Environmental Geology

Water Quality and Stream flow measurements

Background Information
In this lab you will collect and record data on the small stream which runs through campus (Brush Creek). You will also examine the Brush Creek watershed using the USGS 7.5 minute Richland Quadrangle topographic map.  
You will gather both physical and chemical information which includes:

• Stream channel area

• Stream velocity

• Stream discharge

• Water temperature

• Electrical conductivity

• Dissolved oxygen

• Water pH

• Nutrient concentration (nitrogen and phosphorous)
• Stream turbidity

• Contaminants (including coliform) 
Stream discharge, is the volume of water that moves over a designated point over a fixed period of time. It is often expressed as cubic feet per second (ft3/sec). 
The flow of a stream is directly related to the amount of water moving off the watershed into the stream channel. It is affected by weather, increasing during rainstorms and decreasing during dry periods. It also changes during different seasons of the year, generally decreasing during the summer months when evaporation rates are high and shoreline vegetation is actively growing and removing water from the ground. August and September are usually the months of lowest flow for most streams and rivers in most of the country.
Stream velocity, which increases as the volume of the water in the stream increases, determines the kinds of organisms that can live in the stream (some need fast-flowing areas; others need quiet pools). It also affects the amount of silt and sediment carried by the stream. Sediment introduced to quiet, slow-flowing streams will settle quickly to the stream bottom. Fast moving streams will keep sediment suspended longer in the water column. Lastly, fast-moving streams generally have higher levels of dissolved oxygen than slow streams because they are better aerated.
Lab Procedure:
General description:
1. Location.  Where are you? Describe where you are in the state; give the name the county; name the nearest town; and give the general location in terms of the stream’s longitudinal profile (i.e. are you close to the headwater of Brush Creek? Near the mouth? Midway along its course?)
2. Climate.  Use the link to the state climatology office to answer the following climate questions.  http://www.aos.wisc.edu/~sco/clim-history/index.html 
What is the climate of this region?

What is our average rainfall?

How does the precipitation totals for this year compare to the norm?

How does the precipitation for this time of year compare to the annual amounts? (i.e. is this generally a wet time of year or dry time of year?)

3. Drainage basin.  Use the USGS 7.5 minute Richland Quadrangle map to locate the Brush Creek Watershed.  

a. Estimate the length of Brush Creek

b. Determine both the elevations of the headwater and of the mouth of Brush Creek

c. Determine the overall average gradient of Brush Creek (use units of ft/mi)

d. How many tributaries does Brush Creek have?

e. What is the underlying bedrock type? (consult the Wisconsin Bedrock map in the lab)

Field measurements:
1. Determine the channel area.  Estimate the channel area by taking depth measurements across the channel from one stream bank to the other at half foot intervals.  In order to estimate the area use the formula: 

Segment area (ft2) = d (ft) x w (ft)

Where “d” is the water depth for each segment, and “w” is the segment width  (see sketch)

You will collect data on the depth of the stream using a measuring tape and meter stick.   Starting and ending points should be at 0 ft water depth at the edge of the water.  Take depth measurements at 0.5 ft increments across the channel.  Record your measurements on the table provided at the end of this handout. Once you have found the area of each segment, add the segment areas together to determine the total channel area.   (note: It will be easiest to record your depth measurements in units of inches but you will need to convert the depths into feet before calculating the area) 

[image: image1.png]



[image: image2.png]CLEARTUBE
45x120cm

PVCCAP

-120-
-110+
SUE
ey
Y
ey
50
iy |
Yy
o |
02

- 108

MARK OFF IN
CENTIMETERS

PAINTED DISK

T0 HT BOTT
OFTUBE

S

-




2. Determine the stream flow rate or velocity of Brush Creek.
Your instructor will demonstrate proper use of the flow meter. 
Carefully lower the current meter into the water. Caution: Make sure the meter is positioned so the “bucket wheel” is facing into the current or into the direction of water flow (see diagram).  The bucket wheel spins freely in the counterclockwise direction as viewed from above.     
Collect and record data for 6 locations along the channel cross section and then calculate the average value.   
3. Stream discharge is calculated by multiplying velocity by the cross sectional area of the flowing water in the channel.  Using the velocity and area measurements determine the total discharge of Brush Creek.
4. Chemical properties: Water pH, temperature, and conductivity Using the handheld YSI model 63 water monitoring devise, measure and record the pH, temperature, and conductivity of the creek.  Follow the directions demonstrated by your instructor in order to take the measurements.
a. Collect a sample of water from the stream in a plastic container. 

b. Simply insert the probe into the sample, shake gently to remove any trapped air bubbles and wait for the readings to stabilize (~ 60 sec).  It is important that the probe be inserted into the sample far enough so that the pH, temperature and conductivity sensors are covered by the water. 

c. To change between modes simply press and release the mode key.  

d. Read the pH directly from the meter according to the manufacturer’s directions. 
e. Record the water temperature in degrees Celsius.  

f. Record the conductivity

g. Measuring Dissolved Oxygen
The stream system both produces and consumes oxygen. It gains oxygen from the atmosphere and from plants as a result of photosynthesis. Running water, because of its churning, dissolves more oxygen than still water, such as that in a reservoir behind a dam. Respiration by aquatic animals, decomposition, and various chemical reactions consume oxygen.

