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1 Introduction 

1.1 Background 
Oakdale Irrigation District (OID) requested Bookman-Edmonston, a division of GEI 
Consultants, Inc. (B-E/GEI), to assess the condition of their agricultural wells.  The work 
was designed to rank the wells and to focus on investigating particular problems at each 
well.  The goal was to validate the need for maintenance and to prioritize those repairs to 
obtain the greatest benefit for the dollars invested.  Where rehabilitations or replacements 
are needed, cost estimates are provided for each well. 

1.2 Assessment Process 
The assessments were performed by evaluating existing information contained in OID’s 
files and interviewing personnel involved in the operation and maintenance of the wells.  
An initial evaluation was performed by OID based on well usage.  The assessment was 
then organized to determine whether each well required maintenance and/or replacement 
based on power consumption, plant efficiencies, and specific capacities.  The well 
maintenance assessment analysis showed whether the well needs rehabilitation, the pump 
needs to be repaired or replaced, and whether the motor is in need of repair or replacement.  
The analysis was then expanded to account for conditions at each well that would 
potentially modify the initial ranking based on well age or other special considerations.  
Other alternatives such as well destruction as opposed to rehabilitation were also explored.  
The following sections describe the assessment process. 
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2 Well Maintenance Assessment 

OID owns 25 wells that are used to supply water for agriculture.  A few wells are used to 
control high groundwater.  OID initiated the assessment process by listing those wells that 
it plans to use.  

Those wells identified for continued use were assessed using historic plant efficiency tests, 
production data from 2005, and power consumption records from 2005.  The data were 
analyzed to determine whether the well or pump and/or motor appeared to need 
maintenance.  If the motor and/or pump were identified as the cause, the motor efficiency 
and pump curve, if available, were evaluated to identify which component needs 
maintenance.  A thorough discussion of conditions at each well is contained in 
Appendix A, along with the supportive data and a cost estimate for the required 
maintenance.  Insufficient or highly suspect data were present for some wells that 
prevented making a full determination of whether maintenance is needed.  These wells 
were recommended for further testing.   

2.1 OID Evaluation 
OID performed an initial evaluation to identify wells that needed further review and 
investigation.  The agricultural wells were subdivided into four categories based on usage: 
“A,” “B,” “C,” and “D.”  OID identified 17 A wells, four (4) B wells, two (2) C wells, and 
two (2) D wells.  Because the two (2) D wells are not in use and will most likely be 
destroyed, they were not evaluated for this report.  Figure 1 shows the location of all OID’s 
agricultural wells.   

Most of the wells identified for further assessment have not been tested since 1994.  OID 
initiated plant efficiency testing in spring 2006 to provide current data. 

2.2 Plant Efficiency 
Plant efficiency testing provides an indication of the performance of a pump when it is 
operating under actual field conditions.  The current plant efficiencies were plotted versus 
the total production for 2005 to screen the wells for maintenance problems.  For 
agricultural water supply wells, a plant efficiency of 50 percent is generally considered 
acceptable.  Figure 2 shows the results of this analysis.  Table 1 lists all of the wells 
evaluated and highlights the wells with plant efficiencies below 50 percent, as well as 
where efficiencies could not be calculated.   
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As shown on Figure 2, two of 23 agricultural wells had plant efficiencies less than 
50 percent, and 10 wells did not have a calculated efficiency because water levels could 
not be measured.   

2.3 Power Consumption 
The power consumption was used to further screen wells for potential maintenance by 
using kilowatt hours per acre-foot (KWh/ac-ft) of water produced versus 2005 production 
records for each well.  Figure 3 shows the results of this analysis.  The agricultural wells 
had an average power usage of 170 KWh/ac-ft.  Table 1 lists the agricultural wells that had 
above average power consumption recorded in 2005.    

