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APPENDIX B
TREATABILITY STUDIES

Soil

Part of the FS included conducting a series of treatability studies to evaluate the potential
applicability and effectiveness of three treatment technologies. These technologies were
bioremediation, soil washing, and solidification/stabilization. Approximately
30 remediation technologies were initially screened and reduced to 12 potentially
applicable technologies. Based on information concerning their general effectiveness and
implementability, these 12 technologies were all considered potentially applicable. Six of
the twelve (four containment technologies, rotary kiln incineration, and off-site landfill)
did not require any additional information to incorporate them into remedial action
alternatives.

The remaining six technologies required obtaining additional information on their potential
effectiveness through treatability studies. Table B-1 lists the 12 technologies and their
associated treatability study requirements. The six technologies for which treatability
studies were recommended can be divided into three general categories:

o Soil washing
e Solidification/stabilization
e Bioremediation

Bench-scale treatability studies for these three technologies were conducted in accordance
with EMCON's Proposal for Treatability Study Program at the Former Mill EAKoppers
Facility, May 1993. Results are summarized below. The treatability studies are described
in detail in the Treatability Study Summary Report (EMCON, 1994b).

The bioremediation study was performed by EMCON at its Environmental Technologies
Laboratory in Bothell, Washington. An 8-week slurry-phase study was performed to
evaluate three different treatments: an inorganic-amended nutrient slurry, a slurry
supplemented with native bacteria from the site, and a slurry supplemented with
commercial strains of bacteria. Only one of the three treatments (the native bacteria slurry)
showed significant contaminant reduction. Total PAH concentrations were reduced by

.
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approximately 90 percent, and TPH levels were reduced by approximately 50 percent.
There was no conclusive evidence that PCP or arsenic levels were reduced.

The soil washing study was conducted by BioGenesis Enterprises, Inc. (BioGenesis), of
Fairfax Station, Virginia. BioGenesis tested five separate soil washing solutions or
combinations of solutions in their laboratory. The first four wash solutions tested resulted
in greater than 98 percent reductions in all organic contaminants in the soil, but only a
55 percent reduction in the arsenic concentrations. The fifth test, which was specially
designed to enhance arsenic removal, resulted in greater than 80 percent reduction in
arsenic, while maintaining greater than 98 percent removal of the organics.

The solidification/stabilization study was conducted by Silicate Technology Corporation
(STC) of Scottsdale, Arizona. This study was conducted in two phases. In the first
phase, STC tested two different blends of treatment chemicals (proprietary cementitious
mixtures) on soil samples from the site. The leachability of the organic contaminants and
arsenic from the solidified soil was then evaluated using the TCLP. The chemical mixture
providing the most promising results was then further evaluated in Phase2. This
consisted of applying different ratios of the chemical mixture to the soil. TCLP analysis of
a solidified soil sample indicated the leachability of arsenic and most organics was reduced
by 90 percent or more. In addition, an unconfined compressive strength of 300 pounds
per square inch was achieved with only a moderate increase in the volume of treated soil.

Results from these treatability studies are summarized in Table B-2. They demonstrate
that soil washing appears to be a promising treatment technology for the Site. One
potential problem contaminant is arsenic, which was only reduced by 89 percent. This
removal efficiency would not likely achieve arsenic cleanup standards for the most
contaminated soil. It also appears that solidification/stabilization may significantly reduce
the leachability of contaminants from the soil. Bioremediation does not appear to be a
viable treatment alternative for the site due to its limited ability to degrade all the organic
contaminants of concern,

No further bench-scale or pilot-scale testing of these or other technologies were required
to support completion of the FS. Pilot-scale testing in the field will likely be required at a
future date if soil washing or solidification/stabilization is selected for full-scale
implementation at the site.

