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Abstract

I compared dissolved oxygen levels from two study sites along the Chena River in Fairbanks, Alaska in order to determine if hot water discharge from a nearby power plant had any effect on the amount of dissolved oxygen the river water was able to hold. Cold liquids possess greater levels of dissolved gases because the reduction in kinetic energy slows molecular movement and prevents gas molecules from escaping the solvent. Over the course of eight weeks, I obtained water temperature and dissolved oxygen readings from two test sites on either side of the power plant.  Dissolved oxygen readings from the two sites were significantly different (ANOVA p = 5.040 * 10-6), demonstrating the power plant is affecting the amount of dissolved oxygen in the river water.  However, both dissolved oxygen levels were extremely high and therefore not a danger to the Chena River’s aquatic wildlife.  The hot water discharge itself may still negatively affect the environment by disrupting migration patterns and encouraging waterfowl to remain in the Fairbanks area over the winter months.

Introduction


I researched how hot water discharge from the Aurora Energy power plant along First Avenue in Fairbanks, Alaska affects the dissolved oxygen levels of the Chena River downstream from the power plant.  Aurora Energy draws water from the river and uses it to cool the plant’s generators, which in turn raises the temperature of the water before it is returned to the river.  Warm water cannot hold as much dissolved oxygen as cold water and also encourages the growth of bacteria and algae, which add to the depletion of dissolved oxygen.  


I conducted a previous study to determine how the pH level of the river is affected by changes in the water temperature.  While my results proved inconclusive, I found this study to be interesting and educational and I held a desire to continue investigating the river and its condition.  Testing dissolved oxygen is both a common and reliable method of determining the condition of a river or other body of water because the level of oxygen in the water is directly related to water temperature and clarity, the bacteria and algae present, and the amount of living and decaying plants in and along the banks of the river (The Edmonton Sun 2001).

A river is a delicate ecosystem and even the slightest inconsistencies in the condition of the water may have a detrimental effect on the wildlife in that area, ranging from bacteria, to the fish and other inhabitants of the river.  While naturally occurring inconsistencies may be characteristics of the river, I believe it is our responsibility to assure that we, as a developing community, do not damage or significantly alter existing ecosystems without conclusive evidence that those ecosystems will be allowed to return to a stable state of growth.


The Aurora Energy power plant is located on First Avenue beside the Chena River.  Approximately 20 million gallons of river water are drawn in each day and used to cool the plant’s generators before the water is returned to the Chena (Cole 2001).  The water utilized by the plant is returned to the river at approximately 15º – 18º Celsius, heating the river enough to prevent several miles of water downstream from the power plant from freezing over in the winter when temperatures usually remain well below freezing (Cole 2001).  In addition to possessing a lower level of dissolved oxygen, this open water may also affect the life styles and cycles of other wildlife that inhabit the area, ranging from fish and waterfowl to small mammals, such as beavers and muskrats.

Between the summers of 1990 and 1995, Sal Lopez, William McCormack, and Peter L. Sattler, employees of the Interstate Sanitation Commission in New York, tested the dissolved oxygen levels of Long Island Sound (Fagin 1995).  The trio often collected data showing the dissolved oxygen levels to be below 4.8 parts per million (4.8 milliliters of oxygen per liter of water), low enough to stunt the growth of newly hatched fish, lobster, crabs, and other animals (Fagin 1995).  Occasionally they obtained readings as low as 1ppm, low enough to kill most any aquatic animal (Fagin 1995).  In this particular study, however, the low levels of dissolved oxygen were caused by the amount of nitrogen entering the water, encouraging the growth of oxygen depleting bacteria and algae (Fagin 1995).  In contrast, low dissolved oxygen levels in the Chena would be related to the temperature of the water released back into the river rather than the amount of nitrogen deposited by humans in the river.  However, both the nitrogen in Long Island Sound and the warm temperatures in the Chena may encourage the growth of oxygen depleting bacteria and algae which, in turn, may have a negative impact on the overall water quality of the river.

Warm water holds a lower concentration of dissolved oxygen because the increased kinetic energy allows oxygen molecules to escape the polar attraction of water molecules.  In addition, warm water also increases the rate of photosynthesis in plants, resulting in increased growth and greater numbers of plants to produce and consume oxygen, (Caliri 2001).  Greater numbers of plants, in effect, produce large quantities of plant decay from decomposition, encouraging the growth of oxygen-depleting bacteria and algae (Caliri 2001).

