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SUMMARY

A model assessment was made to evaluate contaminant transport to ground
water from clay-lined and partiaily-lined pits containing uranium mill tail-
ings. The assessment invoived combined subsurface fluid flow and contaminant
transport modeling of four alternatives for controiling seepage from buried
tailings. The input hydrologic soil characteristics were measured on mate-
rials typical of those found at the Morton Ranch uranium mill site in central
Wyoming, The assessment included combined saturated and partially saturated
flow and contaminant transport models for two-dimensional vertical, cross sec-
tions typical of the tailings burial pits proposed for use at Morton Ranch.

The results obtained from the models were the contaminant flow paths away
from the tailings pits, the advancing contaminant flow fronts for various
sorbed and non-sorbed constituents of major environmental concern, and the
associated quantities of contaminant flow for each of the alternatives. These
results enable us to compare the environmental consequences of the four alter-
natives. It was also possible to gain considerable insight about combining
the beneficial alternatives to gbtain the best overall method for controlling
seepage from the buried pits.

The four alternatives we considered to minimize seepage of contaminants
from buried mine tailings included:

1) Placement of saturated tailings in a covered pit with a clay liner in the
bottom, but no side liners,

2} Placement of dewatered tailings in a covered pit with clay bottom liner,
but no side liners.

3) Placement of saturated tailings in a pit having a clay bottom Tiner, no
side Tiners, and drains to facilitate pumping of drainage solution from
sumps placed above the bottom clay liner.

4) Placement of saturated tailings in a pit with both bottom and side clay
liners.



A1l four alternatives might be interpreted as being based upon a premise or
goal of isolating and containing the drainage solution through use of clay
Tirers, Such a goal is never realized, however, because clay, like any other
Tiner material, always has a low rate of seepage which allows losses to occur
over extended time periods. Accordingly, complete containment is not a goal
that can be realized; rather the goal is to economically minimize the detri-
mental environmental consequences of seepage.

The first alternative — the one with no side wall liner — is the most
economical of the four but it is the least effective for minimizing environmen-
tal consequences. The undesirable environmental effects come from excessive
seepage out of the pit side walls; however, the study results conclusively

show that seepage is not uniform over the entire height of the side wall. In

fact, the model results demonstrate that seepage into the upper 70 to 80% of

the side wall results in few if any detrimental effects. The greatest seepage

occurs at the bottom, i.e., near the intersection of the bottom clay liner

with the side wall. At higher and higher levels on the side wall, the contami-
nant seepage diminishes and becomes insignificant. The negligible effects
higher on the side wall are explained by the well-established nonlinear theory
for partially saturated flow,

These results have important implications for considering management
alternative No. 4, which uses clay liners over the entire side wall height:
Little or no actual environmental benefits result from placing clay on the
upper 70 to 80% of the pit side wall. Therefore, 1ining the entire side wall
with clay is economically wasteful and should not be done,

Alternatives No, 2 (dewatered tailings) and No. 3 (using drains in the
tailings) emphasize reducing the actual volume of fluid available for seepage
from the pits coupled with using a bottom clay liner to minimize vertical
seepage from the much larger bottom area of the pit. Both of these alterna-
tives significantly reduce the detrimental environmental consequences as com-
pared to alternative No. 1.
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A comparison of sulfate peak loss rates for alternates No. 1, 2, and 3
shows the merits of reducing the volume of fluid potentially available for
seepage from the pits. Alternative No. 1 (with no attempted fluid reduction)
had a peak outflow rate of 383 kilograms per day per lineal meter of pit
length. Alternatives No. 2 (dewatered tailings) and No. 3 (instalied drains),
both of which reduce the fluid volume for potential seepage from the pit, had
maximum rates of 3.2 and 2.2 kg/day/m, respectively. These results represent
more than a 120-fold reduction in peak sulfate outflow for dewatered tailings.
When a drain is placed in the tailings above the bottom clay liner, the reduc-
tion is more than a factor of 170. Reductions of this magnitude indicate the
significant benefits of reducing the fluid volume in the tailings as a means
of controlling contaminant seepage from the burial pits.

The sulfate, which moves with the tailings water, was found to be the
most envirommentally harmful leachate constituent in the tailings solution,

Other chemical and nuclide constituents of lesser concern, viz. 120Pb,

238U, and pH, were considered in the transport analysis, Each of these con-
stituents was evaluated in terms of the distance of movement of the contaminant
front away from the pit with time. The acid front represented by a pH value

of 2.2 was determined first, since the sorbtion distribution factor (Kd) of

the lead and uranium was very strongly dependent upon the pH. Also, the sorb-
tion distribution coefficients of 230Th at pH 2.2 was so similar to 238U

that only the 238U transport analyses were made, In all cases, the front
advance for these contaminants simply reconfirmed the results already presented

for the control alternatives as shown by the sulfate results.

