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ABSTRACT 
 
Reservoirs have been constructed in Texas for many purposes including water supply, 
flood protection, hydro-electric generation and to provide cooling for steam-electric 
generating facilities. Even the smallest of these reservoirs exhibit a measure of thermal 
stratification during the summer. For most it is common for the deeper waters, below the 
epilimnion or surface layer, to become anoxic during warmer part of the year. Surface 
water quality standards that specify a needed dissolved oxygen concentration for 
reservoirs only apply to the surface mixed layer. This lack of oxygen in the deeper water 
limits aquatic life uses and can produce other undesirable water quality conditions. 
 
While thermal stratification is a process that occurs in natural lakes, a case can be made 
for managing undesirable aspects of this process in reservoirs that are man-made systems. 
Cooling reservoirs are one type where there is a strong capability of managing 
stratification, by virtue of the presence of a large water circulation flow. Water supply, 
hydro-electric and flood control reservoirs have a much more limited capability that 
might be obtained from controlling the depth of reservoir releases. 
 
This paper will explore the effect of adjustments in the depth of cooling water circulation 
withdrawals in controlling thermal stratification and the effects on water quality and 
habitat. It will employ data obtained on two cooling reservoirs operated by City Public 
Service of San Antonio, Braunig and Calaveras. The Calaveras reservoir has an inverted 
weir that restricts withdrawals to below a 20 ft depth, while the Braunig reservoir does 
not. Detailed water quality data were obtained in parallel over the course of a year, along 
with numerical modeling studies of both reservoirs, provide a good measure of the effects 
of restricting thermal stratification. In addition, modeling study results for other 
reservoirs will be employed to describe various approaches to stratification management. 
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INTRODUCTION 
 
Reservoirs have been constructed in Texas for many purposes including water supply, 
flood protection, hydro-electric generation and to provide cooling for steam-electric 
generating facilities. Even the smallest of these reservoirs exhibit a measure of thermal 
stratification during the summer. For most it is common for the deeper waters, below the 



epilimnion or surface layer, to become anoxic during warmer part of the year. Surface 
water quality standards that specify a needed dissolved oxygen concentration for 
reservoirs only apply to the surface mixed layer. This lack of oxygen in the deeper water 
limits aquatic life uses and can produce other undesirable water quality conditions. 
 
While thermal stratification is a process that occurs in natural lakes, a case can be made 
for managing undesirable aspects of this process, particularly in reservoirs that are man-
made systems. There are many examples in the literature of efforts to destratify reservoirs 
by using pumps and aeration systems. Some of the reasons for destratification efforts 
include avoiding anoxic conditions and odors, and controlling taste and odor problems 
produced by some types of phytoplankton. Table 1 is sampling of the projects that 
demonstrates the scope and geographic diversity of destratification efforts. The table is 
not intended to be comprehensive, but rather illustrative of the range of interest. 
 
Table 1 – Examples of Reservoir  Stratification Management Wor ldwide 
 
Location Method Purpose Source 
South Australia, 
Myponga 
Reservoir 

Mechanical Mixer Drinking water 
quality 

WSAA Reports 23, 24  

Singapore, 
Upper Peirce 
Res. 

Bubbler Water quality Sahoo, Luketina, J 
Env. Eng. ASCE, Vol 
132, Issue 7 

Oakland, Upper 
San Leandro Res 

Air bubbler 
 

Water quality Flow Science, Inc. 
Project Report 

New York, East 
Sidney Reservoir 

Pneumatic diffuser Water quality US Army Eng. Rpt. 
ADA258683 

Beech Fork Lake Axial Flow Pump Destratification US Army Eng. Rept. 
ADA239679 

Germany, 
Bleiloch 
Reservoir 

Aeration for partial 
destratification 

Control of 
cyanobacteria 
blooms 

Becker et al. 2006. 
Hydrobiologia vol 
559/1 

California, El 
Capitan 
Reservoir 

Aeration Expanding habitat 
to bottom waters 

Fast, A.W. Fish Bull 
141. Scripps Inst. of 
O’graphy 

 
Cooling reservoirs are one type where there is a strong capability of managing 
stratification, by virtue of the presence of a large water circulation flow. Water supply, 
hydro-electric and flood control reservoirs have a more limited capability that might be 
obtained from controlling the depth of reservoir releases or through the use of external 
pumps. 
 
