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1. Was the flow rate and/or injection pressure too high?  
 
I do not consider myself qualified to comment on this question, but I can say that 
Geothermal Explorers Ltd. (GEL) did respond professionally and responsibly to the 
seismic events that occurred on Friday 8th December. In strict accordance with the 
established protocol for the project, pumping was suspended after the first significant 
seismic event occurred and shortly afterwards the operators began bleeding off the fluid 
pressure. In this sense, GEL did everything possible to avoid additional seismic events 
occurring and are to be commended for their response.  
 
 
2. Were there alternatives?  
 
At the Advisory Board meeting on 18th December, alternative pumping strategies were 
discussed, but I am unable to comment on the various views expressed since this falls 
outside my area of expertise. Since there is no proven and universally accepted 
explanation for the controlling parameters (flow rate, total volume pumped, pressure 
increase, temperature changes, etc.) that influence the induced seismicity, it is difficult to 
judge whether the possibility of the seismic events that did occur would have been 
reduced or eliminated by following alternative pumping strategies. A reasonable position is 
to assume that the seismic events would have occurred sooner or later had the pumping 
been carried out at different rates.  
 
 
3. Can the reservoir qualities be assessed with the present data set?  
 
This is also outside my field of expertise and I am therefore reluctant to respond explicitly 
to the question posed. However, I can say that the events of 8th December have provided 
important data that demonstrates that a magnitude ML 3.4 event in the fracture zone does 
not produce damaging ground shaking at the surface. Moreover, the events were recorded 
at the surface by a number of seismic instruments and the amplitudes (peak accelerations 
and velocities) are available, which provide useful physical evidence of the actual levels of 
motion that such events produce. These data are more objective than felt reports from the 
local population, who may assume (incorrectly) that clearly perceptible motions 
automatically have the potential to cause damage to buildings.  
 



4. What is the threshold of a damaging earthquake?  
 
In probabilistic seismic hazard analysis (PSHA), including in the PEGASOS project for 
Swiss nuclear power plants, it is common to exclude from the calculations all earthquakes 
of magnitude less than 5 since these are not considered capable of producing ground 
motions of engineering significance (i.e., with the potential to cause damage to engineered 
structures).  
 
Recent work, presented in a report of the Electric Power Research Institute (EPRI), has 
challenged this approach for PSHA, claiming that it allows many non-damaging ground 
motions to be included in the calculation of frequencies of exceedance. The proposed 
alternative method is to eliminate scenarios that produce ground motions below a specified 
threshold. A simple but reasonably robust indicator of the damage potential of ground 
motion is the peak ground velocity (PGV), which has been used to define acceptable 
thresholds in both the Basel and Berlín (El Salvador) geothermal projects. A necessary, 
but not sufficient, condition for ground motions that are potentially damaging to well-
engineered structures is a PGV of at least 20 cm/s. Accounting for the fact that some 
buildings in Basel may be particularly vulnerable due to inherent weakness in their 
construction or due to deterioration, a rather conservative threshold could be specified as 
10 cm/s. Assuming that the events will occur at about 5 km depth, as was the case on 8th 
December, it can be inferred that if an ML 3.4 event produced a maximum of PGV of just 
below 1 cm/s at the surface, an event of at least about ML 4.5 would be required to  
produce a PGV ten times larger at the surface.  
 
 
5. Can the probability of a damaging earthquake be predicted?  
 
To calculate or estimate probabilities of induced earthquakes of any size would be 
extremely difficult and subject to such large uncertainties as to make them almost of no 
practical use.  I think this question could be re-stated as three separate questions along 
the following lines:  
 

a) If pumping operations are resumed, will more felt events be produced?  
b) If pumping resumes, is it possible that damaging events will be produced?  
c) Could the geothermal operations trigger (rather than induce) a large earthquake 

such as the 1356 event or one of the smaller, but damaging, earthquakes that 
occurred in subsequent centuries?  

 
I believe the answer to the first question should be “probably yes”, since it is likely that felt 
events will occur and it is impossible to preclude this possibility.  
 
The answer to the second question is more difficult, but it is possible to state that inducing 
damaging events (which really means earthquakes of magnitude 5 or greater) is very 
unlikely. To my knowledge, none of the hot fractured rock projects around the world to 
date has produced seriously damaging events; even the ML 4.4 event in El Salvador 
(which cannot, incidentally, be associated unequivocally with the fracture stimulations), did 
not produce appreciable damage, despite the very high vulnerability of the local building 



stock. The energy in the shaking produced by such small magnitude events is simply too 
low to present a significant threat to well-built houses and other buildings.  
 
The third question is very difficult to answer, but it warrants careful attention, and the 
possibility must be considered of a natural – and potentially destructive – earthquake 
occurring coincident with project without being in any way influenced by the pumping 
operations. Triggering a large earthquake (that would occur eventually without any 
external stimuli but whose occurrence could be brought forward by anthropogenic activity) 
would require migration of the fluid pressure into the geological fault that is already close 
to rupture; it is probably the case that the quantities of fluid pumped in the deep heat 
mining project would be insufficient to trigger a large natural earthquake, unless the 
causative fault were in close proximity to the pumping well. I would classify this scenario 
as very unlikely but it would not be wise to categorically preclude it. If the 1356 event is 
raised in discussions with authorities and/or the local population, it should be emphasized 
that a recurrence of the event is expected at some point in the future regardless.  
 
 
6. Was an event of M 3.4 (natural or triggered) to be expected?  
 
I think to some extent this question is redundant, since it has already happened, and 
similar (sometimes a little smaller, sometimes larger) events have occurred in association 
with other hot fractured rock projects. My view is that the possibility of perceptible but non-
damaging events should have been foreseen and communicated at least to the local 
authorities in Basel, and probably also to the local population.  
 
 
7. Why was the M 3.4 event perceived so strongly?  
 
The preliminary analysis from SED of reports entered via their interactive web site 
indicates a macroseismic intensity in Basel no higher than IV on the EMS or MMI scales. 
In this sense, there was nothing unusual about the way the event was felt: an earthquake 
of this magnitude a few kilometres below the surface would be expected to be widely felt in 
the local area. Some factors may have contributed to heightened sensitivity (such as 
recent commemorations of the 1356 event) and since the event occurred directly below 
the city it may have produced relatively strong vertical motions, to which the human body 
is more sensitive. However, there is really nothing unusual or unexpected about the way 
the event was widely felt throughout Basel. The point that is worthy of note is that although 
widely felt, the shaking appears to have produced very little, if any, damage, and no 
damage that could threaten the stability of buildings or the safety of their occupants.  
 
 
8. What measures can be taken assuming similar events would occur again? 
 
The project should continue to operate a response system (“traffic light”) but the thresholds 
may need to be adjusted in order to avoid suspending operations in the case of another 
perceptible event. Rather than base the thresholds on magnitude alone, the practice 
adopted in the Berlín project could be followed, whereby thresholds are defined in terms of 



PGV and the magnitudes converted to PGV-equivalent values, based on the same PGV 
being produced at the epicentre for events at a fixed depth (say 4 or 5 km). This would 
require a prediction (attenuation) equation for PGV, which should be calibrated against the 
recordings of the events that have occurred on and since 8th December. The current 
“traffic light” indicates RED when PGV values exceed 5 mm/s, which means that the 
pumping stops if an event is clearly felt by the local population. If this threshold is 
maintained, there is a very high probability that pumping will again be interrupted; such low 
thresholds would be reasonable for sustained activities (traffic noise, factory operations, 
etc.) but for this project, in which the fracturing process should last for a matter of weeks 
only, GEL should negotiate and agree with the local authorities higher thresholds that 
allow perceptible motions to occur, but which would still interrupt pumping if the events 
occurred that were tending towards potentially damaging levels.  
 
