
THE EFFECT OF DRAINS ON THE SEEPAGE OF CONTAMINANTS

FROM SUB8RADE TAILINGS DISPOSAL AREAS*

CONF-840245—9

DE84 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-e. g-26 with the Union Carbide Corporation.

DISCLAIMER

This report was prepared as an account of v/ork sponsored by an agency of the United States
Government. Neither the United States Government 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.

DISTRIBUTE OF TJHS-IOCUMEIfT IS WiLHUiTED



THE EFFECT OF DRAINS ON THE SEEPAGE, OF.CONTAMINANTS
FROM SUBGRAPH TAILINGS DISPOSAL AKtAb

. by
A. J. Wittenl, F. G. Pin, and R. D. Sharp

ABSTRACT

.A numerical simulation study is. performed to investigate the i n f l u -
ence of ponded water and a bottom drain on the pathways for contaminant
nigrat ion from a subgrade uranium mi l l t a i l i ngs disposal p i t . A numeri-
cal model is applied to,a generic disposal p i t constructed with a bottom
jclay l iner and steep uniined sidewalls. The migration of a two-contami-
nant system is modaled assuming that neither contaminant decays and only
jone contaminant is retarded. Two dominant pathways are i den t i f i ed ; one
iassociated with la tera l sidewall leakage and the other associated with
jtransport through the bottom clay l iner.,. I t is found that, the drain
jserves to reduce migration through thr's'fdewall which, "in t u rn , prevents
(the retarded contaminant from reaching the aquifer. The ponded water
provides increased head which causes an accelerated ver t ica l movement of
noisture through the clay l iner .

INTRODUCTION

There has been considerable recent interest among the uranium
nining and mi l l i ng industry, as well as state and federal regulatory
agencies in developing both new methods for the subgrade disposal of
n i l l t a i l i ngs and advanced techniques for evaluating the performance of
new and current disposal methods. This interest is motivated by the
heed to isolate the mi l l ta i l i ngs from aquifers, which exist below the
ta i l i ngs p i t , in order to preserve the qual i ty of the groundwater.

In some cases, clay l iners have been used to impede the ver t ica l
nigrat ion of contaminants. These l iners-can be either f lat-bottomed or
saucer shaped but slope requirements and s t a b i l i t y considerations usual-
ly make f u l l y - l i n e d sidewalls cost ly or impract ica l . In order to pre-
vent the migration of contaminants through the sidewal l , several bottom
[drain configurations h'ave either been proposed or ins ta l led at a number
of disposal f a c i l i t i e s . Recent monitoring studies (Hoffman et a l . ,
Jl982) indicate that acquifer contamination may occur in the v i c i n i t y of
[the disposal p i t very soon after i n i t i a t i o n of ta i l ings disposal. This
ifinding is contrary to predictions based upon conventional one-dimen-
jsional. analysis and suggests that ei ther the bottom l iner has fa i led or
'unanticipated sidewall leakage has occurred.

; i . Witten, A. J . , F. G.. Pin, ami R. D. Sharp, Oak Ridge National
Laboratory, Oak .Ridge, Tennessee.



grade disposal pit,.Pin et al. (1983) have shown that rapid, groundwater
contamination can occur as a result of the migration of .moisture across
the pit sidewall with the subsequent vertical movement through a very
narrow region down to the aquifer. This saturated region, called the
h exhibits high hydraul ir.. conductivity and thus offers a|

In a two-dimensional numerical simulation of a bottomed-lined sub-

region"
preferential pathway for the migration of both unretarded and retarded
contaminants 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.boiton 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) •
thick- liner with a horizontal water-table present 2.67 m (8.75 ft) below
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
ntroduction of discrete "layers at regular time intervals. The contami-
nated wastes enter the pit as a slurry (i.e., with water in excess of
[that required to maintain the tailings at saturation). The migration of
fnoisture and contaminants within this., system is simulated to investigate
[the influences of a drain and ponded water on aquifer contamination
•resulting from both bottom and sidewalj leakage. _- .• • ...

PROBLEM FORMULATIONI
t
i
j Numerical simulations are performed on the two-dimensional vertical
cross-section, shown in Fig. 1, which represents atypical subgrade mill
tail ings disposal area possessing both a bottom drain system and 6 bot-
tom cTay"liner". The tail ings are surrounded by a homogeneous sandstone
formation with a static aquifer occurring in the lower 1.125 m^3.75 f t )
f the study region. For comparative purposes, the dimensions, layout, j

and material properties, apart from the drain, are identical to those i
onsidered by Pin et al. (1983).. The hydraulic conductivity of the i

irain material is assumed to be independent of pressure, having a con- i
jstant value of 9.1 x 10"2 cm/sec (9.5 x 104 f t / y r ) , which is approximatei-
y 3 orders of magnitude greater -than the saturated conductivity of the i

tai l ings. The drain material is_ assumed to desaturate almost instanta- j
leously when the capillary suction pressure reaches 0.01 m (0.03 f t ) . )
n this study, all materials are assumed"to- have isotropic properties. !

