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DIGITAL MODELING OF RADIOACTIVE AND CHEMICAL WASTE
TRANSPORT IN THE SNAKE RIVER PLAIN AQUIFER AT THE

NATIONAL REACTOR TESTING STATION, IDAHO
By

J. B. Robertson
U. S. Geological Survey
National Reactor Testing Station, Idaho Falis, Idaho

ABSTRACT

Industrial and low-level radioactive liquid wastes at the National Reactor Testing
Station (NRTS) in Idaho have been disposed to the Snake River Plain aquifer since 1952.
Monitoring studies have indicated that tritium and chloride have dispersed over a 15-square
mile (39-square kilometer) area of the aquifer in low but detectable concentrations and have
only migrated as far as 5 miles (8 kilometers) downgradient from discharge points. The
movement of cationic waste solutes, particularly 90 and I37Cs, has been significantly
retarded due to sorption phenomena, principally ion exchange. 137¢s has shown no
detectable migration in the aquifer and OSr has migrated- only about 1.5 miles (2
kilometers) from the Idaho Chemical Processing Plant (ICPP) discharge well, and is
detectable over an area of only 1.5 square miles (4 square kilometers) of the aquifer.

Digital modeling techniques have been applied successfully fo the analysis of the
complex waste-transport system by utilizing numerical solution of the coupled equations of
groundwater motion and mass transport. The model includes the effects of convective
transport, flow divergence, two-dimensional hydraulic dispersion, radioactive decay, and
reversible linear sorption. The hydraulic phase of the model uses the iterative, alternating-
direction, implicit finite-difference scheme to solve the groundwater flow equations, while
the waste-transport phase uses a modified method of characteristics to solve the solute
transport equations simulated by the model. The modeling results indicate that hydraulic
dispersion (especially transverse) is a much more significant influence than previously
suggested by earlier studies. The model has been used to estimate future waste migration
patterns for varied assumed hydrological and waste conditions up through the year 2000.
The hydraulic effects of recharge from the Big Lost River have an important (but not
predominant) influence on the simulated future migration patterns. For the assumed
conditions, the model indicates that detectable concentrations of waste chloride and tritium
could move as much as 15 miles (24 kilometers) downgradient from the original discharge
points by the year 2000. However, the model shows 90g; moving only 2 to 3 miles (3 to 5
kilometers) downgradient in the same time. The model may also be used to estimate the
effects of the various future waste disposal practices and hydrologic conditions on
subsequent migration of waste products.
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DIGITAL MODELING OF RADIOACTIVE AND CHEMICAL WASTE TRANSPORT

IN THE SNAKE RIVER PLAIN AQUIFER AT THE

NATIONAL REACTOR TESTING STATION, IDAHO

I. INTRODUCTION

The National Reactor Testing Station (NRTS) occupies 894 square miles (2,320
square kilometers) of semiarid land on the eastern Snake River Plain in southeast Idaho
(Figure 1) and is operated by the U. S. Atomic Energy Commission (AEC) for testing of
various types of nuclear reactors, principally for peaceful uses. The first NRTS reactor was
finished in 1951, and since then 50 other reactors have been built.

The eastern Snake River Plain is a large structural basin 12,000 square miles (31,000
square kilometers) in area (Figure 1) which has been filled in to its present level with
perhaps 5,000 feet (1,500 meters) of thin basaltic lava flows and interbedded sediments.
Nearly all of the eastern Snake River Plain is underlain by a vast groundwater reservoir
known as the Snake River Plain aquifer, which may contain in excess of 1 billion acre-feet
(1,230 cubic kilometers) of water. The flow of groundwater in the aquifer is principally to
the southwest (Figure 1) at high velocities (generally 5 to 25 feet per day, or 1.5 to 8 meters
per day), according to most evidence (Robertson, Schoen, and Barraclough, 1973).

