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The Republic of Tajikistan has ten former uranium mining sites. The total volume of all tailings is approximately 55 million
tonnes, and the covered area is more than 200 hectares. The safe management of legacy uranium mining and tailing sites has
become an issue of concern. Depending on the performance requirements and site-specific conditions (location in an arid,
semiarid or humid region), a cover system for uranium tailings sites could be constructed using several material layers using
both natural and man-made materials. The purpose of this study is to find a feasible cost-effective cover system design for
the Degmay uranium tailings site which could provide a long period (100 years) of protection. The HELP computer code
was used in the evaluation of potential Degmay cover system designs. As a result of this study, a cover system with 70 cm
thick percolation layer, 30 cm thick drainage layer, geomembrane liner and 60 cm thick barrier soil layer is recommended

because it minimizes cover thickness and would be the most cost-effective design.
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1. Introduction

The Republic of Tajikistan is located in Central Asia.
Around 93% of country is mountainous terrain with signifi-
cant natural resources including precious metals and min-
erals ores. One of the main sectors which contribute sig-
nificantly to Tajikistan’ s economy is ore minerals industry.
During the Soviet Union period mining in Tajikistan, Uz-
bekistan, Kirgizstan and Kazakhstan for minerals including
uranium was a highly developed industry. Geographically
most of the uranium mining industry was located in the
Fergana valley covering the North of Tajikistan (see Fig. 1).

The legacy from this uranium mining industry is a large
amount of radioactive waste with a high concentration of
radioisotopes (uranium-thorium series), heavy metals and
other types of hazardous substances. These resulted from
the uranium mining and the processing of uranium ore
into yellow cake at on site milling facilities. The location
of these facilities is close to Khudjand city and other popu-
lated areas,

In the Republic of Tajikistan, mining and extraction ac-
tivities were stopped beginning in the early 1990s. In 1991
Tajikistan became an independent republic and simultane-
ously was faced with the remediation problems for the
legacy uranium mining and processing sites. Tajikistan is
responsible for the safe management and remediation of

many sites affected by the operation of uranium mining
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Fig. 1. Radioactive waste hotspots and transboundary pollution in
Central Asian's Fergana Valley.

and milling facilities, This study focused on one of the
many sites affected by the legacy of Soviet uranium min-
ing and milling operations.

Currently remediation of uranium tailings sites in the
Central Asia countries including Republic of Tajikistan is
one of the government’ s high priority issues of concern,
Uranium mining and processing of uranium raw material
including that imported from other countries of the for-
mer Soviet Union, generated huge amounts of radioactive
wastes and waste rock piles in the northern region of Ta-

jikistan, Activity of uranium residues in the tailings sites is
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significantly high and most of these uranium tailings sites
are located very close to residential areas. The public has
free access to the tailings sites where gamma-dose rates
and radon concentrations in air may exceed several times

the regulated safe levels,

2. Description of the Degmay Uranium
Tailings Sites

Degmay tailings disposal was carried out for 30 years
from 1963 to 1993. The Degmay site is located 1.5 ki-
lometres from Guisyon village on the Degmay hill. The
area of Degmay uranium tailing site is 90 ha and the total
amount of uranium residue wastes are 20 million tonnes,
about 500,000 tonnes of sub-economic uranium ores and
5.7 million tonnes of vanadium raw material wastes; the
estimated total contained activity is about 16000 GBq [1].
The site is located on a hill-top site that is a combination
of a basin and a saddle. At one end of the facility there is
a dam across the basin with a length of 1800 meters and a
maximum height of 35 meters [2]. Residues of uranium ex-
traction pumped to the tailings dam contained high con-
centrations of ionic sulphate (average 20 g/1). As a result
of the significant decline of the volume of uranium ore
milling in 1992-1993, the transmission of material into the
tailings dam declined. During the period 1991 to 2000 less
concentrated solutions were pumped into the tailings dam
after filtration through strata layers; this resulted in par-
tially cleaner, filtered waters, At the same time it showed
that ultimate cleaning was not attained and contaminated
ground waters were being transferred to the Syr Darya
River, Until the middle of 1990s the surface of tailings was
partially covered with water, but later the water gradu-
ally dried out and the tailings surface became completely
dry by the year 2000 [3]. Fig. 2 and 3 show photos of the
surface of Degmay tailings pond and aerial photos of the
main dam of Degmay tailings pond. Currently only 25% of

the surroundings of the Degmay site is fenced and there
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(b)