Groundwater

Contaminated groundwater from on-site pump tests and well purging was collected for
use in simple bench-scale treatability tests. These tests provided information that was used
to design an on-site pilot-scale treatment system which treated approximately
40,000 gallons of groundwater. The purpose of these tests was to determine the
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effectiveness of specific technologies in removing contaminants present in the
groundwater,

Bench-scale tests focused on the characterization and removal of arsenic from the
groundwater. An assumption was made that granular activated carbon would successfully
remove soluble organic contaminants and carbon was therefore not tested at the bench-
scale level. Before bench testing, analytic tests were used to determine the relative
concentrations of trivalent and pentavalent arsenic as well as quantifying dissolved versus
total filterable arsenic. Three test treatments were designed based on the most successful
arsenic treatment methods described in the USEPA Treatability Manual (USEPA, 1991).
These were:

e Pre-oxidation with sodium hypochlorite, addition of ferric sulfate, addition of
sodium hydroxide to adjust pH to 8.0, and anionic polymer followed by gravity
settling.

e Addition of ferric sulfate; addition of sodium hydroxide to adjust pH to 8.0, and
anionic polymer followed by gravity settling.

e Addition of ferric chloride, addition of sodium hydroxide to adjust pH to 8.0, and
anionic polymer followed by gravity settling,

Test results demonstrated that all three treatments were effective in removing arsenic to
acceptable levels. The process using ferric chloride was selected for pilot-scale testing
because of ease of chemical handling (ferric chloride is available in concentrated liquid
form which dissolves rapidly and completely in water).

Pilot-scale testing consisted of two batch treatments of site groundwater of approximately
20,000 gallons each. Ferric chloride (150 mg/L) was added first as an arsenic
coprecipitant, followed by sodium hydroxide for pH control (to pH 8.0) and heavy metal
and iron hydroxide formation. An anionic flocculant was added (5 mg/L) as a gravity
settling aid. After settling, the clarified supernatant was pumped through two, 200-pound
granular activated carbon units (in series) at the maximum rated flow capacity of
10 gallons per minute (gpm). The treated water was collected in another 20,000 gallon
tank and tested.

Significant reductions in contaminant concentrations were achieved by the treatment as
shown in Table B-3.
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Table B-2
Treatability Study Summary

is eventually selected for site
remediation,

Biotreatability Soil Washing Solidification/Stabilization
Treatment Efficiency
(percent reduction)
f
CPAHSs 62" 98 NC”
Total PAHs 91 o9 >90!
Pentachlorophenol NCb gof s
TPH-Diesel 352 og S99t
TPH-Gasoline NAS gof NC
Arsenic g4 898 8 Si
Dioxins/furans 48° og NC
Additional treatability No. Initial study results do Not at this time. The initial |Not at this time. The initial
studies recommended? not indicate that study provided the information |study provided the information
bioremediation will be needed to evaluate the needed to evaluate the
completely effective in technology at the feasibility  [technology at the feasibility
reducing key contaminant  |study level. Additional pilot- |study level. Additional pilot-
concentrations, scale testing may be scale testing may be appropriate:
appropriate if this technology |if this technology is eventually

selected for site remediation.

Technology recommended

No. Does not appear to

Yes. Site soils appear suitable

Yes. The technology appears

a
b

c

samples.

NA = Not applicable.
Based on a comparison of samples collected at 0 and 4 weeks from native culture amendment test run.
Variability in pentachlorophenol data precludes calculation of percent reduction.
Due to volitalization that occurred during the slurry test, there were no TPH-G compounds detected in any of the

for use in feasibility study |adequately address several (for this technology, and study |relatively effective at reducing |
for remedial alternative major site contaminants, results indicate that adequate |leachability of site
development? while other technologies contaminant removal may be |contaminants.

(e.g., soil washing) appear |achieved.

feasible.
NOTE: NC = Not calculated.

As expected, there was no reduction in arsenic concentrations. The value reported represents laboratory variability.
Percent reduction based on two samples (i.e., control and active treatments). Ninety-five percent of the reduction
observed was in the hepta- and octa- dioxin congeners.

Average reduction efficiency of all treatment runs.
Arsenic reduction based on results of special arsenic wash.
Reduction in CPAH leachability not calculable, because no CPAH compounds were detected in TCLP extract in both |
the pre- and post-treatment samples.
Results represent reduction in contaminant leachability based on optimized treatment blend.
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Table B-3 :
Groundwater Pilot-Scale Treatability Results

Analyte Before Treatment After Treatment Percent Reduction
(mg/L) (mg/L) (%)
Chemical Oxygen Demand 237 5 98
Total Suspended Solids 40 <5 >88
Arsenic 935 0.045 99.5
Chromium 0.122 <0.005 >96
Naphthalene 7.30 <0.005 >99.9
2-Methylnaphthalene 2.00 <0.005 >99.8
Acenaphthalene 1.10 <0.005 >99.6
Phenanthrene 1.80 <0.005 >99.7
Pentachlorophenol - 12.0 <0.030 >99.8
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