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Geothermal electricity in the Great Basin

28 geothermal systems producing electricity
Total installed capacity: ~1250 MWe
Resource temperature: 100-260°C (212-
500°F)

Mostly liquid systems with some 2-phase

Binary-cycle power plants are most
commonly installed due to the moderate
resource temperatures (efficiency gains)

>5 direct-use applications (building heating,
vegetable drying etc.)

Has significant untapped geothermal
potential: USGS estimated ~7,500 MWe of
identified and undiscovered hydrothermal
resources in the Great Basin

[ 2 ~ Great Basin fHEH & EE] (a) Great Basin FElE7 & (b) Great Basin H AT E g
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Regional dataset examples

Geodetic strain
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2-m survey technology and method

81 data points collected (Kraal, Ayling and Smith)
Anomalies identified in the center of the horst block

(oo [
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2. Technology capabilities: hyperspectral imaging Hyperspectral imaging of drill core

Basin Fill Sediments Tertiary Ash-Flow Tuffs Triassic Meta-Siltstone

Collaborative partnership with TerraCore
in Reno: automated hyperspectral imaging

Spectrometers to detect the Visible-Near,
Shortwave and Longwave infrared, + RGB
cameras Depth :

1106-1109
Spatial resolution < 1.5 mm m

Can scan ~1000 m of core/day = swr
Dominant
Non-destructive: lithology and mineralogy ::':'-'
are mapped in situ, preserving the textural

context
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Conceptual models of GB geothermal systems Why aren’t we using more? - Exploration challenges
Locating hidden (blind) geothermal systems: Blind geothermal system
Non-Productive Wells Systems that have no or limited surface expression such as
Productive Well Productive Well active hot springs or fumaroles (Coolbaugh et al., 2006).

Warm / Hot >30% of Nevada’s known systems are hidden (Faulds et al.,

/ Spring 2014).
3

Finding the permeability ‘sweet spot”

is often controlled and dominated
by fracture permeability = localized zones that can be
difficult to target

Figure adapted from Blackwell and
Figures adapted from Blackwell and Richards, 2000
Richards, 2000; GRC

6 + Great Basin ML ALY (2) I FHZEH B I AS S 53 1 A A B A

(b) ERMGFERHETR - FRHFRARB A EEDREN T BA RS 2 v gEi T
HHELE -

(@) (b)

Nevada Play Fairway Project: 2015 - 2019 Project results [/

Local Permeability = Geothermal favorability

Regional-Scale Permeability

Synthesis, map for 96,000 km? of
integration and Nevada (Phase 1)
weighting of 10 = 5 local sites prioritized for L
datasets to predict more detailed work in i
geothermal Phase 2
favorability 2o Gabbs Valley e
Granite Springs Valley | ~
— Sou Hills o
Combined Permeability Crescent Valley and
+ Heat = “The Fairway” = | Steptoe Valley .
— i @ Faulds et al., 2016 tor- 20
= S N

Faulds et al., 2016

7~ HEFRERIE () B REAFORLE (b) GBCGE sTE#THCRIE -

BI{E Great Basin 22 1B\ G 4 FAF IS At R 58 i B 1 B S B8 VB A > LG - R &
[P _E (A8 K LTI, > D RE (R (A AR LIS (H B SAAE 7Y m] Br 3% 2 RE 3T
AR > TTEALAILREERE Z 11 F =ik s f s At mEOREE 2 A& TR > hFR=E
BRI ERENFEE - 7€ Great Basin 25125 7] DUSHIE IR _EAYEREZ A
R E I EGRE > AN B G EEVERE A IR - BRI BRI
BN — D IRV T - SRR AR > IR~ H)
BRI E R PR st B HE B S B SEIERE - DA (R 2 IR B S HirHH A a5 S
BERFY PRE i -

11



() MG Bt AR 1

M EL S A B HE B 2R RE S I R 1115 DIBEES R 1.3 Hp—8 > {E# /% Trene C.
Wallis » 8 H &y Geological Controls on Geothermal System Location and Type © {F % % 48 5F
fliEei 5 (B BA S ERE Z A& BE - T PR R Z B A4 - BaRIERA 2850
ENERTEIRENE 24t ~ KEHE ~ 4P BRI R K LR AISE R it (] 8) -

o¢
.

