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Monday, 6 May Tuesday, 7 May Wednesday, 8 May Thus, 9 May
CSLF - CO2GeoNet Open Forum Open Forum CO2GeoNet — ENOS
workshop ‘ workshop
Morning B | * Keynote Talk — Setting  » Communication —
CO3 storage stories:  the scene putting people at the National networking:
learning by doing | Four years after the centre driving CCS forward
Paris agreement * Breakout sessions
CSLF - CO2GeoNet Open Forum Open Forum CLIMIT - ARI workshop
workshop |
Afternoon |+ Plug & Play Storage  « Integrating CCS Towards
COj storage stories: 1o close are we? commercialization:
learning by doing hle é‘g'bgsmge tremds insights from US and
Norway
Evening Ice breaker Gala dinner
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Monday May 6 - Pre-Open Forum workshop
CO, storage stories: learning by doing
organized by CSLF and CO,GeoNet

11:00 Welcome and aims of workshop
Mark Ackiewicz, CSLF and US Department of Energy, US

Session 1: Seismicity
Chair: Kyle Worth, Worthy Environmental Engineering

11:10  Decatur lessons learned
Randall Locke, lllinois State Geological Survey, US

11:30  Recent results of Tomakomai CCS demonstration project
Yoshihiro Sawada, JCCS, Japan

12:20  Lunch break

Session 2: Injectivity

Chair: John Scowecroft, GCCSI

13:30 ENOS project: injectivity changes produced by the alternate injection of
CO, and brine
Carlos de Dios, CIUDEN, Spain

13:50 Industrial scale CO, injection: geology vs. business
John Midgley, British Geological Survey, UK

1410  Carbon storage and the living subsurface: how CO, and CO,/H,S injections
can prompt microbial communities to evolve and bloom
Rachael Moore, Institut de Physique du Globe de Paris, France

15:00  Coffee break

Session 3: Monitoring
Chair: Didier Bonijoly, BRGM

15:30 Injection, measurement, monitoring and verification at Aquistore: lessons
learned by doing
Erik Nickel, Petroleum Technology Research Center, Canada

15:50 Optimizing monitoring to document storage permanence: lessons learned at
SECARB “early” test at Cranfield
Susan Hovorka, Gulf Coast Carbon Center, University of Texas, US

16:10 The convergence of modelling and monitoring: reviewing conformance at
Sleipner using geophysical data
Jim White, British Geological Survey, UK

17:00 Workshop close



Monday May 6 - Icebreaker welcome

Ton Wildenborg, Former President of CO,GeoNet
Tuesday May 7 - Open Forum - Day 1

9:15 Welcome
Sergio Persoglia, CO,GeoNet Secretary General

9:20 Objectives of the 14" CO,GeoNet Open Forum
Ceri Vincent, CO,GeoNet President

Keynote Talk - Setting the scene

09:30 CO, Storage - time to shift gear
Chris Davies, former European Parliament CCS rapporteur

10:15 Coffee break

Session 1: Four years after the Paris agreement
Update on trends and achievements towards climate goals

Chair: Ceri Vincent, CO,GeoNet-BGS & Chris Davies, former European Parliament CCS
rapporteur

10:45 CCUS in the Clean Energy Transition - EU perspective
Vassilios Kougionas, European Commission - DG Research and Innovation, Belgium

11:05  Tackling industrial emissions in The Netherlands: the role of CCS
Joélle Rekers, Ministry of Economic Affairs and Climate, The Netherlands

11:25  Carbon utilization challenges and opportunities
Mark Ackiewicz, Department of Energy, US

11:45  The status and challenges of CCS in South Korea
Seong-Taek Yun, Korea CO, storage environmental management - KCOSEM, Korea

12:30  Lunch break



Session 2: Leading edge trends in CCUS
Utilisation & storage for long-term emission reduction and removal of CO,
Chair: Roman Berenblyum, CO,GeoNet-NORCE & Jonas Helseth, Bellona

13:45  Green hydrogen - transitioning our gas supplies
Lars Ingolf Eide, Research Council of Norway

14:05 CCUS in the cement industry: CLEANKER technology, progress and project
perspectives
Martina Fantini, Laboratory of Energy and Environment Piacenza, ltaly

14:25  CCU value chains in Norway
Catherine Boccadoro, CO,GeoNet-NORCE, Norway

Session 3: Plug & Play Storage — how close are we?
Providing a transport and storage service

Chair: Isabelle Czernichowsi-Lauriol, CO,GeoNet-BREM & John Scowcroft, GCCSI

15:00  The public good case for European CO, transport & storage networks
Jonas Helseth, Bellona, Norway

15:20  Building a European CO, transport network - Porthos project
Bram Herfkens, EBN - Port of Rotterdam, The Netherlands

15:40  Coffee break

16:10  CO,: an emerging business line
Laurent Fritz, Total E&P Norge as, Norway

16:30  The road ahead: building on successful CCS project experience
Diego Alejandro Vasquez Anzola, Norske Shell AS, Norway

16:50  Advancements in establishing business case scenarios for fully integrated

projects
Charles Gorecki, Energy & Environmental Research Center, US

17:25  Closing remarks Day 1
Roman Berenblyum, CO,GeoNet ExCo Chair

18:15 Departure by boat to the Gala Dinner
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Wednesday May 8 - Open Forum - Day 2

8:50 Welcome and introduction
Sergio Persoglia, CO,GeoNet Secretary General

Session 4: Communication - putting people at the centre
Engaging with, and creating benefits for the community

Chair: Sabina Bigi, CO,GeoNet-Sapienza University & Susan Hovorka, Gulf Coast
Carbon Center

08:55 Communicating CCS
John Scowcroft, GCCSI, Belgium

09:15  Onshore storage: the solution on your doorstep - ENOS project
Marie Gastine, CO,GeoNet-BRGM, France

09:35  Engaging with the local community - ENOS case studies and materials
Samuela Vercelli, CO,GeoNet-Sapienza University, Italy & Mathew
Humphrey, University of Nottingham, UK

09:55  New business models and new employment opportunities
Anne-Beth Skrede, Norwegian Confederation of Trade Unions, Norway

10:35  Coffee break

Session 4: Continued
The role of CCS in the energy transition (breakout sessions)
Building on the knowledge shared during previous sessions, participants will work
together to prepare key messages we can share with the public and other
stakeholders, to illustrate how CO, storage can contribute to the energy transition
and to achieving the climate targets (topics to include contexts for application of CO,
storage, possible synergies with renewables and other technologies, relationship with
energy storage, efc.).

