
) l A 

o m l 
OAK 
RIDGE 
NATIONAL 
LABORATORY 

UNION 
CARBIDE 

ORNL/TM-7138 

f 

Analysis of Potential Saltwater 
Intrusion at NEP I & II 

Power Station 

Donald W. Lee 

. OPERATED BY 
UNION CARBIDE CORPORATION 

v FOR THE UNITED STATES 
. DEPARTMENT OF ENERGY 

T L'. uiiLûilLJ 
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ANALYSIS OF POTENTIAL SALTWATER INTRUSION AT NEP I & I I POWER STATION 

Donald W. Lee 

Abstract 

The potential of adverse environmental impacts to groundwater ava i l -
a b i l i t y and groundwater quali ty from construction dewatering of the 
coastal aquifer at a proposed New England Power s i te was examined with an 
analytical model. The drawdown zone and the extent of saltwater in t ru-
sion were predicted with and without the use of a slurry-wall barr ier . 
The use of a slurry wall to mitigate any adverse impacts is feasible but 
the l imited understanding of the coastal aquifer demands that monitoring 
requirements be included in the construction plan. 



I . INTRODUCTION 

The environmental effects of dewatering during the construction of 
a major f a c i l i t y , such as a nuclear power plant, are an important con-
sideration in construction planning. Dewatering effects can become 
signif icant when aquifers of use have their physical characteristics 
a l tered. In coastal environments, the principal aquifer of use is often 
unconfined and near the land surface. As a resul t , coastal aquifers 
are especially vulnerable to a l terat ion by construction dewatering. In 
coastal aquifers, two potential d i f f i c u l t i e s of concern are the lowering 
of the water table and the i n i t i a t i o n of saltwater intrusion. By lower-
ing the water table, water supply wells can have their yields reduced 
and by i n i t i a t i n g saltwater intrusion, the quality of water withdrawn 
from water supply wells can become unacceptable for drinking water, 
livestock watering, and i r r iga t ion . In addition to af fect ing water 
withdrawn, a l ter ing the coastal aquifer could disrupt the environment's 
te r res t r i a l ecology by depriving plant and animal communities of s u f f i -
cient quantit ies of water with acceptable qual i ty . I f the disruption is 
sustained, habitat destruction can occur. The coastal aquifers of the 
United States have been exploited as water supplies to the extent that 
numerous incidents of saltwater intrusion and disruptive water-table 
lowering have occurred (Chow, 1964). As a resul t , careful consideration 
of additional withdrawals from coastal aquifers is commonly required to 
ensure the integr i ty and v i t a l i t y of the environment. 

In the construction of a nuclear power plant, dewatering is necessary 
for the construction of the reactor containment buildings. Since con-
tainment buildings are large, (50 m OD, typ. ) require a deep excavation 
(25 m, t y p . ) , and since the construction period is over a long period 
(two years t y p . ) , the potential for adverse impacts is considerable. 
Recently, in the environmental review for the construction permit of a 
proposed nuclear power plant on Long Island, the concern of construction 
dewatering necessitated a lengthy f i e l d program, monitoring requirements, 
and mit igation procedures for the prevention of adverse impacts tc the 
coastal aquifer (Geraghty & M i l l e r , 1977). 

1 
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New England Power Company (NEPCO) proposed a two-unit nuclear power 
plant located on the banks of Ninigret Pond in Charlestown, Rhode Island. 
The proposed site was the abandoned Naval Air Landing Field. The pro-
posed site is underlain by a thick, highly permeable, unconfined aquifer 
that is used as a water supply by the area's businesses and residences. 
During the construction of the reactor containment buildings, excavation 
would have fully penetrated the coastal aquifer and required dewatering. 
To provide for the discharge from dewatering, NEPCO had applied for an 
NPDES permit from the USEPA for 0.505 m3/s (8000 gpm). During the 
environmental review, NEPCO included a slurry wall to reduce the amount 
of dewatering required and to alleviate any potential environmental 
impacts. 

