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Outline

• Brief overview of Tochibora-site studies

• Status of Mozumi-site studies

• Summary

2
Monday, July 21, 14



Status of HK cavern design
• Two candidate sites; Tochibora and Mozumi

• Tochibora-site
• Geological surveys
• Geological logging of existing tunnels/shaft and rock sampling

• Cavern stability analyses based on the survey

• Cost estimates and construction schedule evaluated

• Baseline design has been (basically) completed

• Mozumi-site
• Almost no geological information available in the past

• Geological surveys carried out in 2013

• Cavern stability analyses have been completed

3
Monday, July 21, 14



miles
km

7
10

4

Mozumi-site
(Ikeno-yama)

Tochibora-site
(Nijugo-yama)

~2.5km

Rock waste deposit
(Maru-yama)

~5.5km
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Overburden
• Overburden
• Tochibora: ~650m

• Mozumi: >700m
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Tochibora-site studies
brief overview
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Geological survey

• Rock class distribution & initial stress at the HK tank 
location used in the cavern stability analyses
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Cavern stability analysis
• Based on the survey results

(rock mass characteristics and 
initial stresses), structural stability 
of caverns has been studied
• Elasto-plastic, static analysis & adopt 

Hoek-Brown yield (failure) criteria

• The excavation-steps taken into 
account in the stability analyses
• Include the cavern supporting 

material: shotcrete, rock-bolt, and 
Pre-Stressed (PS) anchor

8 19 

 

  
The above results were obtained by averaging data measured at three out of four 

points, eliminating outlying data. 
 

 

Table 3.2 Initial Stresses Calibrated to be  
    Equivalent to the ï370 mL Depth (1.08 times)  

Stress 
component 

(MPa) 

Stress component 
compensated to the 

analytical coordinate 
system (MPa) 

ǔx 12.42 8.10 
ǔy 8.10 12.42 
ǔz 16.31 16.31 
Ǖxy ï2.59 2.59 
Ǖyz ï3.67 6.26 
Ǖzx 6.26 3.67 

 

 

Table 3.1 Initial Stress Measurements Taken at ï300 mL  

 

Schmidt Net: Lower Hemisphere Projection 

East-west section (z-x plane) North-south section (y-z plane) Horizontal plane (x-y plane) 

Horizontal plane projection  
Six Stress Components (MPa) 3D principal stress (MPa) 

In-plane principal stress (MPa) 

 
nel axis 

Initial stress

Cavern Analysis Overview
• Elastic, static analysis was conduced and reported at the 

last meeting
- one calculation for the whole cavern. 
- evaluate the plasticity region based on elastic analysis

- Mohr-Coulomb’s criterion as failure criteria, general (mean) 
values for Young’s modulus 

- design PS anchors, rockbolts, and shotcrete to support the 
loosened area.

- elastic limit of the supports themselves not taken into account

11

• Elasto-plastic, static analysis
- step-by-step calculations for each excavation benches.
- perform calculation even after the stress exceeds the elastic limit.

- Hoek-Brown’s criterion as failure criteria, revised Young’s 
modulus

- strain softening calculation
- Designed supports are considered in the calculation 
- elastic limit of the supports also taken into account.

NEW
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• Elasto-plastic, static analysis
- step-by-step calculations for each excavation benches.
- perform calculation even after the stress exceeds the elastic limit.

- Hoek-Brown’s criterion as failure criteria, revised Young’s 
modulus

- strain softening calculation
- Designed supports are considered in the calculation 
- elastic limit of the supports also taken into account.

NEW

• elasto-plastic analysis and adopt Hoek-Brown failure criteria
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ᅗ 3.2 Ỉᵴ✵Ὕࡢつᶍ࣭ᙧ≧ 

Planar View 

Longitudinal Sectional View 

Cross-Section View 

Fig. 3.2 Size and Shape of Tank Caverns 
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Planar View 

Longitudinal Sectional View 

Cross-Section View 

Fig. 3.2 Size and Shape of Tank Caverns 
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 (5) Analytical Model (tank caverns) 

We segmented the walls of the tank caverns into the elements indicated in Fig. 
3.9, with reference to the distribution of rock mass classes of the tank caverns (Fig. 
2.3). The cavern ends are finely segmented considering the stress concentration. 

