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•  What is the unconventional gas (UG) 
and hydraulic fracturing (fracking) ? 

 
•  Developments in Indonesia 
 
•  Chemicals used and released - what we 

know and what we don’t 
 
•  Air pollution from UG  
 
•  Managing UG wastes  
 
•  Methane leaks, is UG climate friendly ? 
 
•  Impacts on human health  
 
•  References & resources  
	  



What	  is	  the	  unconven=onal	  gas	  and	  fracking	  ?	  
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Shale gas:  in shale 2,000 metres below 
ground, hydraulically fractured to release gas, 
need 7.7 - 38 megalitres/ML H20 
 
Coal bed methane/Coal seam gas: adsorbed 
into coal, 800-1200 metres, depressurised by 
pumping the water out, as pressure declines 
about 40% wells fracked, need 0.2 - 1.3 ML H20 
 
Tight gas: in sandstone/limestone, acidisation, 
fracked	  
 
Hydraulic fracturing (fracking/HF)  
injecting wells at high pressure with water, 
proppants, radioactive tracers, chemical 
additives to fracture the formation & produce  
new cracks to help extract gas 



Unconven=onal	  Gas	  Developments	  in	  Indonesia	  
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Indonesian government promoting CBM & shale gas 
•  estimates 1500 - 2500 Trillion Cubic Feet (tcf)  
  

Coal Bed Methane (CBM) 
South & Central Sumatra, East Kalimantan 
 
Shale gas 
•  4 projects produce commercial gas 2018  
•  2013 another 2 shale gas production 

agreements in North Sumatra  
 
Tight gas  
•  North & South Sumatra, East Kalimantan, 

Java 
  
Australian companies 
•  Lion Energy Ltd, Dart Energy, Santos   
  
	  



unconventional gas and indonesia 
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unconventional gas and indonesia 
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UNEP	  Unconven=onal	  Gas	  
Global	  Alert	  2012	  
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‘UG may have unavoidable 
environmental impacts. Some 
risks result if the technology 
is not used adequately but 
others will occur despite  

proper use of technology.’ 
 

 climate, water 
contamination 
air pollution 
public health 
biodiversity 

 



8 

 
Chemicals	  used	  in	  unconven=onal	  gas	  

Shale  15 to 100 tonnes per frack 
CBM 18 tonnes, up to 40% not recovered 
 
•  carcinogens, neurotoxins, sensitisers, 

reprotoxins, endocrine disruptors (Kassotis 2014) 

•  ‘some dangerous at concentrations near or 
below chemical detection limits’  (State Uni. of New 
York 2011) 

 
Caesium 137: borehole logging, measure flows 
Proppants : silica based products / polymers  

•  50 - 3,000 tonnes 
 

Drilling fluids: corrosion inhibitors, lubricants, defoamers 

Fracking fluids:  friction reducers, surfactants 

•  0.5-2.0% chemical additive 
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American Chemical Society :  65/190  ‘hardly any 
toxicity information’  34 no toxicity data, 8 toxic to 
mammals   
 
EU Commission: unassessed interactions and 
mixtures eg chlorocarbons, organobromides  

    (Maguire-Boyle 2014) 

Chemical	  secrets,	  data	  gaps	  &	  mishaps	  
  

Inadequate environmental fate & ecotox data 
 
Trade secrets: eg fluorinated surfactants & 
tracers with persistent toxic break down 
products 
 
Unknown impacts of accidents, well failures, 
blowouts, leaks, spills	  



Air	  Pollu=on	  From	  Unconven=onal	  Gas	  
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‘	  
UG gasfields & infrastructure emit a wide 
range of air pollutants  
•  NOX  VOCs  CO  SO2  PM  BTEX 
•  Synergy of PM & air pollutants 
 
USEPA   
•  UG air toxics can cause cancer, 

neurological problems, birth defects 
•  large industrial emitter of volatile organic 

compounds (VOCs)  
 
 
Sources: compressors, machinery, drill rigs, 
vehicles, dehydration units, water treatment, 
flaring, venting, fugitive emissions 

