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TEMPERATURE CONTROL IN OUTDOOR EXPERIMENT.AL PONDS 

A. INTRODUCTION 

The National Water Quality Laboratory (NWQL) of the Federal Water 

Quality Administration located at Duluth, Minnesota, proposed to build and 

operate a number of outdoor experimental ponds for the stu~y of aquatic life 

under the effects of various controlled water temperatures. The ponds were 

to be located near the electric power generating plant presently under 
, , 

construction near Monticello, Minnesota, on the Mississippi River and 
" owned by Northern states Power Company (NSP)o Waste heat from the power 

plant and local ground water supplies were to be available for estab

lishing the controlled temperature regimes in the ponds. 

The purpose of the study reported upon herein was to determine the 

feasibility of maintaining certain specified temperature regimes in the 

proposed pondso This was to be done qy considering the available heating 

and cooling capacity and the environmental conditions prevailing at the 

selected site, and making design calculations for the major elements of the 

system required to maintain those temperature regimes. The NWQL suggested 

certain basic specifications to control the studyo These were as follows: 

The ponds should represent natural conditions insofar as is 

compatible with maintaining the desired experimental temperature 

regimes 0 Eight ponds should be considered in the first stage, 

operating in pairs at four different temperature regimes (each 
, . 

regime would be duplicated)o Ultimately, as many as J2 ponds 

might be built. In mid-s~er a maximum temperature of JOoC 

and a minimum of 15°C (59°F) are desiredo The flow rate into 

and out of each pond should be the same at all times so as to 

produce equal effects on the biota in the several ponds. The 

total pumping capacity for heating water would be 2800 gallons 

per minute, and it is anticipated that wells would provide 40 

to 80 gallons per minute of cooling water. Each pond would have 

a surface area of one quarter of an acre. The maximum depth 

would be 8 ft, and there would be vertical walls on the two 

ends; the two sides would have 1:6 slopes. (The geometry pro

posed qy the NWQL is shown in an isometric sketch in Fig. A-lo) 
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The ponds would be constructed with Gunite two to three inches 

thick; the existing sand would be stabilized to provide a base for 

the Gunite, and natural substrate would cover the Gunite o Ponds 

would be constructed so that two could be joined if so desired at 

a later date. Each pond would have an overflow. Piping for re

circulating or adding water to ponds must provide for minimum toxic 

substances; the use of stainless steel or plastic materials is 

strongly suggested. 

The first goal of this study was to determine the limits of feasible 

temperature control in experimental ponds of the kind suggested b,ythe NWQL. 

The next goal was to devise heating and cooling systems to maintain four 

different pond temperature regimes within those limits while minimizing 
,-

temperature differences within a single pondo (Small temperature differ-
.. 

entials are necessary, however, and would be permitted to provide the neces-

sary heat fluxes for the heating or cooling of the pond; ±3 deg F would be 

tolerated for this purpose.) Lastly, it was necessary to devise a method 

by which pond temperature control could be accomplished. 

Unfortunately, it was not possible to reach the goals of this study 
" 

in a straightforward manner. The feasible range of pond temperatures 

depends both on the capability for transferring heat to or from the pond 

water from the hot and cold water supplies and on the environmental heating or 

cooling of the ponds. Since heat transfer capability is not unlimited and 

depends on pond temperature, it is a matter of cut-and-try to determine 

that maximum (or minimum) pond temperature which can just be supported b,y 

the available capability under the given environmental conditionso The quan

titative evaluation can be started with assumed pond waterternperatures. 

Based on these, the heat transfer from or to the sources of hot or cold 

water and to or from the atmosphere can be evaluated. If these are not 

equal, new pond water operating temperatures have to be assumed and the 

design repeated until satisfactory agreement is reached. 

Thus, before proceeding with the study, two preliminary subjects had 

to be exploredo These were the mechanics of heat transfer to and from a 

body of water' ,and the establishment of the environmental hydrological and 

meteorological conditions at the pond site: These topics influence not only 

the heat transfer to and from the ponds; but also the transfer to and fram 
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the Mississippi River, whose temperature ultimately determines the tempera

ture of the available heating water. These subjects are discussed in detail 

in parts Band C, following, while the detailed calculations for the proposed 

ponds are carried out in the subsequent parts. 
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H. SUMMARY 

It is recommended that the two warmest and the two coldest ponds be 

for the mean monthly temperatures specified in Appendix B-2, Set II. 

temperatures can be maintained approximately 85 per cent of the 
. ~ 

external heat input or withdrawal of the order of 4800 BTU ft 

can be provided. During the remaining approximately 15 per cent of 

time there may be uncontrollable temperature excursions beyond the 

ts set in Appendix B-2, Set II. The temperatures reached during periods 

weather are very likely to stay with~n ,:t5°F of the prescribed 

It should be possible to keep eight ponds ice-free in winter 
g accide~ts involving the heating and circulating equipment. Main

ing the. proposed temperatures will be easier if wind breaks are pro-

on the west-to-north quadrant of each pond in winter and on the east_ 

outh quadrant in summer. Two pairs of ponds with arbitrary intermediate 
regimes can be operated within the same system. 