As a result of the depth and the permeability of the aquifer plus 
the size of each reactor containment building, potential impacts to the 
coastal aquifer merited investigation. The two principal impacts of 
interest to the coastal aquifer are the lowering of the phreatic surface 
off of the proposed site and inducing saltwater intrusion off the site. 
The critical parameter of interest in assessing either of these impacts 
is the shape of the drawdown curve during dewatering. For an unconfined 
aquifer, the drawdown curve is a free surface where the pressure is 
necessarily constant. The computation of the free-surface for large 
flows in porous media is difficult because of the physical relationship 
between the free-surface and the flow field. The inherent difficulty of 
the problem is enhanced by a limited amount of hydrogjological data. 

The techniques available for determining the drawdown curve from 
dewatering are experimental, numerical and analytical (Bear, 1972). To 
perform a scaled experiment would require an elaborate facility with a 
large number of assumptions about the hydrogeology. Constructing, verify-
ing, and performing sensitivity studies on such a model would be difficult. 
The availability of computers provides the analyst with the ability to 
solve difficult problems with irregular data. However, the flexibility 
of the computer often clouds the interpretation of the results. As a 
consequence, the effect of the assumptions can become obscured or the 
sensitivity of the results to a single variable can become difficult to 
understand. For this dewatering problem the incomplete data set would 
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interfere with the capability of a computer code to provide a solution 
transparent to the many required assumptions. The remaining method of 
analysis is an analytical model. For an analytical model to provide 
results that inspire confidence, the use of first principles is essential. 
Analytical models have the disadvantage of requiring simplified field 
geometries for the generation of solutions. For this problem a simplified 
geometry is to be preferred because of the absence of detailed hydro-
geological data. Thus, by using an analytical model the solution becomes 
more transparent to the assumptions and the influence of the variables on 
the nature of the results becomes more apparent. 

The analytical method selected for application to the dewatering 
problem was developed by Yih (1964). I.-, the following sections, the 
development of the theoretical model is presented and then the model is 
applied to the coastal aquifer of interest. The model's results are 
discussed, and compared with other work. The model is shown to provide 
insight into the performance of the slurry wall currently included in the 
construction plan. Essential to the model's application is the use of 
the best-case approach. The best-case model illustrates the behavior 
most certain to occur. If an impact is revealed in the best-case analysis, 
assurances can be made that an impact will occur during construction. 
The application of the best-case approach requires caution in the inter-
pretation of results to assure valid conclusions and appropriate 
recommendations. 
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II. THEORETICAL MODEL 

The theoretical model presented in this section (Yih, 1964) uses the 
"method of singularities" that has proved useful in generating solutions 
to physical problems cast in potential theory. For this technique to 
be applicable, the flow regime is considered to be two dimensional within 
the drawdown zone. The aquifer is assumed to be homogeneous and iso-
tropic with a uniform thickness. The aquifer is considered to be uncon-
fined and the flow is assumed to be steady state. The withdrawal of fluid 
is modeled as a point sink located at the base of the aquifer with the 
cusp of the drawdown curve occurring at the level of the aquiclude. The 
model is represented schematically in Fig. 1. 

Flow in an unconfined aquifer is governed by Darcy's Law, 

where, 
k - intrinsic permeability, 
y = viscosity 
u = velocity 
<f» = potential (p + pgy), 
p = density 
p = pressure 
y = vertical coordinate. 

Since the fluid is incompressible, continuity gives, 

Since the aquifer has been assumed to be homogeneous and isotropic, k, 
u, p are constant. Combining (1) and (2) gives, 

(1) 

7 • u = 0 . ( 2 ) 

V2ij) = 0 (3) 

which is Laplace's equation. 
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Fig. 1. Schematic of theoretical model. 
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Since the aquifer is unconfined, a free surface exists where the 
pressure is constant and where the velocity is everywhere tangent to the 
surface. On the free surface 

<j> = pgy • (4) 

The flow has been assumed to be steady so that (4) must be satisfied as 
well 3S having the velocity be tangent to the surface. Consequently, 
the free surface is a streamline with a location specified by the nature 
of the flow. Since the free surface is not specified initially, the 
boundary conditions are more difficult. Fortunately, Yih (1964) has 
provided a solution that uses the method of images in the hodograph plane. 
Using Yih's transformation, the free surface is represented as a straight 
line which allows the solution to be determined exactly. 

