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Deep geological repositories for radioactive waste (DGR) and underground research laboratories (URL) preceding 
them are being developed and constructed in most countries with developed nuclear power sector. International prac-
tices show that DGR and URL designs involve various types of excavations widely used to provide access to the target 
depths: vertical and inclined shafts, their combinations, as well as spiral ramps. In world practice, inclined workings, 
which include inclined shafts and spiral ramps, became widely used in the second half of the XX century at mining en-
terprises along with the development of mechanized mining methods for various types of rocks. The inclined workings 
can be 6—8 times longer compared to vertical shafts, which inherently increases the cost of their excavation. However, 
in certain cases, a longer inclined working and transportation along it by road transport provides such considerable 
advantages that its construction turns out to be a much more feasible option compared to vertical shaft designs with 
a cage hoist. The decision to excavate a spiral ramp or an inclined shaft can be made both at the DGR construction 
and operational stage. In the decision-making, a fairly wide range of factors is commonly taken into account, including 
economic efficiency, mining and geological conditions and the need to enhance the safety of individual production 
processes. In particular, with regard to radioactive waste disposal facilities, an inclined working facilitates the system 
of package delivery to the disposal depths reducing the risks and possible consequences of emergency situations and 
incidents associated with equipment failures. At the URL stage, an inclined working facilitates and provides more 
detailed rock mass characterization.

Keywords: radioactive waste, deep disposal facility, vertical shaft, spiral ramp, inclined shaft, underground research laboratory, 
transportation of radioactive waste, URL excavations, radioactive waste disposal.

Underground research laboratories

In world practice, construction of underground 
research laboratories (URL) is viewed as an integral 
first stage paving the way for the establishment of a 
DGR. The tasks addressed by URL construction were 
discussed in detail in a few publications [1]—[4] and 
their functions that had been generally recognized 
within the international expert community were 
also set forth in a few Russian regulations [5], [6]. 
URL is considered as a site supporting rock mass 

characterization activities, as well as research fo-
cused on the performance of structures constitut-
ing to the engineered safety barrier system (EBS) 
and the evolution of barrier materials making up 
the proposed DGR, development and testing of 
methods proposed to excavate the underground 
sections designed for radioactive waste (RW) dis-
posal [3]. URL research and relevant findings are 
required for subsequent decision-making on the 
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feasibility and reliability of the proposed disposal 
concept, as well as to demonstrate the adherence 
to principles contributing to the long-term dispo
sal safety to the expert community and the general 
public. This is precisely the role of the URL being 
established at the Yeniseiskiy site (Krasnoyarsk 
Territory) that has been stated in the Strategy for 
the Russian DGR Development [7].

DGR projects developed abroad are at various 
stages of their life cycle and some of them have un-
dergone an inevitable evolutionary path with vari-
ous underground layouts and approaches to their 
excavation that had been considered. Current sta-
tus of the Russian DGR project render it possible to 
take advantage of the best international methods 
and experience accumulated based on similar pro
jects, in particular, to search for and compare the 
layouts of underground structures, including the 
types of access provided to the target depths with 
an account taken of a few factors: how advanced, 
up-to-date these approaches are and how opti-
mal they are viewed in terms of their safety; what 
performance and economic efficiency levels might 
be achieved in case of their practical implementa-
tion. In terms of rock characteristics, the designs 
developed in Finland, Sweden and China, where 
crystalline rocks are considered as host geologi-
cal environment, can be viewed as most similar to 
those proposed under the Russian DGR designs [8]. 
Nevertheless, the DGR designs developed for other 
host environments may also provide some valu-
able information when studying the diversity of the 
above factors.

In 2017, a series of preprints was published sum-
marizing in sufficient detail the global DGR deve­
lopment practices [9], [10], as well as the experience 
in the development and operation of URL [4]. Ac-
cording to the established international classifica-
tion system [3], URL are divided into site-specific 
and generic. Site-specific URL are constructed in 
mountain ranges recognized as potentially suitable 
for waste disposal. Research in such laboratories 
is mainly focused on gaining detailed information 
about the structure of the rock massif that would 
contribute to reliable long-term safety assessment 
of RW disposal at a specific site, and the layout of 
underground excavations itself is developed having 
in mind the future prospects of their use as part of 
the DGR. 

