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1 INTRODUCTION 
 
 

In the past several years, Oregon has become an increasingly popular place to live.  

The housing market has been exploding, partially as a result of low interest rates and high 

demand.  Subdivisions cannot be developed fast enough.  While this increased urbanization 

has been great for Oregon’s economy, it could possibly wreak havoc on the environment.  

One of the major environmental impacts caused by urbanization is a change in hydrology. 

Hydrologic cycles are dramatically different prior to urbanization.  Forest cover 

prevents soil erosion and sedimentation in waterways.  Trees and vegetation help reduce 

runoff by the evapotranspiration of up to forty percent of the precipitation, depending on 

the season.  The forest floor absorbs a great deal of the runoff and releases it slowly through 

shallow ground water flow to streams.   

However, forests have gradually been eliminated to allow for population growth and 

urbanization.  Constructing impervious surfaces, replacing natural landscapes with 

maintained landscapes, compacting soil, and filling low spots during road construction 

permanently changes drainage patterns.  The volume and flow rate of runoff increases.  

Wetland inundation and the occurrence of higher stream flows become more frequent and 

last longer during wet seasons.  Higher stream flows can have grave effects on the health of 

the wetland.  For example, higher stream flows can cause some of the plant life and top soil 

to erode.  Greater flooding of the wetlands can cause the plants to receive too much water 

and possibly die.  During the dry seasons, lower water levels and reduced stream flows cause 

the wetlands to dry up.    These extreme changes can impact the health of the streams, 

wetlands, and the plants and wildlife that inhabit them. 
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As stream flow rates increase, water channels may become eroded.  Also, base flow 

in the river is lost in the summer.  Lower base flows result in an insufficient amount of water 

for plants growing in and along the water body.  As a result, the plant community 

composition is changed because of the degraded condition.  Figure 1-1 shows the effects of 

urban development on the stream flow rate over time. 

 

Figure 1-1: Changes in Streamflow Rate over time for pre and post development due to urbanization.  
The more dramatic peaks in the post-development curve indicate possible problems with flooding and 

riverbed erosion (Western Washington Storm Water Manual 2005). 

 

Not only does urbanization cause an increase in the quantity of water flowing in the 

streams, it also degrades water quality.  Urbanization causes a rise in the types and amounts 

of pollutants in the storm water, as shown in Table 1-1.  Consequences of these increased 

pollutants include but are not limited to increased turbidity, increased sedimentation, 

increased algal growth, higher water temperatures, and decreased dissolved oxygen.  Some of 

these effects will be discussed in greater detail in Section 3. 
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Table 1-1: The concentration of different types of pollutants found in storm water for varying land 
uses.  This data was gathered from an analysis done from 1990 to 1996 on Oregon urban runoff water 
quality monitoring data.  In-pipe industry means that the samples were collected in the storm water 
pipes.  Samples for the instream industry were collected from streams following through industrial 
areas.  The rest of the data was collected from storm water pipes (Western Washington Storm Water 

Manual 2005). 

 

 
In 1998, the Oregon Department of Environmental Quality (DEQ) reported that 

13,687 miles of Oregon rivers and 30 Oregon lakes did not meet water quality standards.  

Agriculture, urban runoff, and natural sources are the common sources of pollution.  These 

sources cause problems regarding nutrients, acidity, organic enrichment, and metal content 

of the water. 

Controlling agriculture pollution and preventing nonpoint source pollution, such as 

animal feces and automotive pollutants, are not always feasible tasks due to practicality and 

cost.  However, runoff caused by urbanization is extremely controllable.  Because urban 

environments are manmade, the designer has a large amount of control over the movement 

and treatment of runoff.  Water treatment facilities, pretreatment structures, and biofiltration 

are examples of possible methods for the prevention and treatment of water pollution 

caused by urbanization. 

Urbanization and environmental impact are inevitable.  Whichever method of storm 

water treatment is used, it is clear that actions need to be taken to ensure the usability of 



Grenz, Natalie S.  4 
UHC Thesis  Oregon State University 

 

 

Oregon’s waters.  One method of pretreatment that is increasingly popular is the use of 

biofiltration systems, more commonly referred to as bioswales. 

While bioswales are an accepted method of pretreatment, it is not known how 

effective they are in impacting water quality.  If effective, bioswales are a natural and more 

aesthetically pleasing method of treating runoff water than water treatment facilities.  They 

also use significantly less land than aeration ponds or facultative lagoons.  If ineffective, they 

are releasing untreated water into natural waterways.  This could contribute to the 

degradation of the water quality for larger bodies of water. 

 The goal of this thesis is to evaluate the effectiveness of a particular bioswale for 

positively impacting water quality.  Results from this thesis will be used to further investigate 

bioswale efficiency for multiple seasons.   
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2 BIOSWALE BASICS 
 
 

The purpose of a bioswale is to naturally improve storm runoff water quality before 

releasing the water back into a natural waterway, providing a “natural” and aesthetically 

pleasing means of treatment. 

Bioswales use a combination of biological treatment as well as sedimentation to 

lower the biological oxygen demand (BOD) and the total suspended solids (TSS) present in 

the water.  Aquatic plants form a symbiotic relationship with the microbes in the water, 

where the plants produce oxygen during photosynthesis which is then used by the microbes 

to degrade the organic matter in the storm water.  The carbon dioxide is produced by the 

microbes during the degradation process and used by the plants again.  This cycle is the basis 

of many forms of biological treatment and is often replicated in treatment facilities.  

The most common application for bioswales is treating runoff from parking lots, 

both commercial and residential.  They can, however, be adapted to work on a much larger 

scale.  There are several types of bioswales that can be constructed, depending on the needs 

of the particular site.  The City of Portland Storm Water Management Manual outlines 3 

main types of bioswales: Vegetated Swales, Grass Swales, and Street Swales.  While other 

design parameters do exist for bioswales, the City of Portland standards are widely accepted 

for Oregon. 

 

2.1 Vegetated Swale 

Vegetated swales are used to collect and convey storm water runoff.  The swales 

consist of long, shallow ditches with check dams placed at intervals of twelve to twenty feet 
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to decrease flow rates.  In addition to decreasing flow, vegetated swales can filter out and 

settle pollutants in the storm water.  Vegetated swales can be integrated into the site plan and 

can count towards required landscaping.  This landscaping also helps protect the slopes of 

the swale from erosion, improve the infiltration of the system, and enhance aesthetics.  The 

slopes and depth are kept to a minimum for safety and to prevent erosion.  Vegetated swales 

are designed to collect less runoff from an area less than 15,000 square feet.  A typical 

vegetated swales design can be seen in Figure 2-1. 