 

 

Fig. 3.9 Segmented Wall Surfaces of Caverns 
 

 

 

(6) Method for Locating Loose Areas  
In this analysis, we defined loose areas as areas where the local safety factor 

(Fs) is 1.0 or less, according to Mohr-Coulomb’s failure criterion which is based on 
the method for determining loose areas of large-scale underground caverns in 
Japan, e.g., Practice of Numerical Analysis in Geotechnical Engineering, published 
by the Japanese Society of Soil Mechanics and Foundation Engineering. 

 

 

 

 

 

Cavern shape
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Fig. 6.3 Division of a Tunnel Face of an Excavated Side-Wall Section of a Tank 
Cavern 

 
 
 
 
6.2 Construction Process 

The process of constructing the tank cavern was evaluated based on references to 
the process estimation standards in Japan. The results are shown in Table 6.1. It 
will take a little over two years to excavate the new and additional sections, 
approach tunnels, belt conveyor tunnels, etc. After constructing these tunnels, a 
little less than three years will be required to excavate the tank cavern. Thus, the 
total process is expected to be completed in just less than five years. 

As described in Section 3.4, displacements and loosened zones can change, 
depending on the results of the further detailed analyses. Although anchors and 
other supports could control such changes, the cost and excavation process will have 
to be modified depending on actual site conditions. 
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Cavern stability

• Plasticity region ~13m at most (CM class) → affordable level  
• Proved in the existing underground facilities (ex. power plants)

• For all rock mass classes (B, CH, CM), HK caverns can be 
constructed by the existing excavation/support techniques. 9

CH class (relatively solid rock mass)

12

Affordable cable tension and plasticity region depth 
for B and CH class. 

2 
 

（２）PS アンカー検討解析   
 

ケース CH-900+1200： 許容アンカー力 900kN+1200kN 

  
主応力（kPa) 最大せん断ひずみ 

  
塑性域分布 変位分布(m) 

4m 
3m 

5m 

3 
 

 
ケース CH-900+1200： 許容アンカー力 900kN+1200kN 

  
PS アンカー軸力（kN) 作用軸力の最小～最大値 PS アンカー軸力（kN) 黒色 PS アンカー：許容アンカー力以上作用 

 

  Plasticity region depth~5m PS anchor tension
(black is over tension)

CM class (somewhat soft rock mass)

13

- Affordable cable tension and plasticity region depth even 
for CM class. 
- Need more long anchors than the past elastic analysis.
- Cost and schedule are to be revised in January.

Plasticity region depth~10m
PS anchor tension

(black is over tension)7 
 

①ＰＳアンカー パターン２ 
ケース CM： 許容アンカー力 900-2400kN 

  
主応力（kPa) 最大せん断ひずみ 

  
塑性域分布 変位分布(m) 

 

10m 

9m 

13m 
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ケース CM： 許容アンカー力 900-2400kN 

  
PS アンカー軸力（kN) 作用軸力の最小～最大値 PS アンカー軸力（kN) 黒色 PS アンカー：許容アンカー力以上作用 

 

 

吹付けコン応力(kPa)  
  

CH-class
(>70% at HK
location)

CM-class
(20~30% at HK
location)

Plasticity region depth PS-anchor tension

5m

 - 52 -
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Tunnel constructions

• Tunnel construction plan (basically) established
• Access-, approach-, and belt conveyor tunnels

10

ー: Access tunnels
ー: Approach tunnels
ー: Belt conveyer tunnels

Mine entrance

Maruy-yama
rock waste 

deposit

Hyper-K
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• Construction steps and schedule established
11

for Tochibora site

Tunnels ~2yrs

Caverns ~3yrs

Construction schedule
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Mozumi-site studies
status
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Mozumi-site

