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Embolism or gas-bubble disease is manifest by bubbles 

26 
in the mouth, fins, or other parts of the body. 

Gas in the Water — 
oft 

in Reaeration 
by Danny L. King 

Motorists have long been con-
cerned about the potential 
problem of water in the gas. But 
Bureau of Reclamation engineers 
recently have been thinking 
about the reverse gas in the 
water—specifically, the two 
gases oxygen and nitrogen, 
which together make up 98 
percent of the atmosphere. 

Fish breathe differently from 
humans and so do organisms 
which feed on and break up the 
wastes which humans create. The  

"breathing," more correctly 
identified as "respiration," of 
these organisms uses up the 
oxygen required for fish life. 
Furthermore, new organisms 
which do not require oxygen may 
begin to work on the wastes, 
resulting in an anaerobic (without 
oxygen) or septic condition. A 
septic condition (putrefaction) is  

the splitting of proteins by bac-
teria and fungi with the formula-
tion of foul-smelling, incom-
pletely oxidized products. It is a 
sorry condition indeed, when the 
bottom of a stream or lake 
becomes like a septic tank. Shut 
off the air supply to a heavily 
populated aquarium, wait awhile, 
and you may see a miniature 
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demonstration of the effects of 
too little oxygen in a stream or 
lake. 

Fortunately, nature continu-
ously injects oxygen into water 
through rapids, waterfalls, and 
waves so that the demand for 
oxygen is often met. In some 
cases, however, waste input, and 
thus oxygen demand, are too 
great and putrefaction begins. 
Another problem arises when 
water is stored in reservoirs. It is 
a phenomenon known as tem-
perature stratification, with 
cold, more dense water at the 
bottom and warm, less dense 
water at the top. The movement 
of oxygen from the surface of 
the reservoir to the bottom is 
inhibited, as if an invisible mem-
brane were placed between 
them. Usually, mixing of the 
reservoir by wind and natural 
turnover caused by temperature 
changes in the spring and fall 
corrects this condition, but in 
some cases, severe oxygen 
deficiencies occur in the bottom 
layers. Not only is the habitable 
space for fish reduced, but the 
poor quality water may be passed 
downstream through outlets and 
turbines. 

Supersaturation, or too much 
dissolved air, is another problem 
affecting water quality. Just as a 
bottle of cola holds the fizz more 
readily when the cap is on than 
off, so water deep in a river or 
lake can hold more dissolved gas 
than that same water at the 
surface. The deeper water is thus 
said to be supersaturated com-
pared to the surface water. Using 
the same cola bottle analogy, if 
the cap is taken off slowly after 
one has quietly left the bottle on  

the shelf, most of the gas will 
stay in solution. However, if the 
bottle is shaken and the cap 
removed, the gas comes out of 
solution quickly, as evidenced 
by the cola on the ceiling. In 
much the same way, a steep, 
shallow stream with rapids will 
discard the excess dissolved gas 
it holds, while a deep, quiet 
stream will not. 

So what happens if a river is 
supersaturated with dissolved 
gas? Unfortunately, fish undergo 
an experience similar to that of 
divers who develop the bends 
after rising to the surface too 
fast. Gas is dissolved in the blood 
stream of fish through the 
respiration process, then when 
the fish move to shallower water 
(or to warmer water, which has 
the same effect) the gas comes 
out of solution, forming bubbles 
in the blood. The effect can be 
crippling or fatal and is referred 
to as "embolism" or "gas-bubble 
disease." Even if the disease 
itself is not fatal, it may cause 
blindness, sores which become 
infected, or other effects which 
lessen the fish's ability to protect 
itself against predators or to 
reproduce normally. 

Both problems, too little gas, 
and not enough gas, may result 
during the operation of Bureau 
of Reclamation projects. The 
problem of too little dissolved 

Bubbles In the gills.  

oxygen in the bottom of a reser-
voir has already been mentioned, 
as well as the possibility that this 
poor quality water might be 
released downstream. 

Energy dissipators, designed 
to still the tremendous power of 
water released from reservoirs, 
often act as artificial rapids and 
waterfalls to restore the needed 
oxygen. But too much of a good 
thing is dangerous. The deep 
water associated with some of 
these structures may result in 
supersaturation and, in some 
cases, damage to fish. Natural 
waterfalls can also cause super-
saturation but normally to a 
degree not hazardous to fish. 

A survey of all the Bureau's 
Regions in 1971 showed that 
water quality problems associ-
ated with low dissolved oxygen 
existed in at least 8 streams and 
27 reservoirs. The problem of M 
supersaturation became an 
issue on the Columbia River a 
few years ago because of the 
major impact it had on runs of 
salmon and steelhead. The 
Bureau was involved because 
the spillway at Grand Coulee 
Dam contributed to supersatura- 
tion. Since then the problem has 
arisen at other locations 
throughout the West. 



Hydraulic structures can add 
needed oxygen or cause 
troublesome supersaturation 
of dissolved gases. 
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A large propeller device, 
mounted below the barge, 
Is used to destratify A saturometer is used 
Lake of the Arbuckles, Okla. to measure the concentration 

of dissolved gasses In wat•►. 