 

 
Figure 2-1: A typical vegetated swale section (City of Portland Storm Water Management Manual 

2004) 
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2.2 Grass Swale 

Grass swales are used to collect and transport runoff water in a similar fashion as 

vegetated swales.  Essentially, grass swales are long depressed ditches that treat the water by 

allowing pollutants to filter out and settle.  As with vegetated swales, grass swales can help 

maintain the flow rate and volume of the storm water when receiving runoff from less than 

15,000 square feet.  The side and longitudinal slopes are used to control water flow.  The 

City of Portland Storm Water Management Manual has specific design criteria regarding 

these slopes, with a minimum longitudinal slope of 0.5% and a maximum of 5%.  Six to 

twelve inches of water can be stored within the swale.  This storage is used prevent the 

storm water from entering the detention system all at once.  The construction of impervious 

surfaces causes runoff to quickly inundate the storm water system.  Swales work to slow to 

the entering of storm water into the detention system, thus mimicking the natural hydrology 

before the development was built. 

The important factor in designing a grass swale is to maintain the velocity of the 

water within the swale.  A high flow velocity can cause the grass to be pushed down, thus 

losing the filter aspect of the swale.  Figure 2-2 is a typical design section for a grass swale.  

While trees may be included in the design of a grass swale, there is far less vegetation in a 

grass swale than in a vegetated swale. 
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Figure 2-2: Typical section of a grass swale.  This section is not drawn to scale and the dimensions 
stated in the figure give ranges for the design (City of Portland Storm Water Management Manual 

2004). 

 

2.3 Street Swale 

Street swales are used to collect and transport storm water runoff from streets, 

cleaning the water by allowing pollutants to filter out and settle.  Street swales can be either 

grassy or vegetated and thus have many of the same qualities as grass and vegetated swales.  

Slopes must be kept to a minimum to improve safety as well as minimize erosion and 

improve aesthetics.  Integrating the swale into the design plan can allow it to function as part 

of the landscaping, as well as a storm water facility.  There are two types of street swales, 

vegetated street swales and grassy street swales seen in Figure 2-3 and 2-4 respectively.  Both 

types of swales can accommodate runoff from up to 15,000 square feet of land surface. 
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Figure 2-3: Typical design section of a vegetated street swale.  The plants used in a vegetated street 

swale can be integrated into the design plan as part of the project landscaping (City of Portland Storm 
Water Manual 2004). 
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Figure 2-4: Typical design section of a grassy street swale (City of Portland Storm Water Manual 2004) 

 
 

One of the challenges in using a street swale is finding space in the right of way for 

the swale.  The City of Portland Transportation has created these swales to be incorporated 

directly into the street cross section. 
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3 WATER QUALITY 
 
 

In 1972, the Clean Water Act was enacted to restore and preserve the integrity of 

water in the United States.  The Clean Water Act is applicable to all surface waters including 

rivers, streams, ponds, lakes, reservoirs, coastal waters, estuaries, and wetlands.  The 

Environmental Protection Agency (EPA) requires that each state develop a methodology for 

determining the state of each water-body’s cleanliness.  This cleanliness is referred to as 

water quality. 

The Oregon Department of Environmental Quality (ODEQ) has standards 

regarding detailed aspects of the water content, including alkalinity, turbidity, pollutant 

content, and Total Maximum Daily Loads (TMDLs).  For the sake of this project, it is not 

feasible to test the water with this same detail.  We can test for more basic indicators of 

water quality.  These indicators were analyzed in accordance with the Oregon DEQ 

Assessment Methodology for Oregon’s 2004/2006 Integrated Report on Water Quality Status. 

 
 
 

3.1 Dissolved Oxygen 

Oxygen concentration determines whether a system is aerobic and anaerobic.  While 

anaerobic ponds are sometimes used for water treatment, it is important that the water have 

aerobic qualities before it is released into natural waterways so that it doesn’t degrade the 

aerobic qualities of the larger waterway.  For this reason, dissolved oxygen is one of the best 

indicators of a water-body’s health is the dissolved oxygen concentration.   
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There are many factors that may affect dissolved oxygen concentration.  Increased 

temperature, pollutants, weather, and plants can all cause fluctuations in the dissolved 

oxygen concentration.  Once the dissolved oxygen concentration falls below a certain level, 

the water begins to exhibit anaerobic conditions.  Natural aquatic and plant life are then 

unable to survive as a result of the decreased availability of oxygen.  In general, water 

becomes undesirable for aquatic life once the concentration of dissolved oxygen drops to 

approximately 5 mg/L.  As an example, fish are more susceptible to poisoning from heavy 

metals and insecticides when dissolved oxygen concentrations are low. The types of species 

present in the water also dramatically changes; certain types of nymphs, pike, trout, and bass 

die out and are replaced with organisms like sludge worms, blackfly larvae, and leeches.  

These organisms often produce bacteria that cause obnoxious odors in the water.  Low 

dissolved oxygen levels also cause some trace metals in the water to mobilize, while reducing 

the mobility of some metals at the same time. 

Oxygen gets into water via two routes, the first of which is aeration.  Aeration is the 

process of mixing water with the atmosphere in order to allow the oxygen to essentially 

absorb into the water.  This is done through direct contact between the air and water.   

During rainstorms, the raindrops, which have a large surface area relative to their 

size, become part of the water body, increasing the concentration of dissolved oxygen into 

the water.  In addition, the motion of the raindrops hitting the surface of the water mixes 

water near the surface with the overlying air.  Mixing also occurs by turbulent flow when 

flowrates are highest, during the autumn and winter months. 

In the summer months, when there is no rain, aeration is less likely to occur.  There 

is significantly less rain, resulting in less runoff.  Without introducing any highly oxygen-
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concentrated water into the water body and removing most of the mixing effects, the 

benefits of aeration are lost. 

