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Session 1C: Drilling
Q@ Kohala3-4
« 1 Breaking the 200C Barrier — Development of an Integrated High Temperature Directional Drilling System (3:00 PM - 3:20 PM)

* 2 Managed Temperature Drilling: Real-Time Damage Monitoring of Insulated Drillpipes and an Automatic Controller to Mitigate Effects of Temperature
Increase (3:20 FM - 3:40 PM)

= 3 Effect of Hydrostatic Pressure on Mechanical Specific Energy and Interfacial Friction Angle in Hard Rock Drilling (3:40 PM - 4:00 PM)
= 4 Driving Down Exploration Costs in Geothermal (4:00 PM - 4:20 PM)
« 5 Enhanced Weight on Bit Application in Hard Rock Drilling Through Innovative Anchoring Technology (4:20 PM - 4:40 PM)

« 6. Optimizing Hard Rock Geothermal Drilling Efficiency with PDC Bits: A Comprehensive Study (4:40 PM - 5:00 PM)

Session 1E: Closed Loop/Advanced Geothermal Systems
Q King's 2 (Grand Ballroom)

= 1 Techno-Economic Viability of Flexible Dispatch of Unconventional Geothermal Systems (3:00 PM - 3:20 PM)

2. Geomechanical Modelling for Closed-Loop Geothermal Development in Geretsried, Germany (2:20 PM - 3:40 PM)

« 3. Exploring Thermal Efficiency: Accurately assessing K-Values of Vacuum Insulated Tubulars for Geothermal Applications (3:40 PM - 4:00 PM)

4. Influence of reservoir convection on heating in closed-loop geothermal (4:00 PM - 4:20 PM)
« 5. Optimizing Gecthermal Borehole Number and Positioning through Simulated Annealing Algorithm (4:20 PM - 4:40 PM)

= 6. 0Onthe potential of closed-loop long horizontal wells for heat storage (4:40 PM - 5:00 PM)

2024/10/29(=)

Session 2B: Enhanced (or Engineered) Geothermal Systems

9 Kohala1-2

« 1. Experimental investigation of the flow behavior of lonic Liguids for use as working fluids in Enhanced Geothermal Systems (7:30 AM - 7:50 AM)
« 2. EGS Reservoir Modeling for Developing Geothermal District Heating at Cornell University (7:50 AM - 8:10 AM)

= 3. Geopressured Geothermal System: An Efficient and Sustainable Heat Extraction Method (8:10 AM - 8:30 AM)

= 4 Operation Strategies to Aveid Thermal Short-circuit in EGSs with Herizontal Wells (8:30 AM - 8:50 AM)

= 5. Experimental Analysis of Fluid Hydraulics in Enhanced Geothermal Systems (8:50 AM - 9:10 AM)

= 6. Understanding Thermal Effects on In-Situ Stress Estimations Through Post-Peak Pressure Analysis from High-Temperature True-Triaxial Block Fracturing
Experiments (9:10 AM - 9:20 AM)



Session 2C: Drilling
@ Kohala 3-4

1. High-Temperature Characterization and Drilling Simulation of Rock from Utah FORGE (7:30 AM - 7:50 AM)

2. Severe Lost Circulation Mitigation using Temperature Activated Materials (7:50 AM - 810 AM)

3. Expandable LCMs: An Effective Sclution for Plugging Fractures (8:10 AM - 8:30 AM)

4. The Characteristics of the Overpressured Sedimentary Formation in Ulubelu Geothermal Field, Indonesia (8:30 AM - 8:50 AM)

5. Enhancing Geothermal Drilling Performance: A Stuck-Pipe Risk Advisor Leveraging Causal-Al and Semantic Web for Explainable Decision Support (8:50
AM - 9:10 AM)

6. Drilling Innovation Enables Faster Delivery of Geothermal Wells in Indonesia (9:10 AM - 9:30 AM)

Session 3B: Enhanced (or Engineered) Geothermal Systems

@ Kohala1-2

» 1. Influence of hydraulic fracturing on induced seismicity based on a combined flow and geomechanical model (10:00 AM - 10:20 AM)

= 2. Analysis of the Stimulated Velume and Seismicity Migration in Utah FORGE Stimulations (10:20 AM - 10:40 AM)

= 3. Scaling and Thermal Penetration Depth in Enhanced Geothermal Energy Production (10:40 AM - 11:00 AM)

= 4. Learning curve of seismic risk mitigation for EGS since Basel 2006 to Utah FORGE 2024 from the perspective of a project developer (11:00 AM - 11:20 AM)
+ 5. Interpretation of Stimulated Permeability by Model Calibration with Data from Circulation Program at FORGE (11:20 AM - 11:40 AM)

= b.Integrated Life Cycle Simulation Study and Recommendations for Utah FORGE (11:40 AM - 12:00 PM)