Lack of dissolved oxygen can prove detrimental to fish and other water-dwelling species, often causing lethargy, hypoxia, stunted growth, and even death when conditions prove harsh enough (Fagin 1995).  According to marine biologist, Don Miller, in a 1995 interview with Newsday, fish become lethargic because they are attempting to conserve oxygen while also attempting to frantically swim away from oxygen-depleted waters.  The more the fish struggle to leave the area, the more oxygen their bodies will demand.

A river’s temperature and dissolved oxygen level also affects the number and type of aquatic invertebrates able to survive there.  Many aquatic organisms require specific conditions, such as a high concentration of dissolved oxygen or cooler temperatures, in order to endure (The Edmonton Sun 2001).   The various species of adult salmon that pass through the Chena during the spawning season ideally require levels of dissolved oxygen at or above 7ppm.  Lower levels will stunt their growth and cause them distress; levels at or below 4ppm will kill adult salmon.  Levels below 9ppm can inhibit young salmon still in the early stages of development.  In contrast, the arctic grayling, a fish commonly found year-round in the Chena River, is tolerant of extremely low levels of dissolved oxygen and is able to survive in waters with oxygen concentration of less than 1ppm.  The arctic grayling also feeds upon vast amounts of aquatic invertebrates, most of whom require dissolved oxygen levels of at least 5-6ppm.  (AK Dept. of Fish and Game).   A section of the river with a low level of dissolved oxygen may not be capable of sustaining healthy salmon and aquatic invertebrate populations.  Insufficient amounts of aquatic invertebrates, in turn, will not be able to support abundant numbers of arctic grayling or other fish species. (The Edmonton Sun, 2001).  

Without additional testing and several modifications, my study would not be capable of demonstrating if there is a high growth of bacteria or algae, however, it would illustrate what effects, if any, the power plant is having on the dissolved oxygen level of the river.  I believe the dissolved oxygen levels recorded downstream from the power plant will be significantly lower than the readings from the site upstream from the power plant.  However, because the river is able to sustain an ample arctic grayling population and support large quantities of salmon during the spawning season, as well as maintain a wide variety of plant life, I also believe my study will demonstrate that the dissolved oxygen levels downstream from the power plant are not dangerously low and are likely above 7ppm. 

Methods and Materials

In order to conduct my experiment, I used the GLOBE Hydrology protocols (GLOBE Teacher’s Guide, 1997) for measuring water temperature, pH and dissolved oxygen at both tests sites over a two month period.  I first obtained a LaMotte dissolved oxygen test kit, which supplied me with the necessary materials to determine the dissolved oxygen levels of the Chena River.  Twice a week at my first test site, Grael Park, I rinsed the provided water sampling bottle with river water before completely submerging it and allowing the bottle to fill with water.  After all the oxygen had been released, I capped the bottle while it was still under water and then removed it from the river.  I then inverted the bottle briefly to assure all the air had been forced out, before removing the cap and carefully adding eight drops of manganous sulfate solution and eight drops of alkaline potassium iodide azide.  Next, I fastened the lid on the bottle and inverted it several times to mix the solution until a precipitate formed.  After allowing the precipitate to settle below the shoulder of the bottle, I added 1.0g of sulfamic acid powder and again inverted the bottle several times until both the precipitate and the reagent had completely disappeared.  I then filled the titration tube with 20mL of my fixed sample and added eight drops of starch indicator, which turned the sample blue.  After filling a plunger with 10mL of sodium thiosulfate (titrating solution), I began slowly adding individual drops to the sample and continued to do so until the sample turned from blue to clear.  I then recorded the dissolved oxygen level of the sample based on the amount of titrating solution required for the sample to change from blue to clear; each milliliter represented 1ppm.  In addition, I measured the temperature of the river using a water thermometer and also used pH test strips to record the pH level of the water as additional data.  I then disposed of the sample and proceeded to my other test site, approximately 2 miles downstream, near the intersection of Lathrop Street and First Avenue.  I then repeated the process and recorded the dissolved oxygen level in addition to the pH level and temperature of the river at my second test sight.