• Candidate site locates under Mt. Ikenoyama

• HK deck level: EL356.6m (-500mL in mine coordinate) 
• The same as SK deck level

• Overburden: >700m (cf. Tochibora-site: ~650m)

• No detailed geological survey in the past 13
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Geological survey at Mozumi
• Geological survey at Mozumi-site has been 

carried out in 2013
• Rock core samplings at -500mL   (-500mL=SK deck level)

• (1) 250m long drilling with 27mmϕ
• for rock mass characterization at candidate site

• (2) ~14m (in total) drilling with 50mmϕ
• for rock ‘pressure crack’ testing / measurement

• Mapping of the existing tunnels

14
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Rock core sampling (1)

• 250m long rock sampling at HK tank location
• Core size: ϕ27mm 15

To Atotsu 
Entrance

SK

Drilling 
location

250m

HK tank location
(candidate)
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(b) 132-250m

(a) 0-250m

6t
h fa

ult

Results (1)

• The 250m drilling across “6th fault”
• Divide into two regions: 0~250m, 132m~250m
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Summary of the results (1)

17

Rock quality at Mozumi-site is comparable 
with Tochibora-site.

North cavern
South cavern

Average

(a)
(b)

Fraction of rock class (%)
Mozumi-site
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表 2.2 水槽空洞における岩盤等級区分 

岩 盤 等 級(%)  

A B CH CM CL D 
備 考 

0.0 0.0 71.8 28.2 0.0 0.0 
北側水槽 

71.8 28.2 
 

0.0 9.0 70.7 20.3 0.0 0.0 
南側水槽 

79.7 20.3 
 

0.0 4.5 71.3 24.2 0.0 0.0 
計 

75.8 24.2 
 

 
 

表 2.3 坑道やボーリング孔における岩盤等級区分 

岩 盤 等 級(%)  

A B CH CM CL D 
備 考 

0.0 51.6 43.6 3.0 1.8 0.0 
-300mL 北向坑道 

95.2 4.8 
 

0.0 67.9 27.7 4.0 0.4 0.0 -300mL 調査ボーリ
ング 95.6 4.4 

 

0.0 11.4 45.4 39.8 3.4 0.0 -370mL モリブデン
向坑道 56.8 43.2 

 

0.0 4.9 55.7 25.0 14.4 0.0 -370mL 新 2 番向 
坑道 60.6 39.4 

 

2.4 10.5 49.2 29.7 5.7 0.2 -370mL 調査ボーリ
ング No.2 孔 62.1 35.6 

 

0.0 19.2 59.2 16.5 3.8 0.3 -370mL 調査ボーリ
ング No.3 孔 78.4 20.6 

 

6.6 20.5 36.4 22.6 7.1 3.1 -370mL 調査ボーリ
ング No.4 孔 63.5 32.8 

 

0.0 18.1 39.0 38.1 1.9 2.9 
-430mL 北向坑道 

57.1 42.9 
 

�

�

�

Fraction of rock class (%)
cf. Tochibora-site

0~250m
132~250m
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• 50mmϕ thick core samples
• Use for pressure crack test/measurement

• 10 core samples; 1~2m long core each

• Rock cores sampled at a different location from 
HK tank (~800m away) but rock type is identical 
to where we are interested in. 18
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HK tank location
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ϕ27mm rock core sampling
(250m long)

ϕ50mm rock 
core sampling

Rock core sampling (2)
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South-East fault

SK
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Rock strength

• Rock strength at Mozumi-site: B-class is lower, 
CH-class (majority) is almost equal, and CM-class 
is higher than Tochibora-site

• ➜ Use as an input for cavern stability analysis. 19
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Mozumi-site

: B-class
: CH-class
: CM-class

: B-class
: CH-class
: CM-class

Tochibora-site

based on pressure crack testing results
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Initial stress at Mozumi-site
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• The initial stress, which has been measured at SK site, 
is used in Mozumi-site cavern stability analyses
• No measurement at HK cavern location yet.
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Initial stress comparison