Let the free-surface coordinate be denoted as the s-directi on. The 
velocity along the free surface given by (1) is, 

Differentiating (4) with respect to s and substituting the result g^'ves, 

,» - - <iat> & (5) 

Referring to Fig. 2, the kinematics of the free surface can be expressed 
as, 

where v is the velocity in the vertical (y) direction. Also the 
velocity along the free surface can be related to its components by 

q2 = u2 + v2 , 

where u is the velocity in the horizontal (x) direction. Substituting 
these two relations into (5) gives 

u2 + v2 + a v = 0 , (6) 
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where 

a = 
V 

a is commonly referred to as the field permeability. Equation 6 is a 
well known result (Muskat, 1937) that shows the free surface is a cir-
cular arc in the hodograph plane. A circular arc, however, is difficult 
to apply as a boundary condition. Muskat provides a solution using (6) 
but the result is by no means simple. Yih provides a transformation which 
renders (6) into a straight line. Let, 

5 = - A - = 5 + in . (7) U-IV * v 

Since 

(8) 

where 

z = x + -Ly , 

which is an analytic function of z, therefore, so is s. Rewriting (7) 
gives 

_ - v + iu ? w2 + y2 

From this form, the real part of z is constant, or 

= " Ta^z = 1 . 

having used (6). Consequently, we conclude 

Co - 1 (9) 

is the free surface in the transformed hodograph (c) plane. With the 
free surface expressed as a straight line in the hodograph plane, con-
sider that on the free surface, 

ip = }p0 = constant , (10) 
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where ij» is the stream function. Then, 

w = <{> + iip , 

is the complex potential. From (4) 

dif = p gdy , (11) 

but as a result of (10) note 

du = dt • (12) 

Using (7) and (8), with (12) and some manipulation of (11) gives 

since c0 = constant. Hence, the right hand side of (13) is real so that 

l 4 | ) = 0 . (14) 

At this point the boundary condition on the free surface is expressed as 
equations (14) and (9) which are much more simple to use than (4) and 
(10). 

Knowing the boundary conditions to be satisfied in the aquifer, 
singularities can be introduced into the region to model the problem of 
interest. In the problem at hand, an appropriate means for modeling the 
dewatering activity is by using a point sink. For a point sink, the flow 
into the singularity is quantified by the sink strength [m). The total 
discharge from the two-dimensional sink is 2-m. For the sink located at 
the origin (at the base of aquifer), 

c = (dw/ds) = " ? ' ( 1 5 ) 

This expression must be valid near the singularity or for small values 
of a. Differentiating (15) with respect to z gives, 

1 l ^ i r 1 , (16) 
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near the sink. However, (14) requires that the left hand side of (16) 
be real and that £ = be satisfied on the free surface. In order to 
satisfy (14) on the free surface and (16) near the sink, leads to, 

With some manipulation this gives 

_ J j _ > . ( 1 B ) 

Integrating (18) with respect to c gives, 

3 = 2mi[c + kit? - 2s0) + So In A] , (19) 

where A is a constant. At this point, Yih's approach is modified to 
account for an impervious layer underlying the unconfined aquifer. The 
other boundary condition to be satisfied is, 

v = 0 on y = 0 , 

for all values of Using (7) we can see that on y = 0 
i 

* = « • 

or 

e = 0 . 

Applying the lower boundary condition to (19) gives, 

^ - ( 4 d + y - ^ . 

where u is calculated at the beginning of the drawdown to be 
m 

~ d • 
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Thus, 

The solution to the problem then becomes, 

z = 2mi 
c - 25O 

z + Zq In J12 (20) 

The location of the cusp in the free surface determines the strength 
of the sink. For the problem being considered, the cusp is properly 
located at the origin. Hence the sink will produce one "dry" spot at 
the level of bedrock. The cusp occurs at the location where: 

or 
dx/dr\ _ 
dy/dn = 0 

Separating (20) into its real and imaginary parts and evaluating at the 
free surface gives, 

X = - 2mr) + 2m%0 tan"1 , So 

y = 2m£0 + mg0 In 
Co + n* 

(21) 

The computed derivatives give as the cusp criteria, 
dx/dr\ _ n _ n 
dy/dn ~ ~ So ' 

which is satisfied for n = 0. The cusp location is specified as, 
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i i 

m 

For the cusp to be located at y = 0 requires, 
Co 

1 + In 

(45? 
m 

= 0 . 

