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Rock Grouting Technology for 
Reducing Groundwater Inflow in  
Deep Underground

1. Mizunami Underground Research Laboratory 

JAEA is operating the Mizunami Underground Research 
Laboratory (MIU) project in order to establish a firm scientific 
basis for safe geological disposal of high-level radioactive 
waste. The geology below 170m depth consists of Cretaceous 
granite. It has been essential to develop rock grouting 
technology in the conductive zones as a countermeasure to 
minimize water inflow into a tunnel in the view of grological 
disposal in JAPAN. We have applied various materials such 
as ordinary cement, superfine cement, and a liquid type 
durable grout, colloidal silica grout (CSG) to seal fine rock 
fractures. The CSG is composed of activated silica colloid 
with gelling property and its penetrability is much higher 
than that of cement due to a particle size of a nanometer.

2. Grouting experiences in 500m depth
We have recently conducted pre- and post-grouting works at 
a gallery in 500m depth of MIU. The groundwater pressure 
was around 3.5–4.0MPa and a maximum grouting pressure 
was set to 5.5MPa. As a result, water inflow was reduced to a 
one-hundredth of an assumed amount with no grouting were 
performed, which is reduction from approx. 6,000L/min/100m 
to 60L/min/100m. Moreover, after a later post-grouting work 
repeated in the most wet section of the relevant gallery, all 
dripping spots turned out to be lower than 1 L/min, which is 
assumed to be a criteria for post-grouting of point leakage in 
disposal tunnels in Sweden.
Especially for the post-grouting technologies, three new 
concepts were demonstrated and found to be effective; which 
is the CSG for a new material, complex dynamic grouting 
method (Fig.1) for a new injection method, and sealing outer 
area of pre-grouted zones (Fig.2) for a new grouting area as 
design concepts.

3. Conclusion
It can be concluded that this technology is applicable to 
general tunnels in hard rock with abundant fractures and 
a severe inflow requirement, and to construct the future 
disposal tunnels in deep underground, accordingly decreasing 
maintenance costs such as longtime water discharge in 
disposal projects.
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Fig.1  Cutter rotation frequency

Fig.2  Verification tests

Fig.1 Concepts of different injection systems regarding grouting 
pressure with time.

Fig.2 
A schematic view of 
the new design in post-
grouting zone, which 
is outside of the pre-
grouted zone in the 
right compared with a 
view of the traditional 
design in the left.

New energy-saving cutter 
structure for large section shield 
machines for rapid construction

Background
Operation of shield machines requires enormous amounts of 
electrical power, and 70% of this power is used to drive the 
cutter, which excavates the ground. An energy saving shield 
construction method that uses a double-cutter mechanism 
was developed in order to reduce the power consumption of 
the cutter shield construction method.

Summary
Unlike the conventional single-drive mechanisms, in the 
double-cutter mechanism, the cutter head of the shield 
machine is divided into an inner circumferential part and 
an outer circumferential part, which can be operated 
independently of each other. This structure allows the 
optimal rpm for the inner circumferential part and the 
outer circumferential part to be selected separately (Fig. 
1). With this design, it is possible to control the rpm of the 
outer cutter which is normally too excessive to maintain 
its circumferential speed, as well as to reduce power 
consumption for operating the cutter.

Characteristics
1.  Reduces by 30% the amount of electrical power necessary 

to operate the machine by optimizing the rpm of the cutter 
on the outer circumference. 

2.  Improves by 25% the excavating speed by reducing the 
burden on the cutter bit in the inner circumference during 
ground excavation and increasing the aperture ratio. 

3.  Improves boring operation rate by preventing problems 
caused by clogging of soil onto the central part of the 
cutter.  

These effects have been confirmed through verification tests 
conducted using simulation experiment machines (Fig. 2).
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　▶ Outer cutter: 2.0 m 
　▶ Inner cutter: 0.5 m
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