As shown on Figure 3, 12 of 23 agricultural wells had above-average power consumption, 
which may be an indication of a problem with the pumping plant.  The data can be skewed 
because at start-up an “across-the-wire” motor consumes three (3) to four (4) times more 
power than when the pump is running.  For larger motors especially, soft-start motor 
controllers can reduce the amperage draw at startup and minimize this effect.  High power 
consumption can also occur when a well has a deep pumping water level.  

2.4 Production Characteristics 
B-E/GEI obtained historic plant efficiency test information from OID files to develop 
trends in the pumping rates, static water levels, and pumping water levels.  All of the data 
were organized by well and used to plot the changes of pumping rate, static water levels, 
and pumping levels over time.  The plots show trends and relationships that are the basis 
for assessing whether maintenance is required at each well.  The plots are generally 
interpreted as follows:   

• A declining pumping rate where the depth to static water level is flat and the 
pumping water level is climbing indicates a problem with the pump. 

• A declining pumping rate where the static water level is flat but the pumping water 
level is falling indicates the well structure is plugged. 

• A declining pumping rate where the static water level is falling and the pumping 
water level is trending with the static water levels indicates the pump may be out of 
its efficient design range or that the decline of the static water levels, because of the 
type of aquifer, has reduced the capacity of the aquifer to transmit water. 

The interpretations of the plots must also consider other variables.  The plant efficiency 
test results can confuse the analysis when they are made at lower or higher pressure than 
the rest of the data set.  The efficiency tests can also produce inaccurate results because 
they have short duration and pre-test and test conditions are not constant.  For these 
reasons, interpretation of long-term trends is more valid than short-term, one data point, 
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observations.  In the case of the agricultural wells discussed in this report, the pressure 
within the system will only have an effect if the well is discharging into an enclosed 
pipeline.  Discharging to an open canal or standpipe will result in no system pressure. 

A discussion of the data, plots, conditions, interpretations, recommendations for 
maintenance, and preliminary cost estimates for each well identified as having either low 
plant efficiency or above-average power consumption are presented in Appendix A.  
Recommendations for maintenance at each agricultural well are summarized on Table 2.  
Plots for wells that did not appear to need further evaluation based on plant efficiency and 
power consumption are contained in Appendix B.  These wells were briefly reviewed for 
potential maintenance issues that were overlooked during the screening process. 
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3 Well Maintenance Recommendations 

An evaluation of plant efficiency and power consumption was performed for 23 wells.  
Based on that analysis in combination with the production characteristics, 14 wells were 
identified as needing maintenance.  Table 2 lists these wells.   

Based on the assessment process, eight (8) of 23 wells were identified as needing 
maintenance, and six (6) of 23 wells need additional testing.  Maintenance 
recommendations for the eight (8) wells vary, but generally consist of well cleaning, pump 
or motor replacement or reconfiguration, or installation of flow control devices or 
sounding tubes.  One (1) of the eight (8) wells is a well that needs pump rehabilitation, but 
these actions could result in collapsing of the well.  Therefore, we recommend replacing 
this well.  The pump from the well would need rehabilitation before reuse.   

Additional testing is recommended for six (6) wells where the information provided was 
either inconclusive, or was an indication of a potential situation that does not require 
immediate attention, but may need to be addressed in the future.  A sounding tube will 
need to be installed on all of these wells before the testing begins to facilitate the collection 
of valid data.  These recommendations are discussed further in the following sections. 

3.1 Well Cleaning 
The condition of the wells was evaluated using the pumping rate, static water level, and 
pumping water levels.  Only one (1) of the wells indicates the need for a cleaning.  We 
recommend the Oakdale well be wire brushed.  From 1981 through 1994, pumping water 
levels have decreased, with the most recent measurement of about 124 feet below top of 
casing (btoc) in 1994.  Water levels were not measured during the 2006 testing.  The well 
is perforated from 60 to 400 feet below ground surface (bgs), which means the pumping 
water level is below the top of the screen.  There is a high potential that the screens are 
plugging due to being exposed above the pumping water level.  This well is also 
recommended for pulling of the pump and motor, so the well cleaning should be performed 
in conjunction with those recommendations.   

