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ABSTRACT 

A Three-Dimensional, Time-Dependent Circulation Model of Utah Lake 

 

 

by 

 

 

Eric V Callister, Master of Science 

 

Utah State University, 2008 

 

 

Major Professor: Dr. Robert E. Spall 

Department: Mechanical and Aerospace Engineering 

 

 

 Spatial and temporal variations of Utah Lake’s flow field were modeled using the 

Estuary Lake and Computer Model from the Centre for Water Research (CWR-ELCOM) 

at the University of Western Australia as part of an effort to increase understanding of the 

lake’s natural processes in order to restore the lake to its pristine, clear-water state and 

preserve the habitat of the June sucker, an endangered species. The model was validated 

using temperature measurements taken by sensors in 2007. The water temperature was a 

strong function of air temperature and incident short wave radiation, and was influenced 

to a lesser degree by wind speed, wind direction, relative humidity, and cloud cover. The 

water currents were affected most strongly by wind speed and wind direction. The model 

also predicted the free drifting paths of June sucker larvae entering Utah Lake through the 

Provo and Spanish Fork Rivers between mid-April and July. 

(162 pages) 
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CHAPTER 1 

INTRODUCTION 

 Utah Lake is the largest freshwater lake in the state of Utah and plays a vital role 

in the region’s ecosystem. The lake strongly influences the temperature and moisture 

content of the air in the region, acts as a storage basin for agricultural irrigation water, 

provides wetlands that are an important stopover and nesting area for over 200 species of 

migratory birds, and is used for recreational purposes by those living in Utah Valley. 

However, the ecology of Utah Lake has transformed over time as a result of a growing 

human population in the region and the introduction of non-native fish. As a result, some 

native species are now extinct while the survival of others, like the June Sucker, are now 

at risk. 

 Utah Lake has a surface area of approximately 391 square kilometers (151 square 

miles) and contains about 1073 x 10
6
 m

3
 (870,000 acre-feet) of water. Despite its large 

size, however, it is classified as a shallow lake. Its maximum depth is 4.3 meters (14 

feet), and its average depth is 2.74 meters (9.6 feet) [1]. Shallow lakes such as Utah Lake 

are typically found in one of two possible, stable ecological states. The first, a clear water 

state, is characterized by an abundance of aquatic plants along the lakebed and a water 

condition that allows sunlight to reach the bottom of the lake. The second, a turbid state, 

is characterized by large amounts of phytoplankton and suspended sediment that prevent 

the sun’s rays from reaching the lakebed. The clear water state is considered to be the 

pristine state for shallow lakes. While originally in a clear water state, Utah Lake has 

gradually transitioned to a turbid state. 
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 As a result of this change in the water condition and plant life in Utah Lake, 

several native fish species have struggled to survive. The June sucker, which once had 

populations numbering in the millions in the early 1800’s, is now on the endangered 

species list and has a natural population of less than 1000 today [2]. The Bonneville 

cutthroat trout, the original predator fish in the ecosystem of Utah Lake, and the Utah 

Lake sculpin, a bottom-dwelling species, both became extinct in the 1930’s. The last 

collected specimens of each were taken in 1932 and 1928, respectively [2]. 

 In response to the threat of extinction of the June sucker, organizations have been 

formed to determine ways to improve the ecology of Utah Lake and restore it, if possible, 

to its pristine, clear-water state. One of these groups, the June Sucker Recovery 

Implementation Program (JSRIP), combines members of multiple agencies and with a 

variety of backgrounds into one cohesive group. 

It was proposed that, as part of the JSRIP’s efforts to understand the ecology of 

Utah Lake, a virtual model of the lake be created to predict circulation patterns and 

temperature distributions over time. This document contains details of the development 

of the model, including background information on the software package used, 

information on the data sources for the model inputs, model validation using actual 

temperature data, and identification of the primary forcing parameters.  
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CHAPTER 2 

PROJECT OBJECTIVES AND LIMITATIONS 

2.1 Objectives 

 The Utah Lake modeling effort had the following objectives: 

1) Predict water circulation patterns over time. 

2) Predict temperature distributions in the lake over time. 

3) Predict the free drifting path that June Sucker larvae follow as they flow into 

the lake through the Provo and Spanish Fork Rivers tributaries. 

4) Determine the influence and effect of key controlling parameters such as wind 

speed, air temperature, etc., on the water circulation patterns and temperature 

distributions. 

