TECHNOLOGY TESTING
SUPPORTING EXCEPTIONAL
SCIENCE AND ENGINEERING
SiREM has added a new laboratory location in Knoxville, Tennessee, which
in partnership with our Guelph, Ontario facility provides additional services
to support our U.S., Canadian and international customers. The expansion
effectively doubles our lab space to accommodate the increasing demand
for innovative solutions, proof-of-concept testing, and process design
parameters. Equipped to perform project specific physical, chemical, and
biological process evaluations, we work with our customers to devise
technology-driven solutions to complex challenges.
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Client Services
Product performance analysis – Used to
evaluate how well remediation products work in
the hands of an unbiased investigator.
Prototyping – Understand the site-specific
effectiveness of a technology, and simulate the
performance of conceptual designs.
Process evaluation – Used to analyze and
document the likely behavior, control points, and
outcome of treatment processes.
Engineering design & support – Evaluate
treatment technologies for the purpose of
defining engineering design and critical process
control parameters.
Technology compatibility – Address the
interaction of technologies where chemical,
biological, or physical incompatibilities may lead
to undesirable consequences.
Proof-of-concept assessment – Uses
collaboration and innovation to reliably and cost
effectively answer the question: Will it work?

Examples of types of tests performed
• Chemical oxidation tests

• Titrations and pH based reactions

• Bioreactor testing

• Custom or one-of-a-kind tests

• Wastewater treatment processes for
organics and inorganics

• Phytotoxicity

• Leaching studies

• Ozone compatibility

• Soil stabilization/fixation
• Metals biogeochemistry
• Sorption isotherms for resins and
activated carbon

• TPH adsorption
• Biodegradation and bioconversion
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CASE STUDIES

STORM WATER TREATMENT
SiREM custom-built a scaled model to assess the treatment
of storm water seeping through the engineered bottom of
large collection ponds using various combinations of organic
and inorganic matrices. The aim was to minimize the levels
of coliforms, heavy metals, nutrients, suspended solids, and
other contaminants to enable discharge of the storm water.
Experiments demonstrated successful removal of target
contaminants with subsequent tests aimed at optimizing the
storm water pond bottom design.

OXIDATIVE TREATMENT OF ARSENIC
LEACHATE
Leachate originating from a landfill site was reported to contain
inorganic arsenic levels exceeding the acceptance threshold
for the local wastewater treatment plant. The majority of
arsenic was present as arsenite. An oxidative treatment was
proposed to transform the arsenite to arsenate, the less
toxic form. Hypochlorite, peroxide and ozone in conjunction
with ferric iron as catalyst was evaluated. Hydrogen peroxidebased treatments using simple peroxide addition or perozone
provided the best combination of low reagent usage and solids
precipitation and settling.

GEOMICROBIOLOGICAL TREATMENT OF FGD
WASTE
This novel and patent pending technology biologically oxidizes
residual hannebachite (CaSO3·0.5H2O) present in certain flue
gas desulfurized waste into marketable gypsum (CaSO4·2H2O).
The technology exploits components of the global sulfur cycle
where sulfur oxidizing bacteria use sulfite as an energy source
yielding sulfate. A gypsum composition of 95 percent was
achieved, exceeding the minimal specification of 92 percent
for high value, dry wall grade gypsum.

GAS-PHASE PH ADJUSTMENT
An alkaline groundwater discharged into a lake resulting in a
“dead zone” due to the high pH of the water prior to mixing
with the rest of the lake. To evaluate the feasibility using
carbon dioxide to neutralize the groundwater to a pH near 7
and to estimate the amount of carbon dioxide needed for the
process, a gas-tight pH titration system using carbon dioxide
was developed. The results indicated that 200 to 300 mg
of carbon dioxide would successfully neutralize one liter of
groundwater to a pH of approximately 7.1.
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CASE STUDIES

PHYSICAL AND CHEMICAL PERFORMANCE
OF NON-WOVEN GEOSYNTHETIC FABRIC VS.
GRADED SAND AND GRAVEL UNDERDRAINS
FOR ASH STORAGE CELLS
Large diameter flow through columns prepared with fullscale thickness underdrain designs and overlain with coal
combustion residue (CCR) simulated CCR storage cells.
Transmissivity, suspended solids, dissolved solids, and pH were
measured in effluent from gravel and geosynthetic underdrain
designs. The gravel based design neutralized leachate pH and
provided better transmissivity with less clogging with fines.