3.2 Pump and Motor Efficiencies 
B-E/GEI further evaluated the wells that were identified as having problems with the 
pumping plant to identify whether it was the pump or the motor that was causing the 
problem.  Some pump and/or motor information is available for analysis, but not for all 
wells.  There is also limited information regarding the pump setting (depth btoc) and 
pumping water level.  Information provided on the field testing sheets allows for an 
evaluation of the motor based on the load and amperage draw on the motor legs. 
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Two (2) wells, Burnett and Tennant, had calculated motor loads greater than 115 percent.  
The motors should not operate over 115 percent, assuming they have the maximum service 
factor of 1.15.  Based on the 2006 testing, Burnett has a motor load of 134 percent and 
Tennant has a motor load of 121 percent.  We recommend that the Tennant well be retested 
and outfitted with a more appropriate pump and motor configuration if the motor load is 
confirmed.  The Burnett well also has unbalanced amperage on the legs of the motor, 
which indicates a problem with the wiring.  We recommend that this motor be pulled, shop 
tested, and rehabilitated as necessary.  Unbalanced amperage on the motor legs may be an 
indication of thinning of the insulation on the wiring.  This can lead to increased power 
consumption and eventually damage to the motor.  Maintaining the motors will reduce 
operational costs and increase the life of the motor.    

Four (4) of the wells identified as having an issue with the pump and/or motor, McMath, 
Riverbank, Thornton, and Weimer, also have unbalanced amperage on the legs of the 
motor.  We recommend that these motors be pulled, shop tested, and rehabilitated as 
necessary.  

One (1) well, Oakdale, was identified as needing a pump replacement or reconfiguration.  
Pumping rates have decreased about 600 gallons per minute (gpm) since 1978.  Water 
levels are also falling in this well.  Plant efficiency was not determined for this well in 
2006 because water levels could not be measured.  Power consumption at this well is the 
highest of all OID agricultural wells.  Because of the falling water levels and increased 
power consumption, it appears this pump may be operating outside of its efficient range.  
The pump and motor should be pulled and the well cleaned and pump tested.  The pump 
and motor design should be re-evaluated based on the pumping test.   

As a result of the analysis, only one (1) well, Huffman, has a known pump setting.  This 
pump is set at 130 feet.  Water levels were not measured during 2006 efficiency testing; 
however, as of 1994, the pumping water level was at 107 feet.  As a general rule of thumb, 
the pumps require a minimum of 20 feet of submergence.  The pumping water levels could 
be approaching a depth that could affect the longevity of the pump.  We recommend the 
installation of a flow control valve, if not already present, to control pumping rates.  A 
sounding tube should be installed to monitor water levels.  The pumping rate should be 
decreased to maintain at least 20 feet of submergence.  If the pump needs to be throttled 
back significantly, the pump should be redesigned and replaced. 

3.3 Sounding Tube Installation 
The well performance evaluation showed that 10 agricultural wells do not have plant 
efficiencies because no water level measurements could be measured.  This inability to 
obtain water levels is unclear on the efficiency field logs, but there are a number of 
conditions that could prevent the measurement of a reliable water surface in a well, 
including: 
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• Cascading water due to exposed well screen 

• No sounding port on well head 

• Pump lubricating oil on water surface 

• Not enough room between column pipe and casing wall, either by an out-of-
alignment well or too large of a pump 

In any of the cases described above, the installation of a sounding tube to the top of the 
pump should correct the problem and enable the measurement of both static and pumping 
water levels.  Without measurements of static and pumping water levels, it is not possible 
to assess the condition of a well or pump, nor is it possible to detect any potential issues 
that may threaten the proper function of the pump. 

3.4 Additional Testing 
Based on the 2006 testing, six (6) wells were identified for additional testing.  These wells 
are shown on Table 2.  We recommend additional testing where the information provided 
was either inconclusive or was an indication of a potential situation that does not require 
immediate attention, but may need to be addressed in the future.  The rationale for these 
recommendations is provided in Appendix A.  Typically, continued testing involves annual 
plant efficiency testing.  In some cases, additional information may required, such as the 
pump setting or pumping water level. 