Fig. 2. (a) General view of the Degmay uranium tailings (Arrows 1 and
2 point place where soil samples were taken), (b) View on the surface
of the tailings.

Fig. 3. Physical barrier of the Degmay uranium tailings site.

is free access to public and a cattle graze on the surface of

the tailing dump, where vegetation has grown up.

2.1 Gamma Dose Rates and Radon Problem

The Degmay uranium tailing site till now does not
have a cover system and the gamma-dose rate on the sur-
face of the site are from 4 to 20 # Sv/h which are signifi-
cantly higher than safety levels for free public access as
shown in Table 1 [3].

Radon-222 exhalation to the air considerably increased
after drying up of the tailing’ s surface water and cracks
were formed all over with the depth to 2 m, having a width
of 20 to 40 cm. The volume of radon alpha activity con-
tent in the air over the tailings, in the dry season was ap-
proximately 1000 Bq - m*, Radon-222 exhalation from the
ground at different sites, in accordance with direct mea-

surement results in June 2006 by radon radiometer RRA-
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01M, was from 10 to 65 Bq - m? - s , which is significantly
higher than recommended safety levels for tailings in Ta-
jikistan (1 Bq + km? - s) [1],

The volumetric activity of Radon-222 and the Equiva-
lent Equilibrium Volumetric Activity (EEVA) for radon
in the tailings territory are increased from its local back-
ground values [3].

During the TAEA mission in 2006, samples of tailing
materials were taken for analysis [3]. The minimum and
maximum values of radionuclide concentrations in soil
(tailing material) measured in the two hazardous areas
identified at the Degmay site are presented in Table 2,

The estimated annual dose for populations living in
nearest settlement (Guisyon village) is from 0.4 mSv/y to
2.8 mSv/y which is made up of external pathways 69%,
radon contribution is 29%, and 5% others (assuming that
people do not visit the tailings sites) [3].

The measured concentrations of Rn-226, U-234 and
U-238 in groundwater used for drinking in Degmay [3] are
presented in Table 3.

According to reference [4] the objectives of cover sys-

tem on the surface of uranium tailings sites are as follows:

1) To keep tailing sites dry resulting in minimum water
infiltration;

2) To reduce radon exhalation and dust emission to
atmosphere;

3) To prevent surface erosion; and

4) To form an aesthetically acceptable landscape that

fulfills these technical objectives.

The design criteria for cover systems of uranium tail-
ings sites are related to the remediation objectives, and ad-
dress geotechnical, radiological, hydrological, geochemi-
cal, ecological and aesthetic requirements [4]. In general,
covers comprise of multiple layers, each with a specific
function as summarized in Table 4. For example, clay lay-
ers are typically used to control radon emanation and wa-

ter infiltration, Vegetative covers control wind and water
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Table 1. Gamma-dose rate and Radon exhalation at the Degmay urani-
um tailings [3]

Gamma Outdoor EEVA

No ége“g;;“;) doserate  R-222  Ru222 R&Z";ﬂ?gn
@Svh)  (Bem?)  (Bgm?)
1 la 3.9-40 10224 52 9.18£2.75
2 16 18.0-20.0  321+68 8.15 65.5419.7
3 2a 6570 187436 1585 50.8+16
4 26 4550  207£57 1275 31.449.4
bfcigéf;ﬁ g 015020 1520