This requirement determines the strength of the sink as 

m = ( e2 . 4)-1/2 . (22) 

The discharge into the sink is, 

Q = = ( e 2 . 4 ) - 1 / 2 . 
So 

The effected radius due to the sink can now be determined. Combining 
(22) and (21) gives the parametric equation of the free surface as, 

y = 2 d i e 2 - 4 ) 
- 1 / 2 

1 + ~ ln[ (23) 

At the edge of the effected radius, y = d. Hence, for an aquifer where 
Co is known, n can be calculated to be 

"i? 2.305c 

where n^ indicates the value at the edge of the effected radius. Knowing 
the value of n, (21) gives the value of the effected radius as 

ar = 69.8 d . (25) 

This result is significant in that it demonstrates that for this model 
the only parameter influencing the size of the effected radius is the 
depth of the aquifer. The result is satisfying since such a result would 
be expected from a steady state analysis. 
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The results of this theoretical model can be used as a basis for 
assessing the potential impact of construction dewatering at the proposed 
site. 
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III. ANALYSIS OF CONSTRUCTION DEWATERING AT NEP I & II 

In the following section the theoretical model is applied to the 
construction dewatering problem at the NEPCO proposed site. The geo-
hydrology of the site has been grossly characterized by NEPCO but a 
detailed characterization is not available. 

The regional, unconfined, principal aquifer is composed of sand and 
gravel in outwash deposits. Some deposits of till exist with lower 
permeability than the outwash. The drainage in the area is generally 
towards the south. The outwash is generally less than 15 m (50 ft) 
thick with porosity similar to the deposits of till but with a greater 
specific yield. Bedrock aquifers are riot as common and have typically 
smaller yields. Regional groundwater contours prepared by the U.S.G.S. 
for August to November 1955 are shown in Fig. 3. 

In the site area, the groundwater conditions are similar to the 
regional conditions and have been the subject of some investigation. A 
near-surface exposure of till has been noted by the applicant but soil 
horizons of the till deposit are not available. The remainder of the 
site has been identified as having an aquifer composed of outwash. Some 
limited testing of the aquifer's characteristics has occurred. The 
results of the testing program are summarized in Table 1 and Fig. 4. 

A schematic of the analytical model used for analysis is illustrated 
in Fig. 5. The unconfined aquifer is assumed to be homogeneous and 
isotropic with a uniform thickness of 7.6 m (25 ft) throughout the 
region. The dewatering pit is assumed to have a radius of 23 m (75 ft) 
and to require continuous dewatering. The natural groundwater flow is 
considered to be uniform and have a sole recharge area from Watchaug 
Pond, a pond north of the site. As a result of these assumptions, the 
model represents a simplification of the actual site. By making these 
assumptions, the model predictions are intended to represent a best-case 
approach. Actual conditions (till deposits, greater aquifer depths, 
nonhomogeneity, recharge from accretion, etc.) can be expected to increase 
the level of impact beyond the predictions. Therefore, impacts predicted 
by the model would require monitoring and mitigation measures to prevent 



Fig. 3. Regional contours of groundwater table. Source: NEP I & 
Fig. 2.4-14. (Note: contours expressed in feet; 1 foot = 0.3048 m. 
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Table 1. Existing Hydrogeological Data 
1. Soil Structure (Environmental Report, Sect. 2. ,5) 

0.152 m (1/2 ft) topsoi1 
0.3-1.5 m (1-5 ft) sandy silt, silty sand 
4.9-22.5 m (16-74 ft) glacial outwash 
0.6 m above MSL to 21 m below MSL bedrock 

(2 ft above MSL to 69 ft below MSL) 
Average level of bedrock 9.1 m (30 ft) below 

grade 
Average thickness of outwash 7.6 m (25 ft) 

2. Aquifer Data (Environmental Report, Sect. 2.5) 
Average aquifer thickness 7.6 m (25 ft) 
Permeability 27.6 m/day (90.7 ft/day) 
Original NPDES permit for dewatering 0.505 m3/s (8000 gpm) 
Supplemental NPDES permit for 7.6 x 10"4 m3/s (12 gpm) 

dewatering 2.0 x 10-4 m3/s (32 gpm) 

3. Containment Building Data (Preliminary Safety Analysis Report Sect. 3.8, Environmental Report Sect. 3.2) 
Reactor containment diameter 45.4 m (149 ft) 
Reactor containment depth 22.9 m (75 ft) 
Separation of containment building 150 m (500 ft) 

their occurrence. The two potential impacts to be investigated with the 
analytical model are water-table lowering and saltwater intrusion. 