In order to accomplish the above stated objectives and accurately reflect possible 

variations in physical conditions, different values were used for the relevant forcing 

functions. These variations are listed and discussed in further detail in Section 9.1.1. 

Multiple grid sizes were also used to show solution convergence. 

2.2 Limitations 

 It should be noted, however, that while the model does generally predict the 

circulation patterns and water temperatures over time, it should not be expected to give 

exact conditions at any given time in the solution interval. Small variations between the 

model and actual water flow conditions will exist. This is due to the highly nonlinear 

nature of the Navier-Stokes equations upon which the model is based (see Section 5.1.1) 

and the impact of unpredictable extreme natural events such as storms, forest fires, etc. In 
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addition, annual variations in precipitation, regional temperatures, and river flow volume 

and temperatures will affect the state of Utah Lake. 

Instead of making exact predictions of lake conditions at a specific time, the 

model is useful in generally characterizing the direction and velocity of water currents in 

Utah Lake. It also provides a way to predict general temperature distributions over time. 

In addition, the model identifies and determines the relative importance and influence of 

the external forcing functions. Finally, it is useful in determining the general impact of 

changes in other key parameters on the circulation patterns, temperature distributions, 

and larvae drift paths. 
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CHAPTER 3 

BACKGROUND INFORMATION 

 A summary of significant events that have affected the current state of Utah Lake 

will be presented here. For further details on these events and others, please see Great 

Basin Naturalist Memoirs Number 5, Utah Lake Monograph [3]. 

3.1 History of Water Diversion from Utah Lake Tributaries 

 Mormon pioneers came to the region in the mid 1800’s and began diverting water 

from Utah Lake’s tributaries for agricultural purposes. As the population increased over 

time, larger amounts of water were required to sustain the additional acres of cultivated 

land. By 1869, five major ditches had been built by the Provo River Company, and the 

American Fork River had four additional major canals [1]. 

In addition to the diversion for agricultural purposes, several dams on the main 

tributaries of Utah Lake were built to create reservoirs. By 1910, a total of 14 small 

reservoirs had been built along the Provo River. Larger reservoirs were built in later 

years. For example, the Deer Creek Reservoir, finished in 1941, provided hydroelectric 

power generation and irrigation water storage in the mountains above Provo [1]. In 1992, 

the Jordanelle Reservoir, located several miles above the Deer Creek Reservoir, was 

finished, further diverting and storing water that otherwise would have flowed down the 

Provo River to Utah Lake. 

In 1872 a dam was constructed on the north end of Utah Lake at the Jordan River, 

the lake’s principal outlet, to increase the lake’s storage capacity and try to maintain its 

water at a fairly constant level from year to year [1]. However, due to annual fluctuations 
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in precipitation, evaporation rates, and the amount of water diverted to reservoirs along 

Provo River and for irrigation, Utah Lake’s water level varied considerably from year to 

year. 

These variations in inflow, combined with periods of drought, have drastically 

impacted the plant and animal species that live in Utah Lake. In the 1890’s, low 

precipitation levels combined with irrigation of crops dramatically lowered the lake level, 

and thousands of tons of native fish were trapped in shallower areas. These fish 

eventually died once the remaining water in those areas dried up, leaving them on dry 

ground. Another drought struck the area in the 1930’s, and the average water depth in 

Utah Lake was reduced to only one foot. During both droughts, vegetation that had 

previously been covered with water withered and dried in the summer sun [2]. Because of 

the low water levels, the sun heated the remaining water to much higher temperatures, 

stimulating the growth of undesirable phytoplankton and bacteria. Once Utah Lake 

eventually refilled, the lack of vegetation and low water levels allowed the incoming 

water to stir up sediment, providing further impetus in the lake’s transition from a clear 

water to a turbid water state. 

In addition to the impact that the construction of the reservoirs, canals, and 

ditches had on Utah Lake’s water levels, the ability of the fish species to reproduce was 

diminished. Those fish that traveled upriver to spawn every year, like the June Sucker, 

found that the dams and irrigation diversions constricted their passage and limited the 

length of river available to them for spawning. Many of these fish wandered into canals 

and ditches and were swept onto farmers’ fields [1]. Those fish larvae that did hatch still 
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had to successfully navigate the river downstream to find their way safely down to Utah 

Lake. 

3.2 History of Fish Species in Utah Lake 

Before the mid 1800’s, Utah Lake was largely unaffected by human interaction. 