BIOFOULING IN A POWER PLANT COOLING
SYSTEM
Algal blooms in open cooling water ponds raised concerns
about the ability of the cooling water to adequately dissipate
heat and flow through the cooling system without clogging
orifices and forming performance degrading biofilms inside
heat exchanger. Investigations on cell density and growth rate,
temperature effects and sources of nutrients revealed that
the biocide used to prevent fouling would decompose into
ammonia providing an essential nutrient for the next algal
bloom.

CONSTRUCTED WETLANDS FOR LANDFILL
LEACHATE
SiREM assessed various unit processes that may be
incorporated into the design of a full-scale constructed wetland
for the treatment of groundwater primarily contaminated with
chlorinated volatile organic compounds (CVOCs) resulting from
landfill leachate. Tests evaluated combinations of reactive iron
(zero-valent iron [ZVI]), anaerobic biodegradation, and aerobic
biodegradation processes. The results for steady state CVOC
removal in each unit process documented successful CVOC
removal and revealed that a retention time as short as one
day could achieve treatment to the discharge limits.

METAL CORROSION FROM BIOCIDE
Short-term exposures of materials of construction in a power
plant cooling system to a quaternary ammonium biocide
during cooling water shock treatment indicated that brass and
stainless steel were unaffected by the biocide whereas copper
reacted with the biocide. This finding suggested the potential
for damage to certain components of the cooling system upon
long-term and repeated use of shock treatments to control
biofouling in the system pipes, heat exchangers, valves, and
cooling ponds.
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CASE STUDIES

COMPATIBILITY OF ANTICORROSION AND
BIOCIDE CHEMICALS

ARSENIC, IRON, AND RADIONUCLIDE
LEACHING FROM SOIL AND BEDROCK

Out of expediency, anticorrosion and biocide chemicals were
applied to a cooling water pond as neat chemicals as received
from the manufacturer. Natural circulation within the pond
was used to mix the chemicals; however, various titrations
of the chemicals with each other at various concentrations
demonstrated that unless the chemicals were diluted
separately and then mixed, undesirable reactions could occur
such as flocculation, and under certain conditions gelling, of
the otherwise liquid products. At dilute concentrations these
reactions did not occur. The findings resolved several problems
observed in the operation of the cooling water pond.

Elevated concentrations of arsenic, iron, gross alpha radiation,
226
Radium and 228Radium were detected in groundwater
from a nearby power plant. Equilibrium partitioning tests of
water and solids slurries with analysis of both the solids and
liquids indicated that saltwater intrusion into the area caused
a change in the partitioning equilibrium of the metals and
radionuclides resulting in the higher observed concentrations.

CCR SETTLING CHARACTERISTICS FOR
WATER TREATMENT DESIGN

HYDROGEN SULFIDE PRODUCTION IN FLUE
GAS DESULFURIZATION (FGD) BYPRODUCT

Total suspended solids (TSS) is a common discharge
criteria for process water from coal-fired power plants. The
settling characteristics of coal combustion residues (CCR)
in conveyance water materially affects the design of water
treatment processes that may require simple quiescent settling
or more aggressive treatment such as the use of flocculants
and coagulants to encourage rapid solids settling. SiREM has
conducted quantitative settling and jar tests to characterize
settling and to define treatment options for poorly settling
power plant waste water streams for two power producers in
the eastern US.

EPRI funded an investigation of the root causes of hydrogen
sulfide generation in stored FGD byproduct. Through a series
of anaerobic batch tests, we identified pH and nutrient
(ammonium and phosphate) limitations as the main controlling
factors for hydrogen sulfide formation. The availability of
fermentable organic carbon plays a role but the sulfate reducing
bacteria that transform calcium sulfite and calcium sulfate
into hydrogen sulfide were found to be chemolithoautotrophs,
capable of producing hydrogen sulfide with only a near neutral
pH, a source of nitrogen and phosphorus, carbon dioxide, and
hydrogen. This investigation identified control measures that
could be employed to limit the production of dangerous levels
of hydrogen sulfide in FGD waste.
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CASE STUDIES

BIOGEOCHEMICAL PRECIPITATION OF
ARSENIC FROM GROUNDWATER

STABILIZATION OF FUEL OIL SATURATED
SOIL TO PREVENT SHEEN FORMATION

Sulfate reducing conditions generated in soil columns with
and without organic amendments documented the conditions
necessary to stimulate bacteria to form insoluble arsenic
sulfide which precipitated leaving the treated water free of
soluble arsenic.

