
3/5/2019 Speece cones saturate water with oxygen, ozone « Global Aquaculture Advocate

https://www.aquaculturealliance.org/advocate/speece-cones-saturate-water-with-oxygen-ozone/?headlessPrint=AAAAAPIA9c8r7gs82oWZBA

ENVIRONMENTAL & SOCIAL RESPONSIBILITY (/ADVOCATE/CATEGORY/ENVIRONMENTAL-SOCIAL-
RESPONSIBILITY)

Speece cones saturate water with oxygen,
ozone
Sunday, 1 March 2009

By Gary Rogers, Ph.D., P.E.

Easy to install and operate, they are virtually maintenance-free
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Speece cones offer a very e�cient method for increasing oxygen levels in water for aquaculture applications as well as
zoo and aquarium exhibits. The oxygen cone concept was originally developed by Dr. Richard Speece at Vanderbilt
University in Nashville, Tenn., USA. Speece initially called his system a down-�ow bubble contact aeration apparatus, a
device used to supersaturate water with oxygen.

The complete system included an inverted funnel open at the bottom with a water pump at the top, a bubble diffuser
located about middepth and a source of oxygen gas. The design has since been modi�ed to an enclosed cone-shaped
chamber.

The early design of the cone was limited to the wildlife hydrostatic pressure as de�ned by the depth at which the funnel
was placed in the water body. The newer enclosed cones can be used at higher pressures limited by the type of material
used for construction. Cones have been designed using polyvinyl chloride, �berglass or stainless steel materials.

Speece cone systems offer highly e�cient diffusion of oxygen into water
to raise oxygen content.
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Gas transfer
The transfer of oxygen gas to the water follows Henry’s Law, which is used to determine saturation concentrations of
dissolved gases. According to Henry’s Law, under steady-state conditions, the partial pressures of dissolved gases in
water are in balance with the pressures of the same gases in the atmosphere above the water.

When the pressure of the gases over water is decreased, the amount of dissolved gas also decreases. In addition, the
saturation concentrations of those gases will vary depending on temperature, salinity and pressure. Higher pressure
increases the amount of gas dissolved per unit volume, so the saturation concentration for a gas is higher at higher
pressure or in deeper water. The inverse is the case for temperature and salinity. Water at higher temperature or salinity
dissolves less gas per unit volume.
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Oxygen cones are fairly easy to install and operate, and require no maintenance.
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Cone operation
Speece oxygen cones are fairly easy to install and operate. Once installed, they are virtually maintenance-free. Water
enters at the top of the cone and �ows downward. At the same time, oxygen is introduced through a �tting at or near the
top of the cone. The downward-�owing water counteracts the buoyancy of the rising oxygen bubbles. The bubbles are kept
in suspension, no matter how large or small they are. Because the cone is pressurized, e�uent water becomes
supersaturated with oxygen by the time it reaches the tank.

The design of the cone optimizes oxygen transfer, and e�ciencies up to 100 percent are possible. Concentrations of
oxygen greater than saturation can be obtained depending on various operational parameters. For example, Speece cones
can provide dissolved oxygen levels of 25-50 mg/l depending on �ow rate, cone size, temperature and pressure.

Although cones can be designed to handle full �ow in a recirculating system, they are more often plumbed in a side
stream con�guration by pumping out of a sump. A side stream setup minimizes �ow requirements while still providing
very high levels of dissolved oxygen or ozone.

Additional components
In addition to the cone, a few other items are necessary for operation. These include:

Pipe side �ange �ttings. Outlet holes for mounting pipe �ange �ttings are custom. Flanges can be either American
or European standard sizes.
Bleed valve. The bleed valve purges gas trapped inside the cone during the start-up procedure.
Outlet valve. An outlet valve regulates the operating pressure within the cone.
Pressure gauge. The pressure gauge monitors the pressure within the cone.

In some cases, a venturi is used to introduce oxygen, although it is not necessary. The venturi injection method has the
added bene�t of improved oxygen dissolution in the water due to the turbulence created in the venturi. In addition, a
venturi provides other advantages, including control of full �ow line pressure, lower 
energy requirements for pumping and a limited space requirement.

Ozone applications
Speece cones are also very e�cient at dissolving ozone in water for aquaculture or other uses. Oxygen cone ozonation
eliminates the need for venting gas or an ozone destruct unit, as e�ciencies are near 100 percent. In addition, the
economics of ozonation can be greatly improved in terms of lower capital, maintenance and operational costs.

Precautions
Two safety considerations are important when working with oxygen cones. First, �berglass cones are not designed to
operate at pressure greater than 21 psi. Failure to keep the operating pressure at or below this level can result in
permanent damage to the cone and/or serious injury to the operator.

Secondly, highly concentrated sources of oxygen can be �re or explosion hazards. Pure oxygen at high pressure in
combination with a spark can lead to an explosion. Therefore, the design and manufacture of oxygen systems requires
that potential ignition sources are eliminated.

(Editor’s Note: This article was originally published in the March/April 2009 print edition of the Global Aquaculture
Advocate.)
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