Various nomadic cultures in the region had used the lake and its tributaries as a source of 

food, but the impact of these cultures on the fish populations was small. Early 

descriptions of Utah Lake were of a beautiful lake full of a variety of fish species, 

including the June sucker, Utah sucker, mountain sucker, Utah Lake sculpin, mottled 

sculpin, cutthroat trout, Utah chub, leatherside chub, least chub, and mountain whitefish 

[3]. Over time, permanent settlers arriving in the area introduced several non-native fish 

species that now make up more than 90% of the total fish biomass of Utah Lake [4]. 

By 1949, 25 non-native species had been intentionally introduced into Utah Lake, 

thirteen of which were successful [5]. The most successful introduced species were the 

common carp, white bass, black bullhead, channel catfish, and walleyed pike. These 

continue to be the most abundant game fish in Utah Lake [6]. The introduction of these 

fish species provided competition for the native fish for resources such as food and 

habitat. In 1906, E.A. Tillian, superintendent of the United States Fish Commission, said: 

We found the lake trout [Bonneville cutthroat trout] had done poorly, because of 

low and consequently muddy water; and the carp, which have thriven immensely, 

have eaten off the mosses and similar growth along the bottom of the lake, so that 

the trout have not had enough to eat. Carp are a good deal like the English 

sparrow–once they get into a place they are there to stay. [2] 

 

 The increase in competition proved to be too much for some of the native fish. 

The last specimens of the Utah Lake sculpin and Bonneville cutthroat trout were 
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collected in 1928 and 1932, respectively. It is believed that both of these fish went extinct 

during the drought and low water levels of the 1930’s. The June sucker was federally 

listed as an endangered species on April 30, 1986, and fewer than 1000 June suckers are 

believed to exist in Utah Lake today [2].  
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CHAPTER 4 

CWR-ELCOM HISTORY AND PREVIOUS APPLICATIONS 

4.1 Modeling of Lakes Using Computational Fluid Dynamics 

 Computational fluid dynamics (CFD) is the branch of fluid mechanics dealing 

with the simulation of physical fluid flows through the use of numerical methods and 

computational algorithms. These methods are based on the governing equations of fluid 

mechanics, and are used to obtain detailed results about the flow field, such as velocities, 

pressures, temperatures, etc. A CFD simulation requires that the physical geometry, fluid 

properties, initial conditions, and forcing boundary conditions for the scenario be defined. 

The advent of computers and the increasing availability of powerful processors has 

allowed for extensive use of CFD modeling for many industrial and commercial 

purposes. In recent years, detailed codes have been written specifically for CFD 

simulations of lakes and other large bodies of water. 

  CFD models of lakes and other naturally occurring bodies of water require an 

additional degree of complexity beyond a typical industrial CFD simulation, however, in 

order to account for all of the natural processes that drive the system. Both the 

fundamental simulation codes and the forcing functions must be adapted to handle 

variations over time in air temperature, solar radiation, wind speed, precipitation, cloud 

cover, and other vital external functions. Appropriate methods for calculating heat 

transfer through the water’s surface, evaporation rates, effects of Coriolis forces, and the 

amount of solar radiation incident upon the lake as a function of time of year and position 

on the earth’s surface must also be incorporated. In addition, variations in water 
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composition (i.e. salinity, total dissolved solids (TDS), density, etc.) and the possibility of 

a stratified system may need to be accounted for. All of these complexities introduce 

approximations and consequent sources of modeling error into the CFD codes. 

 Despite these difficulties, several programs for modeling ocean and lake currents 

have been developed. By 2004, over 45 different CFD codes had been written for specific 

modeling projects [7]. While all of them were based on the governing equations of fluid 

mechanics, each had variations in their solution algorithms; some models produced 

detailed results at enormous computational costs, others were developed for specialized 

modeling scenarios, while still others took advantage of unique assumptions that made 

them computationally more efficient. Many programs combined various advantageous 

adaptations of other, older codes to enhance their accuracy and efficiency. 

As a result of the gradual evolution in modeling programs and the advances in 

computing technology, many CFD models of oceans and lakes can now be run on 

standard desktop computers rather than on supercomputers or processor clusters. 

4.2 Introduction to CWR-ELCOM 

The Centre for Water Research (CWR) was established at the University of 

Western Australia (UWA) in 1981 as a joint UWA and Western Australia State 

Government initiative. The Centre for Environmental Fluid Mechanics, an important 

research and applied science department within CWR, was established the following 

year. Its stated objective is to focus on “the interaction between individual transport and 

mixing processes in stratified lakes, estuaries and coastal seas” [8]. To date, CWR has 

been involved with over 50% of Australia’s water supply and has research partners in ten 
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different countries representing every continent except Antarctica. Software developed at 

CWR to model physical, chemical, and biological dynamics within aquatic systems is 

currently in use in over 80 countries around the world [8]. 