3.5 Well Replacement 
An additional component of the well evaluations took into consideration the age of the 
well and likelihood of successful pump or well rehabilitation.  We recommend that the 
Marquis well have the pump pulled for repair or replacement.  However, the age of this 
well makes it susceptible to structural failure, and any activities, even pulling the pump, 
increases this potential.  The typical lifespan of a well is 30 to 40 years, but this well is 52 
years old.  This well is also only 125 feet deep.  Rather than risk the repair or replacement 
cost of the pump, we recommend pulling and salvaging the pump and motor, constructing 
a new well, and reusing the pump and motor.  The cost of removing the equipment, 
constructing a new well, and destroying the old well is likely to be less expensive than 
waiting until the well collapses and losing the pump.  Destruction of a collapsed well, 
especially when the pump is trapped, can increase destruction costs by two to four times. 

3.6 Other Operational/Maintenance Considerations 
B-E/GEI performed an assessment of OID wells based on plant efficiency, power 
consumption, and production characteristics.  Only the wells flagged during the 
preliminary elimination process, based on efficiency and power consumption, were 
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evaluated further.  B-E/GEI briefly reviewed the data from the other wells that did not have 
low efficiencies or high power consumption for any apparent problems that might have 
been missed by the power consumption of well efficiency screening.  Two wells, Crane 
and Paulsell #2, have motor loads in excess of 115 percent, and also have unbalanced 
amperage draw on the motor legs.  Crane has a motor load of 122 percent and Paulsell #2 
has a motor load of 118 percent.  A third well, Wyatt, also has unbalanced amperage on the 
motor legs.  We recommend these motors be pulled, shop tested, and rehabilitated as 
necessary.   

We recommend the condition of a well be assessed by performing a video camera survey 
any time a pump is removed from a well.  If there is no significant structural damage, 
routine maintenance should include wire brushing the well and removal of fill.  During 
reinstallation of the pump, a sounding tube should be installed to improve the accuracy of 
the static and pumping water level measurements and reduce the loss or damage of water 
level measuring equipment.  

We also recommend a review of the operational procedures for all wells used by OID.  As 
referenced in previous sections, multiple or frequent starts can draw significant amperage, 
typically three to four times, compared to running costs.  As general practice, we would 
recommend limiting multiple starts to the extent possible.  Soft-start motor controllers can 
also be used to minimize the amperage draw at start-up.  Significant benefits of soft-start 
motor controllers, as opposed to the more typical “across the wire” motor controllers, may 
only be seen in wells with larger motors and frequent start-ups.   

The collection of quality data is paramount to accurate assessment of well, pump, and 
motor conditions.  We recommend that standard operating procedures be developed to 
address the collection of static and pumping water levels and for performing plant 
efficiency tests.  As discussed in previous sections, the analysis of the data is not 
necessarily based on one set of measurements, but changes in these measurements over 
time.  Therefore, consistency is required to make the data comparable and useful.  We 
recommend that wells be shutdown for a minimum of 24 hours before static water levels 
are collected and/or plant efficiency tests are started.  Plant efficiency tests should be run 
for a set amount of time on all wells and during all testing periods.  The minimum run time 
should be 30 minutes. 
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4 Summary 

The assessment screened OID wells in order of use based on plant efficiency and 
production costs.  Additional factors such as the production characteristics over time 
(i.e., pumping rate, static water level, pumping water level) and potential for successful 
rehabilitation were used to further refine the recommendations.  A summary of the 
conditions for each well, specific work to be completed, and costs are provided.  The 
maintenance cost estimates are based on average costs to perform the work.  However, the 
work and costs will vary well by well dependent on the size and depth of the motor, pump, 
and well.  Average cost for engineering and hydrogeologic services are provided based on 
our experience.  B-E/GEI will be oversee the work at key times including, but not limited 
to, providing pump and motor design specifications, monitoring aquifer testing, water 
quality sampling, and analysis of the results.    

