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Introduction
Laboratory exercises are designed to familiarize students with irrigation equipment, practices, and theory.  Emphasis is on hands on experience. Students are expected to attend laboratories and complete laboratory sheets. Note:  Labs are not necessarily in the order assigned, nor will all labs be completed in a given semester.  
The initial lab schedule can be found in the syllabus.  Weather and other factors will cause this schedule to change.  See Blackboard for the most current schedule and lab locations. 

Lab Write-ups
Some labs that require a written report that must be typed in a 12 point type, 1" margins, and double spaced.  Reports should address the lab assigned, be written in a professional report style that includes complete paragraphs, proper grammar and punctuation, and correct spelling.   Turn in your report with the lab sheet as a coversheet.  See writing resources on the web site (under Labs) for some general guidelines for technical writing.  One of the goals of these types of assignments is for the student to demonstrate effective written communications.  Paper length should be appropriate to the assignment (typically 2-4 pages).  
Many labs simply require that the student neatly complete the lab sheets.   Emphasis on neat and legible!   Answers to lab questions must be typed and attached to the lab.   
All labs must include the lab pages from this manual stapled to your other sheets. 
Guidelines for Completing Lab Exercises:
· Review the lab schedule to see which lab is assigned and review it before coming to lab.

· Bring the complete lab manual to each lab.

· Read the lab directions!  

· Take notes on notepaper, not the lab sheet.  Lab sheets are expected to be neat and readable for full credit.  Replacement lab sheets may be printed from the course web site if you need a replacement. 
· Always bring a calculator to lab.

· Do your own work.  Do not rely on the calculations of others.  Simply copying somebody’s lab is plagiarism. 
· Collect all the data during the lab.

· Record data in lab clearly and neatly.

· Complete the lab sheet (data, calculations, and questions) for full credit.

· Lab questions are expected to be typed with the questions listed (double space, 12 point).  

· See guidelines for graphing data in this manual. Incorrect graphs will not receive full credit. 
· Some labs have companion Excel spreadsheets on the web site. You are free to use these to create graphs or check your work.

· Labs are due the following lab period (in lab).  STAPLE multiple pages. 
· Several labs have supplemental information for use in the lab.  See the Reference section. 

Sample Graphs

Several labs require you to graph data to demonstrate the relationship of the factors we are studying.  Graphs may be completed neatly on graph paper or using Excel (or other software tool).  Binder or blank paper is not acceptable.  
Graphs should be captioned (titled) and each axis should be labeled and the units noted.  If multiple data appear on the same graph then a legend should be used.

See the sample below.  Full lab credit will only be given if the graphs follow these guidelines.  In most cases you will want to use the Chart Type XY (Scatter) in Excel not a line type.  Students should not only know how too properly graph data collected during the lab, but also how to interpret similar graphs. 
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NOTE:  Students are expected to do their own work.  Turning in someone else’s Excel Spreadsheet is not acceptable.  

Key Concepts

Each lab has a list of key concepts you should learn in the lab.  Review these at the end of the lab to be sure you understand them.  They are also a good study guide.  
Lab Assignments

Irrigation System Tour Lab

Name ______________________
Lab Day ______________________
Purpose:  To learn about the components and applications of different types of irrigation systems.  Part of this activity is to learn how to collect relevant data.  
Location

Farm Classrooms
Equipment

Request for tractor and trailer

Stops on tour:

· Turf Sprinklers in Pasture

· Surface Irrigation in Pasture

· Concrete distribution system

· K-line in Pasture

· Lift Turbine Pump & Booster Centrifugal Pump (#8, water meters, Adcon)
· Weather Station (By ITF)
· Irrigation Training Facility

· Micro Sprinklers (Walnuts, filter)
· Under tree sprinklers in Almonds, filter
· Pump 2 (water meters)
· Portable aluminum pipe

· Pump #4 – Pressure Turbine (Adcon)

· Drip Irrigation in Peaches (filtration & submersible pump)
· Climate Minder Weather Station

· Under tree sprinklers in almonds, filter
· Wheel Line in forage

· Plastic Gated Pipe/Aluminum Gated Pipe)
· Landscape Systems (office)

Note on the attached map where each stop is located.  Review the questions so you gather all the needed Information. 

Also see the map online (see course web site). 

Locate and label each stop on the map below. [image: image2.jpg]ia State Univers
ultural Teaching and Researc

Californ

Agric

2\
D

ol

N
%N

/

©





Lab Report:

Describe the farm tour stops (irrigation systems and components) in your lab report in the context of the Farm tour.  (12 point type, 1” margins, double spaced, professional report style).  Consider each system as a separate paragraph.  Answer the questions, but don’t limit your report to only these items.  Attach the report to this lab sheet.  Report should be in complete sentences (not bullets). Be sure to double check you facts (ex. correct make, model, pressures, etc.). Hint:  It may help to lookup some of the make and model information. Links to major manufacturers can be found on the web site. 
1. For each irrigation system collect and report:

a) Outlet type (ex. sprinkler)

b) Make/Model of outlet.
c) Operating Pressure (approximate)
d) Distribution system (ex. concrete pipe, PVC, Poly)

e) Water source (ex. pump 2, turbine)

f) Advantages

g) Disadvantages

h) Typical crops

2. Pick one outlet and attach a spec sheet showing flow and pressure.  These are available on Web.  See links to manufacturers on the web site.  Use ONLY information from the manufactures web site.  Each manufacturer will very in format, but will contain pressure vs. flow information.  See example below.

Notes:

Key Concepts:

· Common methods of irrigation

· Which methods are appropriate to what crops

· How to find specifications for irrigation products

· Identify common systems
Example Spec Sheet

[image: image3.emf]
Note that the key feature of a spec sheet is the pressure/flow chart. 
Sprinkler Pattern Analysis

Name ______________________
Lab Day ______________________
Purpose:  To understand how to evaluate sprinkler systems and how spacing and pressure affect a sprinkler pattern.  Learn how to use common metrics (ex. DU) to design and evaluate irrigation systems.  

The lab will examine the effect of pressure on performance and compare rotors to spray heads. 

Materials:

Rotor Sprinkler

RB 1800
Sprinkler Stand 
Pressure regulator with Gauge

CalPoly catchments/pipe stands

Utah Catchments

Dollar Store Catchments

Graduated Cylinders

Tape

Flow Meter 
Chalk

Graph Paper (1 sheet for catchment area)

Rotor Sprinkler Data: 

	Sprinkler Make:
	

	Sprinkler Model:
	

	Sprinkler Nozzle:
	

	Measured Flow @ 40 psi
	

	Radius @ 40 psi
	

	Measured Flow@ 20 psi
	

	Radius @ 20 psi
	


Catchments used: (Cal Poly ( Utah (BOR) ( Dollar Store

Terms:

	Catchment
	A cup used to catch water in sprinkler testing or irrigation auditing.  

	Distribution Uniformity (DULQ)
	The standard measure of uniformity. 100% is perfect.  The minimum standard for sprinklers is 75%.  DU compares the average PR to the PR of the lowest 25%.  

	Overlap
	The overlap of the sprinkler pattern (determined by the spacing). 

	Pattern
	A sprinkler pattern shows the distribution of water for a given spacing of sprinklers. 

	Precipitation Rate (PR)
	The rate at which water is applied.  Commonly expressed as inches/hour. 

	Profile
	The deposition of water along the radius of the sprinkler stream.

	Spacing
	The spacing between sprinklers in a landscape of field.  Rectangular (square) patterns are common.  Offset spacing will shift every other row ½ of the spacing. 


Tests:

Setup: 

1. Divide into three groups.   Each group will perform their own tests.  

2. Setup the sprinkler so the pressure can be regulated. 
3. Mark a radius line from the sprinkler every 2 feet. 

4. Run the sprinkler at 40 psi briefly to determine the actual radius of throw.

5. Setup catchments (cups) on 2 foot intervals starting 2 feet from the sprinkler and extending 2 feet past the radius.
6. While waiting during the test to complete:

a. Observe the sprinkler performance.  How fine are the droplets?  What does the profile look

b. Determine the area of the catchment (sq. in.) for your group.  
c. Sketch on the lab sheet how the sprinkler test setup is configured. 

d. Determine how to calculate the precipitation rate (in/hr) from the ml of water collected.  Use ml, time (min), and the catchment area. 

e. Review the specification sheet for the sprinkler.  

f. Determine the spacing (see below) you will use to analyze the data.  The rule of thumb is to space the sprinklers using the radius.   

Procedure for each test:

1. Run the sprinkler long enough to collect a measurable amount of precipitation (typically 20-40 minutes) in all catchments. Be sure to record the time.  
2. Carefully pour the water into the graduated cylinder and record the amount of water collected.  Complete the datasheet below.  Convert to in/hour of precipitation.

3. As a class review the specification sheet for the sprinkler.  How do the specifications for flow and radius compare to test you performed?  
4. Repeat for the 
At Home:

1. Graph the profile placing distance on the x axis and precipitation on the y axis (see example below) of both tests and attach to the lab sheet.  (OK to use Excel). 

2. At home retrieve the sprinkler data sheets for inclusion in this lab. 
For your data:

3. Choose three spacings:  one approximately at the radius of the 40 psi test (round up to even feet), one 4 feet less and one 4 feet more.  Include ONE spacing at 30 feet.  
4. Using the online analysis tool found at: http://ag.csuchico.edu/water enter the data for the 40 psi test.  Using the selected spacing run an analysis for the three spacings using a rectangular layout.  Run a forth analysis using the middle spacing and an offset layout.  Record the data in the data sheet. 
5. Repeat for the 20 psi test using the SAME spacings as the 40 psi test so you can compare performance. 

6. Attach the results of one analysis as an example.   
For the spray head data:
7. Run an analysis of the spray head data at a 12’x12’ spacing.   Run a second analysis at 16’x16’.  Record the data analysis.
8. Your complete lab will include:  the lab pages (completed), two graphs of the rotor profiles, typed answers to the questions, and one analysis. 
Note:  Run the 40 psi test first (less time).  While the test is running determine catchment area and diagram the test setup. 
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Sample profile.

Sample Spray Head Data

Data was collected using the same method you used to collect data on the rotor
	Sprinkler Manufacturer: Rain Bird

	Sprinkler Model: 1800

	Nozzle: 12F

	Pressure (psi): 30
	Riser Height (in. above catchment): 2

	Flow (GPM): 2.65
	Minutes/Rev: N/A

	Test Duration (min): 9
	Rotation Arc (deg): 360

	Test Date: 02/04/2009
	

	Comment:

	Number of Catchments: 5
	Catchment Spacing (ft): 2


	Catchment Size
	40 sq in

	Catchment
	Milliliters
	In/hr

	1. 
	125
	

	2. 
	130
	

	3. 
	105
	

	4. 
	65
	

	5. 
	20
	

	6. 
	5
	

	7. 
	
	


Rotor Sprinkler Test #1
	Sprinkler Manufacturer:

	Sprinkler Model:

	Nozzle:

	Pressure (psi):
	Riser Height (in. above catchment):

	Flow (GPM):
	Minutes/Rev:

	Test Duration (min):
	Rotation Arc (deg):

	Test Date:
	

	Comment:

	Number of Catchments:
	Catchment Spacing (ft):


	Catchment Area
	

	Catchment
	Milliliters
	In/hr

	1. 
	
	

	2. 
	
	

	3. 
	
	

	4. 
	
	

	5. 
	
	

	6. 
	
	

	7. 
	
	

	8. 
	
	

	9. 
	
	

	10. 
	
	

	11. 
	
	

	12. 
	
	

	13. 
	
	

	14. 
	
	

	15. 
	
	

	16. 
	
	

	17. 
	
	

	18. 
	
	

	19. 
	
	

	20. 
	
	

	21. 
	
	

	22. 
	
	


Rotor Sprinkler Test #2 
	Sprinkler Manufacturer:

	Sprinkler Model:

	Nozzle:

	Pressure (psi):
	Riser Height (in. above catchment):

	Flow (GPM):
	Minutes/Rev:

	Test Duration (min):
	Rotation Arc (deg):

	Test Date:
	

	Comment:

	Number of Catchments:
	Catchment Spacing (ft):


	Catchment Area
	

	Catchment
	Milliliters
	In/hr

	1. 
	
	

	2. 
	
	

	3. 
	
	

	4. 
	
	

	5. 
	
	

	6. 
	
	

	7. 
	
	

	8. 
	
	

	9. 
	
	

	10. 
	
	

	11. 
	
	

	12. 
	
	

	13. 
	
	

	14. 
	
	

	15. 
	
	

	16. 
	
	

	17. 
	
	

	18. 
	
	

	19. 
	
	

	20. 
	
	

	21. 
	
	

	22. 
	
	


 Analysis of Spray Sprinkler

(use the data provided)
	Sample Spray Test
	1
	Pressure:
	30
	

	
	#1
	#2
	
	#4 (off set)

	Spacing (ft/type)
	12
	16
	
	12

	DU: 
	
	
	
	

	Precipitation Rate: 
	
	
	
	


Analysis for Rotor Sprinkler:

Determine the spacing based on the radius.  Run the online program and complete the data on the form below.

	Rotor Test:
	1
	Pressure:
	40
	

	
	#1
	#2
	#3
	#4 (off set)

	Spacing (ft/type)
	
	
	
	

	DU: 
	
	
	
	

	Precipitation Rate: 
	
	
	
	


	Rotor Test:
	2
	Pressure:
	20
	

	
	#1
	#2
	#3
	#4 (off set)

	Spacing (ft/type)
	
	
	
	

	DU: 
	
	
	
	

	Precipitation Rate: 
	
	
	
	


Draw a diagram of the test setup, note the equipment used on the diagram. 

