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Chief, Hydraulics Branch 

McPhee Dam Spillway and Outlet Works Dissolved Gas Supersaturatiod 

Dissolved gas supersaturation results when an excessive amount of k,as - 

is dissolved from the atmosphere into waterflows. Water at a certlain _________ 
temperature and under a certain pressure will stably hold a partidla ur 
amount of dissolved gas. This maximum stable amount is called the__ —  
saturation level. At structures such as stilling basins, it is possibl e 
to dissolve more gas than this saturation level. When this occurs, 
an unstable state, such as in carbonated water, occurs. The gas will 
tend to come out of solution. The rate at which the gas comes out 
of solution is dependent on the degree of supersaturation and the 
degree of turbulence in the flow. A potential problem results with 
fish in this supersaturated water. As a result of gas transfer from 
the water, the fish's blood will also become supersaturated. If free 
bubbles are then released in the blood, a disease similar to the bends 
in humans results. Experience at other WPRS structures and from 
fisheries research indicates that supersaturation levels of 115 to 
120 percent or higher may potentially yield fish kills. 

The predictive analysis presented in report No. GR-8-75, "Prediction of 
Dissolved Gas at Hydraulic Structures," was used to evaluate potential 
dissolved gas levels that could result due to operation of the outlet 
works and spillway at McPhee Dam. The results of this analysis are 
presented in the following two graphs. 

It should be noted that reservoir temperature stratification and 
release structure intake elevation will control the temperature of 
the released water. Cold water stably holds larger absolute 
quantities of dissolved gas than viarm water. Thus, 16.3 mg/L of 
dissolved nitrogen in water at 4 °C yields 140 percent saturation 
while 11.5 mq/L at 20 °C yields 140 percent saturation. The relation-
ship between saturation concentration and temperature is not linear. 
Consequently, mixing of outlet works releases at one temperature and 
dissolved gas level with spillway releases at another temperature 
and dissolved gas level does not result in a direct saturation 
percentage dilution. For example, if 500 ft3/s at 4 °C were released 
from the outlet works and 1,000 ft3/s at 15 °C were released from 
the spillway, then the outlet works release would vield a 118 percent 
or 19.1-mg/L dissolved nitrogen level and the spillway release would 
yield a 120 percent or 15.2-mg/L dissolved nitrogen level. The 
combined flow would be at 11.3 °C and 16.5 mg/L. This would result in 
a 121 percent saturation level. 
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The above temperature condition would occur in midsummer and thus 
the above releases are not probable. On the other hand, in 
spring, when major releases would likely occur, reservoir water 
surface temperatures are cold and similar to temperatures deeper 
in the reservoir. Under these conditions, mixing of the two flows is 
an operational procedure that could be used to minimize supersaturation 
percentages. For example, if the required release is 1,500 ft3/s and 
if the reservoir has a homogeneous temperature of 4 °C, the following 
operational conditions are possibilities. 

Resulting 
Outlet works Spillway combined 

release release saturation 

1,500 ft3/s 0 ft3/s 136 percent 

0 ft3/s 1,500 ft3/s 126 percent 

500 ft3/s 1,000 ft3/s 120 percent 

Thus, it would be advantageous to use combined operation. 

The extent of river affected by the resulting supersaturation levels is 
largely dependent on the degree of river turbulence. As noted earlier, 
higher turbulence levels will result in quicker dissolved gas release. 
Changinq water temperatures may also affect percentage supersaturation 
levels but is not considered a factor at this site. The Dolores River 
and its gradient were compared to other rivers on which limited super-
saturation reduction data have been collected. The Dolores has a fairly 
flat gradient and it appears that for initial saturation levels of 
120 percent, it may take up to 0.5 mile for the level to drop below 
115 percent. Likewise, for an initial level of 130 percent, it may 
take up to one mile of river for the level to drop below 115 percent. 
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