Since 1952, dilute or low-level aqueous chemical and radioactive wastes havebeen
discharged to the Snake River Plain aquifer at the NRTS. The wastes migrate with the
moving groundwater in accordance with complex physical, chemical, and hydrologic
influences. Although the migration of several waste products has been monitored, the
transport mechanism proved to be complex that, until now, rational predictions of the
future behavior and migration of waste have not been made. However, such an
understanding is important to predict adequately and protect the quality of the Snake River
Plain aquifer. Complex transport problems like this can presently be analyzed only by
digital computer modeling techniques. Such a model has been successfully adapted for the
NRTS-Snake River Plain aquifer system and the results, applications, and limitations are
described herein.
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II. WASTE DISPOSAL

Several facilities at the NRTS generate and discharge low-level radioactive and dilute
chemical liquid wastes to the subsurface by means of seepage ponds or wells. The maximum
permissible concentrations of wastes in these effluents are limited by AEC regulations. The
two most significant waste discharge facilities, the Test Reactor Area (TRA), and the Idaho
Chemical Processing Plant (ICPP) (Figure 2), have discharged wastes continuously since
1952, and are the only ones considered in this study. Discharges from these two facilities
comprise 75% of the total volume of liquid waste discharged to the ground at NRTS and
include 80% of the total chemical wastes and over 90% of the total radioactive waste
(Robertson, Schoen, and Barraclough, 1973). The principal original sources of the waste
disposal data are several AEC reports such as Osloond (1969), Schmalz (1968), and U. S.
Atomic Energy Commission (1973 a, b, and c).

1. TEST REACTOR AREA

1.1 Radioactive Waste Ponds

An average of about 200 million gallons (7.6 x 108 liters) of water per year have been
discharged to the TRA radioactive waste ponds since 1952 (Robertson and Barraclough,
1973). Since 1962, the water has contained an average of about 3,300 Ci (curies) per year of
various activation and fission products, of which about 70% are short-lived products of
minor concern. Since 1962, the effluent has contained an annual average of about 460 Ci
[600 pCi/m! (picocuries per milliliter)] of tritium, 8 Ci (9 pCi/ml) of 9OSr, and 7 Ci (9
pCi/ml) of 1375 as the most significant long-lived isotopes. The average concentrations of
these nuclides have been below AEC discharge limits.

At the TRA, the only waste radionuclide that has entered the Snake River Plain
aquifer in detectable quantities is tritium (as tritiated water). All the other nuclides are
cationic and appear to be removed from solution by sorption before reaching the water
table.

1.2 Chemical Waste Pond

Beginning in 1962, about 44 million gallons (1.7 x 108 liters) per year of aqueous
waste have been discharged to the TRA chemical waste seepage pond, which have generally
included about 1,000 tons (9.1 x 10° kilograms) per year of sulfuric acid, 500 tons
“4.5x 107 kilograms) per year of sodium hydroxide, and 50 tons 4.5x 104 kilograms) per
year of sodium chloride.

1.3 Deep Disposal Well

A 1,300-foot (395-meter) deep disposal well has been used at TRA since 1964 for
disposal of about 150 million gallons (5.7 x lO8 liters) per year of nonradioactive waste
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water (primarily cooling tower blowdown water). It generally contains about 500 mg/l
(milligrams per liter) of naturally occurring dissolved solids (about two times as much as the
natural groundwater).

2. IDAHO CHEMICAL PROCESSING PLANT

The Idaho Chemical Processing Plant (ICPP) currently discharges all its low-level or
dilute effluents directly to the Snake River Plain aquifer through a 600-foot (180-meter)
deep disposal well (Figure 2). Most of the radioactivity, except tritiated water, is currently
removed from the effluents by distillation and ion exchange before discharge. Since 1967,
the effluent has carried an annual average of about 400 pCi/ml of tritium, 2 pCi/ml of 90Sr,
and 2 pCi/ml of 137¢5. Other waste carried in the effluent consist primarily of 390 tons of
sodium chloride per year and various acids and bases, plus small amounts of heat. The
chloride concentration of the effluent has averaged about 245 mg/l. These discharge
concentrations are all below AEC limits.