World Health Organisation declares                
outdoor air pollution carcinogenic 2013  
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Volatile organic compounds        1,167,744 kg   
•  some carcinogens, neurotoxins, EDCs, liver, kidney  

Oxides of Nitrogen          6,154,570 kg                              
•  respiratory / lung damage, heart conditions  
   
Carbon monoxide               849,157 kg                                  
•  poisonous if inhaled 
  
Particulate Matter                   30,823 kg     
•  respiratory problems, cancer, synergise air toxics  
 
Ethylene glycol         18,520 kg   
•  irritate eyes, nose & throat, respiratory toxicant 
 
Sulfur dioxide - respiratory illness, heart conditions  
Methanol - CNS depression, headache, dizziness 
Phenol, Cadmium, Lead compounds 

Air	  Pollu=on	  from	  a	  Santos	  Gasfield  

SANTOS Fairview Gasfield 2012-13 Report  
to Australia’s National Pollutant Inventory  



Exposure	  to	  Radioac=ve	  substances	  
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Radium in drinking water - lymphoma, bone 
cancer, leukemia  
 
Radon inhaled - lung cancer, leukemia 

WHO ‘no safe level of exposure’ 
 
Remobilised via drilling, fracking, waste water, 
earthworks 
•   3 fold increase in radon inside gas field      

    (Tait et al 2013) 
 
Relocated via PM, resuspension, wastewater 
•  particle fallout & washout from rain 
•  pathways to domestic gardens & water 

tanks 

Naturally occurring radioactive materials (NORMS)   
in CBM & shale deposits dependent on age & salinity 
eg thorium, uranium, radon 
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UG	  Wastes	  and	  Contamina=on	  
 
Wastewater - heavy metals, BTEX, NORMs 
•  storage ponds, partial treatment & release 
 
Wastes - salts, treatment condensates,  
•  drilling muds - heavy metals, hydrocarbons 
  
Spills leaks eg ‘Santos coal seam gas project 
contaminates aquifer’ with Uranium 
 
Well integrity - approx 7% failure rate  
 

Benzene, Toluene, Ethylbenzene, Xylene  
•  BTEX in Australian water bores 
 
‘Drawdown of ground water heads within 
coal  seam gas aquifers is an unavoidable 
impact’   Santos GLNG 2009 

 



“…for the sake of having 
another 20 years of dirt 

cheap energy are we really 
going to put millions of 

years of evolution, of 
ecosystems, of ecosystem 

services at risk?” 
  

Achim Steiner  
Director, UNEP 2014 

 
 Unconven=onal	  Gas	  -‐	  climate	  friendly	  ?	  	  
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Methane	  -‐	  a	  potent	  Greenhouse	  Gas	   
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‘	  

Sources: pipe & valve leaks, venting, leaking 
wells, flaring, fugitive emissions, soil seepage 
 
 

 ‘3-fold increase in methane concentration 
inside gas field compared to outside with 
significant relationship with well numbers’  

 
Methane 6.89 ppm in gasfields  

<2ppm outside  
  (Tait et al 2013, Damien et al 2014) 

 
 

26/58 gas wells tested leak  
(Qld govt 2011)   

 
 
  

	  



Methane	  in	  drinking	  water	  

 Methane levels in water wells increase closer 
to gas-drilling sites (Jackson et al 2013) 

 
Methane in: 
•  Australian drinking water bores 
•  CBM Discharge water 68 X background levels 
•  Regional water supply Wallumbilla, Qld 2014 

Condamine River in Queenland’s 
gasfields bubbling methane   

along 5 kilometres 
 80% Lower Explosive Level 

http://www.dnrm.qld.gov.au/mining/coal-seam-gas  
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Toxic	  Air	  Pollutants	  around	  homes	  
near	  Australian	  CBM	  Gasfields	  

Tara Residential Estate, Queensland 
Air samples 2012-13 found wide range of toxic 
VOCs  eg, BTEX, phenol, acetone, benzene, 
toluene, vinyl acetate, naphthalene, methylene 
chloride  

