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Global	  Energy	  Use:	  	  
Where	  will	  future	  energy	  come	  from?	  
	  
	  



  Unconventional oil is 5-X more abundant than conventional oil 
 
 In	  2010	  the	  USGS	  doubled	  its	  es@mate	  of	  “technically	  
recoverable”	  heavy	  oil	  in	  the	  Orinoco	  to	  513	  billion	  barrels.	  	  	  
Saudi	  Arabia	  has	  264	  billion	  barrels	  of	  oil	  reserves.	  



Unconventional gas is booming, too.	  



Dan	  River	  
Basin	  

Deep	  River	  
Basin	  





Diverse Views (to put it mildly) 



Some objectives of our research at Duke: 
 

1)  Stray-gas forensics 

2)  Evaluate the quality and fate of fracturing fluids and waste 
waters: 

  What are the salinity, toxicity, and radioactivity variations 
 of produced waters in shale gas basins across the U.S.?  

 
3)  Establish geochemical and isotopic tools for tracing gases, 

fracturing fluids, and produced waters in the environment: 
  Using geochemical tools such as chemical and isotopic 

 fingerprints. 
 
4) Greenhouse gas footprint of energy production 
 

 Build predictive frameworks for where problems may occur 
  and help solve those problems. 

 
  

 

 



Oil and Gas Wells and the Middle Devonian 
Marcellus Formation 

Pennsylvania	  Dept	  of	  Env.	  Protec@on	  







e.g., C, H, O, B, Sr isotopes 
 
Radionuclides (Ra, U, Pb) 

Some	  Analy@cal	  Capabili@es	  	  
	   	  	  



18	  

Warner	  et	  al.	  2012	  PNAS	  

Shallow	  Groundwater	  Samples	  
Previous	  Studies	  This	  Study	  

Digital	  Eleva7on	  Model	  
(meters)	  

Natural	  brine	  migra@on	  pathways	  versus	  contamina@on	  from	  drilling	  
~430	  shallow	  groundwater	  samples	  (160	  of	  ours,	  270	  historical);	  
65	  new	  samples	  for	  deeper	  brines	  



New	  Paper	  for	  PA,	  Warner	  et	  al.	  2012	  Proc	  Nat	  Acad	  Sci.	  USA	  

No	  evidence	  for	  contamina@on	  of	  brines	  or	  metals	  from	  deep	  
forma@on	  waters	  associated	  with	  shale-‐gas	  extrac@ons.	  However,	  
the	  paper	  shows	  evidence	  for	  a	  minority	  of	  homeowners	  (~15%)	  
whose	  water	  appears	  similar	  to	  deep	  Marcellus-‐like	  water.	  



No	  Evidence	  for	  Brines	  or	  Fracturing	  Fluids,	  but	  Methane	  
Concentra@ons	  in	  Drinking	  Water	  Were	  Higher	  Near	  Gas	  Wells	  

Osborn	  et	  al.	  	  
2011 	  PNAS	  &	  
more	  samples	  



Higher	  ethane	  concentra@ons	  are	  even	  harder	  to	  explain…	  



Further	  Evidence	  for	  
Thermogenic	  Source	  



As	  inert	  geochemical	  tracers,	  noble	  gases	  	  
provide	  addi@onal	  informa@on	  



What	  is	  the	  Mechanism	  of	  Gas	  Migra@on?	  

Scientific American, 11/11 



Extensive	  Stray	  Gas	  Events	  Associated	  with	  Oil	  and	  Gas	  
Wells	  in	  PA	  Over	  the	  Last	  Decade 

PA	  Dept	  of	  Env.	  Protec@on	  



Some	  of	  its	  changes	  (including	  recommenda@ons	  from	  	  
	   	  Jackson	  et	  al.	  2011):	  

1)	  Restrict	  drilling	  within	  1000	  e	  of	  a	  public	  water	  supply.	  
2)	  Double	  the	  distance	  from	  250	  feet	  to	  500	  feet	  to	  separate	  

	  a	  gas	  well	  from	  a	  private	  water	  well,	  
3)	  Extend	  a	  well	  operator's	  presump@ve	  liability	  for	  pollu@on	  	  
	   	  or	  water	  loss	  from	  1,000	  feet	  to	  2,500	  feet.	  

	  

February,	  2012	  



Baseline	  groundwater	  sampling	  in	  NC	  with	  USGS	  and	  DENR	  



Op-‐Ed	  in	  Raleigh	  News	  &	  Observer	  and	  
Charloge	  Observer,	  7/11;	  (Jackson	  &	  
Osborn	  2011).	  	  Follow-‐ups	  in	  Raleigh	  N&O,	  
3/12	  (Jackson	  and	  Holman);	  Adair	  et	  al.	  
2012	  Duke	  Env	  Law	  &	  Policy	  Forum	  

How	  Are	  Pigs	  and	  Drilling	  Rigs	  Alike?	  

Some	  of	  our	  shale	  gas	  recommenda@ons	  for	  North	  Carolina:	  
	  
1)  Collect	  extensive	  pre-‐drilling	  data	  on	  water	  and	  air	  quality.	  
2) 	  Use	  aggressive	  zoning	  and	  setbacks	  to	  protect	  property	  owners.	  	  
3) 	  Plan	  for	  large	  water	  withdrawals	  and	  wastewater	  disposal	  now.	  	  
4) 	  Require	  full	  disclosure	  of	  the	  chemicals	  in	  fracturing	  fluids.	  	  	  
5)  Make	  sure	  fees	  cover	  long-‐term	  costs	  for	  monitoring.	  
6)  Provide	  landowners	  with	  beger	  informa@on.	  	  



	  New	  Policy	  Paper:	  2012	  Duke	  Environmental	  Law	  and	  	  
Policy	  Forum	  22:257-‐301.	  
	  



