Michael Mondanos, PhD,
Silixa, UK, describes how fibre
optic sensing technology can be used to
monitor geothermal operations and provide the
necessary data to assist with key project decisions.

eothermal energy can be divided into two distinet groups in the form of low-
temp e geothermal (<150°C), typically used in direct-use applications, and
high th (>150'Q The latter is suitable for power generation
byd'cuuﬂng melluldmoughoutmeresuvoi transporting heat fo the surface
where electricity can be generated. Geothermal power plants produce electricity consistently, with
highly predictable and stable power output, facilitating energy planning with remarkable accuracy.
There are three critical elements in geothermal energy: heat, fluid, and permeability af depth.
An enhanced geothermal system (EGS) is an artificiol reservoir created where there is hot rock
but insufficient or Bttle natural permeability or fluid saturation. In an EGS, fiuid is injected into the
subsurface under carefully controlied conditions that cause pre-existing fractures 1o re-open, creating
permeability. During EGS reservoir creation and stimulation, rocks may siip along pre-existing
Trach and duce micr or induced seismicity events. Induced seismicity data allows

P

better subsurface characterisation but con cause public concemn.

The challenges of geothermal wells
Geothermal reservoirs offer unique char risation challenges due to the harsh
envi 1 that hole fools are subjected to and the discrete and spatially
di Jous hyd | featy that make up the reservoir. EGS offers
great po«ennd'ot dramatically expanding the use of geothermal
energy by allowing the development of traditionally inaccessible
thermal resources; thus, offering the possibility fo
reduce carb to bat
anthropogenically induced
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climate change significantly. However, EGS development
provides an additional set of challenges as reservoir engineers
have the burden of charoctensing the existing reservoir and
dynamically guiding reserveir enhoncement in heterogeneous
media with an acceptable degree of resolution and accurocy.
Developing EGS rescurces will require highly advanced and novel
characterisation and mondlonng methods and technologies.
The efficiency of a low-lemperature geothermal system depends
on the thermal properties of the reseérvoir.

Hydrothermal and enhanced geothermal
A challenge in operating fraditional bydrothermal power plants
is maintaining production flow rates at high temperatures

over marny years of operation. Reservoir chorocdierisation and
continuous monitoring can help guide power plant operations
1o optimise the use of the geothermal reservoir. A challenge

in developing enhanced geothermal systems is predicting

the hydraulic connectivity, geomechanical properties, and
permeability of fracture networks.

For EGS 1o serve as an effective subsurface heat exchanger,
the flowing fracture network must be maonitored during the
evolution of the reservair. Continuous menitoring can be ufilised
10 farge! new injection and preduction wels, plan stimulation
activities, and guide 1he completion of existing wells to optimise
thermad recovery. Observational challenges for EGS microseismic
measurements are further compounded by the intrinsic difficulty
of borehole irctrumentation af reservoir depths in EGS sites; the

Figure 1. Silma's distribuled ocoustc sensng (DAS) interrogators. Ledt:
the intelligent DAS. Right: the Corina Sensing System eterrogator. Light
Is emitted from the inserrogator and the back scatserad Ight from the
fibre 15 recorded.

Figure 2. A recording of an M3.3 eorthguake with distribused fibre
oplic sensing; the time of P-wave and S-wove amvaols are Indicated.
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high temperatures (>150°C) result in a hostile environment and
correspondingly short lifetime for most corwventional sensors.

The tradifional solution to monitoring the system operation
Is 1o utiise conventional gauges and geophones. These have
some limitations becouse of the high-temperature environment;
they can hardly withstand temperatures that con reach
300°C. In addition, they are expensive, challenging 1o install
permanently, require power, and do not offer the spatial
coverage required.

i aryy seismic acquisition is required, they must intervens
with the well, stop production, lower the geophones into the
well, and then undertake the surveys, wasting both time and
money. If this activity occurs on the surface, they must lay several
seismic nodes, as it is challenging 10 achieve the required spatial
coverage.

A new approach to geothermal

Distributed fibre optic sensing is a rapidly advancing class of
technology ideally suited 1o geothermal moniforing. Optical time
domoin refiectometry (OTDR) is one of the underlying penciples
enabling distributed sensing, in which an inddent pulse of

light is coupled into an opticd fibre and the bockscattered

light is sampled. As the incident pulse travels along the fibre,

a small amaount of light is scattered and recoptured by the

fibre woveguide in the retum direclion. Through analysis of

the bockscattered signal and round Irip fransit time from the
launching end 1o the point of nferest, dynamic profiles of the
state of the oplical fibre ot ol locations can be developed.

