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NEED   FOR  SIMULATIONNEED   FOR  SIMULATION

• DEVELOP  BETTER  UNDERSTANDING  OF  NONLINEAR BEHAVIOR

––    CCOMPUTATIONAL  OMPUTATIONAL  LLABORATORY                            ABORATORY                            EEXPERIMENTSXPERIMENTS

––    UUNDERSTAND  NDERSTAND  SSENSITIVITIES  ENSITIVITIES  OOF  F  PPARAMETERSARAMETERS

––    IISOLATE  SOLATE  PPHENOMENA THEN  HENOMENA THEN  CCOMBINEOMBINE

•• SSCALE - CALE - UUP  P  IINFORMATION  NFORMATION  AAND  ND  UUNDERSTANDINGNDERSTANDING

––    PPORE                           ORE                           LLABORATORY                             ABORATORY                             FFIELDIELD

•• OOBTAIN  BTAIN  BBOUNDING  OUNDING  CCALCULATIONSALCULATIONS

•• DDEVELOP  EVELOP  PPREDICTIVE  REDICTIVE  CCAPABILITIESAPABILITIES

––    OOPTIMIZATION  PTIMIZATION  AAND  ND  CCONTROLONTROL



REQUIREMENTS  (SCALE - RELATED)REQUIREMENTS  (SCALE - RELATED)

• EFFECTIVE  PHYSICS  AND  EQUATIONS

• EFFECTIVE  PARAMETERS  AND  FUNCTIONS

• MEASURABLE  INPUT  DATA

• EFFICIENT  IMPLEMENTATION  PROCEDURES

• ACCURATE  NUMERICAL  METHODS
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MICROSCOPIC BIOFILM MODELMICROSCOPIC BIOFILM MODEL

• NAVIER - STOKES FLOW:

• CONSTITUENT TRANSPORT:
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MICROSCOPIC BIOFILM MODELMICROSCOPIC BIOFILM MODEL
(CONTINUED)(CONTINUED)

• KINETICS OF BIOTRANSFORMATION:

• ATTACHMENT / DETACHMENT:
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MICROSCOPIC BIOFILM MODELMICROSCOPIC BIOFILM MODEL
(CONTINUED)(CONTINUED)

• KINETICS OF BIOTRANSFORMATION:

• FILTRATION

• DEATH / SLUFFING

• CHEN, CUNNINGHAM, EWING, PERALTA, VISSER - NMPDE



LABORATORY EXPERIMENTSLABORATORY EXPERIMENTS

CENTER FOR BIOFILM ENGINEERING
(Montana State University)

ETCHED MICROMODELS
COMPLEX STRUCTURE



LABORATORY EXPERIMENTSLABORATORY EXPERIMENTS
(CONT’D)(CONT’D)

PLANNED

2-D:

MEASURE:
• CHANGES IN PORE SIZES
• CHANGES IN WETTABILITY

3-D:
USE NAVIER STOKES CODE: UNIV. STUTTGART

COUPLE WITH 2-D & 3-D BIOFILM MODEL

--MONTANA STATE UNIVERSITY

INVERSE PROBLEMS FOR PARAMETERS/KINETICS
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  macrodispersity

••    GGELMAR, ELMAR, AAXNESS XNESS   WWATER ATER RRES. ES. RRES., 1983ES., 1983

••    DDAGAN AGAN   FFLOW LOW &&  TTRANS. RANS. PPOROUS OROUS MMEDIA, 1989EDIA, 1989

••    EEWING, WING, RRUSSELL, USSELL, YYOUNG OUNG  10  10 SSPE PE RRES. ES. SSIM., 1989IM., 1989

••    EESPEDAL, SPEDAL, LLANGLO, ANGLO, SSAEVAREID, AEVAREID, GGISLEFOSS, ISLEFOSS, 

••    HHANSEN ANSEN  11  11 SSPE PE RRES. ES. SSIM., 1991IM., 1991

••    DDURLOFSKY URLOFSKY   WWATER ATER RRES. ES. RRES., 1991ES., 1991

••    GGLIMM, LIMM, LLINDQUIST INDQUIST   CCOMP. OMP. MMETH. ETH. WWATER ATER RRES., 1992ES., 1992

••    GGLIMM, LIMM, LLINDQUIST, INDQUIST, PPEREIRA, EREIRA, ZZHANG HANG   TTRANS. RANS. PPOROUS OROUS MMEDIA, EDIA, TTAA

••    AAMAZIANE, MAZIANE, BBOURGEAT, OURGEAT, KKOEBBE OEBBE   TTRANS. RANS. PPOROUS OROUS MMEDIA, EDIA, TTAA

••    LLANGLO, ANGLO, EESPEDAL SPEDAL   AADV. DV. WWATER ATER RRES., ES., SSUB.UB.