Chair: Samuela Vercelli, CO,GeoNet-Sapienza University

11:00  Introduction
Samuela Vercelli, CO,GeoNet-Sapienza University, Italy

11:15  Breakout sessions

12:45 Lunch break

Session 5: Integrating CCS
Fitting CCS into our low carbon society

Chair:  Ton Wildenborg, CO, GeoNet-TNO & Kyle Worth, Worthy Environmental
Engineering

14:00 Legal and regulatory issues: technical ISO standards as an important piece
to commercialize CCUS

Ingvild Ombudstvedt, IOM Law, Norway



14:20 How much storage is really needed and when? Preliminary results from UK

CO, storage projects
Jonathan Pearce, CO,GeoNet-BGS, UK

14:40  Geological CO, buffering for re-use - ENOS project
Mariélle Koenen, CO,GeoNet-TNO, The Netherlands

15:20  Coffee break

Session 5: Continued
Chair:  Niels Poulsen, CO,GeoNet-GEUS & Didier Bonijoly, Club CO, France

15:50  CCS demonstration projects of Japan - Tomakomai and other projects
Yoshihiro Sawada, JCCS, Japan

16:10  Challenges to injection start-up in a gas field due to thermal issues
Filip Neele, CO,GeoNet-TNO, The Netherlands

16:30  Scaling up CCS testing and deployment in the lllinois Basin
Randall Locke, lllinois State Geological Survey, US

17:10  Closing remarks Day 2
Ton Wildenborg, Former President of CO,GeoNet



Thursday May 9 - Post-Open Forum workshop

National networking: driving CCS forward
organized by CO,GeoNet and ENOS project

Chair: Ceri Vincent, BGS & Vit Hladik, Czech Gedogical Survey

09:00

09:15

09:25

09:35

09:45

09:35

10:05

10:15

10.25

10:55

11:05

M:15

11:25

Aims of workshop
Ceri Vincent, BGS, UK

Storage Forum
Eva Halland, Norwegian Petroleum Directorate, Norway

Club CO2
Didier Bonijoly, Club CO, President and BRGM, France

CO, Club Romania
Andreea Burlacu, CO, Club and GeoEcoMar, Romania

Supporting CCS roll-out in the UK - Carbon Capture and Storage Association
Ceri Vincent, BGS, UK

CATO and CCS in the Netherlands
Jan Hopman, TNO, The Netherlands

PTECO: a vision on the present and the future of CCS in Spain
Paula Cantelli, IGME, Spain

CO, Club
Sergio Persoglia, OGS, ltaly

Coffee break

Midwest Geological Sequestration Consortium - partnership experiences
Randall Locke, lllinois State Geological Survey, US

Public outreach activities of Tomakomai CCS demonstration project
Yoshihiro Sawada, JCCS, Japan

Carbon Capture and Storage promotion in Taiwan
Chung Huang, TCCSUA and Taiwan Power company, Taiwan

Large scale zero-to-negative industrial emissions now a reality
Michael Monea, International CCS Knowledge Center, Canada

12:30 Lunch
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Thursday May 9 - Post-Open Forum workshop

Towards commercialization: insights from US and Norway

organized by CLIMIT (Norway) and ARI (US)
Chair: Roman Berenblyum, NORCE & Kris Piessens, Gedlogical Survey of Belgium

13:30 Aims of workshop and introduction
Roman Berenblyum, NORCE, Nonway

13:40 Financial aspects of storage in saline aquifers
David Riestenberg, ARI, US

14:00 EOR clusters and business cases
George Kopema, ARI, US

14:20 Regulatory and financial aspects of 45Q
Michael Godec, ARI, US

14:40 Coffee break

15:00 Storage evaluation and risk assessment from idea to realization - from demo
to field scale
Mark Carpenter, Gassnova, Norway & Diego Alejandro Vazquez Anzola, Shell, Northern
Lights project, Norway

15:20 CO, storage license - Norwegian Petroleum Directorate perspective
Eva Halland, Norwegian Petroleum Directorate, Norway
Business case - from Sleipner and Snghvit to Northern Lights
Szczepan Piotr Polak, Equinor, Northern Lights project, Norway

15:40 Streamlining industrial CCS - future upsides
Laurent Fritz, Total, Northern Lights project, Norway
Aurora project risk
Renata Meneguolo, Equinor, Northern Lights project, Norway

16:50 Summary: key messages from actual experience on what it takes to get
industrial CCS going
Roman Berenblyum, NORCE, Norway

17:00 Workshop ends
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(1) Lessons Learned from Decatur, Illinois, USA. Randy Locke,
Illinois State Geological Survey, US.
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2 A A]2 M Decatur

GCurrent GCS Projects in Decatur, IL USA

e

Illinois Basin —
Decatur Project
* Large-scale demonstration

*  Mass: | million tonnes

* Injection period: 3 years

* Injection rate: |,000 tonnes/d

»  Compression capacity: |,100 tonnes/day

Contribution:

»  Geologic and Social Site Characterization
*  Reservoir Modeling and Risk Assessment

*  MVA Development and Engineering Design
»  Stakeholder Engagement

Status:
*  Project ends April 2020
*  Project completion and documentation

1 474394 Decatur 3t & A% ik

A foundation for
CCUS research and
commercialization

Illinois Industrial
Sources CCS

Project - TR
Richland
Intelligent Community
Monitoring College
Systems
lllinois Basin -

Decatur Project

#HEF@HE

16

Class VI permit issued Feb 2015

Illinois Industrial
CCS Project

* Industrial-scale demonstration

*  Mass: up to 5 million tonnes

* Injection period: 3 years (or longer)

* Injection rate: up to 3,000 tons/d

*  Compression capacity: 2,200 tonnes/day

4LLINOIS

InNbusTRIAL CARBON
CaprTure & STORAGE

Contribution:

*  Commercial-scale up surface and subsurface
* Intelligent Monitoring System

*  Class VI permitting

*  Downselect on monitoring techniques

Status:
* Injection Began April 7,2017
* 1,159,300+ tonnes (as of April 20,2019)

e
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Smith & Jaques, 2016

1.9 Years of Pre-Injection Monitoring
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IBDP Microseismicity Depths

7/26/2011 12/7/2012 4/21/2014 9/3/2015 1/15/2017 5/30/2018
5000

CCS1 Injection Shut-In CCS2 Injection
5500

6000 l

6500

7000

Depth Ft below MSL

7500

8000

l Injection Intervals

* ~4 events/day for (injection period ave.)
* ~1 event/2 days for ICCS (injection period ave.)
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HEE o
(2) Recent results of Tomakomai CCS demonstration project.
Yoshihiro Sawada, JCCS, Japan.