Results:  Data Summary and Analysis
Table 1 : Measurements Taken at Site One (Lathrop Street - Downstream)
	   Date
	    Water Temperature (Celsius)
	    Dissolved Oxygen Level (ppm) 
	  pH Level

	9-Oct
	2
	12.5
	6

	11-Oct
	2.4
	12.2
	6

	16-Oct
	2
	12.5
	6

	18-Oct
	2.2
	12.3
	6

	23-Oct
	2.3
	12.2
	6

	25-Oct
	2
	12.5
	6

	29-Oct
	2.8
	12
	6

	1-Nov
	3
	12
	6

	6-Nov
	2.5
	12.1
	6

	8-Nov
	2
	12.5
	6

	13-Nov
	2
	12.6
	6

	15-Nov
	2.3
	12.2
	6

	20-Nov
	2
	12.5
	6

	26-Nov
	2.5
	12
	6

	29-Nov
	2
	12.6
	6


Graph 1 :  The Relationship Between Water Temperature and the Dissolved Oxygen Levels of the Lathrop Street Site
[image: image1.wmf]Dissolved Oxygen vs. Water Temperature

Site Two - Grael Park 

(Upstream)

R

2

 = 0.8074

12.2

12.4

12.6

12.8

13

13.2

0

0.5

1

1.5

2

Water Temperature (Celsius)

Dissolved 

Oxygen (ppm)

Average Dissolved Oxygen Level:  12.3ppm

Table 2 : Measurements Taken at Site Two (Grael Park - Upstream)
	Date
	    Water Temperature (Celsius)
	    Dissolved Oxygen Level (ppm)
	     pH Level

	9-Oct
	1
	12.9
	6

	11-Oct
	1.5
	12.5
	6

	16-Oct
	1
	12.9
	6

	18-Oct
	1
	12.8
	6

	23-Oct
	1.5
	12.6
	6

	25-Oct
	1
	12.8
	6

	29-Oct
	1.5
	12.4
	6

	1-Nov
	1.5
	12.5
	6

	6-Nov
	1.3
	12.7
	6

	8-Nov
	1
	13
	6

	13-Nov
	1
	12.8
	6

	15-Nov
	1
	12.7
	6

	20-Nov
	1
	12.9
	6

	26-Nov
	1.3
	12.6
	6

	29-Nov
	1
	12.9
	6


Graph 2 : The Relationship Between Water Temperature and the Dissolved Oxygen Level of the Grael Park Site
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Graph 3 : Comparison of the Average Amount of Dissolved Oxygen Collected From Each Site
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Statistics:    ANOVA comparing the data samples collected from both sites.
Null Hypothesis states there is no difference between all tested samples.



p = 5.040 * 10-6 





Probability can safely reject Null Hypothesis: 99.9%
Conclusion


Through my research, I was able to clearly show a distinct difference in the dissolved oxygen levels of my two sites, indicating the hot water discharge from the power plant does affect the amount of oxygen that is capable of dissolving in the water.  The readings taken at the site upstream from the power plant were an average .4ppm greater than those taken down stream from the power plant.  The Analysis of Variance test also supported this conclusion by demonstrating a 99.9% likelihood the Null Hypothesis could be rejected, revealing only a .1% probability there was no difference between the two series of dissolved oxygen samples.  

I intend to use the data I collected over the past few months when I begin my next research project.  In addition, I believe the data I collected may be an aid to the members of the general public who are also concerned about the condition of the Chena River.  While the health of the river is sometimes questioned due to its murky appearance, the fact that it has a very high average dissolved oxygen level is a good indication the river’s ecosystem is not in a detrimental state.  
Discussion

Through my research, I was able to clearly show a distinct difference in the dissolved oxygen levels of my two sites, indicating the hot water discharge from the power plant is a deciding factor in the amount of dissolved oxygen contained in the water samples.