Table 2. Range of the radionuclide concentrations in soil (Bq/kg dw.)
measured at hazardous areas identified in Degmay [3]

Settlement Tailings
Radionuclide
Value Min Max
Pb-210 0.98x10? 1x10* 1.5%10*
Po-210 0.62x10? 1.2x10* 1.3x10*
Ra-226 0.65x10? 7.3x10° 7.6x10°
Th-228 0.24x10? 2.2x10° 3.2x10°
Th-230 1.2x10? 1.1x10* 1.6x10*
U-234 0.25x10? 9.5x10? 1.1x10°
U-238 0.2x10* 8.2x102 9.8x10?

Table 3. Radionuclide concentrations (Bg/m*) measured in ground water
used for drinking in Degmay

Radionuclide Concentrations (Bg/m?)
Ra-226 1.5%107
U-234 1x10°3
U-238 1x10°

induced erosion and moisture infiltration by encouraging
evapotranspiration, Coarser material is used for moisture
storage, as drainage layer and capillary break, and to dis-
courage animal and human intrusion [4].

This study concentrates on evaluating the feasibility of

a cover system design for the Degmay uranium tailings

JINFCWT Vol.14 No.2 pp.189-200, June 2016



Vaysidin Saidov et al. : Conceptual Design of a Cover System for the Degmay Uranium Tailings Site

Table 4. Cover system component checklist

Cover component

Purpose and function

Vertical percolation layer, 50-90 cm of loam barrier as
infiltration layer and prevent erosion with vegetation

Evapotranspiration of humidity that entered the loam and reduce infiltration,
provide moisture storage.

Making stabilization of loam on surface cover system,

In conjunction with vegetation reduce loam erosion,

Provide good environment rooting and water store for vegetation,

Protect underlying biointrusion layer-gravel from solar radiation.

Lateral drainage layer, Infiltration/Erosion and biointrusion layer.
Usually 30 cm gravel is sufficient for the permeable layer

Laterally drain water to underlying drainage system,
Serves as biointrusion layer,
Protect underlying High-Density Polyethylene (HDPE) from burrowing animals.

Geomembrane layer, 0.1 cm impermeable HDPE

Prevent water infiltration to the barrier layer.

Barrier layer. 60-90 cm barrier soil or 110 loam moderately compacted

Prevent emanation of radon gas

site based on performance and indirectly, cost. It evalu-
ates the ability of several cover system designs to provide
high performance for long period of time with minimum
water infiltration through the cover layers. The objective is
to reduce migration of radionuclides and reduce negative
impact from uranium tailings site to the environment and
public health,

The objectives of this study are to identify a feasible
cover system design for Degmay uranium tailings site, The
performance of several cover systems to be built using na-
tive loam and soil around Degmay site is modeled using
the US EPA HELP (Hydrologic Evaluation of Landfill Per-

formance) model [5],

3. Modeling Methodology

This work revolves around the use of the HELP code
version 3,07 to estimate the infiltration potential through
the several proposed cover design systems for Degmay
uranium tailings sites within Khujand whose specific soil
and climatic weather conditions are available. Initial mod-
el runs involve infiltration analysis of conceptual designs
upon which sensitivity analysis of cover layers is carried
out to obtain an optimized design for the Degmay ura-

nium tailings site.
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Vertical Percolation Layer, 90 cm

Lateral Drainage Layer, 30 cm
+—— HEPE, 0.1 cm

Drainage System —»1,

Barrier Soil Layer, 80 cm
Fig. 4. Conceptual profile for design A (Total height 200.1 cm).