Session 3C: Reservoir/Production
9 Kohala3-4

« 1. Temporal Evolution of Kamojang Reservoir Pressure: Unraveling Upflow Dynamics in a Dry Steam Geothermal System Through Multidisciplinary Analysis
(10:00 AM - 10:20 AM)

= 2. Coupled multi-segment wellbore and thermal modeling in a deep sedimentary gecthermal field -- a case study for the DEEP Geothermal Project,
Saskatchewan, Canada (10:20 AM - 10:40 AM)

= 3. Numerical Modeling and Reservoir Behavior of the Puna Geothermal Venture (10:40 AM - 11:00 AM)

« 4. Updates of Numerical Reservoir Model for Sorik Marapi Geothermal Field (11:00 AM - 11:20 AM)

« 5. A Wellbore Model Approach for Scaling Prediction and Condition Assessment (11:20 AM - 11:40 AM)

+ 6. Enhancing Reservoir Performance Insight: A Comprehensive Monitoring Approach with Steam Allocation Lumut Balai (SALB) Application (1:40 AM - 12:00
PM)

Session 3D: Energy Conversion/Utilization

9 King's1(Grand Ballroomn)

s 1. Generating Value in Non-Condensable Gas Emissions from Geothermal (10:00 AM - 10:20 AM)

« 2. Monetizing Low-Moderate Enthalpy Reservairs: Lessons Learned (10:20 AM - 10:40 AM)

= 3. Astudy of deep geothermal energy feasibility for “behind the fence” power at the Calgary International Airport. (10:40 AM - 11:00 AM)

« 4. Grid Resilience Analysis on Geothermal District Heating and Cooling Implementation Alongside Four Existing Oil and Gas Wells in Tuttle, Oklahoma (11:00
AM - 11:20 AM)

= 5. Greenhouse Gas Emissions Reduction: Global Geothermal Power Plant Catalog (11:20 AM - 11:40 AM)
s 6. Geothermal Power for Green Hydrogen Production (11:40 AM - 12:00 PM)

Session 4B: Super Hot Geothermal

9 Kohalal-2

= 1. Ideal Thermal-Hydraulic Performance of Gecthermal Power Systems Above 300 °C (4:30 PM - 4:50 PM)

« 2. Increased Structural Integrity of Casings of High-Temperature Geothermal Wells using Novel Technologies (4:50 PM - 510 PM)
« 3. Optimizing Energy Production for Large Scale Superhot Rock Geothermal (5:10 PM - 5:30 PM)

* 4. The Superhot Opportunity for New Zealand- Joining the Ends Together (5:30 PM - 5:50 PM)

e 5. Heat Harvester: Mazama Energy's Full-System Power Generation Optimizer for Superhot Rock EGS (5:50 PM - 6:10 PM)

= 6. Superhot Geothermal - Experience and Outlook in Iceland (6:10 PM - 6:30 PM)

Session 4C: Reservoir/Production

9 Kohala3-4

« 1. Development and Evaluation of Preformed Particle Gels for Preferentail Fluid Flow Control (4:30 PM - 4:50 PM)

= 2. Dynamic Modeling of Fracture Networks to Optimize Geothermal Reservoir Performance (4:50 PM - 510 PM)

+ 3. Characterization of Flow in Induced Fractured Networks Using Tracers in Enhanced Geothermal Systems (5:10 PM - 5:30 PM)

= 4. Power Outputs from the Field Tests of Thermoelectric Generators at Different Temperatures (5:30 PM - 5:50 PM)

= 5. Unlocking the Full Production Potential of Geothermal Wells in Indonesia using a Novel In-situ Generated Acid Fluid Technology (5:50 PM - 6:10 PM)

« B Textural Analysis of Sedimentary Rocks: implications for Geothermal Reservoir Characterization (6:10 PM - 6:30 PM)



Session 4D: Economics

¥ King's1({Grand Ballroom)

= 1. Probability of Discovery as a useful concept for communicating exploration drilling uncertainty (4:30 PM - 4:50 PM)
« 2. Assessing the Economic Value of Underground Thermal Sterage for Hybrid Gecthermal Power (4:50 PM - 5:10 PM)
« 3. Whispers of a New Frontier for Safe and Profitable Geothermal Anywhere (5:10 PM - 5:30 PM)

« 4 Geothermal Power Systems Analysis: Outcome of Industry Stakeholders Workshop (5:30 PM - 5:50 PM)

s 5 Geothermal Reserves Standards: A Study of the Applicability of the SPE Petroleum Resources Management System, a Proposed Classification Framework
for Geothermal Reserves and Resources (5:50 PM - 6:10 PM)

s 6. Collaboration and Continuous Improvement Makes Utah Gecthermal Project Economic and Successful (6:10 PM - 6:30 PM)