• Mozumi has higher σz than Tochibora due to 
larger overburden

21

Stress 
Components

Initial Stress
(MPa)

σx

σy

σz

8.10

12.42

16.31

Tochibora-site
Stress 

Components
Initial Stress

(MPa)

σx

σy

σz

15.23

9.69

23.12

Mozumi-site

σx: Horizontal, σy: Cavern axis, σz: Vertical
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Plasticity region depth

• Plasticity region depth in CH-class at Mozumi is 
slightly deeper than Tochibora 22
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Affordable cable tension and plasticity region depth 
for B and CH class. 
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（２）PS アンカー検討解析   
 

ケース CH-900+1200： 許容アンカー力 900kN+1200kN 

  
主応力（kPa) 最大せん断ひずみ 

  
塑性域分布 変位分布(m) 

4m 
3m 

5m 

3 
 

 
ケース CH-900+1200： 許容アンカー力 900kN+1200kN 

  
PS アンカー軸力（kN) 作用軸力の最小～最大値 PS アンカー軸力（kN) 黒色 PS アンカー：許容アンカー力以上作用 

 

  Plasticity region depth~5m PS anchor tension
(black is over tension)
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Supporting pattern

• Confirmed that the cavern can be constructed 
at Mozumi-site with the existing technology. 23

CH class (relatively solid rock mass)

12

Affordable cable tension and plasticity region depth 
for B and CH class. 
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（２）PS アンカー検討解析   
 

ケース CH-900+1200： 許容アンカー力 900kN+1200kN 

  
主応力（kPa) 最大せん断ひずみ 

  
塑性域分布 変位分布(m) 

4m 
3m 

5m 
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ケース CH-900+1200： 許容アンカー力 900kN+1200kN 

  
PS アンカー軸力（kN) 作用軸力の最小～最大値 PS アンカー軸力（kN) 黒色 PS アンカー：許容アンカー力以上作用 

 

  Plasticity region depth~5m PS anchor tension
(black is over tension)

CM class (somewhat soft rock mass)

13

- Affordable cable tension and plasticity region depth even 
for CM class. 
- Need more long anchors than the past elastic analysis.
- Cost and schedule are to be revised in January.

Plasticity region depth~10m
PS anchor tension

(black is over tension)7 
 

①ＰＳアンカー パターン２ 
ケース CM： 許容アンカー力 900-2400kN 

  
主応力（kPa) 最大せん断ひずみ 

  
塑性域分布 変位分布(m) 

 

10m 

9m 

13m 
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ケース CM： 許容アンカー力 900-2400kN 

  
PS アンカー軸力（kN) 作用軸力の最小～最大値 PS アンカー軸力（kN) 黒色 PS アンカー：許容アンカー力以上作用 
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On-going work
• Cavern stability analyses just completed

• Access- and approach-tunnels are being designed

• Rock waste transportation to Maru-yama from 
Mozumi-site is under design
• Belt conveyor in tunnels or possibly on surface?

• Construction cost and schedule will follow

• Mozumi-site baseline design will complete 
reasonably soon

• Cavern construction is the major cost driver in 
HK project, and continue seeking ways to reduce 
the cost
• Move the detector to a better rock quality location??

24
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Summary
• Tochibora-site baseline design for the cavern 

construction has been established
• Including the detailed construction procedure

• Mozumi-site
• Geological surveys have been carried out

• Cavern stability analyses completed and confirmed that 
the cavern can be constructed with existing technology

• Construction procedure/schedule/cost evaluations are
in progress

• Need detailed survey/study of Maru-yama, rock 
waste disposal place, regardless which site will be
• To confirm the capacity & to identify necessary pre-

treatments (and estimate the cost)
25

• 1st ver. of technical design document is available
• HK WG internal document (not public (yet))

• Technical design document with further details and updates (e.g. Mozumi-site 
studies) is underway and will be available this summer.
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