Questions:
Complete your report by answering the following questions (typed and in complete sentences).  The complete lab will contain the data sheets, your report, and attachments (listed in the lab.)
1. Show how to convert catchment data in ml to in/hr.

2. Describe how the online analysis program works.
3. How did the rotor sprinkler performance compare at the two pressures and same spacing.  Be specific (DU, radius, application rate). 

4. How does average precipitation rate vary with spacing?

5. Compare the PR between the spray head and rotor.  Use the radius of each type as the spacing (ex.  spray head=12x12, rotor=30x30).

6. Compare rectangular and off set layouts.  

Notes:

Key Concepts:

· How sprinkler spacing affects performance.
· How sprinkler pressure affects performance.
· Application (precipitation) rate.
· How spacing and pressure affect application rate.
· Differences between Rotors and Spray Heads (both commonly used in landscapes.

Hydraulics

Name ______________________
Lab Day ______________________
Purpose:  

· To demonstrate basic principles of hydraulics.

· To determine if differences exist between computed headloss and actual. 

Equipment:

100’ tape

Hydraulic demonstration equipment

Sprinkler specification sheet

White board/markers

Tool box (with T tape)

4 cans

HL Tables 

Divide into two groups.  Each group will setup and collect data on parts of this lab the other group will calculate the head loss (HL) using headloss tables.  

	Part
	Data Collection/Setup
	Calculations

	I.
	Group 1
	Group 2

	II.
	Group 2
	Group 1

	III.
	Group 1
	Group 2

	IV.
	Group 2
	Group 1


Compare the measured HL to the calculated and discuss. 

Assembly instructions:

1. Begin with the pressure regulator.

2. Assemble all threaded fittings with NEW T tape.  Hand tighten. 

3. Layout pipe carefully.  Do not drag or drop (ruins fittings).  Fittings are numbered to help assemble. 

Determine the following:

	Pipe Type:
	

	Pipe Size (nominal):
	

	Sprinkler Make/Model: 
	

	Nozzle:
	


I. Simple head loss

a. Layout the lab equipment as shown in the diagram including section “A”. Determine the type and diameter of the piping.

b. Determine the length of the pipe sections between Pressure gauges 1 and 4.  Record on the diagram

c. Turn off all the sprinklers

d. Set the pressure regulator to about 40 psi.

e. Review the test procedure below. Use the valve at the end of the pipe to adjust the flow to the values in the data table.  Record the pressure at each of the 4 sprinkler tees.

	Length (ft ) points 1-4:
	


	Flow
(gpm)
	Actual
Flow
	Pressure 1
	Pressure 2
	Pressure 3
	Pressure 4
	HL 
(1 minus 4)
	Velocity
(from table)
	Computed
HL From Table

	0
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	


f. Close the globe valve.

g. Determine the measured head loss (HL between 1 and 4).

h. Other Group:  Using the HL tables or the formula compute the HL and determine the pipe velocity and enter in the table.   Remember the value in the table is psi/100 feet and will need to be multiplied by the total length ÷ 100 feet.
i. Compare the measured and computed and discuss.  

Notes:

II. Simple head loss Part II

a. Remove section “A” from the test equipment.  

b. Determine the length of the pipe between Pressure gauges 1 and 4.

c. Turn off all the sprinklers

d. Set the pressure regulator to about 40 psi.

e. Use the valve at the end of the pipe to adjust the flow to the values in the data table.  Record the pressure at each of the 4 sprinkler tees.

f. Adjust the inlet pressure 10 psi (up or down) and repeat a 10 GPM flow reading. 
	Length (ft ) points 1 to 4:
	


	Flow
(gpm)
	Actual
Flow
	Pressure 1
	Pressure 2
	Pressure 3
	Pressure 4
	HL 
(1 minus 4)
	Velocity
(from table)
	Computed
HL From Table

	0
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	

	14
	
	
	
	
	
	
	
	

	Adjust Inlet Pressure (gauge 1)

	10
	
	
	
	
	
	
	
	


g. Close the globe valve.

h. Determine the measured head loss (HL between 1 and 4).

i. Other Group:  Using the HL tables or the formula compute the HL and determine the pipe velocity and enter in the table. 

j. Compare the measured and computed and discuss.  

Notes:

III. Multiple outlet hydraulics

a. Open the valves to the sprinklers (cover the sprinklers with cans)

b. Record the sprinkler model and nozzle

c. Set the pressure to 20 psi at gauge 1
d. Record the total flow and the pressure at each sprinkler

e. Record the radius of the first and last (#1 & #4) sprinklers

f. Calculate the velocity (in the lateral) at the inlet of each sprinkler.  Estimate the sprinkler flow using by dividing the total flow by 4. .

g. Other Group:  Compute the pressure at each sprinkler and determine the HL between sprinkler 1 and 4 using the HL tables. Note that the flow in the three sections of pipe between P1 and P2 are different. Therefore you will need to compute each section and add them together. 
h. Compare the measured and computed and discuss.  

Sprinkler Spacing (ft): _______________________

	Total
Flow
	P1
	P2
	P3
	P4
	HL
 (1-4)
	Average
Sprinkler
Flow (Flow/4)
	Sprinkler
Radius
(1)
	Sprinkler
Radius
(4)
	Computed
HL

	
	20
	
	
	
	
	
	
	
	


Notes:

IV. Multiple outlet hydraulics

a. Open the valves to the sprinklers (cover the sprinklers with cans)

b. Record the sprinkler model and nozzle

c. Set the pressure to 40 psi

d. Record the total flow and the pressure at each sprinkler

e. Record the radius of the first and last (#1 & #4) sprinklers

f. Calculate the velocity (in the lateral) at the inlet of each sprinkler.  Estimate the sprinkler flow using by dividing the total flow by 4. .

g. Other Group:  Compute the pressure at each sprinkler and determine the HL between sprinkler 1 and 4 using the HL tables. 

h. Compare the measured and computed and discuss.  

Sprinkler Spacing (ft): _______________________

	Total
Flow
	P1
	P2
	P3
	P4
	HL
 (1 minus 4)
	Average
Sprinkler
Flow (Flow/4)
	Sprinkler
Radius
(1)
	Sprinkler
Radius
(4)
	Computed
HL
(1 to 4)

	
	40
	
	
	
	
	
	
	
	


Graph the data collected in Parts I and II.  Place flow on the X axis.  Graph both HL and Velocity.  Attach the graphs to your report. 

Graph the pressures at each sprinkler for each flow collected in Parts III and IV.  Place pressure on the Y axis. Attach the graphs to your report.

Notes:

Questions:

Complete your report by answering the following questions (typed and in complete sentences).  The complete lab will contain the data sheets, your report, and attachments (listed in the lab.)
1. How does the measured headloss (1-4) data in Parts I and II compare with the computed headloss based on the published HL tables?  Explain any differences.

2. Based on the graphs in Part I and II how are velocity and HL related (be specific)?

3. Compare the pressure drop in Part II between Point 1 and Point 4.  How does the inlet pressure affect the pressure loss at the same flow?

4. Based on the data collected in Part III & IV how does pressure affect the flow of the system?

5. How does the HL differ in a system with multiple outlets differ from a system with a single outlet?

Key Concepts:

· Headloss

· Relationship of flow to headloss

· Relationship of pipe diameter to headloss

· Relationship of pipe length to headloss

· Why headloss is an important factor in irrigation system design

· How to use HL tables. 
Reference:

Fluid flow velocity from actual flow in a circular pipe can be calculated as:

v = 0.4085 qgpm / din2
where
v = velocity (ft/s)
qgpm = volume flow (US gal./min)
din = pipe inside diameter (inches)

Headloss can be calculated as:

f = 0.2083 (100 / c)1.852 q1.852 / dh4.8655 
where
f = friction head loss in feet of water per 100 feet of pipe (fth20/100 ft pipe).  Multiply by .00433 to convert to PSI/foot.  
c = Hazen-Williams roughness constant.  Use 150 for plastic pipe
q = volume flow (gal/min)
dh = inside diameter (inches)
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Sample Graphs
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Landscape Water Supplies

Name ______________________
Lab Day ______________________
Purpose:  To determine water supplies available for use in landscape irrigation systems. To better understand hydraulic principles.  Landscape water sources are provided by pumps, but usually include storage and pressure tanks.  Pumps are often remote from the irrigation system.   

Materials:

Toro Flow Meter

Rain Bird Flow Meter

Homemade Flow Meter (with bucket)

Stop watch

Sample Mini-paw 09 Sprinkler

Homemade Friction Loss Meter

Procedure


Draw a NEAT diagram of the water sources we are testing, starting with the pump.  Note the location of the test points. 

Divide into three groups.  Groups will rotate between stations.

	Station
	Test
	Location

	1
	Homemade meter with bucket
	1: North Crops Building

	2
	Toro and Rainbird meters
	2: Hosebib Northwest of Office

	3
	Digital Meter
	3: Hosebib by Seed Building


Station 1:

Using the homemade flow meter measure the pressure / flow in 5 psi increments and record on the data sheet for the different water sources.

1. Connect the homemade flow meter to the hose bib. 

2. Close the meter valve completely.

3. Open the hose bib valve completely and measure the static pressure (flow=0).

4. Open the meter valve until the pressure drops to an even multiple of 5 psi (ex. 45 psi).  Capture the flow in the 5 gallon bucket and record the time it takes to fill the bucket.  Compute the flow in GPM.

5. Reduce the pressure 5 psi and repeat the test until you reach 10 psi. 

6. Plot the data on a graph with pressure on the vertical axis and flow on the horizontal axis. 

Data
	Location:

	PSI
	Time
	Flow

	
	
	0

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Station 2:

Using the Toro meter measure the pressure / flow in 5 psi increments and record on the data sheet for two different water sources.

1. Close the valve on the Toro meter completely.  Connect to the hose bib.  Turn on the hose bib completely.

2. Read the static (no flow) pressure.

3. Open the Toro meter valve until the pressure drops to an even multiple of 5 psi (ex. 45 psi).  Read the flow.

4. Repeat until the valve is wide open.

5. Plot the data on a graph with pressure on the vertical axis and flow on the horizontal axis. 

Using the Rain Bird System Analyzer establish a flow curve for the water sources. 

1. Connect the Rain Bird Analyzer to the hose bib with the outlet capped. 

2. Measure and record the static pressure.  

3. Close the hose bib and replace the cap with the Dynamic Cap (with hole).

4. Open the hose bib all the way and record the Dynamic pressure.

5. Plot the static pressure on the Rain Bird Chart (0 flow).  Plot the dynamic pressure on the chart at the interception of the dynamic pressure reading and Dynamic Pressure Curve (black line on chart). Draw a straight line connecting the two points to the x axis (flow). 

Toro Meter Data
	Location:

	Pressure
	Flow

	
	0

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	



Rain Bird Analyzer Data
	Location 

	Static Pressure 
	

	Dynamic Pressure 
	


Station 3:

Digital Flow Meter. 
1. Draw a diagram of the device:

2. Use the valve to adjust the pressure.  Collect flow data at pressure starting with static pressure every 5 pounds.  Record the data below.

3. Plot the data on a graph.  Pressure on y axis, Flow on x axis.  Attach the graph.

	Pressure
	Flow

	0 (or lowest)
	

	5
	

	10
	

	15
	

	20
	

	25
	

	30
	

	35
	

	40
	

	45
	

	50
	

	Max
	0 (static)


 Questions:

Complete your report by answering the following questions (typed and in complete sentences).    The complete lab will contain the data sheets, your report, and attachments (listed in the lab.)
1. How do the various methods of measurement compare?  
a. Homemade meter (station #1)

b. Toro Meter (Station #2)

c. Rainbird meter

Be specific by addressing accuracy, ease of use, and range.
2. Using the specification sheet determine the sprinkler flow at 30 psi.  How many Rain Bird Mini-paw 09 sprinklers can be placed on a single valve (run at once) if the desired sprinkler pressure is 30 psi?  

	Location
	Location Flow at 30 psi
	Sprinkler Flow at 30 psi
	Number of sprinklers

	#1 
	
	
	

	#2 
	
	
	


3. What would the average precipitation (in/hr) rate be for the Mini-paw 09 at 30 psi and a 40’ square spacing?  (calculate this value, do not use the specification sheet)

______________ In/Hr

4. Hydraulically, what does the Dynamic Pressure line represent on the Rain Bird sprinkler analysis chart?  Consider the data you collected at station 3.   

5. If the water source for the sites is the same, why do the sites have different pressure/flow characteristics?



Key Concepts:

· Application of hydraulics to water supply observations

· How to use water supply observations to design a system

[image: image7]
Irrigation System Controllers

Name ______________________
Lab Day ______________________
Purpose:  To demonstrate how to connect and program a typical irrigation controller.

Materials:

Rainbird ICM controller

4 station irrigation system

Wire

Wire nuts

Backup battery

Hose (to connect system)

Extension cord (to power controller

Cans to cover sprinklers

Data:

· Peak ETo is expected to be .26” per day.

· Kc are shown in the table below.

· You are allowed to water only on Monday, Wednesday, and Saturday.

· Start watering at 5:00 AM

· Use a scheduling coefficient of 1.2 for all zones. 

Procedure

Individually:

1. Begin by completing the table below.  Runtimes should be in hours and minutes (1:35).

In Small Groups:

2. Compare your calculations and reconcile any differences.

3. Refer to the time clock manual for programming instructions. NOTE: Unplugging the clock will cause the programming to be lost. 

4. Set the time clock time of day

5. Program the clock to run as determined in the table.  Multiple starts per day may be required if the runtime is longer than allowed. 

6. Have the program reviewed by the instructor:  
Checked: __________

7. Determine the percent of the program to use in May if the daily Eto is .18”  
______%

8. Connect the time clock to the valves using the wire provided.   Draw a diagram of the connections (at end of lab sheet).  

