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Objectives of the Study 

•  Characterize Water Quality 
of Blackwater/Ivy Creek 
Watershed 

•  Find Spatial Patterns in 
Streams through Temporal 
Analysis of Data 

•  Distinguish Differential 
impacts between Ivy and 
Blackwater on Hollins Mill 
Water Quality 

•  Make Relevant 
Conclusions and 
Recommendations  



Richard	Chaffin	Farm	
•%	Impervious	surface	
coverage	–	1.6	

•The	least	affected	by	
development,	but	
development	is	on	the	rise	

•Lack	of	riparian	buffer	
presents	erosion	problem	

•  Rosgen	ClassificaFon:	Aa+	





Hooper	Road	
•%	Impervious	surface	
coverage	–	6.9	

•Mildly	impacted	by	
development	

•Very	liNle	bank	
disturbance	

•Rosgen	ClassificaFon:	B	





Tomahawk	
•%	Impervious	surface	
coverage	–	15.1	

•Runs	through	housing	
developments	

•Heavy	riparian	buffer	
•Congested	channel	from	
large	unnatural	and	
natural	debris	

•Rosgen	ClassificaFon:	A	





Peaks	View	
•%	Impervious	surface	
coverage	–	14.6	

•Heavy	development	

•Stream	has	been	
channelized	

•Weak	riparian	buffer	

•Rosgen	ClassificaFon:	B	





Dreaming	
•%	Impervious	surface	
coverage	–	17.5	

•Poor	riparian	buffer	
•Channeled	through	
mulFple	culverts,	
highways	and	residenFal	
roads	

•Rosgen	ClassificaFon:	A	





Rock	Castle	Creek	
•%	Impervious	surface	
coverage	–	24.1	

•Stream	runs	through	
shopping	malls	and	
housing	developments	

•Zero	riparian	buffer	
•Rosgen	ClassificaFon:	F	





Hollins	Mill	

•%	Impervious	surface	
coverage	–	25.5	

•Heavy	development	

•Widened	channel	has	
caused	erosion	





Judith	Creek	

•%	Impervious	surface	
coverage	–	6.9%	

•Limited	ResidenFal		
Development	

•In	Good	CondiFon	



Macroinvertebrates  
Macroinvertebrates are a good indicator 
of water quality because they are less 
mobile and are therefore a longer term 
indicator of stream quality. Some 
macroinvertebrates are also very 
sensitive to poor water quality and a 
reduction in their natural number would 
indicate that water quality has become 
too poor for them to tolerate.  

 



Macroinvertebrates IBI  

The Index of Biological Integrity (IBI) is a scale 
rating water quality based on the types and 
number of macroinvertebrates present in the 
water.  
 



IBI Correlations 



Family Biotic Index (FBI) 

Range              Water Quality    Degree of Organic Pollution 
0.00-3.75     Excellent     Pollution Unlikely  
3.76-4.25     Very Good   Possible Slight  
4.26-5.00     Good           Some Pollution  
5.01-5.75     Fair              Fairly Substantial  
5.76-6.5       Fairly Poor  Substantial  
6.51-7.25     Poor            Very Substantial  
7.26-10       Very Poor    Severe Pollution  



Ephemeroptera Plecoptera Trichoptera (EPT) 

Range    Water Quality  
>10      Excellent  
6-9       Good, slight impact  
2-5       Fair, moderate impact  
0-1        Poor, severe impact 



Correlation Between the Distance from the 
James and the Indices  



USM and what it means 
The Unified Stream Methodology “USM” was developed to establish a unified and 
consistent method for use in Virginia, to assess proposed stream impacts and 
determine the appropriate amount of stream mitigation needed to offset those 
impacts. 

 



 USM Data of streams 
USM is used to determine habitat equality 



Rosgen Stream Measurements 

1.Bankfull Width- the width of the stream at bankfull stage elevation 

2. Bank width- the width of the bank 

3. Bankfull Depth- depth of the stream channel cross-section at bankfull stage 
elevation 

4. Flow- the speed of the water (m/s) 

 









Interpretation of Findings for Rosgen 
The further away from the James River, the higher the percentage of impervious 
surface there is.  

As the distance from the James decreases, the total area increases.  