This paper will explore the effect of adjustments in the depth of cooling water circulation 
withdrawals in controlling thermal stratification and the effects on water quality and 
habitat. It will employ data obtained on two cooling reservoirs operated by City Public 



Service of San Antonio, Braunig and Calaveras. The Calaveras reservoir has an inverted 
weir that restricts withdrawals to below a 20 ft depth, while the Braunig reservoir does 
not. Detailed water quality data were obtained in parallel over the course of a year. These 
data, along with numerical modeling studies of both reservoirs, provide a good measure 
of the effects of restricting thermal stratification.  
 
BACKGROUND 
 
City Public Service of San Antonio (CPS), built the two reservoirs during the 1960s in 
southeast Bexar County—Lake Braunig and Calaveras Lake—as cooling reservoirs for 
its then-new electric generating units. Figure 1 shows the location of the reservoirs and 
the wastewater treatment plants that are the source of water during dry periods. Reservoir 
levels are maintained by pumping water from the San Antonio River. Figure 1 shows the 
diversion point and route for water pumping. Except during and after heavy rains, the 
river downstream of San Antonio is largely wastewater effluent that has undergone 
primary and advanced secondary treatment in San Antonio Water System (SAWS) 
wastewater reclamation plants. CPS was one of the first utilities in the nation to use 
treated wastewater effluent for power plant cooling. 
 
Figure 1 - Location of Reservoirs and Water  Recycling Centers 

 



Lake Braunig, completed in December 1962, was built first. The reservoir has a surface 
area of 1,350 acres, a capacity of 26,500 acre-feet and an average depth of 19.6 feet. 
Calaveras Lake was completed in August 1969 with a surface area of 3,550 acres, a 
capacity of 63,200 acre-feet and an average depth of 17.8 feet. Figures 2 and 3 provide 
more details on the two reservoirs and associated generating facilities. A key difference 
was that the cooling water intake for the generating units on Calversas was fitted with an 
inverted weir, while the intake for facilities on Lake Braunig was not. 

 
At the time the cooling reservoirs were built, the quality of wastewater treatment was not 
nearly as high as it is today. This was a time well before an emphasis on water quality 
and the passage of the national Clean Water Act. There have been extensive 
improvements in the quality of this water supply over the years, as illustrated in Figure 4. 
This figure shows a history of the concentration of a number of parameters in water 
samples collected from the San Antonio River, downstream of the treatment plants, but 
near the cooling reservoir intake. In 1987, a major improvement in wastewater treatment 
occurred when the Dos Rios wastewater reclamation plant came on line, leading to a 
dramatic drop in NH3-N and TKN, and a corresponding increase in NO3-N. The fecal 
coliform (FC) bacteria concentration dropped substantially as well, although the log scale 
makes it look less dramatic. A major reduction in total phosphorus (TP) levels also 
occurred, but not till the early 1990s as manufacturers of products such as laundry 
detergent switched to low-phosphate formulations. 
 
The lakes provide wetlands and serve as nesting areas for migratory and wading birds.  
The area around the lakes, which has remained largely undeveloped, is important habitat 
for other wildlife such as deer, small mammals and songbirds. The nutrient-rich waters of 
these lakes support an abundance of game fish including largemouth bass, hybrid striped 
bass and channel catfish. Because the water is warmed by the power plants during winter, 
the lakes also support species such as red drum and tilapia that would not normally 
survive in Texas lakes due to periodic cold winter temperatures.  Because the reservoirs 
are typically warmer in the winter than other area lakes, fish, particularly sport fish, 
remain active, allowing for good fishing, even during the winter months.  As a result, the 
reservoirs provide unique and abundant angling opportunities all year long close to a 
major metropolitan area. 
 