A#H{AEE A ARICCS 2a 8% EZRNA B ALERE NRRK
A EA201I8F9 A 6 BILBERE 6T HEEAESL  HFTHE
BEZINBE  BHEERMNEISGHZ 30 22 EREES
37 02 0 RIRIEIpHE X HARIERER 47 N E 0 MRS HE R B R K v
REA 158 gl MENFRAKHERZ S BHE(EO6) -

Hokkaido Eastern Iburi Earthquake : Location of Epicenter

€ Magnitude 6.7 at 3:07 am on 6 Sept. 2018
- The epicenter is about 30km in horizontal distance from the Tomakomai Project CO, storage point and the
hypocenter is at a depth of about 37km ; the direct distance between the injection point and the hypocenter is
about 47km
- Acceleration of 158 gal was observed at the capture facility

Injection Well IW-2  Observation Well 0B-3

¥ } 4 t - - Okm

Oy b res. % Approx. 30 km |

Sedimentary rocks I
X 10km ‘gmmm\i 10km

Eplcanier T, Approx. 37 km

%
2

e 20km
j : 30km -

: oy g " i

CO; Injection Area ®

b hypocenter — 40km
50km B

Source: added tol.C3 2016141LGNOO, courtesy of the U.S. Geologlcal Survey Cross section view

Plan view

Positional relationship between epicenter (hypocenter) and injection area

Copyright 2019 Japan ccs co, td. — JIOCS 13
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Hokkaido Eastern lburi Earthquake:
Bottom hole pressure and temperature of Moebetsu Fm.

€ CO, injection was suspended on 1% Sept. 2018 due to supply stop of CO,-containing gas before the
earthquake

€ Earthquake occurred on 6 Sept. 2018, during the decline of bottom hole pressure and temperature

@ No shift of declining trend of bottom hole pressure and temperature before and after the earthquake

Injection suspension  Earthquake

— pressure — temperature
1085 — El= a8
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Bottom hole pressure and temperature of the Moebetsu Formation injection well
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Largest aftershock on 21" Feb.2019 : Location of Epicenter

€ Magnitude 5.8 at 21:22 pm on 21 Feb. 2019
=The epicenter is about 36km in horizontal distance from the Tomakomai Project CO, storage point and the
hypocenter is at a depth of about 33km ; the direct distance between the injection point and the hypocenter is
about 49km
=Seismic Intensity at Tomakomai was 4

/ 190221 okm_LLLLt 0 \
1 coyiniecion: A

10km —]| | [~ 10km

(o] B 5 =
Epicenter | Ok N 33kmi ©

180306 20km | LN (=
] % E

30km —| o1 E3okm
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CO, Injection Area 3 hypocenter -

Cross section view

Plan view

Positional relationship between epicenter (hypocenter) and injection area
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Earthquake on 21t Feb. 2019:
Bottom hole pressure and temperature of Moebetsu Fm.

€ CO, injection was resumed on 19" Feb. 2019 after suspension for maintenance of plant facilities
€ Aftershock occurred on 21" Feb. 2019
€ The bottom hole pressure and temperature have since retumed to levels before suspension, and no
abnormalities have been found
Injection Injection Injection  Earthquake
resumed P i ption
12/2121:22
105 ¥ ‘ ‘ 48.0
10.4 - A — 47.0
=103 / =] e 46.0
g G
= 10.2 450 §
£ 101 a40 £
& k]
@ 10.0 \ 430 £
a o
pressure
9.9 IL — g 42.0 §
9.3 f P~ 410
9.7 p oy 40.0
9.6 e 39.0
8.5 -Injection period Injection p nsion period :Injection period
Tzf27 1230 L2z LS 18 LU L4 117 Y20 123 1f26 Y28 21 2/a 27 2f10 2/13 2{i16 2/19 222 2{25

Bottom hole pressure and temperature of the Moebetsu Formation injection well
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Seismic Monitoring Results of Tomakomai Project : Micro-seismicity
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(3) Injection, measurement, monitoring and verification at Aquistore:
lessons learned by doing. Erik Nickel, Petroleum Technology
Research Center, Canada.
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MONITORING PROGRAM

AV,

) pt

) ptrc
Petroleum Technology
Research Centre

Surface-based: 30 Down-hole
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(4) The convergence of modelling and monitoring: reviewing
conformance at Sleipner using geophysical data. Jim White,
British Geological Survey, UK.
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Mapping the extent of the CO, =0
distribution — top layer

6473000

E
S 6472000

6471000

439000 439000 439000

439000 439000
X (m) X (m)

439000
X (m) X (m) X (m)

X (m)
Map view of the growth of the topmost CO, layer with time
from the time-lapse seismic vintages in 2001, 2004, 2006,

2008 and 2010.
Topography of base of caprock suggests buoyancy driven

infill.

© NERC All rig hts reserved
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(5) Tackling industrial emissions in The Netherlands: the role of CCS.
Joélle Rekers, Ministry of Economic Affairs and Climate, The

Netherlands.
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National Climate Ambitions — Coalition Agreement (2017)

Main elements

% 49% CO, reduction in 2030 (- 48,7 Mton)

% National Climate Accord

% Climate Act

< Phasing out coal in power plants by 2030

% CO, minimum price for the electricity sector

< All new cars in 2030 electric

i
15 73 2017 37 % 2 e B 42

The role of CCS in industry

Dillemma: cost-efficient vs. bridging
technology

CCS in industry sectors only (e.g. steel,
refinery, hydrogen, fertilizer, waste
incineration)

Indicative cap for subsidy on CCS (tbc)

CCS not foreseen in power sector > X,
potentially pre-combustion hydrogen or -3
biomass in the future

CCU could have potential on the longer term,
focus is now on agricultural use (horticulture)

Storage of CO2 > offshore
Offshore storage capacity ~1700 Mton

[
16 #FEHRE 2 CCSHREFG

(6) The public good case for European CO: transport & storage
networks Jonas Helseth, Bellona, Norway.
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POLICY HELPING JOBS,
CLIMATE AND INDUSTRY
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(7) Building a European CO: transport network - Porthos project.
Bram Herfkens, EBN - Port of Rotterdam, The Netherlands.
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Rotterdam CCUS Project Porthos
s | —camr )
PHASE 1
* 2-5megaton CO2 per year i
Storage fields ! PHASE 2 B

P18-4 en P18-2 (37 Mton)

* 5-10' megaton CO2 per year

Offshore pipeline '
1x 24” ofpzpl km Capture PARTIES S

* Industry: Raffinaries, Chemical, Hydrogen, Fertilizer

Transport & Storage
* EBN, HBR, Gasunie

Compressor station A or B
5 mtpa I

OCAP pipeline

to greenhouses  f.