URL of the second type, i.e., generic, are designed 
to refine the research approaches, the designs pro-
posed for the RW disposal facilities and are con-
structed at sites that will not be used for waste dis-
posal (at least in the foreseeable future). These URL 
are developed to address some general tasks: large-
scale experiments focused on safety-important 

processes, comparison and development of EBS 
construction methods, production operations as-
sociated with the management of RW packages, etc.

Recently, a third URL type has been identified — 
area-specific, which combines the goals and objec-
tives of site-specific and generic URL and is distin-
guished by the fact that these URL are developed 
within a potentially suitable rock massif (the area 
proposed to build a DGR), but the ultimate decision 
on the selection of a specific RW disposal site has 
not been made yet. In the future, an area-specific 
URL may become part of a disposal facility, but 
this is not a mandatory condition — it’s still pos-
sible that a DGR is built on an adjacent/contiguous 
site within the considered area. At the same time, 
in terms of the underground structure layout and 
the direct access provided to the target depths, the 
approaches characteristic of site-specific URL are 
still in place. This URL type owes its appearance 
to the intensification of the Beishan project (PRC), 
which is subject to the country's current restric-
tions on licensing and subsoil use for RW disposal 
purposes [11].

Another feature according to which URL are com-
monly distinguished between themselves is whe­
ther they are sited in existing underground infra-
structure facilities (tunnels or excavations of mi
ning enterprises) or in new purposely constructed 
ones [2]. The first group features such laboratories 
as Asse, Morsleben and Konrad in Germany, Bukov 
and Josef in the Czech Republic, G-Tunnel in the 
US and Tournemire in France. The second group in-
cludes: Beishan in China, Aspö in Sweden, ONKALO 
in Finland, KURT in the South Korea, Horonobe in 
Japan and others, including the URL at the Yeni-
seiskiy site. Also, some of them, for example, Mont 
Terri and Grimsel in Switzerland, were built paral-
lelly to already existing tunnels. 

Access to the target depths in URL and DGR

When it comes to URL development and their 
subsequent construction, the method followed to 
arrange access from the surface to the network of 
underground drifts at target depths is viewed as an 
important design concern. If laboratories are built 
in existing facilities, no such decision is required, 
since such access to the target depths is predeter-
mined by the designs of the predecessor facility. In 
purpose-developed URL, various combinations of 
excavations are used for these purposes (Table 1).

As can be seen from the above examples, vertical 
shafts are integral to the complex of purpose-devel-
oped underground laboratories regardless of their 
types and the host rocks. Although in most cases 
they account for the main transport excavations, in 
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some URL they are supplemented by inclined exca-
vations, i. e., spiral ramps and inclined shafts open-
ing to the surface that are intended for equipment 

transportation, rock mass lifting to the surface via 
self-propelled equipment and ventilation [12]. 

In Aspö [13] (Fig. 1), ONKALO [14] (Fig. 2) and 
Beishan [15] (Fig. 3) URL, spiral ramps are used 
as transport and research excavations. Fig. 4 also 
shows the site of the BET (Beishan Exploration 
Tunnel) research laboratory, where the transport 
excavation stands for an inclined shaft. It should be 
noted that at present, inclined shaft designs have 
not been implemented in any of the currently ope­
rated purposely-developed URL and that either only 
combinations of vertical shafts and spiral ramps or 
only vertical shafts are used in the underground 
structures.

The overview of inclined shaft application prac-
tices would’ve been incomplete if, in addition to 
URL, we did not mention the geological disposal 

1 — alternative materials used for buffer production;  
2 — experiment exploring plug and backfill installation;  
3 — Minican project; 4 — pillar stability tests; 5 — demo test;  
6 — Zedex experiment; 7 — canister retrieval; 8 — experiment with 
heating elements (TBT-test); 9 — Lasgit; 10 — LTDE experiment; 
11 — Colloid project; 12 — TRUE-1 experiment; 13 — Rex project; 
14 — research exploring the chemical composition of pore water 
in the rock matrix; 15 — study of two-phase groundwater flows; 
16 — Microbe project; 17 — RNR experiment; 18 — Lot;  
19 — prototype disposal facility; 20 — study of radionuclide reten-
tion processes; 21 — RNR experiment; 22 — horizontal orientation 
of SNF packages

Fig. 1. Layout of underground excavations and research areas 
in the underground section of the URF Äspö (Sweden) [13]

Table 1. Options providing access to target depths in purpose-developed URL 

Country URL name URL type Rock type Access to target depths URL status Depth, m

Belgium HADES generic sedimentary (clay) vertical shafts operating 230

Germany Gorleben site-specific sedimentary (salts) vertical shafts not operating 840