Overall, most wells, pumps, and motors are in good condition.  Of the 23 wells evaluated 
only eight (8) were identified as needing additional work, and six (6) wells were identified 
as needing additional testing.  One aspect of the analysis that could not be performed is the 
evaluation of the pumping water level to the top of the pump (or pump intake).  OID 
should investigate and archive this information.  Exposing the pump or drawing water 
levels to within 20 feet of the pump can shorten the life expectancy because of overheating 
and vortoxing.  Vortoxing can cause the pump to cavitate, or entrain air, which can pit the 
impellers.  

OID can reduce its overall maintenance costs by maintaining pumping water levels above 
the screen intervals, especially in the deeper agricultural wells.  When well screens are 
exposed, cascading water can change the chemistry of the well water and cause the 
precipitation of ions onto the well screens.  Also, cascading water increases the oxygen 
content of the water and tends to increase biological growth in the wells, again leading to 
plugging of the wells screens.  Repeat submergence and exposure of the well screens due 
to drawdown during pumping can increase the corrosion of screens and lead to premature 
failure.   

Well rehabilitation work evolves as items that are normally hidden from view are revealed 
as the work progresses.  The rehabilitation approaches itemized for each well may change 
along with the estimated cost.  A delicate balance must be maintained to allow the work to 
be completed, yet provide engineering input at key times and in a rapid manner.   
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FIGURE 2.  OID PLANT EFFICIENCY EVALUATION
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FIGURE 3.  OID POWER CONSUMPTION EVALUATION
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Tables 

  



=Below 50% =Above Average (170.2 KWh/Ac-ft)

NAME  EFF %
Power 

Consumption 
(KWh/ac-ft)

2005 
Production 

(ac-ft)
NAME  EFF %

Power 
Consumption 

(KWh/ac-ft)

2005 
Production 

(ac-ft)
Fairbanks ? 184.9 48.8 South Main #1 ? ? ?
Howard ? 183.9 160.4 South Main #2 ? ? ?
Huffman ? 165.3 49.5 Oakdale ? 230.6 92.5
Mc Math ? 184.5 202.9 Riverbank ? 210.3 39.9
Oakdale ? 230.6 92.5 Burnett 59.6 197.7 139.0
Riverbank ? 210.3 39.9 Tennant 66.5 192.9 170.2
South Main #1 ? ? ? Fairbanks ? 184.9 48.8
South Main #2 ? ? ? Mc Math ? 184.5 202.9
Steinegul ? 141.6 27.4 Howard ? 183.9 160.4
Thornton ? 171.2 258.7 Birnbaum 48 178.7 3.2
Marquis 30.8 98.0 32.0 Weimer 58.9 177.8 132.4
Birnbaum 48 178.7 3.2 Allen 54.7 173.8 129.6
Allen 54.7 173.8 129.6 Hirschfeld 70.1 173.7 245.2
Wyatt 55.6 138.6 40.3 Thornton ? 171.2 258.7
Bentley 56 150.0 31.9 Huffman ? 165.3 49.5
Crane 58.4 164.9 134.1 Crane 58.4 164.9 134.1
Valley Home 58.5 147.9 43.5 Paulsell #2 68.3 158.0 35.8
Weimer 58.9 177.8 132.4 Campbell 62.9 151.6 3.9
Burnett 59.6 197.7 139.0 Bentley 56 150.0 31.9
Campbell 62.9 151.6 3.9 Valley Home 58.5 147.9 43.5
Tennant 66.5 192.9 170.2 Steinegul ? 141.6 27.4
Paulsell #2 68.3 158.0 35.8 Wyatt 55.6 138.6 40.3
Hirschfeld 70.1 173.7 245.2 Marquis 30.8 98.0 32.0

Sort by 2006 Plant Efficiency  Sort by 2005 Power Consumption

TABLE 1
AGRICULTURAL WELL ASSESSMENT

Oakdale Irrigation District



Well Cleaning Pump/Motor 
Rehab.

