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FUTURE EFFECTS OF THE CAP ON LAKE HAVASU'S THERMAL REGIME 

by 

David Kenneth Kreamer 

A temperature-stratification model developed by the U. S. Army Corps of Engineers, Hydrologic 
Engineering Center, was used to predict the changes in the temperature profile of Lake Havasu on the 
Colorado River near Parker, Arizona, that may occur with the withdrawal of Central Arizona Project (CAP) 
water in the 1980's. This quantified change in temperature-dependent density stratification was cal
culated using maximum withdrawal condttions to accentuate and expose any major changes which could be 
potnetial problems. Inputs for this program include monthly evaporation and precipitation, monthly 
average air temperature, solar radiation at the top of the atmosphere, water inflow amount and tempera
ture, water outflow amount and location, water tempel!ature profiles, and physical reservoir data. 

In the calibration of the model, the five coefficients were found to differ slightly from regional 
coefficients established by the Hydrologic Engineering Center, Davis, California, and coefficients 
established in a previous study. 

End of month temperature profiles were then generated for average meteorologic conditions, both 
with and without maximum CAP flow. The computed results indicate that the stratification changes will 
be of low magnitude. 

INTRODUCTION 

Thermal stratification is an important physical phenomenon of a lake. It has implications to 
lake chemistry, macro- and micro-aquatic life, and circulation and flow within the lake. The importance 
of temperature with regard to water quality has been underscored with the passage of PL 92-500, Federal 
Water Pollution Control Act Amendments of 1972, where the term "water quality standards" specifically 
includes thermal water quality standards (Section 303-h). Clearly, the thermal regime of a reservoir 
is one important criterion for an understanding of interactions within a lake system. 

In particular, thermal stratification of Lake Havasu, a man-made reservoir on the Colorado River, 
has ramifications to the water quality of the lake and its outlets. In Lake Havasu, thermal regima 
affects: duration of turnover, the amount of upwelling bottom material, flow lines associated with 
the outlets, the temperature ofwwithdrawals, evaporation rates, algal growth, micronutrient levels, 
bacteriological die-off rates, benthic growth, chemical constitution, dissolved gas levels, turbidity, 
and fish life. The interrelations extend to affect wildlife dependent on the lake and on recreational 
uses. 

The Central Arizona Project (CAP) is expected to begin pumping water from Lake Havasu and transport 
it to Central Arizona in the 1980's, creating additional inflow and outflow for the lake. Added flow 
will mix the lake waters to some unknown degree. It is the purpose of this report to make a quantita
tive evaluation of changes in temperature and thermal stratification resulting from the additional flow. 
A modeling approach is used to simulate temperatures in Lake Havasu, both with and without the outflow 
of CAP water. A comparison of simulated temperatures will show possible future changes in lake thermal 
conditions due to the CAP. 

In this study, it is assumed that the additional inflow and outflow for the lake will be the CAP 
canal (Granite Reef Aqueduct) capacity of 3,000 cubic feet per second. This figure is a maximum be
cause its use ignores the fact that the CAP will not be pumping constantly at full canal capacity, or 
that the Metropolitan Water District of Southern California will have cut back pumping from the present 
level of 662,000 acre-feet per year in accordance with a Supreme Court decision (Steiner, 1974, pp. 34-
35). The extreme case has been purposely used for comparison. If there is little change in stratifi
cation in the most extreme case, the situations with even less flow will have no, or neglibible, thermal 
effect. 

The effect of destratification on Lake Havasu is of central importance. Generally, mixing of a 
lake is a desired phenomenon, to such an extent that artificial mixing is practiced in some places. 
Destratification can reduce evaporative losses and help aerate the water. This essentially means a 
larger quantity and better quality water. 

In the case of Lake Havasu, however, destratification would be a mixed blessing. Because of the CAP 
intake's proximity to recreational facilities and a wildlife refuge, significant changes in lake tem
perature could be harmful. While drastic temperature changes would be needed to alter recreational use 
of the lake, birds that reside among the bullrushes and cattails of Lake Havasu wildlife refuge exist 
on a more delicate balance. Temperature change could alter chemical, physical, and biological environ
ments within the lake. Less than optimal conditions could interact synergistically to force certain 
species from the area. 

The author is a Graduate Teaching and Research Assistant, Department of Hydrology and Water Resources, 
University of Arizona, Tucson, Arizona 85721. 
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THE STUDY AREA 

Lake Havasu was fonned with the completion of Parker Dam in 1938. Lake Havasu is primarily a 
storage reservoir to divert water to the Metropolitan Water District of Southern California, but serves 
the added purposes of flood control, electrical power production, recreation, desilting Colorado River 
water, and control of water released for agricultural use. 

