Drinking Water Supply

New system for adding DO improves seasonal water
quality in lakes and reservoirs By Inken Mello
any lakes and reservoirs
suffer from low dissolved
oxygen (DO) conditions,
especially during the summer months. Low DO levels cause a
number of negative environmental consequences, including the release of iron
and manganese from the sediments to the
surrounding water, the formation of malodorous and corrosive hydrogen sulphide
(H2S), and possible fish kills.
These negative environmental effects
can be successfully prevented with the
targeted addition of pure oxygen to the
bottom layer of a lake or reservoir. This
is known as hypolimnetic oxygenation.
Since lakes and reservoirs typically
don’t flow, over time they accumulate organic matter, which settles in the sediment. Microorganisms in the sediment
and the lower layer of water (the hypolimnion) consume the organic matter,
requiring a constant source of oxygen.
During summer months, when sunlight and warm rainwater runoff warm the
surface water, the lake stratifies. Warmer
water is denser than the cooler water at
the bottom of the lake, preventing the two
from mixing. Cooler water in the hypolimnion is effectively cut off from any
oxygen supply from the atmosphere. At
the same time, biological activity in the
sediment rapidly consumes the remaining
oxygen in the hypolimnion, resulting in
anoxic or anaerobic conditions. This typically starts a few days after stratification
and lasts throughout the summer.
During the fall, as temperatures cool
down, water on the surface also cools
until it eventually reaches the same temperature and density of the water in the
hypolimnion, and mixing occurs. This
phenomenon is known as the “fall
turnover” and is often characterized by
the intense smell of “foul” water or, in extreme cases, fish kills.
During the fall turnover, foul-tasting
and malodorous chemicals that have been
produced throughout the summer stagnation, such as Geosmin, 2-Methylisoborneol (MIB) and H2S, are brought to the
surface, along with internal nutrients and
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An ECO2 System in use at a drinking water reservoir.

dissolved metals from the sediment.
Water quality decreases immediately and
internal nutrients promote algae growth.
Water quality concerns
Iron and manganese are bound in the
sediment, while dissolved oxygen is present in the surrounding waters. Under
anaerobic conditions, iron and manganese go into solution and will have to
be removed later at the water treatment
plant.
Organic taste and odour are caused by
algae after the fall turnover algae blooms.
Preventing internal nutrient loads from

the sediment during the turnover can reduce algae bloom and associated water
quality issues.
Algae blooms contribute to the problem of anoxic conditions in the hypolimnion. Dead algae sink to the bottom
and microbes require oxygen to consume
the organic matter. The more algae, the
faster the oxygen is consumed, and dead
zones are created. In these dead zones,
phosphates that were tied up in the sediment are re-released and will be brought
to the surface during mixing, stimulating
more algae growth.
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All of these compounds degrade the
aesthetic quality and treatability of drinking water. Often multi-level intakes are
necessary for selective withdrawal, but
may be prohibitively expensive. H2S is
often an odour source at recycled water
reservoirs, where sulphides are formed in
anaerobic conditions in and near the sediment. During fall turnover, dissolved sulphides are brought to the surface and
stripped out as H2S gas, leading to the familiar rotten egg smell. Apart from being
extremely odorous and potentially toxic,
H2S is also highly corrosive, and causes
costly damage to dams and intake structures. Low DO levels can impair aquatic
life in lakes, reservoirs or downstream
rivers and should be avoided to maintain
a healthy ecosystem.
All of these negative environmental
effects of anaerobic conditions in a lake
or reservoir can be prevented by the targeted addition of dissolved oxygen to the
hypolimnion.
Aeration versus targeted dissolved
oxygen addition
There are two approaches to preventing anaerobic conditions in the hypolimnion. One is to destroy the natural
stratification and mix the entire lake volume in an attempt to bring oxygenated
water from the surface to the bottom layer
of the lake. This requires the movement
of large amounts of water and uses large
amounts of energy.
Traditional aeration systems bubble
air, or oxygen, through the water column
in the hope that a small portion will dissolve and stay in the hypolimnion. The
absorption efficiency is low and depends
on the depth of the lake. Any oxygen that
is not dissolved in the hypolimnion is
wasted. Both approaches cause artificial
destratification, which may release nutrients from the sediment that will increase
algae growth and the problem of eutrophication.
In the case of high sulphide loads,
aeration and mixing systems will serve as
efficient strippers of H2S to the atmosphere, increasing odour problems. To
keep sulphides from escaping, it is best
to maintain a quiescent surface and to oxidize dissolved sulphides in the water column with readily available dissolved
oxygen.
Destratification also increases the
temperature of the bottom waters, result-

