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ABSTRACT
This project implements geological model construction and resource potential
assessment  in the Ruilin area of Hualien County. It aims to conduct various
supplementary surveys, including: on-site geological survey, geophysical prospecting,
geochemical analysis, survey well drilling and core/cuttings analysis and other
geothermal exploration techniques. Improve the existing 3D geothermal geological
model and re-evaluate the potential geothermal storage capacity of the site.

The exploration results will ‘be compiled into GSMMA’s -existing geothermal
exploration database and incorporated into the domestic geothermal exploration
information platform. This platform will provide interested geothermal developers with
full access to underground geological information, thereby reducing exploration risks
and shortening the development period for geothermal energy. The ultimate goal is to
accelerate the development of geothermal energy in Taiwan and achieve the renewable
energy policy objectives as soon as possible.

KEYWORDS: Geothermal exploration, Geological survey, Slimhole well,
Geothermal resources assessment
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Figure 2-1 The target area of this project (in black frame)
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Figure 3-1 Simplified geological map of eastern Taiwan and the location of the
Ruilin-Hongye geothermal area
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Figure 3-4 Plane slice diagram of conceptual model of shallow circulation heat
reservoir in Ruilin-Hongye area
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Table 3-1 Parameters input and calculated parameters for reservoir fracture

simulation
Input Parameter Unit Output Parameter Unit
Depth m Average rock density glem®
Matrix density glem?® Fluid pressure MPa
Porosity % Vertical effective stress MPa
Fluid density glem® Horizontal effective stress1 MPa
Percentage of fluid pressure 100 = hydrostatic Horizontal effective stress2 MPa
Geostatic pressure ratio Friction angle Degrees
Applied tectonic stress1 MPa Effective differential stress MPa
Applied tectonic stress2 MPa Effective mean stress MPa
Poisson ratio Stress change of cooling MPa
Cohesion MPa Stress change of unloading MPa
Friction coefficient Deep reservoir fluid pressure MPa
Tensile strength MPa
Coeffiecient of thermal expansion  1/celcius
Young's modulous MPa
Geothermal gradient celcius/km
Uplift amount m
Deep reservoir depth m
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Table 3-2 Simulation input parameters of open joint attitude in the Ruisui area

Parameter Value Unit Note

Depth 1400|m

Matrix density 2.69|g/cm® S EITRH F200m E0HEBER
Porosity 2|% SELEITHF F200m B0 EBER
Average density 2.6362 glcm®

Vertical stress 36.2055708 MPa

Fluid density g/cm3

Hydrostatic fluid pressure 13.734 MPa

% fluid pressure % 100 = hydrostatic

Fluid pressure 13.18464 MPa

Geostatic stress ratio (ko) 0.19047619 ko=v/(1-v), N/A for depth<ikm
Applied tectonic stressl 6.5|MPa Negative is tensile

Applied tectonic stress2 -6|MPa

Vertical effective stress 23.0209308 MPa

Horizontal effective stress1 10.8849392 MPa

Horizontal effective stress2 -1.6150608 MPa

Poisson ratio (v) 0.16 SEAZEITFH F200m S0 FEBER
Cohesion 5.5|MPa SEAE1TH F200m S0HBER
Peak friction angle 64.2|Degrees SELEIFH T200m S0HBER
Risidual friction-angle 47.7|Degrees 2EAEIRH F200m S0 HBER
Tensile strength (T) 3.43|MPa according to Zhang et al. (2011)
Effective differential stress 24.6359916 MPa

Effective mean stress 12.3179958 MPa

3 Primcipal stress

Parameter Trend Plunge Ratio Mpa ¢-ratio

al 0 90| 14.2539097 23.0209308 « 0.507387736
a2 120 0| 6.739646706 10.8849392

a3 30 0 1 -1.6150608

Shear stress (MPa)

I I fal I } J J I J J } |
-10 -5 0 5 10 15 20 25 30 35 40 45

Effective normal stress (MPa)

——cohesion —Mohr circle(1-3) —Mohe circle(2-3) —Mohr circlel-2
cohesionless ® planel plane2 @ plane3
@® planed ® plane5 @ planeb

B 3-10 = 8% F Flforlik ¢ 2
Figure 3-10 Three-dimensional Mohr circle and damage envelope
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Table 3-3 List of input parameters and units for estimating fracture permeability

Parameter Unit Parameter Unit
Depth m Average density kg/m3
rock density kg/m3 Fluid pressure MPa
Porosity % Horizontal effective stressl MPa
% fluid pressure 100 = hydrostatic Horizontal effective stress2 MPa
mean grain size m normal stress to joint1 MPa
Fluid density (p) kg/m3 normal stress to joint2 MPa
dynamic fluid viscosity () Pa*s=kg/(m*s) fracture aperturel(linear) m
Young's modulus (E) MPa fracture aperture2(linear) m
poisson ratio (V) matrix permeability m?
fracture densityl no. of frac./m structural permeability m?
fracture density2 no. of frac./m

fracture lenghl m

fracture lengh2 m

fluid discharge length (L) m
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Table 3-4 Input parameters for calculation of permeability of open joints in
Ruisui area

fAERE AERE
Parameter Unit Value Data rource
Depth m 1000
Fluid density (p) I(g;‘m3 1000 pure water in 25 C
Hydrostatic fluid pressure MPa 9.81
% reservoir fluid pressure 100 = hydrostati 100
Fluid pressure MPa 9.81
dynamic fluid viscosity (H) Pa*s=kg/(m’*s) 0.000187775 pure water in 26 C
Young's modulus of rock (E ) MPa 47337 rock core in -200m
poisson ratio of rock (v) 0.16 rock core in -200m
reservoir height (H) m 200
reservoir temperature celcius 150
fracture aperturei(linear) m 1.15272E-05
fracture aperture2(linear) m 0
fracture density1 no. of frac./m 5 field measurement
fracture density2 no. of frac./m 1 field measurement
fracture lengh1 m 0.35 apart from fault
fracture lengh2 m 0.35 apart from fault
fluid discharge length (L) m 1 unit length=1m
angle between 2 joint sets degree 75
normal stress to joint1 MPa 0.8 positive means tensile
normal stress to joint2 MPa -13 negative means compressive
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Table 3-5 Inversion results of normal fault scratches at each outcrop in the
Ruisui geothermal area

cl 2 a3

No. Plate Motion ~ Trend Plunge Trend Plunge Trend Plunge Ratio Longtitude Latitude Area
HY06-1 Normal 92 68 288 21 196 6 0487  E121°192459"  N23°31'31.29" EEE
HY06-2 Normal 17 48 256 25 150 31 0.49 E121°19'24.59" N23°31'31.29" ZEE
HY10 Normal 327 71 115 16 208 9 0374 E121°1811.12" N23°2927.08" % + &% .
MY03 Normal 117 74 332 13 240 9 0274  E121°2051.01"  N23°3339.79" B &%
MY05 Normal 114 55 294 35 204 0 0623 E121°21'0357"  N23°3346.29" B &%

MY06-2 Strike-Slip 249 14 1 56 151 30 0289  E121°21'04.11"  N23°3348.94" 5

Normal 221 15 313 9 74 73| 051
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Figure 3-11 Outcrops distribution of slickensides measurement and paleostress
inversion projection in Ruisui area
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Figure 3-12 Three-dimensional Mohr circle and failure envelope of the Ruisui
geothermal area and simulation results of fracture surfaces in different positions
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Figure 3-14 Distribution map of permeability and fault distance changes in
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Figure 3-36 Resistivity Image profiling Survey lines location map (Coordinate
System TWD97)
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Table 3-6 Quantity list of geophysical exploration work
TR e T8 P AR ESSE ' %2 HcE
PRI 2600 = = 2610 = ®

iiéEéﬁL%ﬁ2ﬁﬁ%éw£%ﬁmaauma¢WiR1aRz,@a
Bo5 2610 2 ¢ o RBERFEE 10 2 ¢ 0 B s 43 TR 6 BFRl2

