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Linkages to DOE Site Needs

Remediation of chiorinated hydrocarbonsin deepvadose zones
of arid climates
~ 340,000 450,000 liter sCC, residesin Hanford vadose zone
« Majority of contaminant massisin thevadose zoneat Hanford

sty iaq can offer

cost, speed,
final cleanup level achieved, but ...

Unceﬂamus exist in applying in situ bioremediation to DOE vadose zone
problem:
. Howeﬂecnve«y can nutrientsbe delivered to spar se & spauauy
heter d

eep
- Fredictivecapabllitieseremmaturefor enginesred in st marememaum of

chlorinated hydrocar bonsin deep vadose zones.

+ How much itechar acterization information isneeded for parameterizing

reactive transport atepr
processes?

Scientific Approach

Objective

Addr esskey knowledge gapsthat cur rently limit our ability toassess
ility of engineer ed bior ion of chlorinated
" microbially spa

SnecificQhjeliveg:

1) Laboratory evaluation of approaches forbiotransfor mation of CT
+ Gas-phasenutrient injection (nowater or organism additions)
« Point injections of nutrient solutes and organisms.

2) Develop an improved vadose zoner eactivetr ansport model
+ Laboratory resear ch focused on understanding interacting
hydrologic & microbiological processes
+ Incor poration of micr obial processesinto STOMPmodel

3) Devdop guidelines on the level of site char acterization neededfor
engineered
. Detated char ater zation of propertiesat field site
« Reactivetransport simulations with varying degrees of site
information asinput

Direct, noninvasive observation of microbial distribution and activity (right)

Field Characterization

Reactive Transport
Modeling

‘Chacacterize diribution of Variogramand cross
contaminant. and geonydrologic corrolagrammodds o

and miceoviological properties property distribution

Grid modes with varying
dogross of dealzation of
propery distribution

Laboratory Experiments

Interacting hydrologic & micrabial prosesses
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Approaches for CT Transformation
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1. Nearest term opportunity for Hanford deep vadose zone CCl,
sampling appearsto bewith thelnnovative Treatment Remediation
Demonstration (I TRD) Program, sometimein 2000.

2. Laboratory studieswith injection of organisms& nutrient solutes

iy

Light transmisson

Saturation 10

flow paths

ent
(1eft) in unsatur ated porous media (images from Oregon State Univ. NSF project)

2-D Vadose Visualization Chamber

Microbial distribution imaged with
‘cooled, highesolution CCD camera.

Light signal

Research Status (Project initiated fall, 1999)

Proposal wasfocused only on gas-phasenutrient injection.
However, subsequent discussionswith DOE-Richland identified
injection of non-engineered microor ganisms & aqueous-based
nutr it DOE sites.
Thus, initial experiments ar e being per formed with Pseudomonas
stutzeristrain KC. Thisstrain degrades CCl, rapidly with little
tono production of chloroform and hasbeen shown tobe
effectivein asaturated zone CC|, bioremediation field
demonstration in Michigan.

3. Experimental & modeling research of unsaturated zone micr obial
processes

Building off National Science Foundation (NSF) funding to
Dr. Selker

Transitioning from organism & substrateused in NSF
studiesto DOE-relevant organisms & substrates.
Construction of gr een fluor escent protein -reporter or ganisms
for reaktime monitoring in vadose visualization chambers.

4. Modeling of theimpact of heter ogeneity on bior emediation.

Previousresearch support from DOE EMSP and Subsurface
Science Program funding

Completion of modeling and manuscript writing with
funding from this project
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How Much Site Characterization is Needed for
Accurate Modeling of Bioremediation

vadose zonesiteat Hanford

Referencewindowsfor light bank
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Modelingapproach; Characterization dataapplied toa

DTS intrinsicbioremediation
Influent drip emitters
Injection and sampling ports
Effluent manifold
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TCE/phenol pl

Case 1-- Averagebiomassfrom field dataapplied
homogenously thr oughout simulation domain
Case 2-- Heter ogeneous biomass distribution applied to

simulation domain by random sampling of histogram of field

Case 3 Heter ogeneous biomass distribution applied to

simulation domain by using full set of correlated

pegmeability-biomassdata from field.
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« Random sampling of histogram wassufficient

Modeling Assumptions

. sivetransport with kinetic reaction
code)

+ Biomass(attached toaquiter lids- notransport
~ 0.1% of nitail biomass capableof TCE co-metabolism
— TripleMonod growth rateterm; first-order death rateterm

Phenol (primary substrate; only aer obic degradation)
— Triple-Monod utilization rateterm for biomass growth
~ Dual-Monod utilization rate term for metabolism

Dissolved oxygen (electron acceptor)
— Stoichiometrically related to phenol utilization rate

Phosphateaslimiting nutr
cellular

+ TCEdegrddation (serobic co-metabolism)
aded at rate proportional to phenol utilization
= compamvay inhibited at higher phenol concentr ations

Simulated TCE Degradation

Time (days)

+ TCE degradation was delayed and lessin
homogeneous case
«Random sampling of histogram was sufficient

Chamber for Studying Effects of Physical & Biological Heterogeneities
on Unsaturated Zone Contaminant Fate & Transport
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Dark spotsrepresent sparse distribution
of biotransforming microorganisms

(imagefrom Oregon State Univ. NSF proj ect)

R&D Transtion Strategy

Meang

C with Hanford Sitecl
Communication toother interested parties( fred mackman@pmguv)

Uselulinformarion

1) Feasibility of bioremediation of CCL in the Hanford vadose zone

2)

— 1st priority = point injectionsof nutrient solutesand organisms

~ Gas-phasenurent injection (nowater or organism additions)

— Efficacy of microbial of &
hydrologicfactors controlling the processscritical to both a pproaches

A vadose zonereactivetransport model incor porating micr obial processes
~ Incor poration of microbial processesinto STOMP (includesprior NSF
work)
~ Validateand refine model with emperical laboratory data
~ Focuson hydrologic & microbiological heterogeneitiesand interactions

Guidelineson the level of site characterization neededfor accurate modeling
of engineered vadose zonebioremediation
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