




AuScope monitoring of PetrathermÕs  
Paralana geothermal fracture stimulation. 



AGOS GNSS Galilee & Surat Basins Monitoring Network 



¥!2003 pre-AuScope: no internal deformation 
of Australian Continent to resolution of 
~2mm/yr 

¥!2013 post-AuScope: ~0.2mm/yr resolution 
witnesses post-seismic deformation in SE 
Australia following Macquarie Ridge 2004 
earthquake 

Tregoning et al. (in press) Tregoning et al. (2003) 
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realised.  
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¥!quantification of decompaction (uplift) with injection 

¥!quantification of stress path with extraction 

¥!AuScope infrastructure helping address above and 
related issues, future infrastructure should do more 

¥!research infrastructure not researcher infrastructure if 
key unknowns to be addressed 

¥!GoranÕs ÔpullÕ embedded in the system to leverage 
public-private synergies 

¥!large prize is at risk and needs science input 

¥!fraccing ÔinjectionsÕ rarely cause felt seismicity 
because they are relatively small volume (c.f. surface 
reservoir filling, oilfield depletion and secondary 
recovery, mining and waste disposal injection) 

¥!traffic light system offers effective monitoring of 
seismicity with injection 



¥!talk about fluids in the subsurface 
¥!what we know happens when we inject or withdraw 
fluids from the subsurface 

¥!what we donÕt know 
¥!how that links to AuScope infrastructure 
Above may be a very simple structure] 
¥!it is critically imp we know about such for 
¥!Extraction of coventional hcs (withdrawal and often 
includes injection water flooding), extraction of 
unconventional hcs , CSG and shale gas (injection for 
fraccing and withdrawal, CO2 sequest (inj), 
geothermal (injection for fraccing) 



Fluids, Fraccing & Faults from La Fenice to Future Infrastructu

See also notes on sheet and 
Insalah uplift image 
And venice satellite pic 

Subsidence with depletion and its (non?) reversibility: 
 oilfield (ekofisk), eff stress, venice, insalah (uplift and sub, compartment) 

Stress depletion and re-injection and seismicity 
 production induced seismicity (less common than) inj-induced 
 rocky mtn arsenal 
 Stress paths on depletion and re-inj 
 implications for limits to withdr 

Not focus on solutions but I will make a couple of comemnts 
 Emphasize no. of fracs without problems of seismicity or contamination 
 Seismicity: Traffic light system imp Ð seems plausible - does it work? Ð monitoring 
 Contamination:  turns out issue is is cementing 

What has Auscope /AGOS done 
 positioning, MT monitor, seismographs for passive seismic, stress measurements 
 results from Voc-SA stress transect 
 application to Collie hub and Qld project for CO2 sequest 

Doing good stuff É what we really need is real monitoring d ata 
Lot we know lot we donÕt know 



We compile published examples of induced earthquakes that have occurred since 
1929 that have magnitudes equal to or greater than 1.0. Of the 198 possible 
examples, magnitudes range up to 7.9. The potential causes and magnitudes are 
(a) mining (M 1.6 Ð 5.6);  
(b) oil and gas field depletion (M 1.0 Ð 7.3);  
(c) water injection for secondary oil recovery (M 1.9 Ð 5.1);  
(d) reservoir impoundment (M 2.0 Ð 7.9);  
(e) waste disposal (M 2.0 Ð 5.3);  
(f) academic research boreholes investigating induced seismicity and stress (M 2.8 
Ð 3.1);  
(g) solution mining (M 1.0 Ð 5.2);  
(h) geothermal operations (M 1.0 Ð 4.6) and  
(i) hydraulic fracturing for recovery of gas and oil from low-permeability 
sedimentary rocks (M 1.0 Ð 3.8). 

Frac stim very diff to large volume injections (Zoback ppaer) 
Traffic light system 
100s of 1000s of frac jobs 



¥!Mention the app being developed on real tiem 
seismicity and strain 
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