ERmik R EFH AT F )a T8 £ drupflow M7 FE %“’31»,‘56%3&&? i NNW
wehid-B BTR W E 2 H o BTN o FFPI R 2 P ek 3-7 0 RIS M
B 4o 3-36 ¢

DI EG6P 12267 20 BFTHREEPEIIEL (Fo3> 72

10Pp 2 7% 21 PREFRI TIEEGI| e FR I Fo BT iREE T304
3-8 % [§]3-37 o -1 (TR 4 1 3t ] 3-38 o

% 3-7 7 FE’E"Z»’ |® PSR E = % £

Table 3-7 Measurement results list of Resistivity Image profiling Survey line

, BPlIRER [ 3o 242 A& & (TWD97
iR 4R 0 % ABP ’ ' { );
(m) (m) N E % A2(m)
.\ . = 2l . ; .
SRR R 0+000 | 2600918.32 [282280.25| 358.46
Rl |e L 1260
EPHAEAT T OE 4
. 1K+260 283472.43
rupflow % 7. 2. 2600510.48 254.82
= + NNW
l%jgjz: N 0+000 | 2598610.66 {283274.95| 235.55
R2 ?:TEL_%LS‘E 1350
2 A g 1K+350 _| 2599009.72 {284564.61| 192.61

238 PG ERR Y E TR

Table 3-8 Remote electrodes location of Resistivity Image profiling Survey

7 &% (TWD97)
7 it C2(Pole-Pole array)

R1_C2 N 2597235, E 284796 > % 4% 343 m
R2 C2 N 2595466, E 285039 > % 4% 284 m
% 7 1& P2(Pole-Pole array)

R1 P2 N 2602378, E 287763 > & #% 94 m
R2 P2 N 2601461, E 287429 > % #4299 m
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Figure 3-37 Related positions of Resistivity Image Profiling Survey lines and
remote electrodes (Coordinate System TWD97)
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Figure 3-38 Work Photos of Resistivity Image profiling Survey
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Figure 3-39 Resistivity Image profiling instrument configuration diagram
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Figure 3-40 Schematic diagram of Pole-Pole array electrode movement

46 S at@E;E AR T2 AR it



— AT BRI FAASEAE 3 B P ARTESD
A3 1~ Clif 3 el s fz:%ﬂx?%wrg ui?‘\;}:s.;ﬁ;—.@_, 5‘;-}55}?@]‘

BT AR P PR R GIR L HE R E A
2R AR A ¢ HRTILFE M A T A ¢ R T e
oo AR RIE 2 BEARR BB AR REPIERF 20 B B - &
M oA AR 2D AR SR o A AR T 2 b AR R A
FERRE
C. it/

BHE TG0 FRTEF R RIE b A KB AIL 2 B A
PARILS S T2 ZH R AT g B I BRI R Y
HIL dach RERE TR FRITATLSTRE A F RS T
BB D A TR R i TEES SRR PR b
R FMF SRR R e AR T B s TR

P R S E)d S 0 5

)3 R FI A (Gles 2 8 R
CA I - N SR B - ) IR I3

FiE - Mipde2Dinversion) k2 A i EEF 2 K B L enT RS A F o b
il :&@#&ﬁ PTG 3 5 (T4 2 (Tong and Yang, 1990) » 32323
EE@mE S3 > A3 FHE* Geotomo Software = & % B
REszDINV AR DA RN FAIY R RN T R B - &
3 *U£ 4 (2D finite different)s* = 3 *T~ % (2D finite-element)if 42/ »
HeY e gl deR* 3 Atz 83 UL rZ e gl & T
SR g H Qua31—Newton (Loke and Barker, 1996a) i3 423235 - » #-
B A B rtE o iR " M2 %2 X ;N AL (Jacobian

v‘f& I’j}ﬂ

-\

47 S MEE AR IR



Matrix) =% #ic > L & Steep Descent i 38 /% ££ % < ac %2 Gauss-Newton if
a2 Pt fo a8l A bt K F R IR AT T OPE R o 72 e b B B AT
2 RIEF A F = FI(1 % (1998)) 7 > F 3-41 -

—_—
————

N
Pas

mF | OfF

JHEE | S

e

mF | O

m | H | S

=
FH

=i
&

=
\._
[NE

s ﬁ
i al=

2 3 4 5 6 7
10 10 10 10 10 10 10 10
=Z[H3 (Ohm-m)
B 3-41 7 f s K B orid 2 RIS A F EF (1 % (19993))

Figure 3-41 Resistivity distribution range corresponding to different formation
lithologies(Yang et al.(1998))
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Calculated Apparent Resistivity Pseudosection

Elevation(m) Modelresistivity with topography
4000 Iteration 5 RMS error=5.6
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Figure 3-42 Results of RIP on R1 Profile
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Calculated Apparent Resistivity

seudosection

Model resistivity with topography

Elevation(m) Iteration 5 RMS error=7.6
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Figure 3-43 Results of RIP on R2 Profile
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B RF OB AR
A R PEG 3-7)

HCO; = (EP2—EP1*C04)*C01*C02*C03/C00 A 3.6

HCO;~ =EPI1*C01*C02*C03/C00 & 3.7
EP1: %-4%2% C00:#&&E
EP2: % -4 &% CO0l:HClLkER

C02 : HCO3 a3 §
C03: 1000(¥ &4 %15 > mg/L)
C04 1 2(COs™ 4 & HCO3 74 % i 45— & ehHY)

(4) & § Wizh A

AET AR RN LAY P BAF IR AREPE ki3

CHRZF %R FTEFT O RE 54 Los Gatos Research = & %18 e fi -k
e % ~ 47 &k (Liquid-Water Isotope Analyzer, LWIA)- LWIA 41 * off-axis
integrated cavity output spectroscopy (OA-ICOS) & & H i :¢ £ CTC LC-
PAL liquid auto-sampler (LAS)i% fk p # &4k » ¥ & &~ 7 D/H fr
180/160 %1t b (Pengetal.,2014a) > #74 1 D/H 4 180/160 A 7 4
B 5 EL(h) T AP AT R s R IR T 3575 K international Vienna
Standard Mean Ocean Water (VSMOW) 4 77 2. o M FAF B2 9 % 3 2 F =
FHRERLD L THFAR(I sigma) 5 & F =2(0D)X08 b ¥ Fi=%(6
180)+0.2 % (Peng et al.,2014b) -
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401 % R At A SATR A TR o k- RS
HL o sh ARG b e K (ZSRD-1055) # 2t 5 AfHRiE 15.5K 2. fews & £ 40 T
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g A2 RF - 2w it @ siql 1 502 FRend B 7 e PR ehfk &
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Figure 3-44 Location map of water samples

(1) kAT
CHEEABTMHY2) A BRI GE R L 523°C 0 A 2 ER
(TDS)348 mg/L ~ @ & 4 > 0.36psu 2. & ~ %% B 695us/cm > #7enE i)
B CERABRE WIS et R d A 0 BRG 47TC 0 RIBEAN
364mg/L ~ B & 43t 0.38psu 2. B ~ BT & 728us/cm 0 BEAE kg H RS
% B R RIARAT o I ARNRE RE-K0E 0 S R R (I 74 mg/L)*t > pH
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BV 81 S35k o3 B ToREA 1047gw fr MYMT-gw 3+ k&
7 o A5 39mg/L fe 18mg/LpH B 5 353 9% 6.7 - 6.8 ¢

ok AT > A RTHE 2 YSY # fr RS-feet 33,773 % 7149 11 *+ 3
ToRE ACRFOpH E 5 34k RFEAR EAPFTRAERH LR Lo
3BRhOoAT ARV ESSps U P REFREARFREBRALE RS >
4otk & GSMMA-RS-1-412.2 F & }i%ﬁ“i % 0.58psu o 4r& 3-9 #i o 2E
fnZ FRARPR T AN F Ao B] 3-45~F] 3-54 #7om o