Some Additional Public Concerns 

•  Water for hydraulic fracturing, 3-5M gallons per well 
•  Drinking-water quality 
•  Disposal of produced waters (salinity – 10-times sea 

 water, bromide, arsenic, barium, radioactivity, 
 hydrocarbon residuals) 

•  Air quality and greenhouse gas interactions   
•  Earthquakes from hydraulic fracturing and disposal 
 
	  



One	  of	  the	  biggest	  concerns	  for	  the	  public	  is	  
organics	  from	  fracturing	  fluids	  in	  drinking	  water.	  
It	  will	  take	  @me	  and,	  likely,	  new	  test	  wells,	  to	  
confirm	  (or	  refute)	  the	  presence	  of	  contamina@on	  
documented	  by	  EPA	  scien@sts.	  

Photo:	  Wikipedia	  
	  Commons	  	  

Pavillion, 
Wyoming 
	  



•  Deep inject for underground disposal (illegal in NC) 

•  Spray on lands (some states permit this – bad idea) 
•  Haul to a municipal wastewater treatment plant (no!) 

•  Haul to a commercial wastewater treatment facility  

•  Reuse for a future fracturing job with or without 
treatment (kudos to industry here). 

Management of produced water  



Air Quality and Health  
Interactions 

On-site Workers 
 
Compressor Stations 

Drilling & Well  
Completions 

Holding Ponds 
 
Winter Ozone 
Formation 



State	  of	  the	  Union	  2012	  

Natural	  Gas	  as	  a	  “Bridge	  Fuel”	  



Howarth	  et	  al.	  2011	  Clima@c	  

Howarth	  et	  al:	  Greenhouse	  gas	  balance	  of	  shale	  gas	  
	   	  	  



Where	  are	  some	  of	  the	  uncertain@es:	  
	  
1)  Time	  Scale	  (20	  years	  or	  100	  years)	  and	  global	  

	  warming	  poten@al	  
	  
2)	  Losses	  during	  drilling	  and	  comple@on	  (CH4	  

	  vented	  or	  captured/burned?)	  
	  
3)	  Losses	  during	  transmission	  
	  
4)	  Average	  gas	  produc@on	  from	  each	  well	  (i.e.,	  

	  the	  denominator…)	  
	  
	  



New	  data	  from	  Colorado	  show	  higher	  emissions	  	  
than	  expected	  and	  possible	  health	  effects.	  We	  need	  

@me	  to	  see	  how	  general	  this	  result	  is	  (or	  isn’t).	  

Petron	  et	  al.	  2012	  



Methane	  losses	  from	  pipelines	  and	  pads	  (w/	  Boston	  Univ.)	  



The	  MA	  State	  House	  



A	  closer	  look	  at	  CH4	  leaks	  in	  Boston	  



Boston	  overall	  

Red	  =	  roads	  driven;	  Yellow	  =	  leaks 	  	  	  	  	  	  	  Phillips	  et	  al.	  2013	  Env	  Pollu@on	  



Some	  Quick	  Responses	  

Congressman	  Ed	  Markey,	  MA	  7th	  District	  
“This	  study	  shows	  that	  we	  need	  a	  plan	  to	  ensure	  leaks	  from	  aging	  natural	  gas	  	  
pipelines	  in	  Boston	  and	  other	  ci@es	  and	  communi@es	  are	  repaired,	  so	  that	  we	  can	  	  
conserve	  this	  important	  natural	  resource,	  protect	  the	  consumers	  from	  paying	  for	  	  
gas	  that	  they	  don't	  even	  use,	  and	  prevent	  emissions	  of	  greenhouse	  gases	  into	  the	  	  
environment,”	  Markey	  wrote	  in	  a	  leger	  to	  the	  Pipeline	  and	  Hazardous	  Materials	  	  
Safety	  Administra@on.	  
	  
Boston	  Globe	  Editorial	  Page:	  
“A	  recent	  study	  found	  3,300	  gas	  leaks	  just	  in	  Boston.	  U@li@es	  fix	  leaks	  they	  know	  	  
about,	  but	  many	  go	  unno@ced.	  In	  the	  Commonwealth	  as	  a	  whole,	  the	  rate	  of	  “lost	  
and	  unaccounted	  for”	  gas	  was	  more	  than	  twice	  the	  na@onal	  average	  in	  2010.”	  	  

Boston	  Mayor	  Tom	  Menino	  
Mayor	  Thomas	  Menino	  has	  wrigen	  a	  strongly	  worded	  leger	  to	  the	  state	  	  
Department	  of	  Public	  U@li@es	  urging	  its	  chairwoman	  to	  step	  up	  scru@ny	  of	  u@li@es	  
following	  a	  story	  in	  today’s	  Globe	  about	  more	  than	  3,300	  natural	  gas	  leaks	  from	  the	  
vast	  pipeline	  system	  under	  Boston.	  



Isotopic	  Fingerprin@ng	  of	  the	  Gas	  



Heavier	  Gases	  Such	  as	  Ethane	  and	  Propane	  Are	  Useful,	  Too	  



Methane	  and	  Ethane	  Vary	  Together	  Over	  Boston…	  



in	  Ra@os	  Consistent	  With	  Pipeline	  Concentra@ons	  



Take-Home Messages for the Leaks Work: 

1)  There is an immediate opportunity to tighten the natural 
gas supply chain, aligning financial incentives to do so. 

 
2)  Many justifications exist for fixing the leaks.  Pick yours: 

Consumer safety, human health, air quality, money, 
climate change. 

 
3)  We’ve called for a national campaign to map every city in 

the country, moving internationally as well. 
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Where	  Will	  Our	  Energy	  Come	  From?	  
	  
	  