Canada Whiteshell generic crystalline rocks vertical shafts operating 240—420

China 
Beishan area-specific crystalline rocks spiral ramp and vertical 

shafts under construction 550

BET generic crystalline rocks inclined shaft decommissioned 250

South 
Korea KURT generic crystalline rocks vertical shafts under construction 90

USA 
WIPP site-specific sedimentary (salts) vertical shafts DGR operation 655

Busted Butte (part 
of Yucca Mountain) site-specific sedimentary (tuffs) vertical and inclined 

shafts not operating 300

Finland ONKALO site-specific crystalline rocks spiral ramp and vertical 
shafts 

undergoing the licensing 
process to start RW disposal 500

France Bure site-specific sedimentary (clay) vertical shafts operating 500

Sweden Aspö generic crystalline rocks spiral ramp and vertical 
shafts operating 450

Japan 
Horonobe generic sedimentary vertical shafts operating 250

Mizunami generic crystalline rocks vertical shafts not operating 500

Fig. 2. Layout of URL and DGR excavations in the ONKALO 
facility (Finland) [14]
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facilities currently being at various stages of their 
life cycles. Inclined shafts designed for RW pack-
age transportation can be found at such facilities 
(Figs. 5—10) as Yucca Mountain in the US [16] (pro-
posed for the final disposal of high-level waste 
(HLW) and spent nuclear fuel (SNF) and suspended 
for political reasons), Bátaapáti in Hungary [17] 
(low- and intermediate-level waste — LLW and ILW, 
in operation), Forsmark in Sweden [18] (LLW and 
ILW, permission has been granted to expand the 
facility).

Spiral ramp and inclined shaft designs are also 
proposed for the planned HLW disposal facilities: 
Nördlich Lägern in Switzerland [19], KRS in South 
Korea [20], Cigeo in France [21], [22]. It is worth add-
ing that the latter facility will include part of the 
Bure URL excavations, access to the target depths 
of which is provided via vertical shafts.

Fig. 3. Layout of excavations and research areas  
in the Beishan URL (China) [15]

Fig. 4. Layout of excavations and research areas in Beishan 
Exploration Tunnel (China) [15]

Fig. 5. Inclined shafts constituting  
to the dry storage SNF facility in tuffs at a depth of 300 m,  

the Yucca Mountain project (USA) [16]

Fig. 6. Layout of underground excavations of the ILW and 
LLW disposal facility in crystalline rocks at a depth of 250 m, 

Bátaapáti project (Hungary) [17]

Fig. 7. Layout of underground excavations of the disposal 
facility for short-lived RW, as well as LLW and ILW  

at a depth of up to 60 m, Forsmark [18]
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ONKALO is the world's flagship HLW and SNF dis-
posal project (Fig. 2) run by the Finnish company 
Posiva Oy, which has already been mentioned in 
the list of site-specific URLs. Currently, the Radia-
tion and Nuclear Safety Authority (STUK) is review-
ing its operational license application for a DGR 
to be sited in a crystalline rock massif at a depth 
of up to 450 m; the ultimate licensing decision 
was expected from the regulator before the end of 
2024 [23]. A spiral ramp constituting to the complex 
of its underground structures that has been exca-
vated by the drilling and blasting method (DBM) at 
the URL development stage will be used to deliver 
waste packages to the disposal excavations.

Inclined shafts and spiral ramps in the above-
mentioned designs with a slope of 6°—10° enable 
the use of pneumatic-tire and automobile trans-
port to deliver various goods, including the RW. In 
ONKALO and Beishan URLs, the spiral ramp angle 
is about 6° [24], [25]. The slope and turning radii of 
the spiral ramp were designed based on the envi
saged type of transport, mining and geological con-
ditions and the proposed excavation method (drill-
ing and blasting, mechanical or combined).

A spiral ramp has an important advantage over an 
inclined shaft when used in combination with ver-
tical shafts in URL and/or DGR: the portal section 
of an inclined shaft requires an additional platform, 
which can be quite remote in plan from the main 
complex of the underground structures. The portal 
of a spiral ramp can be located both within the ge
neral construction area of the facility and outside. 