The disposal well extends about 150 feet (46 meters) below the water table. The
average annual discharge to the well has been about 300 million gallons (1 A x 10° liters) per
year.



I11. WASTE DISTRIBUTION IN AQUIFER

During the 20 years of waste discharge at TRA and ICPP, periodic studies have been
made of the migration and distribution of various waste products in the Snake River Plain
aquifer (Robertson, Schoen, and Barraclough, 1973), based on samples obtained from about
45 observation wells near to and downgradient from points of discharge (Figure 2).

Typical mapped distribution patterns are shown in Figures 3, 4, and 5 for chloride,
fritium, and 90Sr, respectively. The degree of lateral dispersion in the rather rapidly moving
chloride and tritium plumes is particularly remarkable. The western half of the TRA part of
the chloride and tritium plumes is poorly defined, due to lack of observation wells. It
probably has a wider extent than interpreted on these maps. The analytical detection limit
for tritium in these analyses has been 2 pCi/ml. The natural background concentration of
chloride in the aquifer is 10 to 20 mg/1.

The 903y plume occupies an area of only about 1.5 square miles (4 square kilometers).
This must be due mainly to the effects of sorption (principally ion exchange) that
attenuate the concentrations and retard the movement of “VSr. Mass balances indicate that
about 97% of the 90g; discharged down the ICPP well has been immobilized. 90gr is
mapped on the basis of a detection limit of 0.005 pCi/ml.

Significant quantities of 90Sr have also been discharged to the TRA ponds, but
apparently it is essentially all taken out of solution by the sediment and basalt layers
between the pond and the aquifer, preventing detectable 90Sr from reaching the aquifer.

137¢s is even more strongly affected by sorption than 9OSr, and undoubtedly for this
reason has never been detected in any aquifer samples near TRA and ICPP. The normal
detection limit for 137Cs in these analyses is about 0.02 pCi/ml.

Studies by Robertson, Schoen, and Barraclough (1973) of waste behavior and aquifer
characteristics indicate that the waste plumes shown in the foregoing maps generally remain
as relatively thin lenses within about 250 feet (75 meters) of the water table. Although there
is considerable dispersion laterally and longitudinally, there appears to be little vertically
because of relatively low vertical permeability and the apparent lower permeability at
depths greater than about 250 feet (75 meters) below the water table.
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IV. DIGITAL MODEL OF WASTE TRANSPORT

Although good documentation has been obtained of changes in waste distribution in
the aquifer over the 20-year period of disposal, insufficient quantitative understanding of
the processes involved had been obtained until recently. Little could be said of why the
wastes behaved as they had or how they could be expected to behave in the future. The
hydraulic and chemical processes were too complex for analyses which did not involve
distributed-parameter models.

In order to gain better understanding of the processes involved and to gain predictive
capability, a digital model has been developed to simulate the Snake River Plain aquifer in
the NRTS vicinity and the significant processes of solute transport in the aquifer.

The modeling involves two principal phases — groundwater hydraulics and solute
transport. The hydraulic phase of the model solves the standard transient partial differential
equation of groundwater flow [Equation (1)] for a bounded, two-dimensional, one-layer
aquifer by finite-difference techniques.

-
v.T.vh = s_g—%+ W (x,y,t) 1))
where
v=-1+83
8x Sy
3
T = transmissivity tensor (L2t'1)
h = hydraulic head (L)
S = storage coefficient (L°)
X,y = cartesian coordinates (L)
t = time
W = flux of a source or sink (Lt'l)
e .
i,j = unit orthogonal vectors

The method uses the iterative, alternating-direction implicit scheme, described by Pinder
and Bredehoeft (1968) and Bredehoeft and Pinder (1970). The hydraulic model generates
velocity of groundwater flow at each finite grid point and each time step. These flow rates
and directions are then used in the solute transport segment of the model to simulate the
migration of waste in time and two-dimensional space.