••    PPROC. ROC. 22ND ND KKOVACS OVACS SSYMPOSIUMYMPOSIUM   UUNCERTAINTY NCERTAINTY   UUNESCONESCO



( )

( ) ( )

( ) ( ) ( )

u
K

p g z

t
u q

t
c uc D u c c qc

= − � − �

+ � 〈 =

+ � 〈 − � 〈 � = +

µ
ρ

ƒ
ƒ

φρ ρ

ƒ
ƒ

φ λ

SINGLE-PHASE  FLOW  EQUATIONSSINGLE-PHASE  FLOW  EQUATIONS
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SINGLE-PHASE  FLOW  EQUATIONSSINGLE-PHASE  FLOW  EQUATIONS
(CONTINUED)(CONTINUED)

CCOMMON OMMON AASSUMPTION:SSUMPTION:

HHOMOGENIZATIOOMOGENIZATION:
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TWO-PHASE  FLOWTWO-PHASE  FLOW

DD’ARCY’S  ’ARCY’S  LLAW:AW:

MMASS  ASS  BBALANCE:ALANCE:
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TWO-PHASE  FLOWTWO-PHASE  FLOW
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••  DD’ARCY’S  ’ARCY’S  LLAW:AW:

••  MMASS  ASS  BBALANCE:ALANCE:

••  TTRANSPORT:RANSPORT:

••  NNEED  EED  MMACROSCOPIC  ACROSCOPIC  DDISPERSIONISPERSION

Ref:      Chavent,  Jaffre - 1978
             Chen,  Ewing,  Espedal - CMWR X, 1994



Saevareid, Espedal, et al. 1992.



LABORATORY EXPERIMENTS -- CONT’DLABORATORY EXPERIMENTS -- CONT’D
PLANNEDPLANNED

• IMAGING LABORATORY (TEXAS A&M UNIVERSITY)

– NMR IMAGING OF CORES:

– OBTAIN: POROSITY DISTRIBUTION

VELOCITY DISTRIBUTIONS

PERMEABILITY

– GROW BIOMASS IN CORES

• REPEAT AND COMPARE

• INVERSE PROBLEMS FOR MODELS

• MONTANA STATE UNIVERSITY

– BENCH SCALE EXPERIMENTS

– DEVELOPMENT OF BIOBARRIERS

– DEVELOPMENT OF  MODELS

• VEGAS (UNIVERSITY OF STUTTGART)

– LARGE FLUMES

– ROOM-SPEED EXPERIMENTS

• --BIOBARRIERS
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CONCLUSIONSCONCLUSIONS

• BIOSYSTEMS IN THE SUBSURFACE ARE COMPLEX,

NONLINEAR, AND HIGHLY HETEROGENEOUS.

• MODELS ARE NEEDED AT THE MICRO SCALE TO

UNDERSTAND THE COMPETITIVE INTERACTION OF

DIVERSE SPECIES.

• SCALE-UP FROM MICRO-SCALE TO CONTINUUM

MODELS CAN UTILIZE DISCRETE PORE/THROAT

SYSTEM SIMULATIONS.

• UNCERTAINTY IN THE SUBSURFACE PROPERTIES

MUST BE INCORPORATED STOCHASTICALLY TO

DEVELOP BOUNDING CALCULATIONS.



CONCLUSIONS (CONT’D)CONCLUSIONS (CONT’D)

•  SCALE-UP OF NONLINEAR PHENOMENA : MANY

ORDERS OF MAGNITUDE IN BOTH SPACE AND TIME.

• DEVELOPMENT OF PREDICTIVE MODELS FOR

BIOSYSTEMS REQUIRES SIGNIFICANT

INTERDISCIPLINARY INTERACTIONS.

• VALIDATION OF MODELS AGAINST LABORATORY

AND FIELD EXPERIMENTS AT ALL SCALES IS

ESSENTIAL.

• MULTIPHASE TRAPPING MECHANISMS AND

BIOAVAILABILITY REQUIRE A MODELING

CAPABILITY FOR INTERFACIAL PROCESSES.