PBS&J was retained by CPS to perform an environmental study. This included 
monitoring water quality and the health of fish populations, and modeling the thermal 
effects of cooling water operations. Data on nutrients, indicator bacteria and basic water 
quality were collected monthly from September 2001 to August 2002. During fall 
turnover and summer stratification, water was sampled for a broad suite of constituents, 
and sediment and fish tissue were sampled and analyzed for a range of metals. This new 
information, as well as comparing the new information to historic data, is helping the 
utility better understand how daily and future plant operations may affect this resource.  
The ultimate goal is to determine how the reservoirs can be used more efficiently for 
cooling while providing a better resource for the public. 
 



 Figure 2 – Lake Braunig 
 

 
 
Construction started:    June 6, 1961 
Dam Completed:    December 1962 
Impoundment of Water Began:  December 1962 
First Generating Unit in Service:  March 1966 
Second Generating Unit in Service:  April 1968 
Third Generating Unit in Service:  May 1970 
Fourth Generating Unit in Service:  June 2000 

  
 Reservoir Capacity: 26,500-Acre Feet at Normal Operating Level 

Area:   1350 Acres at Normal Operating Level 
Average Depth: 19.63 Feet at Normal operating Level 
Drainage Area: 9.4 Square Miles 



Figure 3 – Lake Calaveras 

 
 

Construction started:    September 1, 1967 
Dam Completed:    August 1969 
Impoundment of Water Began:  January 1969 
First Generating Unit in Service:  April 1972 
Second Generating Unit in Service:  January 1974 
Third Generating Unit in Service:  August 1977 
Fourth Generating Unit in Service:  May 1978 
Fifth Generating Unit in Service:  July 1992 

  
Reservoir Capacity: 63,200-Acre Feet at Normal Operating Level 
Area:   3550 Acres at Normal Operating Level 
Average Depth: 17.80 Feet at Normal operating Level 
Drainage Area: 65 Square Miles 



 
Figure 4 – Water  Quality in San Antonio River at FM 1604 
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Because the level of wastewater treatment has improved over the years, the makeup water 
for the reservoir has somewhat lower nitrogen and phosphorus concentrations than in the 
past. Nevertheless, these nutrient concentrations are still high relative to many other 
reservoirs simply because even well-treated wastewater has much higher nutrient levels 
than stream flows. In addition, the reservoirs act to retain nutrients and dissolved solids 
over time, and this build up tends to offset improvements from better wastewater 
treatment. While Chlorophyll a concentrations are very high relative to other reservoirs 
not fed primarily by wastewater, they are very beneficial to anglers (as well as numerous 
picivorous birds) because the nutrients support the forage base that ultimately supports 
the recreational fishery. To put this in perspective, the standing crop of fish per acre in 
these reservoirs is commonly in excess of 1,000 pounds per acre while other area 
reservoirs only support about one third of this biomass. 
 
STRATIFICATION MANAGEMENT 
 
The major difference in the two reservoirs is the presence of an inverted weir on 
Calaveras with no corresponding structure on Braunig. The inverted weir acts to draw 
cooling water from below the 20 ft depth. This tends to keep the Calaveras reservoir well 
mixed. Figure 5 compares the vertical temperature profiles in the two reservoirs. This 
demonstrates that Calaveras is not as strongly stratified as Braunig. Figure 5 also shows 
the DO profiles for the two reservoirs. The effect of reduced thermal stratification is to 
allow higher DO levels in deeper waters at Calaveras. 
 
