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Part I

Analysis Procedure Description

Stage I Procedures

An Irrigation System Analysis is the procedure to examine irrigation systems to determine which measures may be installed and the estimated acquired conservation associated with such measures.  The procedures described herein include the information necessary for Level 1 through Level 4 irrigation systems.  Not all of the information is needed for Level 1 and Level 2.

The analyst shall be qualified to discuss in general the following topics with no bias toward any specific form of energy:

· The Pacific Northwest Power Planning and Conservation Act – 1980.

· The Northwest Power Planning Council’s 20-year Plan.

· Energy saving program incentives from the Utility.

Microsoft Excell templates are available from Bonneville to assist in the Level 1, 2, and 3 analyses.  The analyst shall collect all data necessary and perform the Stage I analysis consistent with standard engineering practices.

A. General Information

1. Include a clear photo of the Pumping Plant.

2. Include the irrigator’s name and address, servicing utility, account, pole or location number, analysis level, analyst name and date analysis was completed.  On each page of the report, include the analysis identification number.

3. Sketch the system layout as analyzed.  Include the following:

a. Show the highest and lowest irrigated field elevations.

b. Show the pump location and elevation.  Normally, if a transit is used, the pump elevation is arbitrarily set at +100 feet and the other elevations are referenced accordingly.  Normally, if an altimeter or GPS is used, the pumping plant elevation is set at 0 foot.  Close the loop by returning to the pumping plant and checking the altimeter reading, which should be + / - 2 feet.  If out of range, adjust elevations per manufacturer’s recommendations.

c. When full-time endguns are mounted on center pivots, all Stage I testing shall be done with the endgun and any associated booster pump “on” or “off,” as they will be operated after Stage II retrofit.  “Corner-catchers” and endguns designed to operate part-time shall be “on” when both Stage I and Stage II analyses are performed.

d. Show location of mainlines, risers, distribution lines, laterals, pivots, sprinklers, etc.

e. For all mainline sections shot the following:

· Location of all risers and spacing between risers;

· Locations by riser, of all laterals as tested;

· Material, diameter, length, flow, leaks of all mainline sections.

f. For all laterals show the following:

· First and end pressure of each lateral;

· Number of sprinklers on each lateral;

· Average nozzle diameter for each lateral;

· Average pressure along each lateral

  - First +0.25 (Last-First), or on flat terrain the average

     pressure is usually 1/3 down the lateral;

· Diameter of all laterals;

· Elevation of critical sprinkler as tested;

· Potential critical sprinkler elevation if the lateral is not in the critical position.

g. For all pivots show the following:

· Pivot pipe diameter and length of each pivot;

· Pivot point and end pressures of each pivot;

· Elevation of critical sprinkler as tested;

· Potential critical sprinkler elevation if the pivot is not in the critical position.  For instance, if the end sprinkler on a pivot is a +5 feet relative to the pumping plant and the highest point along the perimeter of the pivot is +15 feet, then the critical position would be +15 feet.  In this situation, the potential head savings is reduced when factoring in an elevation adjustment of 10 feet.

h. The critical pressure is the lowest possible pressure on the irrigation system.  This is typically the highest sprinkler elevation or the farthest away from the pumping plant or a combination of the two.

B. Motor and Pump Nameplate Data

Include the number of pumps in the system.  Number the pump and motor combinations.  Indicate if it is a main or booster pump, in series or parallel.

1. Record all the motor information that is reasonable attainable, i.e., all distinguishable information from the motor nameplate.

2. Record all the pump information that is reasonably attainable, i.e., all distinguishable information from the pump nameplate.

a. Record net positive suction head required.

b. Measure the pumping water level with a sounder or airline.  Record the airline pressure (in psi) when the airline is pumped full of air.  The pumping water level is equal to airline length minus the resultant of the pressure times 2.31.

c. Indicate if pumping water level is estimated or measured.

C. Power Input Data

The total nameplate horsepower connected to the meter MUST be recorded.  Exclude pivot HP, generally 1 to 1 ½ HP per tower.