Onshore pipeline T
1x 42” of 33 km

B 18 RiAEH AR AR gun A TEE

(8) Carbon utilization challenges and opportunities. Mark Ackiewicz,
Department of Energy, US.
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POLICY INCENTIVES FOR CCUS - USA 45Q TAX CREDITS

I “Technology push” through R&D is matched with “market pull” through financial incentives I

Threshold by Facility Type (ktCO,/y) Credit in 2026
Power Plant Industrial Facility | Direct Air Capture (/1)
Dedicated Storage 500 100 100 50
EOR 500 100 100 35
Utilization 25 25 25 35

Source: McCoy, 2018
= Credit available to qualified facilities for 12 year period
* Defines qualified Carbon Oxides (CO or CO,)
* Measured at point of capture and verified at the point of disposal/injection/use
* Qualified facilities:
» 1) Construction must begin by Jan 1, 2024;
* 2) Original planning and design includes carbon capture equipment

* Credit can be claimed by owner of capture equipment or transferred to disposal/use
entity

13 energy.gov/fe

19 2Bl 45Q AR HA

(9) Carbon Capture and Storage promotion in Taiwan. Chung Huang,
TCCSUA and Taiwan Power Company, Taiwan
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Carbon Capture and Storage promotion in Taiwan

21 5 Hm

TCCSUA Organization
l—
*Members
-Electricity power company,
-University and institute
Regulation International Public Industrial -Industry (cement, steel
Committee Collaboration Communication Development i o & ! !
Committee Committee Committee oil/gas, Ffu P & paper...)
* Funding
* Promoting demonstration plans of carbon capture and storage and reuse -Government projects
* Establishing the public communicating platform of carbon capture and -Membership Fee
storage
* Approaching the CCS’s commercial contribution to CO2 reduction emission
&) BIE IR KB XK 2

22 e A7 S A 1 & (TCCSUA) e 8 224 1 1
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What Kinds of Barriers are there for CCS in Taiwan?

Academic Industry

* Some researchers doubt * No driving force for
the safety of carbon private sectors to invest
storage. CCS.

* Only few schools have
earth science/petroleum
engineering majors.

* Companies tend to invest
renewable energy.

Government

* No law to regulate carbon *Most of people can’t fully
storage. understand what CCS is.

* Different policies of carbon *“Fake news” is easily

storage between central

EPA and local EPA. spreading by people.

BKE MR RS XK 3

23 4# CCS @mes = A

Overcoming Barriers

* Environmental impact assessment
method
« Strategic Environmental Assessment

* Participation in international CCS networks
« Attend international activities
* Exchange with other CCS association

* Research and analysis of international
CCS developments and regulations
* Incentive mechanism

* Current status and latest technology
information
* Promoting CCS technologies

* Symposium, Conference
* Public acceptance
* Website, Media...

BKE MR RS XK 4
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Key stakeholders and engagement

* The key stakeholders your association needs to engage with in your
country in order to drive CCS forward?
¢ Environmental Protection Administration, both central and local.
* Non-governmental organization and local communities.
* Enterprise, both state-owned and private sectors.

* Recent and upcoming stakeholder engagement activities
* Inviting NGO to visit CCS site in Japan.
* Inviting electronic and semiconductorindustry to join carbon offset project.
* Getting support from government for speeding up the construction of pilot
capture plant.

BTE MR RS X K
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Current Status of Carbon Storage Research of
Taiwan Power Company

£ 2015 (85.33MT) 2016 (90.47MT)

®0il WGas mCoal ®Oil mGas mCoal

8%
29%
63%

2017 (100.02MT) 2018 (97.42MT)

®0il mGas mCoal ®Oil WGas WCoal
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Geophysical
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Reservoir
properties
and risk
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Current Status of Carbon Storage Research of
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Current Status of Carbon Storage Research of Taipower Company
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Current Status of Carbon Storage Research of Taipower Company

1991-2018, 122 sensible earthquakes _
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35 GFZ

International Centre for

Geothermal Research (ICGR)

The Centre for Research
develops scientifically sub iated ions for a

sustainable geothermal energy supply. The re-
search activities are characterized by an interdiscip-
linary approach, with close synergy of reliable basic
and profound engineering research. Particular

is given to the of Enhanced
Geothermal Systems and the sustainable storage of
thermal energy in aquifers.
Seven competence clusters at ICGR unite a high
level of expertise along the entire chain of geother-
mal technology. Novel methods and approaches in
the fields of geothermal exploration, reservoir engi-
neering and monitoring as well as process and po-
wer plant technology cover the relevant processes
and interactions underground and above ground.
A key challenge of ICGR’s work is the upscaling of
research results from laboratory to demonstrati-
on scale. The In situ Geothermal Laboratory Grof
Schénebeck in the North German Basin allows a
fast transfer of new technologies into practical
applications.
ICGR maintains global research connections, our sci-
entists are active in many parts of the world. We are
leader of European and international research colla-
borations and a reliable partner for the industry.

Contact

Prof. Dr. Ernst Huenges, Head of the ICGR
E-Mail: ernst.huenges@gfz-potsdam.de

Research platform Gro8 Schonebeck (from left to right):
injection well, experimental hall with corrosion test equipments,
cooling towers, power plant moduls, production well (GF2).

Contact

International Centre for Geothermal Research
Helmholtz Centre Potsdam

GFZ German Research Centre for Geosciences
Telegrafenberg, 14473 Potsdam, Germany

Cluster Temperature Field of the Earth [

Dr. rer. nat. habil. Andrea Forster
E-Mail: andrea.foerster@gfz-potsdam.de

Dr. rer. nat. habil. Hans-Jiirgen Forster
E-Mail: hans-juergen.foerster@gfz-potsdam.de

Dr. rer. nat. Ben Norden
E-Mail: ben.norden@gfz-potsdam.de

Dipl.-Phys. Siegfried Raab
E-Mail: siegfried.raab@gfz-potsdam.de

‘ HELMHOLTZ
| ASSOCIATION

www.gfz-potsdam.de

GFZ

Helmholtz Centre
Porsoam

Temperature Field
of the Earth

HewmHoLTZ CENTRE POTSDAM
GFZ GERMAN RESEARCH CENTRE
FOR GEOSCIENCES

CENTRE FOR RESEARCH

B A RAFE MBI E G (D)

36 GFZ &

Temperature Field of the Earth

K of the e thermal conditions is
of i e for the of geo-
resources. Thus the characterization of thermo-hy-
draulic rock p and effective heat port

processes is essential part of advanced exploration
technologies for these resources. Especially in
geothermal exploration, the success rates of iden-
tifying new geothermal resources can be increased
and the risk and development costs can be lowered
through implementing pertinent data on heat sour-
ces dimensions and geometry as well as thermal
rock properties into advanced conceptual models.
Research focuses on both the thermal parameters
at lithospheric scale and more specific also on
those in the depth domain that can be explored by
borehole drilling. Furthermore, we characterize the
thermal field and thermal rock parameters at regio-
nal as well as local scale, the latter of which directly
feed into the development of hydrothermal and pe-
trothermal (EGS/HDR) energy projects. We use data
from and surface ical surveys,
analyze chemical and physical rock properties and
develop numerical, geology-assisted subsurface
models down the base of the Earth crust by working
at the interface of pure and applied geothermics.
Our expertise has developed during work perfor-
med in different geodynamic settings in the world,
e.g. in the North German Basin, the Erzgebirge and
Luxembourg in Europe, the North American Midcon-
tinent, the Andean subduction zone in Bolivia and
Chile, the Arabian Shield in Israel and Jordan, as
well as in India.