339 k2 AAPF

Table 3-9 Basic properties of water samples

TWD97 = |TWD97 = TDS | EC |Salinity | Res | cond.ash
KoL ) : ®ECC)| pH
BErd X|RA~F Y (mg/L) [(us/cm)| (psu) [(Q.cm)| (%)
HY-2 283206 2598617 523 6.76 | 348 695 0.36 1438 0.377
HY-4 283206 2598617 47 6.6 364 728 0.38 1374 0.398
ZSRD1055 279276 2600791 20.4 8.1 74 149 0.08 6713 0.089
1047gw 278919 2601316 24 6.7 39 78 0.05 |[12820| 0.046
MYMT-gw 279058 2601389 22 6.8 18 37 0.03 27260 | 0.021
YSY 287816 2598518 40.1 7.6 148 297 0.15 3369 0.166
RS-feet 284476 2595744 26.5 9.0 188 376 0.2 2661 0.218
GSMMA-RS-1-408.37m | 283112 2592467 - 7.9 | 4440 | 8880 5.5 112.6 | 5.209
GSMMA-RS-1-412.42m | 283112 2592467 - 6.9 534 | 1067 0.58 |936.8 | 0.624
RF 285809 2598620 45.5 6.4 1865 | 3728 2.1 268.2 | 2.068

2310 #H EiF2 k2 AT

Table 3-10 Basic properties of repeated water samples (Previous data)

St By A TDS EC Salinity = Res  Cond.sah
S 5o X pH

(m) (m) (C) (mg/L) (us/em)  (psu)  (Cem) (%)
HY-2 -- -- 50.3 6.74 431 862 0.44 1160 0.467
RF-1 180-220 102 453 6.65 1471 2974 1.62 340 1.619
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i HY-2
Pk H 2023.06.12
PRIKIRFE] 10:40
TWDO7 — 7y X 283206
TWDYT—E 457 Y | 2598617
i [ECO) 523
pH 6.76
TDS(mg/L) 347.7
EC(us/cm) 695.5
Salmity(psu) 0.36
Res(Q.cm) 1438
cond.ash(%) 0.377

B 3-45 HY-2 2 FifR B ¥ 20 4 & o

Figure 3-45 Basic information and sampling photo of HY-2

& HY-4
i I 2023.06.12
PRI E] 10:09
TWDIY7 717 X 283206
TWD97 —J%4r7% Y 2598617
i fECC) 47
pH 6.62
TDS(mg/L) 363.8
EC(us/cm) 1217
Salnity (psu) 0.38
Res(Q.cm) 1374
cond.ash(%) 0.398

Bl 3-46 HY-4 2 Fx e & &2 A M2
Figure 3-46 Basic information and sampling photo of HY-4
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A ZSRD1055

PR HIH 2023.08.04
FRAERF R 10:55
TWD97—J&4374% X | 279276
TWD97 &4 Y | 2600791

HIECO) 204
pH 8.1
TDS(mg/L) 74.49
EC(us/cm) 149
Salinity (psu) 0.08
Res(Q.cm) 6713
cond.ash(%) 0.089

%] 3-47 ZSRD1055 2_ £ BB % 22 28 A 25T
Figure 3-47 Basic information and sampling photo of ZSRD1055

o 1047gw
FrE HER 2023.06.11
PR ELIST | 10:47

TWD97 457 X .| 278919
TWD97—1jE 4324 Y | 2601316

i[5 (CC) 24
pH 6.68
TDS(mg/L) 39.01
EC(us/cm) 78.02
Salinity(psu) 0.05
Res(Q.cm) 12820
cond.ash(%) 0.046

Bl 3-48 1047gw 2 Rt e 7 &2 JL A2 FT
Figure 3-48 Basic information and sampling photo of 1047gw
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5 MYMT-gw
PRER H I 2023.06.11
PRERNFE] 11:27
TWD97 —fE434s X | 279058
TWD97 —fE43% Y | 2601389

SEECO) 22
pH 6.83
TDS(mg/L) 18.34
EC(us/cm) 36.69
Salmity(psu) 0.03
Res(Q2.cm) 27260
cond.ash(%) 0.021

Bl 3-49 MYMT-gw 2. % $h B & & 2L 8
Figure 3-49 Basic information and sampling photo of MYMT-gw

dak YSY
AR H HA 2023.08.04
PRERHFH] 20:24
TWDIT— s X 287816
TWDO7 — e 454% 2598518
SBRECO) 40.1
pH 7.56
TDS(mg/L) 148.4
EC(us/cm) 296.8
Salinity (psu) 0.15
Res(Q.cm) 3369
cond.ash(%) 0.166

Bl 3-50 YSY 2 Ffkpe 7 & A M
Figure 3-50 Basic information and sampling photo of YSY
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Amoic RS-feet
bk HiA 2023.06.10
PR 15:25
TWD97 437 X | 284476
TWDO7 #4345 Y | 2595744

i[5 (°C) 26.5
pH 8.98
TDS(mg/L) 187.9
EC@us/cm) 375.8
Salinity(psu) 0.2
Res(Q.cm) 2661
cond.ash(%) 0.218

B 3-51 RS-feet 2 4R e/ & 22 AL A 127

Figure 3-51 Basic information and sampling photo of RS-feet

‘N 4% GSMMA -RS-1-408.09m
? i BREER 2023.03.30
/ RS 0730
!, ' TWD97 &34 X 283112
: : TWD97 " fE5ts Y 2592467
pH 7.63
TDS(mg/L) 2936
EC(us/cm) 5874
Salinity (psu) 3.53
Res(Q.cm) 1703
cond.ash(%) 3.453

Figure 3-52 Basic information and sampling photo of GSMMA-RS-1-408.37m
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T CGS-HY-1-412.42m
PRk HIY 2023.08.02
PR ] 07:30
TWDIT— jg533 X 283112
TWDIT— [ 533 Y 2592467
pH 6.91
TDS(mg/L) 533.7
EC(us/cm) 1067
Salinity(psu) 0.58
Res(Q.cm) 936.8
cond.ash(%) 0.624

®] 3-53 GSMMA-RS-1-412.42m 2 $: B & &2 AL~ 457
Figure 3-53 Basic information and sampling photo of GSMMA-RS-1-412.42m

S RF
BFiEHHA 2023.06.10
PREEE ] 21:42

TWD97 —_ 4175 _X 285809
TWDI7 4533 Y 2598620
2 E(°0) 45.5

pH 6.36
TDS(mg/L) 1865
EC(us/cm) 3728

Salinity (psu) 2:1
Res(Q.cm) 268.2
cond.ash(%) 2.068

Bl 3-54 RF 2 & & AL A2 FT
Figure 3-54 Basic information and sampling photo of RF
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(2) KL ST 8%

N K chin BOE A (HY—2 fo HY-4)F S cng 4 k& @ A w4
9.02mg/L = 18.7mg/L ; @ b A Heergh MR A & B+ kR L B &~ >
RF-1 # 3¢5+ kR & 1495mg/L » H i 4o YSY ~ RS-feet & %] %_4.68mg/L
e 35mg/L 5 @ = - 5L g 5 kAR K171 mg/L ¥ 2688mg/L -