Oil saturated soil was stabilized with combinations of portland
cement, granulated activated carbon, hardwood mulch, and
organoclay. All amendment combinations eliminated the
formation of free oil upon exposure to water, however, only
combinations of 5 to 15 percent cement with 2 to 10 percent
clay eliminated sheen. The most cost effective stabilization
recipe that eliminated oil sheen contained 10 percent cement
and 2 percent clay.

AMMONIA OXIDATION IN A POND

CHROMATED COPPER ARSENATE (CCA)
PRECIPITATION

A series of experiments were completed to investigate
whether sediment pore water from a pond impacted with high
concentrations of ammonia or groundwater discharging into
the pond could be inhibitory for aerobic ammonia oxidation
by native ammonia-oxidizing bacteria (AOB). An enriched
culture of AOB was grown at SiREM in a fixed film bioreactor.
The culture effectively oxidized ammonia to nitrate in the
bioreactor when the alkalinity and pH of the bioreactor medium
were maintained within the range suitable for the AOB culture.
Several experiments were then performed to evaluate toxicity
of sediment pore water and groundwater to AOB. Neither
groundwater nor sediment pore water showed any inhibitory
effect on AOB in the Pond.

SiREM evaluated abiotic and biotic reactions that could lead to
the precipitation of chromium, copper and arsenic. Treatment
of groundwater containing dissolved CCA with calcium
polysulfide achieved rapid and nearly complete precipitation
of the metals as insoluble salts (sulfides and hydroxides).
Biological treatment under sulfate reducing conditions proved
to be more challenging because of difficulties in achieving
appropriate anaerobic conditions, seeming due to an inhibition
of biological activity by the samples. The results of this effort
provided a chemical means for treating water and identified
site specific problems with the biotic approach that has been
successful at other sites.
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CASE STUDIES

ALTERNATIVES FOR LEAD STABILIZATION
Restrictions on the use of phosphate based lead stabilizing
reagents led to an evaluation of alternatives for use at a
gun range. Various magnesium based stabilizing agents and
portland cement were evaluated. A magnesium oxide product
provided over 99.9 percent reduction in lead leachability.
Cement stabilized soil leached 4,080 µg/L lead whereas the
magnesium oxide stabilized soil only leached 8 µg/L

BORON REMOVAL FROM WASTEWATER
Boron is notoriously difficult to remove from water. New
regulations threaten to lower allowable boron concentrations
in surface water. Research and development efforts conducted
by SiREM evaluated several organic and inorganic sorbents for
their ability to remove boron from solution. Column studies
were used to evaluate water treatment efficiency, break
through, and loading characteristics for several potential
sorbents. Our efforts lead to the discovery of a inexpensive
boron sorbent that is widely available and more effective than
commercial resins and ion exchangers.

ALUMINUM LEACHING FROM CEMENT
STABILIZED SOIL
Soil stabilization for construction purposes was excavated
and used as non-hazardous fill material; however, aluminum
leached from the stabilized soil at concentration above surface
water regulatory limits. Bulk leaching tests were performed to
evaluate aluminum leaching over time from the surface of
clumps of stabilized soil. The results indicated that the high pH
of the soil resulting from the addition of cement solubilized the
aluminum and that although the concentration of aluminum
in leachate would decrease over time, the leachate would
continue to exceed the aluminum standard for an indefinitely
long period.

EVALUATION OF SORBENTS FOR REMOVAL
OF METALS AND TOTAL SUSPENDED SOLIDS
FROM RAILYARD RUNOFF
Flow-through columns filled with granular activated carbon,
greensand, and washed silica sand were exposed to site
water containing elevated concentrations of copper, zinc, lead,
and TSS. TSS was removed by all media. Substantial metals
removal was also observed in all cases suggesting that metals
all the copper and lead was associated with TSS. Additional
dissolved zinc was removed by GAC but not sand and green
sand. Greensand complicated the process by releasing other
metals into solution.
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CASE STUDIES

mEq acid per kg soil (dry weight)

PURIFICATION OF SPRING WATER FOR
BOTTLING
A rapid small scale column testing (RSSCT) unit allowed
the evaluation of granular activated carbon (GAC) for water
purification. Specific requirements of the testing protocol
included (1) removal of trace organics while preserving the
mineral content of the spring water, (2) quantifying removal
efficiency, and (3) organic breakthrough for evaluation of
process economics and GAC usage rates.