Wastewater from sewage treatment plants often contains organic materials that are decomposed by microorganisms, which use oxygen in the process. (The amount of oxygen consumed by these organisms in breaking down the waste is known as the biochemical oxygen demand or BOD. Other sources of oxygen-consuming waste include storm water runoff from farmland or urban streets, feedlots, and failing septic systems. 

Oxygen is measured in its dissolved form as dissolved oxygen (DO). If more oxygen is consumed than is produced, dissolved oxygen levels decline and some sensitive animals may move away, weaken, or die. 

DO levels fluctuate seasonally and over a 24-hour period. They vary with water temperature and altitude. Cold water holds more oxygen than warm water and water holds less oxygen at higher altitudes. Thermal discharges, such as water used to cool machinery in a manufacturing plant or a power plant, raise the temperature of water and lower its oxygen content. Aquatic animals are most vulnerable to lowered DO levels in the early morning on hot summer days when stream flows are low, water temperatures are high, and aquatic plants have not been producing oxygen since sunset. 

DO is measured either in milligrams per liter (mg/L) or "percent saturation." Milligrams per liter is the amount of oxygen in a liter of water. Percent saturation is the amount of oxygen in a liter of water relative to the total amount of oxygen that the water can hold at that temperature. 
Use the YSI 55 Handheld Dissolved Oxygen & Temperature Meter to measure the dissolved oxygen levels in Brush Creek.  Note which units you used (mg/L or %)
h. Place the probe in the sample, allow the meter to equilibrate, and read the DO concentration directly off the scale. NOTE: The probe may need to be gently stirred to aid water movement across the membrane. 

i. Record the dissolved oxygen level in milligrams per liter (mg/L). 
5. Measuring Nutrients and Contaminants:  Nitrate and Phosphate 
a. Nitrate: Much of the concern about fertilizers and water quality relates to nitrates, which can cause health problems in humans (as well as other problems, described below). When ingested, nitrates are converted into nitrite in the intestine, which then combines with hemoglobin to form methemoglobin. Methemoglobin has a reduced oxygen-carrying capacity, and is particularly problematic in children, who are most readily affected by this “nitrite poisoning.” Elevated levels of nitrate are common in groundwater in agricultural areas.
b. Phosphate: Phosphates are also applied abundantly in fertilizer, and contaminate water. Unlike nitrate, however, phosphate is not water soluble, so moves only with soil movement, as it adheres to soil particles. It is the least plentiful of the “big three” nutrients (N, P, and K). When it erodes on soils from agricultural fields, it is essentially non-recoverable, washing into sediments in oceans.  
The runoff of nitrate and phosphate into lakes and streams fertilizes them, and causes accelerated eutrophication. Eutrophication is a natural process that typically occurs as lakes age. However, human-caused, accelerated eutrophication occurs more rapidly, and causes problems in the affected water bodies. It is estimated that 50-70% of all nutrients reaching surface water (principally N and P) originate on agricultural land as fertilizers or animal waste.  Urban and industrial runoff also contributes to eutrophication.     
Testing: Follow the directions in the nitrate and phosphate kits to measure the levels in Brush Creek.

c. Coliform bacteria: Coliform bacteria are organisms that are present in the environment and in the feces of all warm-blooded animals and humans. Coliform bacteria will not likely cause illness. However, their presence in water indicates that disease-causing organisms (pathogens) could be in the water system. Total coliform, fecal coliform, and E. coli are all indicators of water quality. The total coliform group is a large collection of different kinds of bacteria. Fecal coliforms are types of total coliform that mostly exist in feces. E. coli is a sub-group of fecal coliform.
Testing: Collect a small sample of water (1-5 ml) directly from the creek using the small sterile plastic bottles provided.  Back in the lab; use a disposable dropper to place the water sample directly into the bottle of Coliscan Easygel.  Make sure to measure and record the amount of water you are adding (it can be anywhere from 1 to 5 ml’s but you must record the amount used). Label a petri dish with your name and sample information using a permanent marker.

Amount of stream water added to the bottle of Easygel  ___________ ml

Swirl the bottle to distribute the inoculums and then pour the medium/inoculums mixture into the correctly labeled petri dish.  Place the lid back on the petri dish.  Gently swirl the dish until the entire dish is covered with liquid (be careful not to splash over the side or on the lid).

Place the dish, up-side-down directly into a level incubator once the liquid has solidified.  Solidification will occur in ~ 45 minutes.  Incubate at 35O C (95F) for 24 hrs.

Inspect the dish.  Count all the dark blue or purple colonies on the Coliscan dish (disregard any light blue, blue-green or white colonies). Count all the pink/red colonies on the Coliscan dish (disregard any light blue, blue-green or white colonies).