MR R el R A (HY-24r HY-4) BipL & 190k B ~ #£2_445mg/L
3] 506mg/L ; ¢HiE A % e RF e & 12k &R 5 933mg/L> @ YSY {- RS-
feet szt R (i A B L 3 1R B A B 8238 mg/L fr 543mg/L > ot
BA el ToRfeR AR 2B oo 4R - 5L¥ GSMMA-RS-1 sgk ik 3 19k
B7 ek g3 kR L RHA o K 415mg/L 3 1531mg/L 2tk A h
AR UR R AR T o i R A BT 5 R A LSRR
AR HARILH SRR Ao d 3-11 #751 o

Z 3-11 R L83 A 478 %

Table 3-11 Anion analysis results of water samples

- F- Cr Br  NOs PO SOs# COs* HCO5y
(mg/L) (mg/L) (mgL) (mg/L) (mglL) (mgL) (mgL) (mglL)

HY-2 0.66 9.02 b.d.l. b.d.l. b.d.l. 5.80 0 445.3
HY-4 0.67 18.7 b.d.l. b.d.l. b.d.l 19.7 0 506.3
ZSRD1055 0.42 2.36 b.d.l. b.d.l. b.d.l. 9.76 0 195.2
1047gw 0.32 3.78 b.d.l. 4.63 b.d.l. 0.82 0 164.7
MYMT-gw b.d.l. 2.22 b.d.l. 1.90 b.d.l. b.d.L. 0 134.2
YSY 0.50 4.68 b.d.l. b.d.l b.d.l. 15.8 0 237.9
RS-feet 0.00 35.0 b.d.l. 3.35 b.d.l. 24.7 0 542.9
CGS-HY-1-408.37m 0.42 2688 b.d.l. b.d.L. b.d.l. b.d.l. 0 1531.1
CGS-HY-1-412.42m 0.72 171 0.12 3.30 b.d.l. 20.6 0 414.8
RF 0.96 1495 2.81 b.d.L b.d.l. b.d.L. 0 9333

b.dl © % B R

Q) Ba+ A5 %
hOE Kt ;3:;‘;5’_)%\' HY-2 v HY-4 4h 85 k& A % 2 66.4mg/L {r
119mg/L; @ 8 A % 9 RF-1 43+ kB {1090mg/L"};‘§’_/§ﬁ§w& 1YSY
{r RS-feet 4p &= k& & % 4_14.8mg/L fr 28.7mg/L » ;% -Kfri T -k
A3 ER B Ek o I A8 - g 2 GSMMA-RS-1 4 g3 kB 5
159mg/L 3] 2040mg/L £ B &~ o
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R T PATHET PAERET B R A ) 2% 8 RHE P 46.3mg/L 2
P ADAEHET SR AR A AR ik & T ORR G B Bl £ 2
A AR N o A INBART ] 3 RR (0. Img/L) - H AR 1R
3k R Aot 3-12 57 o
4 03-12 REZBHEI AR
Table 3-12 Cation analysis results of water samples

Li* Na" NH4" K" Ca**  Mg* Fe?* Si02

s (mgl) (mgl) (mglL) (mgL) (mgL) (mgL) (mgL) (mg/L)

HY-2 b.d.l. 66.4 1.89 3.68 41.5 4.96 b.d.l. 50.1

HY-4 b.d.L 119 1.23 5.61 43.0 4.34 b.d.l. 393
ZSRD1055 n.d 2.22 0.94 0.53 27.3 2.35 b.d.l. 5.41
1047gw b.d.l. 3.31 0.63 0.07 5.90 4.78 b.d.l. 13.9
MYMT-gw b.d.l. 1.94 0.68 0.02 2.33 213 b.d.l. 6.95
YSY b.d.l. 14.8 b.d.l. 0.46 b.d.l. 3.20 b.d.l 30.3
RS-feet b.d.l. 28.7 b.d.l. 2.25 7.88 b.d.l. b.d.l. 13.0
GSMMA-RS-1-408.37m 13.8 2040 115 178 7.22 2.44 b.d.l. 153
GSMMA-RS-1-412.42m 0.87 159 5.73 17.1 46.3 3.75 b.d.l. 25.6
RF 2.20 1090 63.0 60.3 140 5.86 b.d.l. 146

bl @ % E ¥ pE

4) §FREEAFTES
AR ordR e TR VPR AR Y $ R FEME Y iR R
T T er(1994) 55 £ e MR AR X KA D=8 180+12.9 e b o
MR A ehi R R ((HY-2 e HY—4) hF T i & 5-7.79%5]-8.85h
o i @) A-49. 1003 -5630 - H B RAEEFEEAFT LR
<ORF e 22 ER9-7.540 & o L& B R E-53.60° HagEx KR,
YSY B4 iE % kA ’RSfeetﬁﬁpﬁaﬁ‘mi R S T
* ug.ﬁq-6.96/oo’ a2 ERE-388k A RINIRA L o b FH P u
- 5L hi b E A 42 10T 45102 B 0 & ik BRI A
B-4.320,5]-6.87h 7 mm‘ drko B2 H B F S ERAPHR PG '/éa
kR H 3 R E R J\}\,,.b_f,b 4o 3-13 #7571 o
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%313 k2 iF P iAot ey

Table 3-13 Hydrogen and oxygen isotope analysis results of water samples

S5
HY-2
HY-4
ZSRD1055
1047gw
MYMT-gw
YSY
RS-feet
GSMMA-RS-1-408.37m
GSMMA-RS-1-412.42m
RF

8130 (%o0)
-8.85
-7.79
-8.50
-5.52
-5.12
-8.49
-6.96
432
-6.87
-7.54

8D (%o0)
-56.3
-49.1
514
29.4
4.1
-55.3
-38.8
-45.1
443
-53.6

3D( %o )

-70 T

— WA
=HR
HEH AT
— Hi5h

200G OGS

— R A&

— Wik
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— HR
piig 3

R
R
o+

BRiE — 59
e
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B 3-55 AEAL A k2T 5 AR

Figure 3-55 Hydrogen and oxygen isotopes of hot springs and meteoric water in

Ruisui
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3. i.”"’}”éwﬁ!“ﬁ& &7

(1) #sEy

PeE L A

!

. g

%ﬁ@ﬁﬁﬁijkﬁkﬁ%ﬁ2%—

LR

Sk F

R Eh

S A5 F drd 3-14 S o

I~

L0314 HBA T RE

Fig ¥ p ,L,{?H}&@ﬁg_ﬂ ﬁﬁ;aﬁﬁ
& e il’;\'}%-u’%"m*’d”lcw@éfé.L?\‘ﬁLuF’@ffjf,%',L 0.03mm
HREE R o (&% ik B A B S oo

e REZATH AR

BRI AT E PFH Y S o 3R

Table 3-14 Results of rock and mineral analysis

A AT IR A S
GSMMA-RS-2_218.7m

GSMMA-RS-2 218.9m

) B GRC
VEERENGRE

A LENEL

GSMMA-RS-2 221.6m FEZANFE ~FE BEA LS ULT BN
GSMMA-RS-2 223.4m FE2AFEFE FEZATELT ER
. FEZAE AT BR
GSMMA-RS-2 229.85m R R X JAE .
(7 B8k f27)
GSMMA-RS-2 232.1m FEA2NFENFE FEZA G AT E%
PR 2R AT R
GSMMA-RS-2 248.5m BEANFE~RENFE N S
- e (7 B8 2 E)
/ e am \ FER(ZEERRT)
GSMMA-RS-2 273.4m FE2ANFE S FBRENFEE Blaipwas o
20EM04D SR SHAERE N TE DR SR E A
20EMO4F SREENBPEE S FECRE SR E A