To determine thd extent of water table lowering, the theoretical 
model of Sect. II is applied. Equation 25 gives as the limit of the 
drawdown zone for an aquifer depth of 7.6 m (25 ft), 

x = 531.9 m (1745 ft) 

Adding the radius of the dewatering pit gives as an overall radius of 
the drawdown zone as 

R = 555 m (1820 ft) 



Fig. 4. Groundwater table contours at the proposed site. Source: 
NEP I & II ER, Fig. 2.4-15. (Note: contours expressed in feet; 
1 foot = 0.3048 m.) 
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Fig. 5. Schematic of containment pit for modeling construction dewatering. 
(Note: dimensions expressed in feet; 1 foot = 0.3048 m.) 
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At the edge of the drawdown zone, the horizontal velocity of the ground-
water is determined as, 

u = j = 14.9 m/day (49 ft/day) , 

having used equation 22 to give 

m = 114.5 m2/day (1232 ft2/day) . 

The overall inflow of water that would be required to be dewatered can 
be calculated to be, 

Q = 2uRm = 4.42 m3/s (70,100 gpm) . 

The predicted rate of dewatering suggests that the original NPDES permit 
for 0.505 m3/s (8000 gpm) would have been inadequate for the level of 
dewatering required. 

At this stage of the analysis the drawdown zone has been identified 
so that the effect of dewatering on the lowering of groundwater levels 
can be examined. The size of the drawdown zone is shown in relationship 
to the site in Fig. 6 for aquifer depths of 6.1, 7.6, and 9.1 m (20, 25, 
and 30 ft). From the figure, the effect of dewatering could be expected 
to result in the lowering of offsite wells in the community of Arnolda 
located on the eastern edge of the site. On the site itself, the effects 
of dewatering would be much more severe. Existing wells on the site 
would have drastically reduced yields, and much of the vegetation on the 
site would have its subsurface water supply removed. Therefore, vegeta-
tion levels would be expected to be reduced during dewatering and the 
onsite availability of subsurface water would be drastically reduced. 
During the dewatering process, the lower water table would increase the 
amount of soil available for absorbing the effluent from the sanitary 
septic system proposed for the plant. The increase in the available 
soil for effluent absorption would improve the performance of the septic 
system. Therefore, dewatering would enhance rather than detract from 
the performance of the septic system. 

Outside of the drawdown zone, the flow in the aquifer can be con-
sidered to be uniform in depth providing the aquifer is homogeneous, 
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ORNL- DWG 7 9 - 19436 

Fig. 6. Edge of drawdown zone for various aquifer depths. (Note: 
Depth presented in feet; 1 foot = 0.3048 m.) 
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isotroh .• , and uniform in depth. From the analysis, the velocity at 
the edge of the drawdown zone can then be used as a matching condition 
for examining the flow in the horizontal pi ane. Once the flow in the 
horizontal plane is understood, the extent of salcwater intrusion can 
be established within the l imits of the assumed properties of the aquifer. 

As demonstrated in Sect. I I , the governing equation of motion for 
flow in porous media is 

v2<f> = 0 . 

By considering the flow outside the drawdown zone to be uniform in depth, 
the flow outside the Ĥ awdown zone can be modeled as i f i t were generated 
by a l ine sink uniform in depth. Using the notation of Sect. I I , the 
complex potential in the horizontal plane generated by the sink with a 
superposed uniform flow is represented as 

w = Uz - m In z , 

where V is the ambient velocity of the groundwater apart from the effects 
of dewatering, and m is the strength of the sink. Separating this into 
real and imaginary parts 

w = {Ux + m In r) + i{Uy - md) , 

where, 

r = (x2 + y2)1/2 , 

e = tan"1 & . x 

Since 

w = <|) + i\p , 

the potential functions are known. To determine the sink strength, the 
velocity at the edge of the drawdown zone must equal the velocity com-
puted from the drawdown analysis. In the horizontal plane the radial 
velocity becomes 
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m 
u ~ R 

For an aquifer depth of 7.6 m (25 ft) the sink strength is computed to 
be, 

m = 8286 m2/day (89131 ft2/day) . 

