"N

CoNF- wdoaus - -9

- THE EFFECT OF DRAINS N THE SEEPAGE OF CONTAMINANTS
FROM SUBGRADE TAILINGS DISPOSAL AREAS*

CONF-840245--9
DES4 007521
A. J. Witten

F. G. Pin
ENERGY DIVISION

R. D. Sharp
" COMPUTER SCIENCES DIVISION

Oak Ridge National Laboratory
Oak Ridge, Tennessee 37830

*Research sponsored by Low-Level Waste Licensing Branch,

U.S. Nuclear Regulatory Commission under Interagency

Agreement No. 40-1349-83 with the U.S. Department of Energy,
under contract W-7405-é.g~26 with the Union Carbide Corporation.

i Misiy

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Covernment nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

. - P

DISTRIBUTION OF THS BOCUMENT (5 UﬁLMTEH



“n L]

THE EFFECT OF DRAINS ON THE. SEEPAGE. OF 'CONTAMINANTS
FROM SUBGRADE TATLINGS DiSPUSAL™AREAS

by
- - . A.J. Wittenl, F. G. P1n, and R. D. Sharp
ABSTRACT o=

A numerical simulation study is performed to investigate the influ-|. ..
ence of ponded water and a bottom drain on the pathways for contaminant
migration from a subgrade uranium mill tailings disposal pit. A numeri-
cal model is applied to, a generic disposal pit constructed with a bottom
iclay liner and steep uniined sidewalls. The migration of a two-contami-
inant system is modaled assuming that neither contaminant decays and only| -
:one contaminant is retarded. Two dominant pathways are identified; one
lassociated with lateral sidewall leakage and the other associated w1th
'transport through the hottom clay liner. It is found that.the drain
serves to reduce migration through the” sidewall which, “in turn, prevents
the retarded contaminant from reaching the aguifer. The ponded water
nrovides increased head which causes an accelerated vertical movement of
moisture through the clay liner. .

INTRODUCTION

There has been considerable recent interest among the uranium
mining and milling industry. as well as state and federal regulatery
agencies in developing both new methods for the subgrade disposal of
mill tailings and advanced technigues for evaluating the performance of
new and current disposal methods. This interest is motivated by the
need to isolate the mill tailings from aquifers, which exist below the
- tailings pit, in order to preserve the quality of the groundwater.

In some cases, clay liners have been used to impede the vertical
migration of contaminants. These Tiners-can be either flat-bottomed or-
saucer shaped but slope requirements and stability consideraiions usual-
1y make fully-lined sidewalls costly or impractical. In order to pre-
vent the migration of contaminants through the sidewall, several bottom
pra1n configurations tave either been proposed or installed at a number
of disposal facilities. Recent monitoring studies (Hoffman et al.

1982) indicate that acquifer contamination may occur in the v1c1n1ty of
ithe disposal pit very soon after inpitiation of tailings disposal. This
$1nd1ng is contrary to predictions based upon conventional one-dimen-
isional, analysis and suggests that either the bottom liner has failed or ;
unanticipated sidewall leakage has occurred. .

1. Witten, A. J., F. G. Pin, amd R. D. Sharp, Oak Ridge National
Laboratory, 0ak .Ridge, Tennessee [
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. In a two-dimensional numerical simulation of a. bottomed-lined sub-
grade disposal pit, Pin et al. (1983) have shown that rapid groundwater
contamination can occur as a result of the migration of moisture across
ithe pit sidewall with the subsequent vertical movement through a very
narrow region down to the aguifer. This saturated region, called the
“by=pass region", exhibits high hydraulic conductivity and thus offers 4
preferential pathway for the migration of both unretarded and ietarded
contam:nants from the pit to the aquifer.

The work presented here is an extension of the study of Pin et al.
(1983), and includes an examination of the effects of a.botton drain
extending around the perimeter of the pit and ponded water in the pit
center. - The model disposal area consists of an open pit excavated in a
uniform geologic medium. The pit is equipped with a 0.4 m (1.25 ft)

the bottom of the pit. The gradual disposal of tailings is assumed to
‘take place over a one year period. and is represented in the model by the
introduction of discrete layers at regular time intervals. The contami-
nated wastes enter the it as a slurry (i.e., with water in excess of
that required to maintain the tailings at saturation). The migration of
foisture and contaminants within this.system is simulated to investigate
‘the influences of a drain and ponded water on aqu1fer contamination
resu]tlng from both bottom and sidewall leakage. e e e

g PROBLEM FORMULATION -
i

! Numerical simulations are performed on the two-dimensional vertica!l
cross-section, shown in Fig. 1, which represents a typical subgrade mill
tailings disposal area possessing both a bottom drain system and & bot-
om clay “liner. The tailings are -surrounded by a homogeneous sandstone
formation with a static aquifer occurring in the lower 1.125 m-{3.75 ft)
bf the study region. For comparative purposes, the dimensions, layout,
End material properties, apart from the drain, are identical to those

onsidered by Pin et al. (1983).. The hydraulic conductivity of the i
rain material is assumed to be 1ndependent of pressure, hav1ng a con-
stant value of 9.1 x 10-2 cm/sec (9.5 x 104 ft/yr), which is approximater
1y 3 orders of magnitude greater -than ‘the saturated conductivity of the
tailings.  The drain material is assumed to desaturate almost instanta-
heous 1y when the capillary suction pressure reaches 0.01 m (0.03 ft).
In this study, all materials arée assumed to have isotropic properties.

