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 Talwan Is located on the Pacific Ring of Fire and is rich in geothermal
resources.

* In recent years, the government has begun to conduct investigations to
supplement basic information and increase industry investment.

» Geothermal power generation must meet three conditions:
1. Adequate heat source
2. \Water ~ Joint plane
3. Channels for fluids to flow through a rock mass <

- Foliation plane
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Sandstone from the Wuchishan Formation of the
Datun Volcanic Group

A 4

A 4

Slate from Hongye Formation

A 4

A 4

Intact sample

Joint sample

A 4

A 4

Perpendicular foliation

Parallel foliation

Measuring the
porosity and
permeability

Measuring the
hydraulic aperture and
mechanical aperture

Measuring the porosity and permeability

Fig.1 Experiment flow diagram
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Table.1 Introduction of slate samples

Formation | Sample | Sample number | Sample size Drilling orientation Depth Sample figure
SL1~5 - :
SL8-10 foliation-perpendicular (L)
® = 25.5mm
Hongye Slate L = 5-12mm 200~780m
SL6 ~ 7

SL11 ~ 12

foliation-parallel ( // )
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Table.2 Introduction of sandstones sample

Sample

Formation | Sample number Sample size | Sample type Depth Measure Sample figure
S2 d|>_=:2758&'?rr]nnr]n Porosity
Intact
Wuchishan | Sandstone | — °° qui 515?2:: About 1000m | FEmeability
Hydraulic
H ql_) i 535932:: Jointed Mactfgnical

aperture
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YOKO2 system

Porosity
Permeability
Hydraulic aperture
Machenical aperture

Fig.2 High confining pressure porosity/permeability
measuring instrument
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Measuring the porosity of sandstones

Boyle’s law

Valve-1 V Valve-2 Vl

Gas flow directiow s

Pu Vst P (Vit %) =P (G +Vit V) Ly | P,
\_/ Pressure
Pil — Pf a transducer
v f 12 2 Porosity
5. measurement system
g =-x100% S
|4 LW
P,; © The pressure when the gas flows into V, (MPa)
Pi, * One atmospheric pressure (MPa) Fig.3 Schematic diagram of porosity measurement system
P; : Balance air pressure (MPa) (1 E £ > 2015)

V, : The volume of the thin tube (mm?3)
: The volume of confined space (mm?3)
: The pore volume of rock sample (mm?)
: The volume of sample (mm3)
: The porosity of sample (%)

S

p

|<<<
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Measuring the permeability of sandstones

Steady state method

2 L P
Kgas = g X =3 : 2

Kyas © The gas permeability of sample (m?)

Q : Flow rate of gas (m3/s)

ug + Viscosity coefficient of gas (MPa*s)

L : The length of the sample (m)

A : Cross-sectional area of sample (m?)

P, - The pore pressure above the sample (MPa)
P4 - The pore pressure under the sample (MPa)

Gas flow direction (steady state)

S~

Fig.4 Schematic diagram of permeability measurement system (35

>
/—-\ P“ ....................
\_/ Pressure A

) transducer :

= —

= o

=

5

o Permeability 4

-<': y p Flowmeter

measurement system

Eo Q’ Pd :

W % s
Sample —»  :

B

# > 2015)
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Measuring the porosity and permeability of slates

Pulse decay method

{ | SR

B 2

[

|

Fig.5 Experiment concept diagram of pulse decay method

V: © Volume of Reservoir 1 (mm?3)
V2 © Volume of Reservoir 2 (mm?3)

P. : Confining Pressure (MPa)
Res. 1 : Reservoir 1

P. ¢ Initial Pressure of Reservoir 1 (MPa)  Res. 2 : Reservoir 2
P. : Initial Pressure of Reservoir 2 (MPa)

P.’(0) : The air pressure at the moment the experiment started (MPa)

before experiment |P.=P:

+ driving pressure pulse to Res. 1
experimental start

P.—P/and P, > P
+ Gas flow Py’ to P.

belance (stable) Pn = Pr

Recording Pu

A 4

decay curve of Py’

A 4

deduce permeability

P« : Final Pressure of Reservoir 1
Px . Final Pressure of Reservoir 2

10
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Measuring the porosity and permeability of slates

P{(0)-Vy +P,- (Vo + 1)
Pulse decay method Rz e T
y B | =P (L + Vo, +1,) ..(3)
¢ porosity
P{(0) — P
e f 2
JPZLLW 3 f p|L p P; : Balance air pressure
f«'sj:': ‘
Va. hi Vi V2 —at
*Res.?fi:?‘ £ ('(‘:—_ Res. 1 ] Pl - Pf = AP (71 + VZ) € .. (5)
IR I e IR B R

permeability APt P{(0) =P, t:Time(s)

