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LEAKY UNDERGROUND
STORAGE TANKS




INJECTION RECOVERY
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NEED FOR SIMULATION

DeveLor BeETTEr UNDERSTANDING OF NONLINEAR BEHAVIOR

— CoMPUTATIONAL LABORATORY <«——> EXPERIMENTS
— UNDERSTAND SENsSITIVITIES OF PARAMETERS
— IsoLATE PHENOMENA THEN COMBINE

ScaLE - Ur INFORMATION AND UNDERSTANDING
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OBTAIN BounDING CALCULATIONS
DeveLor PrReDIcTIVE CAPABILITIES

- OpTiMmizATION AND CONTROL




REQUIREMENTS (SCALE - RELATED)

e ErrecTive PHysics AnD EqQuATIONS
ErFecTivE PARAMETERS AND FuNCTIONS
MeasurasLE INpuT DATA
EFFiciENT IMPLEMENTATION PROCEDURES

AccuraTE NumericaL METHODS




MODELING PROCESS

PHYSICAL PHYSICAL ATHEMATICAL
PROCESS MODEL MODEL

OUTPUT DISCRETE NUMERICAL
VISUALIZATION > MODEL MODEL




MICROSCOPIC BIOFILM MODEL

e NAavier - Stokes FLow:

¢ CONSTITUENT T RANSPORT:




MICROSCOPIC BIOFILM MODEL

(CONTINUED)

o KINETICS OF BIOTRANSFORMATION:

o ATttACHMENT/ DETACHMENT:




MICROSCOPIC BIOFILM MODEL

(CONTINUED)

e KINETICS OF BIOTRANSEORMATION:

e FiLTrRATION

e DeatH/SLUFFING

CHEN, CUNNINGHAM, EWING, PERALTA, VISSER - NMPDE




LABORATORY EXPERIMENTS

CENTER FOR BIOFILM ENGINEERING
(Montana State University)

ETCHED MICROMODELS
COMPLEX STRUCTURE




LABORATORY EXPERIMENTS

(CONT'D)

- MEASURE:

= CHANGES IN PORE SIZES
= CHANGES IN WETTABILITY

PLANNED

USE NAVIER STOKES CODE: UNIV. STUTTGART

COUPLE WITH 2-D & 3-D BIOFILM MODEL
--MONTANA STATE UNIVERSITY

INVERSE PROBLEMS FOR PARAMETERS/KINETICS




UPSCALING

GELMAR, AXNESS - WATER REs. REs., 1983

DaAGAN - FLow & TrANS. Porous MEDIA, 1989

EwiING, RUSsSELL, YOUNG - 10 SPE RES. Sim., 1989

EsrPeDAL, LANGLO, SAEVAREID, GISLEFOSS,

HANSEN - 11 SPE RES. SiM., 1991

DurLorsky - WATER REs. REs,, 1991

GLiMM, LINDQuIST - CompP. METH. WATER RES,, 1992
- GLimMm, LINDQuUIST, PEREIRA, ZHANG - TRANS. POrRous MEDIA, TA
- AMAZIANE, BoURGEAT, KoeBBE - TRANS. Porous MEeDiIA, TA
- LAaNGLO, EsPEDAL - Abv. WATER REs., Sus.
- Proc. 2ND KovAacs SYMposiuM - UNCERTAINTY - UNEScO




SINGLE-PHASE FLOW EQUATIONS

D’ArcyY’s LAaw:

Mass BALANCE:

TRANSPORT:

WHERE

+ Nonlocal Dispersion (t)




SINGLE-PHASE FLOW EQUATIONS

(CONTINUED)

CoMMON ASSUMPTION:

HoMOGENIZATION:

(LOCALLY)




TWO-PHASE FLOW

D’arcy’s LAw:

Mass BALANCE:

ﬂ




TWO-PHASE FLOW

u=-KI (Np,- G) , u,=u,+u,

« D’ARCY'sS LAW: 1 =km izaw, 1 =1, 41,

f=1,/1 ,i=a,w

u, = f,u, + cap.PRES. TERM ; + GRAV.TERM; , I
P, =S,pP, +S,,P,, + CAP.PRES.TERM;
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- MAss BALANCE:

B T U S T e =

« TRANSPORT:

« NEED MAcRroscopric DiISPERSION

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




Saevareid, Espedal, et al. 1992.




LABORATORY EXPERIMENTS -- CONT'D

PLANNED

IMAGING LABORATORY (TEXAS A&M UNIVERSITY)

— NMR ImacinG oF Cores:

— OsT1AaIN:  Porosity DisTRIBUTION
VeLociTy DiIsTRIBUTIONS
PErRMEABILITY

— Grow Biomass IN Cores
RerPEAT AND COMPARE
INVERSE PROBLEMS FOR MODELS

MONTANA STATE UNIVERSITY
— BencH ScaLe ExPERIMENTS
— DEVELOPMENT OF BIOBARRIERS
— DeveLopmeENT oF MoODELS

VEGAS (UNIVERSITY OF STUTTGART)
— LaArce FLuMES
— Room-sPeep EXPERIMENTS

- --BIOBARRIERS




DNAPL INFILTRATION

VEGAS
UNIVERSITY OF STUTTGART




CONCLUSIONS

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)

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.