(2) Z2EFH ST I HAEE FSEM)E i &4 # 4 15 (EDS)
%ﬁ**é%&ﬁmé%@ﬂaﬁﬁﬁ%w~w@% k2 T &
EHETRER AN AL 28R R ¥ AR E T RAEF T
EREBRTEEE TEXNNT I T K% B A X 5nm 2 10nm 2 7
RS A Ak mEE T HRAE LR T

o}\\z}"‘s/\
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HRAARERIFR o BT TGP T 22308 > T FEP AR
BRSPSk > 2R A S T LN A - % T (Secondary
Electrons, SE) ~ # = 4%+ 3 &+ (Backsc attered Electrons, BE) ~ &t & +
(Absorbed Electrons, AE) ~ i% &+ 7 & (Transmitted Electrons, TE) ~ X %41 %
£ & %k (Cathode Lummescence) MELE R P B r e e x Bk o
PBERREGE e JI T3 A AR R F IR SRR
ME TSR RETAR &V ETEEE e Fi G Re 41%

T
1N

¢ & 47 3 & 7 &R (Energy dispersive Spectrometers)€_5 ARV ¥
ﬁimX kotrR oI IR T FARAREFRAAL FHE X Gk
(characteristic X-rays) > Bl $F145 X L £ Kk £ 474 A a2 2 > EDS Jf#
g 4o ] 3-56 #7T o

Electron Beam

I

Window: Be or UTW

Objective lens

Si (Li) Detector I

y‘
Stage Schematic of an Energy | |
I I Dispersive Spectrometer " i

— ~ —— i — — — - -———

Fl 3-56 i B AT A 47 R 7 L

Figure 3-56 Schematic diagram of the structure of the energy spectrum analyzer

FRIPKOT I X PRGN R a 5 R TS S
AR RS RO AR RFEEI MR g R S
A BaIFE e B o AR BV o X kAN E A 'v"é‘é “?i’
i BggED FF V- B R OR IR RS D AT E A F R pE fe
HEs 2o F Pt X kg R R E TV FTHRAAE 0 Ao 3-57 47
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(b} _— Klines

KLL-Auger electron® |,
E, =Ex— 2E, .

] 3-57 (a) EDS %12 X RARZ% A 24 RIZ (b)F 12 X LA7 2§

Figure 3-57 (a) EDS characteristic X-ray spectrum generation principle (b)
Characteristic X-ray spectrum diagram

R RITARAL B X K L GEHE (FRAZ D TR
10-6mbar » #7124 1§ jp|ip] B * %”ﬁ U oREREA T R ALER el PR
FRFEL AR ET TS AV AE S LB zkj%;é L iz X
EYRDYT € SfeE A F B B ()3 1KeV) i X B > AT E
ZPC-NORIEERTHET > ZEP Be-BRZaET - FPELE
d P E BRI e T AtRME THIE R F LA P
MXEERFHFPRAL R T RHLES T L 2 E ~ i
Tl @EE L d SHFEL TRV EA TG o AET R 2
Fo V2 RS 0 A5 5 Thermo Phenom XL SEM -

.

B 3-58 4 ;¥ = + & picst Thermo Phenom XL SEM
Figure 3-58 Thermo Phenom XL SEM
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A7 SEM #2% 2. SEM # 5.2 EDS = &~ 2 472 % » 55 & SEM &
EDS %5 & % & (72
H SR & ¥5 GSMMA-RS-2-2 218.9m 1945 EDS A 476 % » 1 & =
% 5 O Si~ Al 4} GSMMA-RS-:2 h i %3 WK Z* > 7Pt du
B EEZR o
B35 H » %l GSMMA-RS-2 223.4m 1395 EDS 4 4758 % » 2. 2-1 &
&A% 5% 0 Al~Si» 4t} GSMMA-RS-2 sh#Scenz &2 F 22 ¥ - 42
DI FR AR EZEFZ AT E o B 22 19 EDS A1k 0 A& AR
» C~O~Fe Fpt4apl = 248#H - ¥ 2-3 Fufg EDS 47 % » A & =
%25 C~0-~Ca> 4} GSMMA-RS2 e g 1 > 3% > Flptduip 5 -

Stk A5, GSMMA-RS-2 229.85m & 3-1 1345 EDS » 47 5% % >

x
2% A% 3 O~S-Feo FlRU4apl s B +edah - %32 124 EDS A
}i% A% A% 5 0 S Fer 7 %5 Bahtediah - 233 124 EDS
Atk AR AR S Co FI R L 7 % o B34 1945 EDS A 475 %

A& AF 5 O~Si~Al’ v} GSMMA-RS-2 gt & 2 5 IR K Z 2
Fltdn Bl i K2 A o

B HR & ¥% GSMMA-RS-2 232m B 4-1 £ 8L 4-2 134 EDS 4 47
BELLBEAELOSiv 4 GSMMA-RS-2 th iS5 3% % &3 %% >
W CHPIE R ER B SR AR SS S FEZ A P ARG RN E

o SEM e EDS ¥ 4753 s & S fr¥ o X SEM B t? & 7 FERI G
?Lﬁ? LR BT > R S R L o BE4-3 194 EDS A4k > 1B A F
% O~P~La~Ce’ Flpt 2P| 2 A F o Bhd4-4 Z A A2 2B 3L > 2
%EDSA\% % 48 A% 5 05SirAly 4 b GSMMA-RS-2 #35 i
PEFFIEZA L FHEPIZEZA

HSH A %% GSMMA-RS-2 248.5m 2k 5-1 1345 EDS ~ 4758 % > 4
£ AF 5L CO S FIP R L FETFE L5213 EDS A {8 % >
AEBAZ 5O Sic F B T E o BES3HES54 L AEAZ AR

Ao EDS 2478 % 1 & 2% 5 O~Si~ Al 4t + GSMMA-RS-2 #
CEYFFELEIA S AR s KT

HS R A %% GSMMA-RS-2 273.4m % 7 & % £ > 2 6-1 133 EDS
L% AR AZ 5 C-O Ti~Sie FINHPIZ F E+T B SR o
2621 EDS #1758 % > A8 A% 5 C~O~Ti~Si ~ Al> Fp 32|

68 S at@E;E AR T2 AR it



SR ETE R B 631K EDS A% A8 AE 5 O Al
Si~Cu~S> FIpapl i 5 FH+8 T H o

TR irbdr el > 871 2 T3 B MRX P g A F a0
O-Si~Mg: 8724345 EDS A 7% % » A & A% % O~ Fe Tt 4P
BT o

BABECE RNl B2 B iR i B A& A4 O
Si-Mg: 2821335 EDS A +47%% » 1 &8 % 52 O~Si~Mg~C- Fp
FRPIZWRT T T F4EFH B3 FIHEDS ~ 7% 1 &8~ 2 5 S»
Fe~Cu> FINHPBIEE4FdH -

BABECE A2 Bl At R I EAEAA O
Si~Mg> 292434 EDS #4786 % L & 2% 5 C~O ~Fe- Flytduip s
EHH -