 

3.2 pH Requirements 

pH is a measure of acidity.  Based on a scale ranging from zero to fourteen, pH is an 

indicator of the hydrogen concentration in the water.  The water becomes more acidic, 

lowering the pH, as the hydrogen concentration increases.  The lower the hydrogen 

concentration, the more basic the water becomes and the pH increases.  The presence of 

different compounds can cause the pH of the water to fluctuate.  Examples of the types of 

common liquids and their effects on pH can be seen in Figure 3-1 

 

 
Figure 3-1: pH scale showing the different substances with different acidities.  This table also shows 

the pH tolerances for some wildlife commonly associated with wetlands. 
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Knowing the pH of the water is important for a couple of reasons.  First of all, pH 

could affect the ability of the plants in the bioswale to survive.  It is critical, therefore, to 

select plants that will be able to survive in the pH of the water entering the swale.  Secondly, 

once the water is out of the bioswale and released into a natural waterway, the acidity of the 

water could affect recreation use, as well as aquatic life in the waterway. 

The Oregon DEQ has set pH ranges for each basin within the state.  Because the 

study subject is in the Willamette Basin, the water must have a pH between 6.5 and 8.5 in 

order to maintain proper water quality. 

 
 

3.3 Temperature Requirements 

Fluctuations in the water temperature not only affect dissolved oxygen 

concentrations, but the demand for oxygen in the water as well.  As the temperature of the 

water increases, there are two main contributors that make it more difficult for aquatic life to 

get oxygen from the water.  The first is that metabolic rates in the organisms increase with 

the rise in water temperature resulting in their need for more oxygen.  Secondly, the 

concentration of dissolved oxygen in the water decreases as temperature increases because 

the solubility of oxygen in water is temperature dependent.  As temperature increases, the 

demand for oxygen by the organisms increases while the amount available in the water 

decreases. 

Summer months can have large impacts on the water temperature.  Lower water 

body levels and higher air temperatures cause the temperature to rise.  Many types of aquatic 

life begin to struggle in warmer water temperatures. 
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Temperature changes the metabolic rate of the organisms in the water as well as 

changing the dissolved oxygen concentration present in the water.  It is for these reasons 

that temperature is also a measurement of water quality.  The maximum allowable 

temperature is dependent upon the types of fish spawning in the water.  The Willamette 

River does not have numeric criteria regarding the maximum temperature.  According to 

Appendix 3 of the Assessment Methodology for Oregon’s 2004/2006 Integrated Report on Water 

Quality Status, surface water temperatures should not to exceed 20 degrees Celsius. 

 

3.4 Nutrient Content and Aquatic Plants/Algae 

Storm water runoff can contain many different contaminants.  Automotive oils and 

lubricants, lawn fertilizers, animal feces, detergents and yard debris are just a few common 

examples of the types of materials that can get into the runoff and contribute to a decrease 

in the water quality. 

Testing for each of the contaminants that could potentially be present in water 

would be a time-consuming and expensive task.  These contaminants are damaging due to 

their presence in the water and because they release chemical nutrients into the storm water.  

The most common and harmful nutrients released by common contaminants are nitrogen 

and phosphorus.  Therefore, measuring the amount of nitrogen and phosphorus present in 

the water can effectively assess water quality.   

Nitrogen and phosphorus are two of the key nutrients in the growth of algal blooms 

in water.  Algal blooms are a problem because the organisms eventually die and decompose, 

which consumes dissolved oxygen.  This process is called eutrophication.  Limiting the 

amount of nitrogen and phosphorus in the water can help to limit the growth of algae.  This 
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is known as Liebig’s law of the minimum; the nutrient that is the least available relative to its 

need is known as the limiting agent in algal growth. 

The presence of plants in and around the water body may also alter the 

concentration of dissolved oxygen.  During photosynthesis, plants absorb carbon dioxide 

and oxygen is created as a byproduct.  In plants near water bodies, the oxygen is sometimes 

released into the water.  This causes an increase in the oxygen concentration in the water.   

However, at night, when photosynthesis cannot happen, the plants consume some of 

the dissolved oxygen in the water via respiration.  Plants also indirectly consume dissolved 

oxygen when they die as the plant is decomposed by bacteria and fungi. 

While rain does help introduce oxygen into the water and can keep water 

temperatures down, it can cause increased levels of nutrients into the water.  Rain can cause 

erosion to take place.  Erosion can cause sediment transport within the water body.  This 

can cause nutrients to accumulate, feeding organisms which can lower the oxygen content in 

the water. 

The effect of plants on other nutrients is unknown.  For example, a common 

wetland plant known as “cat’s tail” is used in bioswales to absorb nitrogen in the water.  

However, these plants cannot survive during the winter months in the Pacific Northwest.  

The plants die off during the winter months and come back in the spring.  It is not known if 

this plant contains the nitrogen it absorbed while alive once it begins decomposing.  It may 

be possible that plants absorb nutrients during the summer months and release them during 

the winter.  Ironically, most plants used in bioswales become dormant during the winter 

months, when there is excess storm water needing to be treated.  This is one reason the 

effectiveness of bioswales is not known. 
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As discussed in Section 3.1.4, excessive amounts of aquatic weeds and algae can 

greatly diminish water quality.  According to DEQ standards, there must be evidence that 

other water quality standards are not in compliance in order to claim that aquatic weeds or 

algae are causing the water to fail to meet water quality standards.  PH and dissolved oxygen 

standards are often used to prove aquatic weeds are negatively impacting the bioswale. 

While neither the Oregon DEQ nor the Environmental Protection Agency (EPA) 

have standards regarding phosphorus or nitrogen, the EPA does recommend that the total 

phosphate, reported as phosphorus, should not exceed 50 µg/L.   
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4 OVERVIEW 
 
 
The aim of this thesis is to investigate how well a particular bioswale improves the 

water quality for a given season.  Water samples were also collected along a natural stream 

running parallel to the bioswale.  This natural stream data was used to act as a control 

mechanism.  The specifics regarding the chosen bioswale are discussed in the following 

chapter.  The water samples used for analysis were collected during the summer of 2006. 

The water samples were analyzed in terms of temperature, dissolved oxygen content, 

pH, and nutrient content.  The Oregon Department of Environmental Quality recommends 

values for pH, temperature, dissolved oxygen content, and total phosphorus.  The water 

samples were compared to these DEQ standards to determine if the output water has proper 

water quality.  The water samples were also analyzed at different locations along the bioswale 

to determine how different parameters were affected within the swale.  Chapter 8 discusses 

the results versus the parameters as well as the significance of the results. 