Chlorofluorocarbons near gasfields 
•  CFC ozone depletors 
 
 
Residents Drinking Water Tanks  
•  lead, cadmium, aluminium, methylene 

chloride, NORMS, Caesium 137 
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Queensland	  Health	  Study	  

“some evidence that might 
associate some residents’ 
symptoms to exposures to 

airborne CSG 
contaminants” 

  Qld.Govt.Health Report 2013   
 

Six Tara families 
bought out by UG 

company 2014  
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Reported	  Health	  Impacts	  

Tara Community Survey 2013  
38 households / 113 people, 58% health affected 
•  skin & eye irritation, rashes, severe headaches, 

nose bleeds, chest pain / tightness, cough, joint 
pains, muscle pains & spasms, nausea & vomiting, 
paraesthesia               (MacCarron 2014) 

 
Similar symptoms in Pennsylvannia, Texas USA  

    (Earthworks 2012) 
 
Farm animals and pets also affected  

    (Bamberger et al 2012)  
 
US Risk Assessment    
•  living ≤1/2 mile of shale well gave higher risks for 

respiratory & neurological effects, excess lifetime 
cancer risk  

    (McKenzie et al 2012) 
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Intergenera=onal	  Equity	  
	  ‘Children	  are	  not	  li\le	  adults’….	  

 ’Children	  have	  special vulnerabilities to the 
toxic effects of chemicals…exposure at 

critical stages development may have severe 
long-term consequences for health’   WHO  

 

Proximity to well pads during pregnancy 
associated with low birth weight & 
increased incidence of congenital heart 
defects  & neural-tube defects 

     (Hill, 2012) (McKenzie et al 2014 ) 
 
 
 

        NSW State government 
introduces 2 kilometre exclusion zone 

around villages, suburbs, towns & 
agricultural infrastructure  
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Thank you for listening 
	  

the voice of reason 



22 

REFERENCES	  
•  UNEP Global Environmental Alert system Gas fracking: can we safely squeeze the rocks?

http://na.unep.net/api/geas/articles/getArticleHtmlWithArticleIDScript.php?article_id=93 
•  Chemical & Biological Risk Assessment for Natural Gas Extraction in New York. Ronald E. Bishop, Ph.D., CHO, 

Chemistry & Biochemistry Dept, State University of NY, Sustainable Otsego March 28, 2011. 
www.sustainableotsego.org/Risk 

•  Kassotis et al Estrogen and Androgen Receptor Activities of Hydraulic Fracturing Chemicals and Surface and Ground 
Water in a Drilling-Dense Region, Endocrinology 2014  http://www.endo.endojournals.org  

•  Lloyd-Smith, M.M & Senjen, Rye, Hydraulic Fracturing in Coal Seam Gas Mining: The Risks to Our Health, 
Communities, Environment & Climate, National Toxics Network Sept. 2011 www.ntn.org.au  

•  Stringfellow, W.T., et al. 2014 Characterizing compounds used in hydraulic fracturing: a necessary step for 
understanding environmental impacts. American Chemical Society conference, San Francisco. http://abstracts.acs.org / 

•  Maguire-Boyle & Barron, Organic compounds in produced waters from shale gas wells Environ. Sci.: Processes 
Impacts, 2014,16, 2237-2248 

•  Brown et al, Understanding exposure from natural gas drilling puts current air standards to the test, Rev Environ Health 
2014  

•  Tait et al, Enrichment of radon and carbon dioxide in the open atmosphere of an Australian coal seam gas field 
Environ. Sci. Technol. http://pubs.acs.org/doi/abs/10.1021/es304538g    

•  Maher et al , Mapping Methane and Carbon Dioxide Concentrations and δ13C Values in the Atmosphere of Two 
Australian Coal Seam Gas Fields, Water Air Soil Pollut (2014)   

•  http://www.epa.gov/region8/superfund/wy/pavillion/EPA_ReportOnPavillion_Dec-8-2011.pdf 
•  NIOSH Hazard Review, Health Effects of Occupational Exposure to Respirable Crystalline Silica. National Toxicology 