2024/10/30(=)

Session 5C: Reservoir/Production

9 Kohala3

= 1. Casa Diablo IV: A case study for cooperative baseline analysis to mitigate environmental impacts (10:00 AM -10:20 AM)
= 2. Geothermal Resource Management: Insights from Stock Modeling Analysis in Icelandic Fields (10:20 AM - 10:40 AM)

= 3. Conceptual Model of the Hydrothermal System at the Salton Sea KGRA (10:40 AM - 11:00 AM)

= 4 Improving Geothermal Well Production through Scale Removal: A Lakeview, Oregon Case Study (11:00 AM - 11:20 AM)
= 5. Puna Gecthermal Venture Flow Testing: Facility Design Upgrades and Results (11:20 AM - 11:40 PM)

= 6. Hot springs and geysers: Exploring historical and modern impacts of geothermal energy production on surface thermal features and standardizing
management practices. (11:40 AM - 12:00 PM)

Session 5E: Transition from Oil & Gas
9 King's 2 (Grand Ballroom)
« 1. Geothermal Reservoir Simulation Analysis in Support of Electricity Co-Production Feasibility Study at the Blackburn Qil Field, Nevada (10:00 AM - 10:20 AM)

« 2. Impact of Geothermal Energy Production from Four Inactive Qil and Gas Wells in Tuttle, Oklahoma for District Heating and Cooling on Grid Flexibility (10:20
AM-10: 40 AM)

« 3. Modeling a Hybrid Renewable Energy System for Bowman County, North Dakota: Assessing the Feasibility of Transitioning from Coal to Wind, Solar, and
Geothermal Power (10:40 AM - 1:00 AM)

e 4 DeepStor - District heating from high-temperature heat storage in a depleted hydrocarbon reservoir (1:00 AM - 11:20 AM)
» 5. Optimizing Design and Operation of Closed Loop Gecthermal Using Integrated Asset Simulation ( 11:20 AM - 11:40 AM)

= 6. Geothermal Prospecting in Oil and Gas Basins (11:40 AM - 12:00 PM)

Session 6E: Well Construction & Completion
9 King's 2 (Grand Ballroom)
» 1. Zonal Isolation Concept for FORGE Geothermal Wells (1:30 PM - 1:50 PM)

+ 2. Development and Qualification of an Elastomer Based Retrievable Packer for Effective Annular Isolation in Enhanced Geothermal Systems (1:50 PM - 2:10
PM)

+ 3. Alkali-activated Gibbsite Cement for Use in Supercritical and CO2-rich Geothermal Welis (2:10PM - 2:30 PM)
= 4. Integration Well Construction, Value to Reduce Overall West Java Geothermal Development Cost (2:30 PM - 2:50 PM)

» 5. REVOLUTIONISING GEOTHERMAL WELL DESIGN AND OPERATIONS WITH HIGH-TEMPERATURE METAL EXPANDABLE PACKER TECHNOLOGY: A
NOVEL APPROACH IN DRILLING AND WORKOVER (2:50 PM - 3:10 PM)

= 6. ASummary of the FORGE Project for the Development of Multi-Stage Fracturing System and Wellbore Tractor to Enable Zonal Isolation During Stimulation
and EGS Operations in Horizontal Wellbores (3:10 PM - 3:30 PM)

Session 6F: Mineral Extraction|Regional Updates

§¥ King's 3 (Grand Ballroom)

= 1. Quantifying the Impact of Water Needs for Lithium Production from Geothermal Brines in the Salton Sea KGRA (1:20 PM - 1.50 PM)
= 2. What'sin Your Brine - a Case for Critical Minerals Co-production from Geothermal Brines (1:50 PM - 2:10 PM)

= 3. Initial Simulations of Lithium Production from Geothermal Brines (2:10PM - 2:30 PM)

= 4 REVIEW OF LITHIUM EXTRACTION SUITABLE FOR INDONESIA GEOTHERMAL BRINE (2:30 PM - 2:50 PM)

« 5 How can the EU's post-communist countries use geothermal to achieve energy independence? (2:.50 PM - 3:10 PM)

« 6. Exploring the Past, Present, and Future: Gecthermal Energy on the 100th Anniversary of the Turkish Republic (3:10 PM - 3:20 PM)
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Chen T et gl 2013 Influence of surface |
e tmions o pitting. comosion behavior of

nickel-base alloy A1, Part 1- Effect of machine |
hammer peching. Carrasion Scienca 77, 130245, =
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Also, being developed as part of the solution
is a "Nano-Composite Expandable Element
Stack with Elastomeric-Core” to engineer and
qualify HPHT packers, raled to 750 °F
spanning casing sizes from 3210 8% inches. We.
slan 1o gualify these in sub-supsreriticsl

geothermaliluids. I addition, esriy-staze
prototypes of an economIc. Ranc-composite
TOing With near-zero. thermal-conductivity
has been developed. Su“ g coefficients to