FA I T v R 230 8 10-1 1995 EDS A~ 178 %1 & A~ % %
C~O~Mg:» Flp 2R 5 E4H o

% 3-15 SEM 4r EDS 4 45 % %
Table 3-15 Results of SEM and EDS analysis

B ®ALH SEM+EDS $&ip|*7 2 2. # & /%4

1 GSMMA-RS-2 2189m | &FZ#

2 GSMMA-RS-2 223.4m | ## ~ ¥ 22 -« $HH > 37

3 GSMMA-RS-2 22985m | FZ* ~ £ & ~ % B H/EEH

4 GSMMA-RS-2 232m FZANFTE~(BPE)EE - BAEE

5 GSMMA-RS-2 2485m | &FZ#* s 2® ~ 7+ &

6 GSMMA-RS-2 2734m | # & ~ %22 ~ 7% ~ &~ R~ F22

A LB T BT~ BT
B LEE R T BRE S TR FHH
C EEEW R T2 WRE S FABTH
D EEENR T3 R S FAEH
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E
oo B8 i “?ﬁ/\?ﬁ'd ShpFiE o H RS R R rE R
P TE § EE B G A E 7 i

talial SRR e s LT 7f]a_ % Pr1mary fluid inclusions ; % &_d
i

b B ) = 1S ‘J A5 év rﬂ’J F)% A4 g e %*"if-,a Secondary inclusions ° ;%
LR s /ﬁ‘ E TERRBIUMDEE B RERA o AT 2R
e MR Lo p FRE & LINKAM scientific instruments ) & 9
THMSG600 14‘:,%@ e

GSMMA-RS-1"GSMMA-RS-2 (h# SV BLEI 7+ " -2 H K5I
B4 2P, R —’:«K/,}m}n:””?‘,’fi BAFEP e F 5 SRR R
¢ B84 47 et > GSMMA-RS-1 & 145.8 3 ~190.8 5 ~201.2 & ;
GSMMA-RS-2 /% & 218.7 X ~221.6 ¥ ~ 248.5 ¥ ~2734 K e f & %L
G PERGR e AT e

GSMMA-RS-1 /#1458 ¥ e ¢ f432i- B R~ % 32 & & ¢ A 320-
400°C ;1908 F ek @ f351- B R A~ F &7 £ 390-470°C 5 201.2 F %
s R R BEY £ 380-410C > ¥ F - ¥ 5 450-460°C 2 > BEoT ot
By S FHOEREE o

GSMMA-RS-2 ch 57 BRI S 2 ¥R E AT E D2 & 3
P RA AL DT EIRINERA B 0t e 4o LR GRS WA AT
mﬁ‘f" » WERE 2187 K ~221.6 3K ~ 2485 5 ~273.4 K enE BRI A

EP AR AT 0 2187 K HuR e e R R E Y A 340-370C 2

221 Feipe g3 B B~ 5 B9 A4 250-315C2 F » ¥ 3 — ¥+
5 410-420C 2 B B p P SR L BB A R aERE 2 1A 2485 K
¥ 2734 ‘fm%ﬁr’ tﬁﬁ%ﬁ%ﬂf#? Ry 3L EF - AT
20 IR T A R S Q%F’T{Ilfq\-féf’fl‘zfgﬂﬁmi@" gitm A4 M
- AR ATE Tavpe Y g (Feibire ot )L R &
3 2485 Feauaiv B R A F ¥ d 250°CF] 470°C » 273.4 K g B v 2E
A dtd 210°C 3] 400°C > o »r i R e 3 ey W BT LJE ERM
B 4 m(Secondary),,z e B d /zvil,?i F —Jﬁﬁt‘ 7 I efEEOR

Bd 33K &’J”JEfC% SR M e RIS R R EP w R EITR KT
BEAERR o
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(4) B3+ =%k

AFEFZRE R As LD £ F
FHREEFAY  RE
spectrometer (IRMS) ° 4p #.** Vienna Pee Dee Belemnite > ~ 7 £ L4 5
+0.05h (10,N=701) (Loetal.,2013) -

A EE 3 BHRACA B L E BT IR 2 EY 2234 5 02734
CRERFEREA LD R NE - BN EDEAT PN DB R
F%(Act-1)1T 5 ¥R > A 178 %40k 3-16 9777 o d 57 15 DR 2
PEANBEZETER > 2700578 F i3 X8 ﬁ*" % 6.00
92k 5 M MM EEAT L N? B Gl E 1Eﬂ'106/0’ i fpivZ i
11.4h: A% EARKE FEdEYE 2-550m% > £* Friedman and
O'Neil (1977)57 B 235482 5L T FHPRE &R A 9 5 166 CE 124°C - B4
TR REE IR R R 102°C wind Foaw Flh Rokz A s 3R 40t
L2 B AR m A A 255kt B 2 TR o

# 3-16 ®3 k2 2175 %

Table 3-16 Carbon and oxygen isotope analysis results

IR AR kKA A Hd

Al 5. 5 Micromass IsoPrime isotope ratio mass

5!*C_PDB 5°C _PDB &0 SMOW &80 SMOW it % 2 #H*%
5L Mean Std Dev Mean Std Dev -
(permil) (permil) (permil) (permil) (°O)
GSMMA-RS-
-7.0 0.004 6.0 0.005 166
2 223.4m
GSMMA-RS-
-7.8 0.004 9.2 0.005 124
2 273.4m
Act-1 -10.6 0.005 11.4 0.015 102
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B A E LS 121°19'31" ~ 9‘23"3029" (TWD97 = & » & &4 5 X=
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TR ALEFEREIE R PR EEREPLL
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Figure 4-1 Drilling well location map
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Figure 4-2 Operation process of wireline coring system

(2) # S

WE I B i R D T T R A R R AR T T
LR S ﬁﬁ’%%@ﬁwiauﬁﬁﬁﬁkTW@W’# SR
ASHEB AR 43 AR TRl RORE 5 H R
EtREr P w R AR RSP B O EE T 4y B 1T
WM AR SR EE Y

(3) # W s

R Sab SRS ﬁxww5@<5 NRARE - B R ELER
iifﬁ’jﬁ/y I ES R ST EA THE T RBlACE 440 F R
”T%EA9£’2*%;£ﬁbwﬁm—%~&ﬁ%aaﬁ$%om¢
ERUEpEE AN R A A IR ERFEEEET T v

B Fixe

N
\

74 S MEE AR IR



BEA AN T & B K

B0 W & R

e e g ey N
BERARE RS

W

IEMABAREE L~ EHELAMAEETA

QUMMM RERER TN R HGLEREY

BENHAMND  HAERSMIET TR, c THE, A TELLLRE
AENMENG - HAZLMIRT TR, - TR, BT H0ALRRE
SENMNESF S HAZEMRT TILR, c THAR, R TRSELRE,
CHENANEMEREY THSRAE

6.4 MMM B RAEL BRUMIOLATRYFIETL SN

F43 #4d B P07 LW

Figure 4-3 Core box writing example

B4 # g higd B0l LW

Figure 4-4 Cutting sample jar writing example

75 S B @A AR Ii2EAR



2.

2P RR-ER RS

(1) 3 &*RG

T2 T H B R B AR A R 2 Kuster ¥ At E ¥ #ﬁ?ﬁ%’aﬁﬁ
NEERI(B4-5) 2 RBAS S Fetn X TR RERER L
Frehrd TEAE RS BT ZREFRF A EF R T P\%“%mrs
R EY UELE T BB RL g o'f,i,‘?»?{ F T8 300 CH
BEPTEE 6 )2 o —,tié?:.»-’:i— THEGRT FL A AR
® % (% 4-1)°

5 R dE T2 22 (Kuster, 2017)» % & A B % > 2288 445 1 B
o BT R worik F A RATIE 45 2R /Ao ;Ba%g'ﬁifi 2 ol A
AR (TR o Pl A (PRI T O B BAZE 25 2 2 /4 o

Bl 4-5 (a)ipls e 1 (b)#-RIHE e~ Beg B X focd ¥ g

Figure 4-5 (a) Geothermal probe assembly, (b) Place the geothermal probe
into the blowout preventer pipe and lift it to the well head.