 
9. What are the consequences to this project of applying such measures?  
 
If the recommendations given in the previous question were followed, then there is the 
possibility that perceptible levels of shaking may occur (which they may do anyhow) but 
these would not automatically oblige the project to be interrupted if these levels of shaking 
were still sufficiently low to be well under the thresholds for damage to buildings. It must be 
noted, however, that shut in does not guarantee immediate removal of any threat of 
seismic events, and therefore the authorities should be aware that should it become 
necessary to stop pumping, felt events could still occur.  
 
To operate in this way, with higher thresholds that effectively accept the generation of 
perceptible but non-damaging ground shaking, the communication regarding the project, 
with both local authorities and to the local population, must be significantly improved.  
 
 
10. What are your future recommendations for further action?  
 
As stated above, resume pumping (following a strategy agreed with those who are expert 
in this technology) and continue to operate an observation and response system, but set 
the amber and red levels at higher values of magnitude and/or PGV. This should be 
preceded by clear and open communication of the project, and of the potential for more 
episodes of perceptible shaking, to the local authorities and the local community.  
 
 
11. How can we communicate the benefit and risk of our techonology?  
 
Since the events of 8th December may have undermined the credibility of GEL, 
communications with the local population should be handled either by a professional PR 
organisation or, perhaps preferably, by the Basel Canton.  
 
Key messages to communicate are as follows (this list is by no means exhaustive): this is 
a green energy source; the project could bring direct benefits to the local population; there 
is no energy source that comes without a cost and/or associated risks; the risks are 



actually very low. The communication also needs to make clear, however, that in the start 
up (fracturing) phase, the aim and purpose of the project in fact to produce small 
earthquakes since the objective is precisely to fracture the rock; equally, it should be made 
clear that this is a short-term characteristic of the project, and once established and stable, 
the system is unlikely to produce felt events.  
 

Imperial College London, 19th December 2006 
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Empfehlungen für die Fortsetzung des Deep Heat Mining Projekts Basel 
 
 
Beobachtungen 
 
Der Stimulationstest in der Bohrung Basel 1 hat folgende für die Fortsetzung des Projekts 
relevante Ergebnisse gebracht: 
 
1. Das Gebirge erwies sich in dem 370 m langen unverrohrten Bohrlochabschnitt als sehr ge-
ring permeabel (effektive Permeabilität < 20 µD). Die hydraulischen Vortests lieferten keine 
Anzeichen für einen signifikanten Wasserleiter (Störung oder Kluftzone) in oder der Umge-
bung des unverrohrten Bohrlochabschnitts.      
 
2. Der „Stimulationsdruck“ war unerwartet hoch und erreichte bei einer Fließrate von ca. 50 
l/s das technische Limit von 300 bar.  
 
3. In der 370 m langen offenen Bohrlochstrecke wurde im Wesentlichen nur eine „Struktur“, 
vermutlich eine Störung und ein zur Störung gehörender Riss aktiviert bzw. ausgebreitet.  
 
4. Diese „Struktur“ streicht NW-SE, steht annähernd vertikal und hat nur eine geringe Mäch-
tigkeit. 
 
5. Die Größe der stimulierten „Struktur“ entspricht in Bezug auf das injizierte Volumen den 
Erfahrungen in Soultz. Dasselbe gilt für die Anzahl der seismischen Ereignisse.     
 
6. Das hydraulische Leitvermögen der stimulierten Struktur dürfte, obwohl noch nicht gemes-
sen, für den Betrieb bei weitem noch nicht ausreichen. 
 
7. Die Magnitude der seismischen Ereignisse war bis zu einer Fließrate von 30 l/s und einem 
Volumen von ca. 5000 m³ durchwegs kleiner als 2.   
 
 
Problem 
 
Die Erzeugung eines ausreichend großen und hydraulisch ausreichend leitfähigen Wärmetau-
schers in der unverrohrten Bohrlochstrecke der Bohrung Basel 1 erfordert beim jetzigen 
Kenntnisstand Fließraten zwischen 200 und 300 l/s und ein Flüssigkeitsvolumen von mindes-
tens 50.000 m³. Dies ist unter den gegebenen technischen Limitierungen nicht realisierbar und 
seismisch zu riskant.  
 
 
Empfehlung 
 
Basel braucht ein geändertes Konzept. Das folgende Multiriss-Konzept erscheint Erfolg ver-
sprechend: 



 
Abteufen der Bohrung Basel 2 als Richtbohrung, wobei der untere Abschnitt der Bohrung mit 
ca. 30 ° Neigung nach SW gebohrt werden sollte. Die Bohrung wird bis auf einen kurzen Ab-
schnitt an der Sohle durchgehend verrohrt und zementiert. Im offenen Bohrlochabschnitt und 
in höher gelegenen Perforationstrecken wird jeweils ein hydraulischer Riss mit ca. 400 m Ra-
dius erzeugt. Die Fließrate und das Volumen sollten bei jedem einzelnen Tests 30 l/s bzw. 
5000 m³ nicht überschreiten. Auf diese Weise sollte etwa ein Dutzend Risse geschaffen wer-
den. Das Bohrgerät wird anschließend auf die Bohrung Basel 1 zurückgesetzt und die Boh-
rung im unteren Teil in ähnlicher Weise wie die Bohrung Basel 2 angelenkt, um die Risse an 
ihrer Peripherie zu durchörtern. Für die Komplettierung dieser Bohrung muss noch ein Kon-
zept entwickelt werden, bzw. wird der abgelenkte Abschnitt unverrohrt gelassen. Die Steue-
rung der Fließraten durch die einzelnen Risse während des Betriebs sollte in der verrohrten 
Injektionsbohrung Basel 2 erfolgen. Dasselbe Konzept kann auch realisiert werden, in dem 
zuerst die Bohrung Basel 1 teilverfüllt und in ihrem unterem Abschnitt nach SW ablenkt wird. 
Die Risserzeugung erfolgt dann in der Bohrung Basel 1 und Basel 2 wird dann gerichtet in die 
Peripherie der Risse gebohrt.          
Die Erzeugung der Rissflächen ist mit Fließraten und Flüssigkeitsvolumina möglich, wie sie 
in der Anfangsphase des abgelaufenen Wasserfrac-Tests angewandt wurden. In dieser Phase 
wurden nur schwache seismische Ereignisse registriert, so dass das Risiko eines stärkeren 
Bebens, wie in der Schlussphase des abgelaufenen Tests, nahezu ausgeschlossen werden 
kann. 
 
