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	Micro Hydroelectricity Module 
	Renewable Energy Training Center
	Morrisville State College                                                                       
                           		


Overview: This module is designed to provide students with hands-on experience measuring and mapping the micro hydro resource. This module will give students the tools and experience necessary to measure vertical elevation gain (head), slope, and water flow. With this information, a student can create a stream profile diagram, estimate pressure at the turbine, and estimate power output from the turbine.  

By the completion of this module, students will be able to:
1. Build a simple clinometer
2. Measure vertical angles, horizontal distance, calculate vertical distance, measure stream volume and velocity, and estimate stream flow. 
3. Develop a stream profile diagram. 

Materials Required (1 for each group):
1. 1 plastic protractor 
2. 1’ length of string 
3. 1 small weight (e.g. ½” nut) 
4. Clear tape
5. 100’ measuring tape
6. 12’ measuring tape
7. Flagging
8. Pencil and paper
9. 5 gallon bucket
10. Stopwatch
11. Tennis ball
12. Waders (optional)

Module duration: 3 hours (can be broken into several class periods if necessary)

This module requires the use of a stream. The reality is that without a stream, it is very difficult to discuss micro hydro resources and systems. The stream may be very small (5 GPM) or it can be a large trout stream. Identify an appropriate stream near the classroom, if possible. We will assume that a system could be installed, but likely will not be installed. Before starting the module, identify a suitable site for the fictional turbine and intake to be located. 

Build a simple clinometer

A clinometer is a tool that measures the angle of elevation using right triangle trigonometry.  

1. Tape the length of string to the center of the protractor base (the flat portion of the protractor). 
2. Tie the nut on the other end of the string. 
3. When held parallel to the ground, the nut should extend through the 90° mark on the protractor (the rounded portion of the protractor should be facing the ground). 
4. You can optionally tape a straw to the top of the protractor if you would like a sighting line. 

To use the clinometer, you will need two people; one to hold the clinometer and one to read the angles on the protractor. 

1. Have the students begin at the turbine location (downstream of the intake location). 
2. The student sighting the clinometer should look uphill and sight on an object less than 100’ away at the approximate height of his/her eye level (another student walking uphill makes for a great sighting target). 
3. The second student should record the angle in which the string crosses the protractor. 
4. Subtract the measured angle from 90° to get the actual angle of the slope. 
5. With the 100’ tape, measure the distance between the turbine location and the sighted object. Be sure to hold the tape as tight as possible between the two points to get an accurate measurement. 
6. If you have the distance and the angle, you can use some simple trigonometry to get vertical distance. The sin of the measured angle (90° - protractor angle) multiplied by the distance measured between the two points will give you the vertical elevation gain (see figure 1 below).
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Figure 1. Calculating vertical distance from an angle and distance measurement. 
7. Continue this in successive steps until you reach the location for the intake. Be sure to make stops anywhere there is a large change in slope (whether it gets significantly flatter or steeper). This will help you make a more informative stream profile diagram. 
8. By the time students are finished, they should have a table that looks something like figure 2 below. 
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Figure 2. Example table with the stream sections measured, protractor angles observed and actual angles, measured distances and calculated distances. Note that if you have the measured distance between two points and the calculated vertical angle, you have the hypotenuse and opposite side of a right triangle. You can then use Pythagorean’s theorem to calculate the horizontal distance (a2+b2=c2).  Measured distance is the penstock length between points. 

Building a stream profile diagram

1. If you have vertical distance and horizontal distance between each point, you have all of the information needed to build a stream profile diagram (by hand or in Excel). 
2. To create a profile diagram in Excel, create three additional columns: stream section, cumulative vertical distance, and cumulative horizontal distance and enter in the data. 
3. Label the stream sections sequentially from 1 to …. The cumulative columns will simply be adding the horizontal distance and vertical distance for each stream section (see figure 3). 
4. Once you have cumulative data, you can start graphing. Highlight the cumulative height and cumulative horizontal columns. Create a scatter plot figure. Set the x-axis as cumulative horizontal and the y-axis as cumulative height. Set the axis scales appropriately. Label your axes. 
5. At each point, indicate the cumulative pressure obtained in the elevation gain (recall that each foot of head increases pressure by 0.43 psi). This can be calculated by hand or in Excel by subtracting the intake height from the previous point and multiplying by 0.43. Continue for each successive point (remember, pressure is cumulative). 
6. Add pertinent information for the system (such as cumulative run distance or penstock length, intake location, turbine location, etc.) (Figure 5). 
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Figure 3. Adding cumulative columns and stream section columns. Note that several columns have been hidden in this example (e.g. protractor readings and actual angles).
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Figure 4. Scatter plot of horizontal and vertical distance of each stream section. 
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Figure 5. Completed stream profile diagram