The average amount of dissolved oxygen recorded at Lathrop Street was only 12.3ppm while Grael Park average dissolved oxygen level was noticeably higher- 12.7ppm.  This data conclusively shows a difference between the two sites.  In addition, an Analysis of Variance (ANOVA) statistical test was run to further compare the data and to ensure the data samples were indeed unique from each other.  The ANOVA test compared the standard deviation and averages of the two sites in order to determine if the two sample series could be from the same population.  This test demonstrated a 99.9% likelihood the Null Hypothesis could be rejected, revealing only a .1% probability there was no difference between the two series of dissolved oxygen samples.  Therefore, it is certain there is a variation in the amount of oxygen able to be dissolved in the water from these two sites. 

The linear regression data from both sites demonstrates a strong relationship between the water temperature and dissolved oxygen level.  While the linear regression was not perfect, R2 values of 0.8536 and 0.8074 are high enough to support the claim that there is a direct correlation between water temperature and the amount of dissolved oxygen the water can hold.

While my results did show a lower level of dissolved oxygen at Site One, downstream from the power plant, the dissolved oxygen levels from both locations were still well within the range able to support a vast array of wildlife, as I previously hypothesized.  In fact, both areas proved to have an exceptionally high amount of dissolved oxygen and are more than capable of sustaining large and healthy salmon and grayling populations, as well as an abundant variety of aquatic invertebrates and plant wildlife. This is likely due to the river’s high flow rate as well as the fact that the river’s water temperature remains fairly cool and consistent, despite hot water discharge from the power plant.   


 Although my data demonstrated a distinct difference in the dissolved oxygen levels of these two test sites, my results also covered a very small range where the dissolved oxygen levels of both sites remained between 12 and 13 ppm.  This is most likely due to the fact I began my testing in October when the water had already reached very cool temperatures and had even began to freeze in some areas.  Therefore, the water temperature did not fluctuate more than a degree or two and remained at a fairly consistent level.  If I had began my experiment in a warmer month, such as May, and recorded changes in the temperature over a longer period of time, I would have obtained readings where the water gradually became significantly warmer and then cooled to just above freezing.  Not only would I have collected considerably more data samples, but they also would have covered a wider temperature range, allowing for more varied dissolved oxygen readings to be acquired.  Establishing multiple test sites along the river would also increase the accuracy of my results.  In addition, my research could also be improved by establishing test sites closer to the power plant.  The downstream test site was located approximately ¾ of a mile away from the power plant, a distance which may have allowed the water samples to cool substantially before I collected them.  Although I considered this factor before I began my research, I was unable to establish a closer site due to land ownership constraints as well as safety issues.  Conducting my research during the summer months would alleviate many of these restrictions and allow me to collect samples that accurately reflected the immediate change in water temperature and dissolved oxygen levels.


Although my results supported my original hypothesis, I feel there is room for error in my results.  Due to illness, I was prevented from collecting a portion of these samples myself since I was not able to remain in the cold air for very long during my recovery.  As a result, one of my siblings would collect the sample for me and then bring it to our parked car where I would then test the dissolved oxygen level.  While it is unclear whether or not this affected my overall results, I did obtain the two lowest readings of my experiment during this time period.  Therefore, it is possible I reported inaccurate quantities of dissolved oxygen.  However, it is also conceivable these measurements are due to natural fluctuations in the river’s condition.  Collecting more data samples over a longer period of time would have allowed me to reach a firmer conclusion about these outliers.


Overall, my results demonstrated the hot water discharge is not a significant threat to the river’s dissolved oxygen level during the months I monitored it.  However, while my focus was predominately on the water’s dissolved oxygen content, my greatest concern is the possibility the hot water discharge is having some form of negative affect on the environment.  Some claim the open water caused by the power plant’s hot water discharge is beneficial to the ducks that remain in Fairbanks over the winter months.  Despite this claim, I believe the open water as a whole is not beneficial to the wildlife and is actually disrupting migration patterns by encouraging ducks and other waterfowl to remain on the river rather than relocating to warmer climates.  These waterfowl then become trapped in the Fairbanks area over the winter and must spend several months on the river while food is scarce and temperatures drop to well below freezing.  


In general, I found my research topic to be both interesting and educational with a direct correlation to the condition of the rivers and wildlife in Interior Alaska.  I intend to continue researching dissolved oxygen and hope to go further in-depth with this topic, perhaps examining the direct effects of dissolved oxygen levels on the growth and birth rates of aquatic wildlife and invertebrates.
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