 
Begründung für die Empfehlung 
 
Der in der Bohrung Basel 1 ausgeführte Wasserfrac-Test ist als Erkundung der Fracbarkeit 
des Gebirges zu werten. Da die Geologie und vor allem die Beträge der Gebirgsspannungen 
am Standort Basel vor dem Niederbringen der Bohrung nicht ausreichend bekannt waren, 
waren sichere Prognosen über den Frac-Druck, den Rissausbreitungsmechanismus, die Riss-
ausbreitungsrichtung und die Stärke der induzierten Seismizität nicht möglich, wenn auch mit 
Recht vermutet werden konnte, dass keine Schadensbeben durch die Wasserinjektion ausge-
löst werden würden.  
Der im Dezember ausgeführte Wasserfrac-Test lieferte außerordentlich wertvolles Beobach-
tungsmaterial, mit dessen Hilfe nun der Wärmetauscher im kristallinen Untergrund wesentlich 
zuverlässiger geplant und realisiert werden kann. Der Test hat gezeigt, dass das vom Projekt 
Soultz übernommene Konzept, durch massive Wasserinjektion in langen unverrohrten Bohr-
lochabschnitten ein weit verzweigtes Rissystem zu erzeugen bzw. aufzuweiten, nicht realis-
tisch ist. Bei allen bisher durchgeführten Experimenten dieser Art hat sich gezeigt, dass durch 
die Wasserinjektion im Wesentlichen nur eine Einzelstruktur (Riss oder Störung) aktiviert 
bzw. erzeugt wird. Eine solche Einzelstruktur ist thermisch weit weniger effektiv als ein ver-
zweigtes Rissystem, da ein wesentlich kleineres Gebirgsvolumen thermisch erschlossen wird 
und nur mit sehr großen Bohrlochabständen (größer 1 km) lässt sich eine ausreichende Nut-
zungsdauer erreichen. Die Beobachtungen aus Soultz, die wegen der begrenzten Aussage-
schärfe der mikroseismischen Ortungsmethode lange Zeit nicht so klar interpretierbar waren, 
werden durch den Test in der Bohrung Basel 1 eindeutig bestätigt, obwohl durch die Art der 
Testausführung in Basel (behutsame, stufenweise Erhöhung der Fließrate zu Beginn der Was-
serinjektion) das äußerste getan wurde, um möglichst viele Risse von der Bohrung aus zu ak-
tivieren.  Da in Soultz eine Bohrlochtriplette bereits besteht, gibt es dort nur noch einge-
schränkte Möglichkeiten zu einer Korrektur des Konzeptes. In Basel dagegen sind noch alle 
Möglichkeiten gegeben, erstmals ein im vollen Wortsinn „Engineered Geothermal System“ zu 
erstellen und zu nutzen. Die natürlichen Bedingungen in Basel, vor allem die unerwartet star-



ke induzierte Seismizität lassen kaum eine andere Wahl. Dies gilt ebenso für weite Teile des 
Oberrheingrabens in Deutschland und in Frankreich, sobald man in den für die Stromerzeu-
gung besonders interessanten Tiefenbereich unterhalb 4 km vorstößt. Basel könnte mit dem 
Wechsel zu diesem neuen Konzept eine Pilotfunktion für den gesamten Oberrheingraben ü-
bernehmen. Ein Aufgeben des Projekts Basel würde sich dagegen auch für die deutsche und 
die französische Hot-Dry-Rock-Entwicklung sehr negativ auswirken.     
 
 
Noch abzuklärende Fragen 
 
Vor dem Entscheid über das geänderte Konzept sollten vor allem folgende Fragestellungen 
untersucht  werden: 
 

1. Charakterisierung der in der Bohrung Basel 1 aktivierten Struktur. Hierzu sind u.a. 
UBI-Bohrlochmessungen erforderlich.   

2. Bestimmung der hydraulischen Eigenschaften der aktivierten Struktur. Hierzu sind In-
jektions- bzw. Auslauftests mit geringen Fließraten notwendig, die nach den Erfah-
rungen in Soultz keine Seismizität auslösen werden.   

3. Analyse der hydraulischen Beobachtungsdaten zur Charakterisierung der aktivierten 
Struktur und zur Klärung des „Rissausbreitungsmechanismus“.         

4. Analyse der induzierten Seismizität hinsichtlich der Ursachen für das Auftreten der 
starken seismischen Ereignisse zum Versuchsende und Entwicklung entsprechender 
Modellvorstellungen. 

5. Numerische Modellrechnungen zur Bestimmung der thermischen Nutzungsdauer eines 
Multi-Risssystems und Erarbeitung von Auslegungskriterien auf der Basis dieser Er-
gebnisse. 
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Expert Opinion 

To whom it may concern 

General comments and reflections arising from the meeting on 18th December. 

The 3.4 earthquake of 8/12/2006 was almost certainly induced by injection operations. 

It occurred as a consequence of injection  operations conducted to create the geothermal reservoir.  The procedures 
adopted by Geothermal Explorers were routine, and not in themselves especially provocative.  Quite the contrary:  
the procedures adopted deviated substantially from the recommendations of the scientific steering board inasmuch as 
the injection was less aggressive that recommended.  On the basis of the proximity of the nucleation point of the M 
3.4 event from the injection interval, it seems to me that the earthquake probably would have occurred for any 
injection program that stood a reasonable chance of achieving the reservoir creation objectives.  Geothermal Explorers 
cannot be considered to have conducted the stimulation operation in a reckless manner.   

The reservoir as it stands is too small.  In my opinion, further large-volume  injections of fluid into Basel 1  at 
pressures approaching the highest attained in the previous simulation will be needed to extend the reservoir 
significantly. These injections may well result in further events of magnitude 3.4.  Larger events also cannot be ruled 
out, although on the basis of the world-wide experience at other deep fluid injection sites, events large enough to 
produce damaging earthquakes (tentatively taken as M>4.5 on the basis of J.. Bommer's statements) are unlikely. 

The project is suffering from an absence of scientific input., particularly with regard to hydraulics and rock mechanics  
The interpretation of the response of the rock mass to the injection informs us of the way forward, and is important.  
This interpretation appears to be being driven or at least heavily influenced by a very small group of individuals, 
some of whom have little or no experience in the hydromechanical behaviour of fractured crystalline rock masses.  It 
should be emphasised that few things are 'clear' about the interpretation of hydraulic test data in such rock masses.  
We are in the realm of hypothesis and theory, and rarely 'confirmed' fact.  I found the explanations of the data 
advanced at the meeting to be presented with alarming certitude, and unconvincing in several important respects.  
That there should be different interpretations of the same dataset is not surprising, and I criticise no one for voicing 
their opinion, whether or not I agree with it.  However, it is in the interests of the project to bring all viable 
interpretations of the data to light.  A broader range of expert opinions as to what the available data tells us should 
be secured.  
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Response to questions posed by investors and authorities 

Was the flow rate and/or injection pressure too high?  The flow rate and peak pressure were not too high.  
Injection pressures at other sites often exceed the maxima attained in the Basel 1 stimulation.  Soultz and the 
Japanese site at Hijiori are exceptions.   