The migration of moisture and contaminants are simulated using the
MIGRAT computer code (Pin et al., 1983) which' numerically solves an
integral form of Richards' equation and the diffusion eguation on compu-
tat1on cells having an arbitrary number of sides. The final grid system
psed for the simulations performed here is the same as that used in P1n
et al. (1983). . _ : 3
3 In order to include the effects of the filling process "in the nndel
E1mu1au1ons, tailings are added “in six discrete layers with.a layer of
a111ng added every 60 days to approximate a continuous rate of f1111ng
Jt is assumed that these wel tailings are introduced into the pit by
means of a sidewall discharge directed towards the center of the pit. !
It is also assumed that the emplaced tailings' slurry contains about 40%

-

thick liner with a horizontal water .table present 2.67 m (8.75 ft) below .
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lore water_than would be required to satyrate the tailings, The excess
water forms a pond in the center of the pit. This ponded water is
represented -in the.numerical calculations by imposing a.constant head
boundary condition at the upper right corner of the tailings.. The spe-
c1f1ed head va]ue is taken to be the e]evat1on of the top of the ta111nd

each.additionof — . . .
tailings. It is further assumed that 90% of the excess water is ultima-
tely removed from the pit via decant line to an evaporation pond or ’
direct “evaporation from the pit. The remaining 10% leaves the pit
through the drain or through bottom or sidewall leakage. During the
course of the:simulations, the excess water flux is -computed and moni-
tored. When the total volume of water which has entered the pit reaches
the prescribed .level, the constant head boundary is removed.

‘In order to minimize the pcotential for the m1grat1on of moisture
from the tailings through the sidewall, a drain is located above the
Llay liner adjacent to the sidewall (F1g 1}. 1In the calculations, the
drain behavior is assumed to be ideal (i.e., no clogging. no pump
failure, etc}. It is simulated by the selection of appropriate material

roperties and a constant head condition imposed at the drain cell equal
ko the elevation of the drain node. .

.

Two non- decay1ng contaminants are_cgnsidered in the. simulations.
Contaminant 1 is taken as a non-retarded contaminant with a constant
istribution coefficient equal to 0 in all materials. This contaiinant
const1tutes a marker for the moisture fronts created by leakage from the
a111ngs area and a tracer for the migration of contaminated water
khrough the unsaturated zones. Contaminant 2 is given.a constant dis-
ribution coefficient of 3.0 in all materials. Equivalently, its retar-
gation factor is about 18 (at saturation) or higher (in unsaturated
Etate) in the clay liner. To emphasize and better show the role:. and
onsequences of both the advective transport and the non~linear retarda-
ion phenomena in unsaturated media. the constituents are assumed non-
tspersive, This assumption has.no effect on the pressure field or the !
moisture migration pattern. Its effects are on the patterns of concen- i
tration only, mainly in the frontal zones of contaminant migration, and
remain small compared tc ‘“he retardation phenomenon effects. In a quan-!
itative field modeling study, this assumption in fact corresponds to |
he worst (undesirable), but st111 probable case of advective transport |
hrough channelized areas with no or little dispersive capacity. The 1
ontaminants are leaching out of the tailings with a uniform concentra- g
i
}
{

ion Cy. No initial contamination is assumed to exist in the host
aterial or in the saturated zone below the water table. The results
hre displayed in terms of the non-dimensional concentrations, C/Co.

RESULYS Co

i Figures 2 and 3 show percent saturation and concentration of Con~ |
taminant 1 360 days after the initiation of pit filling and 60 days af- '
fer the emplacement of the last layer of tailings. At this.time the pit.
s two-thirds full. The effect of the drain in dewatering the tailing |
€an be seen in the plot of saturation contours (Fig 2). In the absence :
of the drain, the material in the pit would be at or near saturation
everywhere___The presence of the drain has produced a "draw-down curve" |
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in the pit which results in a. reducpd horizontal head grad1ent near tne
Eydewall. -1t should be notea‘ﬁ6VEﬂRﬁ’1ﬂT’E“‘ETfTGU"ﬁ‘FEUUCEd"thE‘mU1S“
ture content in the pit adjacent to the sidewall is greater than that in
the nearby sandstone so that some moisture is expected to migrate
thréugh the sidewall. The movement of moisture from the p\t thraugh
the:sidewall and through the bottom clay liner céan be seen in the con-
tours of concentration of contaminant 1 (Fig. 3). Th1S Shows Lhat Some
moisture has passed through the sidewall and a concentration gradient
has developed in the liner. The moisture front has advanced further in
the liner below the center of the pit (the right side of the plot) as a
result of the pressure produced by the ponded water. A noich exists in
the contours directly below the drain since the drain prevénts the ver--
tical ftow of water into the liner below. This figure also shows a
kmall region of elevated concentrations near the corner of the pit.