Material; Alloy 5

Candition: Solution Annealed + Aged™

Test piece :ASTM [see tensile specimen dim)
Test temparature: BT

*Spectal Praressing: Conditians 1 through 5

established to commercialize:
Corrosion Resistant Alloy: Design. Modeling & Processii

o data [defarmation siress and
[b) snd condact nzlesl {mini)

References

A rnumber of altematives, often
competing, are respansible for the
plastic doformation (PD] and frarture 8
of crystaliine solids. A fubular of £G5 K8
Alloy-5 was plastically deformed via
Flow Forming lo praduce an &t
tubular, whersin the mechanical [
properties {yield strength, o, of the [
dislocation srengtiiened €65 Alloy-5 M)
e J

| PREN of alioys. 712 ang 6288 1= 27.7 and 46.4. Designed alloy(s) had PRENS'

h"mmn Stana i 5. PREN of candld ndidate alloy with 1good “Hot Workability” 15 55.7, L

for enhanced geothermal: Extrusion and Thermo-Mechanical Processing of

a Nickel Superally for Enhanced Mechanical Properties
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b o YEE SeRinuRHSE f LS8 B R A% 25 Jg (Diamond 1ike carbon, DLC)®] LA
FIRTSEEE (U - (R (N SRR & 1T DLC #8P - PLIASTAY B IVTER 28 HHER
PRI E (N BB IEIEY DLC $8FE 702 - ELBASS A A g T =40 NIl 16 s e
HhRESY o ISTEAN 16 mm ~ £E 500 mm BYE R REAS 0 KF DLC $%
fEEE b - M XAFS HEr DLC 456% - FF) ERDA SRR FVE &R - H
Ao B SIS AETE B SRR - SRt & aE e Bl g B E L
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Developed de

sition method

| ctomusrmar Development of Carbon-based coating to suppress silica scale accumulation on the inner surface of pipes FE Fuji Bl

RISING coummoe

Yuya Nakashima?, Shinya Uil!, Shigeto Yamada®,Risako Imai?), Hiroyuki Kousaka®

HFuji Electric Co., Ltd., */Graduate school of Natural Science and Engineering, Gifu Univ., ! Center of applied research of plasma, Faculty of Engineering, Gifu Univ.

GIFU UNIVERSITY

Summary

* New deposition method of DLC (Diamand like curbam) coatings specialized
for inner surface of pipes has been developed.

* DLC coating on the inner surface coating could suppress silica accumulation
10 015 % campared with stninless steel pipes.

<

Results
. DLC coating on the inner surface of pipes
* Black calared caating was deposited at the whole length of the pipe(Fiz.3).
* Fram XAFS spoctrum, (i) ,(b): (1 250 mns had amorphous carbon structure.
DLC was deposited at least mare than half length of the pipe. {e)500 mm is

thought as polymer like carhun coating since it bad u peritlic struetsre in the

pesks detived Irom o* structure(Fig,6),
* From ERDA analysis, (}:500mm had higher hydrogen content than (bj:250
s o the outer most surface at Lo (Fig. 7). (6} 500mm was expecied o

Figure | BLE coating on the inner surface of the pipe | silica seale oy
Back ground

Silica scale is one of biggest problem in the geothermal plant such s in the

heat cxchanger causes a output deop (Fig. 2),

= Inour previous research, Carbon based coating (DLC) which could suppress

| the siliea seale aceumulation has been deyeloped. However, its diffieult o

‘deposit inside ol pipes (Fig 3).

im
it of low adherence DLC against silica seale on the inner surface

Figure 3 coating method of DLC
Experiment procedure

3
Seale accumulation

[AIST 420, 10X 10 [mm, for structure analysis)
lted by the inne pipe depasition equipment (Table 1)
LC: Xoray analysis fine seructure (KAFS),
Elustic recailed detection analysis (FRDA)

had flowed into the coatedinon-coated pipes for 75 days with
i binary plant located in Kyushu srca n Japan (Fig.4).
mount : Deteeted Siatem composition by SEM-EDX

17 ~ GRE2024 &

have lower scale since higher hydrogen content could reduce
silica adhesion in our preyious research

N
i bias;

iy

J
o
i
s
%2
5.
5
0

e T T

s W w =

B S

Figuee b XAFS spectrin Figune T Hydrgen depth peotile by ERDA-

2. Silica aceumulation thraugh the sealing test

+ Even though silicu seale got fraciured, steel surfoce still had sceumolared
silica scale Tt seems silica scalo adhered 1n the steel sirongly: In cantrash,
silica seale pecled off from the DLE surface {Fig.8)

¢ Accumulated silica amount cventually reduced (0 minimt
with stainless steel pipe (Hg 9

bigure 8 Goating equjpment and
euted ipe it {e).

