
w w w . s o l a r b e e . c o m

There are more than 53,000 municipal 
water systems in the United States, 
and many of them rely on water 
towers and above- and below-ground 
storage tanks to store treated potable 
water. While drinking water treated 
with either chlorine or chloramines 
will normally remain stable and safe 
for a few days in storage, municipal 
water system operators have tended 
to rely on normal cycling of water 
in and out of the tank to keep the 
water mixed in order to limit aging 
and deterioration of disinfectant 
chemicals. However, this reliance on 
“passive mixing” is often not enough 
to prevent thermal stratifi cation that 
can lead to a drop in residual chlorine 
and the resultant growth of bacteria. 
When bacteria contamination occurs, 
a common practice is to drain and 
fl ush the tank, and refi ll it. This 
practice wastes water and raises costs 
for labor and chemicals.

When continuous mechanical mixing 
is combined with frequent sampling 
and periodic chlorine boosting 
when needed, water quality is 
maintained and less disinfectant is 
needed overall due to elimination of 
sampling inconsistencies. This paper 
will address new near-laminar-fl ow 
active mixing technologies that have 
been developed to completely mix 
potable water storage tanks up to 100 
million gallons, virtually eliminating 
sampling inconsistencies and thermal 
stratifi cation. These technologies have 
the additional benefi ts of reducing 
labor and expenditures for chemicals, 
as well as providing a means for 
complying with the EPA regulations.

Temperature stratifi cation

Thermal stratifi cation promotes 
deterioration of water quality, 
especially in the upper part of 
the tank. When water warms and 
stratifi es, newly treated cold water 
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coming into the tank may not mix 
well with the existing water, and 
tends to stay near the bottom. This 
cold water near the bottom is also 
the fi rst to exit the tank, essentially 
short-circuiting or stranding the bulk 
of the warmer, stratifi ed water above. 
(See Figure 1.) Thermal stratifi cation 
can start to occur with temperature 
gradients as small as 0.1°C. If 
stratifi cation persists for as little as 
fi ve days, disinfection chemicals may 
begin to dissipate in the warmer, 
upper layers, allowing bacterial 
growth and an overall decrease in 
water quality.

Stratifi cation also introduces sampling 
inconsistencies that can lead to 
over- or under-boosting of chemical 
disinfectant. Since water quality 
testing is based on sampling from 
selected locations within a tank, 
these testing points may not refl ect 
the real health of the entire tank 
if it is stratifi ed. However, having a 
fully mixed storage system provides 
a means for true sampling of water 
temperature and residual disinfectant 
from any sampling point.

Mixing technologies differ

There are a variety of mixing 
technologies used in potable water 
storage tanks. These include passive 
mixing, periodic active mixing and 
continuous, active mixing.

• Passive mixing – This practice relies 
on the infl ow of new water into 
the tank to mix with the older 
water and promote the uniform 
distribution of disinfectants. The 
effectiveness of this method is 
dependent on the inlet/outlet 
location and the rate of water 
usage. When water usage rates are 
moderate to low, passive mixing is 
often not effective in preventing 
thermal stratifi cation.

• Short-distance turbulent mixing – 
Mechanical mixing is sometimes 
used when adding chemicals to a 
water storage tank to promote even 
distribution of the disinfectants. 
These types of mechanical mixers 
utilize an impeller turning at high 
rpm to create turbulence in the 
water and promote mixing in much 
the same way that a handheld cake 
mixer does. While these mixers 

do thoroughly blend the water 
in the vicinity of the impeller, 
the energetic turbulence that is 
generated prevents the water 
from either traveling out too far 
from the mixer or being drawn in 
from any signifi cant distance. (See 
Figure 2.) As a result, mixers that 
rely on turbulence are not able to 
effectively disperse the chemicals 
to the boundaries of the tank—the 
sides and bottom—where biofi lms 
tend to form. 

• Continuous, long-distance mixing – 
New solar-powered, near-laminar-
fl ow continuous, active mixers 
were developed for solving water 
quality problems in lakes and raw 
water reservoirs and have the ability 
to circulate water out to a radius 
of 800 feet (246 meters) and to 
depths of more than 100 feet (30 
meters). They are also widely used 
to maintain water quality in potable 
storage tanks. Instead of creating 
turbulence in the water, the near-
laminar-fl ow mixer fl oats on top 
of the water and gently draws the 
water up from 

Figure 1. When passive mixing is insuffi cient, potable water tanks 
can stratify, stranding warmer water near the top of the tank where 
residual disinfectants begin to dissipate.

Figure 2. Turbulent, high-horsepower mixers agitate the water in the 
vicinity of the blades but often do a poor job of homogenizing the water 
along the outer walls and bottom of the tank where biofi lms form.
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below. Exiting the mixer without 
turbulence, the surface water 
travels a long distance because it is 
essentially powered by gravity and 
experiences little resistance. This 
feature makes it possible to mix 
the water throughout the entire 
water column, from the bottom 
of the tank to the outer walls and 
everywhere in between. 