Sounding 
Tube

Pump 
Replacement or 
Reconfiguration

Well 
Replacement

Thornton A 258.7 X X $17,500 Reduce long-term maintenance 
costs; Reduce operational costs

Hirschfeld A 245.2

Mc Math A 202.9 X X $17,500 Reduce long-term maintenance 
costs; Reduce operational costs

Tennant B 170.2 X $15,800 Reduce long-term maintenance 
costs

Howard A- 160.4 X X $1,500 Reduce long-term maintenance 
costs

Burnett A 139 X $16,300 Reduce long-term maintenance 
costs; Reduce operational costs

Weimer A- 132.4 X $27,600 Reduce long-term maintenance 
costs; Reduce operational costs

Allen C 129.6

Oakdale A- 92.5 X X X $92,500
Increase Production; Reduce 
maintenance costs; Reduce 
operational costs

Huffman A 49.5 X X X $2,000 Reduce long-term maintenance 
costs

Fairbanks B 48.8 X X $1,500 Reduce long-term maintenance 
costs

Riverbank A- 39.9 X X $17,500 Reduce long-term maintenance 
costs; Reduce operational costs

Marquis C 32 X $28,800 Reduce long-term maintenance 
costs; Reduce operational costs

Steinegul A 27.4 X X $1,500 Reduce long-term maintenance 
costs

Birnbaum A- 3.2

South Main #1 B ? X X $1,500 Reduce long-term maintenance 
costs

South Main #2 B ? X X $1,500 Reduce long-term maintenance 
costs

No action recommended at this time

No action recommended at this time

No action recommended at this time

WELL 
RANKING

TABLE 2

Oakdale Irrigation District

ESTIMATED 
COST ($) POTENTIAL BENEFITS

AGRICULTURAL WELL RECOMMENDATIONS

WELL NAME
2005 

PRODUCTION 
(mil gallons)

RECOMMENDED FOR REHABILITATION
Recommended 
for Additonal 

Testing

15
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PRIORITY WELL ASSESSMENTS 

  



Oakdale Irrigation District
Pump Efficiency

Well Number: Riverbank
Screen Interval: 200'-220', 280'-340', 400'-420', 530'-550'
Well Construction Date: 1991

Static Pumping Specific Plant
Date Discharge Water Level Water Level Drawdown Capacity Efficiency

gpm feet feet feet gpm/ft
06/12/91 1825 71.2 85 13.8 132.2 56.8%
07/19/94 1603 76.9 130.1 53.2 30.1 70.3%
05/16/06 1569 68.3

Note: Condsider well rehabilitiation when specific capacity drops below 99 gpm/ft
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Well Construction Date: 1991
Screen Interval: 200'-220', 280'-340', 400'-420', 530'-550'
Top of Pump (Feet) :
Type of Aquifer : confined

Summary of Conditions

Recommendations

Well Maintenance Tasks

Task Description and Work Order
1) Moblization $5,000
2) Pull motor $500
3) Shop test and rehabilitate motor $10,000
4) Install Sounding Tube $1,200
5) Reinstall Motor $500
6) Plant Efficiency Test $300

Total Budget Allocation $17,500

The plot of water levels, pumping water levels, and pumping rates shows pumping rates have remained 
relatively constant since 1994.  The static water level has risen about 3 feet since well construction in 
1991.  There is insufficient data to evaluate the current condition of the pump and well.  

The analysis shows the well has higher than average power consumption.  Plant efficiency tests indicate 
the motor leg amperage is unbalanced, which could lead to higher production costs and damage to the 
motor.  We recommend pulling the motor and having the motor shop tested and rehabilitated as 
necessary, and installing a sounding tube during reinstallation of the pump and motor.  Plant efficiency 
tests should be performed as an indicator of potential issues with the pump and/or motor.   