Were there alternatives?  There are always alternative ways of attempting to create a reservoir.  In the current 
situation, the question is, can the objectives of reservoir creation be met with a different injection program that 
reduces the risk of inducing a .large event.  I believe not.  My opinion is that the proposal advanced by B. Worrall 
of stimulating with low rate injections would lead to a much larger volume of rock becoming hydraulically disturbed 
before substantial reservoir creation has taken place.  In my view, this increases the likelihood that the expanding 
zone of significant pore pressure increase will reach a 'sensitive spot' on a structure within the rock mass that is 
already prepared for coherent failure  on scales of several hundred meters or more, thereby increasing the  seismic risk.  
This is the physical explanation of the observation that long-term, low-rate injections of say waste injection wells 
have the potential to generate larger events than the short-term injections associated with the EGS reservoir creation 
phase.  It was also the physical basis of the scientific steering committee's recommendation in March 2006 that the 
injection pressure should be raised to close to 'fracture pressure' as quickly as possible without compromising well 
integrity.  It should also be reduced as quickly as possible once the microseismic cloud has attained the requisite 
dimensions. The idea of 'tickling' the reservoir  with low-pressure injections is unlikely to lead to significant 
progress in creating a commercially-viable reservoir.   

Can the reservoir qualities be addressed with the present data?  No.  It is essential to determine the hydraulic 
impedance characteristics of the well by conducting a further series of low-pressure step-rate tests.  Ideally, this 
should also involve cleaning out the well so that flow logs can be run to determine the location of the producing 
fractures, and a temperature log of course before the start of injection. 

It would also be of interest to run a further UBI log to see what changes have taken place as a consequence of the 
injection.  It may be possible to see the  dislocation associated with the fault that slipped in the 3.4 event, although 
it is far from certain whether this cuts the borehole. 

There is much that could be done in analysing the existing data, particularly with regard to determining the precise 
geometry of the stimulated volume.  Geothermal Explorers appear to lack the manpower and the expertise to guide 
this endeavour. 

Can the probability of a damaging earthquake be predicted?: I largely agree with the view expressed by J. 
Bommer that damaging earthquakes at shallow depth have magnitudes of 4.5 or greater, and are unlikely to be 
triggered, although that possibility cannot be ruled out.  The only basis available to make such a prediction is 
through examination of the experience at other sites where comparable operations have been undertaken.  Here one 
must distinguish between short-time stimulation injections at EGS plants, and long-term injection operations into 
waste disposal wells.  The latter are generally considered to be more dangerous since the absence of venting or 
circulation can lead to the fluid pressure building up and spreading over an ever-increasing rock volume.  To date 
there have been deep (i.e. >2 km) stimulation operations at five EGS sites located in widely different geological and 
tectonic situations.  The maximum event size recorded has been 3.7 (Cooper Basin project).  The injection pressure 
in some of these stimulations has reached 700 bar.  On the basis of this, admittedly limited dataset, one can propose 
that the risk of inducing a damaging earthquake is small. 

An important question is what magnitude of event constitutes the damage threshold for Basel city and its and 
environs?  This can and should be addressed through ground response modelling using the seismic data collected to 
date as input. 
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Was an event of magnitude 3.4 (natural or triggered) to be expected?  This is the second-largest event size 
observed in world-wide EGS operations to date, and as such it is unusually large.  Consequently, it cannot be 
considered as 'expected', although since events up to 3.7 have been observed elsewhere, there are grounds to consider 
it possible. 

What is the threshold of a damaging event:   

Why was the M 3.4 event perceived that strongly?  In part this was because people were not made aware of the 
possible effects of the large events associated with the injections (i.e. a short, sharp thumps with possible sounds). 

What measures can be taken assuming similar events would occur again?  Prepare the public by hiring reputable 
public relations firm.  I agree with Prof. Bommer that honesty is a necessary condition to secure public tolerance of 
earthquake disturbances (whether it is a sufficient condition remains to be seen).  Without the perceived backing of 
the public, it is hard to see how the project can continue.  The traffic light system is a rational approach to hazard 
control that, if presented correctly, can be readily understood by the public at large.  It can and should be explained 
in simple terms though newspaper articles. 

I consider that the traffic-light system in force during the Basel 1 stimulation was appropriately calibrated in the 
sense that the operational responses to the various magnitude thresholds were sensible for a first injection into an 
unknown reservoir.  I think the system worked well.  However, now that the potential for inducing 2.5 or larger 
events is known, this calibration should be reassessed.  From a reservoir engineering viewpoint, a shut-down in 
operations when a 2.5 event occurs will quite possibly prohibit the creation of a commercially-viable reservoir.  Such 
event sizes are probable during re-stimulation. However, it remains to be seen whether the public and their political 
representatives can be persuaded to allow a relaxation of the response.  Quite possibly they will demand a more 
conservative response. 

What are the consequences to this project of applying such measures?  see previous point. 

How can we communicate the benefit and risk of our technology?  Hire a public relations firm to devise a 
strategy. 

 

 

Keith F. Evans 

Zürich, 19.12.2006. 
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Statements regarding some of the questions posed at the experts meeting in 
Pratteln, 2006/12/18 
 
 
 
Question 4: Can the probability of a damaging earthquake be predicted? 
 
There are two aspects to this question: 

a) What is the probability of inducing an event above a given magnitude within the directly 
stimulated rock volume and with fault dimensions on the order of the dimensions of this 
volume?  Based on statistical recurrence models to be calibrated with the newly acquired 
data, it should be possible to quantify such probabilities and their uncertainties. It is also 
conceivable that such procedures could be applied in realtime to a future stimulation phase. 

b) What is the probability of a larger pre-stressed fault intersecting the directly stimulated rock 
volume or what is the probability of the injected water and corresponding pressure 
perturbation hitting a pre-stressed fault outside the directly stimulated rock volume? Again, 
this question can only be answered in probabilistic terms. However, to do so with useful 
uncertainties, it is necessary to have a better structural model, that includes possible fault 
locations in the crystalline basement, and physical models to give rational bounds on 
magnitude as well as time/distance characteristics of the expanding pressure perturbation. 

 
 
Question 5: Was an event of M3.4 (natural or triggered) to be expected? 
 
Based on the expected total number of seismic events and statistical relations between small and 
large events (Gutenberg-Richter relation) as well as the physical dimensions of the stimulated rock 
volume, a magnitude 3.4 event is to be expected and the occurrence of even larger events can not 
be excluded. 
 
 
Question 7: Why was the M 3.4 event perceived that strongly? 
 
The answer to this question requires a detailed analysis of the recorded ground motions and of the 
collected macroseismic reports. 
 
 
Question 8: What measures can be taken assuming similar events would occur again? 
 
It is necessary to define and implement a comprehensive public information strategy, which must 
go far beyond simple public relations. To regain public support, it will be necessary to communicate 
the benefits and risks of this technology in the context of a nationwide energy policy and in relation 
to other technological risks currently accepted by our society. 
 
 
 
N. Deichmann, 2006/12/23 
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       To Geothermal Explorers Ltd 
 

 

Statement on the questions discussed at the DHM Basel Workshop 
in Pratteln, December 18, 2006 
 

Introduction 
The workshop held at Geothermal Explorers Ltd. on December 18, 2006, was entirely 
followed by the undersigned. 

As far as he could judge, the measures required by an increased seismic activity triggered by 
the hydraulic stimulation were correctly taken, according to the document “Massnahmen zur 
Ueberwachung und Kontrolle induzierter Seismizität und Erschütterungen”. 

The first phase of the hydraulic stimulation was realised by the project team, with the 
techniques experienced at the other EGS projects, especially having in mind the case of 
Soultz. 