10



The solute transport portion of the models solves the following transient partial
differential equation [Equation (2)] of solute movement in groundwater by the method of
characteristics, as developed and described by Pinder and Cooper (1970) and Bredehoeft
and Pinder (1973). The model includes the effects of convective transport, velocity
divergence, two-dimensional hydraulic dispersion, radicactive decay, and reversible sorption
(instantaneous-equilibrium, linear isotherm type).

a b c d e f g
SeC - §(1-€)N (2)
n > - .G_R n
= VeD- - . - - - —
3T D VCn v qu eCnac 5t QCS Anecn 5t
where
._>
= . . . 7.-1
D = dispersion coefficient tensor (L-17")
Cn = aqueous concentration of solute n ( ML'3 )
CS = concentration of solute n in a source or sink (ML'3)
a = Darcy velocity vector or groundwater flow (Lt“l)
a, = compressibility of liquid (M'lLtz)
p = density of solution (ML'3)
Q = production rate of source or sink (t'l)
€ = effective porosity (L°)
A, = radioactive decay constant for solute n (t'l)
N, = concentration of sorbed solute n on solid phase (ML‘3)

Term a in Equation (2) is the time rate of change of waste solute mass per unit volume of
aquifer water; term b, the effects of hydraulic dispersion; term c, the effects of convective
transport; term d, the effects of compression or expansion of water; term e, the
contribution of a waste source or sink; term f, the effects of radioactive decay where the
decay constant, A, is related to the isotope's half-life, T1/2’ by T1/2 = 0.693/7\n; term g,
the effects of reversible ion exchange or sorption.

Let terms b-c-d-e-f on the right side of Equation (2) represent all changes in
concentration except that due to sorption (term g), so that

b-c-d-e-f = R 3)

11



Equation (2) then becomes

ESCn (l-e)éNn

S T )

For instantaneous-equilibrium, linear adsorbtion

Nn = Kan
where Ky is the adsorption distribution coefficient (dimensionless) which describes the
linear ratio of concentration of waste solute n in the solid phase to its concentration in
solution at equilibrium (see explanation in "Strontium—90"y section which follows). This
relationship applies only to solutions very dilute in solute n compared to other dissolved
species.

(1-€)8N (1-e)K 6C
n _ d n
St - St )

and from Equations 4 and 5,

E:SCn (l—s:)Kd<5Cn

5t T St =R
and
(Kd—e:Kd+e)cSCn Cx
8t
so that 5
€ Cn _ eR
St Kd-eKd+€
and substituting for R,
6€Cn c > N sp
6t = (g-{—Kd—EKd) (V-D-Vcn—vcnq—ecnuc Gt - QCS - )\necn) (6)

which is the equation treated by the model.

A valid model of this type requires two forms of verification before it can be used
with confidence. First, the hydraulic behavior of the model must accurately correspond to
historical observations of the aquifer; and second, the historically observed behavior of
waste in the aquifer must be adequately simulated by the model. The verifications are best
accomplished using measured or at least realistic values for the various physical and chemical
characteristics and parameters of the system such as transmissivities, dispersivities, and
adsorption distribution coefficients.

12



1. GROUNDWATER HYDRAULICS

The finite grid system for the initial phase of the model is 36 by 39 nodes (Figure 6)
and covers an area of 2,600 square miles (6,600 square kilometers). The model therefore
encompasses less than 25% of the total aquifer area. It is assumed that for the purposes
intended, the model area is large enough to justify neglect of aquifer effects outside the
area. Each node is assigned transmissivity, initial head, storage coefficient, and recharge
values. The outer border nodes are assigned zero transmissivity. Most of the nodes next to
the outer border are designated constant head boundaries. The only significant surface-water
influence on this portion of the aquifer is the Big Lost River, whose intermittent recharge is
simulated by "'recharge wells'' at each node along the reach of the river.

