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a b s t r a c t

The total length of the second stage of the water supply project in the northern areas of the Xinjiang
Uygur Autonomous Region is 540 km, of which the total length of the tunnels is 516 km. The total tun-
neling mileage is 569 km, which includes 49 slow-inclined shafts and vertical shafts. Among the tunnels
constructed in the project, the Ka–Shuang tunnel, which is a single tunnel with a length of 283 km, is cur-
rently the longest water-conveyance tunnel in the world. The main tunnel of the Ka–Shuang tunnel is
divided into 18 tunnel-boring machine (TBM) sections, and 34 drilling-and-blasting sections, with 91
tunnel faces. The construction of the Ka–Shuang tunnel has been regarded as an unprecedented challenge
for project construction management, risk control, and safe and efficient construction; it has also pre-
sented higher requirements for the design, manufacture, operation, and maintenance of the TBMs and
their supporting equipment. Based on the engineering characteristics and adverse geological conditions,
it is necessary to analyze the major problems confronted by the construction and systematically locate
disaster sources. In addition, the risk level should be reasonably ranked, responsibility should be clearly
identified, and a hierarchical-control mechanism should be established. Several techniques are put for-
ward in this paper to achieve the objectives mentioned above; these include advanced geological
prospecting techniques, intelligent tunneling techniques combined with the sensing and fusion of infor-
mation about rock parameters and mechanical parameters, monitoring and early-warning techniques,
and modern information technologies. The application of these techniques offers scientific guidance
for risk control and puts forward technical ideas about improving the efficiency of safe tunneling.
These techniques and ideas have great significance for the development of modern tunneling technolo-
gies and research into major construction equipment.
� 2018 The Author. Published by Elsevier LTD on behalf of Chinese Academy of Engineering and Higher
Education Press Limited Company. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Project profile and major geological problems

1.1. Project profile and major features

The total length of the second stage of the water supply project
in the northern areas of the Xinjiang Uygur Autonomous Region is
540 km. The project’s main tunnel is divided into three sections:
the Xi–Er tunnel, the Ka–Shuang tunnel, and the Shuang–San tun-
nel (Figs. 1–3). The lengths of these three tunnels are 141 km, 283
km, and 92 km, respectively, and their total length is 516 km,
which comprises 95.6% of the total project length. The tunnel-
boring machine (TBM) excavation diameters of the three tunnels
are 5.5 m, 7.0 m, and 7.8 m, respectively, so the tunnel diameter

ranges from 5.5 m to 7.8 m. The project has the following notable
characteristics:

(1) Deep-buried tunnels. The average burial depth is 420 m,
and the maximum burial depth is 774 m. The tunnel line goes
through mid- and low-altitude mountainous areas and hilly areas
where the terrain gently undulates. The sea level elevation ranges
from 600 m to 1500 m, and the relative height difference is from
150 m to 650 m. The total length of the main tunnel is 516 km;
according to the burial depth, the part that is shallower than
450 m is 357.7 km long, the part with a depth ranging from 450
m to 650 m is 96.8 km long, and the part deeper than 650 m is
61.5 km.

(2) Long-distance tunneling. The total tunneling mileage of the
main tunnel is 569 km; that is, the mileage of the main tunnel itself
is 516 km, as mentioned above, and the total mileage of the 49 sub-
tunnels is 53 km. There are 24 slow-inclined shafts. Four TBMs
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Fig. 1. Schematic diagram of the engineering geology and construction design of the Xi–Er tunnel. D&B: drilling-and-blasting; P: stulm; S: vertical shaft.

Fig. 2. Schematic diagram of the engineering geology and construction design of the Ka–Shuang tunnel.

Fig. 3. Schematic diagram of the engineering geology and construction design of the Shuang–San tunnel.
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