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ABSTRACT

Model simulations identify the rate and amount of leachate released to the
environment if disposed uranium mill tailings come into contact with ground
water or if seepage from tailings reaches ground water, In this study,
simulations of disposal above and below the water table, with various methods
of leachate control, were compared. Three leachate control methods were used
in the comparisons: clay bottom liners; stub-sidewall clay tiners; and tailing
drains with sumps, with the effluent pumped back from the sumps. The best
leachate control for both above and below the water table is a combination of
the three methods. The combined methods intercept up to 80% of the leachate
volume in pits above the water table and intercept essentially all of the
leachate in pits below the water table. Effluent pumping, however, requires
continuous energy costs and an alternative method of disposal for the leachate
that cannot be reused as makeup water in the miil process. Without the drains
or effluent pumping, the clay bottom liners have little advantage in terms of
the total volume of leachate JTost. The clay liners do reduce the rate of
leachate flow to the ground water, but the flow continues for a longer time.
The buffering, sorption, and chemical reactions of the Teachate passing
directly through the liner are also advantages of the liner.
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EXECUTIVE SUMMARY

Problems associated with the disposal of uranium mill tailings in below-
grade pits located above and below the water table were studied by Pacific
Northwest Laboratory {PNL) through model simulations of ground-water flow and
transport. In this study, sponsored by the U.S, Nuclear Regulatory Commission
(NRC}, we simulated and analyzed cases of tailings disposal in below-grade pits
above the water table and compared these results with similar simulated cases
for disposal below the water table. Thus, we were able to build on the
already-accumulated experience for pit disposal above the water table to allow
greater understanding of disposal below the water table, that is, greater
understanding of leachate losses to the environment and of the benefits of
various leachate control methods.

Three cases of pit disposal above a lateral water-table gradient were
considered. (A fourth case, in which the disposal pit was located above a
horizontal or static water table, was considered as an index to previous
studies in this area.) A different leachate control method was used for each
of the first three cases. In the first, or reference case, saturated sluiced
tailings were in an unlined pit above the water table. The second case
involved the same pit, with a clay bottom liner added. The third case provided
5ti1]l more teachate control through stub-sidewall clay liners and drains in the
tailings above the bottom clay liner, with the drainage effluent pumped from
the pit.

The volume of tailings leachate entering ground water from the pits above
the water table was 100%, 97.2%, and 20.9%, respectively, for the reference
unlined pit, for the pit with the clay-lined bottom, and for the pit with the
clay~tined bottom and stub-sidewalls, with pumped drainage effluent. The 75 to
80% decrease in leachate that enters the ground water as a result of the
pumping from the drain sumps in the third case is significant.

The corresponding jeachate losses to ground water for the below-the-water-
table cases were 142.7%, 135.6%, and essentially 0%, based on the 100% loss for
the above-the-water-table reference case. Some of the tailings pore sclution
in this reference case is retained by capillary forces. The greater leachate
Josses to ground water for the first two cases below the water table (142.7%
and 135.6% compared to 100% and 97.2%, respectively) are a result of the ground
water flowing through the tailings. The ground water effectively sweeps all
the initial pore solution from the tailings. These leachate losses, we must
remember, represent the leachate volume that is physically swept from the
tailings by the ground water flowing through, and do not inciude the longer-
term leaching associated with chemical interactions between ground water and
tailings. Without experimental analyses of these chemical interactions, we
mist assume worst-case situations to assess the overall consequences of
Teachate Toss to the environment. Growing evidence suggests that the
detrimental consequences found are often a direct result of these worst-case
assumptions.
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On the other hand, essentially no leachate was lost to ground water when
the leachate contro} methods were combined in the below-grade disposal pit.
This combination, however, requires that as the ground water enters the
tailings and reaches the drains, extra water be pumped from drains. In fact, a
289.7% volume of fluid (about 2.9 times that of the reference case) must be
pumped from the pit drains to assure that leachate will not be lost to ground
water, In all of the pumping situTtSOns the cost of pumping over time periods
of from 1 to 10 years is a factor. a) Also, if the pumped fluid is not used as
process makeup solution, it must be disposed of in an environmentally safe
manner.

This study supports eariier work concerning the effectiveness of pumping
from drains in pits above the water table to reduce leachate seepage from
tailings into ground water. We also found that control by pumping from
tailings drains in disposal pits below the water table is even more effective
{no leachate loss to ground water, compared to 20.9% Toss from pits above the
water table) because greater head drawdown is possible under saturated flow
conditions,

(a) See Table 3 for more spedific pumping-time results.
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INTRODUCTION

Depositing uranium mill tailings in the pits excavated during surface
mining operations lessens the undesirable environmental effects of the tailings
(NRC 1980). MWhen open mine pits are not available, tailings can be buried in
specially constructed pits {Scarano 1980). The advantages of better radon
control and of returning the mine site to nearly the original topography and
vegetative habitat may warrant such burial {as opposed to storing tailings in
ponds above the ground).

On the other hand, buried tailings could contaminate the enyironment. In
particular, drainage from slurried tailings and seepage through the tailings
disposal site may contaminate ground water, Appropriate construction practices
and control methods, however, should reduce the possibilities for ground-water
contamination and, in some cases, essentially eliminate detrimental effects
(Nelson, Reisenauyer and Gee 1980).