Transmissivities for the model were obtained principally by flow net and pumping test
analyses and all other physical characteristics were based on the best field information
available on the aquifer. Although the real aquifer system is probably more than 1,000 feet
(300 meters) thick, a thickness of 250 feet (76 meters) is used in this study based on
apparent layering effects in the aquifer. This upper layer appears to be somewhat separated
from and more permeable than the lower zones. The model assumes that flow in the aquifer
obeys Darcy's law which, for this aquifer, may not be completely true. Figure 7 is a
transmissivity map which was used to obtain the transmissivity for each node in the model,
and Figure 6 shows the location of constant head boundaries. A constant value of 0.1 was
used for storage coefficient.

1.1 Verification

Verification of the hydraulic model was based on steady state and transient
performance of the model. In 1965, a good map of a near steady state condition of the
potentiometric surface of the aquifer was obtained (Figure 8). The year 1965 was chosen
because it was preceded by several years of relatively uniform recharge-discharge conditions.
The model was then given the corresponding head elevation around the constant head
boundary nodes and allowed to bring itself to a steady head distribution. After some minor
adjustments in transmissivity, the head pattern was nearly identical to that shown in Figure
9. The simulated potentiometric surface showed no significant deviations from the well
data.

In 1965, the Big Lost River recharged the largest quantity of water on record to the
aquifer. This large perturbation caused major transient changes in head distribution over the
aquifer which were fairly well documented (Barraclough, and others, 1967). The amount of
measured head increase from December 1964 to December 1965 is shown on Figure 9.
When the same amount of recharge was artificially induced on the model, it generated
corresponding head rises for the same period (Figure 9). These results give an excellent
transient verification of the model. Although not accurate in every detail, the general areal
response of the model is acceptable. With these results, the model was accepted as valid,
hydraulically, and verification procedures were applied to the waste transport segment of
the model.

13
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2. WASTE TRANSPORT

Although the waste transport segment of the model depends directly on the hydraulic
segment, the area of concern is much smaller. Solute transport was initially modeled only
for the area shown by the smallest, shaded grids in Figure 6. The input to the solute
transport model included initial natural or background concentrations of the solute of
interest at each node, transverse and longitudinal dispersivities (or characteristic mixing
lengths), location of waste sources and sinks, radioactive decay factors, and distribution
coefficients for sorption. Porosity of the aquifer is a critical factor in the waste transport
model and was assumed to be 10%, based on the best available evidence. The most
speculative of these inputs are the dispersivities and distribution coefficients. No effective
way is presently practical to measure these coefficients in the field because of the large-scale
aquifer inhomogeneities. It is therefore invalid to extend ordinary laboratory measurements
to field conditions. These parameters must therefore be estimated. The longitudinal and
transverse dispersion coefficients are related to the corresponding dispersivities by D =apv
and Dy = a1v (Bredehoeft and Pinder, 1973), where v is the groundwater flow velocity,
relative to the grains, Dy and D are the dispersion coefficients (longitudinal and transverse,
respectively), and ap and a are dispersivities.

The computer work for this study was done on the AEC IBM model 360/75 computer
in Idaho Falls. A typical 30-year waste transport simulation requires 500 to 600K of core
and about 5 minutes in the central processing unit.

2.1 Chloride

Because of its consistent discharge and conservative nature, waste chloride was first
used to test the transport model. Chloride is neither radioactive nor subject to significant
sorption so those factors were ienored. Therefare the nrincinal nnlmawne in madaling
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Although not accurate in every detail, the model-simulated chloride distributions
match the historical observations well (Figures 11 and 12). Part of the inaccuracy is due
simply to the coarseness of the model grid. The largest area of discrepancy is the west to
southwest side of the TRA part of the plume. This is probably due to inaccurate
interpretation of field data because that area is not covered by observation wells. In other
words, the simulated plume is probably more realistic than the one mapped from well data.