ACIDIFICATION OF HIGH PH SOIL
Soil made alkaline by industrial activity was neutralized with
acid; however, to maintain a circumneutral pH the buffering
capacity of the alkaline chemical had to be consumed. The acid
demand of three soil samples was quantified by sequential
titrations to a pH of 5. In all cases, additional acid was needed
to maintain the lower pH but one of the samples required
three to four times more acid than the other two indicating the
importance of understanding soil buffering capacity during the
design of the site-wide soil neutralization program.

Effect of
NaHCO3
on Soil pH

PH BUFFERING CAPACITY OF SOIL
UNDERGOING IN SITU ENHANCED
BIOREMEDIATION
Soil with an acidic pH (less than 6) slowed the progress of
reductive dechlorination; therefore, steps to increase the pH
were considered. To evaluate the ability to adjust the pH with
sodium bicarbonate, soil solution titrations were conducted
to understand the amount of buffer required to raise the
pH and the ability of the buffer to sustain the pH to allow
recovery of biodegradation and improve the efficiency of the
bioremediation process.

MINE SLAG LEACHATE TREATMENT FOR
IRON AND MANGANESE
Traditional jars using sodium hydroxide and slaked lime for
pH adjustment defined the amount of alkaline chemical and
the target pH for removal of dissolved iron and manganese.
Iron precipitated in response to addition of both chemicals
whereas manganese required a higher pH with more complete
removal using slaked lime rather than sodium hydroxide.
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CASE STUDIES

SOIL WASHING AND BIODEGRADATION FOR
DIETHANOLAMINE REMEDIATION
Soil contaminated with diethanolamine (DEA) was treated with
two different surfactants to enhance partitioning of DEA into
the aqueous phase. Neither surfactant improved dissolution
of DEA relative to water. Both soil and groundwater were
treated biologically under aerobic conditions. 90 percent of
the DEA was removed from the water within 30 days while soil
treatment resulted in approximately 40 percent removal in 60
days.

CCR COLUMN LEACHING TESTS
A study was designed to evaluate the potential chemical
composition of CCR landfill leachate when rainwater
percolated through a column filled with CCR mixture (bottom
ash, fly ash, and FGD sludge cake). A full suite of analysis
was conducted including organic and inorganic nutrients,
VOCs, metals, microorganisms, pesticides, and radioactives.
The results showed that at this particular site the pH of the
leachate was around 11 even though the rainwater had an
acidic pH of 5.8. Calcium was the most abundant metal among
the target analytes, which was consistent with the presence of
FGD sludge in the CCR mixture. The results of the leaching test
provided key information on determining whether the leachate
meets the local surface water discharge criteria and design
parameters if further treatment options are needed.

REMOVAL OF NICKEL IN AN INDUSTRIAL
WASTEWATER PERCOLATION POND

ARSENIC SORPTION BY IRON FROM
LANDFILL LEACHATE

Bench-scale tests were conducted to evaluate the performance
of soil amendment as one of the remedial treatment options.
Isotherm bench test was conducted to investigate four metal
binding reagents or reagent mixtures. One amendment was
selected as the best performing reagent and was further
tested and evaluated in a column test for the equivalent of
30 wash cycles to simulate Ni removal in a natural percolation
situation. The results of bench tests identified and optimized
a cost-effective nickel binding agent which led to a successful
full-scale remedial design.

A study was used to evaluated the potential for direct reduced
iron (DRI) to remove As from leachate and to estimate the
binding capacity of DRI fines for As. An isotherm bench test
was conducted to evaluate the sorption capacity of DRI for As.
Results revealed that the overall As removal efficiency ranged
from 51 to 44 percent. The pH of the effluent was approximately
neutral throughout the test and the Toxicity Characteristics
Leaching Procedure (TCLP) results showed that As did not
leach from the DRI and that the spent DRI/sand mixture used
for column tests was non-hazardous.
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CASE STUDIES

NICKEL AND VANADIUM IMMOBILIZATION IN GROUNDWATER
Four different sorbents, a magnesium oxide product, greensand, organic compost and direct reduced iron (DRI), were screened to evaluate
their ability to remove Ni and V from groundwater to below their regulatory levels. After the initial screening test, two of the better performed
reagents (magnesium oxide and DRI) were further investigated to achieve treatment goals and to understand the treatment mechanism.
The results revealed that Ni and V solubilities were strongly affected by groundwater pH, with precipitation of Ni and V species at alkaline
pH. This suggests that neither magnesium oxide nor DRI would be an effective amendment to successfully remove Ni from water to below
the surface water criteria. DRI has the potential to effectively remove dissolved V from solution at a near neutral pH (using lower mass
loading of DRI) through a combination of pH and sorption-based reactions.
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