While the results from this thesis may not be conclusive, the results of this thesis will 

be used to further investigate the behavior of this and another bioswale for fall, winter, and 

spring in 2007 and 2008. 
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5 SITE DESCRIPTION 

 
One challenge with evaluating the performance of bioswales in improving water 

quality is that many bioswales have little to no water flowing through them and swales with 

water in them typically have very shallow water depths.  Shallow water depth causes many 

bioswales completely dry up during the summer months, when plant life is the most robust. 

Because of the time frame for this project, sampling and testing had to be done 

during the summer months.  Finding a traditional bioswale to sample became extremely 

difficult because most of the traditional swales were dry.  A less conventional type of 

bioswale constructed in Adair Village was selected for this project. 

The study site for this project is located in the City of Adair Village, Benton County, 

Oregon.  The property consists of 38.14 acres of land with 25.17 acres lying within the urban 

growth boundary and an additional tax lot to the east consisting of 12.97 acres.  Overall, the 

site contains 10.72 acres of wetlands.  Due to the large amount of wetlands present at the 

site, and the intended site use, the developer was required to go through a wetland mitigation 

procedure. 

Seventy-nine single-family residential lots were developed on the property.  The 

purpose of the mitigation plan was 1) to protect the existing wetlands next to the project, 

and 2) to create new wetlands that would improve the functionality and value of the 

wetlands as a whole.  By the time the project was finished, the wetland mitigation plan 

resulted in 11.38 acres of wetlands compared to the 10.72 acres present prior to 

development.  A plan overview can be seen in Figure 5-1.  This shows the streets, avoided 
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wetlands, created wetlands, and pond locations.  This drawing was included in the As-Built 

Mitigation Report prepared by Applied Technology. 

 
Figure 5-1:  Plan overview submitted with the As-Built Mitigation Report 

 
There are several goals outlined in the wetland mitigation plan prepared by Applied 

Technology.  The goal that directly pertains to this project is GOAL 2 which aims to 

maintain the quality and quantity of the water in the wetlands.  The method proposed to 

fulfill this goal is to treat all the storm water from the subdivision using a bioswale.   

The bioswale used for this project is a slightly different design than the City of 

Portland Storm Water Management Manual swales discussed in Section 2.  The bioswale 

design for this project consists of three vegetated detention ponds, which are intended to 

clean the water coming in from a grass swale before it enters another grass swale.  A plan 

and profile view of the designed ponds can be seen in Figures 5-2 and 5-3 respectively. 
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Figure 5-2: Plan view of the three pond bioswale system.  North is towards the top of the page.  The 

water enters the pond in the west and flows to the east. 

 

 
Figure 5-3:  Profile view of the three ponds.  A 6" PVC pipe allows the water through the system.  The 
system allows for one foot of dead storage (water to be permanently detained) and up to two and a 

half foot of water storage (storm water added from the drainage). 

 

Water from the ponds leaves the system one of the following ways: evaporation, 

absorption by plants or soil, or throw the outlet of Pond 3.  The water leaves the ponds 

eventually joins with a natural stream which runs along parallel to the swale.  This natural 

stream eventually runs off into a small tributary known as Bowers Slough. 
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6 WATER SAMPLING AND TESTING  
 

An initial site visit was made on May 10, 2006 with Tim Acker, the engineer who 

designed and maintained the site for the past five years.  At the time of the visit, all three 

ponds contained at least one foot of water and there was some outflow from the third pond.  

Most of the vegetation in the ponds was dead and decomposing at this time, although there 

was some vegetation beginning to grow back.  There was a thick layer of pond scum on the 

surface of the third pond.  Potential water sampling locations were identified. 

On June 27, 2006, the site was revisited for sampling.  The amount of vegetation was 

significantly higher than at the previous visit.  For example, there is a fence surrounding the 

perimeter of the three ponds.  At the time of the first visit, the gate was not only visible, but 

easily accessible.  On June 27th, the gate was impossible to see and even harder to access. 

While the amount of living vegetation significantly increased, the water level in the third 

pond had dramatically decreased.  There was no longer an outflow from the third pond and 

there didn’t even appear to be standing water at numerous points in the pond.   

Three 15 milliliter samples and one 50 milliliter sample were taken at the inlet and 

outlet of each pond and at three locations along a natural stream that runs parallel to the 

bioswale.  Originally it was planned that samples would be taken directly parallel to the 

sampling locations of the bioswale.  This proved to be a difficult task because of the dense 

growth of trees and vegetation limited access to the stream.  All samples were refrigerated at 

the Groundwater Research Lab until they could be tested.  The time of sampling was noted 

for each sampling location.  Dissolved oxygen content and temperature were measured at 

the same time the water samples were taken and at the same location.  In many cases, 

multiple readings were taken to ensure reliable data.   
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The sampling locations were marked with wood lathes and a GPS device was used to 

obtain the coordinates of each sampling location.   

While water level would have some effect on the water quality, it is ignored for the 

purposes of this thesis.  This is because the efficacy of the swale is only being explored for 

the summer months.  The assumption being made is that the water levels of the ponds will 

stay consistent during the summer months. 

 

6.1 Pond 1 

The first pond of the bioswale was the most difficult to access and required climbing 

over a fence and crawling through thick brush.  Because of these barriers, the inlet sample 

was taken at the concrete wall next to the wire fence.  The water at this location appeared to 

have oil on the surface, as visible in Figure 6-1. 
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Figure 6-1: Sampling the inlet of Pond 1.  Oil is visible in this picture on the surface water entering the 
pond.  The sample for the inlet of Pond 1 was taken at the concrete wall on the outside of the wire 

fence.  The concrete wall is seen in the lower left side of the picture. 

  

Pond 1 was finally visible upon arriving at the pond outlet.  The water surface 

throughout was not easily seen due to the amount of cattails in the pond.  Figure 6-2 

provides a view of Pond 1 from the outlet, looking east to west.  The water flows from Pond 

1 to Pond 2 through a six inch PVC pipe, which is shown in Figure 6-3. 
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Figure 6-2:  Pond 1 from the outlet looking east to west.  The water level of the pond is not visible due 
to the vegetation growth.  The trees and shrubs around the perimeter of the pond inhibit seeing the 

pond from outside the wire fence. 
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Figure 6-3: The outlet of Pond 1.  This figure shows the 6" PVC pipe that connects Ponds 1 and 2.  

The samples for Pond 1 outlet were taken next to this pipe. 
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6.2 Pond 2 

Pond 2 has the most open surface water of the three ponds.  The only vegetation 

within the pond is some tall grass.  At the time of sampling it also had the most water 

present, with a water depth of ten centimeters at the inlet and 24 centimeters at the outlet.  