9. Connect the valves to a water source. IMPORTANT:  DO NOT OVER TIGHTEN SCREWS.

10. Using the manual cycle test each valve:  
Checked: _____________

11. Disconnect the valves and the time clocks.  Place the valves to drain and put away the remaining equipment.  

Individually at home:

12. Using the attached historical data determine the percentage settings that should be used for each month given in the table to adjust the timer to the ETo.

13. Calculate the water savings of setting the clock to the proper % each month when compared to leaving the clock at 100% for the time period. 

	Zone
	GPM
	Sq. Ft.
	Precip/Rate (in/hr)
	Daily ETo
	Kc
	ETc
	Weekly ETc 
	Runtime /week (include SC)
	Water Days
	Starts /day
	Runtime /start
	Water Used (Gallons /week)

	1
	5
	2000
	
	.26
	.9
	
	
	
	3
	
	
	

	2
	5
	1250
	
	.26
	.9
	
	
	
	3
	
	
	

	3
	4
	650
	
	.26
	1.2
	
	
	
	3
	
	
	

	4
	4
	600
	
	.26
	.7
	
	
	
	3
	
	
	

	
	TOTAL Water Used per week
	


Daily Eto X Kc=Daily ETc, Daily ETcx7=Weekly ETc, Runtime (hrs)=Weekly ETc / PR x SC, G/Week=GPM x Runtime x 60


[image: image8]
 Water use for timer set to 100%:

Weeks (31) x total use per week from above (gallons) = ____________Gallons.   (No clock adjustment, 100%)

Base % on average ETo for the month. 

	Week Beginning
	Durham Avg 
Daily ETo
	Monthly % 
Setting 
(average ETo/Peak ETo)
	Water Used 
Weekly Gallons (Gallons  x Monthly %)

	4/2/2018
	0.15
	.162/.26=62%
	

	4/9/2018
	0.15
	
	

	4/16/2018
	0.15
	
	

	4/23/2018
	0.17
	
	

	4/30/2018
	0.19
	
	

	5/7/2018
	0.20
	
	

	5/14/2018
	0.21
	
	

	5/21/2018
	0.22
	
	

	5/28/2018
	0.22
	
	

	6/4/2018
	0.24
	
	

	6/11/2018
	0.24
	
	

	6/18/2018
	0.26
	
	

	6/25/2018
	0.26
	
	

	7/2/2018
	0.26
	
	

	7/9/2018
	0.26
	
	

	7/16/2018
	0.25
	
	

	7/23/2018
	0.24
	
	

	7/30/2018
	0.24
	
	

	8/6/2018
	0.24
	
	

	8/13/2018
	0.23
	
	

	8/20/2018
	0.21
	
	

	8/27/2018
	0.21
	
	

	9/3/2018
	0.20
	
	

	9/10/2018
	0.18
	
	

	9/17/2018
	0.17
	
	

	9/24/2018
	0.16
	
	

	10/1/2018
	0.15
	
	

	10/8/2018
	0.14
	
	

	10/15/2018
	0.12
	
	

	10/22/2018
	0.10
	
	

	10/29/2018
	0.09
	
	

	(31 weeks)
	
	TOTAL Gallons with adjustment
	


Savings in Gallons (100% gallons - gallons using ET): _________ 

Percent Savings of 100% setting (above ÷ 100% gallons) : _________% 
Wiring Diagram

Draw in the wire connections from the controller to the valves (right). 

[image: image9]
Key Concepts:

· How controllers are commonly wired

· Concepts of zones, start times, etc.

· Common programming of controllers to meet crop water requirements
Notes:

Small Landscape Design Information Gathering & Initial Layout

Name ______________________
Lab Day ______________________
Purpose:  To gather initial data used for the design of a small landscape system.  Layout a turf irrigation system which will demonstrate your understanding of water needs, outlet selection, and sprinkler design requirements.  This lab will become the foundation of a complete design.  

Tools: 

Water flow measurement equipment

Laser Level (if slope is an issue)

100’ tapes, 

chaining pins

Hunter, Toro, and Rainbird Design Guides (see web site)


Materials:

Graph paper

Ruler

Compass

Design area:  The area east of Yolo Hall. 

Parts I & II are due the following week.  KEEP a copy of the data for use in completing part III.  Part III is due later (announced in class). 

Part I: Work in small teams and complete during lab. 
1. Using a tape measure.  Create a detailed sketch of the area with all boundaries measured.

2. On your drawing, locate the water source(s) and the types of plants to be watered, trees, other items of interest like sidewalks, structures, etc. REMEMBER:  Gathering complete data will save you having to come back and complete the job later. 

3. Note on your drawing the general slope of the area.   Where runoff will go and any low spots. 
Part II: Complete at home. 
4. Chapter 2 of the Rainbird manual should be used to complete this lab. The Hunter or Toro guides may also be used as a reference.  See web site for links. 
5. Estimate the infiltration rate of the Loam soil from the table in your text or the design guide (use a mid range value).

6. Create a scale drawing of the design area on graph paper.  Locate and label all features and different plant types (ex. turf, trees, shrubs, ground cover).  List the scale (ex. 1 inch = 20’).  (Turn in a copy so you can use the original drawing in the next lab.)

7. Your completed lab should contain:  

a. this page

b. graph of water supply if data was collected, 

c. scale drawing, and 

d. a brief report on the site including:

i. types of plants

ii. existing irrigation system (make/model/nozzle)

iii. problems with the existing system

iv. soil type

This should be a descriptive, professional narrative (2 pages double spaced).
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Google Map of the area.  Hint:  Use the distance measuring tool to measure area and check your measurements. 
Water Supply:

Use this curve OR actual data collected at the site. 
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Data Sheet:

Site Location: ____________________________

Notes (include information on existing irrigation systems and equipment):

______________________________________________________________________

Water Supply (if measured):

	Pressure (psi)
	Flow (GPM)

	20
	

	30
	

	40
	

	50
	


Key Concepts:

· How to collect complete data for design. 

· How to make a sprinkler simple design.

· How to estimate precipitation rates and flows.
Notes:

Simple Design

Name ______________________
Lab Day ______________________
Purpose:  Build on data gathered in the previous lab to design a simple irrigation system.   
Equipment:  Compass, ruler. 

Procedure: 

Read carefully BEFORE starting.   Use your text and the design guides as reference.

1. Use the drawing from the previous lab.  Divide the entire area to be irrigated into zones of similar plants since these will have different water requirements.  Indicate these zones on your drawing.

For the Turf Area Only:

2. Select a Hunter, Rainbird or Toro rotor sprinkler (ex. Hunter I-20) based on the precipitation rate (< infiltration) at the recommend spacing and pressure.  Select nozzles for full, half, and quarter circles to approximately match PR.   

3. Use the recommended spacing to layout sprinklers for the turf area.  Plot the location of each sprinkler.   Use a compass to show the overlap of each sprinkler TO SCALE.  Attach the drawing. Sprinklers should have head to head coverage based on the radius published.  This means that each sprinkler arc should reach to the next sprinkler.  Sprinklers should be located around the perimeter first so watering is limited to the design area and then fill in the interior.  
4. Determine the number of circuits based on the sprinkler flow and water supply.  

5. Draw in pipes (lines) to connect the sprinklers into each circuit.   Note: colored pen or pencil is useful to show circuits.   
6. Determine the flow in each pipe section.  

7. Determine the size of each class 200 pipe assuming that velocity cannot exceed 5’/sec.   Note the size on your drawing.  

8. Print a spec sheet for the sprinkler you choose (from the web) and turn in with a copy of your layout and the completed data sheet (below). 

Example Drawings:

Use a compass to accurately show the overlap of your sprinklers.  Note the head to head coverage in this example.  
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Then determine the number of circuits and divide up the sprinklers.  Note:  different nozzles have different flows.   Use a “Design Guide” for additional examples.  See sample below where pipes are shown. 


[image: image13]
Design Data:

	Sprinkler Make & Model:
	

	Arc:
	Full
	Half
	Quarter

	Nozzle:
	
	
	

	Sprinkler Design Pressure:  (psi)
	
	
	

	Recommended Spacing (radius): (feet)
	
	
	

	Precipitation Rate (from Specs): (In/Hr)
	
	
	

	Sprinkler Flow at above Pressure: (gpm)
	
	
	

	Number of sprinklers required: 
	
	
	

	Total Sprinkler Flow (sum of all sprinklers)
	


	Water Supply Flow  at Sprinkler pressure + 5 psi
	GPM

	Number of circuits needed:  
(Total Sprinkler Flow/Water Supply Flow, round up)
	

	Total area:

(Estimate by counting squares or use Google Map)
	sq ft

	Estimated precipitation rate:
(Use area above and total sprinkler flow). 
	In/hr

	Estimated maximum runtime/week if Etc=2.5”/week: 
(Use your PR estimate, not manufacturer’s data.   
Calculate as ETc /PR x Circuits / .75.   75% is estimated DU. )
	hours


Notes:

Key Concepts:

· How to collect complete data for design. 

· How to make a sprinkler simple design.

· How to estimate precipitation rates and flows.
Landscape Auditing

Name ______________________
Lab Day ______________________
Purpose:  To practice basic auditing of landscape sprinkler irrigation systems using the Irrigation Association format.  This same procedure would be used to audit sprinkler systems on agricultural crops such as pasture and alfalfa. 

Materials/Tools:

Pressure gauges

Anemometer

Compass (magnetic)

Catch containers

Graduated Cylinders

100’ tape

Procedure:

1. Review the data collection forms.

2. Mark your location on the attached map.

3. For your location make a sketch (approximate scale drawing) of the area.  On the sketch include:

a. Each planting (turf, trees, shrubs, etc).

b. Location of buildings, sidewalks, benches, etc.

c. Location of irrigation outlets like sprinklers, bubblers, etc.  

d. Irrigation controllers

e. Slopes & drainage

4. Make notes to include with your sketch:

a. Outlet type: bubblers, drip, spray head, rotor, or impact sprinkler.  Include make & model if this can be determined.  Note if the outlets are on risers. 

b. Condition of the landscape (ex.  dry spots, standing water, etc.

c. By area, describe the type (ground cover, shrubs, trees, turf) of plants by size and by species if known.

d. If the system is operating observe coverage, over spray, zones, etc.

e. General condition of the landscape.

5. As a group determine how you will conduct the audit. 

6. Collect data for the site by starting with the Map and Sprinkler Inspection.  

7. Setup the catchments (minimum of 20) and collect data using the Precipitation Rate Analysis Worksheet.  The rule of thumb for catchment placement:  near a sprinkler (place catchment about 1-2 feet from the sprinkler) and ½ way between sprinklers.  

8. Collect the controller data (if possible) while the test is running.

9. Compute the DU for your test using the online worksheet (print and attach to the lab) found on the website. 

10. Complete the lab by writing a professional summary using the format found on the website of your findings that addresses the following:

a. Site & Irrigation Description (location, size, crop, etc).   Include any interesting observations. 

b. Test description (what was tested, test conditions, and how it was tested)

c. Results of the test (compare to standards)
11. If you have the means (cell phone or digital camera) include a photo or two.

Key Concepts:

· What data is needed for a complete audit

· Collect and analyze sprinkler audit data. 

· Compare results to standards

· Apply hydraulic knowledge to audit observations

· Understand how DU and PR are calculated from audit data. 
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Sprinkler Inspection Worksheet|
Sprinkler Information

Site Name: ________________________ 
Date: __________

(Use this sheet to catalog all the different types of sprinkler/nozzle combinations.   Refer to these on your drawing.  You can use this data to look up specs. )

	Sprinkler #
	Example
	
	
	
	
	

	Sprinkler

Brand
	Hunter
	
	
	
	
	

	Sprinkler

Model
	I-20
	
	
	
	
	

	Nozzle

Size
	4
	
	
	
	
	

	Arc

Setting
	180
	
	
	
	
	

	Pressure

(if available)
	43
	
	
	
	
	

	Other

Observations
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	

	
	


Area Map

Sketch the area being audited.  Note sprinkler and catchment locations.  

	

	Auditor:
	Date:
	Site:


Precipitation Rate Analysis Worksheet
· Locate the position of each catchment on your area map.  

· Record the parameters of your test

· Indicate on your map where the pressure reading was taken

	Location
	

	Date
	

	Start time
	
	Stop time
	

	Catchment Type
	

	Catchment area (sq. in)
	

	Elapsed time (min)
	


	
	Start
	End

	Pressure
	
	

	Flow
	
	

	Wind speed and direction
	
	




	Container #
	Volume (ml)

	1. 
	

	2. 
	

	3. 
	

	4. 
	

	5. 
	

	6. 
	

	7. 
	

	8. 
	

	9. 
	

	10. 
	

	11. 
	

	12. 
	

	13. 
	

	14. 
	

	15. 
	

	16. 
	

	17. 
	

	18. 
	

	19. 
	

	20. 
	

	21. 
	

	22. 
	

	23. 
	

	24. 
	


Notes:

System Maintenance Lab

Name ______________________
Lab Day ______________________
Purpose:  To gain experience with the maintaining irrigation systems.  To be able to identify common components of irrigation systems. 

Record the following:

Field: ________________   Water source (pump): ______________

Type of system: drip / micro / sprinkler   Outlet make/model: ______________

Equipment needed:

Replacement sprinklers/hose/fittings/pressure gauges (will depend on the system)

Pressure testing gauges

Water Pump Pliers

Goof plugs

Create a neat sketch of the field showing pump location, filters, and layout of the system.  

The general procedure for maintenance is shown below.   The class will not do the items in italics. 