The Estuary Lake and Computer Model (CWR-ELCOM) program was written 

and enhanced from 1997 to 2000 by Ben Hodges while he was working as a research 

fellow at CWR. Several graduate students have made significant improvements to CWR-

ELCOM since that time [9]. It has been used to model lakes and other bodies of water in 

various locations around the world with great success. Further discussion of some of 

these applications of CWR-ELCOM is found in the case studies summarized in Section 

4.3. 

4.3 Case Studies of CWR-ELCOM Usage 

 The first version of CWR-ELCOM was finished in 1999. Since that time, it has 

been used to model various bodies of water with great accuracy and success. The 

following examples are presented as validation of CWR-ELCOM’s accuracy and 

usefulness. 

4.3.1 Case Study 1: Lake Kinneret 

 Lake Kinneret, or the Sea of Galilee, is the largest freshwater lake in Israel. With 

an average water surface elevation of 209 meters (685.7 feet) below sea level, it is also 

the lowest freshwater lake in the world. Lake Kinneret is an ovoid-shaped body of water 

with a surface area of approximately 166 square kilometers (64 square miles) and an 

average depth of 25.6 meters (84.0 feet). Israel’s National Water Carrier transports 

drinking water from Lake Kinneret to several major population centers. In addition to 
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serving as a water source for these cities, the lake is also used for fishing and for 

agricultural water. Because of its importance to the region, Lake Kinneret has been 

extensively studied to determine how to maintain its water quality. 

 CWR-ELCOM was used to model Lake Kinneret in 2000. This was one of the 

first applications of the newly written code, and was important in validating CWR-

ELCOM’s methodology and accuracy. Ben Hodges, the principal author of CWR-

ELCOM, was directly involved in the modeling work.  He documented the approach to 

modeling Lake Kinneret and explained the results and their significance in Hodges et al. 

[10]. 

Inputs for the CWR-ELCOM model were generated using field data collected in 

1997. The details of the field investigation are found in Lemckhert and Imberger [11]. 

Eight temperature sensors were placed in various locations throughout the lake to provide 

temperature data for the initialization of the model. Meteorological data was also 

recorded at the sites for the temperature sensors and used as the forcing data for the 

model. The data included wind speed, wind direction, air temperature, relative humidity, 

cloud cover, and short wave solar radiation [10]. 

Prior to using CWR-ELCOM to model Lake Kinneret, the data collected in 1997 

had been used to determine the periods of the primary modes of the Kelvin and Poincaré 

waves. The data was collected with sampling rates between 10 and 120 seconds while the 

CWR-ELCOM model used a time-step of 450 seconds and a grid size of 400 meters 

(1312 feet). As a result, some of the high frequency, low wavelength features from the 

data could not be accurately represented by the CWR-ELCOM model. 
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Despite this shortcoming, however, the model accurately depicted the Kelvin and 

Poincaré waves with periods on the order of hours and it correctly captured the depth of 

the wind-mixed level, even with coarse vertical grid resolution. Hodges noted some 

programming issues that still needed to be addressed in future versions of CWR-

ELCOM, including damping of the Kelvin wave, numerical diffusion of the metalimnion, 

and subgrid-scale modeling of internal wave effects. 

4.3.2 Case Study 2: Lake Constance 

 Lake Constance, located on the Rhine River between Germany, Switzerland, and 

Austria, is used for commercial fishery, recreational purposes, and a drinking water 

supply for four million people [12]. Seasonal weather causes this large stratified lake to 

experience moderate and severe wind episodes during strong cooling. This nonuniform 

wind field and the lake’s complicated geometry make accurate numerical modeling of the 

flow field very difficult. However, CRW-ELCOM was applied to this lake to gain a 

greater understanding of the behavior of large stratified lakes. 

 From October 15, 2001, to November 17, 2001 (33 days), eight Lake Diagnostic 

Systems (LDS) from CWR were used to gather data on the water temperature and wind 

speed and direction.  Each LDS consisted of 51 temperature sensors s in a chain 

extending to 100 meters (328 feet) deep as well as an anemometer and wind direction 

sensor located 2.4 meters (7.9 feet) above the surface of the water. One station also 

recorded the relative humidity, air temperature, incident short wave radiation, and net 

radiation [12]. 
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 A uniform, coarse grid was applied to the lake without specific calibration of the 

model parameters to match the lake. The mesh had 400-meter spacing in both the 

horizontal directions and variable spacing from 2.5 meters (8.2 feet) to 34 meters (111.5 

feet) in the vertical direction, with the finer mesh near the surface of the water [12]. 