- After the scale test al site, amorphos

- Chemical strueture eontol o

Discussion
of silica scale aceumula tion by DLC coating

+ Inner surtace of the plpe Iadl rough surfuce and sifie
proove {Fie 10). Peeled silica scale had
shape with silica scalz in the groove in the in
> Anchor effect mainly enftanced the seale dccumalation, however DLE

itself Bl ew adhesion force with silica. |

-

Figure 10 Corsclated portion #f D0
and peeled silicn scale

Figure 11 detailed mor
3 pecled senle.

Conclusion ‘
vnll\mau dismeter Lomm, le:wglh‘ was used for the inner surface |
e 5

Prﬂymv:r like casbon caating o the O mm

tipof ':yignuHDLé
Coaling osited at 250, S00mm, it is dis

. DLC coating: at 230, S00mm of the pipe had hydrogen content hm,ﬂ% ‘

respetively, SO0 mm o the pipe lad b;ghg;hydmg:n content than at
250mm and expected o have higher for seale |

aceumulation,

. 'lw!ﬁug[cwas scctmulaled, DLC
coating at SO0 mm vould recuce the 5.9
compacead with non-coated pipe ma

Futu

lenugh o the pipes

Inspravement of deposition mehe
(fisia] fargel shoulil be 1 1h):

i H Development of Carbon-based coating to suppress

silica scale accumulation on the inner surface of pipes
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Extending drilling tool life in geothermal wells with recent advances in low thermal conductivity coatings

Michael Adams
!
X Tuboscope | NOV
=3
introduction (& Testing methodology roving Its potential inthe field
o ﬁi‘%ﬂ the only 5 energy source. Thermal conductivity testing Field testing conditions/setup
at naturally produces hest and clean, refiable baseload power st scale * ASTM E1530:19 > Industry standard + Gaal: drill 3 5-km (3.1-mile) deep granite geothermal well with new insulating

D';p;\;ergswwéﬂm,. g::ﬂ:l{sﬁ!nthermiwwgrnmductlon Is currently 16 TR ML T e it coated pipe at reservoir temperatures of 250°C {482°F)
K i » just 0,5% af electricity generation from renewables (IEA, 2013) solids < 25 mim thick {-20 10 310°€) | = Local gecthermal gradients in the reglon exceeded S0°C/km
| wznau‘_glum geuthermal power capaity could reach 32 + Accurate thermal conductivity = MWD tools measured temperature at the bit

like enhanced

= Temperature sensors alang the dril string recorded annular fluid
temperatures

messurements are calculated from
thermmial resistance values

oo CAEM 1ok et s

Results
‘ + Hew caating kept drilling fluid temperatures below 95°C (203°F) throughout

the drilling run
+ Drill string stayed below the temperature threshold af 120°€ {248°F) to
prevent BHA damage
+ Downhols temperatures validated the operatar’s teansient thermodynamic
mocdel, confirming that the coating eould maintain the drilling fluid below
120°C {protecting dawnhole tools fram temperature failuras)

Physical prope ties/chemical fcorrasion testing \T
* Abrasion resistance

* Impact resistance

+ Flexibility

» Hydraulic improvement/surface roughness

» Ehemical/cerrosion resistance in immersion
tests andin-house autoclave testing.
Conclusions
« Ol strings with law TC ean optimize geothermal drilling by keaping di
fluid and toois coaler for longer.

* Low conductiity coatings developed for oil & gas e be
todrill fong in deep, hot g reser

* Thoraugh testing and refinement deliversd a lows T€ coating (0.1508
that mzintained superior corrasion, chemical, and hydraulic performance.

+ Field testing sanfirmed that the new caating kept mud below 1205 to pro

Identifying suitable coatings in the lab BHA toals while drilling 3 5-km geothermal well.
= Per ASTM EIS30-19, initisl oil & gas * Operators are placing more | arill pipe orders for further field trials,
conting’s TC = 0.8360 W/mE, (P o e Hotoren e i
excesding operator’s TC target 5 iniore st S

i Tees Comi ot TS AR a1 A, Michae! avd ane, fieca, “Gtiising ot benmal’s patental with sdvarced rmudative o