For the Degmay site, feasible, locally available cover
system materials were chosen for the four layers of the
cover. The modeled area was a typical 90 ha area of the
top deck (5 to 15 percent slope) of the cover system, The
area was modeled with 100 percent precipitation potential
and assumed to have grass as a vegetation surface cover,

Due to availability of loam and soil around the Degmay
uranium tailing site for all three conceptual designs those
materials were chosen for vertical percolation layer and
barrier soil layer. For all conceptual designs HDPE was
used as geomembrane layer because HDPE has relatively
low cost and it is an impermeable material with good per-
formance, Using the HELP code, three main conceptual
cover system designs were simulated for the Degmay ura-
nium tailings site. These designs were designated as A, B
and C. Each design consists of four layers of materials and
includes a drainage system. In design A for a multilayer
cover system was designed consisting of the following lay-

ers as shown in Fig, 4:
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- A loam with 90 cm thickness as vertical percolation layer
- A 30 cm gravel as lateral drainage layer
- A High Density Polyethylene as geomembrane liner

- A 80 cm barrier soil as barrier soil layer.

Design B used the same materials as design A due to
availability loam and soil near the site but with reduced
thicknesses. Design B consists of the following layers as

shown in Fig. 5:

- Alloam with 70 cm thickness as vertical percolation layer
- A 30 cm gravel as lateral drainage layers
- A High Density Polyethylene as geomembrane liner

- A 60 cm barrier soil as barrier soil layer.,

} Vertical Percolation Layer, 70 cm

_ } Lateral Drainage Layer, 30 cm

Drainage System —»omn . HEPE 0.1 em

Barrier Soil Layer, 60 cm

Fig. 5. Conceptual profile for design B (Total height 160.1 cm).

Vertical Percolation Layer, 80 cm

Lateral Drainage Layer, 30 cm
HEPE, 0.1 cm

I Barrier Soil Layer, 90 cm

Drainage System —+-

Fig. 6. Conceptual profile for design C (Total height 200.1 cm).

Design A

Design A1

. . Vertical
Vertical Percolation ertica

[ Layer,90cm 90cm

PercolationLayer,

"l Lateral Drainage Lateral Drainage
Layer, 30 cm Layer, 30 cm
Drainage
— HDPE, System -4 HDPE, 0.1 cm
i 0.1cm pis
L Barrier Soil gg’c'::’ Soil Layer,
Layer, 80 cm

Design C used the same materials and the same total
height as design A but with increased thickness of bar-
rier soil layer, Design C consists of the following layers as

shown in Fig. 6:

- A loam with 80 cm thickness as vertical percolation layer
- A 30 cm gravel as lateral drainage layers
- A High Density Polyethylene as geomembrane liner

- A 90 cm barrier soil as barrier soil layer,

In order to evaluate performance of the designs to
choose the technically affordable and cost effective con-
ceptual design for the Degmay site, all three main designs
were simulated with variations in the configuration of the
components of the cover and the drainage system and
geomembrane as shown in Fig. 7.

Parameters related to hydraulic properties of the mate-
rial layers used for the models of the three cover system
designs given in Table 5.

Since the Degmay uranium tailing site located in a val-
ley downhill with 15% slope, for assessment of cover de-
signs it was assumed that the depression in the site will be
filled to allow the construction of the drainage system. In
addition, there will be an engineered drainage flow in the
south-east direction of the site after which runoff will be
pumped to the nearby stream. A cross-section of the pro-
posal cover system design for Degmay uranium tailings

sites is given in Fig. 8.

Design A2 Design A3
Vertical Vertical
PercolationLayer, PercolationLayer,
90 cm 90 cm
Latgral Lateral
Drainage Layer, Drainage Layer,
30cm

30cm
#— Drainage System

Barrier Soil

| Barrier Soil
Layer, 80 cm

Layer, 80 cm

Fig. 7. Conceptual series of design A.
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Table 5. Hydraulic properties of the material layers

. - Hydraulic
Layer type Material Pg;)(::ilt c:IZL(iit Wl(l)tii]ntg conductivity
y capactly  p (cm/sec)
Vertical Loam 0463 0232 0.116  3.7x10*
percolation layer
Latem}l drainage  Goel 0397 0032 0013 03
ayer
Drainage Drainage 0.85 0.01 0.005 10
system net
Geomembrane ~ HDPE 2x10°"1
Barrier soil layer Bz(r)ri‘l"r 0427 0418 0367  1x10°

