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Recirculating cooling systems and nonpotable 
water reuse are becoming more common at 
power plants in many countries, dramatically 
improving the water use efficiency of energy 
generating stations. On the other hand, even 
where water reuse is improving – and especially 
where it isn’t – the condition of water returned 
to the environment from power plants is of great 
concern to utility managers and government 
regulators. Because most nutrients, sediments, 
metals, and other impurities are removed prior 
to the use or reuse of the water, dissolved oxygen 
(DO) becomes a key focus when it is time to 
release water into rivers or streams.

Power plant operators typically remove 
oxygen from process and cooling water before 
use to minimize the water’s corrosive effect 
on equipment. As a result, water leaving the 
plant tends to be extremely low in dissolved 
oxygen, which can place a significant burden 
on the receiving waters. Aquatic organisms 
need oxygen, and plumes of low-DO water 
can devastate water ecosystems.

Venturi effect
Power plants employ a wide range of approaches 
to return oxygen to process or cooling water, 
from cascading weirs to energy-intensive surface 
aerators, pressurized diffusers or complex 
Speece cones that serve as a reaction chamber 
for flowing water and injections of pure oxygen. 
Another technology that is currently gaining 

ground in power plants is venturi injection, 
which has been used with great success for 
decades to aerate water at scales ranging from 
massive drinking water plants to home hot tubs.  

The unique design of a venturi injector uses 
the flow of liquid to draw in air or oxygen and 
mix it with the stream, shearing the bubbles to 
instantaneously transfer high levels of gas into 
solution. As the stream is constricted in a cone-
shaped entry chamber, its pressure increases. 
The high-pressure stream is then directed into a 
conical exit chamber that allows it to expand, 
creating a zone of low pressure that draws air 
or oxygen into the flow. Meticulous design of 
the entry and exit cones optimizes the process to 
increase the gas transfer efficiency of the system 
through improved air intake and more effective 
mixing of the gas and liquid fractions. 

In power plants and other industrial applica-
tions, a boosted sidestream passed through a 
venturi injector is reintegrated into the main flow 
through a Pipeline Flash ReactorTM (PFR). In a 
PFR, a length of pipe serves as an inline mixing 
zone in which carefully designed nozzles further 
shear entrained gases as aerated water is returned 
to the main flow. This process maximizes the 
gas-liquid interface and transfers gas quickly and 
efficiently, with no break in pipeline pressure.

Big success in Texas
To meet target DO levels of 5 milligrams per 
liter (mg/L) in discharged cooling tower effluent, 

a power utility in Texas, United States (US), 
installed a sidestream venturi injection system 
and a Pipeline Flash Reactor approximately 1 
meter (m) in length. DO in the water leaving the 
cooling tower ranges from 0 to 3 mg/L depending 
on the season. 

Cooling tower discharge ranges from 
approximately 5.7 to 11.4 million liters per day, 
providing another advantage to the venturi and 
PFR system, which can accommodate a wide 
range of flow volumes. The utility pumps the 
water a distance of just more than 3 kilometers 
(km) from the plant’s cooling tower to a settling 
pond, then through another 1.2-km pipe to the 
point of discharge at a local creek. 

Mazzei Injector Company designed and 
built a sidestream venturi injection and PFR 
system small enough to fit on a single pallet, 
approximately 2.8 square meters (m2), which was 
installed immediately prior to the discharge point. 
This system draws very little energy and requires 
minimal maintenance – the only equipment with 
moving parts is the small sidestream pump.

The State of Texas mandated DO levels of at 
least 5 mg/L for discharge, but the power plant’s 
managers set a goal of 8 mg/L. Weekly sampling 
showed that the Mazzei system raised DO in the 
water to the plant managers’ targets. The closed 
PFR system permits inline DO measurement 
and other data collection.

Dissolved oxygen (DO) must be removed from power plant process and cooling water to minimize 
corrosion of equipment, and then returned to water before final discharge into the environment. 
Jim Lauria of Mazzei Injector Company explains how venturi injectors and innovative nozzles 
can be effectively and efficiently used to increase DO to mandated levels.

Venturi injectors boost DO in 
power plant process water

DO 8.6 mh/L

Cooling water from a Texas power plant enters a settling pond with dissolved oxygen (DO) levels of 0 to 
3 mg/L. A venturi injector and Pipeline Flash Reactor (PFR) between the pond and outfall raise DO above 
mandated levels of 5 mg/L in the space of approximately 1 meter.

A properly engineered aeration system uses 
computational fluid dynamics (CFD) to optimize the 
sizing, design, and placement of venturi injectors 
and PFR nozzles. In this CFD rendering of a Mazzei 
Pipeline Flash Reactor, low-oxygen water (blue 
and green) passes nozzles injecting an aerated 
sidestream, almost instantly raising oxygen content 
in the main flow to high (red) levels.
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Computational fluid dynamics
Dr. Srikanth Pathapati, director of computational 
fluid dynamics (CFD) analysis for Mazzei, led 
the team that used sophisticated flow modeling 
tools to design and configure the system, with 
special attention to the size and layout of the PFR 
nozzles. The CFD analysis can also be used to 
ensure that a system will meet aeration goals. 

In the case of the Texas power plant, CFD 
analysis ensured the construction of a highly 
efficient injector/PFR system. Mazzei’s CFD team 
also modeled its e�ectiveness with a high level of 
accuracy, predicting an output of 8.6 parts per 
million (ppm) DO where the sampled DO turned 
out to be 8.8 ppm for one operating point, and 
predicting 7.2 ppm DO for a second operating 
point where the sampled DO was 7.15 ppm.

With a small, highly efficient sidestream 

venturi injector and Pipeline Flash Reactor 
system, the Texas utility achieved its ambitious 
aeration goals – well in excess of mandated levels 
– without additional ponds, tanks, weirs, or 
agitators and with a negligible increase in 
energy expenditure.

Author’s Note
Jim Lauria is vice president of sales and 
marketing for Mazzei Injector Company, LLC, a 
fluid design company that manufactures mixing 
and contacting systems. He holds a Bachelor of 
Chemical Engineering degree from Manhattan 
College and has more than twenty years of global 
water treatment experience in the agricultural, 
municipal, industrial, and commercial markets. 
He can be contacted at jlauria@mazzei.net.

Top left: With just the energy required to run a small 
sidestream pump, the skid-mounted Mazzei venturi 
system injects air into a portion of the flow and 
reintroduces the aerated water back into the main 
flow through a specially designed Pipeline Flash 
Reactor (PFR), which enhances shear and mixing.

Top right: Only 1.1 meter long, the Mazzei Pipeline 
Flash Reactor (PFR) maximizes gas transfer as it 
injects an aerated sidestream into the main flow 
through specially designed and placed nozzles. 
All Images provided by Mazzei Injector Company
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