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3. HYDRAULIC FRACTURING CHARACTERISTICS 

1. INTRODUCTION  
 
 
 
 

2. METHODS  
 

5. APPLICATION OF REACTIVE HIGH-VISCOSITY FLUID FRACTURING TO RESERVOIR ROCKS  
 

CONCLUSION 
 Fluid leak-off hinders volcanic reservoir fracturing. Our biobased reactive high-viscosity fluid enables fracture growth via mineral dissolution and viscosity, without raising initiation pressures.  
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4. FRACTURING WITH REACTIVE HIGH-VISCOSITY FLUID  
 

 

 

 

 

 

 

 

1.1. Geothermal Energy, Natural Gas, and Blue Hydrogen/Ammonia  
 Geothermal energy and natural gas, both of which offer relatively stable supply and low carbon intensity, are crucial for energy security 
and decarbonization. When natural gas is used as a feedstock for blue hydrogen and blue ammonia, the associated CO₂ emissions can be 
captured and stored underground. Expanding the utilization of geothermal and natural gas resources in reservoirs composed of volcanic 
rocks is therefore highly desirable. To achieve this, research and development of technologies that enhance well productivity in volcanic rock 
reservoirs, which are typically fractured systems, are essential.  

1.2. Hydraulic Fracturing of Volcanic Rock Reservoirs  
 In the Nagaoka gas field, hydraulic fracturing has often faced difficulties with proppant injection (Kidogawa et al., 2025). Studies on geo-
thermal reservoirs show that volcanic rocks with relatively high porosity and permeability, such as tuff, tend to form fractures that do not 
open or propagate well (Takuma et al., 2024). This is mainly due to severe leak-off of low-viscosity water at high temperatures, which reduces 
fracture pressure and promotes matrix expansion. Similar difficulties are also expected in volcanic rock gas reservoirs, where high porosity 
and permeability may hinder fracture opening and propagation.  

1.3. Objectives 
 Through hydraulic fracturing experiments on rhyolitic lava and hyaloclastite from the Minami-Nagaoka gas field, we examine why stimu-
lation has often been ineffective and propose fracturing methods suitable for volcanic rock reservoirs.  The fracturing fluid was first injected at 10 MPa and maintained for 20 minutes, 

after which injection was continued at a rate of 1 mL/min.  Wang et al. (2018) 

Osselin et al. (2022) 

3.1. Reservoir Rock with Relatively Low Porosity and Permeability  

Lava (Low Poro. & Perm.) 

 Theoretical fracture initiation requires ≥60 MPa, but actual pressures were lower. Fractures opened 
and propagated, yet fluid penetration was not negligible even in low-porosity, low-permeability rocks. In 
highly porous hyaloclastite, stronger leak-off may prevent fracture opening and propagation.  

3.2. Reservoir Rock with Relatively High Porosity and Permeability  

 In highly porous and permeable hyaloclastite, fractures with apertures large enough to be visualized 
by XCT were not formed. Similarly, in rhyolitic lava with relatively high porosity and permeability, fracture 
opening and propagation may also fail to occur. 

Hyaloclastite  

Lava (High Poro. & Perm.) 

Fracture opening and propagation did not occur in rhyolitic lava with relatively high 
porosity and permeability. High-viscosity fracturing fluids are recommended for vol-
canic reservoirs to facilitate fracture development.  

 

Frac. Fluid: Water (2 wt% NaCl ) 
4.1. New Approach Employing Mineral-Dissolving High-Viscosity Fluids  

 Reactive high-viscosity fluids, consist-
ing of a mineral-dissolving agent and a 
thickener, are first injected into the well 
at constant pressure for a short time to 
weaken the near-wellbore rock. The flu-
ids are then pressurized to initiate frac-
turing. The mineral-dissolving agent can 
be, for example, a chelating agent, while 
the thickener can be a polysaccharide. In 
this study, biobased and biodegradable 
materials were employed.  

4.2. Mineral-Dissolving Agent: GLDA-Na₄ (L-Glutamic Acid N,N-Diacetic Acid Tetrasodium Salt)  

 GLDA-Na₄ (L-Glutamic Acid N,N-Diacetic Acid Tetrasodium Salt) is a plant-based, 
biodegradable chelating agent that is already widely used in various industries. It can 
also be applied to improve permeability in oil and gas reservoirs, geothermal sys-
tems, and CO₂ storage formations. By binding to metal ions in minerals, it forms wa-
ter-soluble complexes, thereby promoting mineral dissolution and suppressing sec-
ondary precipitation. GLDA-Na₄ is effective over a wide pH range and can be used at 
high temperatures up to 200 °C.  

4.3. Thickener: Scleroglucan (SCLG)  

4.4. Verification of Effectiveness Using Tuff 

 Scleroglucan (SCLG) is a polysaccharide produced by microor-
ganisms such as Sclerotium rolfsii. It dissolves in water to form 
highly viscous solutions or gels and is widely used in cosmetics, 
food, and pharmaceuticals. SCLG shows high stability against tem-
perature, pH, and salinity (Liang et al., 2019, ACS Omega; Hand-
book of Hydrocolloids, ed. Phillips & Williams).  

Liang et al. (2019 ) Andesitic Tuff (Poro.: 23-24%, Perm.: 1 x 10-17 - 1x 10-16 m2) 

XCT Scan of the Borehole Region after Fracturing (12 μm/voxel)  

Water 
(Major Frac. Initiation: 51-58 MPa) 

Water + 0.25 wt% SCLG 
(Major Frac. Initiation: 66 MPa) 

Water + 10 wt% GLDA + 0.25 wt% SCLG, pH 2 
(Major Frac. Initiation: 51-58 MPa) 

pH 2, 10 wt% GLDA + 0.5 wt% SCLG, up to 60 MPa  pH 2, 10 wt% GLDA + 1.0 wt% SCLG, up to 75 MPa  

Reactive High-Viscosity Fluid Fracturing Proven Effective. 

← Reactive high-viscosity fluid created new fractures and en-
hanced the opening and propagation of existing ones, unlike in 
Section 3.2 experiment. 

← At similar pressures (up to 80 MPa) as in Section 3.1 experi-
ment on low-porosity lava, reactive high-viscosity fluid generat-
ed more fractures with larger apertures.  

Additional pore formation was observed, confirming the mineral
-dissolution effect of the reactive high-viscosity fluid.→ → → → 
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