Riverbank
Well Rehabilitation Recommendations

The Riverbank well is about 15 years old.  It was constructed using the mud rotary drilling method.  The 
well was constructed using 16-inch diameter 1/4-inch thick steel casing and screen with 0.050-inch slot 
size to 560 feet bgs.  It is unknown if the well has been cleaned since it was constructed.  It is unknown 
if the pump has been repaired.  The pump setting is unknown.

The well was used in 2005 to produce about 13 million gallons of water.  The plant efficiency is relatively 
high.  The power consumption is above average.



Oakdale Irrigation District
Pump Efficiency

Well Number: South Main #1
Screen Interval: 315'-335', 463'-606' 
Well Construction Date: 2001

Static Pumping Specific Plant
Date Discharge Water Level Water Level Drawdown Capacity Efficiency

gpm feet feet feet gpm/ft
10/03/02 2318
05/08/06 2429

Note: Condsider well rehabilitiation when specific capacity drops below gpm/ft
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Well Construction Date: 2001
Screen Interval: 315'-335', 463'-606' 
Top of Pump (Feet) :
Type of Aquifer : confined

Summary of Conditions

Recommendations

Well Maintenance Tasks

Task Description and Work Order
1) Install Sounding Tube $1,200
2) Plant Efficiency Test $300

Total Budget Allocation $1,500

The plot of pumping rates show rates have increased by about 110 gpm since 2002.  There is 
insufficient data to evaluate the condition of the pump and the well.

The analysis shows there is insufficient data to evaluate the condition of the pump or well at this time.  
We recommend the installation of a sounding tube to obtain water levels, and the monitoring of water 
levels, power consumption, and plant efficiency as a screening criteria for potential issues with the well, 
pump, or motor. 

South Main #1
Well Rehabilitation Recommendations

The South Main #1 well is about 5 years old.  It was constructed using the reverse rotary drilling method. 
The well was constructed using 16-inch diameter 0.312-inch thck steel casing and screen with 0.050-
slot size to 606 feet bgs.  It is unknown if the well has been cleaned since it was constructed.  It is 
unknown if the pump has been repaired.  The pump setting is unknown.

The production from this well in 2005 is unknown.  The plant efficiency and power consumption are 
unknown.



Oakdale Irrigation District
Pump Efficiency

Well Number: South Main #2
Screen Interval: 262'-297', 504'-617'
Well Construction Date: 2001

Static Pumping Specific Plant
Date Discharge Water Level Water Level Drawdown Capacity Efficiency

gpm feet feet feet gpm/ft
10/03/02 2375
05/08/06 2284

Note: Condsider well rehabilitiation when specific capacity drops below gpm/ft
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Well Construction Date: 2001
Screen Interval: 262'-297', 504'-617'
Top of Pump (Feet) :
Type of Aquifer : confined

Summary of Conditions

Recommendations

Well Maintenance Tasks

Task Description and Work Order
1) Install Sounding Tube 1200
2) Plant Efficiency Test 300

Total Budget Allocation $1,500

The plot of pumping rates show rates have decreased by about 90 gpm since 2002.  There is insufficient 
data to evaluate the condition of the pump and the well.

The analysis shows there is insufficient data to evaluate the condition of the pump or well at this time.  
We recommend the installation of a sounding tube to obtain water levels, and the monitoring of water 
levels, power consumption, and plant efficiency as a screening criteria for potential issues with the well, 
pump, or motor. 

South Main #2
Well Rehabilitation Recommendations

The South Main #2 well is about 5 years old.  It was constructed using the reverse rotary drilling method. 
The well was constructed using 16-inch diameter 5/16-inch thick steel casing and screen with 0.050-inch 
slot size to 627 feet bgs.  The well is open hole from 124 to 415 feet bgs.  It is unknown if the well has 
been cleaned since it was constructed.  It is unknown if the pump has been repaired.  The pump setting 
is unknown.