T 11 ] ROCTIT

HgBL
Fig.5 Experiment concept diagram of pulse decay method

Kgas - The gas permeability of sample (m?)
V: : Volume of Reservoir 1 (mm?3) P. - Confining Pressure (MPa)  u, * Viscosity coefficient of gas (MPa*s)
V2 : Volume of Reservoir 2 (mm?3) Res. 1 : Reservoir 1 L : The length of the sample (m)
P. : Initial Pressure of Reservoir 1 (MPa)  Res. 2 : Reservoir 2 A : Cross-sectional area of sample (m?)
P. : Initial Pressure of Reservoir 2 (MPa) a - Attenuation coefficient
P.’(0) : The air pressure at the moment the experiment started (MPa) S Volume compressibility coefficient of gas (MPa™?) 1
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Measuring the porosity and permeability of slates

Pulse decay method applied in YOKO2 system

Gas flow direction \"'avlve-l @ \"al\w'e-Z @
b, ! § : Piy — Py
P | porosity V, = ) Ve = (Vi+V,)
s Pressure f 12
O transducer :
é Poroisity
: meas urems‘ent system
S | VA
N NS | ‘am,c P;, — Pr = AP UL A
l | S pl d Vp 12 f ‘/S + Vl m
'* LA @' ermeabilit
T P Y kgasA< 1 N 1 )
— 30 o =
ugBL\Vs +Vi - Vi

Fig.6 Concept diagram of YOKO2 porosity/permeability simultaneous measurement system (g% % 4 > 2016)

(7

...(8)

...09)
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Porosity of slates

8 8
; ¢ SL1 & SLS
7:_ SL2 = SLS8 T F SL6  XSL7
o SL3 v 5L 6 F OSL11 ASLI2
: o SL4 % SLI0
=5t Sl
= M
=4 F ® % 4 F
§ A o &
ﬂ?:})‘ ¢ a fa) Tl A pc?‘ 3 N O
?
2F o & 2 F x (@) O
* @ & X
b £« ¢ o 1 f o X x
* e o A
D — I PR - M BT T T 0 " 1 "I R I R T | I T T T
0 5 10 15 20 0 5 10 15 20
Effective Confining Pressure (MPa) Effective Confining Pressure (MPa)

Fig.7 The porosity of foliation-perpendicular (left) and foliation-parallel (right)



> Result
Permeability of slates
1E-16 IE-16 ¢
¢ SL1 a SLS SL6  XSL7
SL2 & SL8
IE-17 b SL3 ¥ SL9 1IE-17 A OSL11 ASLI2
o o SL4 * SLIO| | & :
E g o
z 2 O
S IE-18F  Q = 1E-18 XA o O© o)
p £ 2 5 X
g ¢ s o 5 X 4
i ;9 oy
IE-19 ¥ o 1E-19 X
t e g '
% d A
.3
lE_zO i i i i | i i i i 1 i i i i 1 i i 1E_20 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 5 10 15 20 5 10 15 20

Effective Confining Pressure (MPa)

Fig.8 The permeability of foliation-perpendicular (left) and foliation-parallel (right)

Effective Confining Pressure (MPa)
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Porosity and Permeability of intact sandstones

1.0E-15 1
S2
5.0
la © oad:
. Al oadin
45 14, &
X ca O Unloading E
- £
> Co & E
= 4.0 oo A = 1OE-16 1
o) A <
g °© o 8 c & 6 a g 4 & g
=5 5 =
33 S
X S SN S S S
0 10 20 30 40 50 60 70 80 90 100 110 120
Effective Confining Pressure (MPa)
1.0E-17

Fig.9 The porosity of sandstones for S2

Fig.10 The permeability of sandstones for S4 and S5
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o
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o
X u]
X
X
X % X %
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Effective Confining Pressure (MPa)
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Hydraulic and Machenical aperture of jointed sandstone

Steady state method

3Q 12u
e = X
AP/L w

e : The hydraulic aperture of sample (um)

Q : Flow rate of gas (m?3/s)

w : The width of the joint

g+ Viscosity coefficient of gas (MPa*s)

L : The length of the sample (m)

AP (P? — P7)/2P; (MPa)

Py - The pore pressure above the sample (MPa)
P, - The pore pressure under the sample (MPa)

u "’

Hydraulic aperture, e ( pm)

30
14 ALoading
1 A
OUnloading
20 T A
] A
1O
o] A
o) A
(@)
10 + © o
5§ & o &
o+ttt
0 10 20 30 40 50 60 70

Effective Confining Pressure (MPa)

Fig.11 The hydraulic aperture of sandstones for F1
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Hydraulic and Machenical aperture of jointed sandstone

