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IV. Major Outcome of Research:

Computing portals which will enable reservoir 
simulation and geophysical calculations to 
interact dynamically with the data and with each 
other and which will provide a variety of visual 
and quantitative tools.  Test data provided by oil 
and service companies 

THE INSTRUMENTED OILFIELD

III. IT Technologies:

Data management, data visualization, parallel 
computing, and decision-making tools such as 
new wave propagation and multiphase, multi-
component flow and transport computational 
portals, reservoir production:
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Data Management and Manipulation

Visualization

Field 
Measurements

Simulation Models

Reservoir  Monitor ing
Field Implementation

Data 
Analysis

Production Forecasting
Well Management

Reservoir
Per formance

Data Collections from Simulations and 
Field Measurements

Economic Modeling and Well Management

Multiple Realizations
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A Data Intense Challenge:

The Instrumented Oilfield of the Future

II. Industrial Support (Data):
i. British Petroleum (BP)
ii. Chevron
iii. International Business Machines (IBM)
iv. Landmark
v. Shell
vi. Schlumberger
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Shown are measured CO along the aircraft flight path, the brown isosurface represents modeled dust 
(100 ug/m3), and the blue isosurface is CO (150 ppb) shaded by the fraction due to biomass burning 

(green is more than 50%).
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Data Assimilation for  Chemical Models

Solid lines represent current capabilities                      
Dotted lines represent new analysis capabilities                

Future: enable DDDAS capabilities
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General Software Tools Framework                                
to Facilitate the Close Integration of Measurements and Models

The framework will provide tools for : 1) construction of theadjoint model; 2) 
handling large datasets; 3) checkpointing support; 4) optimization; 5) analysis of 

results; 6) remote access to data and computational resources.
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I rreducible versus epistemic uncertainty

“…Because I had worked in the closest possible ways with

physicists and engineers, I knew that our data can never be precise…”

Norbert Wiener

Slides Courtesy of Karniadakis/Brown
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Par tially Correlated non-Uniform Random Inflow

Vorticity: Regions of Uncertainty

•Pressure

•Deterministic

•Stochastic
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Non-uniform Gaussian Random BC

Umean along centerline Vmean along centerline

• Exponential correlation
b/xx2

21
21e)x,x(C --s=

1.0=s• Stochastic input:

• 2D K-L expansion

• 4th-order Hermite-Chaosexpansion

• 15-term expansion
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Non-uniform Exponential Random BC

Umean along centerline Vmean along centerline

• Exponential correlation
b/xx2

21
21e)x,x(C --s=

1.0=s• Stochastic input:

• 2D K-L expansion

• 4th-order Laguerre-Chaosexpansion

• 15-term expansion
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Research Opportunities in UncertaintyResearch Opportunities in Uncertainty�
Uncertainty analysis is a fertile and much needed area for 
inter-disciplinary research�
Estimates of uncertainties in model inputs are desperately 
needed

Uncertainty Uncertainty ¹¹¹¹¹¹¹¹ IgnoranceIgnorance



65

1 � � � � � " 
 � � � � � � � � � 	 #� : � � � � �
( � � � � � � 	 #� � � � � � �� � 
 	 #� 
 �

� �� �� �� � �� 	 
 ��	 � 	 � �
 � �� � � ��	 
 � � � �� � � �� ��	 
 ��� � � �� � � �
� � � � � ��� � �� � � �� �� � � 
 ��� �� � ��	 
 � � � �� � � �
 � �
 � �� � � �� 	 � � � � ��� �	 � �� �� � �� 	

( � � � � � � 
 � � � 	 � � � � � � � � � � � � � 
 �� � � � 
 � � � � � ! �� � � � � 	 #�
	 � � � � 	 
 � � 
 
 ��� " 
 	 � � �
 � � 7� �� �� ��� �� �	 
 �� ���	 � ��� �� �� � 	 �

( � � 
 � � 
 �
 � #� � 	 � � � � � 	
� 	 � �� � ��� � �� � �� ��� ���	 
 � ���� � � �	 ����� � �� 
 � � 	 � �
 ��	 � 	 � �
 � ��� ��� � � � ���
� �� �� ��� �� �	 
 �� ��� �� � 	 � �� ��� � � � � ��
 � �� ��� 
 � � 	 � 	 �� ����� ��� � � � ��� �

