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Abstract.  Power plant cooling is a major consumer of 
water.  The two major methods of cooling that use water 
are once-through or closed-loop with cooling towers.  
Once-through extracts huge amounts of water but returns 
almost all of it with little consumed; cooling tower 
systems extract much less water but consume more.  Both 
systems discharge heated water that can have 
environmental impacts.  To meet receiving water 
temperature requirements, discharge is often through a 
diffuser. 

The major types of thermal diffusers for the main 
water body types are briefly reviewed and examples are 
given of the design of two diffusers.  The first is a once-
through discharge into a shallow, tidal, estuary.  It consists 
of an alternating diffuser with jets inclined upwards.  
Dilution is mainly a result of the momentum of the 
discharging jets.  The second is for a power plant with a 
cooling tower discharging into a river.  It is a 
unidirectional diffuser with multiple horizontal buoyant 
jets.  Dilution is mainly due to the momentum and 
buoyancy of the discharge.  Simulations with the 
mathematical model UM3 of Visual Plumes showed that 
the surface temperature regulations would be met.   

A diffuser system is an effective means of disposing of 
heated water from power plants.  They mix and dilute the 
heated water so that temperature rises are rapidly reduced 
with little environmental impacts. 

To optimize water use and consumption, it may be 
possible to design plants to operate with once-through 
cooling and cooling towers at different times of the year. 
 

INTRODUCTION 
 

Steam-cycle power generation, which is how 
approximately 90% of non-hydro electrical power is 
produced, requires extensive cooling of the steam 
condensers.  The rate at which this heat must be dissipated 
is huge, of the order of twice the rate of useful energy 
production (power) of the plant.  The cooling can be either 
wet cooling, by water, or dry cooling.  Wet cooling in the 
production of electrical power is one of the largest uses of 
water in the US and worldwide.  Surface water was the 
source for more than 99% of total thermoelectric-power 
withdrawals.  In Georgia, the power generation sources in 
2008 were: 74% coal, 19% nuclear, 6% oil and gas, and 
1% hydro.  Nuclear plants require slightly more water than 
coal or oil-fired plants. 

There are three main types of cooling systems used to 
dissipate the excess heat:  
 Once-through.  If the power plant is near a large water 

source such as a major river, lake, estuary, or coastal 
water, a large quantity of water can be passed through 
the condensers in a single pass and discharged back 
into the water body, warmer and without much loss 
from the amount withdrawn.  The water can be salt or 
fresh.  Some small amount of evaporation will occur 
off site due to the water being a few degrees warmer. 

 Recirculating.  Has two main ways:  

o Recirculating with cooling ponds. 

o Closed-loop with cooling towers.  Water cools the 
condenser and is then passed through a cooling 
tower, where an updraught of air through water 
droplets cools the water.  The cooling tower 
evaporates up to 5% of the flow and the cooled 
water is returned to the condenser.  The evaporated 
water must be continually replaced.  In addition, 
some “blowdown” water is removed to prevent the 
buildup of contaminants as the water evaporates.  
The heated blowdown water must be disposed of.  

 Dry.  A few power plants are cooled simply by air, 
without relying on evaporation.  This may involve 
cooling towers with a closed circuit, or high forced 
draft air flow through a finned assembly. 

Dry cooling uses little water, but is not commonly used 
in the U.S.  Cooling ponds can require a very large land 
surface area and are also not common.  Therefore, the two 
most common types of cooling are “wet:” Once-through, 
or closed-loop with a cooling tower.   

The quantities of water extracted and consumed (not 
returned to the water body) differ considerably for the two 
methods.  Once-through systems withdraw huge flows, 
but most is returned to the water body and the loss, due 
mainly to increased evaporation in the water body, is 
relatively small.  If discharged into a river, the amount of 
heating depends on the supply of water available for 
dilution.  Cooling tower systems extract much less water, 
but consume more.  The cooling tower blowdown is 
returned to the river hotter than in once-through cooling, 
but the smaller flow can be more easily diluted and 
cooled.   

Consider, for example, a 2,000 MWe power plant.  
Once-through cooling would require about 90 m3/s (2,100 
mgd) but the water consumed is relatively small, around 1 
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temperature rise that could occur in summer.  It was 
predicted that the maximum surface temperature would be 
84.0F and would never exceed 90F. 

The diffuser is fixed to the face of the dam so its axis 
is parallel to the predominant currents (Figure 5).  
However, zero current speed was assumed in the 
simulations.  This is a conservative assumption, as the 
current will always increase dilution (and therefore reduce 
temperature rise).  The diffuser is unidirectional, with the 
nozzles all pointing in the same direction.  The heated 
water will form a surface layer a few feet thick that will 
not be directly entrained into the hydroelectric plant 
intakes. 

CONCLUSIONS 
 

Water for cooling plants used for the generation of 
power is a major consumer of water in the US.  The two 
major methods of cooling using water are once-through 
where large quantities of water are extracted from a water 
body or closed-loop with cooling towers.  The amount of 
water extracted and consumed is very different for the two 
types.  Once-through extracts huge amounts of water but 
returns almost all of it, with little consumed; cooling tower 
systems extract much less water but consume more. 

Both systems discharge heated water which can have 
deleterious effects on the environment.  So the 
temperature rise and absolute temperature in the receiving 
water body are usually limited by environmental 
regulations.  To meet these temperature requirements, 
discharge is often from a multiport diffuser as high 
velocity jets that entrain ambient water and mix with it, 
resulting in rapid and efficient cooling of the heated water. 

The major types of thermal diffusers are briefly 
reviewed along with the mathematical models often used 
to predict dilution and to design the diffusers.  The 
diffuser type depends on the receiving water body type:  
river, lake, estuary, or coastal water. 

Examples are given of the design of two diffusers.  
The first is an alternating diffuser for once-through 
discharge into a shallow, tidal, estuary.  The second is for 
blowdown from a cooling tower system for a power plant 
discharging into a river. 

The bay outfall consists of an alternating diffuser with 
jets inclined upwards.  Dilution is mainly a result of the 
momentum of the discharging jets.  Hydraulic model tests 
are described that illustrate the complexity of the 
hydrodynamic processes involved.  Despite this 
complexity, however, the maximum surface temperature 
rise can be predicted by simple jet models. 

The blowdown diffuser consists of multiple horizontal 
jets in a unidirectional configuration.  Dilution was 
predicted by the US EPA mathematical model UM3 of 
Visual Plumes.  The simulations showed that the surface 
temperature regulations would be met.  The diffuser is 

fixed to the face of the dam and so is parallel to the 
prevailing river flow.  The effect of the currents on 
dilution was neglected however, and so dilutions would be 
expected to be actually higher than predicted. 

 Diffuser systems are effective means of disposing of 
heated water from power plants.  They can effectively mix 
and dilute the heated water so that temperature rises are 
rapidly reduced with little environmental impacts. 

To optimize water use and consumption, it may be 
possible to design plants to operate with once-through 
cooling in winter and cooling towers in summer. 
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