Measuring stream flow

This section will describe measuring stream flow on a moderately sized stream. For smaller streams (high head systems), measuring the amount of time required to fill a 5 gallon bucket or 50 gallon drum will suffice. Larger streams require alternative methods. Described below is a frequently used method that involves estimating the volume of a section of stream and estimating stream velocity over that volume of water. 

1. Find an accessible site along the stream that does not have irregular features (pools, sharp drops, back eddies). 
2. Set up two points, an upstream reference point and a downstream reference point, preferably 5 to 20 feet apart. 
3. From these two points, run a 100’ tape across the stream (perpendicular to flow) (Figure 6).
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Figure 6. 100’ tapes stretched across the surface of the water, with depth measurement locations identified. 

4. At regular intervals (e.g. 1’ intervals), measure the depth to the stream bed along both 100’ tapes. 
5. Each section of the stream will have a length (distance between 100’ tapes), a width (the interval distance), and a height (distance between the water level and the streambed). This will allow you to calculate volume for each section (LxWxH) and derive an average volume for the stream. 
6. If you have a flow meter, simply measure stream velocity at 60% of the depth at each measured interval (Figure 7). Once you have measurements at each interval, you can average them for a stream velocity average. 
7. If you do not have a velocity meter, try the float test! Find a bright colored, floating object (apple, orange, grapefruit, tennis ball, etc.) and throw it above the upstream tape. Record the time necessary for the object to float from the upstream tape to the downstream tape. Repeat five times and find the average time. 
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Figure 7. Measuring stream velocity for a moderately sized stream with a velocity meter. 

8. Though it is tempting to say this is the flow rate, it is not. Because the streambed is not perfectly flat, there will be more turbulence at the bottom of the stream than at the water surface (Figure 8). This means we must account for this turbulence by multiplying the recorded float time by a constant. For our purposes, multiplying by 0.8 is sufficient (though this should change depending upon the actual streambed components). 
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Figure 8. Turbulence at the streambed can reduce water velocity considerably relative to the smooth water at the stream surface. To get an average stream velocity, either measure at 60% of the depth of the stream with a velocity meter or, if using the float method, multiply the time necessary to travel from the upstream tape to the downstream tape by 80%. 

9. Once you have the volume of the stream calculated and the time necessary to travel, you can determine volume per unit time (which is flow). For example, if you find that your volume measurements average out to be 10’ L x 8’ W x 1.7 ‘ H, your measured volume is 136 ft3. If it took 6 seconds for your apple to float down the 10 feet between tapes, your adjusted time is 4.8 seconds (6 x 0.8). This means that your flow rate estimate on this stream is 28.3 ft3/s (136 ÷ 4.8). 

You are now ready to put your flow value into the hydro power formula! 
Example worksheet:





Estimating Hydro Power

If we assume that the flow and head measured were for a small stream, we can measure expected power output. We do not want to take all of the water from the stream, let’s assume that we will divert only 10% of the water. Since we measured 1916 GPM, we can safely divert approximately 192 GPM into the penstock (0.012 m3/s). We measured a head of 67.7 feet (20.5 m). Since this is a high head, low flow system, we can use a Pelton-style runner with 89% efficiency. What is our expected power output and our expected yearly energy from this stream?

P=ηρgQH

In this case, our values are:
η = 0.89 (turbine efficiency)
ρ = 1000 kg/m3 (water density)
g = 9.81 m/s2 (acceleration of gravity)
Q = 0.012 m3/s (estimated flow rate)
H = 20.5 m (estimated head)

If we plug these values into the formula, we get:

P = 0.89*1000*9.81*0.012*20.5 = 2147.8 Watts

Since we know there are 1000 Watts in 1 kilowatt, we have 2.1 kW expected form this system. 

