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ON THE POSSIBILITIES FOR IMPROVING DRAINAGE SYSTEMS AND SAFETY FACTOR
WITH COMBINED MINE WASTE DUMP FACILITIES
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ABSTRACT. The information about the phreatic surface and moisture content of the depositing tailings from the processing plant has a crucial role in the design,
construction, and maintenance of a tailings storage facility (TSF). This problem does not exclude the combined mine waste dump facilities (CMWDF). A CMWDF was
designed with publicly available information for the integrated mine waste facility (IMWSF) that is under construction in the Ada Tepe mine in the town of Krumovgrad,
Bulgaria. In this paper, the level of the phreatic surface was considered while calculating the factor of safety (FS). The FS was calculated on a high phreatic surface
passing throughout the starting platform, and a low one which ends in the back end. The data about the material was from the publicly available data about the
overburden and tailings produced from the mine and processing plant. The version with the higher phreatic surface has lower FS, than the one with the lower phreatic
surface. The results were compared with the FS calculated by Dimitrov and Koprev (2023) on the same designed facility, but with fully drained and consolidated tailings.
Various drainage systems were discussed, and recommendations were given. The calculations were made using the Slide 2 program from Rocscience.
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Bb3MOXHOCTH 3A NOAOEPABAHE HA IPEHAXXHUTE CUCTEMMW U YCTOMYMBOCTTA NPU KOMBUHUPAHUTE
CbOPBXEHUA 3A OENOHUPAHE HA MUHHU OTNAOBLMU

Jlronyo Jumumpos, Ueaiino Konpee

MurHo-eeonoxku yHusepcumem ,Cs. Mear Puncku®, 1700 Cocpusi

PE3IOME. NHdopmauymsTa 3a BOGHOTO HUBO W Brara B OTnagbka ot oboratutenHnte (abpuki ca oT MHOTO ChLLECTBEHA BaXHOCT NPY NPOEKTMPaHE, KOHCTPYKLUS 1
noaAbpxaHe Ha oTnagbkoxpaHunuwara. ColumsT npobnem Baxu 1 3a KOMOUHUPaHUTE CbOPBKEHUS 3a [ienoHMpaHe Ha MUHHY oTnagbLy (KCAMO). MpoektupaHo e
KCOMO c nybnnyHo AOCTBNHUTE AaHHM 3a MHTETPUPAHOTO COPBXEHHE 3a CbXpaHeHne Ha MiHHM oTnagbLy (MICCMO), koeTo B MOMEHTa € B eKcrnoataLms B pyaHuK
,Ana Tene" B Kpymosrpag, bvnrapus. 3a nsuncnssare koeduupenTa Ha yctonumsocT (KY) 6sxa pasrnefanin pa3nnyHi HUBa Ha BOAHOTO HIBO B CbOpbXeHMsTa. KY
Gelue onpeaeneH Npy No-BUCOKO BOAHO HIBO, KOETO MHABa Npes CTapToBaTa niaTtcopma, v C Mo-HUCKO BOAHO HMBO, KOETO MHABa Moy, cTapToBaTa nnatgopma no
ApeHaxHaTa cuctema. [laHHuTe 3a OTKpUBKaTa W OTNafbKa Ca CbLLo Taka oT NyBNMYHO AOCTBNHUTE AaHHW 3@ MaTepuanuTe. BapuaHTbT ¢ N0-BUCOKO BOAHO HUBO fiafie
MO-HUCKW Pe3ynTaTi OT BapuaHTa C No-HUCKO BOAHO HWMBO. PesynTatute ca cpaBHenu ¢ KY, naumcneH ot Jumutpos u Konpes (2023) npu BapuaHT Ha CbLLOTO
NPOEKTUPaHO CLOPBXEHME, HO C N3LAM0 KOHCONMAMPan oTNaabK. bsixa pasrneaaHi Bb3MOXKHOCTY 33 APEHAXHN CUCTEMM U Ca NPeasIoKeHN peLuerus. auucnermnsta
ca HanpaseHu ¢ codTyepeH npoaykT Slide 2 Ha Rocscience.

Kniouosu AyMu: OTI'Iaﬂ'bKOXpaHMJ'IMLLla, OenoHnpaHe Ha 0Tnaabk, KOM6VIHV|paHO [AenoHupaHe, Koe(bMLlMeHT Ha yCTOW‘IIABOCT, OPEeHaXHN cucTemu