ing in greater biological activity and accompanying sulphide formation. Higher
water temperatures degrade coldwater
fish habitat, and warm discharges from
destratified reservoirs may negatively affect rivers downstream. In drinking water
reservoirs, a homogenized water column
precludes the optimization of raw water
quality by selective depth withdrawal.
The second and newer approach is hypolimnetic oxygenation. This method is
the technical approach of the ECO2 SuperOxygenation System, which supplements dissolved oxygen directly into the
hypolimnion.
Targeted addition of dissolved oxygen
maintains the natural stratification of a
lake or reservoir and supplements dissolved oxygen in the hypolimnion.
Rather than destratifying the lake and trying to add a sufficient amount of oxygen
from the surface to the bottom, hypolimnetic oxygenation takes a side stream out

of the hypolimnion. It raises the DO level
in a gas transfer device, known as the
ECO2 Speece Cone, and discharges oxygenated water horizontally over the sediment into the hypolimnion to prevent the
production of H2S and the release of iron
and manganese.
As the oxygenated water has the same
density as the water in the hypolimnion, it
remains in the hypolimnion, creating an
aerobic cap over the sediment. Thermal
stratification creates a natural barrier that
prevents oxygenated water from leaving
the hypolimnion, making this approach
more efficient than artificial destratification. Less oxygen is required to keep the
relatively small volume of water in the
hypolimnion aerobic, versus the entire
water column of a destratified lake.
Hypolimnetic oxygenation with the
ECO2 Speece Cone has been applied in
several water quality applications
continued overleaf...

The ECO2 SuperOxygenation Technology is based upon the scientific principle of Henry’s Law. The Speece Cone is designed to provide enough inlet
water velocity to break up the oxygen gas entering the cone. This action
forms an intense bubble swarm which has exceptionally large oxygen/water
interface. As the bubble swarm grows, the cone’s diameter increases
thereby reducing the water velocity to a point lower than the buoyant velocity of the bubbles. This prevents the bubbles from escaping and holds
them in suspension until they are dissolved.
The ECO2 System has proven a 90-95% efficiency for dissolving oxygen in
water. Depending on the pressure in the system, D.O. levels can be raised
up to 50-100mg/L or above. There are no internal baffles or static mixers
that could collect rags or stringy materials, nor are there any moving parts
in the cone that would require maintenance.
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IAn ECO2 Speece Cone is made ready to be placed underwater.

throughout the US. The system achieves
an oxygen transfer efficiency of 90-95%.
It fully dissolves pure oxygen gas into the
water before it is discharged into the hypolimnion. All of the dissolved oxygen is
readily available at the water sediment interface. The device can be installed on
shore, or on the reservoir bottom. The
only moving part that is required in the

installation is a standard industrial water
pump. Oxygen addition depends on the
demand of the lake and is fully automated.
Operation of an ECO2 SuperOxygenation System will not cause turbulence on the lake’s surface, and the
system itself will only take up minimal
lake surface space where the intake and

discharge pipes enter the lake. Ideally,
this should be near the intake structures.
Design considerations
To meet the goals of H2S and corrosion prevention, as well as iron and manganese reduction for increased water
quality, an aerobic cap has to be created
above the sediment. The amount of oxygen that needs to be supplemented to
maintain the aerobic zone can be calculated by multiplying total oxygen demand
by the required water amount that needs
oxygenation. The total oxygen demand in
the hypolimnion is a function of the SOD
(sediment oxygen demand) and the HOD
(hypolimnetic oxygen demand). The drop
in DO resulting from stratification is the
best measure of the total oxygen demand,
representing both SOD and HOD.
Another approach for controlling sulphide, iron and manganese downstream
of the reservoir is to create a large aerobic
zone around the intake structures in
which H2S, iron and manganese can be
oxidized. This is both a biological and
chemical process, that is influenced by
several water quality variables. Typically,
in clean lake water, it takes 24 to 48 hrs to
oxidize H2S, iron and manganese. Therefore, the aerobic zone must represent at
least 48 hours of hydraulic retention time
surrounding the intake structure. This
zone will be affected by the release rate of
the lakes, i.e., the higher the release rate,
the larger the zone needs to be.
To create an aerobic zone of 48 hours
hydraulic retention time, twice the daily
release rate has to be kept aerobic around
the intake structure.
Once the total daily oxygen demand
has been established, an oxygenation system can be sized accordingly. ECO2 typically works closely with the owner, the
consulting engineer and contractor
through each step of the design process
to make sure the project will be a success.
Once installed, the Speece Cone operates
basically maintenance-free. All orifices
are a minimum of 4 inches to allow for
solids passage if necessary, and there are
no moving parts in the cone, making it a
very reliable device for continuous oxygen addition.
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