1. Utility Meter

a. Record the number of disc revolutions (usually = 10).

b. Record the meter constant (Kh) found on the face of the meter.

c. Record the PTR (it will usually be 1, 2, or 4).  This equals the Nameplate Voltage of the meter divided by the Nameplate Voltage of the motor.

d. Record the CTR/multiplier (this will usually be 1, 40, or 80).

e. Time the spinning disc inside the watt-hour meter for 10 revolutions or approximately one minute.  Use the black bar on the disc for reference.

2. Multimeter

a. Record the voltage between each phase.  Average these readings.

b. Record the amperage of each phase.  Take these readings on the motor side of the power factor correction capacitors.  Average these readings.

c. Record in percent the average lagging power factor for each phase.  Take these readings on the motor side of the power factor correction capacitors.

D. Hydraulic Measurements and Calculations

1. Flow

a. Record the measurement device, i.e., transit time, ultrasonic, doppler, Hall, Collins, Piro, bucket-hose-and-timer, etc. DO NOT rely on the irrigator’s flow meter.

b. Record the pipe material at the point where flow measurement was taken.

c. Measure (if possible) and record the inside pipe diameter at the point where flow measurement was taken.  If measurement is not possible, record the pipe diameter found in the appropriate table of appendix, or use manufacturer’s specifications.  Indicate whether measured or estimated from table.

d. Measure and record the water velocity in the pipe.

e. Calculate the flow.

· GPM = 2.448 times Velocity (ft/sec) times pipe diameter squared (inches), or

· To calculate flow per sprinkler nozzle, use the RainbirdTM slide rule; University of Idaho Sprinkler Guide; formula e.g., the nozzle diameter squared (inches) times the square root of the nozzle pressure, with this result times 29.8; or

· Use bucket-hose-and-timer method to find the average flow per sprinkler by calculating the flow per lateral by multiplying the number of sprinklers per lateral times the number of sprinklers.  Sum all of the laterals and compare to the flow measurement taken at the pump.  These should be fairly close (+ / - 5 percent) if no major leaks are present; or

· Direct reading from electronic equipment.

2. Head

a. Record the pump discharge pressure in psi.  Use an accurate liquid-filled gauge.  DO NOT rely on the irrigator’s gauge.  If measured on the pump volute, correct for velocity head e.g., reading is approximately 2 to 10 percent low.

b. Record hydraulic lift in feet.  This is the vertical distance from the water level to the center of the pressure gauge on the discharge side of the pump.

c. If applicable, record the suction pressure in inches of mercury (in Hg.) and multiply by 1.139.  Use this number in the total head calculation by adding it to the discharge pressure.  For a positive suction pressure, subtract from the discharge pressure to determine the total head.

d. Record yearly well water table fluctuation in feet, if known by irrigator.  Use the lowest average number.

E. Fittings

If proposed to be retrofit, fittings’ losses MUST be calculated.  The analyst MUST include fittings’ losses from the inlet to the discharge gauge, i.e., intake/column friction + discharge head ​+ friction losses from the discharge to the discharge pressure gauge.  If the pump is a booster, the analyst MUST include the losses from the suction pressure gauge to the discharge pressure gauge.  Use an appropriate equation to calculate these looses, e.g., V2/2g*K, Hazen-Williams, Darcy-Weisback, Mannings.

F. Calculations

1. Total Dynamic Head (TDH) in feet equals discharge pressure (psi) times 2.31 plus pumping lift (ft) plus fittings’ losses (ft), or, discharge pressure (psi) times 2.31 minus suction pressure (psi) times 2.31 plus fittings’ losses.

2. Water Horsepower (WHP) equals flow in GPM times TDH divided by 3960.

3. Input Electric Horsepower (EHP) equals 4.826 times disc revolutions times Kh times PTR times CTR divided by time in seconds, or, 2.322 times average volts times average amps times average power factor divided by 1000.

4. Pumping Plant Efficiency (EFF) equals WHP divided by EHP times 100.

G. Field, Lateral and Pivot Data

1. Determine if the critical sprinkler is located on a center pivot or set system.  Use this sprinkler pressure to determine the existing pressure.

2. Determine whether the field could benefit from flow or pressure control strategies.  Generally for set systems, if the field elevation varies more than 15 feet or the sprinkler pressures vary more than 6 psi, it is recommended.  For center pivot systems, flow or pressure control is necessary if the field elevation varies more than 8 feet.  Identify if runoff is or will be a problem.  If it will be a problem, take this into account when recommending low pressure.