During the workshop, without reaching a consensus, long discussions took place between 
the seismo-hydraulic scientists on the most efficient ways to stimulate the reservoir with the 
minimum risk of triggering earthquakes. Similar discussions were held several times during 
scientific workshops concerning the Soultz project. 

 

Comments to the questions list 
We shall try to reply to some of the questions and to comment the topics arising, according to 
our competence. 

 

Question 2. Were there alternatives ? 
Hydraulic stimulation using pure Rhine water could have been accompanied by some other 
fluids, such as brines, to augment density and/or chemical compounds dedicated to specific 
mineral dissolution and transport. However, it should be said that a chemical stimulation 
programme should be based on the knowledge of the rock mineralogy, especially the 
secondary minerals filling partially or totally the fractures, which are until now still unknown. 
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Question 3. Can the reservoir qualities be assessed with the present set of data ? 
In terms of hydraulics and seismics, as well as stress field and reservoir development, a lot 
of characterization can and should be worked on right now, due to the careful and complete 
monitoring realized by the project team. 

In terms of geology, mineralogy, fluid chemistry and fluid-rock interaction, we are still blind, 
as far as we understand. It is urgent to acquire these data as soon as possible to help the 
building of a first conceptual model of the reservoir, linking all methods at hand. According to 
R. Jung, bilinear flow could be observed, meaning that fluid flows into the fractures and 
matrix. This behaviour should be confirmed by geological and mineralogical interpretation. 

As the workshop was focused on the M 3.4 seismic event and on the seismic risk of future 
stimulation, the experts were not fully informed about the state of the borehole, especially the 
openhole section, at the end of the drilling phase, after logging, casing and cementation. 
How the drilling mud was removed, to what extent drilling mud and cuttings were lost, etc.? 
These operations could influence the state of the borehole walls but this was not discussed, 
or maybe considered as clear and not significant. Is the project team sure that some drilling 
mud and or cement debris are not partially filling the two main fractured zones and increasing 
their impedance ? Finally, the blockage due to rock fallouts (?) or pieces of cement (?) below 
the casing shoe was not considered as a limitation to flow, but what about the hydraulic 
losses at high injection rates ? 

 

Question 10. What are your future recommendations for further action ? 
In case the project team proposes a soft hydraulic stimulation, we suggest to envisage 
simultaneously or as one of the operation step, one or several chemical stimulations. 
However, a careful planning cannot be prepared before to know the fracture composition. 
Chemical stimulation has been performed since decades in oil and gas wells. Less 
experiences has been acquired in geothermal wells but successful operations are realised 
throughout the high temperature fields. Within the framework of the Co-ordination Action 
ENGINE, reservoir stimulation is one of the key task. Since we are involved in this project 
with DHMA, the CREGE is preparing a report entitled “Review of the chemical stimulation 
techniques in oil & gas and applications to geothermal wells”. This report will be available in 
some time in January 2007. Interestingly, Schlumberger and BJ Services have both 
developed specific operational schemes to chemically stimulate sandstone reservoirs, which 
can be considered as approaching the characteristics of fractured granite. 

Some thoughts should be given to other techniques, which could help to understand the 
reservoir behaviour and building a conceptual model: sidewall coring, logging tools giving the 
composition of specific chemical species, as well as tracing the injected stimulation fluid. 
These techniques are documented in oil & gas experiments or in EGS projects.  

We recommend that Basel-1 well can keep its artesian production as long as possible, to be 
able to collect at the wellhead the most representative formation fluid. We had the 
opportunity during the workshop to check partial analyses from fluid samples of the last days, 
after venting of about 4’000 m3. Surprisingly, the analyses of the main dissolved chemical 
species in the fluid show already a relatively saline fluid (> 10 g/l) mostly formed by Na-Cl, 
certainly evolving towards a more saline fluid. However, it is too early to decipher the origin 
of these dissolved minerals: active deep convective flow within the Rhine graben, linking the 
sedimentary aquifers with the crystalline basement, or dissolution of secondary evaporites 
and/or dilution of connate waters. Anyway, a careful monitoring of the fluid evolution is 
necessary and reaching a plateau phase, analyses have to be executed and compared to 
existing regional deep aquifers. One or two real good and complete chemical and isotopic 
analyses from fluids and gases collected at the wellhead should bring a wealth of information 
concerning the reservoir size and behaviour: connection to the sedimentary aquifers, 
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calculated deep maximum temperature cold be higher than the measured temperature, 
indicating a deeper circulation. 

 

Question 11. How can we communicate the benefit and risk of our technology ? 
It is important to organize a communication programme, linked to different channels, not only 
the one of Geopower-Basel. The canton, if strongly supporting the DHM project should be 
involved in short-, middle- and long-term actions to promote the project and favor the public 
acceptance. This communication should be active at different levels: very local (drilling site), 
canton (population and administration services), country (OFEN, media), the neighbouring 
countries (authorities and ongoing projects). 

This communication plan should also integrate the Energie-Schweiz (Suisse-énergie) 
programme for the long-term information. We had the experience of the 2001-2005 period, 
showing the progressive beneficial effects of this information and promotion programme to 
give a positive image of geothermal energy in Switzerland. Due to information materials, 
exhibitions, conferences and other events, the general understanding of geothermal energy 
by the different circles, not limited to the large public, really improved in five years. A second 
5-year period has started in 2006 with new tasks and objectives, but the DHM project should 
benefit from this programme. 

 

General recommendation 
We recommend that the project can continue, on the basis of its general goal, namely to 
create and to exploit an EGS reservoir in the crystalline basement at a depth sufficient to 
convert heat into power. However, an event of the type and magnitude of the earthquake 
experienced on December 8 should not occur again. This will imply a new stimulation 
concept and maybe a new design of the second well. 

 

 

 

Dr. François-D. Vuataz 

 

Director of the CREGE 



Initial comments to the seismic event questions 
 
Bob Hopkirk, Polydynamics Engineering, Männedorf 
20. Dec. 2006 
 
 
Questions about the seismic events themselves 
 
It is fair to put these questions together. The occurrence events of some sort 
was expected, but the occurrence of an event of any given size could not have 
been predicted before the stimulation.  Certainly one as large as M 3.4 was not 
expected and neither it, nor any damaging event could have been predicted. 
However, due to the stimulation itself, a sample population of very local events 
has now become available. This could be used to develop a magnitude-
frequency relationship, but even then the result must be treated with very great 
caution. One reason is the changing scale of the stimulated volume relative to 
the scale of the local pre-existing spatial distribution (i.e. within the volume of 
the stimulation!) of relevant features in the host rock. Another is due to the fact 
that some of the fluid transfer and flow path openings do really seem to occur 
aseismically. 
 
Again, the natural earthquakes around Basel occur at a different, usually much 
greater depth compared with the ca. 5 km of the stimulated volume and 
occurring on very much larger fault planes. The rock and its temperature, 
pressure and stress environments were not known. Those in the 10 to 30 km 
depth range of the majority of the natural events are also unknown, but are very 
probably rather different from those at 5 km. Thus the frequency of occurrence 
of events of any specific size can scarcely be translated from the natural to the 
very local man-induced variety.  
 