It is imPossible to produce completely uniform temperatures from the 

pond Without violent mixing of the water. Since the 
imental ponds are to represent fair.ly quiescent pools, some weak tem_ 

ture stratification with depth must be accepted. The proposed circulat_ 

system has been designed to minimize these temperature qifferentials, 

some mechanical mixing devices may be found necessary after the ponds 

placed in operation in order to break up local stratification. 

Heating water Will be available at a flow .rate of 2800 gpm from the 

Power plant at Monticello. The heating water temperature 
follow the temperature pattern of the Mississippi River. The differ_ 

between river and heat~ng water temper~ture will vary with the season, 
described in part C. Occasionally, for periods of several hours or 

, the heating water temperature may be too low to be us~ful. Such 

s are likely" to coincide with large heat demand to maintain pond 

temperatures. It is therefore necessary that additional heat be 

ilable from an aUXiliary heater to raise heating water temperatures to 

required level. This heater may be identical with or part of the 

gency heating system which will in any event be necessary, since the 

plant will be shut down at regular intervals for maintenance and 

The aUXiliary sys~em should be capable of raising the heating 
temperature b,y about lSoF. 
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Well water for cooling must be provided at a flow rate of 2 cfs if 

the coldest pond temperatures are to be maintained in summer at the levels 

outlined in Appendix B-2 f Set II. This is a much larger flow rate than 

~d been planned. Also, approximately 0.4 cfs of well water is needed as 

make-up water for eight ponds to compensate for evaporation and seepage 

losses. This flow can be withdrawn from the cooling water. Make-up water 

is to be added at the same rate to every pond. An overflow weir close to 

the input pipe will evacuate excess input from those ponds requiring less 

make-up water than is provided. 

Both internal and external heat exchanger systems were examined. In 

general, both"are feasible and adequate. An internal system consisting of 

parallel pipes laid just above the bottom of the ponds would be simpler 

and probably less expensive than an external system.' However, several 

features of the internal system appear undesirable from a biological stand

point, and the NWQL has made a preliminary decision in favor of the external 

heat exchanger. 

The external heating system will require recirculation of the pond 

water at a maximum rate of 2 cfs between each pond and its companion heat 

exchanger outside the pond. One heat exchanger can be used for each pair 

of ponds. Screened water intakes and outlets within tne ponds and piping 

amd pumps for recirculation are also required. A total of 180 sq ft of 

40-mesh screen is recommended for each pond, 60 sq ft for. the water inlet 

and 120 sq ft for the outlet. With these provisions, flow velocities 

through the screens will not exceed 0.1 fps" The larger area of the 

outlet screening takes account of trash accumulation. 

Suggested piping arrangements for the external heat exchanger scheme 

are discussed in part ·F-3. Figure H-l presents a schematic isometric view 

'. of a possible layout. The water inlet and outlet can be arranged in many 

. different ways, and several possibilities have been sketched in Fig. F-3. 

I' 
! 

f 

I 
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, that a model study of the flow through one of the ponds would make it pos

sible to locate the recirculating water inlets and outlets so that a minimum 

, of mechanical mixing, or perhaps none at all, would be required. Several 

forms of reversible internal water circulation systems, as sketched in 

Fig. F-3, were considered. It is possible that flow reversal could some

~hat increase the temperature uniformity in the ponds. However, for the 

sake of simpler flow control, the use of an irreversible system is proposed. 

A sensing and control system is necessary to produce the desired pond 

~ater temperatures and to maintain constant water levels. The main elements 

of an automatic control system have been outlined in part G. With that 

system it should be possible to maintain temperatures in each pond within 

± 2.5°F of the average nominal pond temperature 85 per cent of the time. 

Several emergency situations, although'certainly not all those possible, 

~ve been anticipated and are discussed in part F-4. It is recommended that 

an auxiliary heating system be installed in a bypass to the main heating 

water line and that a diesel-operated electric power generating unit be 

;available to continue operation in case of a power failure. It may als,? be 

able to have a spare pump-motor unit for the internal circulation system 
one for the well available at all times. 

, 
Finally, two general remarks seem in order. First, designing the 

sed system for water temperature control in an outdoor experimental 

involved consideration of a great many parameters and phenomena. It 

s not possible to rely on well-established procedures. Basic informa

from such fields as hydrology, meteorology, fluid mechaniCS, and heat 

to be combined to answer the many questions. Few 
uivocal answers could be obtained. More often, severely limiting 

and simplifications were necessary to produce usable results. 

cases, such as in the locating of water intakes and outlets, 

I 
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available in sufficient quantity. Cooling water must be pumped from wells 

will have to be built especially for that purpose. The temperature 

fairly constant and adequate, but that of the 
ting water .will fluctuate up and down as the Mississippi River water 

-~om~~rature fluctuates. An auxiliary source of heat will therefore be 

earlier. If a site were available near a power 

on a deep lake, cooling water could probably be provided at 

s cost and less additional heat input would probably be required for 
heating water. 

, ':, 
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