 Even without careful calibration of the model parameters, CWR-ELCOM 

successfully predicted the dominant internal oscillations that control mixing and transport 

by accurately capturing the period lengths of the Kelvin and Poincaré waves [12]. The 

recorded data was used to verify these waves and their period lengths. In addition, 

different seasonal air temperature profiles were used to discover that certain 

combinations of factors introduced additional features into the flow field for Lake 

Constance. For example, CWR-ELCOM simulations suggested that the phenomenon of 

the split surface layer may occur more frequently when strong westerly winds are present 

[12]. 

As a result of this study, there was an increased understanding of the processes 

controlling the flow field inside Lake Constance. This information could then be used to 

further understanding of processes inside other large stratified lakes. In addition, this 

study confirmed that, due to its relative robustness, CWR-ELCOM could be successfully 

applied to complex situations without careful calibration of each parameter. 

4.3.3 Case Study 3: Great Slave Lake 

 Great Slave Lake, located in the Northwest Territories of Canada, is the ninth-

largest lake in the world and the deepest lake in North America. As such a large body of 

water, it strongly impacts the regional weather patterns. CWR-ELCOM was used to 



15 

 

 

 

model the lake for inclusion in the Canadian Regional Climate Model (CRCM) and 

accurately predicted results that correlated well with observed data (León et al., 2007). 

Previous to this study, CRCM had no lake component; climate simulations for 

northern Canada had relied on historical or in situ observed data as the forcing functions 

for thermal models [13]. However, the complex interplay between lakes and the climate 

required that a sub-model for the lake be coupled with CRCM to increase the overall 

accuracy. Additionally, while the CRCM had previously assumed that Great Slave Lake 

had a constant surface temperature, the large size of the lake allowed for the existence of 

relatively large spatial and temporal temperature gradients that could only be simulated 

using a lake sub-model. 

Input data for the CWR-ELCOM model was obtained empirically from July to 

mid-September 2003.  The water currents were observed using a cross-lake transect [14]. 

Meteorological data such as wind speed and direction, air temperature, incident solar 

radiation, and relative humidity were obtained using sensors placed on buoys in the lake 

as well as on structures on the surrounding land. A series of five temperature sensors 

were use to collect temperature data over time at specified locations in the lake [13]. 

With this wealth of data, direct comparison to the results of the CWR-ELCOM 

model allowed extensive evaluation of its accuracy. CWR-ELCOM accurately predicted 

the temperatures within ±5% when compared to the temperature sensors, and also 

correctly predicted the magnitude and direction of the currents in the lake [13]. 

Discrepancies in the results were attributed primarily to the fact that two major river 

sources were not included in the model. 
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4.4 Justification for CWR-ELCOM Usage on Utah Lake Model 

CWR-ELCOM was chosen as the modeling software for Utah Lake because of its 

proven accuracy, ability to run on a personal computer, and abundance of documentation. 

In addition, CWR-ELCOM can be coupled to the Computational Aquatic Ecosystem 

Dynamics Model (CAEDYM), a water-quality model for the major biogeomechanical 

processes in an aquatic environment that was also created by CWR. These processes 

include primary and secondary production, nutrient and metal cycling, oxygen dynamics, 

and the movement of sediment. CAEDYM is also flexible enough to allow the user to 

model other processes, such as the time-dependent relationship between nutrients, 

phytoplankton, and zooplankton [8]. The combined model formed by coupling CWR-

ELCOM and CAEDYM is a powerful tool that can be used to predict the hydrostatic 

water conditions and the resulting biological processes inside Utah Lake. Armed with this 

valuable information, JSRIP and other organizations will be better equipped to make 

educated decisions about the management of Utah Lake as they continue their efforts to 

restore its pristine, clear water state and preserve endangered species such as the June 

sucker. 
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CHAPTER 5 

CWR-ELCOM GOVERNING EQUATIONS 

5.1 Hydrodynamic Equations 

 CWR-ELCOM solves the unsteady, viscous Reynolds-averaged Navier-Stokes 

(RANS) and scalar transport equations by using the Boussinesq approximation and 

neglecting the non-hydrostatic pressure terms. Standard bulk transfer models are used to 

simulate heat transfer through the surface of the water [15]. Although an overview of 

these equations and their numerical implementation in CWR-ELCOM is given here, a 

more complete discussion of these equations can be found in Hodges [16]. 