« Mterative formulation adjustments Acxnnalogy” Think (eotnregy, Berember 5 205, 1 e ey oo Aecasaee
produced a new coating with €= £ - — 21
10,1808 W/mi e ASTAL aterrataral, AS11A £1430:19, “Sandsrd st Wathod far Siakirg the Sedstance ta Tha
5 X o T e S TR
= The new coating maintained the £- g 15t o 15300 15w, Accesed P By 20
‘same desirable praperties for Impact; & O, Lilnwm.W[ s Uightfort, CM, Tanspore Shenzimens, Val. 1, Wiy (2000). 1500 975
chemical and abrasion resiétance as & PR ol o e
Ex el Rl Bt Aty 9 o et socton. i
well a5 eorrosion resistance £ o g Techinal fsement” habi,  UAE  (hebrusry

e s P e 023 e e 2028

g Applied smootl to sy
: s s e st

067, L ' DA e

Tt e, 208
FUStan Ehecgi “EEE TSN REBO eatbendl Market Dutlaok” oo, Warway. Vs 2023
;. 2024,

S e |Octaber 23, 2013, Biagrar
. A Soi] meblonck
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Comparative Study of Silica Inhibitor Versus pH Modification in the Geothermal System
GEOTHERMAL ATsY2n Sasoni', Anggara Wibawa®, Nur Choiri Amin?, Logan Muller?, Megan Low?, Michael Bluemle?, Michael Todd*, Muhammad Thasrils,
RISING conrerence Hanifah Azizah®, Efrata Meliala®

iy

'PT. Solenis Technologies Indanesia, Indonesia ?solenis New Zealand, Auckland, New Zealand
“Solenis Singapere Pte Ltd, Singapore. 4Solenis LLC, Wilmington, DE, USA
“PT. Geo Dipa Energi, Indonesia “PT, Trisan Samoa Indonesia, Indonesia

Greo Dipa Energi (GDE) has one of the ge ted in| | To evaluate the Ilngra! seallng coupons were installed in singleuhzse lines
Dieng. Central Java Indonesin as per after the !ép:lax 81, inlet :rr 5 #: let Al 3, usin

‘ retractable coupon Hnlﬂers Additiona Hv by
chemistry measurements, and laboratory
has'5 points to menitor the silica concentration,

are avajlable; before the separator, before AFT, and before
pump as described below in red fnnt‘

Both Solenis and GDE agread to et KPI (Key Pex

the % Inhn:_n.ian based on monameric silica mea

scaling rate <1 mmj/yr, and delta pressure brine pump

Si0; analyses were monitored routinely on-site to

decrease in SI0, content in the outlet indicates Si0,

‘monitor the inhibitor performance, the percentage of inhibition was c al lax d |

based on below table: |
1S105] samse — [S10] comrs
———— x 100
1503 = S101] s

The dosage vs | a stable result after the st rrane!acmtv
r mpumnamnmnmmum KPL 1 is a comparison of % |

ibitis lin 2-phase nd after separator. KP( 2 is
the comparisan between the after separator and the [nlet AFT While KPIS fs the.
mmﬁmﬂmmlmmiwﬂulml let pond.

ber
obtained due to the coupan ponbel gﬂ may gedl A

The pressure during the injection is remain constant at around 15 bar and the
delta pressure is below 2 bar. The pressure throughput was recarded from the
plant DCS (Distributed Control System) control room. The inhibitor treatment
| managed to stabilize the delta pressure from the beginning of the injection
| period until the end of the trial,

‘ﬁbvmﬂmx I

Based on the trial result and GDE's internal report of econamical study on both
DPI 1520 and H,50,, Chemical inhibitors are more efficient in the operation ang.
a the. and pipe

SECErEEINL

19 ~ GRE2024 ;5% » ®EH Comparative Study of Silica Inhibitor Versus

pH Modification in the Geothermal System
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Class H Cement at Room and Elevated Temperatures

Kayode Sanni!, Jorge Andrés Alvarez Escobar?, Khizar Abid?, Catalin Teodoriu®

Abstract

Tlis study investigatcs how cement class (Class G and H) affects the interfacial
bonding shear sirength (IBSS) of casing-cement at room and clevated
lemperatures (75°C), which is crucial for maintaining geothermal well integrity
Cement slurry wos cured in cylindrical pipes for | and 3 days ar bhath
\emperatures, The results shawed that Class H cement had an average 1BSS of
339 psi at roam temperature and 218 psi at chevated lemperatures afier 3 days, |
with unconfined compressive strength (UCS) values of 27 MPa and 45 MPa, |
respectively. Class G cement showed slightly betier IBSS values at 310 psi
(foom temperature) and 268 psi (elevated temperature), with UCS values of 22
MPa and 46 MPu, respectively, Curing for | day yiclded lower IBSS and UCS |
values neross all conditions, underscoring the importance of adequate curing,
The study also found ihat a5 temperawres increased, BSS decreased while UCS |
generally increased, indicating a complex interaction between temperature and
‘cement strength.