European Heat-Flow Map (Cloetingh et al, 2010).

Optical scanning meter for measurements under normal
laboratory conditions (GF2).
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Interpretation of Geophysical Well Logs
Porosity, density, gamma-ray intensity and tempe-
rature measured in boreholes are some of the para-
meters that we use in the evaluation of the geology
and the temperature field. They are also used in
the fashion of integrated core-log interpretation to
feed subsurface models. Furthermore, geophysical
well-logging data are deployed in novel approaches
to indirectly thermal rock properties. The
application of those approaches opens new possi-
bilities for the parametrization of numerical tempe-
rature models.

Heat-Flow Studies and Thermal Models
The heat-flow density is an intrinsic parameter for
all temperature models, for which it is used either
as input or for calibration. Its determination requi-
res a high-precision temperature log under thermal
equilibrium in conjunction with the rock thermal
conductivity of the studied depth interval. We have
experience in performing heat-flow studies inclu-
ding the identification of different modes of heat
transfer and of heat generation processes.

Thermal Rock Parameters

We measure the thermal conductivity and thermal
diffusivity of dry and saturated rocks at ambient

c ions using different lab y devices. We
also investigate the feasibility of calculating the
thermal conductivity from the modal mineralogy of
a rock. A laboratory device is in the making al-
lowing for dry or saturated rocks measurements of
thermal conductivity at pressures and temperatures
that are simultaneously raised to 200 MPa and
200 °C, respectively.

B A RA L E M B AR AR (D)



International Centre for
Geothermal Research (ICGR)

The | Centre for Research

ps scientifically sub i ions for a
sustainable geothermal energy supply. The re-
search activities are characterized by an interdiscip-
linary approach, with close synergy of reliable basic
and profound engineering research. Particular

is is given to the of Enhanced

Geothermal Systems and the sustainable storage of
thermal energy in aquifers.
Seven competence clusters at ICGR unite a high
level of expertise along the entire chain of geother-
mal technology. Novel methods and approaches in
the fields of geothermal exploration, reservoir engi-
neering and monitoring as well as process and po-
wer plant technology cover the relevant processes
and interactions underground and above ground.
A key challenge of ICGR's work is the upscaling of
research results from laboratory to demonstration
scale.
Our in situ Laboratory Gro8 Schénebeck in the North
German Basin allows a fast transfer of new techno-
logies into practical applications.
ICGR maintains global research connections, our sci-
entists are active in many parts of the world. We are
leader of European and international research colla-
borations and a reliable partner for the industry.

Contact

Prof. Dr. Ernst Huenges, Head of the ICGR
E-Mail: ernst.huenges@gfz-potsdam.de
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Helmholtz Centre
Porsoam

Research platform Gro8 Schonebeck (from left to right):
injection well, experimental hall with corrosion test equipments,
cooling towers, power plant moduls, production well (GF2)

Rock Physics

Contact

International Centre for Geothermal Research
Helmholtz Centre Potsdam
GFZ German Research Centre for Geosciences

grafenberg, 14473 P , Germany

Cluster Rock Physics

Dr. Erik Spangenberg
E-Mail: erik

8@gfz-potsdam.de

Dr. Juliane Kummerow
E-Mail: juliane.k

Dipl.-Phys. Siegfried Raab
E-Mail: siegfried.raab@gfz-potsdam.de

Dr. Harald Milsch
E-Mail: harald.milsch@gfz-potsdam.de
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Rock Physics

Scientific themes within the research cluster
“Rock Physics” relate to interrelations between
physical properties of rock and its inner structure.
In addition to characterizing a rock’s actual state
investigations on dynamic processes and time-
dependent physical changes are conducted. The
research topics we address result from sustainable
use of geothermal energy, carbon dioxide seques-
tration, and the use of natural methane hydrate
deposits.
The working group has an experimental orienta-
tion and possesses several laboratories, wherein

i and experi can
be performed on the parameters permeability, elec-
trical conductivity, and P and S-wave velocities. Our
rock physical laboratories are equipped with unique
apparatuses that can handle highly corrosive reser-
voir fluids and that can be operated at controlled

and C enc

during use of geological reservoirs.

Principal research topics in rock and hydrate
physics include effects of dissolution-precipitation
reactions on rock transport properties, two pha-

se flow in geothermal reservoirs and during CO2
sequestration as well as large scale electrical and
seismic tomography of porous media during metha-
ne hydrate formation and decomposition.

Our i hodology is conti ly de-
veloped further to conduct experiments at progres-
sively more extreme, e.g. supercritical, conditions.
Linking exploration and exploitation of geological
reservoirs our scientific results contribute to their
sustainable use.
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Rock and reservoir characterization

ZZ ey 5 Measurements of physical rock properties under
. simulated in situ conditions are central to an integ-
i rated characterization of geological reservoirs. On a
i 1'.» ""'D'Mm” routine basis we operate experimental apparatuses

a e and devices to investigate seismic, electrical, and
drai/)z;g; ey hydraulic properties of wat d rock samp-
les at controlled confining pressures up to 300 MPa,
S pore pressures up to 100 MPa and maximum tempe-

0.4 0.6 ratures of 250°C.

Electrical conductivity of a reservoir sandstone measured at reservoir
conditions as a function of water saturation (GF2).

Fluid-rock interactions

Production and injection of fluids from and into the
subsurface, respectively, yield changes in the ther-
modynamic and chemical state of a reservoir. As a
consequence, fluid-rock interactions are induced
that may alter the rock’s physical properties. To
predict the long-term behavior of reservoirs during
and after use we conduct laboratory investigations
at simulated reservoir conditions.

SEM micrograph of a calcite crystal after exposure to a synthetic forma-
tion fluid containing CO; at simulated reservoir conditions (GFZ).

Develop of methodologi
To cope with challenges of new research tasks
existing methods are developed further and new
experimental setups are constructed. Many unique
apparatuses thus emerge capable of measuring a
number of physical rock properties at simulated
conditions of the earth's crust. A challenge, e.g., is
the extension of the experimentally usable tempe-
rature range to 400 °C and beyond as encountered
in ultra hot geothermal reservoirs.