· Check pump for proper operation, connections (water and electrical), check panels for wasps and other insects.  Check switch operations.  CAUTION:  Pump panels contain high voltage and should only be opened by trained personnel. 

· Clean the filter and inspect for damage.  Screens should be removed, cleaned, and inspected.  Media filters should be inspected (check the media), look for leaks, check backwash operation.  Media should be replaced if necessary. 

· Check pressure gauges, replace if necessary. 

· Clean hose filters.  Leave hoses disconnected. 

· Flush mains and laterals with hoses off. 

· Reconnect hoses and open hose ends and flush the system.  Close ends.  If more than one zone or “set” do each one separately.

· Check operation of fertilizer injectors if present.

· Flush drip systems with chlorine/acid (must be done while trees are dormant).  Use the fertilizer injector for this. 
Inject chlorine (household bleach-sodium hypochlorite or swimming pool chloride-calcium hypochlorite) during the last 30 minutes of an irrigation cycle (or time required to fill all lines) so that 1 ppm of free residual chlorine remains at the end of the line. 1 ppm is equal to 2.6 ounces of household bleach in 1,000 gal of water. Sodium hypochlorite is preferred over calcium hypochlorite for hard water to reduce calcium carbonate precipitation in the lines. Keep the pH down to 7.0 by using a metering pump to inject an inexpensive acid like a food grade phosphoric acid. Acid injection for a short duration, followed by a rinse period, has not been found harmful to drip system. 

· Run the system and inspect for broken, plugged, or missing emitters/sprinklers.  Replace as needed.

· Inspect for holes in hoses.  Plug and repair as needed.

· Check controllers and replace backup batteries as needed.

· Check wiring and operation of automatic valves.

· Check operating pressure.  Low pressure would indicate leaks, high pressure would indicate plugging. 

Write a 1 page report (double spaced, 1” margins, 12pt) that describes the condition of the system and the maintenance you did.  

Key Concepts:

· Identify common parts used in the system

· Describe maintenance procedures

Pump Tests

Name ______________________
Lab Day ______________________
Purpose -- to be able to test a pump and understand the factors related to pumping plant performance and costs.
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Part I – Pump Discharge Curves

Divide into three groups.  Each group will organize data collection and record data for a pump.  The group will develop a pump discharge curve for one of the pumps in the ITF then share the data with the rest of the class.  Determine what instruments and methods you will use to measure the flow and pressure.  Explain each method and instrument to the class.   Make your measurements carefully.
Procedure:

1. Review the ITF facilities.

2. Close both head gates.  

3. Run the pump until the water level in the tank equalizes.

4. Determine the Pumping Water Level (PWL) in feet and record.  PWL is distance from water to center of discharge.

5. Record the pressure and flow at 5 different flows: 20% of maximum, 40% of maximum, 60% of maximum, 80% of maximum and maximum flow.  Record the input power in Kw from the meter on Pump #2.  
6. Calculate the Total Dynamic Head (TDH) in feet and Whp.

7. Calculate the Input Hp and overall efficiency (pump #2).
8. Graph TDH vs. Flow of the resulting data for ALL three pumps (see sample graph).

Pump Test #2:
Pump Type:  ____________________
Pump Nameplate HP: __________________

	PWL (in)
	Pressure 
	Pressure Units
	TDH (ft)
	Flow (GPM)
	Whp
	Kw
	Input Hp
	Efficiency

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Pump Test #4:
Pump Type:  ____________________
Pump Nameplate HP: __________________

	PWL (in)
	Pressure 
	Pressure Units
	TDH (ft)
	Flow (GPM)
	Whp
	Kw
	Input Hp
	Efficiency

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	


Pump Test #3:
Pump Type:  ____________________
Pump Nameplate HP: __________________

	PWL (In)
	Pressure 
	Pressure Units
	TDH (ft)
	Flow (GPM)
	Whp

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	


Part II – The Effect of PWL Changes

1. Run Pump #2 and note the average flow and PWL.

2. Open the head gate to the North Channel and fill the channel (install weir boards).  Let the flow stabilize.

3. Record the flow and PWL

	
	PWL (feet)
	Flow (GPM)

	Start
	
	

	End
	
	

	Difference
	
	


Part III – VFD 

Observe the operation of the variable frequency drive effect on flow and input power.  Note how the frequency (hertz) effects motor speed.   Pick a midrange flow in Pump Test #2 and adjust the flow with the VFD instead of the valve.  Compare the input power (Kw).
Part IV -- Energy Costs

Pump #2 will operate at maximum flow for 20 hours per day (18 off peak, 2 peak) for 18 days in May.  Assume Calculate the cost (PG&E Agricultural Rates, AG4A, see table below)

	The KW at maximum flow:
	

	
	Peak
	Off-Peak

	The hours operated = days x hours/day
	
	

	KWH = kw x hours
	
	

	
	Cost/Unit
	Quantity
	Total $

	Customer charge 
(Daily for each day of the month)
	$                        
	
	

	Demand charge 
(Monthly, based on the nameplate HP)
	$                    
	
	

	Peak Energy charge (Per kWh) 
	$                   
	
	

	Off Peak Energy charge (Per kWh) 
	$                   
	
	

	Total power charge for May
	


Questions:

Complete your report by answering the following questions.   The complete lab will contain the data sheets, your report, and attachments (listed in the lab.)
1. Describe be relationship of pump TDH to flow measured in this lab.

2. At what flow is pump test #2 most efficient? 

3. How does the pump efficiency effect pump selection?

4. What do you observe in part II (PWL effects) and why?

5. Compare controlling flow with the VFD to controlling flow with a valve.

6. If all pumping was done “Off Peak” how would this effect pumping costs for May? 
7. To pump only “Off Peak” how would you change your pumping assuming you still need to pump the same amount of water. 

Terms:

	Input horsepower (ihp)
	In terms of electric motors the amount of energy provided to the motor (kWh), in terms of engine driven pumps the amount fuel (Btu/hr).  Input energy is converted to hp.

	Brake horse power
	The horse power measured at motor or engine shaft.  This value is obtained by laboratory testing and can be estimated using data from motor or pump manufacturers. 

	Water horsepower (Whp)
	The energy in moving water. 

	Draw Down
	The lowering of the water level in a well due to pumping.  

	Kilowatt
	A unit of electrical energy

	Kilowatt-hour
	A unit of electrical work (energy use over time).

	Horsepower
	A unit of mechanical energy.  33,000 foot pounds/minute.  Developed by James Watt the inventor of the steam engine to describe the steam engine power equivalent of horses.  

	Pumping water level (PWL)
	Level of the water in the well to the surface.


Useful Formulas and Information:
Overall efficiency = water hp ÷ input hp

Overall efficiency = motor efficiency X pump efficiency

Motor efficiency = brake hp of motor ÷ input hp

Pump Efficiency = water hp ÷ brake hp of the motor
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Flow (GPM) = cfs X 448.8
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1 psi=2.31 feet

PG & Rate Schedule AG-4A (1/1/18)

	Customer Charge
	Season
	Time of Use Period
	Demand Charge (per hp connected load per month)
	Total Energy Charge ($/kWh)

	$0.57400/day  plus  Meter charge of $0.22341/day 
	Summer
	On-Peak
	-
	$0.44533

	
	
	Part-Peak
	-
	-

	
	
	Off-Peak
	-
	$0.19555

	
	
	Connected Load
	$8.12 
	-

	
	Winter
	Part-Peak
	-
	$0.20231 

	
	
	Off-Peak
	-
	$0.16408 

	
	
	Connected Load
	$1.23
	-


Winter=Nov.-April, Summer=May-Oct.
Summer Peak=12:00-6:00PM

Winter Partial Peak=8:30AM-9:30PM

Key Concepts:

· How pumping efficiencies are measured. 

· How Time of Use Water rates effect pumping.  

· Concepts of zones, start times, etc.

· Common programming of controllers to meet crop water requirements
Notes:

Introduction to Irrigation Scheduling and Determining Crop Water Requirements

Name ______________________
Lab Day ______________________
Purpose:  To practice gathering data used for scheduling and to create a sample water budget.  Crop water requirements are also needed for system design.

Using the tools found on the web site http://www.wateright.net under References|Ag Crop Factors compute the Etc for grapes, almonds, alfalfa, and corn (grain) using the Durham and Fresno weather stations. 

Crop Water Requirements Procedure:

Terms:  ETo = ET for pasture, Kc = Crop Coefficient, ETc = Crop ET

1. Get the weekly Kc from the Wateright site (Find Crop Coefficients (Kc) For Ag Crops).  Use the defaults (no cover crop).  Record on your data sheet or in the Excel template provided. For example:

	Grapevines
	
	
	

	For Week Ending
	Average Kc for Week
	For Week Ending
	Average Kc for Week

	4/7/2018
	0.47
	7/21/2018
	0.79

	4/14/2018
	0.51
	7/28/2018
	0.79

	4/21/2018
	0.56
	8/4/2018
	0.79

	4/28/2018
	0.60
	8/11/2018
	0.79

	5/5/2018
	0.65
	8/18/2018
	0.79

	5/12/2018
	0.69
	8/25/2018
	0.79

	5/19/2018
	0.74
	9/1/2018
	0.79

	5/26/2018
	0.78
	9/8/2018
	0.79

	6/2/2018
	0.79
	9/15/2018
	0.76

	6/9/2018
	0.79
	9/22/2018
	0.70

	6/16/2018
	0.79
	9/29/2018
	0.65

	6/23/2018
	0.79
	10/6/2018
	0.59

	6/30/2018
	0.79
	10/13/2018
	0.53

	7/7/2018
	0.79
	10/20/2018
	0.47

	7/14/2018
	0.79
	10/27/2018
	0.42


2. View the daily ET from the CIMIS Web Site:
http://www.cimis.water.ca.gov/ for Durham (Station 12) for the 4/1 to 11/1 (past year).
login: mspiess1 password: mikes  Print the first page and attach to the lab. 

3. Download the Crop Water Requirement spreadsheet from course website.  The data is an historical average extracted from CIMIS for Fresno and Durham.  Create a water budget for Grapevines by adding the Kc from above.  Align the weeks as closely as possible.  Etc=ETo X Kc  Hint:  You can cut and paste the Wateright table in to the spreadsheet (somewhere to the right), then copy the values into the spreadsheet. 

4. On your own create a water budget for Almonds, Corn, and Alfalfa using Wateright crop factors (using default plant and harvest dates) and the historical data above.  Attach these to your lab. Hint:  Make a copy of the grape spreadsheet for each crop. 

Key Concepts:

· Be able to define ETo, ETc, and Kc.

· Use of ET and Kc to determine crop water needs.

· Sources of ET data.
Questions:

(Type and attach.)
1. For grapes determine the water needs for June, July, and August.

	
	Fresno Budget Etc (in.)

	June
	

	July
	

	August
	


2. For each crop and location which week has the highest Etc?
	Crop
	Durham Week
	Fresno Week

	almonds
	
	

	alfalfa
	
	

	corn (grain)
	
	


3. Graph the almond, corn, and alfalfa Kc (see example below) and attach.  Explain why each curve is a different shape. 
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4. Assuming no rainfall, leaching, and 80% irrigation efficiency, how many acre feet will be required to irrigate 40 acres each of almonds and corn in Fresno and Durham?  Acre Feet = Etc (in ft.) ÷ 12 in/ft X Acres / Efficiency

	Crop
	Durham af
	Fresno af

	almonds
	
	

	corn (grain)
	
	


Irrigation Scheduling – Part 1
Name ______________________
Lab Day ______________________
Purpose:  To track and compare an ET model with soil moisture. (20 + 30=50 points).  See Blackboard for Part II due date. 

Resources:  Weather station in F-4 almond orchard, CIMIS, Excel spreadsheet, and crop factors published on www.wateright.net.

Begin on:  _________________________   Assume profile is full as of this date. 

Soil Type: ________________________   AWHC:  _____________inches/foot

Procedure:
1. Download the Excel spreadsheet.

2. Enter your name, the Soil Type, AWHC, RZ, Crop, Target MAD (50%), and Starting date.  Assume a 4’ RZ. 

3. Lookup and enter the Crop Factors (Kc) on wateright.org using the default values.

4. Enter the starting AW in the first cell in the column. 

5. Enter the ETo data from CIMIS.  

6. Enter any rainfall.

7. Compute the irrigation based on the logged runtime (see reading table) and the following formula:
Application (in) = runtime (hrs) * .10 in/hr (PR) * .90 (efficiency)

8. Turn in the parts of the assignment on the due dates. 

Part I (20 points)

Turn in this sheet, the partially completed spreadsheet next week, and the questions.

Questions:

Answer the following questions as they relate to the spreadsheet (see spreadsheet formulas and then describe):

1. How is ETc calculated?

2. How is AW calculated?

3. How is leaching calculated? 

Key Concepts:

· How crop water requirements and irrigation schedules are calculated from ET data.

· How to determine when to irrigate using ET data.

· How to evaluate irrigation practice to soil moisture and ET models
Notes: 

Irrigation Scheduling – Part 2

Name ______________________
Lab Day ______________________
Purpose:  To track and compare an ET model with soil moisture. (20 + 30=50 points).  See the Blackboard for Part II due date. 

Resources:  Weather station in F-4 almond orchard, CIMIS, Excel spreadsheet, and crop factors published on www.wateright.net.

Due on:  _________________________   

Procedure:

Use the spreadsheet you started in Part 1. 

Complete the spreadsheet up to the due date using the same data sources you used in Part 1.

