











DI

EPA

gpm

ISRM

Lpm

4

PNNL
QC
RCRA

RL

SDG
SOP

TOC

Acronyms and Abbreviations

dionized water

U.S. Environmental Protection Agency
gallons per minute

In Situ Redox Manipulation (barrier)
liters per minute

not calculated

not detected

Pacific Northwest National Laboratory
quality control

Resource Conservation and Recovery Act
report limit

relative percent difference

sample delivery group

Standard Operating Procedure

total organic carbon















2.0 Objectives

The soluble substrate portion of the 100-D Biostimulation Field Test is being conducted to evaluate

whether an effective biobarrier could be installed using a substrate that is microbially degraded over a
relativ. 7 short time frame when compared to the desired life-span of the = ‘ier. Molasses was selected
as the substrate for the field test. Specific objectives to be addressed in the field test are summarized
below.

Determine the effective radius of treatment

Evaluate the uniformity of substrate distribution

Identify operational needs for injection

Induce fermentation reactions and reducing conditions and grow biom

Minimize permeability changes due to growth of biomass (assessed through comparison of pre st
hydraulic test results)

Quantify the ability to obtain and maintain low oxygen and nitrate/nitrite concentrations (limit
primary electron acceptor flux) and determine longevity of treatment

Quantify the ability to obtain and maintain low chromate concentrations (augment chromate
treatment) and determine longevity of treatment

Compile information required for full scale design, including a description of the injection process
and treatment perforr  ce, and couple this information with hydrogeology and electron flux
information fi the 100-D Area being co :cted by others.
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5.0 Injection Description and Results

Tl concept for the substrate injection process was to obtain an injection radius of about 15 m (50 ft)
with a uniform molasses concentration of about 50 g/L.. Process water was used as the carrier medium for
the substrate. An injection flow rate was selected so the substrate would be delivered over a period of

yut 3 days. This injection period minimized the possibility of accumulating excessive biomass near the
injection well during the injection process. Laboratory tests showed that the lag time  ‘ore significant
microbial growth occurred was on the order of 5 days. A tracer was injected with the substrate to help
identify the injection front.

__.e injection pressures monitored within the injection wellbore during substrate in  tion were higher
than anticipated based on the observed pressure response during developmental pumping and an initial
injection test using only water. The viscosity of the injected solution was 1.5 to 2 ¢cP. Thus, only small
increase in the injection pressure was the result of the somewhat higher viscosity of the molasses-water
mixture. It is likely the largest percentage of the increase resulted from incomplete dissolution of the
concentrated molasses feed stock that may have initially caused temporary plugging in the injection well.
During the first 24 hours of the test, the molasses feed was periodically stopped for short periods of time
to allow process water only to pass through the well screen. Each time this operation was performed,
injection pressures quickly decreased to below critical levels (i.e., pressures had built up to the point
where water in the well bore was near ground surface) and a sustained reduction in injection pressure was
realized. This response is consistent with the hypothesis that a film of molasses had accumulated in the
screen openings, and potentially further out into the filter pack, thus increasing the pressure drop across
this near-well zone. Injecting process water would dissolve any molasses accumulation on the screen.
After about 24 hours of injection, the injection pressures stabilized, and the injection flow rate could be
more readily maintained (Figure 5.1).
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Figure 5.1. Flow Rate of Injected Solution and Molasses During the Injection Period
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8.0 Summary of Interim Results Relative to
Field Test Objectives

The f owing is a brief interim summary of the field test results with respect to the objectives of the
field test. These results will be updated when data from the performance monitoring phase of the test are
available.

e Determine the effective radius of injection.

Result: A radius of injection of about 15 m (50 ft) fromt  injection well for a labile substrate is
obtainable. It is unlikely that a radius greater than 20 m (66 ft) could be obtained because of the rapid
initiation of microbial reactions and associated biomass buildup near the injection well. Howe
hydraulic properties would need to be evaluated at any proposed impler  ation location to
determine 1 hiy rinjectior andth  alarg radial ex of tre :nt for a given 1

period, could be sustained. Additionally, use of a groundwater recirculation process that was e to
significantly enhance interwell groundwater w rates during an injection may also enable larger well
spacing during full-scale deployment of the technology.

e Evaluate the uniformity of substrate distribution.

Result: Uniformity of substrate injection is, as expected, dependent on formational heterogeneities

w and beyond the targeted treatment zone. However, the field test injection was able to
distribute substrate to all of the monitoring locations, though at different concentrations. Subsequent
microbial activity has been observed at all locations. Further information about the uniformity of
treatment with respect to creation of an effective biological reducing barrier will be evaluated with the
data from the performance monitoring phase of the test.

e Identify operational needs for injection.

Result: Relatively simple operations with the use of process water and substrate supplied in a tanker
truck were demonstrated during the injection. One problem encountered was the initial injection
pressure increase, which most likely resulted from molasses accumulation on the injection well screen
or within the filter pack material. A mitigation approach was developed during the treatability test
(i.e., short pulses of process water were used to dissolve molasses buildup on the screen openings),
and similar approaches may be required during full-scale deployment of the technology.

¢ Induce fermentation reactions and reducing conditions and grow biomass.

Result: Process monitoring data showed that fermentation reactions and associated reducing
conditions occurred at all of the monitoring locations and persisted for up to 60-plus days. Direct in
situ biomass measurement is not possible, but indirect measurement with geophysical techniques and
post-injection hydraulic testing will be conducted using data collected during the process monitoring
and performance monitoring phases of the test.

e Minimize permeability changes resulting from biomass increases.

Result: Comparison of pre-and post-injection hydraulic conductivity measurements will be conducted
using data collected during the process monitoring and performance monitoring phases of the test.
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Appendix A

Field Test Data


















































































































































































































































