
	  



Introduc)on	  

•  Focus:	  Dynamical	  Systems	  (Lagrangian)	  methods	  for	  tracking	  and	  mi;ga;on	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  of	  oil,	  gas,	  and	  subsurface	  bacterial	  popula;ons.	  
•  A	  method	  for	  detec;on	  of	  ellip;c	  and	  hyperbolic	  zones	  in	  complex	  ocean	  	  flows.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  -‐enables	  robust	  predic;on	  of	  oil	  slick	  evolu;on	  	  
•  A	  study	  of	  the	  fate	  of	  deep-‐sea	  gas	  irrup;on	  and	  associated	  bacterial	  bloom.	  
	  	  	  	  	  (with	  D.	  Valen;ne	  et	  al)	  
•  A	  method	  for	  op;mal	  deployment	  of	  clean-‐up	  vehicles	  based	  on	  prior	  modeled	  

knowledge	  of	  oil	  slick	  distribu;on.	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  



Lagrangian	  Approach	  

•  Model:	  the	  HYbrid	  
Coordinate	  Ocean	  Model	  
(HYCOM).	  	  

•  The	  HYCOM	  uses	  
isopycnal	  coordinates	  in	  
the	  deep	  stra;fied	  ocean,	  
pressure	  coordinates	  in	  
unstra;fied	  regions	  
including	  the	  mixed	  layer,	  
and	  terrain-‐following	  
coordinates	  in	  shallow	  
coastal	  regions.	  

•  The	  simula;ons	  have	  20	  
layers	  in	  the	  ver;cal	  
1/25deg	  (	  4	  km)	  
horizontal	  resolu;on	  and	  
are	  forced	  with	  6-‐hourly	  
Navy	  Opera;onal	  Global	  
Atmospheric	  Predic;on	  
System	  (NOGAPS)	  winds	  	  
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-‐Look	  for	  robust,	  hyperbolic	  structures	  
Indica;ng:	  
-‐  convergence,	  	  
-‐  divergence	  and	  
-‐  mixing	  



Mesohyperbolicity	  
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Mesohyperbolicity	  



Mixing	  in	  flows	  with	  simple	  ;me-‐dependence	  



Finite-‐Time	  Dynamics	  



Gulf	  Oil	  Spill	  Predic;on	  

Analysis	  based	  on	  

Hyperbolic	  behavior	  
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(With	  P.	  Hogan	  –	  ONR	  Stennis	  
	  	  	  	  	  	  	  	  	  	  	  V.	  Fonoberov	  –	  Aimdyn,	  
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Deep	  Water	  Bacterial	  Popula;on	  

•  Model:	  the	  HYbrid	  Coordinate	  Ocean	  
Model	  (HYCOM)	  hydrodynamic	  model	  

	  	  	  	  	  	  	  	  	  +	  
	  	  	  	  	  	  mass	  ac;on	  chemical	  reac;on	  model	  
	  	  	  	  	  	  	  	  	  +	  
	  	  	  	  	  	  backward-‐forward	  Lagrangian	  par;cle	  

evolu;on.	  	  
•  Primary	  and	  secondary	  hydrocarbon	  

consumers	  
•  Primary:	  1/3	  biomass+1/3	  CO2	  +	  1/3	  

secondary	  chemical	  compound	  
•  Secondary:	  ½	  biomass	  +1/2	  cO2	  
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OMTs Affiliation Function

-- -- Pre-spill background 
Community
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Eth�’, Pro�’, Alk1�’ �–
8�’, Oil1�’ �– 4�’

Colwellia, 
Oceanospirillales

Secondary degraders

Oil1 �– Oil4 Oceanospirillales Oil degraders 
(droplets)

Alk1 �– Alk8 Oceanospirillales Degraders of C4+ 
dissolved alkanes

Btx1 �– 5, Btx1�’ �– 5�’,
Aro1 �– 6, Aro1�’ �– 6�’

Cycloclasticus Aromatic HC 
degraders

Pro Colwellia Propanotrophs

Eth Colwellia Ethanotrophs

Met�’ Methylophaga, 
Methylophilaceae

Methylotrophs

Met Methylococcaceae Methanotrophs

Autoinnocula;on	  
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Experiments	  vs.	  Model	  

Observa;ons	  by	  Kessler	  et	  al,	  Camilli,	  et	  al,	  Diercks	  et	  al,	  Joye	  et	  al,	  Valen;ne	  et	  al,	  Hazen	  et	  al.	  	  	  	  
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Op;mal	  Coverage	  (Clean-‐up)	  



Control	  for	  Coverage	  



Conclusions	  
•  Lagrangian	  analysis	  indicated	  robust	  stretching	  and	  mixing	  events,	  providing	  a	  

new	  tool	  for	  understanding	  the	  fate	  of	  ocean	  pollutants.	  
•  The	  concept	  of	  mesohyperbolicity	  can	  be	  used	  to	  derive	  an	  effec;ve	  diffusivity	  

tensor.	  The	  resul;ng	  anisotropic	  diffusion	  simula;on	  correctly	  predicts	  the	  
evolu;on	  and	  provides	  an	  advantage	  over	  currently	  used	  tools	  where	  only	  
diagonal	  diffusion	  terms	  are	  used,	  severely	  impairing	  predic;on.	  

•  A	  coupled	  physical-‐biological	  model	  of	  ;me-‐evolu;on	  of	  underwater	  bacterial	  
popula;ons	  was	  developed	  

•  The	  Lagrangian-‐based	  simula;on	  accounted	  for	  26	  primary	  and	  26	  secondary	  
bacterial	  consumers	  of	  chemical	  compounds	  associated	  with	  the	  spill.	  An	  
equivalent	  Eulerian	  effort	  would	  amount	  to	  solving	  52	  par;al	  differen;al	  
equa;ons.	  

•  The	  strong	  role	  of	  mixing	  indicated	  in	  the	  autoinnocula;on	  phenomenon.	  
•  A	  method	  for	  op;mal	  deployment	  of	  clean-‐up	  vehicles	  based	  on	  prior	  modeled	  

knowledge	  of	  oil	  slick	  distribu;on	  was	  developed.	  Ocean	  ROOMBA?	  
•  Thanks	  to	  ONR	  for	  funding!	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  