To find the ambient velocity, assume the groundwater flow is driven by 
the recharge area north of the site at Watchaug Pond, which is a probable 
recharge area for the site (Urish, 1977). The peizometric surface at 
The pond is 12 m (40 ft) and the perpendicular distance to the shoreline 
is approximately 2290 m (7500 ft). Using the aquifer data of Table 1, 
Darcy's Law gives, 

n - d h 

U - KdT 

= 0.129 m/day (0.423 ft/day) 
Thus the expression for the stream function becomes 

# = 0.129y - 8286e 

The streamlines for this function are shown on Fig. 7. The shaded areas 
signify the areas which would be expected to contain saltwater as a 
result of the dewatering activity. 

At the interface between the saltwater and the fresh groundwater, 
additional intrusion will occur because of the density difference between 
saltwater and freshwater. To identify the magnitude of the additional 
intrusion, use the Ghyben-Herzberg approximation (Bear, 1972) to deter-
mine the height of saltwater and freshwater from 

hg = 6hj, , 

where 

6 = 



Fig. 7. Streamlines from construction dewatering and the resulting 
zone of saltwater intrusion (shaded area) for an aquifer depth of 7.6 m • 
(25 ft). (Note: Dimensions presented in feet; 1 foot = 0.3048 m.) 



24 

The subscripts (f,e) denote fresh and saltwater respectively. For the 
salinities identified by the applicant (Charlestown Hydrographic Survey, 
1975), 

6 'v- 40 

With a hydraulic gradient of 2 m/1000 m and an aquifer depth of 7.6 m 
(25 ft) the additional intrusion is then calculated to be 95 m (312 ft). 
This additional intrusion is also included in Fig. 7. 

Based on the predicted results (Fig. 7), several private wells would 
experience increased concentrations of seawater from construction 
dewatering. Should the aquifer become brackish, the aquifer would require 
an extended period of time prior to being restored to its original con-
dition. Estimates of the duration of time required are difficult with-
out an improved understanding of the geohydrology, but the time required 
could extend for several years. Additionally, vegetation in the effected 
area could be damaged by the removal of the freshwater resource. 

The analysis of construction dewatering, as originally proposed, 
would result in the lowering of the water table primarily onsite. The 
water quality of the coastal aquifer would be significantly degraded. 
Several water supply wells would be contaminated and damage to the coastal 
vegetation could be anticipated. The potential impacts are sufficiently 
large to require mitigation measures and monitoring to ensure the integrity 
of the coastal aquifer off of the site. 

NEPCO proposed a slurry wall system which was intended to provide 
protection to the coastal aquifer. The analysis of the slurry wall system 
is presented in the following section. 

The assumptions of this model are intended to provide predictions 
which illustrate a best case approach. The predictions can be compared 
with those determined in a numerical analysis by Kelly, Urish, and 
Beckman (1978). Using a broader data base derived from field investiga-
tions and a numerical model, predictions for groundwater table lowering 
and saltwater intrusion were made. The results are shown in Fig. 8. 
Comparing these results with those predicted by the best-case analytical 
model, the agreement is satisfying. 
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Fig. 8a. Simulated watertable for site dewatering. Source: Kelly, 
Urish, Beckman (1978). (Note: Dimensions presented in feet; 
1 foot = 0.3048 m.) 
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Fig. 8b. Probable limits of saltwater intrusion predicted by computer 
simulation. Source: Kelly, Urish, Beckman (1978). (Note: Dimensions 
presented in feet; 1 foot = 0.3048 m.) 
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IV. ANALYSIS OF THE PROPOSED SLURRY WALL SYSTEM 

