM assumes that a sharp, impermeable 
interface exists between the two fluids, and does not represent a zone of diffusion or 
provide concentration gradients. The sharp interface assumptions have been shown to 
be appropriate for a wide variety of hydrogeologic environments. In the case of Great 
Neck, subsequent, downhole resistivity logging confirmed the absence of an extended 
zone of transition. The wedge went from full sea water to fresh water in less than 30 
feet.  

The Great Neck model was initially developed using published USGS 
stratigraphy (Kilburn, 1979) as the basis for the model material assignments in both 
the vertical and horizontal direction. A north-south cross-section from the original 
model using the published, USGS stratigraphy is shown in Fig. 3. Note that, based on 
existing well logs and the USGS study, a large part of the peninsula was assumed to 
be underlain by a permeable aquifer (Port Washington) overlain by a unit of sand and 
clay (Port Washington Confining Unit). 
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During the calibration of the model to piezometric heads measured in 

monitoring wells on the peninsula, the model was found to be incapable of 
reproducing the observed heads in the Port Washington and Lloyd aquifers. Observed 
heads were frequently encountered at 20 to 30 feet below msl, however, heads 
simulated by the model were generally at or above msl. What emerged from the initial 
calibration effort was indirect evidence that the published USGS stratigraphy was in 
need of reinterpretation based on the model’s inability to reproduce field data with the 
given stratigraphy.  

The project team decided to take an entirely different modeling approach, and 
abandoned the published stratigraphy as the starting point of the model. Using 
existing well logs and the distribution of piezometric heads, a new conceptual model 
of the peninsula was developed. The model was reconstructed with a new 
stratigraphic layering scheme, and different hydraulic properties. After revising the 
hydrogeologic properties of the model by assuming that the Port Washington aquifer 
was a unit of low permeability, and that the Port Washington Confining Unit had a 
vertical permeability equivalent to clay, the model was able to accurately simulate the 
observed heads. The model, serving as an integrating and interpreting tool, presented 
strong evidence that the stratigraphy, based on geologic correlation, was not providing 
the correct model of the aquifer system. The revised model was considered to be the 
best representation of the hydrogeologic system available, and was adopted for the 
rest of the study subject to future alteration as new field data was acquired.  
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MODEL SIMULATION: 1900 – 1990 
The calibration of the flow model provided valuable insight into the aquifer system 
beneath Great Neck. It forced a re-evaluation of the stratigraphy, and indicated a 
much higher degree of confinement for the Lloyd and Port Washington aquifers than 
was previously assumed. The next step was to use the model to simulate the period 
1900 – 1990 during which public water supply pumping increased from 0 to over 4 
mgd. The objective was to use the model to simulate the changes in relative pressures 
between the salt water and the fresh water systems over time, and to track the 
movement of the salt water/fresh water interface. The model was first used to 
establish an estimate of the pre-development, offshore position of the salt water, since 
this was not known from field data. This served as the starting point for the 90-year 
transient simulation, using detailed, monthly pumping records. By comparing model 
results with existing, historical chloride data in wells, the model provided a 
conceptual framework for explaining and interpreting the field data. 

 The transient simulation provided some interesting new insights. Between 
1900 and 1940, with pumping below 1.5 mgd, no movement of the interface was 
simulated. From 1940 on, however, as public water supply demand increased, the 
interface began to advance on several fronts. The model was able to successfully 
simulate the advance of salt water to each of the historically affected wells, matching 
quite accurately the time at which elevated chlorides first appeared.  

Figure 4 shows the simulated position of the salt water in 1990, as well as the public 
supply wells screened in the zone of salt water intrusion. The model results indicated 
that salt water intrusion was clearly occurring, and that the elevated chlorides found in 
several supply wells, most notably N-1926, N-8221, N-30, and N-31, were associated 
with the intrusion. This was a significant new insight into the mechanism of intrusion 
on the peninsula. Previously, the elevated chlorides in wells N-30 and N-31 were 
tentatively attributed to salt water leaking downward from a nearby tidal creek. Deep, 
salt water intrusion was not considered likely. The model, however, showed that the 
elevated chlorides were more likely associated with the leading edge of a salt water 
wedge moving landward from the northeast along the surface of the bedrock. The 
model also indicated that the wedge was less than 20 feet thick, and that the outpost 
monitoring well screened only 30 feet above bedrock was missing this wedge 
completely. The more inland public supply wells, however, pulled the chlorides 
upward into the wells. (Note, recently, a new outpost well was installed near the old 
one, drilled to bedrock. Focussed induction logging showed a 10 to 15 foot thick salt 
water wedge with a transition zone of less than 10 feet, confirming the model results.) 
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 These results also served to confirm the hypothesis that the Lloyd and Port 
Washington aquifers are highly confined. The startling results, showing extensive 
intrusion, were based on hypothetical stratigraphy developed from the original model 
calibration. This proved controversial, and it was decided to extend the study to 
include geophysical surveying of the areas indicated by the model as impacted by 
active intrusion. 