There was considerable amphibious life in Pond 2.  During the sampling, a Blue Heron was 

flying above the pond.  Water was entering Pond 2 and exiting the outlet into Pond 3.  The 

location of the inlet sampling is shown in Figure 6-4.  The sampling location at the outlet 

and a view of the pond from the outlet are shown in Figure 6-5 and 6-6 respectively. 

 

 
Figure 6-4:  Inlet of Pond 2.  The amount of open surface water is visible in this picture. 
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Figure 6-5: Outlet of Pond 2.  Pond scum is visible on the surface of the water primarily in the shade. 
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Figure 6-6: View of Pond 2 from the outlet.  The outlet is well shaded, with greater shrub cover than 

the inlet.  There was active amphibious life present in this pond at the time of sampling. 

 

6.3 Pond 3 

Pond 3 had the most dramatic water level change between the original site visit in 

May and the follow up visit in June.  During the May visit, the pond had approximately one 

foot of standing water, with some flow leaving the pond through the outlet.  The outlet pipe 

was not visible because it was below the water level. Most of the vegetation present was 

decomposing, with some new growth beginning to develop. By the time of sampling at the 

end of June, there was hardly any water in the pond.  The soil was saturated throughout the 

pond and oversaturated in many places.  Figure 6-7 shows Pond 3 as seen from inside the 
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pond, in from the inlet. The outlet of the pond was exposed and, while there was flow 

entering the pond, there was no water flowing through the outlet. 

 

 
Figure 6-7:  View of Pond 3.  Pond 3 had low water levels, with considerable vegetation in the pond 

and pond scum.  Both the inlet and outlet sampling locations are visible. 

 
  

Even with the low water levels, there was a well defined stream of water flowing into 

Pond 3 at the inlet.  The stream was visible due to the break in the algae.  This is more 

clearly illustrated in Figure 6-8.  The water sample for the inlet was taken in this stream, 

rather than in the stagnant surface water. 
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Figure 6-8: This is a picture of the inlet of Pond 3.  The pond does not have a very high water level, 
but there is a small inflow visible due to the break in the algae.  For this pond, the inlet sample was 

taken adjacent to the source of water flowing into the pond. 

 
  

Determining the location of the outlet sample was more difficult due to the fact that 

there was no water flowing through the outlet.  A water sample was taken of the stagnant 

water located near the location of the outlet pipe (Figure 6-9). 
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Figure 6-9: Pond 3 Outlet.  Because of the low water level, there was no outflow for this pond.  

Therefore, the sample was taken of some seemingly stagnant water located near the outlet pipe. 

 

6.4 Natural Stream Locations 

Running parallel to the bioswale is a natural stream.  Eventually, this stream and the 

water from the bioswale enter a tributary known as Bowers Slough.  Three locations were 

sampled along this natural stream so that some comparison could be drawn between the 

water quality of the bioswale and the natural stream.  Figure 6-10 is an aerial photo of the 

project site.  This figure helps to identify the location of the stream relative to the bioswale. 
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Figure 6-10:  Aerial photo of the project site.  The bioswale study site is circled in green and the 

natural stream is distinguished by the blue line.  Three locations of the natural stream upstream from 
the bioswale were tested to compare with the samples from the three ponds.  The natural stream flows 

from east to west (top to bottom). 

 

Originally it was planned that the testing locations would be directly parallel to the 

sampling locations of the bioswale.  These proposed locations were too difficult to access 

because of plants along the stream.  Therefore, three locations were tested upstream from 

the bioswale.  The first location tested was at a small pedestrian bridge and can be seen in 

Figure 6-11.  This sample was labeled and referred to as Natural Stream 1.  The second 

location was the furthest downstream location reachable.  This sample was labeled as 

Natural Stream 2 and can be seen in Figure 6-12.  The third location sampled on the natural 
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stream was the most upstream location.  It is located under the bridge at Newton Road, next 

to the culvert.  There is no picture of this test location. 

 

 
Figure 6-11: Natural Stream 1.  The first location sampled of the natural stream.  The location is at a 

small pedestrian bridge southwest of the bioswale. 
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Figure 6-12:  Natural Stream 2.  This location was the furthest downstream location of the stream 
sampled.  This picture depicts is measurement of dissolved oxygen content and temperature of the 

water being done. 

 
 There is no flow between the natural stream and the bioswale until the two join 

much further downstream.  The natural stream locations were tested and sampled as a way 

of comparing the bioswale with natural drainage ways.  Because the stream is a natural 

drainage route, comparing the bioswale samples with it helps show how an engineered 

system compares with a natural system. 
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6.5 Sample Analyses 

The temperature and dissolved oxygen concentration were determined in the field at 

the time of sampling.  Two trials were run for most sampling locations.  An average was 

taken for both the dissolved oxygen and temperature for each location.  The samples were 

analyzed for pH on July 5, 2006 at the Groundwater Research Lab at Oregon State 

University.  The machine was calibrated immediately prior to testing, using solutions with a 

pH of 4, 7, and 10.  pH was measured in each of the three samples for each test location.  

The 50 milliliter samples were taken to the Central Analytical Lab at Oregon State University 

to be tested for phosphate and total phosphorus.  The specific date the testing was done is 

unknown.  Only one sample was tested for each location, so no statistical analysis was 

needed.  The results can be found in Table 7-3.  The samples were prepared on July 5, 2006 

and were tested at a later date by Dr. Jack Istok.  They were tested for Bromide, Nitrate, 

Chloride, Nitrite, and Sulfate content.  It was later decided that the Chloride data was not 

accurate, and thus is not reported in the results section. 

 



Grenz, Natalie S.  37 
UHC Thesis  Oregon State University 

 

 

7 RESULTS 
 

 
This section contains the results regarding the water quality of the samples.  They are 

presented in the same order they were analyzed.  The importance of these results will be 

discussed in the following section. 

 

7.1 Temperature and Dissolved Oxygen Results 

 
These results can be seen in Table 7-1. 