While these near-laminar-fl ow 
mixers can circulate up to 10,000 
gallons (38,000 liters) per minute, 
they require very little power due 
to the minimal head, or lift, in the 
up-fl ow pump design. This feature 
allows them to be driven by an 
electronically-controlled DC motor 
that is signifi cantly more effi cient 
than induction motors typically used 
on turbulent mixers. The low-power 
requirement allows them to be 
powered by 80- to 300-watt solar 
photovoltaic arrays combined with a 
deep-cycle storage battery to allow 
24/7 operation. With the near-
laminar-fl ow mixer fl oating in the 
water tank and a solar power source 
installed on the tank roof, the 
equipment can operate around the 
clock, completely mixing the tank 
to provide consistent disinfectant 
residual, and eliminate thermal 
stratifi cation and deterioration. 
(See Figure 3.)

Mixing is especially important in 
chloraminated systems

While approximately 70 percent 
of municipal water systems use 
chlorine as their primary disinfectant, 
a growing number of municipal 
water agencies have switched from 
chlorine to chloramines as their 
disinfectant of choice. Continuous, 

active mixing is benefi cial with both 
types of disinfectants, but is especially 
important in chloraminated systems. 
Here’s why: if chloraminated water 
is allowed to stratify and age too 
long due to poor mixing, ammonia-
oxidizing bacteria (AOB) may convert 
free ammonia to nitrites. As more 
and more water treatment facilities 
convert from chlorine to chloramines, 
the American Water Works 
Association (AWWA) has noted that 
nearly two-thirds or more of tanks 
with chloraminated water experience 
unwanted nitrifi cation and a loss of 
residual disinfectant, especially when 
water temperatures rise during warm 
weather. When the temperature of 
chloraminated water rises above 
15°C (59°F), the AOB, which are 13 
times more resistant to chlorine than 
most bacteria, begin to grow rapidly 
especially on the fl oor and walls 
of the tank. So it is critical that the 
mixing scheme circulates water along 
the walls and bottom of the tank and 
exposes AOB to disinfection chemicals. 

Mixing can help with other water 
quality problems, too. In water 
systems with natural organic matter 
(NOM) content, chlorine added at 
the treatment facility will react with 
NOM to form disinfection byproducts 
called trihalomethanes (THMs). 
Formation of THMs is a concern 
because of potential health risks. 
The current limit is 80 ppb, but this 
will be lowered to 60 ppb over the 
next few years. As newly treated 
water fl ows into the tank from the 
water treatment plant, it tends to 
have its highest levels of THMs. In 
poorly mixed storage tanks, the new 
high-THM water tends to be the last 
in and fi rst out, short-circuiting the 
older, stratifi ed water above it. THMs 
naturally dissipate over time, so this 
older water usually has less THMs. By 
homogenizing the water in the tank, 
continuous, active mixing distributes 
and dilutes the THMs throughout 
in the entire water column and 
minimizes the concentration of THMs 
in the effl uent water.
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Figure 3: With a continuous, active near-laminar-fl ow mixer, water is drawn from 
the bottom of the tank and fl ows up and outward toward the outer walls and back 
down, eliminating stratifi cation.



About SolarBee™

SolarBee, Inc., a division of Medora Environmental, Inc., manufactures and 

installs solar-powered, long-distance water circulation equipment. Introduced in 

2001, the fl oating, up-fl ow circulators can move up to 10,000 gallons per minute 

from depths of more than 100 feet with a solar-powered pump. SolarBee 

circulators help solve water-quality problems worldwide in freshwater lakes, 

wastewater lagoons, storm-water ponds, estuaries, potable and recycled water 

storage tanks and other reservoirs.

Water quality monitoring and 
chlorine boosting

While active mixing with a near-
laminar-fl ow mixer can provide 
consistent disinfectant residual, 
eliminate thermal stratifi cation, 
and ensure that all of the water in 
the tank is of a uniform age, water 
quality still has to be monitored on a 
regular basis to ensure that it meets 
requirements. With active mixing, 
there will be much higher confi dence 
in the sampling results due to the 
elimination of stratifi cation. As a 
result, when testing reveals that 
the residual disinfectant level is 
low, the correct amount of chlorine 

can be added to boost the level 
of disinfectant. This prevents both 
over-chlorination (and higher costs) 
and under-chlorination. Provided 
that the tank is being actively 
mixed top to bottom and out to the 
side boundaries and back, water 
uniformity will be improved to the 
point where water testing results 
are consistent and, when needed, a 
simple boost of chlorine into the tank 
will often be effective in bringing the 
tank back to the desired water quality 
parameters. 

CONCLUSIONS

Inadequate mixing in potable 
water storage tanks is a persistent 
problem for many municipal water 
systems because it leads to sampling 
inconsistencies, thermal stratifi cation, 
old water age, low disinfectant, and 
other problems. Active mixing with 
a long-distance mixer, combined 
with periodic sampling and chlorine 
boosting, has been shown to be an 
effective solution. 

New near-laminar-fl ow mixing 
technologies are being employed to 
thoroughly mix water tanks of up to 
100 million gallons and reduce AOB at 
the extreme boundaries and bottoms 
of tanks, where these biofi lms tend 
to thrive. Due to the low power 
requirements of these mixers, they 
are suitable to be powered by small 
solar arrays for daytime use and a 
storage battery for nighttime use. In 
addition to helping to solve water 
quality issues, near-laminar-fl ow 
mixers also reduce chemical and labor 
expenditures and help municipalities 
meet EPA regulations.
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