The reservoir is approximately forty-five miles long and the width varies from a few hundred feet 
to five miles. Storage is generally 540,000 acre-feet. The surface of the lake is approximately 20,000 
acres and is at an elevation around 449 feet above sea level. Lake stage is dropped two to three feet 
in winter because agricultural use downstream is decreased at this time, and any sudden addition to the 
lake volume might cause water loss if the reservoir were full. 

The lake is situated in an arid region of the southwest with approximately 3.8 inches of precipi
tation per year, 125.0 inches of evaporation per year, and a mean yearly temperature of 72.4°F. 

In a study funded jointly by the Arizona State Water Commission and the U. S. Bureau of Reclamation, 
the Department of Hydrology and Water Resources, University of Arizona, collected extensive data during 
calendar year 1974 and early 1975 for the lower region of Lake Havasu (Ince, 1976). The area investi
gated in that study encompassed the region from the Metropolitan Water District of Southern California 
intake to the Bill Williams River. In this section of the lake, preliminary work has begun on the CAP's 
intake. 

The University study recorded data at stations along transects of the lake (Figure 1). Because 
the model chosen to simulate temperature profiles only accepts one temperature profile per day, it was 
necessary to select a representative station from the transects. Station 4M was chosen as a represen
tative location on the lake for temperature profile data. 4M is mid-lake, approximately 250 yards 
north of Havasu Springs Resort. The selection of this station is due to its representative temperature 
data and its proximity to the future CAP intake, Parker Dam, and the Metropolitan Water District intake. 
The station is near the three outlets,yyet it is far enough away to have reduced perturbation and mixing 
that occurs in the immediate vicinity of outlets. Additionally, station 4M was used as a representative 
station in the data presentation by The University of Arizona in its study as was, therefore, a logical 
choice. 
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Figure 1. The University of Arizona Study Locations. 

MODEL DESCRIPTION 

The HEC thermal stratification model (HEC 723-X6-L2410) was first developed by Beard in 1964. It 
is .basically of the energy budget type. The present model is a modification of program 723-X2-L2810 
wh1ch was prepared for the Sacramento District, Corps of Engineers, by the Hydrologic Engineering Center. 
The program simulates the vertical temperature distribution with the given inputs. Known temperature 
profiles serve to estimate coefficients in the program. 
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The model is one dimensional. Most thermal stratification models have tnls one-dimensional 
property and these-programs seem to describe the physical system accurately. There have been two- and 
three-dimensional models constructed, but their use is limited. It has been reported by Parker, 
Benedict, and Tsai (1975, p. 10) that "a three-dimensional analysis is so complicated that it is usually 
not justified by the increased accuracy of the results." 

The HEC model is relatively straightforward. It assumes th&t the reservoir can be broken up into 
isothermal horizontal layers, with the choice of layer thickness dependent on degree of profile defini
tion desired, and data and computer time constraints. With a previous model of Lake Havasu having used 
three-foot layers and having The University of Arizona temperature profiles recorded at meter intervals 
(occasionally half meters), the three-foot interval was retained, thus giving consistency with the 
previous model. 

The model provides an accounting procedure for the energy budget over time for each horizontal 
element. The computer program iterates until all factors of the balance are summed and the stability 
criteria are satisfied. It then moves to repeat the process for the next time period. The heat fluxes 
will give the heat content for each internal layer and, from this, temperatures are obtained. 

The program calibrates five coefficients in an energy budget calculation. These five coefficients 
are: 1) evaporative heat, 2) air temperature, 3) insolation, 4) inflow mixing, and 5) diffusion. 
They assume a value from 0 to 1, that is, from no correlation to complete correlation. 

Evaporative heat, air temperature, and insolation coefficients show the amount of energy added to 
or taken from the top layers of a lake. The energy transferred is a function of depth and decreases 
linearly from a maximum at the surface. 

The inflow mixing coefficient shows the amount of interaction inflowing water will have while it 
decends to its density level. Vertical diffusion of energy is calibrated by the diffusion coefficient. 

In addition to the two outlets of Lake Havasu, Parker Dam and Metropolitan Water District of 
Southern California, a third compensatory outlet was included in the calibration. Lake Havasu City 
withdrawal and bank seepage change the water balance, and the compensatory outlet corrected this 
situation .. Lake Havasu City data were originally not included in the balance because of different out
let levels (from wells close to the lake and surface withdrawal) and there are no data on bank seepage. 
This additional outlet allowed the total lake storage to be realized and was drawn arbitrarily from a 
depth in the vertical middle of the lake with respect to water mass. 