&
e

Installed MWe o) 2:0’ a
.L‘

<25

@ 25-150

@ 150 - 300

@® 300-450

® >450

8 ~ 5 {Esth N E LI ARE - o3 Ry 1. SREIR AN ~ 2. ENfeski TERETE £:457 ~ 3. K
SR ~ A APIRREROK TR S, SRIERAB R -

SE B Aty — (B RS P 5RAY 2 (Pull-apart basin) » 2V A B 7Y K LLE
B BT Ry 2 > LTS 20 Ma > DURERAEEEHT/INGA 8 Ma » H AT #38
HAEE 7] (EEFEERLESER 150°C > VR EERFHRIGIaTGmR 2 i mHIEuR ek
ERAER  IERAVEIEEBE R BT R R 2 2 - thEE T
AR AU E > -t AR ER BT ER/ Ny 4 kWe » Ry 143

MWe °

ENJE SR ENRER g 247 R — B R 1,600 2 B 2 7 [ V5 7% B Jg 247 (Strike-slip fault
system) > B V) EF gttt 2 )RRt g BUR B R 2 S (R AR o (Rl A 5
Hor AR 2 KIS - 155K LSBT & HHRE dal H A Fr 2 2 a = g

12



55 EE T SRR K LLE F AT B 2 S g Ry 30 | > Hop 9 {E H RTEAEAE
pEEMEEL - HH ARG B BN LIS E KIS 2 AT -

TKEZE Z 80 Fo— (B SRR Y TP B2 A R - R e SR B I L SR AR
7r5a - FERUE N Ry 22 200-300 2 B 2 it e R EEAH AR 5 150-200°C » T2
BB 2 #GkE(Hotspot) » HimiEim B AT AV IS B th EiE & K LLDES) - HATES
H 24 EDK S HA S R B - 10 H 2 e ies 2 310 b RS DURR
B e & E - HAlAYY 33 (B 2vE i R - 10 H oy R E AR > 5]
FeBUEEDK UTEEIHR 2 208t - LRSS BRSO ATV I @2 BRI E R
i H AR EREE R B R A Z A ERE RNt RS T - HEFESE 303
MWe -

APE AR K LA By (1 300 A E & > HRIL-PERSE A 2 KIS IEGERA - HA
FITIE i Z DURR A R P f 2 v 22 3,000 AR > FHF RS R B B R B i — 25|
ALK IUEE) > HAREEA 23 ([HSmitZ e R BN, 2 T B &k =
HAREH SR - LRI R K LTEEME S AT E /) (e B2 K
e R o

RIERE 280 R — 2P IREEBORAFTIV RAVRELE - 1 Al s 251 Bl > 42
HFERCHRITE L N EA — RV K USSR - HE#ARHA T LR FHES - tEH
AEERER = 2 > HATE A EHEGI 3 EEEHL 900 MWe HVECERE -

e bt 5 {68 B ZR R I ) B B A B 2 FETRYBR% > BT DU IR s E B B R AE K
UrEBZ @ A2 - MR RN i it m B e A K LS - HIsE K U EEhzE
AREiEE) o MOKILTEENE A GEREEHBVETRATI AR - 7R ZHERCKSCIEHR ~ BARTR

E{EAYHE G -
(=) BESMEHEH

BB EGEE 11/16 OBEE X 4.2 Hdh—35 > /E3& B Aira Aspiras » B H &

13



Collaborative and Holistic Applications Drive Record Drilling Performance in Mak-Ban
Geothermal Field, 2020-2022 = SE(EEE 1971 FEFHIAS M BNESE » WAEITHF KK R
Fr oo B R B 5% B RV BI R 2 — - i IR A3 H o — R M B4 AR 7 % =] Philippine
Geothermal Production Company, Inc (PGPC) H Fij IEAE &%= Tiwi 1 Mak-Ban #.Z4H » HE|
ELAE 22 9 {18 2t 24 FH #2300 LIath BB - 1 Mak-Ban # 2V H AV SRS E A B Ry 682

We o [th#3 FHFEH 2020-2022 F 2 $EHEEN A 2002-2004 F-#EHEB) 2 bz - MHER
AR Z pIh B > Ea R R EIRERRE - R - QFEAEEEE
PRI Z EERL

e Mak-Ban HiH 2 SCHEHE B 50 AT 22 3,000 23R+ 74 2020-2022 4ERIALT

1 g B8 9 DRI AR 2 CIESEH - Hob 7 DRI 3,000 AR > IEXEE
SRS BIRA R 2.9 REFLUSEERRE 3,611 AR » SRR ER F 523
AR AR 2002-2004 FEIE R R 2 26.2 REFSEHZEE 3,100 AR (& 9) -

(a) (b)

well | Towl | Drilling | ROP, | Franned Well | Towl | Driling | ROP, | Fnnd

Name Depth, m Days mpd Reaclljle 4 Name Depth, m | Days mpd Reached?
rE, 3424 29.0 70 ; B-1 2878 47.4 61 86%
e 3 244 7 7 B-2 3254 47.7 68 4
A3 3012 384 78 7 B-3 3214 352 91 i
A4 2844 | 450 | 63 v B4 2254 | ok | 86 Y
A5 3109 46.2 67 J/ B-5 3222 314 103 v
A-6 2900 344 84 95% B-6 3548 30.3 117 v
KT 3109 26.2 119 v B-7 3506 28.8 i) o
A-8 3170 55.6 57 v B-8 3353 243 138 v
A9 3347 33.1 101 v B-9 3611 239 | 151 v

