Treatment of Selenium
Impacted Water

The Selenium Challenge
Selenium (Se) is a redox sensitive metalloid that can exist in the environment as different Se species. Water
treatment options that may address one Se species may not work for others. Byproducts of Se treatment are
challenging to detect using conventional methods and they can pose an increased risk to the environment.
Regulatory standards for Se in water are extremely low. The investigation and treatment of Se impacted water
requires an innovative, adaptable, and educated team; a team actively involved in research, and capable of
developing and optimizing new treatment technologies to provide treatment performance, cost effective
solutions, and gain stakeholder acceptance.

Overview of Se-Related Services

In-House Treatability Testing

Geosyntec has significant expertise in the design and implementation of Se treatment technologies for industrial wastewater, surface water, and groundwater. Geosyntec’s pioneering
work developing Se treatment technologies and successfully
operating treatment systems provides clients with innovative,
cost-saving solutions. Our Se-related services include:

SiREM, a division of Geosyntec Consultants, has extensive experience in
the design, execution and interpretation
of treatability studies for contaminants including metals and metalloids, such as Se. These studies are used to evaluate many
different remedial technologies including bioremediation, chemical
reduction and oxidation as well as assessment of site-specific
parameters in support of Se treatment systems.

• Knowledge and expertise in state-of-the-art Se
analytical techniques and developments
• In-house biological and physicochemical treatability
testing – batch mesocosm and column studies
• In-house microbial characterization services
• Biological fixed film process expertise and optimization
• Pilot- and full-scale treatment system design,
construction and operation

BIOLOGICAL TREATMENT

• Geosyntec specializes in biological treatment of Se using
both passive and active treatment systems.
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• Geosyntec has developed and designed several different
types of bioreactor systems with key design elements: (1)
ORP control, (2) fixed media support of biofilm, (3) small
footprint, and (4) simple and inexpensive design.
• Several passive gravel bed reactors (GBRTMs) and active
fixed-film reactors (FFRs) have been successfully operated
to achieve stringent discharge requirements for Se (< 5 ppb).

PHYSICOCHEMICAL TREATMENT

• Physicochemical pre-treatment of complex industrial
wastewaters is often required.
• Geosyntec specializes in treatability testing, and pilot and
full-scale treatment system design for TSS, sulfate, nitrate,
and other dissolved co-contaminant species removal in Se
impacted water to enable high treatment performance in
downstream biological reactors.
• Geosyntec has experience removing organic Se species
from wastewater through oxidation and adsorptive methods.

The Geosyntec difference
We Offer:

• > 15 Years of experience in Se treatment technology development

• Hands-on technology implementation experience and expert advisory
• A peer-reviewed publication record and investment in Se research
• In-house treatability testing capabilities

Relevant Projects and Client Service Offerings
Gravel Bed Reactor (GBRTM) for Treatment of Se in an Urban Stream

Geosyntec conducted long-term column studies, developed a design concept,
and was a significant contributor to the detailed design and implementation of
a below ground GBRTM system for treating water in an urban stream impacted
by Se. The treatment system achieved < 5 μg/L Se in the effluent. This was
accom-plished within a small 2-acre footprint, below ground; thus, allowing for
ground level footprint reuse.

Fixed Film Reactor (FFR) for Treatment of Se in Groundwater

Geosyntec operated a FFR for the biological treatment of Se and perchlorate
as part of a groundwater treatment program at an industrial site. The system
incorporated standard plastic bioreactor packing material as a media for the
growth of a stable biofilm to meet stringent water quality criteria.

GBRTM for Treatment of Se from Groundwater Seep at a Coal
Mine Site

Geosyntec installed a GBRTM in an excavation beneath an existing parking lot
to minimize the impact on other operations at the Site. The excavation was
lined with a geo-membrane and then backfilled with gravel. The oxygen redox
potential (ORP) within the GBRTM is monitored to allow for adjustments in electron
donor to maintain optimal conditions for removal of selenium below 5 μg/L.
Reactor was placed below ground to allow for re-purposing of the above
ground footprint as a parking lot.

Evaluation of Se and Nitrate Treatment in Mining Wastewater

Geosyntec evaluated GBRTM performance in a temperature-controlled flowthrough column and operated the system for a period of approximately 1 year.
Operational conditions tested included influent concentrations of Se ranging
from 150 to 1,000 μg/L; electron donor under-dosing and overdosing;
and water temperature ranging from 4° to 8 °C. Se specialization and
microbial characterization was completed and demonstrated effective treatment
via active Se reducers.

Treatment of Flue Gas Desulfurization (FGD) Wastewater at a
Coal Fired Power Plant

Geosyntec designed a pretreatment physiochemical system upstream of several
Se treatment pilot reactors to determine the optimal Se treatment technology
for the FGD wastewater generated at the Site. Geosyntec was involved in
testing a variety of biological treatment systems from the primary vendors of
active biological treatment systems designed to remove Se, As, Hg and
nitrate to meet new stringent Effluent Limit Guidelines (ELGs) in line with the
new Coal Combustion Residuals (CCR) Rule.

Geosyntec Consultants is a specialty consulting firm with more than 1,500 engineers,
geologists, environmental scientists, and other technical and project staff focused on
solving the most challenging of environmental, natural resource, and civil infrastructure
issues for private and public sector clients.
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