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(James	  Bolander,	  Southwestern	  Energy)	  





Natural	  Gas	  Infrastructure	  

•  Obtain	  well-‐integrity	  data	  
from	  industry	  

•  Ultrasonic	  imagery	  
•  QuanFtaFve	  risk	  
assessment	  of	  “black	  
swan”	  events	  

•  QuanFtaFve	  assessment	  of	  
fracture	  migraFon	  
(modelled)	  



Water	  QuanEty	  

•  AlteraFons	  of	  groundwater	  flow	  
•  PorUolios	  of	  future	  water	  supply	  
•  ComparaFve	  assessments	  of	  regulaFons	  
•  Risk	  assessment	  
•  Hari	  Rajaram,	  Reagan	  Waskom,	  Kevin	  Doran,	  
Mark	  Williams	  



Discrete-‐Fracture	  Network	  and	  Matrix	  	  
Transport	  Models	  for	  Nevada	  Test	  Site	  	  
scale	  applicaFons,	  with	  ~	  1	  Billion	  	  
computaFonal	  nodes	  

PreferenFal	  high-‐flow	  channels	  and	  	  
dead-‐end	  fractures	  (right	  figure	  	  
zooms	  in	  to	  show	  parFcle	  traces	  in	  red)	  

Combine	  these	  cu^ng	  
edge	  computaFonal	  	  
tools	  with	  readily	  	  
accessible	  open-‐source	  	  
so_ware	  such	  as	  	  
NETL’s	  FRACGEN/	  
NFFLOW	  	  

Experience	  w/	  Contaminant	  
Transport	  



•  Past	  and	  present	  industry	  
partners:	  
•  Anadarko	  Petroleum	  

CorporaFon	  
•  Chevron	  
•  Marathon	  Oil	  Company	  
•  Petro-‐Canada	  Resource	  

(USA),	  Inc.	  
•  Pioneer	  Natural	  Resources	  
•  Pinnacle	  Gas	  Resources	  
•  Triangle	  Petroleum	  

CorporaFon	  
•  Bear	  Creek	  Services	  
•  CGRS	  Inc.	  

•  hdp://aqwatec.mines.edu/
produced_water/	  for	  more	  
informaFon	  

Sustainable	  Water	  Use	  and	  Reuse	  



Risk	  of	  Casing	  Faliure	  
(Reliability/StaFsFcal	  analysis	  based	  on	  well	  logging	  records	  

from	  Encana	  and	  COGCC)	  
	  

Risk	  of	  Induced	  “runaway”	  Fractures	  connecFng	  failed	  casing	  to	  	  
a	  drinking	  water	  aquifer	  

(Monte-‐Carlo	  simulaFons	  using	  Gopher,	  FracPro	  to	  generate	  
induced	  fracture	  networks,	  accounFng	  for	  heterogeneiFes	  in	  

rock	  properFes	  and	  in-‐situ	  stresses)	  
	  

Risk	  of	  contaminaFon	  of	  drinking	  water	  wells	  following	  gas/
fracking	  chemical	  	  discharge	  into	  a	  groundwater	  aquifer	  
(Monte-‐Carlo	  simulaFons	  using	  Groundwater	  flow	  and	  
transport	  codes	  –	  porous	  media	  and/or	  fractured	  rock,	  
accounFng	  for	  heterogeneous	  permeability	  fields	  and/or	  
stochasFc	  fracture	  network	  structure,	  and	  well	  locaFons)	  

	  

CumulaFve	  Risk	  of	  Groundwater	  ContaminaFon	  



Site	  1	  

Landscape/region:	  
socio-‐economic	  condiFon	  &	  trend	  

water	  quanFty	  &	  quality	  
wetland/stream	  condiFon	  

Site	  2:	  
land	  use	  type	  
farm/ranch	  
water	  quality	  

Site	  3	   ...	  

Land	  
owners	  

Oil	  and	  gas	  
industry	  

Local	  
governments	  

State/federal	  
regulators	  

Agent	  behavior	  
	   Economics/	  

Markets	  
Assessment	  and	  

forecast	  

Decision	  maker	  
(game	  player)	  

Social-‐Ecological	  System	  Modeling	  



ϕ

Risk	  

1/Value	  

OBJECTIVE	  SPACE	   DESIGN	  SPACE	  

Non-‐opFmal	  

Efficient	  FronEer	  

People	  

Scenarios	  

PlaUorms	  

S	  

OpFmal	  

Efficient	  FronEer	  
Pareto	  Front	  

•  OpFmal	  outcomes?	  
•  less	  risk	  ⇔	  less	  value;	  more	  value	  ⇔	  more	  risk	  
•  best	  event	  for	  a	  risk-‐value	  combinaFon	  

Social-‐Ecological	  System	  Model	  





Jana	  Milford	  (UCB)	  and	  Greg	  Brinkman	  (NREL)	  

How	  will	  our	  energy	  future	  	  
impact	  air	  quality?	  

Difference	  in	  O3	  concentraFon	  

Gaby	  Pétron	  (NOAA)	  

Emissions	  Measurements	   Air	  Quality	  &	  Energy	  Modeling	  

Mike	  Hannigan	  (UCB)	  

Ambient	  &	  Exposure	  
Measurements	  

Air	  Quality	  