 

Temperature and Dissolved Oxygen Data

June 27, 2006

DO (mg/L)
Temperature 

(Degrees C)
DO (mg/L)

Temperature 

(Degrees C)

DO 

(mg/L)

Temperature 

(Degrees C)

Pond 3

   Outlet 2.7 24.3 2.5 25.3 2.6 24.8 9:51

   Inlet 3.0 28.9 3.8 24.3 3.4 26.6 10:03

Pond 2

   Outlet 5.6 23.7 6.2 23.5 5.9 23.6 10:09

   Inlet 6.8 27.2 4.9 28.5 5.85 27.85 10:25

Pond 1

   Outlet 3.4 24.2 3.4 23.5 3.4 23.85 10:28

   Inlet 5.5 24.6 5.7 24.7 5.6 24.65 10:37

Natural Stream

1 5.7 18.6 5.7 18.6 10:57

2 6.6 18.0 6.6 18.0 11:06

3 2.5 20.0 3.0 20.3 2.75 20.15 11:22

Site

Average

Time (AM)

Test 1 Test 2

 

Table 7-1: Temperature and Dissolved Oxygen (DO) Data for the Water Samples 
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7.2 pH Results 

The results can be seen in Table 7-2. 

 
 
 

pH Data

Samples Taken June 27, 2006

Samples Tested July 5, 2006

Sample 1 Sample 2 Sample 3 Average

Pond 1

   Inlet 6.83 7.00 6.92 6.92

   Outlet 7.07 7.34 7.41 7.27

Pond 2

   Inlet 7.25 7.45 7.50 7.40

   Outlet 7.15 7.52 7.54 7.40

Pond 3

   Inlet 6.80 7.44 7.39 7.21

   Outlet 7.07 7.38 7.36 7.27

Natural Stream

1 6.88 7.32 7.32 7.17

2 6.79 7.13 7.14 7.02

3 6.92 7.28 7.29 7.16

Site
pH

 
Table 7-2: pH data for the water samples 
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7.3 Phosphate and Total Phosphorus Data 

The results can be seen in Table 7-3. 

 
 
 

Phosphate and Total Phosphorus Data

Samples Taken June 27, 2006

Taken to Lab July 5, 2006

Site
Phosphate 

(ppm)

Total 

Phosphorus 

(ppm)

Pond 1

   Inlet 0.01 0.02

   Outlet 0.01 0.10

Pond 2

   Inlet 0.02 0.05

   Outlet 0.03 0.06

Pond 3

   Inlet 0.03 0.26

   Outlet 0.06 0.13

Natural Stream

1 0.01 0.02

2 0.01 0.02

3 0.01 0.02

 
Table 7-3: Phosphate and Total Phosphorus concentrations in parts per million. 
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7.4 Additional Chemical Results 

  The results can be found in Table 7-4 and the units for concentrations are reported 

in parts per million (ppm). 

 

Additional Chemical Concentrations

Site Bromide Nitrate Sulfate Nitrite

Pond 1

   Inlet 0.1413 0.8755 12.7494 0.0392

   Inlet 0.1386 0.2238 13.2003 0.0069

   Inlet 0.1289 0.1949 0.0114 0

   Outlet 0.0394 0.0152 0.0136 0

   Outlet 0 0.0111 15.0983 0.0191

   Outlet 0.0214 0.0858 16.0405 0

Pond 2

   Inlet 0.1569 0 15.0114 0.0155

   Inlet 0.1153 0.0191 14.267 0.0076

   Inlet 0 0.0033 13.5621 0

   Outlet 0.0414 0.0025 11.2896 0

   Outlet 0.0358 0 10.4749 0

   Outlet 0.0815 0 10.3255 0

Pond 3

   Inlet 0.0502 0 17.85 0

   Inlet 0.0394 0.0149 13.1684 0

   Inlet 0.0632 0.0103 11.2464 0

   Outlet 0.0823 0 7.7755 0.0051

   Outlet 0.1811 0 8.1978 0

   Outlet 0.1754 0.0052 7.8778 0

Natural Stream

1 0 0.2027 5.6416 0.0091

1 0.054 0.196 5.8406 0

1 0.0218 0.171 5.456 0.0108

2 0 0.1673 5.7037 0.0106

2 0 0.2146 5.7241 0.0049

2 0.0879 0.1899 6.1528 0.0076

3 0.0162 0 3.4139 0.0094

3 0.0191 0.0045 3.295 0.0093

3 0.0614 0.012 3.2545 0

 
Table 7-4:  Additional nutrient concentrations measured in parts per million (ppm).  All three samples 

for each location were tested. 
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8 DISCUSSION 
 

 
In this section, the test results of the samples are compared to standards set forth by 

the Oregon DEQ and previously discussed in Section 3.   

 

8.1 Dissolved Oxygen Discussion 

The averages calculated for the dissolved oxygen data are compared with the 

minimum dissolved oxygen concentration specified for the safety of aquatic life.  The 

deviation from the standard is also noted in Table 8-1. 

 

Dissolved Oxygen

DEQ Standard 5.0 mg/L

Site
DO 

(mg/L)

Meet 

Standard?
Deviation

Pond 1

   Inlet 5.6 YES

   Outlet 3.4 NO 1.6

Pond 2

   Inlet 5.85 YES

   Outlet 5.9 YES

Pond 3

   Inlet 3.4 NO 1.6

   Outlet 2.6 NO 2.4

Natural Stream

1 5.7 YES

2 6.6 YES

3 2.75 NO 2.25

 
Table 8-1: Dissolved Oxygen Concentration averages compared to a minimum concentration of 5.0 
mg/L as specified by the Oregon DEQ for the safety and welfare of local aquatic life.  The data has 
been arranged in the same order as the direction of flow.  The deviation from the standard is also 

noted. 
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Pond 2 appears to have a positive impact of the dissolved oxygen level in the water, 

raising the concentration from 3.4 at the outlet of Pond 1 to 5.9 at the outlet of Pond 2.  

Even when looking at the original data, it is reasonable to conclude that Pond 2 has a 

positive effect on the water quality. 

The surprise in these results is the decrease in dissolved oxygen across Pond 1.  The 

water at the inlet of Pond 1 had a noticeable amount of oil on the surface of the water.  

While this oil may have had some effect on the dissolved oxygen concentration of the water, 

the vegetation in Pond 1 had an even greater effect in lowering the oxygen concentration. 

According to the 5 mg/L minimum standard, Pond 3 does not meet DEQ water 

quality standards.  However, because there is no water leaving Pond 3, this lack of dissolved 

oxygen will not negatively affect the water quality of any other water bodies.  It could, 

however, cause problems with the aquatic and plant life living within this pond.  These 

problems would be similar to those discussed in Section 3.1. 