750
—_ 1A .
Pll'VS-I_PLZ'(Vl‘l‘Vp)=Pf(VS-l-Vl-FVJ) c TN ALoading
5 700 1 OUnloading
L T a
Pi1 T Pf g : o 4
-1 = (5=pn) R
f 12 865 + o A
c_d ] © (@) A
oV E o S,
— cC |
A]. 2 600 + © 8 A
g
E @ The machenical aperture of sample (mm) ]
V; : The volume of joint (mmq) 550 /=
0 10 20 30 40 50 60

o joi 2
AJ The area of jOIﬂt (mm ) Effective Confining Pressure (MPa)

Fig.12 The machenical aperture of sandstones for F1



) > Result ) D

Equivalent hydraulic aperture of intact sandstones

30 _
—_ Hydraulic aperture, e
5_25 — e (sample F1)
o . Equivalent hydraulic aperture, e
o ] — ¢, (e,=1.64 um, S4)
3112k A 5 0
e = = 15 + - €g (eo =2.15 um, 85)
eqi w g ]
\ C
= 10
= ]
g ]
S 5]
=
b

€eq - Equivalent hydraulic aperture (mm)

k : Permeability of intact sample (m?)

A : Cross-sectional area of intact sample (mm?)
w : Diameter of intact sample (mm)

Effective Confining Pressure (MPa)

Fig.13 Curve fitting of the hydraulic aperture of jointed sandstone
for F1 and the equivalent hydraulic aperture of intact sandstone for
S4 and S5 18
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Contribution of Intact rock to hydraulic aperture

: Effective confining pressure

: Hydraulic aperture of F1
: The equivalent hydraulic aperture of S4
: The equivalent hydraulic aperture of S5

)

Result

R\

4

Table.3 Hydraulic apertures of each sandstone sample under different effective pressures

Pe
3
S
8

10

15

20

30

40

50

60

e(um)
27.51
22.49
18.69
17.12
14.59
13.03
11.10
9.91
9.08

8.45

0.85
0.77
0.71
0.68
0.63
0.59
0.55
0.52
0.50
0.48

e4(um)

es(um)

1.11
1.00
0.91
0.87
0.81
0.76
0.70
0.67
0.64
0.61

eje
3.10%
3.44%
3.79%
3.96%
4.30%
4.56%
4.95%
5.25%
5.50%
5.70%

es/e
4.02%
4.45%
4.88%
5.10%
5.53%
5.85%
6.34%
6.71%
7.02%
1.271%
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* For slate samples, there is not much difference in the porosity of between the
parallel foliation orientation and the perpendicular foliation orientation.With
generally higher permeability in the parallel foliation orientation.

 For sandstone samples, the porosity was 3.7% to 4.7%, and permeability ranged
from 10-° to 101" m=2

 For sandstone sample with joints, hydraulic apertures varied from 9 to 26 um, and
mechanical apertures ranged from 600 to 730 um.

 The jointed sandstone exhibited significantly greater contributions to fluid flow
than intact rock.

20
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Slate from Hongye Village, Taitung County

Density of foliation
&
Different materials

A 4

A 4 A 4

Perpendicular foliation Parallel foliation

A 4

A 4

Explain different

Measuring the porosity and permeability permeability of slates

SEM

A 4

Observing the microstructure

21



Thank you for your attention

22



KEAWL
CAIE)

ERTFIR
(AR EY)

- (BERMEEE])

16 Rt [E
(E W)

) ‘ Temp.Gradient
(°Clkm)

40
35
30
25
20

Source : GSMMA



Permeability, m?
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Fig. The permeability of sandstones for S4 and S5

Effective Confining Pressure (MPa)

Permeability(m?)

k=S
12
F1
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Effective Confining Pressure (MPa)

Fig. The permeability of sandstones for F1
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ezeo(

e : Hydraulic aperture

eo - The hydraulic aperture under
atmospheric pressure

P, : Effective confining pressure
P, : Atmospheric pressure

p : Material constant

Py

%

ﬁj::g(lj Hydraulic aperture
-p
Power law e = ¢, (i—z)
eo(1m) p R?
F1 105.06 0.394 | 0.9791
S4 1.64 0.191 | 0.8495
S5 2.15 0.196 | 0.8835

30

Hydraulic aperture ,e ( um)

Hydraulic aperture, e
— e (sample F1)

Equivalent aperture, ey

— €, (ey=1.64 um, S4)
— € (6g=2.15 um, S5)

Effective Confining Pressure (MPa)

Fig.Curve fitting of the hydraulic aperture of jointed sandstone for
F1 and the equivalent hydraulic aperture of intact sandstone for S4

and S5
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