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Abstract: Because of its specificity of volcanic reservoirs, Elkins empirical criterion determined the 

optimum hydraulic fracture parameters in conventional sand gas reservoir are unsuitable. DX14 volcanic 

gas reservoir has an average porosity 13.19% and the effective permeability 0.31mD. The production 

performance shows that fluid flow is gas-liquid two-phase. Based on the motion equations and continuity 

equations of gas/water phase flow, flow control equations are established and numerical solutions are 

obtained by IMPES method. Hydraulic fracturing production performance simulator is studied and 

developed in gas-liquid two-phase flow. The fracture half-length is optimized to be 150-200m and the 

fracture conductivity is 20D.cm in this area in based of the change in production.  
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I. INTRODUCTION 

The progress of exploration and exploitation on 

volcanic reservoirs is very slow [1] although it has 

been researched more than one hundred years history. 

Main reasons include: (1) the description and study 

are ignored because discovered volcanic reservoirs are 

so less relative to conventional sandstone and 

carbonate reservoirs; (2) It is very difficult because the 

characteristics of the volcanic gas reservoir itself are 

more complex. The volcanic rocks act as the special 

gas reservoir type and the industrial gas flow is gained 

in the weathered intrusion, fractured granite, basalt, 

rhyolite or volcaniclastic rock in Japan, United States, 

Venezuela and Brazil [2, 3]. In china, a lot of volcanic 

formations are also found [4, 5], and the production is 

usually low. Hydraulic fracturing is required in order 

to obtain the value of commercial exploitation, but 

there is no a set of mature fracturing exploitation 

theory and design methods.  

It was rarely discussed how to optimize the 

fracture parameters of fracturing treatment in volcanic 

reservoirs so far [6, 7]. Elkins presented an empirical 

guide from range of permeability of sandstone 

reservoirs [8], but the criteria is unsuitable for 

volcanic reservoirs. In this paper, considering 

reservoir characteristic of DX14 volcanic gas reservoir, 

a mathematical model to simulate the gas-water two-

phase production performance and optimize hydraulic 

fracture parameters were establish. So the fracture 

parameters could be optimized. 

 

 

II. THE CHARACTERISTICS OF DX14 VOLCANIC 

GAS RESERVOIR 

DX14 volcanic gas reservoir has the nose structure, 

which tilts to the west and is blocked by fault-strata 

pinching and is composite volcano mechanism of 

multi-cone [9]. All kinds of ejecta from crater overlay 

with each other and form the material with complex 

structure. DX14 volcanic formation possesses the 

characteristics of a gentle eroded shaft portion and the 

steeper wings. Mainly three volcanic bodies develop, 

and the two mutually stacked volcanic bodies develop 

in the body parts of the configuration in the 

longitudinal direction (acidic volcano clastic rocks 

develop), and an independent volcanic body develops 

in the side slope (mainly basite basalts develop). 

The DX14 reservoir space types include pore type 

(44.79%), fracture-pore type (46.23%), pore-fracture 

type (5.08%) and fracture type (3.9%). The main 

range of porosity is 5-15%, with an average of 

13.19%; the main range of permeability is 0.01-5mD, 

with an average of 1.674 mD; the effective 

permeability is 0.31 mD.  

In this area, the gas reservoir depth is about 

3600m, formation temperature is 114 ºC in the central 

section of gas reservoirs, and the pressure factor is 

1.22 and the average reservoir pressure is 45.01 MPa. 

The gas relative density is 0.6496, the critical 

pressure is 4.56 MPa and the critical temperature is 

199.7 K;  

In this area, gas-liquid two-phase flow is the all. 

Conventional single-phase flow theory cannot be used 
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to simulate production performance after hydraulic 

fracturing to determine fracturing scale and parameter 

optimization mode. This study developed a model to 

simulate production performance after hydraulic 

fracturing based on the gas-liquid two-phase flow 

mode. 