 
GEOPHYSICAL SURVEY 

The survey method selected was Time Domain Electromagnetic (TDEM) 
soundings (Blackhawk Geosciences, 1990). TDEM was selected for the following 
reasons: 

• Electrical resistivity is highly influenced by the salinity of the ground water 

• TDEM has better vertical and lateral resolution for mapping interfaces 
characterized by resistivity contrasts than other surface electrical and 
electromagnetic techniques 

• TDEM has proven effective for mapping interfaces of fresh and salt water in 
suburban settings elsewhere on Long Island (Maimone et al., 1989) 

In electrical and electromagnetic techniques for measuring electrical resistivity in 
the ground, resistivity is measured by determining the resistance to flow of electrical 
current. TDEM currents are induced by a time varying magnetic field of a transmitter, 
in this case a loop of insulated wire laid on the ground. Loop sizes of 100 by 100 feet 
and 200 by 200 feet were used.  A multi-turn air coil receiver is placed in the center of 
the loop. The receiver measures the electromotive forces due to the secondary 
magnetic field caused by the subsurface currents. The measurements reflect the sub-
surface resistivity at increasing depth with increasing time. A total of 14 sites were 
identified, as shown in Fig. 5.  

The objective of processing the TDEM data is to obtain a “solution” for the 
resistivity profiles obtained that best fits the data and reflects both the stratigraphy and 
the salinity profile of the subsurface. Resistivity mainly depends on porosity, salinity 
of the pore water, and the clay content of the formation. The results of the survey are 
shown in Fig. 5 above, and are listed below. 

Table 1: TDEM Results 
Station Number  Result 

1 Ambiguous 

2 Fresh 

3 Salt 

4 Ambiguous 

 5- 9   Salt 

10 Ambiguous 

11 Fresh 

12 Ambiguous 

13-14                                 Fresh 
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The TDEM survey data from all the locations where results were obtained exactly 
matched the salt water intrusion predictions of the model, providing powerful 
evidence of the model’s validity as well as support for the reconfigured conceptual 
model of the stratigraphy. 

 
DRILLING PROGRAM 

The model and TDEM results proved to be quite controversial, overturning the 
existing theory of intrusion on the peninsula, and indicating a significant threat to 
water supply. The State and County felt that it was risky to act based only on the 
above results, and a drilling program was set up in cooperation with the USGS. The 
objectives were to: 

• Drill a sufficient number of monitoring wells to more accurately determine head 
distribution 

• Gather geological data to confirm or refute the model results and new conceptual 
model of the aquifer system 

• Construct a permanent salt water intrusion monitoring system by using PVC 
casing in new monitoring well to allow downhole focused electromagnetic 
induction borehole geophysics to measure the thickness of the salt water wedge 

 
Figure 6 shows the locations of the 12 monitoring wells drilled into the Lloyd aquifer 
just above bedrock, as well as the results of the chloride sampling performed at each 
well. The drilling program, first and foremost, provided direct confirmation of what 
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the original model calibration results suggested, namely that the published USGS 
stratigraphy for the peninsula was based on too few data points and an incorrect 
conceptual model of the aquifer system. The Lloyd aquifer is more highly confined 
than originally thought, and the area of confinement extends north almost to the tip of 
the peninsula. In fact, the USGS published a re-interpretation of the stratigraphy, 
replacing the Port Washington aquifer with the confined Lloyd aquifer throughout 
most of the peninsula, with two confining units above it (Stumm, 1993). This is 
shown in Figure 7, which shows the same cross-section shown in Figure 3, however 
now taken from the latest revision of the model incorporating the new field data and 
USGS interpretation. The reconfigured stratigraphy is remarkably similar to the 
hypothesized stratigraphy of the calibrated model. 

 

 

 
The new wells also provided direct and conclusive proof of extensive salt water 
intrusion. As shown in Fig. 6, wells N-12050, N-12102, N-12079, N-12076, and N-
12153 all indicated the presence of a distinct wedge of salt water above the bedrock. 
Data from these wells provide confirmation of the original model projections. In 
particular, they show that wells N-30 and N-31 had been affected by a wedge of salt 
water moving south along the bedrock, and not by brackish water form a surface 
water source. On the basis of the data provided by the monitoring wells, it was 
confirmed that the model representation of the present extent of salt water intrusion, 
shown in Fig. 4, is correct. 
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CONCLUSIONS 
The salt water intrusion investigation of the Great Neck peninsula is a 

successful example of a step by step program using modeling and geophysics to 
develop an understanding of salt water intrusion without first resorting to 
extensive field data collection. There are several, important conclusions to be 
taken from this study. 

• Ground water modeling, and in particular, sharp interface salt water intrusion 
modeling, is an excellent, relatively inexpensive means to assess the 
susceptibility of coastal aquifers to salt water intrusion. Existing data 
collection and analysis followed by modeling cost less that $80,000 US. 
Drilling costs for this study were over $200,000.  

• Models should be used early, based on existing information, to interpret data, 
and to develop a prior conceptual model of the system. This in contrast to the 
usual procedure of extensive data collection prior to conceptual model 
formation and numerical modeling.  

• This study showed the  power of early use of models, overturning established, 
published concepts of stratigraphy and the prevailing interpretation of elevated 
chlorides in public supply wells 

• TDEM survey techniques were highly successful in this suburban setting, 
accurately mapping salt water intrusion at depths of over 300 feet in a 
complex, layered geologic setting at a cost of less than $30,000 US. 

As a postscript to the study, the model was subsequently used to locate new, less 
vulnerable well sites. The local water supplier has cut back pumping on the peninsula 
to levels shown by the model to be sustainable, and the water supply source is now 
assured well into the future. 
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