Setup for measuring electrical conductivity of luid saturated rock
sampies at up to 400°C. A cylindrical furnace heats the specimen and
aluminum cooling elements protect the sensors (GF2).
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International Centre for
Geothermal Research (ICGR)

The International Centre for Geothermal Research
ps scientifically iated sol fora
sustainable geothermal energy supply. The re-
search activities are characterized by an interdiscip-
linary approach, with close synergy of reliable basic
and profound engineering research. Particular
emphasis is given to the development of Enhanced
Geothermal Systems and the sustainable storage of
thermal energy in aquifers.
Seven competence clusters at ICGR unite a high
level of expertise along the entire chain of geother-
mal technology. Novel methods and approaches in
the fields of geothermal exploration, reservoir engi-
neering and monitoring as well as process and po-
wer plant technology cover the relevant processes
and interactions underground and above ground.
A key challenge of ICGR's work is the upscaling of
research results from laboratory to demonstration
scale.
Our in situ Laboratory Grof Schdnebeck in the North
German Basin allows a fast transfer of new technolo-
gies into practical applications.
ICGR maintains global research connections, our
scientists are active in many parts of the world. We
are leader of European and international research
collaborations and a reliable partner for the industry.

Contact

Prof. Dr. Ernst Huenges, Head of ICGR
E-Mail: ernst.huenges@gfz-potsdam.de
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Geothermal Fluids

Geothermal fluids are the transport media for
subsurface heat, and, therefore, the essential sub-
stance of geothermal energy production. They con-
sist of a mixture of gas and condensed phases with
complex chemical compositions. An exact under-
standing of the physical properties and chemical
tendencies of these fluids are necessary for mo-
deling the many processes occurring during fluid
transport. Such models are required for minimizing
risk and improving plant sustainability.
The research cluster “Geothermal Fluids" is invol-
ved in researching the chemical behavior and phy-
sical properties of geothermal fluids. The cluster
is also responsible for online fluid and gas moni-
toring at the research platform Gro Schénebeck.
The working group has an analytical-experimental
and p several lab ies,
wherein measurements and experiments can be
performed at in-situ reservoir conditions.
Principal research topics include the kinetics of
dissolution and precipitation of minerals into and
from a geothermal fluid, fluid-rock-materials inter-
actions, and mixing rules for thermophysical fluid
s. Furthermore, conti prog is
being made regarding methodological and techno-
logical developments of experimental techniques.
Interdisciplinary work with other research groups
atthe ICGR is performed, for example, in the areas
of corrosion and scaling, fluid-rock interactions and
thermodynamic parameter determination for reser-
voir modeling. We research an assortment of topics
in cooperation with several national and internatio-
nal project partners.
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Research platform GroB Schonebeck (from left to right):
injection well, experimental hall with corrosion test equipments,
cooling towers, power plant moduls, production well (GFZ).

Contact

International Centre for Geothermal Research
Helmholtz Centre Potsdam
GFZ German Research Centre for Geosciences

grafenberg, 14473 Potsdam, Germany

Cluster Geothermal Fluids

Fluid Chemistry
Dr. Simona Regenspurg
E-Mail: simona.regenspurg@gfz-potsdam.de

Fluid Physics
Dr. Harald Milsch
E-Mail: harald.milsch@gfz-potsdam.de
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Siliceous precipitates (scales) within dismantlied tubing of an Indone-
sian geothermal power plant (GF2).

Laboratory for fluid physics (6F2).

The online monitoring system “FluMo” at the research platform Gro
Schénebeck, Germany (6F2).
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Fluid Chemistry

Mineral deposition in the components of a geother-
mal power plant or the pore space of a rock forma-
tion can significantly inhibit fluid production. The
goal of our research is to understand the chemical
processes that lead to mineral deposition and to
develop methods to manage this issue in a wor-
king power plant. Our laboratory is equipped to
simulate complex processes in geothermal brines
in well-defined solutions, whereby the solubility
and precipitation rates of various minerals can be
studied.

Fluid Physics
Of central imp: etothe
of a geothermal power plant is knowledge of the
geothermal fluid's physical properties, such as
density, viscosity, ultrasonic velocity, electrical &
thermal conductivity and heat capacity. Our labora-
tory is designed for ing these p iesin
highly saline fluids at conditions commonly found
in geothermal reservoirs. Results from our research
are used to expand existing databases for the ther-
ic properties of fluids.

Physical-Chemical Fluid Monitoring
At the research platform Grof Schénebeck, we
operate the fluid-monitoring system “FluMo”. The
system allows for the determination of relevant
physico-chemical parameters in geothermal fluids
directly within the geothermal circuit. The system
also allows for fluid sampling at various points
along the circuit. The FluMo system can support the
inabl ion of a power plant
by monitoring changes in the geothermal fluid’s
chemistry online and in real-time.

B AR I E AR AT (1D



International Centre for
Geothermal Research (ICGR)

The | Centre for
ps scientifically sub iated

sustainable geothermal energy supply. The re-
search activities are characterized by an interdiscip-
linary approach, with close synergy of reliable basic
and profound engineering research. Particular

hasis is given to the of Enhanced
Geothermal Systems and the sustainable storage of
thermal energy in aquifers.
Seven competence clusters at ICGR unite a high
level of expertise along the entire chain of geother-
mal technology. Novel methods and approaches in
the fields of geothermal exploration, reservoir engi-
neering and monitoring as well as process and po-
wer plant technology cover the relevant processes
and interactions underground and above ground.
A key challenge of ICGR's work is the upscaling of
research results from laboratory to demonstration
scale.
Our in situ Laboratory Gro Schénebeck in the North
German Basin allows a fast transfer of new techno-
logies into practical applications.
ICGR maintains global research connections, our sci-
entists are active in many parts of the world. We are
leader of European and international research colla-
borations and a reliable partner for the industry.

Research
ions fora

Contact

Prof. Dr. Ernst Huenges, Head of ICGR
E-Mail: ernst.huenges@gfz-potsdam.de
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Reservoir Monitoring

We investigate the effects of natural and artificially
|nduced ﬂow processes within the subsurface.

hods are de-
veloped and applied within field experiments. The
with other geophysical and geochemical
methods enables a quantitative registration of spa-
tial and temporal changes of subsurface conditions
and reservoir properties.
We work on methods which are specially tuned to
the requirements of new types of subsurface use,
like new ways of extracting geothermal energy
(e.g. enhanced geothermal systems, supercritical
reservoirs), geological storage (e.g. CO2, thermal
energy), or production of unconventional fossil fu-
els (e.g. gas hyd: novel ds for
monitoring of b integrity (e.g. ¢ i
are developed. The measured data enables to de-
rive important information for the safe and efficient
use of geological reservoirs.
A special focus is on implementing fibre-optic sen-
sing methods for b ‘ . Optical
fibres are well suited for downhole deployment as
they can tolerate harsh environments, i.e. high pres-
sures and temperatures, or strongly corrosive media,
and are immune to electromagnetic interference.