The best contaminant seepage control would be provided by combining the
most desirable features of the four alternatives considered in this study., In
addition to the accepted covering procedure already proposed we recommend:

1) Provision of a bottom clay liner placed at least 3.05 m (10 ft) above the
regional water table and not less than 0.91 m (3 ft) thick;
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2) Provision of stub clay side liners only part way up the pit side wall to
form a saucer-shaped bottom and side liner for the pit;

3) Installation of a network of gravity drains and pumping sumps with the
drains in the tailings sufficiently above the bottom clay liner to pro-
vide very effective drainage of the tailings;

4) Pumping of tailings drainage effluent from the sumps during filling of
the pit with tailings and as required for the first 6 to 8 months after
the filling is completed.

The tailings placed in the pits could be either dewatered or saturated, pro-
viding, of course, that adequate drain and pumping capacity are provided for
the wetter saturated tailings. If tailings were slurried into the pit, perhaps
separate decant sumps should be used, or extreme care must he exercised to
assure that the tailings underdrains would not be clogged by settliement of
decant-carried sediment in the sumps.

It is important to realize that there is a trade off between the height
to which the side liners must be placed in the pit wall and the effectiveness
of the underdrainage system. The effectiveness of the drain alternative found
in this study, when no side liner was present to give a saucer effect, hints
that only small side liner heights may be required.

Additional studies, however, will be required to determine the exact side
liner heights needed to #nsure acceptable minimum contaminant seepage in the
most economical way. Specifically, further study of various soil materials
and other pit configurations using the combined approach of lining and reduc-
ing tailings water {as proposed above) will be necessary. Companion field
observations should be conducted during implementation of the proposed manage-
ment practices at Morton Ranch in order to check, verify, and improve upon the
disposal control practices. In this way, it will be possible to reduce the
cost of disposing of contaminant seepage 4nd better assure adequate disposal
methods for uranium tailings in burial pits,
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1.0 INTRODUCTION

GENERAL

The advantages of returning uranium mill tailings to the pits excavated
during surface mining operations are being more widely recognized and utilized
to minimize any undesirable environmental effects. Particularly notable among
the benefits is the better control of radon gas emission through appropriate
mill tailings burial, This advantage alone warrants burial of the tailings,
Also, through burial of tailings, the mined-out site is returned to nearly the
original topography and vegetative habitat. A1l of these benefits are being
included in the planning of the mining and milling operations at the Morton
Ranch Site in Converse County, Wyoming.

As plans are made for the burial of the tailings in pits, (as opposed to
using conventional tailings ponds above the ground surface}, concern arises
about the potential for contaminant seepage from the buried tailings. Disposal
in the mined out pits places the tailings nearer ground water and may lead to
ground water contamination. However, through appropriate construction opera-
tions and placement practices, the possibilities for subsurface contamination
may be reduced to acceptable levels.

PURPOSE

The purpose of this study is to examine potential ground water contamina-
tion by seepage from buried tailings under four alternatives of clay liners
and tailings placement, which have been proposed for possible use at the Morton
Ranch Site, To accomplish this comparison of alternatives, Taboratory work
and numerous measurements were made on materials typical of the Morton Ranch
Site. These measurements provide the soil characteristics necessary for input
to the hydrologic flow and transport models.

The results obtained from the flow and transport models allow direct com-
parison of the environmental consequences of the four seepage control alterna-
tives. When the probable environmental consequences are known, the construc-
tion, operations and maintenance costs can be considered to enable selection
of the best overall alternative for use at the Morton Ranch Site.



ORGANIZATION OF REPORT

Section Z presents an overview of the geologic setting of the Morton
Ranch Mill Site. Also considered are typical burial pits at the site, the
construction practices proposed and disposal practices considered by the
Morton Ranch Site management as most useful for handling the tailings. Many
of these practices are widely accepted as the most desirable way to proceed
and need not be considered in more detail. However, other management aspects
may involve several alternatives that must be assessed in terms of their
environmental consequences.

Section 3 describes the alternatives that wiil be modeled, including con-
sideration of net or element configuration, relative location of the various
materials, appropriate boundary conditions and initial conditions. Laboratory
measurements on materials typical of Morton Ranch are also presented.

Section 4 gives an overview of the flow modeling process and summarizes
flow results and their use in the subsequent pathline and transport analysis
steps. The bulk of the flow data is presented in the Appendix, which includes
1} a description of the methods used to measure soil characteristics, 2) the
measured soil charateristics, and 3) the intermediate results of the flow
analysis, namely, the moisture content distribution sequences. Although they
are important findings that aid in better understanding the four management
alternatives, the moisture distribution sequences are only used incidentally
in the course of the subsequent transport analysis.

Section 5 describes the study's flow path modeling approach for water
coincident contaminants, and elaborates on the FLUX and MILTVL computer codes
developed in the course of this research. The way in which the flow path
mode1s provided arrival distributions is also described; and the arrival dis-
tributions are used to compare worst-case sulfate seepage rates over time for
each management alternative.

Section 6 describes the contaminant transport accounting for the delay of
specific species due to the pH buffering capacity of the materials and the
sorbtion of specific isotopes (238U, 230Th, and 210Pb). Section 6 also
shows how the FLUX and MILTVL models were used to obtain data about the move-

ment of the pH and contaminant fronts away from the tailings burial pit,
























































































































































































