Part II (30 points)

Turn in this page, the completed spreadsheet, and the chart found in the spreadsheet.  
Questions: 

1. What and when was the largest depletion?

2. What was the longest irrigation runtime?

3. Was there leaching indicated by the spreadsheet?

4. Was there leaching indicated by the soil moisture sensors (look at the depths below the root zone.  

5. How well did the ET schedule track the soil moisture? Look at the soil moisture sensors in the RZ.

6. How does changing AWHC change your scheduling model? 

7. What recommendations would you make to the irrigator? 

Notes:

Ag Drip/Micro System Audit

Name ______________________
Lab Day ______________________
Purpose:  To determine how to test an agricultural drip or micro system for uniformity under field conditions.  

Directions: 

Work in assigned groups to collect the system data and a portion of the catchment data.  

Share your catchment data with the class.  

Individually complete the calculations and audit reports.  Use your text as a reference as needed. 

Before starting the audit make any obvious corrections (like plugged screens).  System flushing might be a good idea.

Lab Write-up:

Complete a typed audit report detailing the following and attach to the lab sheet.  Be descriptive and concise.  

· A general description of the location, crop, date/time of audit, and irrigation system.  Locate the field and water source on the attached map. 
· The condition of the system (plugged or missing emitters/sprinklers, etc.).  Both before and after any corrections. 

· Basic data like water source, inlet pressure, pump pressure, pump flow, average flow, etc. (from your data sheet)

· Include a specification sheet for the outlet (from web). 

· The results of or your uniformity test and how it compares to industry standards.  If the system is below industry standards, a recommendation to improve system performance. 

· Report the calculated precipitation rate and how it should be used with the DU to calculate runtime. 

· Attach the catchment data sheet and system diagram.  

Write the report like you are giving to a grower whose system you audited.  Data should be presented in an easy to understand format.   Use the format provided on the web site (under lab section)

Key Concepts:

· What data is needed for a complete audit

· Collect and analyze drip audit data. 

· Compare results to standards.
· Calculate a PR and use it in your report. 

· Apply hydraulic knowledge to audit observations

· Troubleshoot problems (if any).
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Drip Systems 

Materials:

Graduated Cylinders

Pressure Gauge / Goof Plugs

Tape

Stop watch

Procedure:

1. As a group determine how you will conduct the audit. 

1. Flush the system if necessary and then allow the system to fill before testing.

2. Determine how the system laterals, sub mains, and main lines are laid out.  Diagram the layout using a straightedge (sketch on paper first).  
3. Select laterals at the start of the sub main, ¼, ½, ¾, and end of the sub main.   Note:  on a small system you may collect every lateral. 
4. Capture flow at start of the lateral, ¼, ½, ¾, and end using a graduated cylinder.   Agree on a time and use the same time for all tests.  Ideally you will fill the graduated cylinder about ½ full during the test.  

	Flow
	Ml/min

	½ GPH
	32

	1 GPH
	63

	2 GPH
	126


5. Sample 2 emitters  at each location.  Note any anomalies (like a plugged emitter).  Indicate these locations on your diagram.  (50 readings)
6. Measure the pressure at the end of farthest lateral(s) and the closest lateral (to the mainline) using the pressure gauge.  Note the pressures in your notes. 
Micro Systems
Materials:

Lg graduated cylinders or pitchers

Pressure Gauge / Goof Plugs

Tape

Stop watch

Procedure:

1. Check the lateral screens, and flush the system if necessary and then allow the system to fill before testing. 
2. Determine how the system laterals, sub mains, and main lines are laid out.  Diagram the layout using a straightedge (sketch on paper first).  (Hint:  use google maps to see shape of field.)

3. Develop an audit plan by:

a) Selecting laterals at the start of the sub main, ¼, ½, ¾, and end of the sub main.   

b) Select sprinklers at the start of the lateral, ¼, ½, ¾, and end.

4. Show your audit plan to the instructor and have the system turned on. 
5. Using a graduated cylinder sample one micro sprinkler at each location.  Note any anomalies (like a plugged sprinkler).  Indicate these locations on your diagram. 

6. Measure the pressure at the end of farthest lateral(s) and the closest lateral (to the mainline) using the pressure gauge.  Note the pressures in your notes. 

Field Data:

Crop: ______________
Plant Spacing: ____________________  Field: _______

Emitter/Sprinkler Model: _________________________  Nominal Flow: ___________  
Emitters or Sprinklers/Plant: _____

Number of Laterals: _____________  Lateral type/size: ________________/______________ 

Pressure:  Low: __________   High: ___________  (Note locations on diagram)

Water Source: _______________________________

Pump Pressure: ____________   Pump Flow (if known): ______________

Analysis (from data):

Use the online tool (on the website) to analyze the data.   You should know how to calculate on your own.  
Average Flow (GPH): __________ (average catch converted to GPH)
Precipitation rate (in/hr): ___________  (use spacing of the trees/vines)) 

Average Flow of the low quarter (GPH): _______     D.U.: _______

1gal = 3785 ml=128 oz. 
Field Notes:

System Diagram (map)
 (Show where samples will be taken or catchments placed. Include pressure sample locations.)
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Data:
	
	Location 
(row & position) 
	Collection
(30 sec)
	Flow (GPM)

	1. 
	
	
	

	2. 
	
	
	

	3. 
	
	
	

	4. 
	
	
	

	5. 
	
	
	

	6. 
	
	
	

	7. 
	
	
	

	8. 
	
	
	

	9. 
	
	
	

	10. 
	
	
	

	11. 
	
	
	

	12. 
	
	
	

	13. 
	
	
	

	14. 
	
	
	

	15. 
	
	
	

	16. 
	
	
	

	17. 
	
	
	

	18. 
	
	
	

	19. 
	
	
	

	20. 
	
	
	

	21. 
	
	
	

	22. 
	
	
	

	23. 
	
	
	

	24. 
	
	
	

	25. 
	
	
	

	26. 
	
	
	

	27. 
	
	
	

	28. 
	
	
	

	29. 
	
	
	

	30. 
	
	
	




	

	Location 
(row & position) 
	Collection
(30 sec)
	Flow (GPM)

	31. 
	
	
	

	32. 
	
	
	

	33. 
	
	
	

	34. 
	
	
	

	35. 
	
	
	

	36. 
	
	
	

	37. 
	
	
	

	38. 
	
	
	

	39. 
	
	
	

	40. 
	
	
	

	41. 
	
	
	

	42. 
	
	
	

	43. 
	
	
	

	44. 
	
	
	

	45. 
	
	
	

	46. 
	
	
	

	47. 
	
	
	

	48. 
	
	
	

	49. 
	
	
	

	50. 
	
	
	

	51. 
	
	
	

	52. 
	
	
	

	53. 
	
	
	

	54. 
	
	
	

	55. 
	
	
	

	56. 
	
	
	

	57. 
	
	
	

	58. 
	
	
	

	59. 
	
	
	

	60. 
	
	
	


Water Flow Measurement

Name ______________________
Lab Day ______________________
Purpose:  To understand the basic of measuring water in open channels and pipe lines.  Learn how velocity changes with flow and area.  To connect hydraulic principles to open channel water flow. 

Tools & Equipment: 

1 pint water bottle

Stop watch

100’ tape

Steel Tape

3-Rules (.01 feet)


Sontek FlowTracker (check batteries)

Staff

Global Water Meter

Collins Gauge (demo only)

We will measure open channel water flow using the following methods:  Replogel Flume, Trapezoidal weir, float method, a free flowing weir, and a Doppler meter.  We will measure pipe flow using a propeller meter and a magnetic meter. 

Useful Information

449 gpm = 1 cubic foot per second (cfs)

Pipe Cross-section Area=π (ID/2)2
Q(flow in cfs)=V (F/S) x A (square feet), V=Q / A

Percent Difference = 1-(Q / Q mag)

Notes:

Part I – Whole Class 

Review the setup of the canals where you will be taking measurements.
Pipe Line Meters

Review the meters found at the ITF.  Identify each by type. Many meters require positioning with 10 clear pipe diameters before the meter and 5 diameters after.  Like all velocity measurements the cross-section area must be known accurately to compute an accurate flow.  Using a tape measure compute the diameters up and down stream of the meters.

	Determine the Make/model number of the large Mag Meter. 
	

	Determine the inside diameter (ID) of the meter (pipe): 
	                           in.                                        ft.

	Compute the area of the pipe: 
	ft2

	Compute the velocity in the pipe at 1400 GPM. 
	F/S


Meter site:  Record the upstream and downstream diameters of straight pipe.  Compare to specifications for this meter. 

	Measured
	Specifications

	Diameters Upstream
	Diameters

Downstream
	Diameters Upstream
	Diameters

Downstream

	
	
	
	


Velocity Measurement in a Channel

Measure the canal width and record below:

Canal width ________________ (ft)

Change the water depth at a constant flow.   What happens to the velocity (use a bottle to demonstrate).
Turnouts (Meter Gate)
Turnouts are a common method of delivering water to the grower.  Observe the turnout under various conditions.
1. Fill the canal and open the turnout using the meter gate.  Adjust the downstream valve to provide about a foot of back pressure.  Read the flow on the Mace Meter.  Observe the stilling wells of the meter gate.  Determine the flow using the table (reference in this manual).
2. Without changing the meter gate opening, remove the downstream pressure.  How does the meter gate reading change?  

3. Reset the back pressure then remove three boards from the weir (lowering the canal pressure. Observe the flow again. 
Part II – In Groups

Divide into groups and each group will make a different type of measurement at a fixed flow and explain to the class and share the data you collected, then we will change the flow.  and each group will do a different measurement and share that data.  Each student is responsible for their own calculations and understanding how each measurement is made.

Record the magnetic meter flow and compare to the measured open channel flow in all cases by dividing the open channel flow by the mag meter flow. 

Group #1

Replogel Flume

Flumes are calibrated restrictions to flow to back up water.  This increased water height is related to the flow and flow can be measured directly on a calibrated gauge or stage (height) can be measured in feet and converted to flow using a table.  Make sure the flume is not submerged when taking a measurement. 

1. Place 4 boards in the weir at the end of the channel and turn on Pump #2 (full flow).  Allow the water level in the canal to stabilize.

2. Observe the Replogel flume before water is flowing.  Draw a sketch of the flume from the side.  Indicate which is the upstream side and where the calibrated gage is located.

3. Record the flow in the table below and calculate the Replogel flume as a percent of the flow as measured by the mag meter.

	
	Replogel (cfs)
	Replogel (GPM)
	Mag Meter (GPM)
	Percent

	Flow #1
	
	
	
	

	Flow #2
	
	
	
	


Sluice Gate
1. Close the gate and mark the gate stem.  Open the gate and measure the offset of the mark to the current position (ex. 0.5 feet).  Determine the width of the gate (less than the canal width). 

2. Using a measuring stick measure the difference in head on both sides of the gate. Note:  Adjust the gate so the head difference is at least 2”.   This may affect the Replogel flume. 
[image: image21.emf]Head


Q = 8.02 ( C ( A ( H0.5
Where L = width of the weir at the bottom (crest) in feet

H = difference in the height of the water in feet 
A = Opening area in square feet 
C = constant of 0.65 
Q is flow in cfs

	Flow
	Width (ft)
	Opening (ft)
	Upstream Height (ft)
	Down-stream Height (ft)
	Area (ft2)
	Head (ft)
	cfs
	GPM
	Mag Meter (GPM)
	Per-cent

	#1
	
	
	
	
	
	
	
	
	
	

	#2
	
	
	
	
	
	
	
	
	
	


Rectangular weir

1. Install the weir boards at the end of the canal (about 5).

2. Measure the flow using the CalPoly Weir Stick by placing the stick on the top of the boards in the middle of the weir.   The reading should be the highest level of water observed on the rule.  It may help to cover the wet rule in dust then see what has “washed” away.  Record your readings in the table below. 

	Flow
	Stick Reading
	Weir Width (ft)
	cfs       
	GPM      
	Mag Meter
(GPM)
	Percent

	#1
	
	
	
	
	
	

	#2
	
	
	
	
	
	


The flow can also be calculated by measuring the head above the weir (like Cipolletti).  You would use the formula: 
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Where L = width of the weir at the bottom (crest) in feet

H = height of the water in feet
Trapezoidal (Cipolletti) weir
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Measure and install the trapezoidal weir.  Draw the dimensions of the weir below.  The side slope of the weir is 4:1

2. Measure the height of the water above the weir (at 4x the height of the water over the weir) and compute the flow using the following formula 
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Where L = width of the weir at the bottom (crest) in feet

H = height of the water in feet

Record your data in the table below:

Width of the weir (ft): 

	Flow
	H
	cfs
	GPM
	Mag Meter (GPM)
	Percent

	#1
	
	
	
	
	

	#2
	
	
	
	
	


Group #2

Float Method (bottle)

1. Using chalk, mark a 25-50 foot section of the canal.  

2. Draw the canal cross-section below and compute the area (of the water) for each flow. 

3. Fill the bottle about 2/3 full of water so it will still float, but will be mostly submerged.  

4. Using a stop watch, time the transit time of the bottle over the 25-50 foot section.  Do the measurement twice for each flow and average the times (t).  Since the surface velocity is greater then the average velocity in the channel use the following formula to correct for this condition:
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Compute the velocity and then the flow using the table below.   

Canal Width (ft): ______________

Distance (ft): ______________

	Flow
	Depth
(ft)
	t1
	t2
	Avg t
	Area
(sq ft)
	Vel. (ft/s)
	Flow (cfs)
	Flow (GPM)
	Mag Meter (GPM)
	Percent

	 #1
	
	
	
	
	
	
	
	
	
	

	#2
	
	
	
	
	
	
	
	
	
	


Group #3

Sontek FlowTracker meter

1. The current meter is used to measure the velocity in a section of the open channel.  The velocity is multiplied by the area of the measured section to determine flow for that section. 

2. Measure the depth of the water at each station.  Choose an area for measurement where the channel is straight and there are no nearby obstructions.