FRBRMREEHER
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Research platform GroB Schonebeck (from left to right):
infection well, experimental hall with corrosion test equipments,
cooling towers, power plant moduls, production well (GF2)

Contact

International Centre for Geothermal Research
Helmholtz Centre Potsdam

GFZ German Research Centre for Geosciences
Telegrafenberg, 14473 Potsdam, Germany

Cluster Reservoir Monitoring

Dr. Jan Henninges
E-Mail: jan.henninges@gfz-potsdam.de

Dr.-Ing. Thomas Reinsch
E-Mail: thomas.reinsch@gfz-potsdam.de
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GFZ hybrid wireline logging system with fibre-optic sensor cable and
electronic downhole tools - pressure, temperature, spinner, gamma
ray, casing collar locator (GF2).

- LT IR EEIEE -

DTS- and production logging data acquired with the hybrid
wireline logging system during a production test (GF2).
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Wireline logging

Fluid movement in the subsurface can be quantified
by measuring pressure, temperature, as well as
flow velocities along a flowing well. A novel hybrid
borehole logging system was developed to allow for
a combined deployment of fibre-optic and electronic
sensors. With our current wireline logging equip-
ment, measurements down to well depths of 6ooom
and temperatures of 150 °C can be performed.

In order to detect dynamic processes within the
subsurface and to evaluate the structural wellbore
integrity, custom designed cables can be perma-
nently installed along the tubing or behind casing.
Together with industry partners, suitable downhole
sensing equipment and installation techniques are
developed for the deployment in deep wells. Within
previous research projects, we have installed per-
manent sensor cables within wells at depths of up to
1200m and operating temperatures above 300°C.

Fibre-optic sensing
Distributed sensing techniques like DTS (distribu-
ted temperature sensing) or DAS (distributed acou-

stic ing) enable new possibilities for b
monitoring, as they allow for quasi-continuous
acquisition of data over I-km distances with

high spatial and temporal resolution. In collabora-
tion with partners from academia and industry we
develop novel fibre-optic sensors for measurement
of additional physical and chemical parameters in
laboratory and field applications.



International Centre for
Geothermal Research (ICGR)

The International Centre for Geothermal Research
ps scientifically iated soluti

for a sustainable geothermal energy supply. The
research activities are characterized by an interdis-
ciplinary approach, with close synergy of reliable
basic and profound engineering research. Particular

is is given to the d of Enhanced
Geothermal Systems and the sustainable storage of
thermal energy in aquifers.
Seven competence clusters at ICGR unite a high
level of expertise along the entire chain of geother-
mal technology. Novel methods and approaches in
the fields of geothermal exploration, reservoir engi-
neering and monitoring as well as process and pow-
er plant technology cover the relevant processes
and interactions underground and above ground.
A key challenge of ICGR's work is the upscaling of
research results from laboratory to demonstration
scale.
Our in situ Laboratory Grof8 Schénebeck in the
North German Basin allows a fast transfer of new
technologies into practical applications.
ICGR maintains global research connections, our
scientists are active in many parts of the world. We
are leader of European and international research
collaborations and a reliable partner for the indus-
try.

Contact

Prof. Dr. Ernst Huenges, Head of ICGR
E-Mail: ernst.huenges@gfz-potsdam.de

43 GFZ

Reservoir Engineering

Reservoir Engineering is essential for an appropria-
te development of geothermal resources. Optimum
economic utilization of geothermal reservoirs requi-
res analysis of the geological system together with
adequate planning. These include chemical and
ical reservoir characterization, reservoir
and modelling as well as under di
of the processes and interaction of the borehole-
reservoir system. The control of the amount of
fluids produced, well path design, well placement,
rate of injection and many other means help to opti-
mize the heat recovery. The reservoir engineer esti-
mates the heat in place, the thermal breakthrough
time and optimize the reservoir performance by
four major activities: observations, assumptions,
calculations (analytical and numerical methods)
and development decisions.
The research wells drilled by GFZ at GroB Schéne-
beck make possible to access and circulate forma-
tion fluids in the horizons between 3,9 and 4,4 km
at temperatures up to 150 °C. This downhole labo-
ratory provides the opportunity to perform various
borehole measurements and in situ experiments, to
validate and improve model in use or develop new
ones.

petropy
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Research platform Gro8 Schénebeck (from left fo right
injection well, experimental hall with corrosion test equipments,
cooling towers, power plant moduls, production well (GF2).

Reservoir Engineering
Contact

International Centre for Geothermal Research
Helmholtz Centre Potsdam

GFZ German Research Centre for Geosciences
Telegrafenberg, 14473 Potsdam, Germany

Cluster Reservoir Engineering

Prof. Dr. Glinter Zimmermann
E-Mail: guenter.zimmermann@gfz-potsdam.de

Dr.-Ing. Guido Blocher
E-Mail: guido.bloecher@gfz-potsdam.de
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Stimulation

Stimulation treatments are an option to enhance the
productivity of low permeability geothermal reser-
voirs by inducing artificial fluid pathways.

At GFZ specific stimulation treatments have been
developed to enhance the existing permeability; i. e.
hydraulic fracturing, thermally induced fracturing and
chemical/ acid stimulation.

In hydraulic stimulation experiments, fluids are injec-
ted under high pressure into the subsurface rocks to
create new fractures or extend existing fractures.

Rockphysics

Effective energy production from geothermal reser-
voirs requires that the physical properties of the host
rock have to be characterized as precisely as possible.
A rock physical exp provide a va-
luable ¢ y method to i gate particu-
lar processes associated with mechanical and ther-
modynamic changes induced during operation. The
results of such investigations improve the outcome of
hydro-thermo-mechanical-chemical simulation codes
in order to derive statements on reservoir productivi-
ty, sustainability, and best-practice operation.

Detail of a mounted specimen assembly (6F2)

Modelling

An appropriate numerical model is important for
planning the well path and fracture design, interpre-
ting hydraulic tests and stimulations, and predicting
reservoir behavior during geothermal power produc-
tion. Such models should include:

(i) the reservoir geology and structure,

(ii) the geometry of wells and fractures and

(iii) the hydraulic, thermal, mechanical and chemical
conditions of the reservoir and fractures generated
due to changes in reservoir conditions.

Reservoir model of a geathermal doublet system (GfZ).
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sustainable geothermal energy supply. The re-
search activities are characterized by an interdiscip-
linary approach, with close synergy of reliable basic
and profound engineering research. Particular

is is given to the di of Enhanced

Geothermal Systems and the sustainable storage of
thermal energy in aquifers.
Seven competence clusters at ICGR unite a high
level of expertise along the entire chain of geother-
mal technology. Novel methods and approaches in
the fields of geothermal exploration, reservoir engi-
neering and monitoring as well as process and po-
wer plant technology cover the relevant processes
and interactions underground and above ground.
A key challenge of ICGR's work is the upscaling of
research results from laboratory to demonstrati-
on scale. The In situ Geothermal Laboratory Grof8
Schonebeck in the North German Basin allows a
fast transfer of new technologies into practical
applications.
ICGR maintains global research connections, our sci-
entists are active in many parts of the world. We are
leader of European and international research colla-
borations and a reliable partner for the industry.