 

8.2 pH Discussion 

The results shown in Section 7.2 were compared with the DEQ standard for 

acceptable pH range for the Willamette basin.  The effects of pH were discussed in Section 

3.2.  The averages for the three samples at each location were used for the comparison. 

 



Grenz, Natalie S.  43 
UHC Thesis  Oregon State University 

 

 

pH 

DEQ Standard 6.5 - 8.0

Site pH
Meet 

Standard?

Pond 1

   Inlet 6.92 YES

   Outlet 7.27 YES

Pond 2

   Inlet 7.40 YES

   Outlet 7.40 YES

Pond 3

   Inlet 7.21 YES

   Outlet 7.27 YES

Natural Stream

1 7.17 YES

2 7.02 YES

3 7.16 YES

 
Table 8-2: Average pH data for each sampling location compared with the DEQ acceptable pH range 

for the Willamette Basin. 

 
 

While there is slight fluctuation in the acidity of the water as it moves through the 

bioswale, the difference is extremely small.  The pH of both the natural stream and the water 

in the bioswale stays very close to neutral.  The water meets DEQ standards for water 

quality regarding pH. 

The water samples from the bioswale are slightly more acidic than the samples from 

the Natural Stream.  However, this deviation is small and is of little significance since all the 

water meets DEQ specifications. 
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8.3 Phosphate and Total Phosphorus Discussion 

The Central Analytical Lab found results for Phosphate concentrations, as well as the 

total Phosphorus concentration in the samples.  The DEQ and the EPA do not have direct 

standards regarding the concentration of these nutrients for water quality.  They do however 

recommend a maximum concentration of 50 µg/L (0.050 ppm).  Table 8-3 shows the Total 

Phosphorus concentrations for the samples and the deviations from the DEQ 

recommendation. 

 

Total Phosphorus Data

DEQ Recommedation 0.05 ppm

Site

Total 

Phosphorus 

(ppm)

Meet 

Recommendation?
Deviation

Pond 1

   Inlet 0.02 YES

   Outlet 0.10 NO 0.05

Pond 2

   Inlet 0.05 YES

   Outlet 0.06 NO 0.01

Pond 3

   Inlet 0.26 NO 0.11

   Outlet 0.13 NO 0.08

Natural Stream

1 0.02 YES

2 0.02 YES

3 0.02 YES

 
Table 8-3:  Total Phosphorus concentration compared with the DEQ and EPA recommended 

maximum concentration of 0.05 parts per million for total phosphorus.  Two-thirds of the locations 
tested did not meet this recommendation.  The three natural stream locations tested did meet this 

recommendation. 
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The largest deviation from the DEQ recommendation occurs at the inlet of Pond 3.  

This is somewhat predictable due to the large amounts of algae present at the sampling 

location, as seen in Figure 5-8.  This could also explain the lower dissolved oxygen 

concentration at that location as well.  The algae bloom is feeding off the total phosphate 

present in the water and consuming the dissolved oxygen when it decomposes. 

Deviations occur at the outlet of Pond 1, a slight deviation in Pond 2, and drastic 

deviations in Pond 3.  Almost every location with an excess of total phosphorus present also 

has a lack of dissolved oxygen.  While there is not enough data to firmly link the high total 

phosphate concentration to a lower dissolved oxygen level, the pattern is noteworthy.  This 

pattern can be seen in Table 8-4 below. 

 

Correlations between Dissolved 

Oxygen and Total Phosphorus

Site

Total 

Phosphorus 

(ppm)

Meet Recommendation?

Dissolved 

Oxygen 

(mg/L)

Meet 

Standard?

Pond 1

   Inlet 0.02 YES 5.6 YES

   Outlet 0.1 NO 3.4 NO

Pond 2

   Inlet 0.05 YES 5.85 YES

   Outlet 0.06 NO 5.9 YES

Pond 3

   Inlet 0.26 NO 3.4 NO

   Outlet 0.13 NO 2.6 NO

Natural Stream

1 0.02 YES 5.7 YES

2 0.02 YES 6.6 YES

3 0.02 YES 2.75 NO

 
Table 8-4:  Comparison between Dissolved Oxygen concentration and Total Phosphorus 

concentration.  The rows highlighted in yellow are the locations which do not meet either the 
Dissolved Oxygen concentration standard or the recommendation for Total Phosphorus.  While there 



Grenz, Natalie S.  46 
UHC Thesis  Oregon State University 

 

 

are two locations that do not have both DO and Total Phosphorus failing to meet the DEQ standards, 
more than half have significant deviations from both standards.   

 

Because the DEQ does not have a standard established for Total Phosphorus 

concentration, it cannot be concluded that the excess phosphorus content in the water is 

negatively affecting the water quality.  However, the DEQ does specify that water may not 

pass water quality standards if there is an excess in the weed or algae growth, as discussed in 

Section 3.4.  Because of the decreased dissolved oxygen and the high total phosphorus 

concentration, it can be concluded that the weeds and algae are negatively affecting the water 

quality. 

One of the goals of a bioswale is to remove some of the nutrients from the water.  

Phosphorus is one of the most important nutrients to remove.  From this project, there is 

not enough data to determine whether the bioswale removes phosphorus from the water.  

The phosphorus concentration actually increases as the water progresses through the swale. 

 

8.4 Additional Nutrient Concentration Discussion 

Even though there are no direct standards established by the DEQ for the additional 

nutrients for which testing was done, knowing the concentrations of these nutrients can help 

demonstrate the effectiveness of the bioswale in removing different types of pollutants.  

Averages for the sampling locations are reported for each nutrient in Table 8-5. 

The averages were calculated using all of the data for the sampling locations, 

including values of zero.  Because the averages for the Natural Stream locations were very 

similar, the rest of the data can be considered reliable.  The numbers are shown to four 

decimal places. 
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There does not appear to be consistent change in the concentrations of bromide and 

sulfate as the water passes through the swale.  The lack of consistency in the increase and 

decrease of nutrients across the swale means no conclusion can be drawn regarding the 

effectiveness of the bioswale to remove bromide and sulfate from the water. 

