Objectives

(1) Investigate the

reduction/immobilization.
() i factors i

ility of in situ bi
contaminated region within the subsurface of Area 3 of the DoE ERSP FRC.
(2) Hydraulic control of the target region for biostimulation.

(3) Biostimulation to create a microbial community capable of reducing
residual nitrate to N, and mobile U(VI) to insoluble U(iV)

(4) Characterize the remediation of of U(VI) and the extent U(VI)

of uranium a highly

uranium.

the stability of

increase pH close to 6.0.

stability of immobilized uranium.

and microarrays.

Operational Stages (day 1 to1144)
(1) Development of a field facility to enable hydraulic control over
groundwater flow in the subsurface.

(2) Flushing with clean water (day 9-136) to remove bulk nitrate and Al, and to

(3) In-situ denitrification (day 137-184) to remove residual nitrate.
(4) In-situ U(VI) reduction/immobilization (day 185-712).
(5) Stability studies (day 713-present) to evaluate factors that influence the

(6) Microbial community analysis of treatment area using clone library, MPN

mce
EXAFS.

of uranium sp

in sedi using XANES &

Below-Ground Treatment System

Major Achievements and Discovery

(1) Low U concentration below US EPA maximum contaminant limit

situ bioreduction. .

(2) Bioreduced/immobilized U has been stable under anaerobic
conditions for 1-2 years. No anaerobic re-oxidation was observed.

(3) Dissolved oxygen reoxidizes and remobilizes bioreduced U(IV) but
reduced zone has reducing capacity to protect immobilized U.

including Geobacter spp., Desulfovibrio spp. etc.
(5) XANES and EXAFS analysis confirmed the presence of bioreduced

for the bioreduction/immobilization of the U contaminated site.

(MCL) for drinking water (< 0.03 mg/L or 0.126 pM) can be achieved by in

(4) U(V1) reducing bacterial community is selected and enriched in situ,

U(IV) up to 60-80% in reduced zone and the change in uranium species.
(6) Hydraulic control and removal oxidants (DO and nitrate) are essential

/n situ Denitrification (day 137-184)

Nitrate was further reduced to below 1 mM in inner loop injection well and near
zero in MLS wells by stimulation of denitrification by adding ethanol.

In situ U(VI) Reduction (day 185-712)

U(VI) was reduced stimulated microbial activities by injecting ethanol as electron
donor. Uranium concentrations in monitoring wells were reduced to below 30 pg/L.
During the same period, sulfate-reducing activities were also significantly increased.
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Stability of Immobilized Uranium in situ
The test was performed by maintaining recirculation between wells without addition
of ethanol for 41 days. The results indicated that immobilized uranium was stable
in situ under anaerobic condition.

g

DO Re-oxidizes Immobilized Uranium

The test was performed by introducing dissolved oxygen (DO) to the reduced area for 70
days. DO caused remobilization of uranium but the extent of remobilization differed for
different wells. FeRB and SRB activities were restored as soon as ethanol was added

and U(VI)-reduction activity also resumed.
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from the treatment

zone indicate the reduction status of the
subsurface after biostimulation

U Concentrations in Monitoring Wells before

and after Three Year Bioremediation

U concentrations in MLS wells have been decreased significantly. Below US EPA MLC

has been achieved in fast flow zone.

EPA MCL for U (< 0.03 mg/L)
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XANES analysis of sediment samples taken on day
935 and other days shows U(IV) was found in
injection, monitoring and extraction wells up to 60-
80% of total U. This confirmed microbial U(VI)
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Microbial Community Analysis

The 16S rRNA gene clone libraries show Geobacter spp. and Desulfovibrio spp. are
predominant species related to U(VI) reduction in sediments (A) and groundwater (B)
samples. Microarray analysis shows function genes related to SRBs (C).

Dominant Relative abundance (% of total clones)

Family 104 101-2 101-3 1022 102-3 26
Desulfovibrionaceae | Desulfovibrio 7 15 B a 12 s
Geobacteraceae Geobacter 2 1 1 1 1 1
Rhodocyclaceae Ferribacterium 12 6 38 10 17 18
Hydrogenophilaceae | Thiobacillus s 27 0 1 4 B
Acidobacteraceae | Geothrix 12 7 10 a 10 16
Oxalobacteraceae | Duganella ] 10 2 2 1 2
Xhantomonadaceae | Rhodanobacter 6 2 0 5 5 o
Commanonadaceae | Acidovorax 2 1 2 1 2 B
Sphingomonadaceae | Sphingomonas. 3 o 1 2 2 1
other families 39 31 a1 60 36 a6
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Dominant SRBs in Monitoring Well 102-2 During U Reduction Phase
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Confirmation of U(VI) Reduction in Sediments
by XANES and EXAFS Analysis

EXAFS analysis of sediment samples before and during
bioreduction shows uranium phase change. U(IV) formed
was mainly bound to Fe.
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