2.2 Tritium

Using the same dispersivities, good simulations were also made for tritium. Figure 13
demonstrates a typically good fit. Again, the match is not perfect in all details, but for the
purposes of this analysis it is considered excellent - better than expected. Other good
tritium matches were also obtained for different years. The radioactive decay part of the
model was shown to function properly.

2.3 Strontium-90

A sorption routine in the model was tested by simulating 90g; transport originating
from the ICPP disposal well. Because of the small area of contamination by 90Sr, it is more
difficult to obtain precisely accurate simulation, due to the coarseness in the model grid.
The 1964 plume covers only an area of about nine nodes. Nevertheless, good matches were
obtained for 1964 and 1972 (Figures 14 and 15). The results were obtained using a uniform
sorption distribution coefficient (Ky) of 3.0. K is defined as the ratio of the adsorbate
equilibrium concentration on the solid-mineral phase (milligrams per cubic centimeter) to its
concentration in the solution (milligrams per cubic centimeter) and is therefore dimension-
less. Many investigators express the solid-phase adsorbate concentration in milligrams per
gram in place of milligram per cubic centimeter so that K4 has the dimensions of cubic
centimeters per gram (or milliliters per gram). However, this author finds the dimensionless
form of Kd more convenient. Kd, in milliliters per gram, can be converted to dimensionless
Kq4 by: K (dimensionless) = K (milliliter per gram)xp ¢, where pg is the density of the solid
mineral matrix in (grams per cubic centimeter). The Osr Kq value of 3.0 was the estimated
based on extrapolation of measured Kd's (Schmalz, 1972) and from a mass balance
calculated for 29Sr in the aquifer compared to the quantity discharged. K3 was, in a sense,
an inplace measurement over a limited area of the aquifer and did not have to be adjusted to
force a good fit. One of the simplifications used for this model is that the distribution
coefficient is uniform throughout the model area. This is certainly not true for the real
aquifer; however, there are no data available on the spatial variations of Kg4, thus
necessitating the use of a uniform value. Perhaps better model fits could be forced by
varying the K spatial distribution in the model, but this was not justified by data on hand.

The 1972 08¢ pattern is more complex to match because of changes in discharge and
local heterogeneities in the aquifer. If there were no sorption involved, the 90g; plume
would be much larger in area (similar to tritium) than is indicated.

The data indicate no 9OSr plume from TRA. Presumably, this is because no detectable
quantities have yet penetrated the lithologic column between the disposal ponds and the
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aquifer. The present model is only for wastes in the Snake River Plain aquifer and does not
include vertical transport from the TRA ponds to the aquifer.

3. FUTURE PROJECTIONS

With these successful tests, the model was accepted as a useful tool for estimating
future projections of waste distribution in the aquifer. It should be noted that a true
verification of the transport model is not possible at this time without fully verified input
parameters. However, the future behavior of waste in the aquifer is dependent on future
hydrologic and waste disposal conditions, which cannot be predicted and must therefore be
assumed. The biggest hydrologic variable is recharge from the Big Lost River, that in some
years may be highly significant. Other unpredictable conditions are discussed below. Several
future projections up to the year 2000 have been made for chloride, tritium, and 90gy
under various conditions with good results. Because the grid network for the verification
model (Figure 6) is too limited in area to make long-range projections, an expanded version
was adapted for future projections (Figure 16). Future projections were made by using a
current field-verified distribution, such as shown in Figures 3, 4, and 5, for the initial
starting conditions.