III. GAS AND WATER PRODUCTION 

PERFORMANCE SIMULATION AFTER HYDRAULIC 

FRACTURING 

A. Mathematical Model 

According to the motion equations and the 

component material control equations of gas and 

water, the gas and water flow equations are deduced 

[10]: 
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Initial conditions: When the gas reservoir starts to 

be put into production the pressure and saturation of 

each point in the reservoir are constant. 

The boundary conditions: During the gas 

production, flowing pressure at bottom-hole remains 

constant and the well control boundary can be 

considered as the impermeable outer boundary. 

Constraints condition: Gas/water saturation and 

capillary pressure equation. 

B. Numerical Simulation 

The aforementioned mathematical model is 

subjected to be discrete in time and space respectively 

to gain the corresponding numerical calculation model. 

The value of previous time step is used as time value 

(explicit processing), the "upstream power" principle 

is used to get the value of space. And the IMPES 

method that is applied to get the solution of 

multiphase flow is used [11, 12]. 

When the value of average effective permeability 

is 0.31mD, the obtained results by using gas-water 

two-phase flow theory to simulate production 

performance after hydraulic fracturing are shown in 

Figures 1 to 3. 

The figures shows the influence of fracture length 

and conductivity on the post-frac production 

performance in DX14 volcanic gas reservoir. (1) 

There is a similar affection trend of fracture length and  

conductivity on the gas production; (2) The gas 

production of fractured wells went up with the 

increase of fracture length and/or conductivity, but the 

impact is little when the conductivity is more than 

30D.cm; (3) The gas production of fractured wells 

decreases rapidly in the early (1-2 months) with 

elapsed production time, and the decline rate will tend 

to steady about after six months later. 

 

Figure 1. Production performance post-frac in DX14 reservoir (Lf 

= 100 m). 

 

Figure 2. Production performance post-frac in DX14 (Lf = 200 

m). 

 

Figure 3. Production performance post-frac in DX14 (Lf = 300 

m). 

C. Ptimal Hydraulic Fracturing Scale 

Taking into account that the range of the effective 

permeability of DX14 volcanic gas reservoir is wide, 

according to the permeability grading method, 

permeability classification is done to do numerical 

simulation. The curves shown in Figure 4 and Figure 5 

are the results. 
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Figure 4. The opt. fracture half-length for DX14 volcanic gas 

reservoir. 

 
 

Figure 5. The opt. fracture conductivity for DX14 volcanic gas 

reservoir. 

The analysis of the calculation results shows that:  

a) The optimal fracture length and fracture 

conductivity are related to the permeability of 

volcanic gas reservoirs closely; with the permeability 

increasing, the best fracture half length decreases and 

the optimal fracture conductivity increases; 

b) After considering the change state of the 

production after hydraulic fracturing in DX14 

volcanic gas reservoir, we determine the optimum 

fracture half-length is 150-200m, and the best fracture 

conductivity is 20D.cm. 

IV. CONCLUSIONS 

DX14 volcanic gas reservoir has a complex 

structure, the pore and fracture-pore are the main 

types. The average porosity is 13.19% and the 

effective permeability is 0.31mD. 

The optimal fracture length and conductivity are 

related to the permeability of volcanic gas reservoirs 

closely; the optimal length go down and the best 

conductivity increases with the permeability rise up. 

The gas production of fractured wells decreases 

rapidly in the early (1-2 months) with elapsed 

production time, and the decline rate will tend to 

steady about after six months later. 

With the increase in fracture length and 

conductivity, gas production increases in fractured 

well; the optimum fracture half-length is 150-200m 

and best conductivity is 20D.cm in DX14 volcanic gas 

reservoir. 
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SYMBOLS 

K —permeability, mD; 

Krg, Krw—the gas and water relative 

permeability of gas respectively; 

,g w  — Respectively, the viscosity of gas and 

water, mPa.s; 

,g w  —respectively, the density of gas and 

water, g/cm3; 

 —porosity; 

,g wS S —respectively, the saturation of gas and 

water; 

,x y —the distance in both directions on the two-

dimensional space; 

t —time, d. 
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