3. For recommended sprinkler pressure, the minimums are 35 psi for set systems and 20 psi for pivots.

4. For pressure regulator loss, add 5 psi to the recommended pressure, unless manufacturer data indicates otherwise.

H. Design Pressure

1. The design pressure for this Agreement is normally chosen between the lowest or average pressure.  If neither the lowest nor average make sense, then another pressure can be used.  For instance, if the critical lateral goes over a hill, then the sprinkler at the top of the hill can be used, or, if only 10 percent of the field is at a high elevation, and the irrigator decided that some yield could be sacrificed, the pressure(s) at the high elevations can be ignored.

2. Mainline pressure adjustment should be calculated by hand and recorded.  The pressure adjustment needs to be calculated only if the critical lateral is not in the critical position.  The pressure adjustment is equal to the different in the mainline pressure between the mainline riser at the position where the critical lateral would be if it were in the critical position and the mainline riser where the critical lateral was tested.  This adjustment is added to the critical pressure if the critical lateral is moved toward the pump and subtracted if the critical lateral is moved away from the pump.  This yields the adjusted critical pressure.

3. The Sprinkler Head Savings (SHS) equals the adjusted critical pressure minus the recommended pressure minus pressure regulator loss.  Multiply the result by 2.31 to obtain head savings (ft).

I. Mainline

1. Record length; inside mainline diameter, friction factor (C value) and proposed flow for the existing mainline section(s).  Calculate velocity, Hf/100 feet, and total friction.  Do this for each mainline section of differing diameter, C value or flow.  Round final velocity results to the nearest 0.1 feet-per-second.

2. It is typically cost-effective to retrofit sections of mainline that have water flowing in excess of 7 feet-per-second for more than 100 feet.  Use a larger diameter or parallel mainline to calculate proposed total friction and total head reduction.  Adjust the inside diameter or flow until the retrofit velocity is less than or equal to 5.0 feet-per-second.

3. Record sum of the potential head reduction for all mainline sections.

4. Hf/100 feet is calculated using the Hazen-Williams equation.  Total friction is calculated by multiplying Hf/100 feet and length (per 100 feet).  The total head reduction is calculated by subtracting retrofit total friction from current total friction.  Potential total head reduction is the sum of retrofitted mainline sections.

J. Head Reduction Savings

To calculate the total head savings, add the low-pressure sprinkler or nozzle savings to the mainline retrofit savings to the fittings loss savings to the partially closed valve savings.  The partially closed valve savings can be estimated from the pump curve or by measuring pressure loss across valve.  Ensure that all of the numbers are in consistent units.

K. Pumping Plant Savings

1. The TDH should be determined as follows:

a. For parallel systems, do not add the TDHs together.

b. For series systems, add the TDHs together.

c. If the system is a combination of series and parallel pumps, then combine them as in (b) above.

2. The total GPM should be determined as follows:

a. For parallel systems, add the flows together.

b. For series systems, do not add the flows together.

c. If the system is a combination of series and parallel pumps, them combine the GPM values as in (b) above.

3. The total WHP, EHP, and BHP are addictive, i.e., doesn’t matter if the pumps are in series or parallel.

4. The proposed TDH will have to be determined for each pump in the irrigation system.  If no changes in TDH are necessary, then record the existing TDHs as the proposed TDH.  If changes are necessary, the analyst will need to determine which pump(s) will need trimming.  The way to do this would be to subtract the head savings from the TDH of the existing pump(s) to be trimmed.  The total proposed TDH is equal to the total existing TDH minus the system total head savings.

5. The proposed GPM must be recorded for each of the pumps and the total proposed flow calculated as in calculation section K, item 2 above.

6. Record the proposed efficiency values for each pump.  The analyst MUST judge between using a value(s) from the Achievable Pumping Plant Efficiency Table, pump curve or keep the efficiency the same as in the existing Pump Test.

a. Total plant efficiency (existing) is equal to the total WHPe divided by the total EHPe multiplied by 100.

b. Total plant efficiency (proposed) is equal to the total WHPp divided by the total EHPp multiplied by 100.

c. Annual hours of operation is kW divided by average kWh.

d. Acre inches is calculated as:

· GPM multiplied by operation hours per year divided by 452.6 multiplied by irrigated acres.