For Judith, Chaffin Farm, Hooper Rd., and Peaskview Park, (Ivy Creek) there is a 
correlation between the total area and the percent impervious surface. As the total 
area increases, so does the percent impervious surface.  



Rosgen Stream Classifications 
The Rosgen Stream Classification system is a widely-used method for classifying streams 
and rivers based on common patterns of channel morphology. 

The reason for classifying streams on the basis of channel morphology is to aid the 
understanding of stream condition and potential behavior under the influence of different 
types of changes. Specific objectives of the Rosgen Stream Classification system include: 

•Predicting a river’s behavior from its appearance; 

•Developing specific hydraulic and sediment relationships for a given stream type and its 
state; 

•Providing a mechanism to extrapolate site-specific data to stream reaches having similar 
characteristics; 

•Providing a consistent frame of reference for communicating stream morphology and 
condition among a variety of disciplines. 

 





What is BEHI? 
-BEHI are the initials for the Bank Erosion Hazard Index which is a system we use 
to determine how susceptible a stream is to erosion. We used it because it we 
knew it would give us an idea of 1) how likely a stream is to erode and 2) we could 
use it to show that runoff is a major factor in stream degradation. The erosion from 
the banks won’t be a problem at the site itself rather it is downstream from where it 
eroded that it begins to cause water quality issues.  

 



Does the Amount of Impervious Surface Affect BEHI? 

As evidenced in the graph below it does not show a correlation. This is significant 
because our hypothesis was based on the idea that the closer we got to the city 
the worse the water quality would be because of increased runoff from an 
increase in impervious surfaces. As the graph shows, that was not the case.  

 

  

 

 



Why the Buffers Around Streams Do Have an Effect on BEHI 

As the chart below shows, areas such as Hollins Mill (5) and Judith (4) that have 
buffers are less likely to suffer from Bank Erosion while areas without buffers such 
as Chaffin Farm (2) and Peaks View Park (1) have much higher chances. 

 

 

 

 

  

 



Why the Hollins Mill stream is better because of its buffer 

Forested banks, lack of development directly along the banks, and a controlled 
setting all contribute to the hypothesis that Hollins Mill is a better stream than 
others within the city simply because it contains a better buffer zone that 
decreases the amount of runoff the stream takes on therefore decreasing bank 
erosion.  

 

 



Chemical Characteristics of Streams 
•  Chemical measures assess the general quality of streams 

•  Chemical measures are compared over years between streams to see if 
there is any change in quality 

•  Chemical measures show a brief summary of overall water quality 

•  Dissolved oxygen, pH, and conductivity are good indicators of chemical 
water quality 

•  We used a YSI meter to collect our data 

•  Obtained the data in riffles of each stream 



 
pH    Dissolved Oxygen 



Conductivity 



How is Conductivity useful to our experiment? 
•  Great indicator showing the water quality in ivy creek is better than 

blackwater creek  

•  After ivy and blackwater join, we see that water quality increases at Hollins 
Mill 



Total Phosphorus  
●  Essential nutrients for plants and animals that makeup the food web. 

●  Phosphorus exists in water as organic/inorganic phosphate 

●  Measured in water as Total Phosphorus (TP), measures phosphorus dissolved in 
water and bound to organisms, using the persulfate method 

 

●  Keystone pollutant that, in excess, may lead to eutrophication problems 

●  Sources of phosphorus include soil/rocks, runoff from animal and croplands, 
wastewater treatment plants, and disturbed land areas 

 

 



Nitrogen  
●  Found as ammonia (NH3), nitrates (NO3), and nitrites (NO2) in ecosystems 

●  Nitrate is the form readily taken up by plants/animals 

●  Excess nitrates can cause hypoxia and become toxic to animals at high 
concentrations (>10 mg/L) 

●  Pollution sources of nitrogen include runoff from agricultural and residential 
fertilizers, wastewater treatment plants, and construction sites  



Nitrogen Data Analysis  
Nitrogen levels in our 
streams have been mostly 
normal over years besides 
a few outliers in Dreaming 
Creek and Rock Castle 
Creek. This is not indicative 
of any major pollution in the 
Ivy Creeks or Blackwater 
Creek region  



Phosphorus Data Analysis 
Our data shows that 
phosphorus levels in our 
streams were mostly 
normal (0.01-0.20 mg/L) in 
all but Chaffin Farms.  
Since Chaffin Farm is the 
headwater region of Ivy 
Creeks, excess agricultural 
runoff may be causing a 
slightly raised TP level in 
Hollins Mill. 