3. Measure the velocity at .2, .8 of the water depth, or if the water is too shallow take one reading at .6 of the water depth.  For this lab we will measure at .6. 

4. Take measurements at 1/6, 3/6, and 5/6 of the canal width (station locations). Add your flow readings to obtain a total flow. 

	Flow
	Stn

No.
	Stn (in)
	Water Depth
	Depth
	Velocity
	Area
	Flow (cfs) 
	Flow (GPM)
	Mag Meter (GPM)
	Percent

	#1
	1
	
	
	.6
	
	
	
	
	
	

	
	2
	
	
	.6
	
	
	
	
	
	

	
	3
	
	
	.6
	
	
	
	
	
	

	
	Total
	
	
	
	
	
	
	
	
	

	#2
	1
	
	
	.6
	
	
	
	
	
	

	
	2
	
	
	.6
	
	
	
	
	
	

	
	3
	
	
	.6
	
	
	
	
	
	

	
	Total
	
	
	
	
	
	
	
	
	


Draw a cross-section of the canal and indicate where you took your readings.  Show dimensions. 

Questions:

Complete your report by answering the following questions.  (Questions can be downloaded on the web site.).  The complete lab will contain the data sheets, your report, and attachments (listed in the lab.)
1. Assuming that the magnetic meter is the most accurate, how do the various measurement methods compare?  Which was most accurate?  Which was easier to do?  If the standard is 5% or less error which methods met this standard?  
2. Why does the water rise in a canal when the flow increases?  Think about what you observed on at the trapezoidal weir. 
3. Why is the headloss of a weir or a flume a possible problem in a delivery system?  
4. How does changing the water level in a canal change to flow in a turnout?  Consider the metergate.  
Notes:

Key Concepts:

· Compute flow based on area and velocity using common methods
· Identify common weirs by shape

· Compute flow based on head measurement for different shaped weirs and flumes

Surface Irrigation

Name ______________________
Lab Day ______________________
Purpose:  To understand the factors related to uniformity and surface irrigation.  This lab will use furrow irrigation as a common example.

Materials:

Laser Level & Rod

100’ tape

Gated pipe

Soil Probes

Shovels

Flags

Stake and tubing to measure head

We will look at the following factors: flow rate and runoff.  We will control flow rate by opening some gates all the way and some 1/2 way.  Fields without an outlet (no run off) will be simulated by blocking the furrows.  

Furrow length: _______  (determine in the field)

Procedure:

1. Setup the gated pipe.

2. After the water is set use the level to measure the slope of the field.

3. Set gates for each treatment, four furrows per treatment.

4. Block furrows to simulate blocked ends in two of the treatments.

5. Record the water advance distance and time in each furrow.

6. Start water and run until it reaches an average of ¾ of the way to the blocked ends then cut off the water in those furrows.  

7. Allow the unblocked furrows to reach 100% of the distance, then cut off. 

8. Measure the distance and time as the water recedes in the furrows (after cutoff). 

9. After the water has receded, measure the depth of irrigation (this is really better done the next day, but we will try it this way) at the beginning, 1/3, 2/3, and end of TWO of the furrows. 

10. Graph your data as directed.  See sample below.

[image: image25.emf]Furrow Irrigation Treatment #1
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Advance Rates

Record the advance rate of the water in each furrow by marking with a flag then measuring the distance.

	Treatment
	
	Furrow Advance (ft)

	
	Min. from start
	1
	2
	3
	4
	Avg

	Flow 1
Blocked
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Flow 2
Blocked
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Flow 1
Open
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Flow 2
Open
	0
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Advance Observations:

Compute the average advance (ft) and graph the advance rate (see sample) for each treatment.

Recession Rates

Record the recession rate of the water in each furrow by marking with a flag then measuring the distance.

	Treatment
	
	Furrow Recession (ft)

	
	Min. from start
	1
	2
	3
	4
	Avg

	Flow 1
Blocked
	
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Flow 2
Blocked
	
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Flow 1
Open
	
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	Flow 2
Open
	
	0
	0
	0
	0
	0

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


Recession Observations:

Compute the average recession (ft) and graph the recession with the advance (see sample) for each treatment.

Soil Irrigation Depth

Using a soil probe measure the depth of irrigation.  

	Treatment
	Furrow
	Depth in inches at % of Furrow Length

	
	
	0%
	33%
	66%
	100%
	Avg

	
	
	0 ft.
	ft.
	ft.
	ft.
	

	Flow 1
Blocked
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	Avg
	
	
	
	
	

	Flow 2
Blocked
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	Avg
	
	
	
	
	

	Flow 1
Open
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	Avg
	
	
	
	
	

	Flow 2
Open
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	Avg
	
	
	
	
	


Observations:

Compute the average depth (ft) and graph the average depth at each distance for each treatment (x axis=feet, y axis=depth.

Key Concepts:

· Describe advance and recession.

· Understand the relationship between flow and advance rates.

· Describe the relationship of irrigation uniformity to advance and recession rates. 
Notes:

References
Sprinkler Testing and Auditing Formulae

Round Catchment Area

Area (square inches)=π R2
Precipitation Rate (PR)

Sprinkler Test From Catchments: PR=(ml x 3.66)/(min. x catchment area)
Audit: PR=(GPM x 96.3) / Spacing (square feet) or PR=(GPH x 1.60) /Spacing (square feet)
Irrigation Depth from Catchments
Depth (in.) =ml x .061 / catchment area

Flow

GPH=(ml / 3785)/(3600/seconds)


GPH=(ml / 3785)/(60/seconds)


GPM=(ounces/128)/minutes


GPM=GPH/60 

Headloss Table

[image: image41.emf]
Sprinkler Performance Charts
Rainbird Mini-Paw
	LG-3/Mini-Paw-07

	Water Pressure
	Radius (Feet)
	Maximum Spacing
	GPM Output
	Precipitation Rate (Inches/Hour)

	20 psi
	33
	39
	1.9
	0.34

	30 psi
	34
	41
	2
	0.33

	40 psi
	36
	43
	2.3
	0.34

	50 psi
	36
	43
	2.6
	0.39

	MG-4/Mini-Paw-09

	Water Pressure
	Radius (Feet)
	Maximum Spacing
	GPM Output
	Precipitation Rate (Inches/Hour)

	20 psi
	36
	43
	2.6
	0.39

	30 psi
	37
	44
	2.8
	0.39

	40 psi
	39
	47
	3.3
	0.42

	50 psi
	41
	49
	3.6
	0.41


Hunter PGJ

[image: image26.emf]
[image: image27.emf]
Waterman Alfalfa Valve

[image: image28.emf]
Hunter PGP/I-20
[image: image29.emf]

Rainbird Falcon® 6504 Standard Nozzle Performance
	Pressure (psi)
	Nozzle
	Radius (ft.)
	Flow (GPM)
	Precipitation (In/h) [image: image30.png]



	Precipitation (In/h) [image: image31.png]A





	30
	4
	39
	2.9
	0.37
	0.42

	
	6
	43
	4.2
	0.44
	0.5

	40
	4
	41
	3.3
	0.38
	0.44

	
	6
	45
	4.9
	0.47
	0.54

	
	8
	49
	6.6
	0.53
	0.61

	
	10
	51
	8.1
	0.6
	0.69

	
	12
	53
	9.7
	0.66
	0.77

	
	14
	55
	11.3
	0.72
	0.83

	
	16
	55
	12.6
	0.8
	0.93

	
	18
	59
	13.7
	0.76
	0.87

	50
	4
	41
	3.7
	0.42
	0.49

	
	6
	49
	5.5
	0.44
	0.51

	
	8
	51
	7.4
	0.55
	0.63

	
	10
	53
	9.1
	0.62
	0.72

	
	12
	55
	11
	0.7
	0.81

	
	14
	59
	12.7
	0.7
	0.81

	
	16
	61
	14.3
	0.74
	0.85

	
	18
	59
	15.4
	0.85
	0.98

	60
	4
	41
	4
	0.46
	0.53

	
	6
	47
	6
	0.52
	0.6

	
	8
	51
	8.2
	0.61
	0.7

	
	10
	55
	10
	0.64
	0.73

	
	12
	57
	12.2
	0.72
	0.83

	
	14
	61
	14
	0.72
	0.84

	
	16
	63
	15.7
	0.76
	0.88

	
	18
	63
	17.1
	0.83
	0.96

	70
	4
	41
	4.4
	0.5
	0.58

	
	6
	49
	6.3
	0.51
	0.58

	
	8
	51
	8.9
	0.66
	0.76

	
	10
	57
	10.8
	0.64
	0.74

	
	12
	59
	13.2
	0.73
	0.84

	
	14
	61
	15.2
	0.79
	0.91

	
	16
	63
	16.9
	0.82
	0.95

	
	18
	65
	18.3
	0.83
	0.96

	80
	4
	43
	4.6
	0.48
	0.55

	
	6
	49
	6.9
	0.55
	0.64

	
	8
	53
	9.4
	0.64
	0.74

	
	10
	55
	11.6
	0.74
	0.85

	
	12
	61
	14
	0.72
	0.84

	
	14
	61
	16.2
	0.84
	0.97

	
	16
	63
	18.1
	0.88
	1.01

	
	18
	65
	19.6
	0.89
	1.03

	90
	18
	65
	21.7
	0.99
	1.14


Precipitation Rates based on half-circle operation. 
[image: image32.png]


Square spacing based on 50% diameter of throw. 
[image: image33.png]A



Triangular spacing based on 50% diameter of throw.
Performance data collected in zero wind conditions
Distribution Uniformity Standards

For field measured DUs.  Design DU should be higher.  Note: This is a guide and different sources will 
	Method
	Excellent
	Very Good
	Good

	Micro Spray
	.80
	.70
	.60

	Drip-Non compensating
	.80
	.70
	.65

	Drip-Compensating
	.95
	.90
	.85

	Spray
	.75
	.65
	.55

	Rotor/Impact Sprinkler
	.80
	.70
	.65


Source: Water Use Efficiency for Irrigated Turf and Landscape.  Geoff Connellan 2013
Mag Meter Specifications

Micrometer Ultra Mag UM-06

Pipe Diameters: For proper accuracies any 90 or 45 degree elbows, valves, partially opened valves etc. should be placed not closer than one pipe diameter upstream and zero pipe diameters downstream.
Accuracy: (under reference conditions): ±.5% of actual flow from .2 to 32 FPS 
Head Loss: None. No obstruction in line and no moving parts. 
Pressure Range: 
150 PSI maximum working pressure (UM06) 
300 PSI maximum working pressure (UM08) 
Sensor Temperature Range: 
Operating: -10 to 77°C (14 to 170°F) 
Storage: -15 to 77°C (5 to 170° F) 
Conductivity: Liquids and slurries having a conductivity of not less than 5μS/cm (5μmho/cm). For slurry applications please contact the factory for special converter programming. 
Unit Conversions
	Area and Distance
	

	1 Acre
	=43560 sq. ft.

	1 mile 
	= 5280 ft

	Weight and flow units
	

	1 ml 
	= .06 cu inches

	1 gallon (gal)
	= 231 cubic inches (in3)

	
	= 0.13368 cubic feet (ft3)

	
	=3785 ml

	
	=128 ounces

	1 gallon of water weighs
	= 8.345 pounds (lb)

	1 million gallons (mg)
	= 3.0689 acre-feet (ac-ft)

	
	= 133,700 cubic feet (ft3)

	cubic foot water
	= 1728 cubic inches (in3)

	
	= 7.48 gallons

	1 cubic foot of water weighs
	= 62.4 pounds (lb)

	1 acre-foot (ac-ft)
	= amount of water to cover 1 acre 1 foot deep

	
	= 43,560 cubic foot (ft3)

	
	= 325,850 gallons

	
	= 12 acre-inches (ac-in)

	1 acre-inch per day (ac-in/day)
	 = 18.7 gallons per minute (gpm)

	1 million gallons (mg)
	= 3.0689 acre-feet (ac-ft)

	1 million gallons per day (mgd)
	= 1.547 cubic feet per second (ft3/s),

	
	= 695 gallon per minute (gpm)

	1 cubic foot per second
	= 448.83 (typically rounded to 450) gallons per minute (gpm)

	
	= 7.48 gallons per second

	
	= 0.646 million gallons per day (mgd)

	
	= 0.992 (typically rounded to 1) acre-inch per hour (ac-in/hr)

	
	= 1.983 (typically rounded to 2) acre-feet per day (ac-ft/d)

	
	= 40 miners inches (11.25 gpm)—AZ, CA, MT, NV, OR

	
	= 50 miners inches (9 gpm)—ID, KA, NE, NM, ND, UT

	
	= 38.4 miners inches—CO

	Pressure units
	

	1 atmosphere (1 bar)
	= 14.697 pounds per square inch (lb/in2)

	
	= 2116.3 pounds per square foot (lb/ft2)

	
	= 33.93 feet of water

	
	= 29.92 inches of mercury

	1 pound per square inch (psi)
	= 144 pounds per square foot

	
	= 2.31 feet of head of water

	1 pound per square foot
	= 48 Pa = .0048 kPa

	1 foot head of water (ft)
	= 0.433 pounds per square inch

	
	= 0.0295 atmospheres (bars)

	Energy units
	

	1 hp
	= 0.746 kw

	1 kw
	= 1.3405 hp
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Water Measurement Units
and Conversion Factors

Delbert Schwab

Extension Irrigation Specialist

Irrigation water management begins with knowingthe quantity
of water available. The purpose of this publication is to provide
basic information on water measurement units and convenient
conversion factors. Sometimes one will want to know only the
volume of water used; while, at other times one will want to
know the rate of flow. Conversion factors simplify changing
from one unit of measurement to another.