L. Parallel Pumps

TDH1 = TDH2 = TDH total

GPM1 + GPM2 = GPM total


Series Pumps

TDH1 + TDH2 = TDH total

GPM1 = GPM2 = GPM total


Combination Pumps

TDH1 + (TDH2 + TDH3) = TDH total
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GPM1 = GPM 2 + GPM3 = GPM total

M. Energy Usage

For each year, preferably the last five, that the utility has kWh usage data, record the year and kWh values.  If the kWh usage for a particular year will not be used, note it.  As the analyst’s discretion, the high or low year(s) (+ / - 30 percent) may be excluded to account for excessively dry/wet years or land removed under PIK, under-utilization, CRP, etc.  Average these usage figures.

N. Energy Cost

Average energy cost is calculated by dividing the utility bill by kWh used.

O. Energy Savings

The potential conservation (kWh/yr) is calculated as follows for each measure.  Meter Portion (MP) is nameplate horsepower tested divided by nameplate horsepower on meter.  Balance Factor (BF) means horsepower reduction savings divided by the sum of individual measure savings.

1. Low pressure savings:

Sprinkler Head Savings (ft) times GPMi1 times kWh  times MP times BF

                  3960 times EFFi times EHPi

2. Flow Savings:

(GPMi – GPMf) times TDHi times kWh  times MP times BF
                 3960 times EFFi times EHPi

3. Fittings Savings:

Fitting Head Savings (ft) times GPMi time kWh  times MP times BF
                 3960 times EFFi times EHPi

4. Mainline Savings:

Mainline Head Savings (ft) times GPMi times kWh  times MP times BF
                3960 times EFFi times EHPi

5. Valve Savings:

Valve Head Savings (ft) times GPMi times kWh  times MP times BF
                3960 times EFFi times EHPi

6. Efficiency Savings:

(EFFf minus EFFi) times kWh  times MP times BF
                 EFFf

7. Horsepower Savings:

HPi minus HPf times kWh  times MP
                 HPi

Part II

Installation Provisions
A. General

1. These specifications provide minimum requirements for work accomplished under this Agreement.  These specifications are intended for use between the Contractor and Bonneville.

2. The Contractor shall provide Installer provisions to be used between the Contractor and Installers.

3. These specifications are based on the most recently published codes and regulations and are intended to meet or exceed applicable existing codes and regulations.  Codes and regulations, however, are updated periodically and are also subject to change.  Therefore, the specifications, codes, and regulations shall apply as follows:

a. Measures shall be installed in accordance with these specifications, all applicable State and local codes and Federal regulations, and the most recent versions of the National Electric Code.

b. Where State and local code and specification requirements are in conflict, the most stringent of the requirements shall apply.  When State or local codes are less restrictive, Bonneville may approve their use in lieu of these specifications.  Such approval must be requested in WRITING by the Contractor and approved in writing by Bonneville prior to installation of the measure.

c. In cases where a specific application is not addressed in the specification, codes, or regulations, the Contractor shall determine the appropriate action consistent with the codes and these specifications.  Contractor decisions in these instances shall be thoroughly documented in the irrigator’s file.

4. The Contractor reserves the right to add more restrictive requirements to the provisions contained in this specification or require that additional provisions defined by the Contractor be met under the Agreement.

B. Definitions

For purposes of this specification, the following definition applies

1. “Code” – the most recent edition of the National Electric Code (NEC) written by the National Fire Protection Association (NFPA) and associated codes.

C. Specifications for Determining Eligible Measures and Use of Bonneville Funds.

1. The Contractor shall be responsible for determining Irrigation System Conservation Measures eligible to be installed in each system per the Agreement.

2. Waterwise funds shall not be used for materials or labor associated with maintenance, repair work, or new installations unless specifically allowed for in these specifications.  Examples of such work not covered under the Waterwise Program include, but are not limited to, the following:

a. Adding column length

b. Well casing and drilling

c. Portable mainline

d. Purchase of new laterals

e. Painting of equipment

f. Extension of mainline to serve new ground

g. Pivot tower equipment

h. Pond dredging and lining

i. Updating electrical equipment to new code

j. Deepening wells

Such work identified to be beyond the scope of the Program must be separately arranged and financed by the irrigator.