Introduction One common practice is the construction of Tailings Storage
Facilities (TSFs) to store mine waste. However, these facilities
The mining industry generates large volumes of waste require significant amounts of land and can pose a risk of
materials that need to be properly managed to prevent negative catastrophic failure, leading to environmental damage and
environmental impacts. Plenty of authors (Tayebi-Khorami etal., potential harm to nearby communities.
2019), (Yankova, 2020; 2021) emphasise the key problems with An alternative approach is the use of an Integrated Mine
mining and processing waste, along with tailings storage, mining Waste Storage Facility (IMWSF), also known as a Combined
waste amount reduction and safe storage. Effective waste Mine Waste Dump Facility (CMWDF), which combines mine
management s the basis of sustainable development (Yankova, waste materials in a single location. This method has the
2020; 2021). Many experts contend the present stage of the potential to reduce the required land area, decrease
mineral-raw material industry evolution is described by mineral construction costs, and improve environmental management.
deposits with complex mining-geological conditions, difficult for The great challenge which TSF and CMWDF face is the
mining, and |0w-grade ores with Comp|ex processing, which control of the water from the tailings consolidation and the runoff
leads to considerable waste quantities formation. Proper waste inflow. In the process of consolidation, a great amount of water
storage is critical to the planet and human health (Grigorova, is released, which needs to be safely transported out of the
Nishkov, 2016). facility. This is done by internal or external drainage systems.

The drainage systems in the TSF depend on the design method
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and can be designed to be constructed in the embankment from
the inside of the embankment or in another place. In the
Evaluation of Liner Requirements report by AMEC Earth and
Environmental UK Ltd. (Diaz M., 2014) is given that the drainage
system in the IMWFS in the Ada Tepe mine is designed under
the facility, and this is possible because of the bench-by-bench
construction of the facility. In that way, the cells will be in direct
contact with the drainage system allowing it to drain and
consolidate faster.

The control of the phreatic surface is crucial in the
construction and operation of a CMWDF. In this study are
presented results considering the change in heights of the
phreatic surface and calculating the FS. Discussion about the
possibilities of the drainage system is made.

Background

Facilities such as the CMWDF are great but expensive and
complex to construct. Such a facility is great because it offers a
storage capacity for less impacted area. The IMWSF currently
under construction in  Krumovgrad, Bulgaria saves
approximately 55 % of surface area, concluded Eldridge et al.
(2011). To build a separate waste dump and tailings storage
facility, 96 ha of land was needed. With implementing this
technology, the construction area decreased to 41 ha (Eldridge
et al. 2011). One more positive characteristic of IMWSF is that
it is relatively easy to monitor their stability and water drainage.
According to Grigorova (2020), electrical resistivity measured is
directly related to the geological characteristics of the study
area, such as lithological composition, fluid saturation, porosity,
and others. This information is very important for monitoring the
effect of internal water drainage into constructed cells (ibid).

Other than the positive sides, this design has its negative
sides, such as the expensive construction materials and
technology, and the difficult operational sequence.
Aleksandrova et al. (2021) suggest that the operational
sequence can be managed by using the critical path method
(CPM), which will give information about the important and
urgent tasks that need to be started earlier and the ones that
can be delayed. Dimitrov et al. (2023) have designed two
variants of a CMWDF. The first one was with a wider body, and
the second was with a narrower. The authors have concluded
that the wider body has a better operational sequence because
of the greater number of available cells, which can accumulate
thickened tailings.

Methodology

Dimitrov and Koprev (2023) designed a CMWDF in
AutoCAD Civil 3D. The CMWDF is designed using the publicly
available data for the IMWSF which is used to store the tailings
and waste rock from the Ada Tepe mine in Krumovgrad,
Bulgaria. The same design was used to evaluate how the
change in the phreatic surface influences the FS.

In the design, there are two facilities designed. The facilities
are named by the side on which they belong, hence the names:
“East” and “West” facilities.

The design has four variants which differ by the thickness of
the tailings layer. The four variants are with 3 m, 5m, 7 m, and
9 m thick layers of tailings (LOT) on every bench.
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The phreatic surface was added using the command
“Piezometric Line” in the Slide 2 software from Rocscience.

For the calculation of the factor of safety (FS), 2D central
profiles of all the variants were designed. The profiles were
extracted as DXF files from AutoCAD Civil 3D and imported into
Slide 2 from Rocscience.

In the program, all the material properties were set using
publicly available data for the overburden and tailings stored in
the IMFDF in the Ada Tepe mine in Krumovgrad, Bulgaria.

The friction angle for the tailings and the overburden used
for the construction are taken from the environmental impact
statement (EIS) made by Balkan Mineral and Mining EAD in
2010 (Petkov G. 2010). As stated in the EIS (2010), the angle of
friction is 400 for the waste rock (overburden) and 30° for the
thickened tailings (at 56% w/w solids). The material density of
the overburden is given at 2.00 g/cm3 in the "NI 43-101
Technical Report" made by CSA Global (White G. et al. 2014).
The material density for the tailings is given to be 1.45 g/cm3 in
the Evaluation of liner requirements report by AMEC Earth and
Environmental UK Ltd. (2014). For the drainage system and the
base, the same friction angle was used. For the base, a material
density was used for fresh breccia conglomerate given in Table
44 in the report from "CSA Global" (White G. et al. 2014).