# 4-1 Kuster & #1 2 % P45 f g R w5 P Y

Table 4-1 The temperature resistance time of the Kuster geothermal probe
recommended by the original manufacturer

Bl TR BR R i R sk i P
350°C 4HR
300°C 6HR
250°C SHR
200°C 10HR
150°C 12HR
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Figure 5-8 The region of Geothermal potential area
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Table 5-1 The required input parameters for the calculation of the geothermal
reservoir system and the volume evaluation method in the target area
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Figure 5-10 Demonstrate the spatial distribution of effective reservoir volume
with 3D virtual imaging technology
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Table 5-2 Estimation of geothermal potential

ERFE(C) | TIER(C) Wk () B g (x10160)
(¢ MT 7 12 <50 Q-m 5 )

100-120 110 1,560,000,000 34.476
120-140 130 993,440,000 27.1209
140-160 150 622,670,000 20.2368
160-180 170 314,170,000 11.8442
180-200 190 51,521,000 2.21025

- 3,541,801,000 95.8881
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Table 5-3 Estimation of geothermal potential

: o) | imm p (e W (m°) o
B R % F(C) 358 & (°C) (# MT % 12 #<50 O-m 5 §) ¥ AR (x107))
100-120 110 1,551,400,000 34.2859
120-140 130 980,970,000 26.7805
140-160 150 610,300,000 19.8348
160-180 170 308,300,000 11.6229
180-200 190 50,994,000 2.18764
&3 3,501,964,000 94.7117

4. FLENTFR

FORAT® fo AR 0 T i B A £ #8320 5 ¥+ (Energy conversion
efficiency factor) » # 4% 5 T e (MW) KB T A o - LR T AN 522
ST e BN A SATR TR TR B fl R R A
%P % T AL (E, €= MWe) !

% ()= (Q Ry E)/(F-L) X522

254 B EHHE TR E TN~ e

Table 5-4 Input parameters required for evaluation and calculation of power
generation potential in the target area

K 5L H i F8E #3r
BogE#o (PT) Q J 9.59 ¢!’ 10% Joules/sec=1MW
BgEAN(TE) Q J 9.47 ¢!” 10° Joules/sec=1MW
R E Ry i 0.11
S R 3 e E, i 0.09
T RE F - 0.94
T RE &30 &) L s(#))  30%x365%24x60%x60

A& TR IR E 0 3B S % Aot SS3(PT) ~ N 5-4A(F BT o
3 T i (MWe) © (9.59%10'7/100%0.15%0.09)/(0.94x30x365%24%60x60)= 14.56 3% 5-3

% T i (MWe) T (9.47x10'7/100%0.15%0.09)/(0.94x30x365x24x60x60)= 14.38 3¢ 5-4
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Conclusion
(1) Geological survey

Caprock: Various types of schist exposed in the Ruilin-Hongye area,
including quartz-mica schist, serpentinite, hornblende schist and other rock
outcrops. We found that the distribution of joint fissures is generally very sparse,
with joint spacing greater than 2m and lengths mostly less than 1m, making it
impossible to form continuous channels. In addition, the porosity of metamorphic
rock itself is extremely low, so its structural permeability or pore permeability is
quite small. There are regular joint distributions in a small number of green
schists, and their trends are between N61W and N31W and the dip angle is close
to vertical, which is similar to the quartz mica schist in the geothermal reservoir,
indicating that both are subject to the same tensile stress near the surface. In
addition, according to the low-resistance areas (reservoir layers 1, 2, 3, and 4)
indicated by magnetotelluric sounding, we can also observe that most of the
potential reservoirs (1, 2, and 3) have overlying rock masses that are basic Mixed
rock mass. According to field observations, these basic mixed rock bodies are
mainly composed of amphibole schist and amphibole feldspar schist. Most of
their cracks are poorly developed. We are temporarily inclined to infer that the
basic mixed rock bodies may be underground in the Ruisui geothermal area. The
impermeable caprock of the geothermal reservoir composed mainly of quartz-
mica schist.

Based on the comprehensive statistics of joint positions in adjacent
geothermal-related areas, there are four main groups of joints in the Ruilin-
Hongye area: (1) The trend is 290-330, and the inclination angle is mostly steep;
(2) The trend 1s 020-040, which is also cross-section. Permeable surface terrain
linear pattern; (3) trending E-W; (4) trending N-S. Calcite veins or quartz veins
are occasionally filled in the fissures. Among them, the northwest-southeast trend
(270~330) is the most important tensile fracture joint, which is roughly
perpendicular to the geosynthetic tensile stress (northeast-southwest extension).
It may provide Tianshui (shallow circulation) and hot spring water (shallow and
deep parts). important channel for circulation). This project has especially
strengthened the outcrop investigation on both sides of the middle and lower
reaches of Hongye Creek. Among them, the mountain wall near Hongye Hot
Spring indeed shows several major fault zones, approximately N120E trending,
nearly vertical. We believe that they should also play the role of upwelling
hydrothermal fluid channels, bringing hot water from geothermal reservoirs
about 1-2 kilometers underground to the surface. These faults may even penetrate
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4-5 kilometers or deeper, draining hot water from deep heat sources into the
geothermal reservoirs 1-2 kilometers away.

(2) Geophysical exploration

This project is divided into four parts based on the velocity structure model
of seismic station HOOB, core interpretation results and well logging data: (1) The
formation material changes from alluvium (weathered rock disk) to broken rock
blocks. Therefore, It can be seen that the shear wave velocity has a significant
increase trend; and the alluvial layer is mainly composed of gravel layer, which
has a higher resistance signal than the broken rock mass (mainly quartz mica
schist). (2) Rock The core photo shows that at a depth of 82 meters underground,
a period of loss changes to recovery coring, and the natural gamma value is
affected by more broken rock blocks and shows a high and low oscillation
phenomenon, and the shear wave speed also shows a slight decrease. (3) The
overall formation material is siliceous schist, and a significant increase in shear
wave velocity can be observed. (4) Because the rock formation 1s hard and there
is a blowout phenomenon, a large amount of water is generated. In this section,
grouting is used to block the high-pressure fluid and directly penetrate the core
and There 1s no coring action; the water inrush phenomenon means that high pore
water pressure can reduce the effective stress, resulting in a significant low
velocity zone (LVZ) in the shear wave velocity.

Based on the evaluation of the georesistance R1 survey results, the
geological conditions that may be encountered during the drilling process of
GSMMA-RS-2 are as follows:

1. Depth 0-12m: alluvium or colluvium.

2. Depth 12-35m: schist with many fissures.

3. Depth 23-41m: partially complete schist.

4. Depth 41-64m: schist with many fissures.

5. Depth 64-109m: schist with many fissures and rich in groundwater.

6. Depth 109-250m: schist with many fissures.

7. Depth 250-396m: schist with many fissures and rich in groundwater.
(3) Geochemistry analysis

A total of 10 water samples were collected and analyzed. The results of
temperature, total dissolved solids, salinity, and conductivity were similar for
Hongye Hot Springs (HY-2) and Hongye Above Ground Spring (HY-4). Ruisui
stream water (ZSRD-1055) and groundwater samples (1047gw, MYMTgw) had
low 10n concentrations, but different pH values. 6 outer hot spring areas drilled

101 S at@E;E AR T2 AR it



well water samples, YSY, and RS-feet of total dissolved solids between the
groundwater and warm spring water, pH value of the weakly alkaline. The salinity
of the Ruisui No. 1 well sample varied significantly with time and depth.

In terms of anion analysis, the Hongye Hot Spring has a relatively low
concentration of chlorine ions, while the chlorine ions in the water samples from
the warm springs outside the spring are very different. The concentration of
bicarbonate in the Hongye Hot Springs ranged from 445 mg/L to 506 mg/L; the
concentration of bicarbonate in the outer hot springs was high in the RF and low
in the lower temperature springs (YSY and RS-feet); and the concentration of
bicarbonate in Ruisui No. 1 well samples also varied greatly.