The migration of moisture and contaminants are simulated using the i
IGRAT computer code (Pin et a l . , 1983) which numerically solves an !

{integral form of Richards' equation and the diffusion equation on compu-l
Station cells having an arbitrary number of sides. The final grid system;
used for the simulations performed here is the same as that used in Pin i
'et a l . (1983). . : j

! In order to include the effects of the f i l l i n g process in the model1
'simulations, tail ings are added in six discrete layers with.a layer of
jtailing added every 60 days to approximate a continuous rate of f i l l i n g ,
jit is assumed that these wet tail ings are introduced into the pit by '
means of a sidewall discharge directed towards the center of the p i t . i
I t is also assumed that the emplaced.tailings' slurry contains about 40%-



more water than- would be required to saturate the ta i l ings. The excess
water forms a pond in the center of the p i t . 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-
cif ied head value is taken to be the elevation of the top of the tai l ing

the-pit and this value is increased-W'ttft-eaeh • addition of
tai l ings. I t 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 p i t . The remaining 1.0% 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 potential for the migration of moisture
ran the tail ings through the sidewall, a drain is located above the

:lay liner adjacent to the sidewall (Fig. 1). In the calculations, the
irain behavior is assumed to be ideal ( i . e . , no clogging, no pump
fa i lure , etc). I t is simulated by the selection of appropriate material
properties and a constant head condition imposed at the drain cell equal
jto the elevation of the drain node. -
I
: Two non-decaying contaminants are^cgnsidered in th_e. simulations.
'Contaminant 1 is taken as a non-retarded contaminant with a constant
pistr ibution coefficient equal to 0 in all materials. This contaminant
constitutes a marker for the moisture fronts created by leakage from the
tai l ings area and a tracer for the migration of contaminated water
(through the unsaturated zones. Contaminant 2 is given.a constant dis-
jtribution coefficient of 3.0 in all materials. Equivalently, i ts retar-
dation factor is about 18 (at saturation) or higher (in unsaturated
state) in the clay l iner. To emphasize and better show the r o l ^ and
:onsequences of both the advective transport and the non-linear retarda-i
tion phenomena in unsaturated media, the constituents are assumed non- j
lispersive. This assumption has.no effect on the pressure f ie ld or the j
noisture migration pattern. Its effects are on the patterns of concen- I
:ration only, mainly in the frontal zones of contaminant migration, and ••
•emain small compared tc .he retardation phenomenon effects. In a quan-i
; i tat ive f ie ld modeling study, this assumption in fact corresponds to i
:he worst (undesirable), but s t i l l probable case of advective transport
through channelized areas with no or l i t t le-dispersive capacity. The
:ontaminants are leaching out of the tail ings with a uniform concentra- j
:ion Co. No in i t i a l contamination is assumed to exist in the host i

Material or in the saturated zone below the water table. The results !

bre displayed in terms of the non-dimensional concentrations, C/Co. !

! ' RESULTS . ,:

i i
j Figures 2 and 3 show percent saturation and concentration- of Con- :
taminant 1 360 days after the in i t iat ion of pit f i l l i n g and '60 days af- '
ter the emplacement of the last layer of ta i l ings. At this time the p i t ;
)s two-thirds f u l l . The effect of the drain in dewatering the ta i l ing ,
San 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 I
everywhere. The presence of the drain has produced a "draw-down curve" i



in. the pit which results in a reduced horizontal head gradient near the
sidewal I-. I t should be noted nowever mat, although reduced, the mois-
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
through the sidewall. The movement of moisture from the pit through
the.sidewall and through the bottom clay liner can be seen in the con-
tours of concentration of contaminant 1 (Fig. 3). This shows, that" some,
noisture has passed through the sidewall and a concentration gradient
las 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
"esult of the pressure produced by the ponded water.; A notch exists in
the contours directly below the drain since the drain prevents the ver-
t ical flow of water into the liner below. This figure also shows a
small region of elevated concentrations near the corner of the p i t .
This .feature represents the early stage of the by-pass phenomenon (Pin
at a l . , 1983) caused by moisture migration through the sidewall produc-
ing a narrow region of saturation and an associated higher hydraulic
;ondu<-tivity. At this time no significant concentrations of contaminant
£ have occurred outside of the p i t .