Geothermally relevant measurements indude distributed
temperature sensing (DTS), distributed strain sensing (DSS),
and, most recently, distributed acoustic sensing (DAS) for
microsesmic, seismic, and slow strain investigations.

Silixa's monitering solution is based on an integrated
fibre optic distributed sensing monitoring system that con
be combined with hydrouic 1ests to berter constrain rhe
zones with permeabie fractures, ond an array of autormated
surface seismic sources 1o constrain each phase of fraciure
evolution and behaviour at the geothermal site. By using high-
remperalure engineered cables and interrogators capable of
smultanecus DAS, DTS, and DSS measurements, Ihe system can
effectively mop initicl 2ones of mechanical stimuliation using DAS
microsesmic monitoring. spatially-resoive elastic comphance
estimales of the fractured 2ones using scaltering, and velodty
perturbations measured using fime lopse V5P imoging ond
permanent surfoce seismic sources; and identify zones of flowing
fractures using tydraulic tomograpty with low-frequency DAS
strain as the detection madality.

These solutions create value for geothermal projects by
offering high-quality manitoring data that con be used 10
optimise the geothermal system design during the exploratory
and characterisation phases. Later during the production phose,
it also provides a robust and cost-efficent, long-term integrated
monitoring system 10 assist operotion dedsions and verily
operation sustainabdity and safety.

Geothermal monitoring in action
A hydrothermal deployment at the Brady Hot Springs Field
in Western Nevada, US, provided Silixa with the opportunity

to try and 1est its technology. A multi-disciplinary team

led by the University of Wisconsin-Madison with pariners
from academia and industry developed and deployed o
highly complex geothermal reservoir monifaring system
including distributed fibre oplic sensing as part of the US
Department of Energy-funded PoraTomo project. Optical
fibre cables were deployed in a shallow surface rench and
an observation well. The project developed a monitoring
methodology fo characterise the geothermal reservoir of
combined seismology, geodesy, and hydrology parameters al
a depth that could be scaled 1o deployments for monitoring
greater reservoir depths and subseqguent volumes. The
integrated technology developed as part of PeroTomo con
be utilised a1 other hydrothermal and EGS sites 10 enhance
reservoir understanding by estimating subsurface formation
parameters and their uncertainties 1o improve operations
al existing facilities and guide new development efforts.
The solution consisted of deploying IDAS and ULTIMA DTS
over 9 km of fibre oplic cable in o trenched seismic and
temperature surface array and 400 m of fibre optic cable
resistant 1o high temperatures in o downhole array. Fibre
oplic sensing technology was utilised for the capability 1o
provide dense seismic ond temperalure measurements with
extremely fine resolution over the eéntire deployed fibre optic
cable array. iIDAS was selected for ifs high-performance
seismic measurement copabilities including a wide dynamic
sensing range and instrument stability, while ULTIMA DTS
measurements allowed for fine resolution of temperature
changes in the reservoir. Both technologies also have the
capacity 10 be deployed in the harsh condifions experienced

in geothermal reservoirs. iDAS was combined with an octive
seismic source 1o carry oul o time lapse seismic survey.
Temperature measurements from the ULTIMA DTS were
combined with pressure measurements from mulfiple
observation wells. Data was collected during four time
intervals, each representative of distinet hydraulic conditions
due 10 alterations in the flow field from manipulation in
pumping and injection. Collecting time series data under
varying hydraukc conditions allowed the data set to be
utilised to charocterise the hydraulics of the geothermal
reservoir through anafyses of the poroelastic response.

Both the surface and downhole fibre oplic cable
installutions were completed successfullty in late winter 2016.
iDAS and ULTIMA DTS data were recorded 24 hours a day
over the entire 3400 m of cable for 15 days directly following
installation. Analysis of the active and passive seismic data,
tempeérature data, and other data collected is ongeing.

Summary

Because geothermal projects have high investiment and
operational costs, coupled with policy uncertainty and design
challenges, there s a greater need for cost-effective and
innovative monitoring technologies. This is where distributed
fibre optic sensing can generate value for geothermal
projects by offering high-guality monitoring dota that can be
used fo optimise the geothermal system design during the
exploratory and characterisation phases. Loter during the
production phase, it also provides a robust and cost-efficient
long-term integrated monitoring system 1o assist operation
decisions and verify operation sustainabiity and safety.

The home for the latest
renewables news,
analysis, comment and
events

ENERGY
GL#BAL

Visit our website today
www.energyglobal.com