In 1969, the Bureau began a 
research program to find out 
what can be done about these 
problems. The primary objective 
of the research is to develop new 
and more efficient methods and 
devices to reaerate (that is, 
reoxygenate) streams and reser-
voirs. The problem of supersatur-
ation appeared after the program 
had begun so it also became a 
major interest. 



In the past, destratification has 
been a popular technique used 
in reaeration of reservoirs. As the 
name suggests, the stratification 
or layering of the reservoir is 
partially or completely destroyed 
with a mixing device. 

Diffused air, a curtain of 
bubbles rising from a perforated 
pipe, had been used extensively 
in destratifying small impound-
ments—ponds by Bureau stand-
ards. This diffused air technique 
is similar to the aerator in your 
home aquarium. Unfortunately, 
only about 1 percent of the 
energy used (such as electricity 
or diesel fuel) actually mixes the 
lake, just as only a portion of the 
horsepower created by an auto-
mobile engine reaches the 
wheels. Therefore, for large 
reservoirs, very large diffused air 
systems may be necessary. In 
some cases, air compressors 
with hundreds or perhaps 
thousands of horsepower would 
be needed. 

During the past 2 years, 
Bureau employees have worked 
at Lake of the Arbuckles, Okla-
homa, to develop more efficient 
destratification devices. One 
device, referred to as a bubble-
gun, was developed by employ-
ees in the Bureau's Southwest 
Region. It pumps water from the 
bottom to the surface by inter-
mittently releasing large bubbles 
through a trap-door device and 
into a vertical tube. 

Another device was developed 
at Oklahoma State University and 
is being tested now. It uses a 
slowly turning, large aircraft 
propeller (16 feet in diameter) to 
pump water from the surface 
downward. (A handmixer on low 
speed, dipped into your 
aquarium, will demonstrate this 
principle.) Chemical and bio-
logical effects of the operation 
are being carefully measured,  

including the growth rate of fish. 
Plans are underway to test 
alternative reaeration methods 
at Lake Casitas in California, in 
cooperation with the Mid-Pacific 
Region and the Casitas Municipal 
Water District. A successful 
destratification operation using 
diffused air is being conducted 
there (see Reclamation Era, 
February 1972). The planned 
research will compare this with 
other methods to destratify water. 

It is a sorry condition indeed, 
when the bottom of a stream or 
lake becomes like a septic tank. 

Dissolved gas concentrations 
have been measured at dozens 
of Reclamation dams, mostly 
during the past 2 years. These 
measurements serve a two-fold 
purpose: to determine the capa-
bility of hydraulic structures to 
restore the oxygen to waters 
with an oxygen deficiency, and 
to identify the hydraulic struc-
tures' tendencies to supersatur-
ate the water with dissolved gas. 
The data has enabled the Bureau 
to predict the amount of gas 
likely to be dissolved. Thus, 
problems either of too much or 
too little dissolved gas can be 
solved in the planning and design 
stages. Water quality standards 
specify minimum levels of 
oxygen and maximum levels of 
supersaturation. 

Still another way to reaerate is 
by injecting pure oxygen into the 
water. Pure oxygen is expensive 
and care must be taken to insure 
that it all dissolves and that none 
of it is lost through the surface of 
the water into the atmosphere. 
Injecting pure oxygen provides 
an important alternative to 
destratification by allowing re-
oxygenation without destroying 
the warm and cold layers which 
might be released for special 
benefits downstream. 

However, the presence of 
oxygen bubbles or high levels of 
dissolved oxygen may accelerate 
the corrosion of metal parts such 
as penstocks, turbine runners, 
and trashracks, so laboratory 
research is being conducted to 
determine this effect. 

Interdisciplinary teams includ-
ing hydraulic researchers, hy-
draulic designers, mechanical 
designers, biologists, and water 
quality experts are used to 
conduct the Bureau's research 
in reaeration and dissolved 
gases. This is a Bureauwide 
effort, with all Regions and the 
Engineering and Research 
Center involved in some part of 
the work. 

The Bureau is also part of the 
Federal interagency Steering 
Committee on Reaeration Re-
search with the Tennessee Valley 
Authority, the Corps of Engi-
neers, the Geological Survey, 
the Environmental Protection 29 
Agency, and the Bonneville 
Power Administration. The twice- 
a-year meetings have been fruit- 
ful in exchanging technical 
information and avoiding 
duplication in research. This 
group initiated and is partici- 
pating in plans for a National 
Symposium on Reaeration Re- 
search to be sponsored by the 
American Society of Civil Engi- 
neers, probably in the fall of 
1975. 

In short, the Bureau of Recla- 
mation is striving to find that 
happy median where streams, 
lakes, and reservoirs have suffi- 
cient oxygen to maintain fish life, 
yet not so much as to cause 
embolism. With the help of our 
specialists and those of other 
agencies, we hope to find the 
balancing point. . am 
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