Part III

Equipment Specifications
The following equipment specifications should be used as a guide for the equipment used for analyzing Irrigation Systems.  All equipment should be portable.

A. Flow Measurement Equipment

1. Velocity meters are designed to be used under a variety of operating conditions.  An analyst should have access to a velocity meter which is capable of measuring under the following conditions:

Water Velocity:

1 to 12 feet/second

Water Temperature:
32 to 105 degrees Fahrenheit

Pipe Pressure:

5 to 150 psi

Pipe Diameter:

3 to 14 inches

Air Temperature:

32 to 100 degrees Fahrenheit

Pipe Material:

1/16 to ¼ inch

Fluid Medium:

Water with up to 0.1 percent suspended solids.





Air bubbles may or may not be entrained.

2. Additional Meter Specifications

Accuracy:


+ / - of 5 percent water velocity

Electronic velocity meters should be checked periodically (at least once per year) against a pitot-tube and manometer measurement device to verify calibration.

B. Pressure Gauges

1. Pressure gauges are designed to be used under a variety of pressure conditions.  All gauges shall be marked in 2 psi increments.  An analyst should have access to pressure gauges which are capable of measurement under the following conditions:

Pipe Pressure:

-20 to 200 psi (in Hg)

Air Temperature:

32 to 105 degrees Fahrenheit

2. Additional Specifications

Accuracy:


+ / - 2 percent

Threads:


¼ inch (NPT)

These gauges shall be checked annually for proper calibration by comparing pressure against a new gauge.  Replacement must be made if differences are greater than 2 percent.  Although not required, it is recommended a glycerin-filled gauge be used to reduce needle vibration produced by the Pumping Plant.

C. Voltmeter

1. An analyst should have access to a Multimeter which is capable of     measurement under the following conditions:

Power:


AC

Cycles:


60 Hertz

Voltage:


120 to 600 volts

Amperage:


5 to 600 amps

Air Temperature:

32 to 105 degrees Fahrenheit

2. Other Meter Specifications

Accuracy:


+ / - 3 percent plus the number of digits

Protection:


1000 v input

Includes Voltage leads:
Min. length 36 inches

True RMS

D. Clamp-on Current Meter

1. An analyst should have access to a current meter capable of measurement under the following conditions:

Power:


AC

Cycles:


60 Hertz

Voltage:


120 to 600 volts

Amperage:


5 to 600 amps

Air Temperature:

32 to 105 degrees Fahrenheit

2. Other Specifications

Accuracy:


+ / - 2 percent of reading

Conductor Size:

1 ½ inches

Allows for current measurement without breaking circuit tested.
E. RPM Meter

1. An analyst will need to measure RPM of the pump for variable speed or belt drive units.  An analyst should have access to a stroboscope or contact RPM meter which is capable of measurement under the following range of conditions:

RPM:


500 to 4000

Air Temperature:

32 to 105 degrees Fahrenheit

2. Additional Specifications

Accuracy:


+ / - 1 for last digit

Reflecting tape not normally needed
F. Well Sounder

1. An analyst should have access to a well sounder which is capable of measurement under the following conditions:

Well Depth:


10 to 600 feet

2. Other Specifications

Detection:


Amperage or Voltage meter

G. Power Factor Meter

1. An analyst should have access to a power factor meter capable of measurement under the following conditions:

Volt Range:


100 to 600 volts; 60 Hz

Maximum Current:

600 amps

Minimum Current:

3 amps

Accuracy:



+ / - 3 percent of full scale

2. Other Specifications

Reads power factor directly (leading or lagging) for 0 to unity.  Single phase, split phase, three phase balanced or unbalanced loads, 4-wire three phase.

H. Altimeter

1. An analyst should have access to a barometer/altimeter capable of measuring altitude under the following conditions:

Calibration Ranges:

17.7 to 32.5 Hg

Pressure:



Sea level to 8000 feet

Altitude:



2 foot increments

Markings:



32 to 105 degrees Fahrenheit

Absolute Press Accuracy:

+ / - 0.015 in Hg over range

2. Other Specifications

Differential altitude capability

Altitude and altimeter setting capability

________________________________________
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