Follow the directions and report the results in terms of “E. coli or Fecal Coliform” per 100 ml of water and also report the Total Coliforms per 100 mL of water.  
6. Stream Turbidity
Transparency (Turbidity) of water is affected by a number of factors.  Both dissolved and suspended materials can influence water transparency.  For most water bodies, the amount of solids suspended in the water is the most important factor: the more suspended materials, the lower the water transparency (higher the turbidity).   
In streams and rivers, soil particles (predominantly silts and clays) are a more important influence on transparency as water flows downstream, carrying and depositing sediment with it.  A good example of dissolved material that affects transparency is the tea color of some northern, bog-influenced lakes and streams, which is caused by dissolved organic material. 

Testing:  Collect a water sample in a clean bucket at midstream & depth, avoid stagnant water and sample as far from the shoreline as is safe.


• Try not to stir up the bottom



• Face upstream as you fill your bucket.



• Avoid collecting sediment from the stream bottom and materials floating on the 


water surface 
•Take your readings in open conditions. Avoid direct sunlight by turning your back to the sun if necessary.
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Swirl the water in your sampling bucket or bottle so that materials do not settle on the bottom and pour the water into the tube until it is filled
b. While looking down into your tube, open the valve at the bottom and slowly release water until you can JUST begin to make out the symbol on the bottom. Note this depth.

c. Release a bit more water until the symbol is visible. When you can see the middle of the black and white symbol, it is “visible.” Note this depth.

d. Record the average of the two depths taken in steps b and c on your data sheet to the nearest centimeter (average = depth from step b + depth from step c, divided by 2). If the symbol is visible when your tube is full, indicate this on the data sheet (e.g. > 60 cm).

High turbidity can stress fish over long periods of time.  Signs of stress include increased respiration rate, reduced growth and feeding rate, delayed hatching and in severe cases, death.  Fish eggs are ten times more sensitive to turbidity than adult fish.  High turbidity levels affect humans, too.  Acceptable turbidity levels for recreation is 5 NTU and acceptable levels for human consumption ranges from 1-5 NTU.


NTU’s = Nephelometric Turbidity Units, which is a measure of the amount of light scattered by suspended material in the sample.

7. Discussion and Conclusions: 
Discuss what all the data really mean. Write a short narrative explaining what you found.  Did the results indicate what you expected? If not, why not?  If you made errors that could have affected your results discuss them.  How do your values compare to your classmates?  How do your results compare to the general physical and chemical values of other local streams in this region that we’ve discussed in lecture? 
Stream Data Sheet

Stream Sampled___________________ Location____________________________

Climate of the region ________________________Average Annual Precipitation ___________

Drainage basin characteristics:

Stream length _______________

 
Elevation of headwater area ______________Elevation of stream mouth ____________

Overall stream gradient __________________


Number of tributaries ________________Underlying bedrock _____________________ 
1. Channel Area
	Distance from Bank

(ft)
	Depth

(inch)
	Depth

d

(in feet)
	Segment Width

w (ft)
	Segment Area

A= d x w

(ft2)

	0.5
	
	
	
	

	1.0
	
	
	
	

	1.5
	
	
	
	

	2.0
	
	
	
	

	2.5
	
	
	
	

	3.0
	
	
	
	

	3.5
	
	
	
	

	4.0
	
	
	
	

	4.5
	
	
	
	

	5.0
	
	
	
	

	5.5
	
	
	
	

	6.0
	
	
	
	

	6.5
	
	
	
	

	7.0
	
	
	
	

	7.5
	
	
	
	

	8.0
	
	
	
	

	8.5
	
	
	
	

	9.0
	
	
	
	

	9.5
	
	
	
	

	10.0
	
	
	
	

	Total area
	


2. Velocity Use the flow meter as instructed to determine the average stream velocity.  Take 6 velocity measures along the same cross section as above.  Average your results. 
Velocity measurement 1 _______________ feet / second

Velocity measurement 2 _______________ feet / second

Velocity measurement 3 _______________ feet / second

Velocity measurement 4 _______________ feet / second

Velocity measurement 5 _______________ feet / second

Velocity measurement 6 _______________ feet / second


Average Velocity ____________ ft/sec

3.  Discharge  Calculate the discharge with the following equation:  Discharge (Q) = V x A
Q = ______________________

4. Chemical Characteristics: pH, Water Temperate, Conductivity, Dissolved Oxygen, and Nutrients
pH 

_________

Temperature 
_________  
Conductivity 
___________

Dissolved Oxygen 
___________

5. Nutrients: 
Nitrate 

________________

Phosphate

________________

Contaminant-Coliform

E. coli (Fecal Coliform) colonies (dark blue/purple) _______________

Other Coliform colonies (pink/red)  _________________

Total coliforms colonies (pink + dark blue/purple) _______________

Results: To report in terms of E. coli per 100 mL , first find the number to multiply by:

1. Divide 100 by the number of mL that you used for your sample.

2. Multiply the count in your plate by the result obtained from #1.

Example: For a 3 mL sample, 100/3 = 33.3.  So 4 E. coli colonies multiplied by 33.3 will be equal to 133.2 E. coli per 100 mL of water. Follow the same procedure to record the Total Coliforms 

6. Stream Transparency 



Turbidity tube height reading 1 _________cm



Turbidity tube height reading 2 _________cm






Average_________cm



Convert to Turbidity Units
_________ NTUs

w





d
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