Figure 5 – Temperature and Dissolved Oxygen Profiles 
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Figures 6 and 7 show the surface concentrations of Total Phosphorus and Chlorophyll a 
for the two reservoirs over the course of a year. The reduced thermal stratification on 
Calaveras has the effect of allowing higher concentrations of TP to exist in the surface 
waters than in Braunig. Despite this, the chlorophyll a concentrations in Calaveras tend to 
be lower than in Braunig. It is theorized that the greater vertical mixing is bringing more 
TP to the surface in Calaveras, while the surface TP in Braunig is depleted relative to 
bottom water. 
 
Figure 6 – Total Phosphorus Concentrations in Reservoirs 
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Figure 7 – Chlorophyll a Concentrations in Reservoirs 
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Modeling was employed to analyze future conditions. The model, CE-QUAL-W2, was 
used to re-create the temperature structure in the reservoirs. Data collected by Texas 
Parks and Wildlife Department and intake temperatures produced by the model at the 
same location have been compared. As shown in Figure 8, the model captures the 
characteristics of the temperature data well. 
 



Figure 8 – Calibration Results 
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The model also is used to calculate water temperatures at one-meter depth intervals to 
compare with the vertical temperature structure around each lake. As expected, the areas 
near the plant discharges are the warmest. Calaveras Lake has separate discharges at the 
upper end of each arm of the lake. The intake for the plant is near the downstream end of 
the lake. An inverted weir has been placed over the intake allowing only water deeper 
than 20 feet to be drawn into the heat exchangers. Withdrawing water from the lower part 
of the reservoir results in good vertical mixing and ensures that the coolest water is used 
in the heat exchangers. 
 
Figure 9 shows the results of placing a similar inverted weir at the Braunig intake. The 
overall average reduction in intake temperature is about one degree F. The initial work 
with the model has only involved the temperature component. In another application the 
model was used to simulate nutrients, chlorophyll a, and DO for a reservoir with and 
without an inverted weir. The addition of the inverted weir resulted in increased DO with 
depth and reduced peak chlorophyll a concentrations. 
 
Figure 9 – Simulated Intake Temperatures at Braunig with Existing and Deep 
Intakes 
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The analyses for Braunig have focused on the use of an inverted weir to achieve 
stratification management, because of the parallel experience at the Calaveras reservoir. 
But an inverted weir is not the only means to achieve this end. As can be seen in Table 1, 
there are at least two other ways to accomplish this goal. One is the use of a pipe with an 



axial flow pump. These can be powered by an external supply or through solar energy as 
with the commercial “Solar Bee”  product. A second approach is to use a form of air lift 
pump or bubbler to induce vertical mixing. 
 
Whatever technology is employed, there are a number of benefits that can be obtained 
from stratification management in cooling reservoirs, at relatively little cost. These 
include: 
 

1. Increased fishery habitat from greater depth of water with useable levels of DO, 
2. Reduced surface chlorophyll a concentrations, particularly of blue-green or 

cyanobacteria species, 
3. Reduced losses from entrainment and impingement by drawing cooling water 

from a deeper and less biologically active part of the reservoir, 
4. By reducing the strength of thermal stratification, the magnitude of the fall 

turnover is reduced and this will tend to reduce the frequency of fish kills that are 
produced by the turnover event, and 

5. Increased thermal efficiency of the power plant results from cooler intake water, 
and that saves on fuel costs and also reduces emissions. 

 
In studies done at PBS&J it appears that the cost savings derived by cooler intake water 
temperatures are in the same order as the cost for structures to reduce stratification. 
 
SUMMARY 
 
The two CPS cooling reservoirs appear to have been an early and major success in 
wastewater reuse. They serve an important industrial need in providing electricity, 
conserve groundwater, and provide an important ecological and recreational resource. In 
addition to these concrete benefits, the two side-by-side reservoirs provide an excellent 
demonstration of the value of stratification management. With luck, this information and 
experience could be of value in many locations in Texas. 
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