The damaging effect of an earthquake is not simply a function of magnitude, but 
of the resulting intensity of motion, which it causes at the surface and the 
foundation, build-type and quality of the buildings and other objects – i.e. the 
soil-structure interaction. Of course the amount of strain or moment energy 
released and the source mechanism are vital components, but the path 
travelled by the pressure and shear waves from the source to the surface is 
generally critical too. A strong amplification tends to take place in some of the 
sedimentary layers. 
 
The motions resulting from the stimulation-induced events, because of their 
short travel distance to the surface and the small areas of fissure opening at 
any one time, will be essentially short and sharp. There is not much opportunity 
for the wave energy to diffuse into a longer signal at the surface, but the 
amplitude magnification through the sedimentary layers can take place. This 
gives a very short vibratory signal more easily felt than that from a stronger, but 
more distant event whose wave train has diffused. 
 
The Basel region is subjected frequently to natural earthquakes, some of similar 
order of magnitude to and some greater than those generated by the BS1 
stimulations A few of these latter events were felt acutely, but had less damage 



potential than the natural events. The question arises of whether natural events 
could be triggered by the artificially induced movements. The answer is that we 
cannot say. It is possible, but highly improbable. 
 
This text was written before the meeting of 18th December, and results from my 
own early experience with earthquake engineering and with mathematical 
studies using stochastic considerations and statistics.  
 
I add here a brief set of answers to the revised list of questions, most of which 
is mentioned in the above text: 
 
5. Could an event of M 3.4 have been expected? 
 
 Events could be expected, but not of this size 
 
6. What is the threshold of a damaging earthquake? 
 
 Surface intensities starting at V (annoying small breakages) or rather VI, 

generated usually by events of Richter Magnitude 4.5 to 5 are good 
assumptions. This is at least an order of magnitude of energy release more 
than experienced. 

 
4. Can the probability of a damaging earthquake be predicted? 
 
 No, not from any available, relevant database. 
 
7. Why was the event of M 3.4 perceived so strongly? 
 
 Because of the position of the event and the type of signal generated 
 
8. What measures can be taken assuming similar events can occur again? 
 
 The probability of a similar range of events occurring again is high. No 

technical measures can be taken in the local site conditions to reduce their 
size, except to return as closely as possible to the original stimulation plan.   

  
 Let us therefore devote (sufficiently large!) time and money budgets to long 

and careful education of the investors, the authorities, the politicians, the 
police and the local population. 

 The idea is to make the layman understand what is happening, by means of 
presentations, discussion meetings, info.-sheets, regulated publications in 
the press (if possible) or television. 

 In addition to increasing understanding of the events, the locals in Basel 
should be helped to realize that they are winning an energy source having 
certain benefits. 

 Everybody in the immediate region ideally should be involved in the future 
of their energy supply, should be made as enthusiastic as possible, 
involved in and proud of their city’s initiative. 

 



 This sounds very idealistic, but with very professional help preferably from 
PR, Marketing or Corporate Image consultants of international repute (not 
just the guy round the corner!), I believe it to be a most useful move. 

 
If this public awareness exercise can be pulled through, its result would be 
infinitely more useful than the numerous poorly based solutions, which were 
proposed yesterday. 
 
   
 
Questions about the stimulation procedure 
 
1. Was the injection flow rate or pressure too high? 
 
No. The flow rate was too low for too long. This was the result of unclear 
thinking. The flow rate or pressure will not avoid the events, which occur, when 
a section of a plane of weakness reaches failure. Thus enough water must flow 
to this zone and achieve the necessary fracture wall/rock deformation and 
lubrication with relief of closing pressure.  This must happen sooner or later, 
when the pressure build-up in that feature reaches the critical level for 
extending shear fracture. It does not make any difference to the size of the 
event, whether it happens slightly sooner or later. Of course the events would 
have occurred at times closer to each other at higher flow rates and sooner. 
 
2. Were there alternatives? 
 
Yes. Measure the minimum principal stress in the formation, make use of this 
information and return as closely as possible to the original plan discussed, 
limiting the maximum pressure to an agreed level, principally to protect well and 
wellhead. Why was this not pursued with due enquiry during the stimulation? 
 
3. Can the reservoir qualities be assessed with the present data set? 
 
Not really. Some interesting information can be extracted from the packet of 
measured parameters, but not enough to really characterize the reservoir. 
Exactly what can be extracted is the subject of further study of the data. It is 
dangerous and irresponsible to publicise the information before radical 
discussion. One thing appears to be that the stimulated zone at first sight 
seems to have migrated upwards, which is basically undesirable. 
 
Questions about the future 
 
9. What are the consequences of applying such measures? 
 
 It will need time, so to win time without ever-increasing costs and no 

progress, it will be necessary to start drilling BS2. This will of course require 
the planning of its trajectory 

 
10.What are your recommendations for further action in the future? 
 



 Start a slower and more critical data analysis. Clean out the first hole. Test 
and log it again, comparing the first set of results. Look well at the UBI and 
eventually a resistance log at the same time. Decide on the trajectory of the 
second hole and drill it. It must cross the line of maximum stress somewhere. 
There is much discussion required here.  

 
11.How can we communicate the benefit and risk of our technology? 
 
 See first the answer to question 8. The action must start here. 
 
 
 











   

Comments to 'Basel-1 Provisional test program' proposed by F. Ladner on      
28. 04.06 

 
Keith Evans (Keith Evans Consulting and ETH-Zürich) 

 
NOTE: KE comments are in italic text 
 
For the stimulation program, I have considered 3 different scenarios: 
Scenario 1- A well fractured reservoir means that the open hole section is intersected at regular 
intervals by fractures and joints. In such a case starting with a quite high injection rate would be 
appropriate. 
 
Scenario 2- A tight reservoir means that practically no conductive features exist in the open hole 
section. In that case starting with a low flow rate is recommended. 
  
Scenario 3- One highly conductive fracture means that all injection is taken by this structure and 
that we are not able to build up the pressure. I think in that case further operation must be carried 
out to seal the fracture before a hydraulic stimulation can be applied. Are there any other options? 
Given the pump power at your disposal, I think it unlikely that you will be unable to build pressure.  
You are better equipped to meet this contingency that any project that has gone before.  Thus, I 
regard this scenario is improbable. 
 
A critical point for us now is to know if the pump capacity of max. 1.6 l/s at 299 bar is high 
enough to carry out the Pre-Stimulation Characterization. 
Whether the pump is large enough depends primarily upon the transmissivity of the well.  Analysis 
of the instantaneous mud flow rate balance (rate-in minus rate-out) and the annulus over-/under-
pressure should provide a real-time estimate of the transmissivity.  That will be for the 'whole well' 
transmissivity (i.e. the borehole section below the conductor casing), so you will need to correct to 
obtain a semi-quantitative sense of the transmissivity of the eventual open-hole section.  Unless 
these results clearly indicate that 1.6 l/s will be sufficient, I recommend that you take steps to 
ensure that a higher-rate pump is available on site.  I doubt that you will need more than 3.2 l/s.  If 
the results from the mud-logging are unclear or non-existent, then you should have a larger pump 
available in case it is needed. If the cement pumps can deliver a flow rate as low as 3.2 l/s, then 
they would be a possibility provided they have a reasonably smooth action. 
 