Contact

Prof. Dr. Ernst Huenges, Head of ICGR
E-Mail: ernst.huenges@gfz-potsdam.de
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Process and Plant Technologies

The use of the subsurface for energy production
and storage is an important component of future-
oriented and sustainable energy supply.
Depending on the temperature of the geothermal
resource it is possible to use the heat from the
reservoir for direct heat provision, for heat provisi-
on on higher or lower (“cold”) temperature levels,
or for the conversion into electricity. Depending
on the fluid flow, geothermal reservoirs can serve
for small scale until medium scale energy plants.
Although the use of geothermal heat for production
or storage of energy is based on the same ther-
modynamic processes as in conventional energy
engineering, most importantly, effects of geological
conditions have to be consid and adj
i have to be d P
The competence cluster “Process and Plant Techno-
logies” is concerned with investigations on energy
and process engineering aspects and the optimal
coaction of plant components, deep wells and re-
servoir. The ultimate goal is to improve sustainabi-
lity and reliability as well as efficiency of the overall
system. Besides laboratory experiments and nume-
rical investigations, the realization of pilot projects
together with industrial and research partners is an
important basis for the research that is carried out.
Currently, three pilot sites are being developed and
operated, respectively: the In situ laboratory Grof
Schinebeck (process engineering & plant technolo-
gy), the campus of the Technical University of Berlin
(investigations on Aquifer Thermal Energy Storage
systems), and the geothermal field in Lahendong,
Indonesia (demonstration of binary power plant
technology).
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Research platform Gro Schonebeck (from left to right):
injection well, experimental hall with corrosion test equipments,
cooling towers, power plant moduls, production well (GF2).

Process and Plant
Technology

Contact

International Centre for Geothermal Research

Helmholtz Centre Potsdam

GFZ German Research Centre for Geosciences
legrafenberg, 14473 P Germany

Cluster Process and Plant Technology

Dr.-Ing. Ali Saadat
E-Mail: ali.saadat@gfz-potsdam.de

Dipl.-Ing. Stephanie Frick

E-Mail: h frick@gfz-potsdam.de
Dipl.-Ing. Stefan Kranz
E-Mail: stefan. gfz dam.de
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Process Engineering
The aim in process engineering is reliable produc-
tion and injection of mineralized and multiphase
h | fluids. The p for the reliable
setup and operation of a geothermal fluid loop is
the selection of suitable components as well as
operational parameters. In ongoing research pro-
jects, theref the of various ial
to corrosive environments as well as scaling proces-
ses and degassing are experimentally and numeri-
cally investigated.

Well heads of the production and the injection well at the research site

in Gro Schinebeck (GF2).

Plant Technology

The energetic use of geothermal resources requires
suitable technical plant concepts that meet the speci-
fic site conditions. The investigations at GFZ focus on
the optimum integration of binary power plants using
geothermal brines with low to medium temperatures
atvarious geothermal sites. Important issues refer

to the handling of the geothermal fluid in the plant
setup, the removal of the waste heat and the charac-
terization of the operating behavior. Site-specific con-
cepts are developed by means of numerical studies.

Installation of the wet cooling tower for the geothermal research power
plant in Gro8 Schonebeck (GF2)

Aquifer Thermal Energy Storage (ATES)
Energy supply systems comprising Aquifer Thermal
Energy Storages consist of several subsystems:
the aquifer, the plant, and the users determining
the structure of energy demand. Central aspects in
the investigations at the GFZ are the development
of numerical models and planning methods which
facilitate the engineering of the complete energy
supply system and systematic monitoring of opera-
ting ATES. Both aspects are elaborated considering
the characteristics of all subsystems.

Scheme of the Aquifer Thermal Energy Storage
Systems below the German Parliament Buildings
In Berlin (Geothermie Neubrandenburg GmbH &
Google Earth).
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Make Use of Geothermal Brine in |
First Binary Demonstration
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Sustainable use of geothermal reservoirs

Structural and geochemical control on hase fluid flow

IMPLICATIONS

OUTLOOK
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Systematic soil gas studies for volcano-tectonic
analyses of the Los Humeros Geothermal Field, Mexico

Fz

Helmholtz Centre
Porspam

Objective & Geology

Mexico is known for its excellent geothermal
resources. The Trans-Mexican Volcanic Belt (TMVB),
is hosting two of the four geothermal production fields
in Mexico used for power generation. One of them is
the Los Humeros Volcanic Complex (LHVC), situated
180 km E of Mexico City in the eastern portion of the
TMVB. Experiences from the operation of the Los
Humeros geothermal field indicate the existence of n
superhot reservoir with

380°C, however, geothermal fluids at such rugh
temperatures could not be sustainably used for
energy production, due to their aggressive
physicochemical characteristics.

The focus of the study is on the structural control on
migration pathways of hydrothermal fluids to identify
and assess hydraulically active (permeable) fault
segments or buried discontinuities along major fault
zones. Especially in low permeable reservoirs, fault
zone architecture and its permeable structures form
primary controls of fluid flow. The goal of our
systematic and area-wide approach is to put surface
gas emissions and soil gas concentrations in the
spatial context to the geothermal-volcanic system for
a comprehensive understanding of fluid migration in
the subsurface.

Results

Methods and Collected data

+ Accumulation chamber technique for CO, efflux
measurements (LI-820)

Carbon isotopic analysis of CO,

» Alpha-particle spectroscopy for ??Rn and #°Rn
emissions (SARAD RTM1688)

* Micro-gas chromatography (H,. O, N, CO,,
CH,, H,S, SO, for analysis of soil gas
concentrations (Agilent 490Pro Micro Gas
Chromatograph)

+ Samples for high resolution mass spectrometry
(SMS) for *He/*He

Soil temperature (50 cm depth)

* Installation of a multiplexed system (LI- 8100A)
for continuous monitoring of CO, efflux (7
chambers)

Discussion & Outlook

+ Elevated values appear along known structures
but also in areas without known faults

* Similar spatial variations for CO, efflux and 22Rn
values (max. values SW of Los Humeros village)

+ The isotopic composition of sampled CO,
confirms a deep source of elevated and low CO,
efflux values (evidence for magmatic system)

« Samples of high resolution mass spectrometry
(SMS) for *HeMHe ratios show a tendency
towards mantle derived helium

= Through the continuous monitoring of CO, efflux
we gain information about the temporal (and
spatial) variability of CO, efflux as well as a
possible correlation to seismic activity and
seasonal/climatic change

¥V GEMex @ CFE -

Figure 1. Location of the Los Humeros Volcanic
Compiex in the Trans-Mexican Voicanic Belt
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Figure 3: Probability maps
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