5.1.1 Reynolds-Averaged Navier-Stokes Equations 

 The RANS equations are developed by averaging the Navier-Stokes equations 

over a specified time period that is long when compared to sub-grid scale processes but 

small relative to grid-scale processes [16]. For example, this method provides a way to 

include, in an averaged form, the effects of small length scale localized eddies while still 

accounting for the large lake circulation eddies that have a much larger length scale. The 

RANS equations are used primarily with turbulent flows. Quite often in numerical 

schemes the time step used in the iterative solving process is also the time scale used to 

average the Navier-Stokes equations [15]. In indicial notation, the RANS equations take 

the following form [16]: 

    

  (5.1) 
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where: 

Ui  =  Reynolds-averaged velocity components 

t  =  time dimension 

  =  gravitational constant 

xi  =  spacial dimensions 

η  =  Reynolds-averaged free surface height 

ρ0  =  reference density 

z’ = depth of density anomaly 

z = depth variable 

ρ’  =  density anomaly (i.e. the difference between the in situ density and the 

reference density) 

νi = molecular viscosity components 

εαβ = two-component permutation tensor 

f = Coriolis constant 

 The boundary conditions for the momentum equation are as follows for the (i) 

free surface and (ii) bottom and sides of the lake [16]: 

(i)   

  (5.2) 

 (ii)   

 

There is no momentum flux through the free surface of the lake, as shown in Eq. 5.2. In 

addition, the no-slip condition requires that velocity components on the bottom and sides 

be zero. 
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Figure 9.19 Effect of river inflow rate on water temperature. 

 

 

Figure 9.20 Effect of river inflow rate on u-velocity component. 
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water temperature values at all of the sensor locations, as shown in Figure 9.22. Lower 

outflow rates corresponded to slightly higher temperatures. Changes in the outflow rate 

had a negligible effect on the currents in the lake, as shown by the u- and v-velocity 

component plots in Figures 9.23 and 9.24. 

9.2.9 River Inflow Temperatures 

 Varying the temperature of the water flowing into Utah Lake had only a slight 

effect on the overall temperature, as shown in Figure 9.25. The u- and v-velocity 

components were similarly unaffected, as shown in Figures 9.26 and 9.27. 

9.2.10 Wind Direction 

 Plots of the temperature values for different wind directions revealed that those  

Figure 9.21 Effect of river inflow rate on v-velocity component. 
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Figure 9.28 Effect of wind direction on water temperature: west shore. 

 

 

Figure 9.29 Effect of wind direction on water temperature: east shore. 
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Figure 9.30 Effect of wind direction on u-velocity component: west shore. 

 

 

Figure 9.31 Effect of wind direction on u-velocity component: east shore. 
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Figure 9.32 Effect of wind direction on v-velocity component: west shore. 

 

 

Figure 9.33 Effect of wind direction on v-velocity component: east shore. 
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Figure 9.34 Effect of wind speed on water temperature. 

 

 

Figure 9.35 Effect of wind speed on u-velocity component. 
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and the results were plotted at the temperature sensor locations. From the plots, it was 

determined that those factors that most strongly influence the water temperatures are the 

air temperature, incident short wave radiation, wind speed, and wind direction, with 

relative humidity and cloud cover having a lesser degree of influence. The factors that 

have the greatest effect on the flow field are the wind direction and wind speed. 

Figure 9.36 Effect of wind speed on v-velocity component. 
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CHAPTER 10 

LARVAE FLOW SIMULATIONS 

10.1 June Sucker Spawning 

In addition to performing the parametric study to determine the major forcing 

parameters for Utah Lake, another key objective of the modeling effort was to ascertain 

the general free drifting path for June sucker larvae that enter the lake through the Provo 

River and Spanish Fork River. 

Depending on yearly water conditions, adult June suckers enter the lower Provo 

River to spawn in April, May, and June. The spawning area is typically limited to the 

lower three miles of the river by an irrigation diversion, but during especially wet years 

adult suckers can pass beyond the irrigation diversion and spawn in an additional 3.0 

kilometers (1.9 miles) of the river. The water in which the fish spawn is between 0.3 and 

0.9 meters (1.0 to 3.0 feet) deep and flows at rates between 0.06 and 0.975 meters (0.2 

and 3.2 feet) per second. The adult suckers return to Utah Lake soon after spawning [2]. 