Other comments on the proposed program 
Slug test:  This is more usually called a pulse test where the pressure is raised by a short pump (the 
term 'slug test' is usually reserved for the same type of test performed on open wells with free water 
levels).  If you conduct this test, I recommend that you keep the downhole pressure sensor 
stationary near the bottom of the casing shoe throughout the test.  Moving the sonde will lead to 
disturbance of the test, particularly at the lubricator where there will probably be leakage of fluid 
that is not measured.  This test is wholly transient in nature, and the analysis will benefit from 
maintaining a clean record throughout its duration.  The program indicates that there will be 
production logging during this test. I seem to recall Bob Worral saying in the meeting that the pre-
stimulation tests will be conducted through tubing before the cement is cleaned out of the hole, and 
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hence it will not be possible to run spinner logs in the open-hole section to find out where the 
permeable zones are located.  If this rather undesirable situation has changed, then the spinner is 
best run over the open-hole section in the 'low-rate' injection test that is to follow.  
I am not convinced this test is needed.  At best, it will provide information about the compressibility 
of the well (wellbore storage), and the near-wellbore transmissivity, but these are also probed by 
the low-rate injection test that follows.  Arguably, the pulse test will give a better estimate of 
wellbore storage, but the price will be high.  I thought that it would be possible to pressurise the 
casing a little following the cementing of the casing when a plug of cement will stay at the bottom.  
This will give a much better estimate of wellbore storage (after it has been corrected for the 300 m 
of open hole below).  It may also be useful for anticipating the flow rates to be used in the lo-rate 
step-injection test.  However, the transmissivity estimates from the mud logging may be adequate 
for that purpose.  
 
Low-rate injection test: If this is the Solexperts triplex pump, then the maximum pressure is 200 
bar (not 299 bar as given in your e-mail).  It is essential to mobilize it with the frequency controller 
that Solexperts have (or used to have).  Otherwise the pump can only be operated at 0.8 and 1.6 l/s.   
A total of 22 hours has been allocated for this test.  That would mean three 5 hour periods of 
constant flow rate followed by a 7 hour shut-in.  The shut-in is a very valuable hydraulic test and 
should be given longer than the rest.  It is probable that steady-state conditions will not be reached 
after the 5 hours injection periods, particularly if there are fracture zones with a high capacity.  
The flow rates should be chosen on the basis of the mud logging information defined above.  If it is 
now possible to run logs in the open hole section, then a spinner log should be run during this test 
to determine the flow profile (the best time is just before a step-change in injection rate when 
conditions are closest to steady-state and the disturbance on the test records is minimal).  Also, a 
temperature log should be run just after shut-in, or even better, during a small production phase 
following shut-in (only low rates of 1 l/s are needed).  However, if the open hole remains 
inaccessible to production logging, then a downhole pressure sensor should be run-in to just above 
the cement. 
 
Heavy brine: If I understand correctly, you plan to fill the lowermost 350 m of the well with a 
heavy brine and then start the stimulation at between 10 and 30 l/s.  The lowermost 350 m has a 
volume of 16.3 m3 (300 m of 9-7-8 inch open hole and 50 m of 7-5/8 inch ID casing). At rates of 10 
and 30 l/s the brine will be flushed in 27 and 9 minutes of pump time respectively.  These times need 
some qualification since the calculations assume that all the flow exits at the hole bottom, thereby 
efficiently flushing the brine.  If some flow leaves higher up, as is likely, then the brine will hang 
around the bottom of the well somewhat longer.  This positive qualification to the 9-27 minute 
flush-time estimate is offset by the fact that the lower the brine top drops, the smaller becomes the 
pressure excess at the hole bottom arising from the brine (i.e. the excess over the pressure that 
would prevail were the fluid to be Rhine water).  Since it is pressure that does the stimulating, the 
implication is that you have to raise the pressure to stimulation levels rather quickly (a few minutes 
for the 30 l/s case) if the brine is to have any effect.  This poses the question - what pressure are we 
aiming for and what flow rates do we need to get there?  In my view, this needs some discussion.  
Rock mechanics tells me that the pressure should be raised as high as possible as quickly as 
possible in order to derive benefit from the brine.  But there are drawbacks to ramping up quickly 
100 l/s, not least because the brine disappears in a few minutes.  The strategy and objectives of this 
brine pad need to be defined before I can comment further. 
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Constant-rate stimulation injection:  I do not like the proposed 10 l/s steps for scenario 1 (i.e. 
low initial well transmissivity).  If you start at 10 l/s, it will take 10 days for the injection rate to be 
stepped to 100 l/s.  This is far to long and I recommend you abandon this plan.  The 30 l/s steps 
make more sense to me since then it will take 3 days to reach 90 l/s.  But what is the purpose of the 
steps? If it is because you want to see the pressure response to the different flow levels, then I agree 
it is useful.  The response to the three 30 l/s steps would tell us quite a lot more about what we are 
doing to the reservoir that simply ramping pressure up to 100 l/s and holding it there.  We would be 
conducting a hydrotest under stimulation conditions, and I think it is worth the extra time it takes to 
deliver the requisite fluid volume.  That raised the question of how we know when we have injected 
enough fluid volume. 
The provisional injection volume for the 30 l/s step case is given as 56,160 m3 which implies an 
injection  duration of 7.7 days (1 d @ 30 l/s, 1 d @ 60 l/s, 1 d @ 90 l/s, 4.7 d @ 100 l/s.)  I think 
this is a reasonable plan.  However, as I said in the meeting, a better strategy is to decide on the 
well spacing, and stop injection once the seismicity tells you that the zone of intense stimulation has 
extended to just beyond the planned location of the second well.  Stimulation much beyond this 
point is unlikely to have a major impact on the reservoir performance, but runs the risk of 
triggering troublesome seismic events.  This is because the volume of the disturbance grows as the 
cube of the radius, and hence the likelihood of the expanding damage front touching a 'sensitive' 
point in the rock mass also increases dramatically as the damage front extends.  To implement this 
methodology for deciding when to stop the pumps we need a measure of stimulation.  Stimulation is 
to some degree (arguably a useful degree) the hydraulic expression of mechanical work, and 
seismic moment release1 is the best measure of work done in the reservoir that we have access to.  
Seismic moment (or the derived quantity, magnitude) will be estimated in real time for seismic 
hazard assessment purposes, at least for the larger events.  If this were done for all events over say 
magnitude 0, then it would be a relatively simple matter to compute the cumulative seismic moment 
release on elements of a 3-D grid encompassing the reservoir in real time.  Dividing these values by 
the grid element volumes give the seismic moment release density, which indicate where and to 
what degree significant seismic energy release (and by inference, work done and stimulation) has 
taken place.  This would provide a scientific basis of deciding the question, 'when do we need to 
stop injection?, and would break new ground for HDR reservoir development. 
It is not clear from the program whether it is planned to run temperature logs during the shut, or 
even better, during a short period of low-rate venting following shut-in.  Such data essential to 
identify minor flow fractures, and is often useful for the precise identification of major flowing 
fractures (it is often unclear from spinner logs which fracture is producing).  These are important 
steps in trying to understand the details of the rock mass response to the stimulation injection. 
 