In case of inclined shafts, the most progressive 
excavation method is the blast-free driving with 
a tunnel boring machine (TBM) [15], [26]: today 
it can be used to excavate shafts in hard and very 
hard rocks (Fig. 11), such as granites and gneisses. 
In terms of underground construction, the impor-
tant advantages of this method can be summarized 
as follows: high excavation rates, opportunities for 
process automation and conveyor delivery of the 
broken rock mass to the surface, excavation roof 
support operations do not require the interruption 
of mining operations, as well as a smaller man-
made impact on the massif compared to the DBM 
method (Fig. 12) [27]. The disadvantages include 
larger turning radius for spiral ramps, which is 
due to the TBM length and the high cost of mining 
equipment. TBM operations have been mastered 
well and are used to construct underground infra-
structure facilities, in particular, railway and road 
tunnels, mine excavations at mining enterprises, 
for example, previously performed mining in tuffs 
of the Yucca Mountain site [28] and the current ex-
cavation of a spiral ramp in granite formations of 
the Beishan URL [29].

Fig. 8. Layout of underground excavations of Nördlich Lägern, 
a RW disposal facility in Switzerland [19]

A	 B

Fig. 9. Proposed conceptual designs of underground 
excavations for the KRS spent nuclear fuel disposal facility 

(Republic of Korea): A — URL stage; B — DGR stage [20]

Fig. 10. Inclined shafts constituting to the final disposal 
facility for high-level and long-lived radioactive waste,  

Cigeo project (France) [21], [22]
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The prospects of applying global experience 
in the Russian URL and DGR designs

In terms of tasks addressed and the types of host 
rocks, two URL, namely, ONKALO [30] and Beishan 
[15] laboratories, seem to be most similar to the 
one being built at the Yeniseiskiy site. Based on 
these two cases, considered below is the evolution 
of excavation layouts providing access to the target 
depths and the approaches to their development.

Early ONKALO design layouts did not include any 
inclined excavations as part of the disposal com-
plex [24]. At the DGR stage, it was planned to use 
either a vertical or an inclined shaft for RW trans-
portation (Fig. 13A, B). The decision to build a spi-
ral ramp as part of the ONKALO URL facilities was 
made by Posiva Oy in 2002 [31] based on a study 
performed to compare various possible options. A 
total of 9 different combinations of underground 
excavations was considered to provide access to the 
target depth. Options providing for a single exca-
vation in the complex of underground structures 
(vertical or inclined shaft) were excluded since they 
were not able to provide adequate safety at the ope­
rational stage and adequate RW disposal rate [32]. 
Almost at the same time, the Swedish company SKB 
was elaborating various DGR layouts at the Oskar-
shamn and Östhammar sites, which also included 
an analysis of advantages that could’ve been pro-
vided by a spiral ramp [33].

The following options have been ultimately com-
pared between themselves: two vertical shafts; ver-
tical and inclined shafts; a spiral ramp and vertical 
shafts. For both the URL and DGR stages, prefe
rence was given to the latter option (Fig. 2 and 13B), 
i. e., a combination of vertical shafts and a spiral 
ramp [14].

An important factor that influenced the choice 
of this combination for the ONKALO facility was 
the availability of completed package designs and 
relevant disposal methods, as well as a system of 

Fig. 11. Beishan tunnel boring machine No. 1 for tunneling 
in crystalline rocks [29]

Fig. 12. Comparison of the man-made disturbance parameters 
for rocks in the border zone of mine excavations driven  

by the DBM (A) and TBM (B) methods [27]

А	 B	 C
Fig. 13. Conceptual ideas showing the appearance of the ONKALO DGR (Finland), including the final one [24], [30]:  

A — 1992, B — 1996, C — present
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natural and engineered safety barriers. Based on 
them, one was able to specify such parameters of 
the spiral ramp excavations as the cross-section 
and angle of inclination, which could be also done 
based on the weight and size parameters of con-
tainers and motor transport (Fig. 14).

Given the mining and geological conditions in-
herent in the ONKALO site, the time that took the 
construction of the URL with a spiral ramp turned 
out to be comparable to the construction time 
in case of a vertical shaft design option — about 
6—6.5 years taking into account that 25 % of the 
time was allocated for the preliminary rock mass 
strengthening operations [35].

Similar to the evolution of the ONKALO designs, 
no spiral ramp has been provided for in the initial 
Beishan URL designs (Fig. 15A). Fig. 15B, C show its 
early designs, which were supposed to be driven via 
DBM [36]. Following a series of studies focused on 
the mining and geological parameters of the massif 
and a feasibility study, it was decided to excavate 
a spiral ramp by the mechanized method (Fig. 15E, 
D) providing access to a depth of 560 m from the 
surface (Fig. 3).