For all the materials, cohesion was given as 1 kPa, which
was done because the calculations could not be performed with
0 kPa of cohesion. The base was given as "Infinite strength,"
which means that it will not fail under any circumstances, but the
option was chosen for the failure surface to be allowed to pass
through it.

The water level is added above the drainage system
because it is meant to be alse used for atmospheric water, too,
so it will have water running through and near it.

The calculations were made using the option "Circular"
surface type and the Eurocode 7 - Design approach 3 design
standard.

Calculations were not made for the 7 and 9 m variants
because the facilities were not as high.

Results

The results given in Tables 1 and 2 show that the phreatic
surface influences the FS; but when it ends in the back end of
the starting platform, the results are approximately the same as
the results in the case of consolidated tailings given in the paper
published by Dimitrov and Koprev (2023). In the case when it
passes through the starting platform, the FS decreases by
approximately 0.3. The models from the calculations are given
in Figures 1 to 6. Only the models with high phreatic surface are
given.

Table 1. FS for the well-controlled phreatic surface

Thickness of the Tailing West CMWDF East CMWDF
layer, m 3m[5m[7m[9m[3m[5m [Tm[9m
Method Name Factor of safety
Janbu corrected 1.83 [1.781.63 |1.55|1.83 | 1.80
Spencer 1.80 11.76|1.64 [1.54|1.80 | 1.78
Corps of Engineers #1 | 1.80 |1.761.64 [1.54 | 1.80 | 1.78
Corps of Engineers #2 | 1.80 |1.75]1.64 [ 1.53 | 1.80 | 1.77
GLE / Morgenstern-Price| 1.80 [1.76 | 1.64 | 1.53 | 1.80 | 1.77
Sarma 1.80 [1.75|1.64 | 1.53 | 1.80 | 1.77
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Table 2. FS for high phreatic surface

Thickness of the Tailing West CMWDF East CMWDF
layer, m 3m [5m|[7m[9m[3m[5m [Tm[9m
Method Name Factor of safety
Janbu corrected 1.46 1144143 133|169 | 1.48
Spencer 145 11.43[1.43 1.34|1.70 | 1.48

Corps of Engineers #1 | 1.46 |1.44|1.44 [1.34 | 1.70 | 148

Corps of Engineers #2 | 1.45 | 1.43]|1.43 [1.34 | 1.68 | 1.49

GLE / Morgenstern-Price| 1.45 [1.43|1.43 |1.33]1.70 | 1.48

Sarma 145 [ 143|143 [1.33 | 1.70 | 1.47

Fig. 1. East CMWDF with 3 m LOT with high phreatic surface

1466

Fig. 2. West CMWDF with 3 m LOT with high phreatic surface

1.482

.,

Fig. 3. East CMWDF with 5 m LOT with high phreatic surface

1441

Fig. 4. West CMWDF with 5 m LOT with high phreatic surface

Fig. 5. West CMWDF with 7 m LOT with high phreatic surface

1333

Fig. 6. West CMWDF with 9 m LOT with high phreatic surface

Discussion

The calculations have shown that the higher phreatic
surface also influences the stability of the CMWDF. Considering
that fact, greater attention needs to be given to the drainage
systems.

Waiting for the full consolidation and removing the water
from the cell is by itself a great challenge as time is not in
abundance. Removing the water from a cell with a 3 m-thick
layer of tailings is for sure easier than from a 7 or 9 m-thick layer.
So, considering that, a different approach should be applied for
a thicker layer.

For the cells with the thicker layer, internal drainages are
recommended. The internal drainage can be placed in the LOT
itself and on the bottom and walls. An option can be perforated
pipe as the one suggested for draining the TSF in China by Wei
et al. (2016). Another option can be adding prefabricated
drainage systems (PDS) as the one given in Fig. 7. This will
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provide a free way for water to escape. The PDS can be placed
at an angle of approximately 5°, and pointed to the main
drainage system. That will provide a faster route to the drainage
system and in case of bending of the PDS, it will not block
passage of the water as one point will be higher from the other.
Such drainage veins can be added in the cells, so the tailings
can be in direct contact with the drainage system, hence
ensuring faster consolidation.

Fig. 7. Prefabricated drainage system

The starter platform can be protected with geomembrane or
geocomposite to prevent water from entering. In addition to that,
the top of the starting platform can have a slight incline, e.g. 1-2
degrees. In that way, the possibilities for the phreatic surface to
end behind the starter platform will be greater.

In case of improper work of the drainage system, a new
drainage system can be constructed; or if the facility is already
at its end phase, a two-way slotted drainpipes can be inserted
to maintain low phreatic surface. The technology can be
implemented in a similar manner as given from Wei et al. (2016).

Conclusions

Taking into consideration the results, the following
conclusions can be made:
o Internal drainage systems that lead to the main drainage are
needed to shorten the consolidation time.
o The FS greatly depends on the water content in the CMWDF.
o The height of the facility does not greatly influence the FS as
it is from the phreatic surface and the thickness of the tailings
layer.
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