Program [2012]. Also See www.osha.gov/dts/hazardalerts/hydraulic_frac_hazard_alert.htm 
•  Investigation report, Leakage testing of coal seam gas wells in the Tara ‘rural residential estates’ vicinity, The State of 

Queensland, 2010. http://www.dnrm.qld.gov.au/__data/assets/pdf_file/0011/119675/tara-leakage-csg-wells.pdf   
•  Howarth RW, Santoro R, and Ingraffea A (2011). Methane and the greenhouse gas footprint of natural gas from shale 

formations. Climatic Change Letters, doi: 10.1007/s10584-011-0061-5 
•  Citizen Investigation of Toxic Air Pollution from Natural Gas Development July 2011, www.gcmonitor.org 
•  Mckenzie et al, Human health risk assessment of air emissions from development of unconventional natural gas 

resources. Science of the Total Env 2012 
•  MacCarron, G. Symptomatology of a gas field 2013 Unconventional Natural Gas Development: Economic Salvation or 

Looming Public Health Disaster? Australian and New Zealand Journal of Public Health 2014. 
•  Queensland Government’s Health Report, ‘Coal seam gas in the Tara region: Summary risk assessment of health 

complaints and environmental monitoring data, March 2013 
•  McKenzie et al., Birth Outcomes and Maternal Residential Proximity to Natural Gas Development in Rural Colorado, 

Environ Health Perspect 2014; DOI:10.1289/ehp.1306722 http://ehp.niehs.nih.gov/1306722/  
•  Hill, E. (2013). The impact of oil and gas development on infant health in colorado. Cornell Dyson School Working 

Paper  



23 

Examples	  of	  Toxic	  Chemicals	  used	  
in	  Fracking	  and	  Drilling	  fluids	  	  

Sodium Persulfate - sensitizer, rashes/eczema, irritate eyes, long-term 
exposure affect lung function 
2-Butoxyethanol - high doses reproductive problems, birth defects, red 
blood cells, high mobility, low degradation, contaminate aquifers 
Ethylene Glycol - irritate eyes, nose & throat, respiratory toxicant, 
increased risks of spontaneous abortion, birth defects in animals 
Methanol - CNS depression, headache, dizziness, nausea, lack of 
coordination 
Naphthalene - IARC ‘possible human carcinogen’, US ‘reasonably 
anticipated to be human carcinogen’, cataracts, workers’ urine  
Isopropanol - reprotoxin, CNS, degenerative brain changes in rats  
Glutaraldehyde - respiratory toxin, induced occupational asthma, 
mutagen 
Brominated biocides - irritants, sensitizers, very toxic to aquatic 
organisms 
Ethoxylated 4-nonylphenol - persistent, bioaccumulative, endocrine 
disruptor, breast cancer in mice, EU ‘very toxic to aquatic organisms’ 
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RESOURCES	  
NGO websites 
http://www.ntn.org.au    
http://www.lockthegate.org.au 
http://www.ipen.org  
 
http://www.npi.gov.au UG industry’s emission reports 
http://www.lockthegate.org.au/films Australian UG documentary, ‘Fractured Country’ 
http://frackmanthemovie.com The Frackman - movie about Australian farmer Dayne 
Pratzky taking on the giant gas mining corporations.  
http://www.youtube.com/watch?v=wCMcr27uAg4 ABC documentary, ‘Gas Rush’   
https://www.youtube.com/watch?v=PELxZ3K2o0c 60 Minutes Australia, ‘Fracking, 
The Coal Seam Gas Land Grab’ 
 
Health Impacts  
http://www.health.ny.gov/press/reports/docs/high_volume_hydraulic_fracturing.pdf  
http://concernedhealthny.org/wp-content/uploads/2014/07/CHPNY-Fracking-
Compendium.pdf 
http://endocrinedisruption.org  
http://www.ceh.org 
http://www.healthandenvironment.org 
http://www.env-health.org 
 
Well integrity 
https://www.youtube.com/watch?v=WJ0cBZxpghg Professor Ingraffea  
 
Campaigning 
http://www.ucsusa.org/sites/default/files/legacy/assets/documents/center-for-
science-and-democracy/fracking-informational-toolkit.pdf  