While accounting for heat fluxes, the model must necessarily take account of quantity of flow. A 
volumetric water balance is computed as part of the program. 

DATA REQUIREMENTS 

The data inputs for the HEC model are: 1) monthly evaporation and precipitation, 2) monthly 
average air temperature, 3) solar radiation at the top of the atmosphere, 4) monthly water inflow 
volumes and temperatures, 5) monthly outflow volumes and locations (elevations), 6) reservoir stage
storage relationship, 7) other reservoir physical data, and 8) temperature profiles for calibration. 

CALIBRATION 

The five model coefficients were calibrated by a least squares regression technique. This was 
accomplished by minimizing the sum of the squares of errors between the 1974 observed profiles and the 
profiles generated by the program's energy budget equation with changing (optimizing) model coeffi
cients. In the computed profiles, the temperature of each level was calculated for the end of each 
month. End-of-month computed temperatures were then used to linearly interPolate computed profiles on 
observed profile dates. 

This calibration was then used to compare observed profiles in January and February of 1975 with 
generated profiles. Kreamer (1976) shows this independent comparison with the calibrated coefficients. 

Table 1. A comparison of Three Calibrations of the HEC Model 
for Lake Havasu, Arizona. 

Coeffi ci en t Regional 1970-1972 1974 

Air Temperature 1.000 .910 .758 

Inflow mixing .100 .210 .221 
Diffusion .020 .060 .036 
Insolation .200 .200 .333 
Evaporative heat .000 .490 .407 
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Lake Havasu has had a previous calibration for the HEC model. Table 1 shows the five model co
efficients and their regional values, the previous 1970-1972 calibration and this study's 1974 cali
bration. Regional coefficients are the average coefficients for lakes in the region as computed by 
the HYdrologic Engineering Center, Davis, California (U. S. Corps of Engineers, 1975, p. 5). It should 
be that the 1970-72 calibration was based on 2 observed temperature profiles (Choate, 1973), 
whereas this study's 1974 calibration was based on approximately 350. 

PREDICTED CHANGES IN THERMAL STRATIFICATION 

With the model calibrated, average values for monthly evaporation, precipitation, and temperature 
were put in the model, which yielded end of the month temperature profiles of an "average" year before 
the Central Arizona Project (CAP) starts drawing Lake Havasu water. Appendix 3 shows these end-of
month profiles for an "average" year. 

These "average" profiles were then compared to the predicted lake profiles under identical con
ditions but with an added inflow of 3,000 cubic feet per second (cfs) and an added 3,000 cfs outflow from 
the lake. This added flow serves to simulate maximum flow condi'tions for the CAP and shows the maximum 
possible effect on the thermal lake regime. 

The predicted temperature differences between with and without the maximum CAP draw are not large. 
These differences are shown graphically by Kreamer (1976). The low magnitude of temperature difference 
should not be taken to indicate that these changes will have small effects on the limnology of Lake 
Havasu, however. 

In the i sotherma 1 conditions of January, the predicted temperature profiles for the end of the 
month show no difference in the range of temperature in Lake Havasu with and without CAP maximum draw. 
In both cases, the range is from 50.0°F on the bottom to Sl.6°F on the surface, although the distri-
bution of temperature is not identical. {Figure 2) 

February shows very slight differences in the ranges, with the pre-CAP "average" profile going from 
Sl.l°F on the bottom to 55.5°F at the surface and the post-CAP maximum draw conditions ranging from 
50.9 to 5S.2°F. All these predictions are, like January's, end of the month predicted profiles. As in 
other comparisons,. the profiles have dissimilar stratification. 

In April, the pre-CAP profile shows a range from bottom to top of 57.5 to 68.0°F. The post-CAP 
end of month temperature are from 57.1 to 67.6°F. In April's data, one can begin to see definite 
differences in temperature distribution. The developing thermocline is more defined in the pre-CAP 
profile at four to five meters depth-- at the same depth the post-CAP prediction shows less stratifi
cation. 

May's pre-CAP distribution range is 62.1 to 74.7°F and the post-CAP maximum draw condition shows 
61.6 to 74.3°F. Again, the stratification of the post-CAP profile is weaker by tenths of a degree. 

In June, the profiles show a range of 66.2 to 79. 7°F without CAP inflow-outflow and 65.5 to 79.l°F 
for post-CAP conditions. The ranges show a definite trend towards being colder with maximum draw from 
the Central Arizona Project. This is probably due to the relatively shallow draw of the CAP. The 
water drawn by the CAP should be at approximately 71.0°F in July compared to 69.9°F for the Metropolitan 
Water District of Southern California and 69.6°F for Parker Dam. Because the CAP will be drawing warm 
water from the top of the lake, the entire lake will become cooler, especially in the summer months 
when there are larger differences in temperature between the bottom and top of the lake. However, this 
cooling is only tenths of degrees in magnitude. 