The June sucker eggs hatch between four and ten days afterward, depending on the water 

temperature, the current in the river carries the larvae downstream to Utah Lake. 

10.2 Larvae Flow Inclusion in CWR-ELCOM 

 In conjunction with its capacity to predict flow fields and temperatures, CWR-

ELCOM also has the ability to “release” a free drifting particle at a specified location in a 

flow field and then track its theoretical path. This function was used to simulate the entry 

of June sucker larvae into the Utah Lake basin through the Provo and Spanish Fork 
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Rivers and to track the resulting drifting paths. Table 10.1 shows the simulation matrix 

for the larvae drift simulations. 

 To specify that CWR-ELCOM use one or more drifting particles in a simulation, 

the user is required to prepare three additional input files with information on the 

particle(s). The first file, drifters_update.dat, designates the release locations of each 

“drifter” and the time step(s) at which the particles are to be released. The second file, 

drifters_in.dat, echoes the release locations and allows the user to control other options, 

such as whether or not the particles can get “stuck” when they run up against the lakebed 

and the type of solution scheme the program uses to track the particle. The third file, 

drifters_prop.dat, allows the user to specify additional properties of the drifter such as 

drag coefficient, density, etc. 

 In order to correctly generate the free drifting paths of the particles, simulations 

were initialized using all of the boundary conditions, initial conditions, and forcing data  

 

Table 10.1 Larvae Drift Simulation Matrix 

 
Grid Size (m) 

 
500 1000 

Release 

Date 

22-Apr 22-Apr 

29-Apr 29-Apr 

6-May 6-May 

13-May 13-May 

20-May 20-May 

27-May 27-May 

3-Jun 3-Jun 

10-Jun 10-Jun 

17-Jun 17-Jun 

24-Jun 24-Jun 
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used in other simulations. The simulations progressed normally until the time step when 

the drifters were to be released. At that time, the simulations stopped and saved all of the 

current flow field information in a designated restart. When the simulations were 

restarted, the drifters were released as specified in the input files and the programs 

continued running the simulations from where they had previously stopped while also 

tracking the paths of the particles. 

 Once the simulations terminated and the post-processing code had converted the 

results into a netCDF file, the x- and y-coordinates of the particles were plotted over an 

outline of Utah Lake using Matlab
®
 to graphically show the free drifting paths . The 

recorded z-coordinates (depths) for each particle were also plotted as a function of time. 

The range of the plots was the three weeks of data following the release date of each 

particle. 

10.3 Results and Analysis 

 As seen in Table 10.1, 22 simulations with larvae particles were performed on 

500- and 1000-m grids. Representative plots of the free drifting path for a larvae entering 

through the Provo River using the data from the 500-m grid simulations are found in 

Figures 10.1 and 10.2. The corresponding plots for a larvae entering Utah Lake through 

the Spanish Fork River are found in Figures 10.3 and 10.4. The remainder of the plots for 

larvae entering through the Provo and Spanish Fork Rivers can be found in Appendices A 

and B, respectively. 

  Larvae entering through the Provo River generally flowed in a northwest 

direction into the lake, nearly parallel to the closest shoreline. However, after leaving the  
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Figure 10.1 Free drifting path of a June sucker larvae entering Utah Lake through the 

Provo River on May 13. 

Figure 10.2 Plot of depth vs. time for a June sucker larvae entering Utah Lake through the 

Provo River on May 13. 
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Figure 10.3 Free drifting path of a June sucker larvae entering Utah Lake through the 

Spanish Fork River on May 13. 

Figure 10.4 Plot of depth vs. time for a June sucker larvae entering Utah Lake through the 

Spanish Fork River on May 13. 
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shoreline and entering the deeper water in the main body of the lake, different paths were 

taken depending on the release date of the drifter. Larvae released between mid-April and 

mid-May generally turned southward and terminated in the deep water northwest of Bird 

Island. Larvae released between mid-May and mid-June continued in a northwesterly 

direction upon leaving the shoreline and ended up in the deeper waters in the northern 

half of the lake. Between mid-June and early July, the larvae either flowed directly west 

or slowly circled near the edge of the deep water in the main body of the lake. 

 Larvae entering Utah Lake through the Spanish Fork River between mid-April 

and mid-May generally stayed close to the river inlet. Initial currents carried the larvae 

due north away from shore, but then circulating eddies drew the larvae back towards 

shore. After mid-May, however, if strong northern currents happened to be present at the 

time of the larvae release, some of the larvae could escape the pull of the eddies and flow 

north along the east shore of Utah Lake to where the Provo River inlet was located. 