Water Measurement Units

There are two conditions under which water is mea-
sured—water at rest and water in motion. Water at rest is
measured in units of volume. Water in motion is measured
in units of flow— unit of volume for a convenient time unit. It
is important that the difference between a unit of volume and
a unit of flow be kept in mind.

Volume Units

Water at rest; i.e., ponds, lakes, reservoirs, and in the
soil, is measured in units of volume — gallon, cubic foot,
acre-inch, and acre-foot.

Cubic Foot - The volume of water that would be held in a
container one foot wide by one foot long by one foot
deep.

Acre-Inch - The volume of water that would cover one acre
(43,560 square feet) one inch deep.

Acre-Foot - The volume of water that would cover one acre
one foot deep.

Flow Units

Water in motion; i.e., flowing in streams, canals, pipe-
lines, and ditches, is measured in units of volume per unit of
time—gallons per minute (gpm), cubic feet per second (cfs),
acre-inches per hour and acre feet per day. Cubic feet per
second, sometimes written second-feet (sec. ft. or cusec) is
most commonly used for measuring flow of irrigation water
moving by gravity from streams and reservoirs. Gallons per
minute is most commonly used for measuring flow from
pumps.

Cubic foot per second - The quantity of water equivalent to
a stream one foot wide by one foot deep flowing with a
velocity of one foot per second.

Gallon per minute - The quantity of water equivalent to a
stream which will fill a gallon measure once each minute
of time.

Oklahoma Cooperative Extension Fact Sheets
are also available on our website at:
http://osufacts.okstate.edu

Aflow of one cubicfoot persecond is approximately equal
to either 450 gallons per minute, one acre-inch per hour, or
two acre-feet per day (24 hours).

List of Equivalents

The following equivalents are useful for converting from
one unit to another and for calculating volumes from flow
units.

Volume Units

One gallon
= 231 cubic inches
= 0.13368 cubic foot weighs approximately 8.33 pounds

One cubic foot
= 1,728 cubic inches
= 7.481 gallons (7.5 for ordinary calculations) weights 62.4
pounds (62.5 for ordinary calculations)

One acre-inch
= 3,630 cubic feet
= 27,154 gallons (27,200 for ordinary calculations)
=/, acre-foot weighs approximately 113.1 tons

One acre-foot
= 43,560 cubic feet
= 325,851 gallons
= 12 acre-inches weighs approximately 1,357 tons

Rate of Flow Units

One gallon per minute

= 0.00223 (approximately '/ _ )
= 0.00221 acre-inch per hour
= 0.00442 acre-foot per (24 hour) day
=1 acre-inch in 452.6 hours (450 for ordinary calculations)

=1 acre-foot in 226.3 days

cubic foot per second

One cubic foot per second

= 448.83 gallons per minute (450 for ordinary calculations)

=1 acre-inch in 1 hour and 30 seconds (1 hour for ordinary
calculations)

=1 acre-foot in 12 hours and 6 minutes (12 hours for ordi-
nary calculations)

=1.984 acre-feet per (24 hours) day (2 acre-feet for ordinary
calculations)

Division of Agricultural Sciences and Natural Resources ¢ Oklahoma State University



[image: image35.jpg]Conversion Table for units of flow.

Cubic Gallons Million Acre-Inches Acre-Feet
Units Feet Per Per Gallons Per Per

Second Minute Per Day 24 Hours 24 Hours
Cubic Feet Per Second 1.0 448.8 0.646 23.8 1.984
Gallons Per Minute 0.00223 1.0 0.00144 0.053 0.00442
Million Gallons Per Day 1.547 694.4 1.0 36.84 3.07
Acre-Inches Per 24 Hours 0.042 18.86 0.0271 1.0 0.0833
Acre-Feet Per 24 Hours 0.504 226.3 0.3259 12.0 1.0

Million gallons per day (mgd)
= 694.4 gallons per minute (695 for ordinary calculations)
= 1.547 cubic feet per second (1.5 for ordinary calcula-
tions)

Using Conversion Table

To use the above conversion table, first locate the know
unit of measurement in the left hand column headed “Units.”
Next, moving to the right, select the appropriate conversion
factor listed under the vertical column with the heading of the
desired unit of measurement.

Example No. 1: A well yielding 750 gallons per minute will
supply how many acre-inches in 24 hours?

Step 1: Locate the line labeled “Gallons Per Minute” in the
left-hand column labeled “Units.”

Step 2: Move to the right along the “Gallons Per Minute” line
and read 0.053 under the column headed “Acre-Inches
Per 24 Hours.”

Step 3: 750 x 0.053 =39.75. The 750 gpm well will yield 39.75
acre-inches in 24 hours.

Example No. 2: How many cubic feet per second are required
to make a 4 inch gross application on 40 acres of land in 72
hours?

Step 1: 40 acres x 4" = 160 acre-inches gross application. The
conversion table shows factors for converting acre-inches
per 24 hours to cubic feet per second. 72 hours + 24 hours
=3 days. 160 + 3 = 53.33 acre-inch per 24 hours.

Step 2: Locate the line labeled “Acre-Inches Per 24 Hours” in
the left-hand column labeled “Units.”

Step 3: Move to the rightand underthe vertical column labeled
“Cubic Feet Per Second” read 0.042.

Step 4: 53.33 x 0.042 = 2.23986. It will require approximately
2/, cfs to apply 4" of water on 40 acres in 72 hours.

Conversion Formulas

The following formulas are handy for computing the
approximate depth of water applied to a field.

Cubic feet per second x hours
acres =acre-inches per
acre, or average
depth in inches.

Gallons per minute x hours
450X acres

=acre-inches per
acre, or average
depth in inches.

Example: What average depth of water would be ap-
plied to an 80 acre field if a farmer pumped 750 gpm for 8
days (pumping 24 hours a day)?

Solution:
Gallons per minute x hours
450X acres

=average depth in
inches.

750 gpm x 8 days x 24 hours/day
450 x 80 =4 inches average
depth.

Irrigation water management does begin with knowing
how much water available and involves some arithmetic.
The most common mistake when working with water mea-
surement units is to accidentally substitute one flow unit or
volume unit for another without proper conversion. Usually
the final answer appears obviously wrong; however, this is
not always true. When checking your arithmetic, also check
the measurement unit to see they are correct.

Oklahoma State Uriversity, in compliance with Title VI and VIl of the Givil Rights Act of 1964, Executive Order 11246 as amended, Title 1 of the Education Amendments of 1972, Americans
with Disabilities Act of 1990, and other federal laws and regulations, does not discriminate on the basis of race, color, national origin, gender, age, religion, disability, or status as & veteran in
any of its policies, practices, or procedures. This includes butis not limited to admissions, employment, financial aid, and educational services

Issued in furtherance of Cooperative Extension work, acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture, Robert E. Whitson, Director of Cooperative Exten-
sion Service, Oklahoma State Unive sity, Stillwater, Oklahoma. This publication'is prrited and issued by Oklafioma State University as authorized by the Vice President, Dean, and Director of
the Division of Agriculiural Sciences and Natural Resources and has been prepared and distributed at a cost of 20 cents per copy. 1103
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Meter Gate

	DISCHARGE DATA

	10" WATERMAN RED TOP CANAL GATES WITH METERING WELLS - MODEL C.10

	Head

in

Inches
	Net Gate Opening in Inches

	
	2
	2 ½ 
	3
	3 ½ 
	4
	4 ½ 
	5
	5 ½ 
	6
	7
	8
	9
	10

	
	Discharge in Feet Per Second

	1
	.31
	.38
	.45
	.50
	.56
	.61
	.68
	.72
	.78
	.87
	.94
	1.00
	1.04

	1 ¼
	.35
	.42
	.50
	.56
	.62
	.68
	.75
	.80
	.86
	.97
	1.06
	1.11
	1.16

	1 ½
	.38
	.46
	.55
	.61
	.68
	.74
	.82
	.88
	.94
	1.06
	1.15
	1.22
	1.27

	1 ¾
	.41
	.50
	.59
	.66
	.73
	.80
	.89
	.95
	1.03
	1.14
	1.24
	1.31
	1.37

	2
	.44
	.53
	.63
	.71
	.78
	.85
	.95
	1.02
	1.08
	1.23
	1.33
	1.40
	1.45

	2 ¼
	.46
	.56
	.67
	.75
	.83
	.90
	1.00
	1.08
	1.15
	1.29
	1.41
	1.48
	1.54

	2 ½
	.48
	.59
	.71
	.79
	.87
	.95
	1.06
	1.13
	1.22
	1.37
	1.48
	1.55
	1.63

	2 ¾
	.51
	.62
	.74
	.83
	.91
	1.00
	1.12
	1.18
	1.27
	1.43
	1.55
	1.63
	1.70

	3
	.53
	.65
	.77
	.86
	.95
	1.04
	1.16
	1.24
	1.33
	1.48
	1.62
	1. 70
	1.77

	3 ¼
	.55
	.67
	.80
	.90
	.99
	1.08
	1.20
	1.28
	1.38
	1.55
	1.68
	1.77
	1.85

	3 ½
	.57
	.70
	.83
	.93
	1.03
	1.13
	1.25
	1.33
	1.43
	1.60
	1.74
	1.83
	1.90

	3%
	.60
	.72
	.86
	.96
	1.07
	1.16
	1.28
	1.38
	1.48
	1.66
	1.80
	1.89
	1.95

	4
	.61
	.74
	.89
	.99
	1.10
	1.20
	1.33
	1.43
	1.53
	1.71
	1.85
	1.95
	2.04

	4 ¼
	.63
	.76
	.91
	1.03
	1.13
	1.23
	1.38
	1.48
	1.58
	1.76
	1.90
	2.02
	2.10

	4 ½
	.65
	.79
	.94
	1.05
	1.16
	1.28
	1.40
	1.50
	1.62
	1.81
	1.96
	2.06
	2.15

	4 ¾
	.67
	.81
	.96
	1.08
	1.18
	1.30
	1.44
	1.54
	1.67
	1.85
	2.01
	2.10
	2.20

	5
	.68
	.83
	.99
	1.10
	1.23
	1.34
	1.48
	1.59
	1.72
	1.91
	2.08
	2.18
	2.27

	5 ½
	.71
	.87
	1.04
	1.16
	1.28
	1.40
	1.55
	1.66
	1. 78
	2.00
	2.17
	2.28
	2.38

	6
	.74
	.91
	1.08
	1.21
	1.33
	1.46
	1.62
	1. 74
	1.86
	2.08
	2.26
	2.38
	2.48

	6 ½
	.77
	.94
	1.13
	1.26
	1.38
	1.52
	1.68
	1.80
	1.94
	2.16
	2.35
	2.47
	2.58

	7
	.80
	.98
	1.17
	1.30
	1.44
	1.58
	1.74
	1.87
	2.02
	2.24
	2.44
	2.56
	2.67

	7 ½
	.83
	1.02
	1.21
	1.34
	1.48
	1.63
	1.80
	1.93
	2.08
	2.33
	2.53
	2.65
	2.76

	8
	.86
	1.04
	1.24
	1.38
	1.54
	1.68
	1.86
	2.00
	2.14
	2.40
	2.60
	2.74
	2.85

	8 ½
	.88
	1.08
	1.28
	1.43
	1.58
	1. 73
	1.92
	2.05
	2.21
	2.46
	2.68
	2.82
	2.94

	9
	.91
	1.10
	1.32
	1.47
	1.63
	1.78
	1.96
	2.11
	2.27
	2.54
	2.75
	2.90
	3.03

	9 ½
	.93
	1.13
	1.35
	1.51
	1.67
	1.83
	2.03
	2.18
	2.33
	2.60
	2.83
	2.97
	3.10

	10
	.95
	1.17
	1.39
	1.54
	1.72
	1.87
	2.07
	2.22
	2.39
	2.67
	2.90
	3.05
	3.18

	11
	1.00
	1.22
	1.45
	1.63
	1.79
	1.95
	2.17
	2.33
	2.50
	2.79
	3.06
	3.19
	3.33

	12
	1.04
	1.27
	1.52
	1.69
	1.87
	2.04
	2.25
	2.43
	2.61
	2.91
	3.20
	3.37
	3.48

	13
	1.08
	1.33
	1.58
	1.75
	1.94
	2.12
	2.36
	2.53
	2.72
	3.02
	3.32
	3.49
	3.63


Table from Waterman Data Book – CM-10 Canal Gate
Surveying Reference
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Surveying is defined as the science of determining the
dimensions and contour of the earth’s surface by the mea-
surements of distance, directions and elevations. It is
impossible to determine when surveying was first used, but
in its simplest form it is as old as recorded civilization. As
long as there as been property ownership, there has been a
means of measuring property.

Surveying has three different components, measuring dis-
tance, angles, and elevation.

Each piece of surveying equipment can be used to measure
one or more of these components, but determining the
piece of equipment that best suit the application can some-
times be overwhelming for a person with a limited survey-
ing experience. Listed are the various types of surveying
equipment and their uses.

Level Rods are commonly made of two types of material,
wood, typically hard maple or aluminum. Aluminum can
swell or contract in hot or cold weather, wood can expand
or contract in humid or wet conditions and can give inac-
curate readings.

Rods should be held by the edges and without touching the
numbers. Touching the numbers may wear down the face
of the rod, giving inaccurate readings. The bottom of the
rod should never be dragged on the ground or through
water, grass or mud and its metal base should never be
allowed to strike rocks, pavement or other hard objects;
which will gradually wear away the metal base and will
cause leveling errors due to the change in length of the rod
itself.

Direct Reading Rods are rods that are read directly
through the telescope of the person using the instrument.
Another name for these rods is self-reading rods.