July's end of the month profiles show maximum stratification for Lake Havasu. The "average" year 
profile for the early 1980's has a spread of 68.9 to 83.9°F. The late 1980's profile with maximum 
draw is 68.l°F at the bottom and 83.2°F at the surface. Surprisingly, the thermocline is slightly more 
definite in the post-CAP profile where added inflow and outflow should cause more mixing. This is pro
bably due to the CAP drawing off water at the approximate temperature of the thermocline (73.l°F), which 
intensifies temperature differences in the clinolimnion. As the ranges show, both profiles have close 
to a fifteen degree change from top to bottom; therefore, because the post-CAP profile has slightly 
greater stratification at the thermocline, it will have less stratification than the pre-CAP profile at 
other depths. (Figure 3) 

August has a pre-CAP range of 69.0 to 8l.8°F bottom to top. With the additional 3,000 cubic feet 
per second, it becomes 68.1 to 8l.l°F. 

At the end of September, the profile for the lake before the CAP inflow-outflow goes from 68.8 to 
78.7°F, while with the added flow it changes from 67.7 to 78.l°F. 

October's conditions are close to homothermic. The bottom to top ranges are from 65.5 to 69.9°F 
and from 64.4 to 69.4°F for pre-CAP and post-CAP conditions, respectively. 

November brings a thermal regime with similar temperatures and densities throughout the profiles. 
Pre-CAP themperatures are 58.6°F at the bottom, 59.l°F at the surface. With additional 3,000 cubic feet 
per second flow, this will change to 58.1 to 58. 7°F. 

Finally, December's homothermic ranges are 51.7 to 53.2°F and 51.6 to 53.3°F for pre-CAP and post
CAP conditions, respectively. 
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Figure 2. Comparative Temperature Profiles in Lake Havasu for an "Average" Year Before and After 
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Extreme Central Arizona Project Inflow and Outflow, January-March. Each level equals 
3 feet; the top of level 25 corresponds to 450 feet above sea level. 
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Figure 3. Comparative Temperature Profiles in Lake Havasu for an "Average" Year Before and After 
Extreme Central Arizona Project Inflow and Outflow, August. --Each level equals 3 
feet; the top of level 25 corresponds to 450 feet above sea level. 
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CONCLUSIONS . 

The simulated addition of a maximum Central Arizona Project draw (3,000 cfs inflow and outflow) to 
Lake Havasu has a noticeable effect on the thennal structure. It affects the thermal regime in two ways: 
first, by slightly cooling the lake, especially in the summer months; and second, by changing the 
vertical distribution of temperatures. Neither of these effects is dramatic, but there are ramifi
cations to the reservoir. 

Quantitatively, the cooling of the lake is predicted to vary from zero in the winter to about l°F 
in the summer months. The predicted temperature of outflow from Parker Dam and the Metropolitan Water 
District of Southern California is likewise reduced by up to l°F with the added flow. 

The cooling of the surface of Lake Havasu would reduce evaporation rates slightly. Cooler tempera
ture in the reservoir also means that the water will have a capacity to hold more dissolved gases, such 
as oxygen. Because chemical balances are affected by temperature and the partial pressures of the 
dissolved gases, their slight shift would necessitate changes in the aquatic chemistry. Biota, both 
aerobic and anaerobic, may, in turn, be affected. All these changes are less than those imposed by the 
yearly cycle. 

The cooling of the lake will have no effect on the overall stability. The length of winter homo
thermic conditions and turnover will be the same before and after the CAP. 

Although the overall stability of the lake will not alter, internal stratification changes within 
the vertical profile have interesting implications. As already stated, the thermocline becomes slightly 
more definite in the post-CAP end of July profile. With a stronger thermocline in summer, there is an 
increased possibility of drawing the less dense, warm, low quality Bill Williams River water into the 
Central Arizona Project intake. Lake Havasu is not a strongly stratified reservoir, however, and these 
possibilities are minor compared to the changes that might occur with storm runoff or with variation of 
the 1 ake stage. 

When one considers the possible adverse effects of the CAP, changes in temperature are of small 
concern. The thermal changes are small in simulation. Although some changes will occur in Lake Havasu, 
the CAP's other problems are probably more important. 

Due to a larger data base, this study's calibration of the HEC model seems to be more represen
tative for Lake Havasu than previous calibration. One attractive feature of the vertical temperature 
profile comparisons made in this study is the reduced effect of data error in the comparisons. 

Models of thermal stratification are quite useful and have a definite place in water resources 
planning in the future. 
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