Currents in that region then forced the larvae out into the main body of the lake, where 

their paths terminated. 
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CHAPTER 11 

CONCLUSIONS 

 The main objectives for the Utah Lake modeling effort were to characterize how 

the flow field and temperature distributions vary temporally and spatially, perform a 

parametric study to determine what parameters had the greatest overall influence on the 

lake, and predict the free drifting path of June sucker larvae that flow into Utah Lake 

through the Provo and Spanish Fork Rivers. CWR-ELCOM, an established CFD program 

with a history of success in modeling lakes, was used to accomplish these objectives. 

Numerous Matlab
®
 scripts were written to aid in the management of forcing data, 

creation of the necessary input files, and processing of the simulation results.  

 The Utah Lake model relied heavily on meteorological data for its accuracy. 

Because the data consisted mostly of time-averaged values of natural processes, a fairly 

substantial amount of error was, of necessity, introduced into the model. However, 

comparisons between the simulation results and actual water temperature data taken 

using temperature sensors during the summer of 2007 showed good agreement and 

served to validate the model. 

 The water temperature at a given location in the lake was found to be a strong 

function of the air temperature, incident short wave radiation, wind speed, and wind 

direction. It was also influenced to a lesser degree by relative humidity and cloud cover. 

The direction and speed of the water currents were most influenced by wind direction and 

wind speed. 
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 June Sucker larvae entering Utah Lake through the Provo River traveled in a 

northwest direction parallel to the shore before diverting into the deeper water in the 

center of the lake. In mid-April to mid-May, the larvae flowed into the southern half of 

the lake. Between mid-May and mid-June, however, the larvae flowed into the northern 

half of the lake. After mid-June, the larvae circulated in the deeper water southeast of the 

Provo River inlet. Larvae entering the lake through the Spanish Fork River in mid-April 

to mid-May were generally captured by large eddies and remained close to the shoreline 

west of the river inlet. When strong northern currents were present after about mid-May, 

however, some larvae escaped the eddies and traveled north along the east shore of the 

lake until currents in the vicinity of the Provo River inlet carried them west into the main 

body of the lake. 

 In the future, the Utah Lake model could be improved in a few key ways. First, 

sufficient measurements of temperature and water velocities to initialize the model would 

help reduce any transient effects that may have influenced the free drifting paths of the 

June sucker larvae. Second, a greater characterization of the springs and seeps along the 

lakebed floor and their inclusion in the model would eliminate some approximations that 

were made and would, consequently, enhance the model’s accuracy. Third, increasing the 

data library for the wind in the region to more than one year would help substantiate the 

currents found using the Utah Lake model. Finally, accurate data on the temperatures of 

the water flowing into Utah Lake through would help resolve the flow fields and 

temperature distributions in the critical areas around the Provo and Spanish Fork River 

inlets.
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Appendix A: Provo River Larvae Drifting Paths 

 

   
Figure A.1 Release date: April 22

nd
.
 

 

 

   
Figure A.2 Release date: April 29

th
. 

 

 

   
Figure A.3 Release date: May 6

th
. 
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Figure A.4 Release date: May 13

th
. 

 

 

   
Figure A.5 Release date: May 20

th
. 

 

 

   
Figure A.6 Release date: May 27

th
.
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Figure A.7 Release date: June 3

rd
. 

 

 

   
Figure A.8 Release date: June 10

th
. 

 

 

   
Figure A.9 Release date: June 17

th
. 
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Figure A.10 Release date: June 24

th
. 

 

 

   
Figure A.11 Release date: July 1

st
. 
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Appendix B: Spanish Fork River Larvae Drifting Paths 

 

   
Figure B.1 Release date: April 22

nd
.
 

 

 

   
Figure B.2 Release date: April 29

th
. 

 

 

   
Figure B.3 Release date: May 6

th
. 
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Figure B.4 Release date: May 13

th
. 

 

 

   
Figure B.5 Release date: May 20

th
. 

 

 

   
Figure B.6 Release date: May 27

th
.
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Figure B.7 Release date: June 3

rd
. 

 

 

   
Figure B.8 Release date: June 10

th
. 

 

 

   
Figure B.9 Release date: June 17

th
. 
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Figure B.10 Release date: June 24

th
. 

 

 

   
Figure B.11 Release date: July 1

st
. 

 