Average: 3115 41.3 79 Average: 3317 34.1 104

9 ~ Mak-Ban M ZAZI5 88 H-EE#LE] (a) Mak-Ban #Z4H] 2002-2004 4 9 CIHEEEE ~ $8H:
RBONFEHEAREEEIE (b) 2020-2022 £ 9 LB ~ SEH R BRI S E AR ELR

2002-2004 -3 HERR By 79 mpd > 1 2020-2022 I HEHERS By 104 mpd > (e 5K
FEbbr o] DS AT A AR T4 32% - B HERE]E 20 FAEHIEE - I H
PRATE R BRI N B R - {BIEERE PGPC {1y A] DLLAME S A S H AR A NEH 52 s H &
8 > HERDINEHFER ZEN S ELL R E AR EN— O & - BAETR
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Yanto » #2 H & Analysis of Heat Recovery Time Predictions for Multiple Periods of Temporary
Reinjection in Geothermal Well Production at Lumut Balai Field o fiz /A E1JE Lumut Balai 3 %8
FE8 0 T EDR ATEE 250-300°C 0 12 2017 SERRYAME A BB A FERG B - HARME 2024 4
ZEE] 55 MWe » % 2026 25 95 MWe - B 2030 422 335 MWe (& 10) -

Lumut Balai Future Growth (2019-2030)

‘PI?ELINE COGENERATION & EXPANSION

PROJECTS BINARY PLANTS

PROJECTS .

= £ PROJECTS a 2
8 S 2 5
2 New Power FLamt A . Low Pressurs - Lumut Balai Extension
l:l:'l W ginary Umit '_;_ BaunBun
= - ~ Tanjung Tiga
= = =
~ ~ ~ Marpabayer

______

-
-y
]
]

' 95

7
55 55 ' -

2019 2024 2025 2026
10 ~ Lumut Balai #nZAZISEE R EETE - 2024 FFEF] 55MWe ~ 2026 FFL7#EF]

95MWe ~ 2030 -2 F 335MWe «

Lumut Balai 282 & 7 EEEH F 500-1,400 AR > #i @ BR 1149 By 50-60 bar » AT
H 2022 FEFIBESHIDIARE » HEEFFETIER 0.5% @ g AR D 0.25-0.38 bar » 45
B FHIR AN E R - RIFEAE 2027 DGR E R - HRfhtt= @mamyElEst
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	一、出國目的
	二、過程
	（一） 出國行程
	（二） 研討會過程
	　　第45屆紐西蘭地熱研討會召集人皆為奧克蘭大學之教授學者，分別為Sadiq J. Zarrouk、John O’Sullivan、Bridget Lynne、Mike O’Sullivan和Michael Gravatt，其研究領域主要為地熱系統之地下流體模擬、地球化學和岩石礦物研究。此次研討會統計包含4個主講題目(表1)、105個口頭發表、8篇海報發表、83篇公開之技術論文、21個
	表1、本次研討會4個場次之主講人、主講題目與相關資訊表
	產業現況更新和超過350個來自世界各國之與會人，發表內容依領域可區分為11大項，分別為產業現況、儲集層模擬、地熱地質、生產與管理、地球物理、地球化學、鑽井與井測、環境社會議題、結垢與腐蝕、直接利用和回顧與展望等領域。
	　　由研討會所邀請之主講題目可以得知，紐西蘭先天具備豐富的地熱資源不僅是成熟發展的產業，著重點除了資源探勘和開發之技術性研究發表，也注重地熱開發對當地人文、生態和環境的影響，並隨著時空背景的不同調整地方之政策探討，在經濟發展和環境影響之間取得平衡與共識，此外，由於紐西蘭之地熱探勘與開發技術已經發展許久，除了應用於紐西蘭國內之地熱產業外，這幾十年來也透過國際合作的方式，外派紐西蘭地熱領域之專家學者協助他國之地熱產業發展，並每年開設國際地熱資源相關之培育課程，特別是和紐西蘭簽立合作關係之國家，例如菲律賓或是印尼，也因此這幾十年來合作國家也有蓬勃之地熱產業的發展。
	　　本次研討會挑選出1個主講題目和3個口頭報告，從地熱探勘技術、地熱系統與地質架構類別、鑽井技術和回注井與熱回復之預測分析，探討共計4個地熱產業中之領域，並詳述於具體成效中。
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