The decisions to use spiral ramps in the ONKALO 
and Beishan facilities were mainly driven the fol-
lowing key arguments:
•• at the URL stage, a spiral ramp was supposed to 
provide additional more complete data on the 
host rock massif and the adjacent areas [15], [37], 

[38]. It also appears to be much easier to charac-
terize them at the construction stage, since ad-
ditional study of the massif during vertical shaft 
construction interrupts the mining cycles [39], 
which, in turn, leads to a forced reduction in the 
research time;

•• compared to vertical shaft designs, a spiral ramp 
or an inclined shaft provide wider opportunities 
in terms of waste package transport designs and 
their diversity, in particular, assuming the uncer-
tainties in the parameters of transport and mining 
equipment [15], [32], and allows for remote auto-
mated control over the RW delivery processes;

•• the main transport excavations of the URL can 
be used at the DGR stage as part of underground 
structures constituting to the disposal complex.
In the decision-making on the method proposed 

to sink an inclined shaft or a spiral ramp, it is also 
necessary to take into account possible negative 
aspects that may affect technical and economic 
indicators at the construction stage and some in-
dividual elements of the operational DGR safety, 
such as:
•• greater amount of mining operations compared to 
the vertical shaft sinking option and, therefore, in-
creased man-made disturbance of the rock mass;

•• penetration of water-bearing areas by extended 
excavations (Fig. 16) is supposed to require more 
efforts to avoid water inflows [32];

•• risk of possible emergency situations during RW 
transportation, i.e., ignition of vehicle compo-
nents (tires), fuels and lubricants, vehicle break-
down on they way down the inclined shaft (brake 
failure, etc.) [40];

•• the cost of spiral ramp excavation is higher com-
pared to the vertical shaft sinking cost.
The following considerations can be cited as re-

marks and counterarguments to the negative as-
pects listed above:
•• increased man-made disturbance of the massif 
during mining operations may affect the long-
term DGR safety, which is relevant for all possible 
methods, including TBM, and should be compen-
sated via some specific EBS designs to be imple-
mented during the development of the inclined 
shaft or a spiral ramp, as well as via the selection 

Fig. 14. Prototype of a machine designed for RW container 
transportation along a spiral ramp in the ONKALO DGR [34]

А	 B	 C	 D	 E
Fig. 15. Proposed layouts for the underground facilities of the Beishan URL (PRC), including the final one [36]
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of most effective backfilling materials at the DGR 
closure stage;

•• the presence of groundwater flows doesn’t seem 
to be an obstacle when it comes to DGR construc-
tion, which has been also confirmed by the Fin­
nish and Swedish DGR designs. Cracks, including 
water channels, are eliminated via injection rock 
hardening [35], [41], [42];

•• the use of inclined excavations and, in particular, 
spiral ramps enables remote automated control 
over the RW delivery processes, and also facilitates 
the designs developed to eliminate possible emer-
gency situations. The risks of accidents and inci-
dents during RW container transportation along 
an inclined ramp and a vertical shaft (for example, 
its ignition, hangup of the cage and/or breakage of 
its rope, damage caused to the packaging due to 
its fall to a depth of about 500 m) shall be evaluat-
ed both considering their classification as design 
and beyond-design basis accidents and the corre-
sponding consequences, including the possibility 
of their elimination [43];

•• the sinking costs in case of an inclined shaft or a 
spiral ramp may exceed those of vertical mining 
based on the same method (for example, drill-
ing and blasting), as mentioned earlier, due to its 
greater length. However, a comparison of the spi-
ral ramp sinking costs and the initial conclusions 
on the economic efficiency of DBM or TBM meth-
ods can be made based on a comparative feasibi
lity study. At the same time, the total estimated 
DGR cost as a whole should also include the costs 
associated with the risks of emergency situations 
and incidents during RW package transportation, 
including the cost expected from the elimination 
of their consequences. 
As an interim result, it is worth emphasizing that 

despite the established trends in the construction 
of the main excavations for various URL types and 
DGR no specific recommendations have been pro-
vided by international expert organizations on the 
use of inclined shafts or spiral ramps. Nevertheless, 
RW package transportation along inclined excava-
tions seems a more preferable option considering 
the Best Available Techniques [47], [48].