Interpretation for TP and BEHI/Buffer Data 

Considering the relationship between nitrogen and phosphorus while looking at 
our data, we would expect to see an increase in nitrogen levels at Chaffin Farm 
given the raised levels of phosphorus, but this is not the case. Instead, what may 
be happening at Chaffin Farm is a result of its poor buffer and susceptibility to 
erosion. 

Phosphorus has the tendency to attach to soil particles or dissolve in water. 
Chaffin Farm has no buffer area, so it is very likely to suffer from bank erosion. 
This excess erosion dumps soil with phosphorus attached into the water. Because 
we do not see elevated levels of nitrogen paired with our excess levels of 
phosphorus in Chaffin Farm, this is likely what has happened.  

 



How does a person become infected with E.coli 
from water? 

E.coli is the name of a germ/bacteria that lives in the digestive tract of humans 
and animals. 

People can be infected when a contaminated city or town water supply has not 
been properly cleaned. 



E.Coli 
In the state of Virginia, any E.coli 
readings 

over 235.00 is a water violation. In large 

amounts the E.coli bacteria can be  

harmful to people. There will have 

to be steps taken to clean the stream/
water. 

 



Fish IBI 
What is it? 

-  IBI evaluates environmental conditions 
based on assessments of fish populations. 

Why it is used? 

-  Fish represent the highest trophic level in 
aquatic ecosystems, and are susceptible to 
the effects of bioaccumulation. 

-  Fish respond to changes in various ways, 
such as migrating to more suitable habitats 
when conditions become unfavorable.     

 

http://www.joshgitalis.com/bioaccumulation-what-you-must-know/ 



Fish IBI 

Fish are good long term indicators 
of stream health because they 
have relatively slow reproductive 
cycles(years vs. months).  

Darters are generally an indicator 
of good water quality, while 
creek chubs tend to be more 
tolerant to pollution and 
unfavorable habitats. 

 

Creek Chub (Semotilus atromaculatus) Roanoke Darter (Percina roanoka) 



Response of Fish IBI to Water Quality Changes 

●  This chart depicts how 
different types of land 
use affect stream 
quality. 

 
●  Fish IBI degrades as 

land uses shift from 
agriculture to 
developed. 



What Does This Mean? 
Fish in these streams are in a constant state of flux due to stream instability. 

There may be a time lag in fish response to this instability. 

In order to preserve stream integrity and species diversity, protective measures 
must be taken to correct and reverse stream degradation. 



Temperature 
Why is it important to water quality? 

-  There is a direct correlation between temperature and dissolved oxygen(DO). 

-  Many fish and macroinvertebrates require high DO levels. 

What can affect temperature? 

-  Areas with a large percentage of impervious surfaces retain heat longer than 
less developed areas. 

-   This leads to the formation of “heat islands” in urban areas, which can raise 
the temperature of water runoff. 



Effects of Temperature on Water Quality 



Temperature and EPT 

●  As temperature 
increases, the EPT 
responds by sharply 
declining in quality. 

 
●  This is likely related to 

the amount of 
dissolved oxygen 
present in the water.  



Temperature and Macro IBI 

●  As temperature 
increases, the Macro 
IBI responds by 
declining in quality. 

 
●  This is likely related to 

the amount of 
dissolved oxygen 
present in the water.  



Conclusions 
Does impervious surface have an impact on water quality? 

Does land use affect water quality? 

Does distance from the James river affect water quality? 

Does Ivy Creek improve Hollins Mill? 

 

 



Management Recommendations 
Protective measures include: 

-  Maintaining a high quality, forested buffer between development and streams. 

-  Stringent enforcement of erosion and sediment standards, especially on new 
construction sites. 

-  Educate the community about the importance of precise application of 
fertilizers, on both home and agricultural scales. 

-  Educating the community about the importance of water quality. 

 