! Predicted concentrations of contaminant 1 after 500 days of simula-
t ion time (10'0 days after the constant head/ponded water boundary condi-
t ion was removed) are .shown in Fig. 4._ .This figure shows two fronts
[advancing intothe sandstone below the" pit, 'one associated with the" by-
pass phenomenon and the other a result of water movement through.the
rlay l iner. During earlier times in the simulation, the by-pass region
was developing slowly so that transport through the liner was the major
pathway into the sandstone. At this time, the by-pass region is at or
lear saturation and has a higher hydraulic conductivity than the satur-
ated clay l iner. Furthermore, the' absence of the ponded water has :'
served to reduce the force causing migration through the liner with the
let result being that the dominant transport mechanism has changed. The
jy-pass region front is now advancing faster than the front associated
idth the transport through the cjay l iner. After 500 days, no s ign i f i -
:ant concentrations of contaminant 2 is predicted outside of the p i t . .

Saturation contours at 600 days (Fig 5) show continued dewatering
)f the tail ings in the pit along, with two new features. The f i r s t fea-
ture is the groundwater mound evident below the center indicating that
noisture passing through the clay liner has reached the aquifer causing
a local rise in the water table. . The second feature is the set of
detached concentric contours in the by-pass region which is evidence of j
the onset of desaturation of the sandstone near the pit sidewall and thej
bdge of the clay l iner. This is a result of both the decreasing mois- j
iture content in the ta i l ing caused by the operation of the drain, and ;
[the general broadening of the by-pass region so that more water can movej
'through the by-pass region than is migrating through the pit sidewall. j
jContours of concentration of contaminant 1 (Fig. 6) shows "marked" water''
(reaching the aquifer; however, there is s t i l l very l i t t l e migration of i
jthe retarded contaminant.

! Saturations contours at 2000 days are shown in Fig. 7. While some :
excess moisture remains in the t'ailings, only a small region is fu l ly .
saturated. Although- the migration of moisture out of the pit has been |



waning since about day 600, as evidenced by Ihe apparent- absence of the
Dy-pass reg ion, considerable moisture has moved v e r t i c a l l y during trie
intervening 1400 days. This has produced a uniform inctr€ase:

;.of about
D.3;m (1 f t ) in the water e leva t ion . Contaminant 1 concentrations shown
in Fig. 8 reveal that the non-retarded contaminant has reached the
jrnnnrtwat.pr mound helow the l i np r and that, the -coMamloation is spread-'
ing l a t e r a l l y away from the mound and the by-pass region. Contaminant .2
(F ig . 9) has not yet passed through the clay l i ne r while only a small
amount -appears in the upper port ion 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 Ihe t a i l i n g s
were almost completely dewatered. The water table increased s l i g h t l y
over the level predicted at 2000 days. Contaminant 1 showed more l a t -
eral -spreading; however, concentrations of the retarded contaminant, '
contaminant 2, showed no s ign i f i can t change from that predicted at 2000
days.

! CONCLUSIONS AND RECOMMENDATIONS

| The resul ts of the simulations indicate a s i g n i f i c a n t l y d i f f e ren t
performance o"f a disposal p i t as a resu l t of the incorporat ion of a
po':tom d ra in . Although .this study rev^ajs that the sane: phenomena-exist
as in the case-without the drain and ponSed "water (P in 'e t a l . , 19'83),
(the migrat ion of moisture and contaminants exh ib i t important quant i ta-
t i ve d i f ferences.

The pressure head resu l t ing from the ponded water increases the
f lux of moisture through the clay l i n e r . However, the clay l i ne r was an
ef fec t ive bar r ie r to the • - t i ca l migration of the retarded contaminant.
Far more migrat ion thro1 •* l i ne r could occur i f the adverse-^effects
of the ponded water were t least in par t , o f fset by dewatering
through the d ra in . The drai i i io served to minimize the migrat ion l a t -
e r a l l y through the s i d e a l l , which leads to the by-pass phenomenon, by
"educing the hor izontal gradient across the s idewal l . I t should be
noted tha t , while the drain can great ly reduce the head gradient at the
s idewal l , and in th is case served to prevent the retarded contaminant
from reaching the aqui fer , th i s gradient cannot be e l iminated. Unt i l
che p i t is comp'-tely dewatered, there w i l l , always be excess moisture i n
the t a i l i n g s which w i l l migrate through the s idewal l .
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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.



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
simulation 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.