Post-stimulation characterisation test The only comment I have is to consider using steps of 10 
l/s, 20 l/s and 30 l/s.  If possible, a rate of 50 l/s should be tried since this is the hoped for 
circulation rate.  I think it is worth doing this test over a longer period of time than the 5 days 
allotted, although this would require the mobilisation of large pumps if the rig is not to remain on 
the well.  Given the cost per day of the rig, would it not make economic sense to move the rig before 
this test, thereby saving the 5 days.   

                                                      
1 The seismic moment, M0 of an event is equal to M0 =  µ x d x A, where µ is the shear modulus, d is the 
mean slip, and A is the slip area.  It is also given by M0 = ES x µ / τa where ES is the seismic energy release, 
and τa is the apparent stress.  M0 can be estimated from the waveform of an event, as can τa although with 
much more difficulty. 
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Planning stimulation of  Basel 1 
 
Some remarks to clear up possible misunderstandings 
 
 
 
In our discussions during the past month, it seems to me that certain ideas have not 
come over quite clearly. I am sorry if this is the case and will try to clear up what is 
meant under the following two headings: 
 
 
 
1:  Pumping hard (!)
 
The idea of pumping hard is twofold: first, it is seen empirically, that if one stimulates 
at a substantially higher flow rate than that planned for operational circulation of the 
system, then the planned flow rate can probably be more readily achieved. 
 
Secondly, it is desirable to keep the Damage Front moving as fast as possible. This is 
so that it is not left behind by the pressure signal front, which diffuses out in all 
directions, including along dead end flow paths in the fracture network – the majority 
of fracture planes in such a network do not and cannot be made to join up to create a 
through flow pathway. The inflated host rock volume outside that region which will 
be the heat supplier to the future heat exchanger is rather irrelevant. If it can be kept 
as small as possible and can be kept under overpressure for as short a time as possible, 
the probability of occurrence of surprise large seismic movements is reduced. 
 
Especially if the drilling can be made in an under-balanced mode, the chance of 
drilling-induced fractures occurring on the borehole wall is reduced. We have 
underlined the importance of starting injection at very low flow rates, in order to 
establish the conditions of departure and to observe where water is transferred. During 
this phase also, uncontrolled cracking must not happen. The main stimulation 
injection rate too, should increase slowly at first, allowing potential flow-carrying 
fractures to start taking water. Starting the main injection suddenly at a high pressure 
in the borehole brings with it the risk of axial fracture generation in the same way as 
can arise from drilling or from using too much pressure in packers. If this occurs 
during stimulation, there is a danger of the fracturing continuing upwards past the 
casing shoe, which is undesirable. However I believe the “ramping up” time does not 
have to be more than about two days at an absolute maximum. 
 
As soon as acoustic signals start to be recorded, one can afford to accelerate the rate 
of pressure increase in the near field. It is when the online location and evaluation of 
the activity shows an outwards progression from the near field of the well that the 
pump rate needs to be increased to maintain the rate of propagation of the activity 
zone in its preferred direction. The flow rate should thereafter be increased as 
necessary to maintain the pressure needed for fracture failure zone propagation at the 
Damage Front – thus compensating for pressure drop between borehole and this point.  
 
It is of course very important to have enough pump capacity available to be able to 
pump at high enough rates. That is to say, if 100 l/s is the design circulating rate, one 
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should be prepared to pump at up to ca. 200 l/s. I am not saying that one must pump at 
that rate, but that one must be prepared to do so, if necessary! The final decision on 
what to do will have to be made at stimulation time, more or less online. 
 
Of course in the first well on the site, one doesn’t know at first what is the preferred 
direction of propagation. This will gradually become apparent. 
 
The success of this whole technique does depend on the micro-seismic monitoring 
system, both hardware and software being able to guarantee accuracy and speed of 
evaluation. 
 
 
 
2: Selective stimulation
 
The aim of the stimulation process is to create the maximum amount of hydraulically 
activated heat exchange area. 
 
In the future, I am convinced that practically only selective stimulation will be used. 
At present, we are constrained to trying to stimulate as many potential flow paths as 
possible along the length of open hole. The tricks to consider are: 
 
Using a denser, or less dense, fluid during the early phases of stimulation, where 
evaluation of the borehole wall logs for vertical trends in stress tensor development 
indicate that this is useful, to ensure that all potential water bearing pathways have the 
same chance of being stimulated. There is always a risk that only the first (uppermost) 
intersecting potential flow path will be stimulated, whereas there are always a few 
degrees extra source temperature to find if the deepest part of the well can also be 
activated. This trick can already be applied within limits. 
 
Temporarily blocking off one over-dominant flow path, so that the others have a 
chance of being activated with some reversible means – local injection of a viscous 
gel or a cement or use of a collar. The collar (is this the right word for a short length 
of casing?) could ideally be used also to block off the producing end of a flow path, 
which needs “inflating” to increase its active heat exchange area and flow cross-
section. There are obviously developments necessary here. 
 
Focussed or dual injection to join up two wells is a selective stimulation of a specific 
rock volume rather than of a specific feature. The effect of two pressure sources is to 
focus useful stress changes into the area between the wells. This has been shown 
theoretically and practically to be possible. Initially it seems that the technique might 
best be used only after a local stimulation in each of the two wells has taken place. In 
this case there is a better chance of several flow paths being started at each well and 
being joined up. This is definitely worth considering and carefully trying. 
 
These are the main points, which occur to me at present. I hope they help. 

Bob Hopkirk, Männedorf, 26-04-2006 
 



   

Von: Jung, Reinhard [mailto:Reinhard.Jung@gga-hannover.de]  
Gesendet: Dienstag, 2. Mai 2006 12:50 
An: Florentin Ladner 
Betreff: AW: Hydraulic Stimulation 
 
Dear Florentin Ladner, 
Thank you for sending the attachments. I have the following remarks on this: 
  
Pre-Stimulation: 1.6 l/s might not be enough. This depends very much on the hydraulic properties of the 
rock. Therefore a pump filling the gap between the Sol-Expert pump and the rig pumps should be on site 
already for this test. Bob Warrall and I contacted HPS with this respect. HPS has pumps available for this 
range of flowrate (approximately 2 - 8 l/s, the pumps we have ordered from HPS might not be ready in time). 
The flowrate of the pre-stimulation tests should be selected so that for each flowrate the pressure is raised 
by about 20 bars. The maximum flowrate should be as high as the flowrate of the first step in the stimulation 
test (for well fractured reservoir). 
  
Stimulation Program: I think we don´t have to distinguish between well fractured reservoir and tight reservoir. 
The reservoir will be fractured and the question is only: Do we want to stimulate these fractures or do we 
want to create artificial fractures. This I can not decide. My advice is: try to stimulate existing fractures. In 
doing so we shouldn´t start with 10 l/s and increase in steps of 10 l/s. Instead we should start with the 
maximum flowrate applied during the pre-stimulatin tests and increase the flowrate in steps quite 
moderately. When we observe, that we have reached the jacking pressure we can proceed with bigger 
steps. To start with satured brine will do no harm, but I don´t see too much sense in it.  
In case that there is already a highly conductive fracture in the openhole we would know at the start of 
stimulation whether we are able to reach jacking pressure with the pump capacity on site or not. If the pump 
capacity is too low we are close to or are already at the target and we might not need stimulation. If sealing 
of this main feature is envisaged the sealing should be removable after the stimulation. 
  
Best wishes  
Reinhard Jung    
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