Introduction

Cementing operations are crucial for maintaining well integrity in geothermal,
oil, and gas wells. Many geothermal wells have open-hole completions with
sections where casing is cemented to the formation, As the demand for
geothermal encrey grows, deeper wells require high-quality cementing du 1o
extreme conditions, with temperatures reaching up to 400°C. Cement integrity in
these environments depends on its physical, chemical, thermal, and mechanical
propertics. Rescarch by Davies et al, (2014) found that nearly 380,000 wells in
warious countries ficed integrity issues due o cement failure. Thenmal loading
can emse cement sheath shrinkage and expansion, leading (o stress redistribution
well integrity. This study investigates the bond strength
- between Class G and H cements and different sieel casing materials, measuring
- shedr bond strength to determine the maximum force before failure, and assesses
‘mcehanical propertics through unconfined compressive sirength (UCS) testing.

Methadology

Cement Design

Table 1: Cement mix designs of slurries used in our experiments

20 ~ GRE2024 & ¥
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Comparative Analysis of Casing-Cement Interfacial Bonding Shear Strength Using Class G and

i Experimental Setup

* Cliss G Cement is preferred for geothermal applications with high
+ It provides & robust fnitial set crucial for geothermal well integrity, despite
* Cluss H Cement is advantageous in environments with fluctuating or Tower

* Cluss G Cement is ideal for high UCS and [BSS at clevated temperatures.|

We thank TENARIS for their financial and toehnical support, and the University
of Oklahoma for its rescarch contributions and access to| the Well Integrity
Laboratory's cement repository.

Figure 1:
Schematic of the
Mold assembly for
the shear bond
testing

Figure 2: Hydraulic shear bond {left) and UCS (Right) testing machine

Conelusions
temperatures due to it strong initial boading strength
slight performance decrease over limie.
temperaures, offering superior long-term banding strength,
while Class H Cement performs better over the long term at room|
temperature,
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What are NCG's

‘ Key Insights into Non-Condensable Gases
|

N gases (NCGs) In Systéms are gases present in the
geothermalfiuid that do not condense at the temperature and pressure
conditions of the power plant’s candenser, These gases remain in the gaseous
state and can Impact the efficiency of geothermal pawer plants. Common |
‘ non-condensable gases found in geothermal fluids include

‘ Carbon Dioxide (€O2): The mast prevalent nor-candensable gas in
geathermal systems. It can affect the performance of the power plant

by increasing the condenser pressure.

Hydrogen Sulfide (H2S): Often present in geothermal fuids, especially

i volcanic areas. It s toxic and corrosive, requiring special handing

| and treatment,

3 Methane (CHe): Although usually found in smaller quanities, it can be
‘ present in geothermal systems
a. Nitrogen (N2): Another common non-condensable gas that can be
| found In geothermal fluids
s Hydrogen (H2): Can be present, especially in high-temperature
‘ geothermal systems. |
5 Might contain Benzeries and other Hydracarbons.

Impact on Geothermal Power Plants |
| Efficiency Reduction: NCGs increase the back pressure on the condenser,
which reduces the overall efficiency of the power plant.
‘ Corrosion: Some NCGs, like hydrogen sulfide, are corresive and can damage
plant components.
| . Environmental Concerns: Gases like hydrogen sulfide and methane can pose
|" environmental hazards and need to be managed appropriately.
. Additional Equipment: The presence of NCGs requires additional equipment
such as gas extraction systems, scrubbers, and abatement systems to handie
| these gases ‘
*Image Credit: NZGA

| e 0, 694
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Geothermal Power and Carbon Dioxide Management

Purification , Capture , Application
"'Advancing CO2 Technologies for a Low-Carbon World"

Management and Mitigation
Options for managing NCG's

. Gas Extraction Systems: These are used to remove NCGs from the:
‘condenser, reducing their impact on plant efficiency.
Scrubbers and Abatement Systems: These systems are used to treat and
remove hazardous gases like hydrogen sulfide before releasing the exhaust
gases into the atmosphere.

. Reinjection; In some cases, NCGs €an be reinjected into the geothermal
reservoir to minimize environmental impact,
Harnessing NCGs: Purification Processes for Food-Grade CO2

. Extraction

atior ion

Manufacturers offers technology to process NCG's and purify them to
produce beverage grade Co2 and Industrial grade sulfur thus helping reduce
environmental impact and creating a positive commercial business case out of
the waste basically turning NCG emissions to your profit .

Reinjection technology for CO2 s also being implemented for any excess CO2
where purification and sale of the gas are notviable options.

Managing non-condensable gases is crucial for maintaining the efficiency snd

environmental compliance of geothermal power plants s of paramount
importance . Making the geathermal power truly green

“Typleal CO2 plant complete I project from NIKKISO CEIG
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Conclusion

“Effective Management of Non-Condensable Gsses A Key 1o
Optimizing Geothy | Pawer Plant

In conclusion, non-condensable gases (NCGs) are an inhérent companent of
geothermal fluids that can significantly impact the efficiency, safety, and
environmental compliance of geothermal power plants. Proper management
and mitigation of these gases through technologies such as gas extraction
systems, scrubbers, and reinjection strategles are essential.