There has been a tendency in recent years to reduce or discontinue NRTS waste
disposal to the aquifer. If it is assumed that waste chloride discharges were discontinued in
1973, the simulated 1980 distribution of the previously discharged chloride is shown in
Figure 17a. For comparison, Figure 17b shows the projected chloride distribution for 1980,
assuming waste discharge continues at current rates. Both projections (Figures 17a and 17b)
assume no future recharge from the Big Lost River. Figures 17a and 17b indicate that large
changes in disposal rates have no significant future effects on the southern end of the plume.
The chloride in that part of the plume consists of the older previously discharged chloride.
Significant effects are, of course, obvious in the northern part of the plume if major changes
occur in the chloride discharge rate.

Figure 17c is the 1980 chloride projection, assuming waste discharge stops in 1973
and the river has significant recharge in odd numbered years. In comparing Figure 17a to
17c, it is apparent the simulated major recharge from the Big Lost River during alternate
(odd-numbered) years does not have a major effect on the 1980 chloride distribution.
However, there are some apparent resultant shifts in concentration lines. The simulated
recharge amounted to a total of about 130,000 acre-feet (1.6 x 108 cubic meters) per year
which is about one-half the 1965-66 recharge. The simulated recharge was distributed so
that 73,000 acre-feet (9.0 x 107 cubic meters) infiltrated the NRTS diversion areas, near the
Burial Ground (Figure 16), and the channel upstream from there to the NRTS boundary;
12,000 acre-feet (1.4 x 107 cubic meters) infiltrated the channel from the NRTS diversion
area downstream to the NRF bridge; the remaining 45,000 acre-feet (5.5 x 107 cubic
meters) infiltrated the channel and playas downstream from NRF (see Figure 2).
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Tritium displays similar patterns to those of chloride (Figure 18). However, tritium is
discharged in relatively higher quantities than chloride at TRA, so that the western part of
the tritium plume is more prominent than that for chloride. Strontium-90 continues to
display a much more limited migration by 1980 than chloride or tritium (Figure 19) because
of sorption.

Projections for chloride, tritium, and 90Sr have been carried out to the year 2000 for
various conditions. Examples are shown in Figures 20, 21, and 22. Over a long period, the
effects of radioactive decay become more obvious. The southeastern part of the tritium
plume, for instance, becomes relatively more dilute than the chloride plume for the year
2000 (compare Figures 20a and 21a). However, the general areal extent of the tritium
plume remains similar to that of chloride, except for the western TRA part mentioned
above. Recharge from the Big Lost River tends to accelerate the southerly movement of the
plume and divert it more to the southeast as shown on Figures 20a and 20b.

Caution must be exercized in interpreting future projections. The longer the
projection, the more subject to error it is. In this case study, one source of error is vertical
dispersion. For short-term projections it is probably insignificant, but for longer ones
{perhaps 25 years) vertical dispersion may become very significant. In that case, the actual
extent and concentration of a plume would probably be less than those shown by the model
projections.

There are also other factors which limit the accuracy of future projections. These
include errors in estimated or fitted distribution of transmissivity, porosity, distribution
coefficients, and dispersivities. In addition, the parameters fitted for the historically
observed waste-plume areas may not apply as well to the areas the plumes will occupy in the
future. Large increases in the future withdrawals of water from the aquifer could change its
hydraulics significantly from those assumed. The completion of new wells in the future will
undoubtedly yield new hydraulic and waste-solute information which could change present
concepts of the aquifer-waste-transport system. However, even with these limitations, the
model appears to be useful for estimating general patterns of future waste distributions.
Ultimate validity of the model will be shown only after many years when the presently
projected future migration patterns can be compared to actual observed patterns.

The model, or variations thereof, can be used to study many other hydrologic and
solute transport problems, both real and hypothetical. For example, the effects of an
accidental release of waste to the aquifer due to a hypothetical catastrophic event might be
studied. Any number of hypothesized future conditions might be analyzed using the model;
therefore, no attempt was made to include them all in this study. However, any problems of
particular interest could be studied in the future, if desired.
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