A Philadelphia Level Rod consists of two sliding sections
graduated in hundredths of a foot and joined by brass
sleeves. Two sections make it easier to transport. Can be
used as a short rod for readings of 7' or less, to a long rod
for heights up to 13". It has a rear section that slides on the
front section. When a high rod is needed, the rod must be
fully extended, otherwise a serious mistake will result in
the reading. Graduations on the front faces of the two sec-
tions read continuously from 0-13". A Philadelphia rod can
be read accurately with a level at distances up to 250",

A San Francisco Level Rod is similar to the Philly rod; the
San Francisco rod has three separate sections that slide
past each other to extend or compress its length, and is
generally used on control, land and other surveys.

A Direct Elevation Rod or a “Lenker Rod” has numbers in
reverse order on an endless graduated strip that revolves
around the rod on rollers. Figures run down the rod and
can be brought to a desired reading—for example the ele-
vation of a point or benchmark. Rod readings are preset
for the backsight, and then, due to the reverse order of
numbers, foresight readings give elevations directly with-
out calculating backsights and foresights.

Target Rod—A target is added to the rod that allows the
person holding the rod to independently check the read-
ings taken by the person using the instrument by adding a
target, making what is commonly referred to as “target
rod”.

Tripods—A sturdy tripod in good condition is essential for
obtaining accurate measurements. The legs of the tripod
are adjustable and are made of wood, fiberglass or alu-
minum and are adjustable for use with many different
pieces of surveying equipment. Tripods made of wood or
aluminum can influence readings in certain weather condi-
tions, fiberglass can be heavy to carry when surveying over
various terrains and distances. Tripods come with two dif-
ferent styles of heads: flat or dome. Dome heads allow for
more adjustment, flat head tripods have less play, but are
sometimes easier to fit. Tripods come in two different
thread sizes: 3" x 8 and 7" x 11. %" x 11 is standard for
newer equipment. Adaptors are available to adapt older 3"
x 8 tripod threads to 75" x 11.

A Hand Level is used for taping and rough determination
of elevations. It consists of a metal sighting tube with a
bubble tube mounted on it. The bubble is located on the
top of the instrument and its image is reflected by means
of a 45-degree mirror or prism inside the tube so that the
user can see the bubble at the same time as the terrain. If
the bubble is centered between the horizontal lines in the
tube while sighting, the line of sight is horizontal.

An Abney Level functions as a hand level and also permits
rough measurements of vertical angles and slopes.

Automatic Levels are commonly used in today’s surveying
or construction applications because of their ease of use
and quick set-up. They incorporate a self-leveling feature;
the user rough levels the instrument using a three-screw
leveling head and centers a bull’s eye bubble. After the
bubble is manually centered, an automatic compensator
takes over, levels the line of sight, and keeps it level so that
level horizontal measurements can be taken.

Electronic or Laser Levels transmit beams of either visible
laser or invisible infrared light. These levels are used for

Visit our web site at http://www.benmeadows.com
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establishing a known reference elevation or a point where
construction measurements can be taken. Electronic or
laser levels fall into two general classes: single-beam lasers
and rotating-beam lasers. A single beam laser projects a
string line that can be projected in a vertical, horizontal or
inclined direction. A rotating beam laser provides a plane
of reference over open areas. The laser beam is self-
leveling and will not come on until the instrument is level.
It it is bumped out of position, the beam shuts off and will
not come back on until it is level again. Laser levels are
precise up to 1000'. Common uses include grading and
excavating, masonry work, setting concrete forms, marking
elevation, septic work and checking the depth of trenches.

A Laser Detector is necessary because not all laser levels
incorporate a visible laser; and, lasers are not typically vis-
ible to the human eye in bright sunlight. The detector can
cither be a small hand-held or rod-mounted unit that may
be moved up and down the level rod, alerting the user
when it is level.

A Double Pentagonal Prism is hand-held instrument that
determines right angles by the use of a triangular-shaped prism.

Measuring Wheels can roughly measure distance by
rolling a wheel along the line in question and counting the
number of revolutions. An attached odometer does the
counting and from the circumference of the wheel converts
the number of revolutions to a distance. Measuring wheels
typically provide precision to Y200 when the ground is
smooth, such as along a highway, but results are poorer
when the surface is irregular.

Tapes or “Chains” measure distance by using steel tape
typically 0-%5" wide. Those graduated in feet come in 100,
200, 300 and 500" length. Metric tapes/chains have stan-
dard lengths of 30, 60, 100 and 150 meters. All tapes can be
wound on a reel (sold separately) or done up in loops.
Tapes/chains are typically handled with tension handles or
clamp handles in order to apply tension and to prevent
damage to the tape and the surveyor’s hands. Tapes/chains
used for surveying applications are required to be calibrat-
ed on an annual basis to ensure accuracy.

Taping or Chaining Pins are used to mark tape lengths.
Most chaining/taping pins are made of number 12 steel
wire, sharply pointed at one end and have a round loop at
the other end. They are painted with alternate red and
white bands. A steel ring with 11 pins is standard.

Range Poles are used in taping applications for sighting
points, marking ground points and for lining up surveyors
in order to keep them working in the right direction. They
are from 6-10'L and are painted with alternate bands of
red and white to make them more easily seen. Each band
is 1'. and the rods can be used for rough measurements.

Poles can be wood, fiberglass or metal.

Plumb Bobs are typically made of brass (to limit interfer-
ence with compass readings) and weigh from 6-18 oz., with
a fine point. The point on all plumb bobs are standard, to
make replacement easy. At least 6' of good quality string or
cord, free of knots, is necessary. Bobs are used to get a
“plumb” (straight) vertical line to a definite point, typically
a tack in a wooden stake or ground. Bigger/heavier plumb
bobs should be used for higher or greater heights.

A Gammon Reel is the device used to connect to plumb
bob and provide easy up-and-down adjustment of the
plumb bob and instant rewinding of the plumb bob string.
The gammon reel can also be used as a target when taping.

Transits/Theodolites are fundamentally the same. Their
most important application is measuring horizontal and
vertical angles, but they can also be used to obtain hori-
zontal distances and determine elevations. Transits/theodolites
can be used for surveying applications when used with a
calibrated taping chain or an electronic distance measurer.

Electronic Distance Measurers (EDMs) accurately mea-
sure distance by measuring the time it takes a laser to trav-
el from the EDM to a prism and back. Before the intro-
duction of EDMs, taping or chaining was used to make
accurate distance measurements.

A Total Station is the most accurate surveying device
because it incorporates an electronic or digital theodolite,
an clectronic distance measuring (EDM) device and a
microprocessor in the same unit. Total stations can auto-
matically measure horizontal and vertical angles as well as
slope distances from a single setup. From this data they
can instantaneously compute horizontal and vertical dis-
tance components, elevations and coordinates, and display
the results on an LCD. They can also store the data either
on board or in external date collectors. From the total sta-
tion, data can be downloaded easily to a personal comput-
er.

Global Positioning Systems (GPS) incorporate distance,
direction and difference in height between survey points.
A GPS satellite surveying system simply using an electron-
ic distance measurer that does not need direct line of sight
between survey points. Instead, a GPS receiver needs to have
a direct line of sight to a sufficient number of satellites.

Please note: The information contained in this publication is intended for
general information purposes only. This publication is not a substitute for
review of the applicable government regulations and standards, and should
not be construed as legal advice or opinion. Readers with specific questions
should refer to the cited regulation(s), or consult with an attorney.
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Class 200 PVC IPS Plastic Pipe

ANSI/ASAES376.2 ASTM D2241 SDR21 (=150
psi loss per 100 feet of pipe
Shown for convenience
Nominal  Class 315
size 172" 3/4" 1-1/4" 1-1/2" 2" 2-1/2" 3" 4" 6"
Avg. ID 0.696 0.910 1.169 1.482 1.700 2129 2.581 3146 4.046 5955
Pipe OD 0.840 1.050 1315 1.660 1.900 2375 2.875 3.500 4.500 6,625
Avg. wall 0.072 0.070 0.073 0.089 0.100 0123 0.147 0177 0.227 0.335
Min. wall 0.062 0.060 0.063 0.079 0.090 0113 0.137 0.167 0.214 0.316
Flow |Velocity psi |Velocity psi |Velocity psi |Velocity psi |Velocity psi |Velocity psi |Velocity psi |Velocity psi |Velocity psi |Velocity psi
{gpmy | {ft/s}  loss | {ft/s} loss | {ft/s} loss | {ft/s} loss | {ft/s} loss | {ft/s} loss | {ft/s} loss | {ft/s} loss | {ft/s} loss | {ft/s} loss
1 084 025 049 007 030 002( 019 001 014 0.00
2 168 090 099 024 060 007 037 002( 028 001 018 000
3 253 190| 148 052| 090 015]| 056 005 042 002| 027 001
4 337 324| 197 088 119 02| 074 008| 056 004| 036 001| 024 001
5 421 489 246 133| 149 039 093 012| 071 006| 045 002 031 0.01
6 505 686 296 186 179 055 11 017 085 0.09( 054 0.03| 037 001| 025 000
7 590 912 345 247 209 073 130 023 099 012 063 004 043 002 029 001
8 674 1168 394 317 239 094 149 030 113 0I15| 072 005 049 002 033 001
9 758 1453 443 394 269 117 167 037 127 019 0.81 006 055 002( 037 001
10 842 1766| 493 479] 299 142| 18 045| 141 023] 090 008] 061 003] 041 0.01
12 1001 2475 591 &71( 358 198 223 063 169 032 108 011 073 004 049 002
14 1179 3293 | 690 893| 418 264| 260 083 198 043| 126 014| 086 006| 058 002
16 1348 4216 | 788 1144| 478 338| 297 107| 226 055| 144 018| 098 007| 066 0.03| 040 0.01
18 1506 5244 | 887 14.23| 537 4.21| 334 133| 254 068| 162 023 110 009| 074 003]| 045 001
20 985 1729| 597 511| 372 161| 282 083| 180 028] 122 011] 082 0.04] 050 001
22 1084 2063 | 6.57 &10| 409 192 31 099 198 033( 135 0I13| 091 0.05( 055 0.01
24 1182 2424 717 717 | 446 226 339 116 216 039 147 015 099 006 060 0.02
26 1281 281 776 831 483 262 367 134| 234 045| 159 018| 107 0.07| 065 0.02
28 13.80 3225| 836 9.53| 520 301| 395 154| 252 052 171 020] 115 0.08| 070 0.02
30 1478 36.64| 896 10.83| 557 341| 424 175| 270 059| 184 023] 124 009] 075 0.03
32 955 1221 | 594 3.85| 452 197| 288 066| 196 026| 132 010| 080 003 037 0.00
34 1015 1366 | 632 431| 480 221| 306 074 208 0.29| 140 011| 085 003| 039 0.00
36 1075 1518 | 6.69 479 | 508 245| 324 082| 220 032| 148 012( 090 0.04( 041 001
38 .35 1678 706 529 536 271 342 091 233 036 157 014 095 004 044 001
40 1194 1845| 743 582| 565 298| 360 100| 245 039 165 015| 100 0.04| 046 0.01
42 1254 20.20| 780 637| 593 327| 378 1.09| 257 043| 173 016 105 005 048 001
44 1314 22.02| 817 694| 621 3.56| 396 119| 269 047| 181 018| 110 005| 051 0.01
46 1373 2391 | 855 754| 649 386| 414 1.29| 282 051| 190 019 115 006| 053 001
48 1433 2587 | 892 815| 678 418| 432 140| 294 055| 198 021| 120 0.06| 055 001
50 1493 2790| 929 879| 706 451| 450 151| 306 059| 206 023] 125 0.07] 058 0.01
55 10.22 1049 | 776 538| 495 180 337 071 227 027| 137 008 063 001
60 1115 1233 | 847 632 540 211| 3.67 083 247 032| 150 0.09| 089 001
65 12,07 1430| 918 733| 585 245| 398 096| 268 037| 162 011| 075 0.02
70 13.00 1640| 988 841| 630 281| 429 110| 289 042| 174 012]| 081 0.02
75 13.93 1863|1059 956| 675 3.20| 459 1.25| 3.09 048 187 0.14| 086 0.02
80 1486 21.00| 11.29 1077 | 720 360| 490 141| 330 054| 199 016| 092 002
85 1200 12.05| 765 403| 521 1.58| 350 060| 212 018| 098 0.03
90 1271 1340| 810 448 551 176 371 067 224 0.20| 104 003
95 1341 1481 855 495| 582 194 392 074 237 022 109 003
100 1412 1628 900 545] 612 213| 412 081] 249 024]| 115 0.04
110 990 650 674 255| 453 097 274 0.29| 127 004
120 1080 763| 735 299| 495 114]| 299 0.34| 138 005
130 170 885| 796 347| 536 132| 324 039| 150 0.06
140 1260 1016 | 857 398| 577 152| 349 045| 16l 007
150 1350 11.54) 919 452| 618 1.73) 374 051) 173 0.08
160 1440 13.01| 980 510| 660 195| 399 057| 184 0.09
170 104 570 701 218 424 064 19 010
180 1102 634| 742 242| 449 071 207 oM
190 1164 701 783 267 474 079 219 012
200 1225 771) 824 294) 498 086) 230 013
220 1347 919 907 351 548 103 253 016
240 1470 10.80| 989 412| 598 1.21| 276 018
260 1072 478| 648 141 299 o2
280 11.54 548 698 161 322 025
300 1237 6.23| 748 183| 345 0.28
320 1319 702( 798 206( 3.68 031
340 1402 786 | 847 231| 391 035
360 1484 873| 897 257| 414 039
380 947 284 437 048
400 997 312| 460 048
420 1047 342| 483 052
128 Shaded area represgnts vel?cities over 5 ft/s. 1?22 23; zgg gg;
480 Usewith caution. 196 437| 552 067
500 | | | 1246 472 575 072
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