Recall that energy is power * time, so to get yearly energy:



A typical home uses between 8,400 and 12,000 kWh per year, so this small stream could easily power 1-2 homes (or 4-5 energy efficient homes). 
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Group 2

Group members: Tara, John, Steve, and Michelle

Distance from upstream line to downstream line 12feet

Distance across upstream line 5.2feet

Distance across downstream line 4.9feet

Number of sectors on upstream line 4

Number of sectors on downstream line 4

Sector spacing 1feet

Sector Depth SectorDepth Sector Depth SectorVolume

1 1.5 1 2.3 1 1.725 1 20.7

2 2.2 2 3.4 2 3.74 2 44.88

3 3.1 3 1.9 3 2.945 3 35.34

4 1.1 4 2.3 4 1.265 4 15.18

Average stream volume  cubic feet

Recorded Float Times

Float Time (s) Average float time 6.8seconds

1 6.5

2 7.5 Flow Rate:  4.3cubic feet per second

3 7

4 7 0.121cubic meters per second

5 6 1915.8gallons per minute

* note: 1 ft

3

/s = 448.8 GPM;    1 ft

3

/s = 0.0283 m

3

/s

Upstream Downstream Average Average

29.025


Microsoft_Office_Excel_97-2003_Worksheet1.xls
stream profile

		Group 2

		Group members: Tara, John, Steve, and Michelle

		Section		Downstream		Upstream		Protractor Reading		Actual Angle		Measured distance		Vertical Distance		Horizontal Distance		Cumulative Horizontal		Cumulative Height		Cumulative PSI

		0																0		0		29.1

		1		Turbine		Stop 1		77.5		12.5		87		18.8		84.9		84.9		18.8		21.0

		2		Stop 1		Stop 2		71		19		53		17.3		50.1		135.1		36.1		13.6

		3		Stop 2		Stop 3		86		4		95		6.6		94.8		229.8		42.7		10.7

		4		Stop 3		Stop 4		54		36		24		14.1		19.4		249.2		56.8		4.7

		5		Stop 4		Intake		83		7		89		10.8		88.3		337.6		67.7		0





stream profile

		



Horizontal distance (feet)

Head (feet)



stream flow

		

				Group 2

				Group members: Tara, John, Steve, and Michelle

				Distance from upstream line to downstream line																12		feet

				Distance across upstream line																5.2		feet

				Distance across downstream line																4.9		feet

				Number of sectors on upstream line																4

				Number of sectors on downstream line																4

				Sector spacing																1		feet

				Upstream						Downstream						Average						Average

				Sector		Depth				Sector		Depth				Sector		Depth				Sector		Volume

				1		1.5				1		2.3				1		1.725				1		20.7

				2		2.2				2		3.4				2		3.74				2		44.88

				3		3.1				3		1.9				3		2.945				3		35.34

				4		1.1				4		2.3				4		1.265				4		15.18

				Average stream volume								29.025				cubic feet

				Recorded Float Times

				Float		Time (s)										Average float time						6.8		seconds

				1		6.5

				2		7.5										Flow Rate:				4.3		cubic feet per second

				3		7

				4		7														0.121		cubic meters per second

				5		6														1915.8		gallons per minute

				* note: 1 ft3/s = 448.8 GPM;    1 ft3/s = 0.0283 m3/s



Intake

Turbine

Waterfalls

Total stream horizontal distance: 337.6'
Total penstock length:  348'
Total head:  67.7'
Total pressure: 29.1 psi
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Group 2

Group wesabers: Tara, John, Steve, and Michelle

Downstream | Upstream  Protractor Reading Actual Angle  Measured distance  Vertical Distance  Horizontal Distance

Turbine Stop 3 775 125 87 188 5449
Stop 3 Stop 2 7 29 e 273 503
Stop 2 Stop 3 e 4 as ce asg
Stop 3 Stop 4 54 56 24 143 294

Stop 4 intake s 7 29 108 283
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Group 2

Group wesabers: Tara, John, Steve, and Michelle

Section | Downstream | Upstream  Vertical Distance  Horizontal Distance  Cumlative Height  Cunsulative Horizontal
2+ Turbine Stop 3 288 s4.9 188 249
2 Stop 3 Stop 2 273 503 ses 1352
B Stop 2 Stop 3 ce ats 27 2208
4 Stop 3 Stop 4 242 sa4 s 2492

s Stop 4 intake 208 583 e77 s37¢





image10.emf