Conclusion

Excavations of the URL being developed at the 
Yeniseiskiy site are planned to be used as part of 
the future DGR. According to the proposed designs, 
at the first stage of its construction, access to the 
target depths will be provided via vertical shafts. 
Basic DGR design option provides for RW package 
transportation to the target depths (absolute eleva-
tion of + 5 and – 70 m) in a cage along a vertical ac-
cess shaft equipped with a mine hoist. At present 
time, its sinking has been postponed to subsequent 
stages of the project. This decision was made, in 
particular, due to the existing uncertainties asso-
ciated with the RW disposal flowcharts proposed 
for the Yeniseiskiy site [44], [45], container designs 
and the parameters of the EBS system [46]. These 
uncertainties have a direct impact on the choice 
of engineering designs supporting the delivery of 
RW packages to the target depth intervals, and also 
shape the parameters and the requirements for the 
equipment to be used in the main transport exca-
vations. At the same time, taking into account the 
international experience in the construction of 
such facilities, development of alternative design 
options for access shafts remains a relevant is-
sue for the current stage of the project providing 
greater variability both in terms of mass and size 
parameters of the equipment transported into un-
derground excavations and more in-depth geologi-
cal exploration of the selected massif.

Based on the evaluated global URL construction 
practices overviewed in this article, the following 
can be attributed to alternative options as regards 
the arrangement of vertical access shafts integrally 
to the DGR to be constructed at the Yeniseiskiy site:

1) a spiral ramp with a portal section at the URL/
DGR construction site;

2) an inclined shaft with its portal section located 
outside the URL/DGR construction site.

In case of Option 1, the portal section and the spi-
ral ramp itself can be constructed within an existing 
licensed subsoil area. Moreover, the existing design 
layout of surface structures and infrastructure at 
the construction site can be preserved. According 
to preliminary estimates, a spiral ramp, similarly 
to inclined shafts, can be excavated via DBM or a 
mechanized method combined with TBM. A spiral 
ramp, also seen as a source of input data on the 
rock mass parameters, can be viewed as a promising 
type of an inclined excavation, also considering the 
case when it is routed as a spiral extending around 
a rock unit considered promising for RW disposal. 

The second option provides for much more com-
prehensive initial efforts required to address rele-
vant organizational issues, in particular: to expand 

Fig. 16. Aquifer zones exposed by the ONKALO URL 
excavation complex [35]
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the licensed subsoil area since the portal part of the 
shaft will be moved beyond the existing construc-
tion site boundaries. In terms of potential contri-
bution to gaining more data on the rock unit, an 
inclined shaft seems less attractive, since it will not 
allow a detailed study of the subsoil areas associ-
ated with the rock unit considered promising for 
RW disposal.

Due to the above reasons, option 1, i. e., spiral 
ramp sinking, seems to be the most promising in 
accordance with the global trends in URL and DGR 
construction in crystalline rock massifs. For these 
purposes, both the DBM and a mechanized TBM 
method can be applied. Preliminary feasibility es-
timates as regards spiral ramp sinking and relevant 
costs, including TBM application in inclined shaft 
sinking, can be obtained based on a feasibility study. 
The length of the spiral ramp will depend on:
•• the shaft sinking method (DBM or TBM);
•• the permissible slope;
•• position of the portal part of the ramp on the con-
struction site and the one of the sections provid-
ing its connection with the drifts;

•• type of transport equipment used in the under-
ground structures at the construction and opera-
tional stages;

•• cross-section of the excavation and its parameters;
•• the use of this excavation as part of a ventila-
tion system in the underground section of the 
facility.
In conclusion, let’s once more briefly summarize 

the main prerequisites and advantages of inclined 
(spiral) ramp designs for the URL/DGR proposed at 
the Yeniseiskiy site:
•• greater variety, compared to a vertical shaft, in 
terms of options providing RW package delivery to 
target depth intervals, including the parameters 
of transport and process equipment, which will be 
specified at the URL operation stage;

•• less restrictions on the dimensions and weight of 
containers, packages and tubes, which may help 
in making the final decision on their designs and 
layouts proposed for the disposal of various RW 
types;

•• independence from vertical lifting restrictions 
(rock removal, delivery of materials and equip-
ment), which will provide greater autonomy for 
various work divisions within the URL and DGR at 
the stages of their construction, development and 
operation;

•• at the URL stage, an inclined shaft may provide 
additional mining and geological data on the host 
rock mass and adjacent territories [37] since it al-
lows for their simpler and more accessible cha
racterization, as well as the development of engi-
neering DGR designs [15];

•• automated coordination of the RW delivery pro-
cesses, including the use of remotely controlled 
equipment.
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