By effectively handling NCGs, geothermal plants can op!
reduce environmental hazards, and ensure sustainable operation.

*image Credit: GNS Sclence , New Zealand

"Harnessing Earth's Power,
Purifying Its Breath:

Geothermal NCG Mitigati
for a Sustainable Future"

" H Geothermal power and CO: management
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Managed Tem; : Real-Time
Damage Monitoring of Insulated Drill Pipes
and an Automatic Controller to Mitigate
Effects of Subsequent Temperature Increase

Ningyu Wang, Pra kumar Ashok, Eric van Oort
The University of Texas at Austin
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Drilling Innovation Enables Faster Deli
elivery of
Geothermal Wells in Indonesia e

Ariatama Yustisia, Moham i
- immad Khairanto Nugroho, & R
Ashadi & Kiki Yustendi, KS Orka hen:v%:lrﬂl;eseﬁ’gat?g Hughes S
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Application Challenge

volcanic formations consisting of breccia, tuff and andesite.

. The lithology is a mixture of multiple hard
+ Rock hardness unconfined compressive strengt
. The coarse rock fragments cemented together can d

hs (UCS) are upwards of 25 kpsi.

n-homogenous drilling Which can also damage drill bits.

. And the Interbedded nature of the formations create nol

L=

grc2024.mygeoenergynow.org | geothermal.org
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Design Methodology for Geothermal
impact resistant dugl-chamfer £ Ime:?:r: :::,:g’g;:,::;muw
and aggressive

cutters handle higher loads

Precision balanced
bladacountand S8
cone optimization 3
Sharp, dense cones
increase rates of
penetration

. 3D software creates advanced simulations that guide the
seleclion, manufacture, and deployment of the oplimal drill bit for
specific hard and abrasive well conditions.

By providing both full bit response. and Individual cutting element
analysis, the bit drilling simulation affords more Informed design .
dedisions, shorter development cycles, and reduced need for f:ch;’s“d;m“":;' CULBIR
cosly lab or field testing S R s
+ The software uses a polygonal surface mesh lo accurately
simulate bit-rock under drilling 1l
and analyze the hybrid bit's PDC and TCI (lungsten carbide Insert)
dual-gutting mechanism together in one model.

grc2024.mygeoenergynow.org | geothermal.org
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- summary

. Fordecades, legacy roller cone drill

. The leamings from this Indonesia application are chartering a
utilizing hybrid drill bits.

+ 17.5" hybrid bits drill an average of 669m @ 12.4 m/hr

bits have been used to drill geothermal wells at slow penetration rates,
new path of exceptional drilling performance

. 12.25" hybrid bits drill an average of 595m @ 9.71 m/hr

24 ~ GRE2024 i flr &&= F » #8H: Drilling innovation enables faster

delivery of geothermal wells in Indonesia
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« Water expands and builds pressure when heated

. [fexcess free water exists in the cemented annulus or
waler pocket is closed off in cement, high annular = it
- pressure can be generated as the water expands ' e

« Water pressure behind the casing can lead to collapse ' ‘ |
when the casing collapse resistance is exceeded e - === ———
. Calrrlllead to severe loss in power output (MWe) of the ! = e ==

" = = Il =} it

|

GEOTHERMAL RISING CONFERENCE =
GRC OCTOBER 27-30, 2024 | HILTON WAIKOLOA VILLAGE | WAIKOLOA, HI S w

« Standards for well design, materials and the downhole structure serve a necessary

purpose, but they have their limits.
d and is one of the bottle necks when

- Casing integrity of HT-wells can be improve :
drilling? into gu;tayerhoi conditions, both wells IDDP-1 and IDDP-2 had severe casing
failures of both tensile ruptures and casing collapses.

« Improved casing technology is needed for drilling into such conditions, e.g. for IDDP

and KMT projects.
» Flexible Couplings are designed to mitigate casing failures caused by constrained
thermal expansion by allowing displacement of each joint.

+ APBR - Casing Collapse Prevention are designed to prevent casing collapse from
occurring — in development within the COMPASS project.

» These ideas are based on experience, data and research
drilling data and downhole Iog?ging GETCR arch from past decaces g

B 25 ~ GRE2024 i firEEs+esH » #8H : Increased Structural Integrity of

Casings of High-Temperature Geothermal Wells using Novel Technologies
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Power Outputs from the Field Tests
of Thermoelectric Generators at
Different Temperatures

1, Yuhao Zhu, Kewen Li, Yu-kai Liang, Ji-ping Yang
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