The use of a slurry wall, that was proposed to encircle the con-
struction area, was intended to provide an impervious barrier to the 
flow of groundwater. Ideally, the slurry wall would prohibit any ground-
water from entering the construction area after the area was initially 
dewatered. The effectiveness of such a proposal is very dependent on 
the nature of the hydrogeology and the type of construction methods. 
Detailed information on either of these topics was not available at 
the time this analysis was made. Consequently, a reliable model with 
the predictive capability demonstrated in Sect. Ill .d be very 
difficult. However, the use of potential theor' /ide enough 
information to determine if the proposal is re; 

NEPCO had modified the NPDES permit for dewatering to allow for the 
average discharge of 7.6 x 10-lf m3/s (12 gpm) with a maximum discharge 
of 2.0 x 10~3 m3/s (32 gpm). Using potential theory in the horizontal 
plane with the average dewatering rate (Q), an estimate of the extent of 
any saltwater intrusion can be made. By continuity, 

Q = 2nRUd 

where U is the average radial velocity from dewatering, R is the radius 
at which U is determined and d is the aquifer depth. To convert this 
into an equivalent sink located at the dewatering site, recall that for 
a sink, 

Therefore, for an aquifer depth of 7.6 m (25 ft), 
m = A = 1 , 3 6 m 3/ d ay ( ] 4- 7 ft2/day) 

The flow into such a sink, which is valid outside the drawdown zone, is 
described by 

w = U b - m In 0 a 
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where u is the uniform seaward velocity of the natural groundwater 
flow. Proceeding as before, the stream function becomes* 

ij> = 0.129z/ - T .369 

The stream function is plotted on Fig. 9, which contains a plan view of 
the proposed slurry wall. The shaded area indicates those areas sus-
ceptible to saltwater intrusion. 

A review of Fig. 9 leads to the conclusion that the proposed slurry 
wall is a feasible means for preventing construction dewatering from 
causing adverse environmental impacts. However, such a conclusion must 
be treated with caution because of the limited understanding of the 
site's hydrogeology which could result in the slurry wall not being as 
effective as planned, underestimating the rate of dewatering for the 
NPDES permit. 

As a consequence of the uncertainties associated with the perfor-
mance of the slurry wall system, monitoring of the slurry wall's per-
formance during dewatering would be appropriate. The locations for the 
monitoring wells should be selected to detect any saltwater intrusion that 
could occur and to ensure that no degradation of offsite wells would 
occur. Therefore, the placement of monitoring wells on the eastern site 
boundary and near the shoreline adjacent to the area shaded in Fig. 9 
should be considered. Adequate monitoring would require that no lower-
ing of the water table off of the site could occur and the chloride con-
centration at the site boundary could never exceed 250 mg/1. Periodic 
monitoring during the construction period (weekly) would be sufficient 
to support these requirements. Once dewatering had been terminated, 
monitoring activities could be suspended if no environmental effects had 
occurred. Implicit in the recommendations for monitoring is a mitigation 
plan for reversing impacts if the monitoring requirements were exceeded. 
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Fig. 9. Streamlines from construction dewatering and the resulting 
zone of saltwater intrusion (shaded area) with a slurry wall concept and 
with an aquifer depth of 7.6 m (25 ft). (Note: Dimensions presented 
in feet; 1 foot = 0.3048 m.) 
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V. CONCLUSIONS 

The groundwater regime in the coastal aquifer underlying the site 
of the proposed NEP I & II nuclear power plant has been investigated. 
The drawdown zone created by uncontrolled dewatering during construction 
has been identified for a best-case analytical model. Having established 
the drawdown zone, predictions of the extent of water-table lowering 
and saltwater intrusion were made. Without controlling the dewatering 
rate, the model predicts adverse impacts to the wells and vegetation 
in the offsite area and the onsite area. These predictions compare 
favorably with a similar study conducted by the University of Rhode 
Island (Kelly, 1978). 

The application of a slurry wall system to reduce the volume of 
dewatering required was also investigated. The analysis of the slurry 
wall confirms that if the conditions of the NPDES permit are met, then 
no significant impacts should be expected. However, uncertainties in 
the hydrogeology and construction methods suggest the need for monitor-
ing of groundwater levels and groundwater quality during construction 
dewatering to ensure no adverse impacts. In the event that the monitor-
ing requirements are exceeded, mitigation plans should be prepared to 
reverse saltwater intrusion and restore groundwater levels. 
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