Table 6. Simulation results accumulated over 100 years for the cover
designs for Degmay

Parameter Design A Design B Design C

Precipitation (cm) - input 2.29x10°  2.29x10°  2.29x10°

Runoff (cm) 9.21x10°  9.27x10° 9.21x10°

Evapotranspiration (cm) 2.10x10°  2.19x10°  2.10x10°

Lateral drainage (from layer 2) (cm) 1.76x10> 1.76x10*> 1.76x10?

Soil water (cm) 5.50x10°  4.18x10° 5.70x10°

Percolation or leakage through

-3 -3 -3
Barrier Layer (cm) 7.15x10°  6.99x10° 7.13x10

Average head on top of Barrier

-1 -1 -1
Layer i.e. layer 3. (cm) 364107 3.64x1075.64x10

4. Percolation Results Analysis

The HELP simulation results for each of main concep-
tual cover system designs A, B and C are summarized in
Table 6, It is clear that the first three parameters: precipita-
tion, runoff and evapotranspiration for all main designs A,
B and C have similar values, Water infiltrations through
barrier layer over 100 years for all cover design have a lit-
tle difference in performance indicators, The annual aver-
age total hydraulic water balance obtained from the HELP
models for the main cover system designs A, B and C are

illustrated in Table 6 and Fig, 9.

JINFCWT Vol.14 No.2 pp.189-200, June 2016

Vegetation
Loam

Gravel

Drainage system

Geomembrine
Barrier Soil

Fig. 8. Cross section of proposal cover system design for the Degmay
uranium tailings sites.

Design A 2114107,

91.88%

9.20%10°,
0.41%

Runoff(cm) 1.76%10%,
= Runoff (cm; 4 9
3.13%10". 7.70%

7.15%107,
= Evapotranspiration (cm)
Lateral drainage (from layer 2) (cm)

® Percolation or leakage through Barrier Layer (cm)

Design B 2104107,

91.88%

9.27
0.41%

= Runoff (cm)

1.76*10%,
7.72%

6.99%103,
- 3.06%10*...
= Evapotranspiration (cm)

Lateral drainage (from layer 2) (cm)

= Percolation or leakage through Barrier Layer (cm)

2.1%10%,
91.88%

Design C

9.21

0.40%
1.76¥10%,

*1073
7.13*10°%, 7.72%

3.12%10%.

= Runoff (cm)
= Evapotranspiration (cm)
Lateral drainage (from layer 2) (cm)

= Percolation or leakage through Barrier Layer (cm)

Fig. 9. Annual average of hydraulic balance from HELP modeling for
Designs A, B and C.
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Table 7. Effects of changing thickness of vertical percolation layer for
designs A, B and C

Vertical Percolation Layer Thickness (cm)

Parameter
Design A90 Design B 70 Design C 80

Precipitation (cm) - input ~ 2.29x10° 2.29x10° 2.29x10°
Runoff (cm) 9.21x10° 9.27x10° 9.21x10°
Evapotranspiration (cm) 2.10x10° 2.19x10° 2.10x10°
Percolation or leakage " 5 5
through Barrier Layer (cm) 7.15x10 6.99x10 7.13x10
Average head on top of

Barrier Layer i.e. layer 3 (cm) ~ 5.64x10"! 5.64x10"! 5.64x10"!
for design D layer 2 (cm)