To identify effective and economical control methods, we must be able to
assess and analyze their potential effects (beneficial and harmful)., The
needed analysis involves two techmical areas. First, the amounts, rates, and
flow paths of the water are analyzed because water transports the leachate
solute through and away from the tailings pit. Second, the chemical
interactions of the solute with the taitings, liner materials, and soil
materials are identified to estimate the ultimate quality of the ground
water., These evaluations are important because only those parts of the
subsurface system where the solute is conveyed by the ground water can be
affected. On the other hand, an evaluation of potential subsurface
cantamination resulting from the disposal of tailings below the water table is
unrealistic if chemical buffering capacities, precipitation, and exchange
reactions along the transport pathway are ignored.

In this study we used model simulations to focus on the fluid flow and
water transport features of tailings disposal in pits above and below the water
table, Our emphasis is on evaluating the effectiveness of various methods to
control fluid flow, as applied above and below the water table. The control
methods analyzed include clay bottom liners; clay stub-sidewall liners; and
drains installed above the clay liners, with pumping of the drainage effluent
From the pits,

We defined reference cases (typical disposal situations) for above the
water table and then compared the simulations of various modifications for
helow the water table to these reference cases. These generic reference cases
are based on a typical pit cross-section and the soil material charcteristics
are based on data representative of the proposed Morton Ranch Uranium Mill Site
in Converse County, Wyoming. [See Nelson, Reisenauer and Gee (1980} for a site
description.] The stratigraphy and material hetercogeneity of the cases
selected were uncomplicated, to help us determine relative overall performance
for tailings disposal above and below the water table. The values from this
study should be used for overal)l comparisons between various disposal
alternatives, not for detailed interpretations of any stratigraphic or
heterogeneous system.



Seven cases are discussed in this report:

e [isposal Pits Above the Water Table

Case l--{reference case), saturated tailings are contained in an
unlined pit with no drains, above a sloping water table,

Case 2--similar to Case 1, but with a clay liner in the bottom of the pit.
Case 3--similar to Case 2, but with clay stub-sidewall liners and
drains with sumps added, so the drainage effluent is pumped
from sumps.
Case 4--similar to Case 3, but with a static or level {rather than a
sloping) regional gradient through the vertical cross-
section.

o Disposal Pits Below the Water Table

Case 5--the same as Case 1, but with the water table raised 27.4 m
(90 ft). (A more detailed tailings leaching analysis is
provided for this case.)

Case 6--the same as Case 2, but with the water table raised 27.4 m
(90 ft).

Case 7--the same as Case 3, but with the water table raised 21.3 m
(7D ft).

This report begins with a discussion of techniques we used to simulate and
analyze the seven cases that are presented in this study. Next, the four
disposal situations above the water table are described and discussed. These
anaiyses are followed by a discussion of the three disposal cases below the
water table. Finally, we compare and contrast the overall results of the fluid
control methods simuiated.



CONCLUSIONS AND RECOMMENDATIONS

The best control of leachate from uranium mill tailings in disposal pits
ts provided by a combination of a clay bottom liner, clay stub-sidewall liners,
and tailings drains with pumping of the effluent. As much as 80% of the total
leachate volume that otherwise would enter ground water from disposal pits
above the water table is intercepted by this combination of control features.
Model simulations of pits below the water table with the same control
combination showed essentially complete control of leachate losses. Pumping of
the effluent, however, involves continuing energy costs and reguires an
alternative method of disposal of any leachate that cannot be reused as mill
process makeup water.

When no drains or effluent pumping are involved, the clay bottom liners
are less useful. They do reduce the leachate outflow rates, but the leachate
continues to flow out over a much longer period of time,resulting in
essentially the same total cutflow volume of leachate. This pattern is about
the same for disposal both above and below the water table, even though more
leachate enters the ground water from disposal pits below the water table.

Although our analysis of the fluid flow and leachate seepage control is
realistic and has provided meaningful results, two related areas of serious
technical deficiency remain in our assessment of the fate of tailings
leachate, The first concerns the limited laboratory experimental column
studies to determine the change in leachate composition as ground water seeps
through tailings. Closely related is the need for experimental column studies
on tailings leachate that percolates through coarser natural soils. The
reutralization, chemical interactions, and sorption effects on the column
effluent concentrations, and also the precipitation-mineralization effects in
the column should be known.

Second, we need an appropriate capability to analyze transport, which
includes the analysis of sorption, chemical speciation, precipitation, and
dissolution reactions for tailings leachate percolating through natural
materials. Without such experimental results, coupled with the capability to
anailyze combined hydrologic transport and chemical interactions, we either
cannot do the appropriate analyses or we must assume worst-case situations to
assess the overall consequences. From this project and from related NRC
research underway at PNL, evidence suggests that the detrimental consequences
found are often a direct result of the worst-case assumptions that have been
made. Specifically, if transport with chemical speciation, precipitation, and
dissolution effects could be realistically analyzed, many of the currently
predicted detrimental consequences would probably disappear.





























































































































































































































































































































































