From the cation analysis, the sodium ion concentrations in the Hongye Hot
Springs were 66.4 mg/L and 119 mg/L; the sodium ion concentrations in the outer
hot springs were high, while those in the cooler hot springs were low; and the
sodium ion concentrations in the Ruisui No. 1 well samples also varied greatly.
In addition, the concentrations of calcium and magnesium ions were less than the
detection limit, which is related to the precipitation of calcium and magnesium
ions in warm spring water or the mixing of groundwater.

From the hydroxide isotope analysis, the oxygen isotope value of the
Hongye Hot Spring is between -7.79 %o and -8.85 %o, and the hydrogen isotope
value is between -49.1 %o and -56.3 %o; the distribution of the hydroxide isotope
value of the water samples of the outer warm springs 1s extremely different, and
the hydroxide isotope value of its RF is out of the Tianshui line; the YSY and the
RS-feet are both roughly in the Tianshui line; and Ruisui Well No. 1 is heavier
water, which is assumed to be a:mixture of stratified brine, metamorphic water,
and groundwater. The Ruisui No. 1 well is heavier water and is presumed to be
mixed with stratified brine, metamorphic water, or magmatic water.

A total of 10 samples (8 from Ruisui No. 2 wells and 2 from field outcrops)
were prepared and analyzed for quartz-mica schist in the wells and chlorite schist
in the field outcrops. SEM and EDS analyses of the rock/mineral compositions
of the other 10 samples showed that the Ruisui No. 2 wells (Nos. 1-6) contained
sericite, quartz, clinopyroxene, calcite, graphite, pyrite/magnetite, monazite,
ilmenite, and chalcopyrite, while the No. A contained serpentine and magnetite,
and the Nos. B, C, and D contained serpentine, magnesite, chalcopyrite, and
clinopyrite.

Seven samples (three Ruisui No. 1 wells and four Ruisui No. 2 wells) were
collected for liquid inclusion analysis, and the main concentration of Ruisui No.
1 wells at depths of 145.8 m, 190.8 m, and 201.2 m had similar homogenization
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temperatures; the quartz veins of Ruisui No. 2 wells at depths of 248.5 m and
273.4 m had cracks in the crystals without a specific rupture direction, which
were presumed to be affected by the later stress changes, and the homogenization
at 273.4 m had no specific fracture direction. The homogenization temperature at
273.4 m is very dispersed, and it is assumed to be a secondary fluid inclusion.

Carbon and oxygen isotope analyses were performed on three samples (two
from Ruisui No. 2 well and one from Ruibei stream). The carbon isotopes in the
Ruisui No. 2 well are very concentrated and the oxygen isotopes are more varied;
the Ruibei stream samples were attempted to calculate calcite temperatures from
the downhole vein temperatures, but low results were obtained, which suggests
that the original water is not the present-day warm spring water.

(4) Construction of geological exploration wells

A geological exploration well has been drilled to a depth of 478 meters, and
HQ core samples have been extracted to the specified depth of 372.79 meters,
delivering 300 meters of HQ core samples to GSMMA as per contract
requirements. Additionally, rock chip sampling and 6-inch casing installation
were conducted every 5 meters from depths of 0 to 84 meters, and installation of
3-1/2 inch casing and slot pipe has been completed.

(5) Core Extraction and Testing

The depth of the core extracted from drilling ranges from 84 to 408 meters.
The core is visually identified as quartz-muscovite schist (occasionally observed
with plagioclase). Its color varies according to the quartz content, ranging from
black to light gray. In the darker portions of the core, well-developed foliation
surfaces can be observed, with dip angles generally close to horizontal, ranging
from 5 to 15 degrees. In the lighter portions, quartz content is higher and grains
are coarser, with well-developed lens-shaped quartz veins containing small
amounts of calcite nodules. At different depths and colors of the core, joints or
fractures with dip angles ranging from 70 to 90 degrees can be observed. These
joints often contain fillings of minerals such as quartz, calcite, and pyrite.

The PT well test has been completed to a depth of 419 meters, with the
highest temperature recorded underground at 400 meters being 174°C. The PT
well test results indicate the following conditions within the well:

e Unstable conditions from 0 to 100 meters depth with dramatic temperature
fluctuations.

e Stable conditions from 100 to 200 meters depth, with temperatures rapidly
increasing with depth.
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e Stable conditions from 200 to 400 meters depth, with temperatures increasing
slowly with depth.

e Aslight decrease in temperature with increasing depth from 400 to 419 meters.

Electrical logging can be interpreted for depths up to 84 meters. The
electrical resistivity signals in this borehole typically range from 6 to 97 Q-m.
Oscillations between different sections reflect variations in lithology and mud
content, resulting in noticeable differences in rock composition. It is estimated
that these sections may experience more significant fluid exchange underground.
Gamma ray values reflect the abundance of adsorbed radioactive elements in the
formation. Natural gamma ray values in this borehole range from 1 to 136 API.
Generally, these values inversely correlate with the electrical resistivity results.
For instance, lower natural gamma ray values in sections with similar resistivity
indicate lower mud content in the formation, suggesting better permeability
characteristics.

(6)Drilling records and data verification

Cooperate with drilling operations to complete cuttings and core records,
and draw geological column diagrams in accordance with the engineering
geological exploration database format of the GSMMA. Finally, entrust an
applied geological engineer to visa the records.

(7) Subsurface Resource Monitoring

Completed the installation of casing, tubing, wellhead equipment, and
relevant signage for GSMMA-RS-2.

Due to collapse or mud accumulation preventing descent to the originally
planned depth of 478 meters, The deepest casing can only be installed to 470.6
meters. The screened sections of the casing are as follows: 221.08-239.25m,
282.05-348.62m, 379.25-385.31m, 421.89-440.05m.

(8) 3D geothermal geological conceptual model

The temperature measurements obtained from both the temperature gauge
installed in GSMMA-RS-2 and the PT well surpassed expectations. In the PT
well, a maximum temperature of 174°C was recorded at a depth of 400 meters,
and at the maximum depth of 419 meters, the measured temperature was
approximately 35°C higher than the earlier temperature field model prediction,
reaching around 170°C. These findings indicate a significantly high geothermal
gradient in this area. A comparison with the daily drilled bottom hole temperature
and geoelectric resistance measurements suggests the possibility of a high-
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temperature hydrothermal zone below a depth of 241.31 meters. Above this zone,
there is a relatively dense shale cap layer with a thickness of over 100 meters.

(9) Mapping of Geothermal Potential Range

The geothermal potential zone is delineated by combining the MT low-
resistance belt range with the high-temperature blocks from the temperature field
model.

(10) Advanced assessment of resource reserves

Utilizing the USGS volumetric assessment method, coupled with the results
of 28 MT surveys conducted in the previous phase of the project, and obtaining a
three-dimensional resistivity model using the MT method, a more accurate
distribution of low-resistivity zones in the underground reservoir of the target area
is analyzed, replacing rough estimates of area and thickness. Areas with MT-
measured resistivity ‘less than 50Q-m, and block-like formations with
temperatures >100°C from the temperature field model, are evaluated for
geothermal potential using temperature intervals of 20°C, with the average
temperature within each interval used for assessment. Based on temperature field
analysis constructed from PT well measurements, the estimated total stored
thermal energy is approximately 9.59%10'7J, with a potential power generation
capacity of 14.56MWe for the target area in this project. Using data from
temperature loggers for temperature field analysis, the estimated total stored
thermal energy is approximately 9.47x10'"J, with a potential power generation
capacity of 14.38MWe for the target area in this project.
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