Table 8. Performance of cover design A with and without the drainage system

With Drainage No Drainage

System and HDPE ~ System, with HDPE
Parameter (Design A) (Design Al)
cm % cm %

Precipitation (cm) - input ~ 2.29x10° 100 2.29x10° 100

Runoff (cm) 9.21x10°  0.40  9.41x10° 041

Evapotranspiration (cm) ~ 2.10x10°  91.88  2.20x10°  96.31

Lateral drainage collected

0
from Layer 2 (cm) 3.:33x10 0.15

1.76x10*  7.70

Percolation or leakage

-3 -4 1
through Barrier Layer (cm) 7.15%10° 3.13x10* 4.87x10'  2.13

All three cover system designs were evaluated for per-
formance with changing thicknesses of vertical percola-
tion layer, The summary results of the simulation given in
Table 7. Changing thickness of percolation layers did not
affect the percolation rate through the barrier layer. Also
the values of evapotranspiration for all cover system are
similar however thickness variation between design A and
B is significantly greater. Even though thickness of perco-
lation layer for design B is only 70 cm it can provide good
enough evapotranspiration at the same time save materi-
als, time, and cost for cover system construction, From
another performance measure, the 90 cm thick vertical

percolation layer can provide performance and prevent
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erosion for a long period when it covered with vegetation.
Vegetation plays significant role in cover system perfor-
mance, In the windy season it prevents surface erosion
from wind and can significantly reduce erosion of surface
loam and soil on cover systems, Vegetation cover should
be consider from an ecosystem perspective and refined by
the type of plants that would be sustainable for the envi-
ronment of the site and region,

In Table 8 results are compared from simulation of main
cover system design A and design Al without the drain-
age system, From this table it is clear that water leakage
through barrier layer in design A1 is 4.87%10" cm or 2.13%
but for design A this value is 7.15%10% cm or 3,13%10%, It
should be noted that difference between main cover sys-
tem design A and design Al is only in drainage system.
Other parameters and material of layers are the same.

The results of cover systems simulations show that annu-
al total rate of lateral drainage for design A is 1.76x10?cm or
7.70% while this value for design A1 is 3.53%10°cm or 0.15%.

Since gravel has relatively high saturated hydraulic
conductivity (0.3 cm/sec) water penetrates through lateral
drainage layer, After that infiltrated water collected and ex-
tracted to out of cover system via drainage pipes, a negli-
gible amount of moisture can reach the barrier layer. Fig. 10
illustrates water percolation rate across barrier layer and
lateral drainage collected rate for design A and Al.

Also for performance evaluation, all main cover sys-
tem designs were simulated with the same materials and
different layer thickness, and with and without the HDPE
geomembrane, From Table 9, it is clear that values of an-
nual totals lateral drainage collected from gravel layer for
design A and A2 are very different. For the design A it is
1.59%10° m?® or 7.70% when for design A2 it is 3.10X10° m?
or 1,50%.

Comparing cover system design A with geomembrane
with design A2 without geomembrane, it is observed that
annual totals percolation rate of cover system designs are
significantly different. In design A the annual total perco-

lation rate is 7,15%10% cm or 3,13%107% but for the design

JINFCWT Vol.14 No.2 pp.189-200, June 2016
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Design A1

o] «““ff

o}

-

Value (cm)

|
365 10365 30365

20365
Time (days)

150
|

100
|

Value (cm)

Table 9. Performance of cover design A with and without the HDPE
synthetic membrane installed

With HDPE and No HDPE, With

Drainage System  Drainage System
Parameter (Design A) (Design A2)
cm % cm %

Precipitation - input 2.29x10° 100 2.29x10° 100

Runoff 9.21x10°  0.40  9.27x10°  0.41
Evapotranspiration 2.10x10°  91.88  2.10x10° 91.88
Lateral drainage collected 176x100 770 3.42x10° 149

from Layer 2

Percolation or leakage

-3 -4 2
through Barrier Layer 7.15x10° 3.13x10* 1.42x10 6.23

Table 10. Comparison of performance cover design A with design A3

With Drainage No Drainage

System and HDPE No HDPE
Parameter (Design A) (Design A3)
cm % cm %

T T I
365 10365 20365 30365
Time (days)

—@ Runoff-rate —+#— Lateral drainage collecled from Layer 2-rate
~i_Percolation or leakance through Layer 4-rate

Fig. 10. Comparison of accumulated rates for cover system designs A and Al.