( � � �� �� � �' � � � � 	 
 � � � � � � � � � � 	 � �� � � � � 
 �� � � ! � � � � � �
( � 	 
 � �  � � � � 
 #� 
 
  
 	 � �� � � �
 � �
( $� � 
 	 � � � � � �
 � 
 � � � � 
 � ; 9� � 3� � � � - 
 	 <�� � 3� � � � �

� � 	 � ��� �� � � � � � 
 � �� " �� � 
 
 � %� � �� �

( � � � � � � 	 #� �� � �� � � 	 � � � � � � �� � � � � � �



66

i

e

n
t
g
r
a
t
i
o
n

� � � � � 	 
 � � � � � � � � 
 � � 
 �
 � #� � 
 � � � � %
(emphasis on multidisciplinary research)

Y1 Y2 Y3 Y4             Y5
Exploratory Development

Integration &  Demos

Application Composition System
•Distributed programming models
•Application performance Interfaces
•Compilers optimizing mappings on complex
systems

Application RunTimeSystem
•Automatic selection of solution methods
•Interfaces, data representation &  exchange
•Debugging tools

Measurement System

•Application/system  multi-resolution models
•Modeling languages
•Measurement and instrumentation

Providing 
enhanced 

capabilities 
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Applications
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DDDAS:
http://www.cise.nsf.gov/dddas
http://www.dddas.org
NGS:
http://www.cise.nsf.gov/div/acir
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Dynamic Data Driven Application Systems 
WORKSHOP  (June 2 & June 3)

Agenda (Titles of presentations and speakers)
Mon June 2
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Dynamic Data Driven Application Systems 
WORKSHOP

Tues June 3
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Dynamic Data Driven Application Systems 
WORKSHOP

Tues June 3 (cont’d)

� � � � �
 � � >� .@� +, %�  +� +, %� 0
� � � � � � � 	 �' � � � � � � �� � � � %� �� �/ � � �
 � � � � � 
 �
 � #� � � � � #� � � �
 � � � � � � � 	 �' � � �

� %%��
 � � �
 � � � #� � � � �
� 
 #�� � B� �� � � 3� � � � � � 	 � � ? (

� � � %�� � � � � � � �� � � � � � � 	 � �� 
 �%��� � 	 #� � 
 � � � � � 
 	 � 
 � � � �� � � ? � �� � � � � � %� �' � �
� � � %��� � � � � � � � � � %� �' � � � 
 � � ��� � � � � � � �� � � 
 #� � 
 � � � � � � � 
 � %
 � � � �
$
 � %� � �� � �
 � � � �� � � G� 9
� 
 � � � � � � �� 
 � � $' � � � � ��� 
 � 3� � � �

� � � � �
 � � A� .6� , , � �  >� +, %� 0
� 5 � � � 	 � ��/ � � � � 
 �#� 
 � �� �� � � � 
 � � � � �� 
 	 �� � � � � � 
 	 � � � 
 � � ��� � � � � � �

� 	 
 %� � � � �
 � � 
 � � ? � 
 � 	 � � �� � #
� 
 � � " �� � G�� 3� &	 
 - � � ? � �' � 	 � �� #

� � � 	 �' � � �
 � � 
 � � � � � � 	 � �� � � �� � �� � � � � � � � 	 � � � � � � ? � �� � � � � � � � � � � 	 �' � � �
� 
 � � �
C
 � � � � ���� 	 3� � 
 � � � � � � � � � � � � ? (

� � �� � �� � �� � � � � ��� 	 H� � &� � � ' �
 	 � �� � � � � � ' � 	 � � � � � 
 � �
 � � &@&� $) 
 � � � � � �
� �
 < � � � � � 	 ' � � �3� � � 	 � � � � ? (