Average Concentration for Nutrients

Site Bromide Nitrate Sulfate Nitrite

Pond 1

   Inlet 0.1363 0.4329 8.6537 0.0154

   Outlet 0.0608 0.0340 10.3841 0.0064

Pond 2

   Inlet 0.0907 0.0075 14.2802 0.0077

   Outlet 0.0529 0.0008 10.6967 0

Pond 3

   Inlet 0.0509 0.0084 14.0883 0

   Outlet 0.1463 0.0017 7.9504 0.0017

Natural Stream

1 0.0253 0.1899 5.6461 0.0066

2 0.0293 0.1906 5.8602 0.0077

3 0.0322 0.0055 3.3211 0.0062

 
Table 8-5: Average concentrations for the additional nutrients tested.  All values for the samples were 
used in the average.  Since the numbers calculated for the Natural Stream are extremely similar, the 

rest of the data can be considered valid. 

 
 

There does seem to be some consistent removal of both nitrate and nitrite from the 

water as it moves through the bioswale.  The largest pollutant removal is of nitrate across 

Pond 1.  Large removal of nitrate is to be expected in Pond 1 because of the large amount of 

cattail growing in the pond.  As previously discussed, cattail is planted to remove nitrogen 

from the water.  Because of the averages calculated, it can be concluded that the bioswale 

effectively lowers the concentrations of nitrate and nitrite. 
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Lowering the amount of nitrogen present in the water is important in maintaining 

the water quality because it limits the amount of algae that can grow in the water.  According 

to Liebig’s Law of Minimum, algae can only grow as much as the limiting nutrient will allow.  

By comparing the Total Phosphorus data with nitrate and nitrite data, it can be concluded 

that nitrogen will be the limiting nutrient in this system.  Limiting the nitrogen present in the 

water assists in controlling the growth of algae, thus keeping the dissolved oxygen content 

higher. 

 

8.5 Temperature Discussion 

As stated in Section 3, the DEQ states that water temperature should not exceed 20 

degrees Celsius.  This is primarily to protect fish spawning.  While there is no fish spawning 

in a direct receiving water body, it is still an indicator as to the quality of the water.  Table   

8-6 has a summary of the temperature data collected at the time of sampling. 

None of the sample locations comply with the DEQ standard of 20 degrees Celsius 

for the water temperature.  The odd thing regarding the temperature data is that the water 

temperature is the greatest at the outlet of the second pond.  This seems unlikely given that 

second pond had the greatest water depth of the three ponds.  The outlet also had the most 

vegetative cover.  The conditions of Pond 2 Outlet can be seen in Figure 5-5.  This 

combination would generally cause the water to be cooler.  For some reason, this is not the 

case with the outlet of Pond 2. 
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Temperature Results

DEQ Standard Not to Exceed 20 Degrees Celsius

Temperature 

(Degrees C)

Meet 

Standard?

Temperature 

(Degrees C)

Meet 

Standard?

Temperature 

(Degrees C)

Meet 

Standard?

Pond 3

   Outlet 24.3 NO 25.3 NO 24.8 NO

   Inlet 28.9 NO 24.3 NO 26.6 NO

Pond 2

   Outlet 23.7 NO 23.5 NO 23.6 NO

   Inlet 27.2 NO 28.5 NO 27.85 NO

Pond 1

   Outlet 24.2 NO 23.5 NO 23.85 NO

   Inlet 24.6 NO 24.7 NO 24.65 NO

Natural Stream

1 18.6 YES 18.6 YES

2 18.0 YES 18.0 YES

3 20.0 YES 20.3 NO 20.15 NO

Test 2Test 1 Test 3

Site

Table 8-6: Temperature Results.  Shows where the temperature does not meet the DEQ 
recommendation for acceptable water temperature. 
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9 CONCLUSIONS 
 
 

Water samples were collected and tested from a three pond series bioswale in Adair 

Village.  The results were compared to water quality standards established by the Oregon 

DEQ in the Assessment Methodology for Oregon’s 2004/2006 Integrated Report on Water Quality 

Status. 

While there were some sampling locations that met the required minimum dissolved 

oxygen concentration of 5 mg/L, half of the locations tested in the bioswale were below this 

level.  This includes the location near the outlet of Pond 3.  Significant improvement in the 

dissolved oxygen level was found in Pond 2, with a raise in the dissolved oxygen 

concentration of 2.45 mg/L.  There is no sufficient data to draw a conclusion regarding the 

overall behavior of the swale in positively affecting the dissolved oxygen concentration.  

The pH for all locations satisfied the range specified for the Willamette basin.  The 

pH at the inlet of Pond 1 was already in compliance with the DEQ range and rose slightly as 

it traveled through the system.  While there were some slight shifts the pH, it stayed steadily 

around a pH of 7.  Because there was no significant change in the pH, it can not be 

concluded if the bioswale positively affects the water quality.  However, it can be concluded 

that the bioswale does not lower the pH of the water. 

The majority of the sampling locations did not meet the DEQ and EPA 

recommendation of 0.050 parts per million of Total Phosphorus.  A pattern was noticed 

between the lower levels of dissolved oxygen and higher levels of Total Phosphorus.  This 

correlation could be due to the presence of excessive aquatic weeds and algal blooms within 

the pond.  There is not enough data to draw a conclusion as to the correlation between 

dissolved oxygen and Total Phosphorus levels. 



Grenz, Natalie S.  51 
UHC Thesis  Oregon State University 

 

 

After analyzing the nutrient content of the samples, the bioswale does lower the 

nitrate and nitrite content of the water.  The nitrate and nitrite content are lowered in Pond 

1, and stay low as it passes through the final two ponds.  There are no significant changes in 

the amount of Bromide or Sulfate. 

Regardless of whether the water met water quality standards or not ultimately does 

not matter.  No water is exiting the site.  There is no water flowing to a natural water body.  

Because there are no fish living in the water, the dissolved oxygen content is inconsequential 

at this time.  The water in the swale at this time has no means of lowering a larger water 

body’s water quality. 

It is important to note that the conclusions drawn from this project are only valid for 

the season the research was done and are also only valid for the location sampled.  The year-

round efficiency of the bioswale is inconclusive without sampling and testing the water 

during the fall and winter months.  Even though the water in this particular bioswale does 

not meet water quality standards, this may not be of any significance because there is no 

water leaving the swale.   

There are several questions left unanswered by this project.  Whether or not the 

decomposition of the vegetation degrades the function of the bioswale is still unknown.  

Also unknown is the affect of the vegetation dormancy on the water quality.  Sampling and 

testing would need to be done over the course of an entire year in order to more accurately 

assess the pollutant removal efficiency of the swale.  Based on the data provided for this 

project, the effectiveness of a bioswale in positively effecting water quality is unknown. 
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