A2 water infiltration value through barrier soil reached
1.42x10% cm or 6,23%. As it was given in Table 5 the gravel
has high hydraulic conductivity (0.3 cm/sec) and water
flows easily through this layer, While the cover system
design A2 does not have geomembrane layer, means no
impermeable material, only a small part of the infiltration
could be extracted out through the drainage system. In
Table 9, the summarized results of simulation cover system
design with and without HDPE are shown,

For evaluation of the main cover system design A, per-
formance and water infiltration through barrier soil was
modeled as cover system design A3. In contrast to main
design A, the design A3 does not have drainage system or
a geomembrane layer, All other parameters and materials
are the same. As long as there are no changes to mate-

rial layers and thickness precipitation, runoff as well as
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Precipitation - input 2.29x10° 100 2.29x10° 100

Runoff 9.21x10°  0.40  9.24x10°  0.40

Evapotranspiration 2.10x10°  91.88  2.10x10° 91.86

Lateral drainage collected

s "
from Layer 2 6.45x10° 2.8x10

1.76x10*  7.70

Percolation or leakage

-3 -4 2
through Barrier Layer 7.15x10° 3.13x10* 1.77x10 7.75

evapotranspiration in all designs (A-A3) have similar val-
ues, Significant differences are observed below the lateral
drainage layer, The summarized results of comparison
main design A with design A3 given in Table 10,

Since the cover system design A3 simulated without
the drainage system and geomembrane layer water col-
lected from lateral drainage (gravel) layer is 6,45%10° ¢cm
(see Fig. 9) and is low. The annual total percolation vol-
ume data for design A3, the amount of water infiltrating
through barrier layer, is equal to 1,59%10° m?, Of course
intensive leakage of these amounts of water through the

cover might have catastrophic consequences,
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Comparison of obtained results for main design A be-
tween designs A3 shows that in design A3 water penetra-
tion value through barrier layer is significantly higher than
main design A, As illustrated in Fig. 11 for cover system
design A3 average precipitation water penetrate through
barrier layer is around 8% over 100years,

The same analysis method of main cover system de-

| mI\f\ﬂAa

i MU\”\/\W W\WW
H_AMMMM

365 10365 20365 30365
Time (days)

100

Value (percent)

50
|

—B- Percolation or leakance through Layer 3-percent —+— Precipitation-percent

—4— Lateral drainage collecled from Layer 2-percent —¥ Runoff-percent

—+ _Evapotranspiration-percent

Fig. 11. Percentages of hydraulic parameters of cover system design A3.

Table 11. Simulation results for cover system design series B - B3

: Conceptual Design of a Cover System for the Degmay Uranium Tailings Site

sign A and design series (Al to A3) were used for evalu-
ation of the performance of main cover system designs B
and C (including design series; B1 to B3 and C1 to C3).
The summarized results for main cover system designs B
and C are illustrated in Tables 11 and 12. From the ta-
bles as results indicate for main design B and C annual
totals water infiltration through barrier soil is negligible;
6.99%10% cm or 3,06x10%% for design B and 7.13%10% cm
or 3.12x10"% for design C., However the total height of
design B is 160,1 cm when for design C thickness of cover

system equal to 200.1 cm,

5. Conclusion and Recommendations

Remediation of uranium tailings sites in north Tajiki-
stan is one of the priority issues for the government. Ta-
jikistan has a comprehensive and beneficial collaboration
with international organizations including IAEA, European