This .feature represents the early stage of the by-pass phenomenon (Pin-
et al., 1983) caused by moisture migration through the sidewall produc-
ing a narrow region of saturation and an associated higher hydraulic
condurtivity., At this time no significant concentrations of contaminant

P have occurred outside of the pit,

: Predicted concentrations of contaminant 1 after 500 days of simula-
¢1on time (100 days after the constant head/ponded water boundary condi-
‘t1on was removed) are shown in Fig. 4.. This figure shows two frants
iadvancing into-the sandstone below the™pit, ‘one associated with the by-
Lass phenomenon and the other a . result of water movement through. the
“lay liner. During earlier times in the simulation, the by-pass reglon
as developing slowly so that transport through the liner was the major
athway into the 'sandstone. At this time, the by-pass region is at or
rear saturation and has a higher hydraulic conductivity than the satur-
ated clay liner. Furthermore, the absence of the ponded water has ’
erved to reduce the force causing migration through the liner with the
et result be1ng that the dominant transport mechanism has changed The
y-pass region front is now advancing faster than the front associated
ith the transport through the clay liner. After 500 days, no signifi-
cant concentrations of contaminant 2 is predicted outside of the pit.

Saturation contours at-600 days (Fig 5} show continued dewatering
f the tailings in the pit along.with two new features. The first fea-
ure is the groundwater mound evident below the center indicating that
oisture passing through the clay liner has reached the aquifer causing’
Tocal rise in the water table. . The second feature is the set of
etached concentric contours in the by-pass region which is evidence of
ithe onset of desaturation of the sandstone near the pit sidewall and the
dge of the clay liner. This is a result of both the decreasing mois-
ture content in the tailing caused by the operation of the drain, and
ithe general broadering of the by-pass region so that more water can move;
through the by-pass region than is migrating through the pit sidewall.
Contours of concentration of contaminant 1 (Fig. 6) shows "marked" water:
reach1ng the aquifer; however, there is still very little migration of .
Fhe retarded contaminant. x ‘
§ Saturat1ons contours &t 2000 days are shown in Fig. 7. While some .
excess moisture remains in the tailings, only a small region is fully
saturated. Although the migration of moisture out of the pit has been f

it
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vaning since about day 600, as evidenced by i‘he apparent- absence of the
by-pass region, considerable moisture has moved vert1ca11y auring the
intervening 1400 days. This has .produced a uniform increase-of about
D 3.m (1 ft) in the water elevation. Contaminant 1 conéentrations shown
in Fig. 8 reveal that the non-retarded contaminant: has reached the

ter mound below the liner and that the contamination is spread-
ing laterally away from the mound and the by-pass region. <Contaminant 2] -
(Fig. 9) has not yet passed through the clay liner -while only a small
amount -appears in the upper portion of the by—pass region.

Computer simulations were terminated at day 10,000.. -After day
2000, small changes occurred very slowly. At 10,000 days the tailings
were almost completely dewatered. The water table increased slightly
pver the level predicted at 2000 days. Contaminant 1 showed more lat-
eral .spreading; however, concentrations of the retarded contaminant,
contaminant 2, showed no s1gn1f1cant change from that predicted at 2000
days. . .

CONCLUSIONS AND RECOMMENDATIONS
f The results of the simulations indicate a significantly different
performance of a disposal pit as a result of the incorporation of a
botom drain. Although this study reveals that the same: phenomena:exist
as in the case-without thé drain and ponded water (Pin’et al., 1983),

he migration of moisture and contaminants exhibit 1mportant quant1ta-

ive differences.

The pressure head resulting from the ponded water increases the
flux of moisture through the clay Tiner. However, the clay liner was an
2ffective barrier to the ' -tical migration of the retarded contaminant.

Far more migration thro > Tliner could occur if the adverse £ffects
of the pondec water were * least in part, offset by dewaterwng
ithrough the drain. The drain 30 served to minimize the migration Tlat-

erally through the sideall, which leads to the by-pass phenomenon, by
reducing the horizontal gradient across the sidewall. It should be
moted that, while the drain can greatly reduce the head gradient at the
sidewall, and in this case served to prevent the retarded contaminant
from reaching the aguifer, this gradient cannot be eliminated. Until
the pit is comp - tely dewatered, .there will always be excess moisture in
the tailings which will migrate through the sidewall.
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Figure 2. Contours of constant percent”
saturation after a simulation time of
360 days.
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Figure 3. Contours of constant relative
concentration of contaminant 1 after a
simulation time of 360 days.
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Figure 4. Contours of constant relative
concentration of contaminant 1 after a
simulation time of 500 days.
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Figure 5. Contours of constant percent
saturation after a simulation time of

600 days.
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Figure 6. Contours of constant relative
concentration of contaminant 1 after a
simuiation time of 600 days.
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Figure 7. Contours of constant percent
saturation after a simulation time of
2000 days.
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Figure 8. Contours of constant relative
concentration of contaminant 1 after a
simulation time of 2000 days.
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Figure 9. Contours of constant relative
concentration of contaminant 2 after a
simulation time of 2000 days.