Union and others [3]. The main concept of remediation of

Design B Design Bl Design B2 Design B3
Parameter
% cm % cm % cm % cm
Runoff 0.41 9.27 0.41 9.33 0.41 9.27 0.41 9.27
Evapotranspiration 91.88 2.10x10° 96.95 2.22x10° 91.88 2.10x10° 91.88 2.10x10°
Lateral drainage (from layer 2) 7.72 1.76x10? 0.12 2.77 1.73 39.62 5.16x10°%  1.19x10*
Percolation or leakage through Barrier Layer ~ 3.06x10*  6.99x107 1.72 39.33 5.99 1.37x10? 7.72 1.76x10?
Table 12. Simulation results for cover system design series C - C3
Design C Design C1 Design C2 Design C3
Parameter
% cm % cm % cm % cm
Runoff 0.40 9.21 0.40 9.28 0.40 9.21 0.40 9.24
Evapotranspiration 91.88 2.10x10° 96.65 2.21x10° 91.88 2.10x10° 91.85 2.10x10°
Lateral drainage (from layer 2) 7.72 1.76x10? 0.14 3.17 1.51 34.71 3.12x10°  7.14x107
Percolation or leakage through Barrier Layer ~ 3.12x10*  7.13x10° 1.90 43.65 6.21 1.42*%107 7.75 1.77x10?
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uranium tailing and milling sites is to reduce negative ra-
diological impacts to local populations and environments.
This process can be achieved by different approaches,
Covering uranium tailings sites by using both engineered
barriers and natural materials like soil, loam, sand, gravel
etc., is widely used in international practice for limiting
radionuclide migration from contaminated sites. The ef-
fectiveness depends on performance requirements and
site specific conditions (location in an arid, semiarid or
humid region), The cover system of uranium tailings sites
could be constructed using several material layers which is
called a multilayer cover system. The purpose of this work
was to find a feasible cost-effective cover system design
for the Degmay uranium tailings site, which could provide
long period (100 years) of protection,

The HELP computer code was used for evaluation of
Degmay cover system designs, From obtained simulation
results of three main designs A, B, C and their series (Al-
A3, B1-B3, C1-C3) it is clear that the designs which do not
have a drainage system and a geomembrane layer cannot
provide good performance even when the total height of
cover system is 2 m (designs A3 and C3). The designs
are not sensitive to the thickness of the geomaterial layers
within reasonable thicknesses.

With the addition of a drainage system for all three
designs (A2, B2 and C2) but no geomembrane, simulation
results were almost the same as previous designs without
drainage. There was still an observed water infiltration
rate through the barrier layers, Both drainage and a geo-
membrane barrier were required for good performance.

The simulation results of designs A1, B1 and C1 which
have geomembrane layer but do not have drainage system
shows that possibility water percolation through barrier
soil sharply decreased. Since the geomembrane is an im-
permeable material the water cannot penetrate to barrier
soil layer. Due to this reason for these designs evapotrans-
piration has a higher contribution (more than 96% com-
pare with other designs around 92%) on hydraulic balance

of the cover layers,
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Finally designs A, B and C, simulation results clearly
show the advantages of the full 4 layer designs. Water
infiltration through these designs over 100 years is negli-
gible (7.15% 107 cm for design A, 6.99 X 107 ¢cm for B and
7.13x10° cm for C). Since main cover system design B
has the minimal thickness 160.1 cm and uses less materi-
als and it would be the most cost-effective design. As was
mentioned the area of the Degmay uranium tailings sites
is 90 ha and in case of cover system design B for construc-
tion materials it saves 360,000 m?® of materials, Taking ac-
count all these important factors into account we can rec-
ommend design B as the main element of the remediation
program for Degmay uranium tailings site by installation
of a cover system. In order to monitor leakage through
the cover system in case of some accident or abnormal
situation, it is highly recommend that monitoring wells for
observation of groundwater around Degmay uranium tail-
ings site be restored. The cover system design B which
required less materials and provides good performance,
could be applicable for all other uranium tailings sites in
Tajikistan, because they are all located in the same climat-
ic zone. As a follow-up study, a detailed design coupled

with a radiological assessment of the site is required.
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