The production from this well in 2005 is unknown.  The plant efficiency and power consumption are 
unknown.



Oakdale Irrigation District
Pump Efficiency

Well Number: Steinegul
Screen Interval: 22'-500'
Well Construction Date: 1943

Static Pumping Specific Plant
Date Discharge Water Level Water Level Drawdown Capacity Efficiency

gpm feet feet feet gpm/ft
08/04/81 2718 75.3 87.9 12.6 215.7 82.0%
02/23/83 2583 73.3 84.5 11.2 230.6 78.0%
08/17/87 2459 97.4 86.6%
06/07/91 1900 74.3 82.9 8.6 220.9 60.6%
07/13/94 2212 86.4 100.9 14.5 152.6 82.1%
07/26/94 1770 95 108.2 13.2 134.1 67.8%
06/27/97 2308 93.5 103 9.5 242.9 86.0%
05/15/06 2308

Note: Condsider well rehabilitiation when specific capacity drops below 162 gpm/ft
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Well Construction Date: 1943
Screen Interval: 22'-500'
Top of Pump (Feet) :
Type of Aquifer : unknown

Summary of Conditions

Recommendations

Well Maintenance Tasks

Task Description and Work Order
1) Install Sounding Tube $1,200
2) Plant Efficiency Test $300

Total Budget Allocation $1,500

The plot of water levels, pumping water levels, and pumping rates shows pumping rates have 
decreased by about 400 gpm since 1981.  The static and pumping water levels also declined through 
1997.  There is insufficient data to evaluate the current condition of the pump or the well.

The analysis shows the plant efficiency is not known.  We recommend the installation of a sounding 
tube to obtain water levels, and the monitoring of water levels, power consumption, and plant efficiency 
as a screening criteria for potential issues with the well, pump, or motor. 

Steinegul
Well Rehabilitation Recommendations

The Steinegul well is about 63 years old.  It drilling method is not known, but due to the age of the well it 
was likely constructed using the cable tool drilling method.  The well was constructed using 18-inch and 
14-inch blank and perforated casing to 265 feet.  The well is open hole from 265 to 500 feet bgs.  It is 
unknown if the well has been cleaned since it was constructed.  It is unknown if the pump has been 
repaired.  The pump setting is unknown.

The well was used in 2005 to produce about 9 million gallons.  The plant efficiency is unknown.  The 
power consumption is below average.  



Oakdale Irrigation District
Pump Efficiency

Well Number: Tennant
Screen Interval: unknown
Well Construction Date: unknown

Static Pumping Specific Plant
Date Discharge Water Level Water Level Drawdown Capacity Efficiency

gpm feet feet feet gpm/ft
09/25/81 1749 66 94.7 28.7 60.9 51.2%
03/16/83 1878 56.8 86.4 29.6 63.4 52.0%
08/13/87 1804 70.6 99 28.4 63.5 55.3%
06/13/91 1700 72.3 93.6 21.3 79.8 49.7%
07/18/94 1711 88.9 102.2 13.3 128.6 53.9%
05/23/06 2157 70.4 95.7 25.3 85.3 66.5%

Note: Condsider well rehabilitiation when specific capacity drops below 46 gpm/ft
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Well Construction Date: unknown
Screen Interval: unknown
Top of Pump (Feet) :
Type of Aquifer : unknown

Summary of Conditions

Recommendations

Well Maintenance Tasks

Task Description and Work Order
1) Plant Efficiency Test $300
2) Moblization $5,000
3) Shop test and rehabilitate motor $10,000
4) Reinstall Motor $500

Total Budget Allocation $15,800

The plot of water levels, pumping water levels, and pumping rates shows pumping rates have increased 
by about 230 gpm since 1981.  Both the static and pumping water levels have also risen over the same 
period.  

The analysis shows a motor load of 121%.  The motor should not operate over 115%, assuming it has a 
maximum service factor of 1.15.  The plant efficiency data should be confirmed.  If a motor load of 121% 
is determined, we recommend the motor be pulled, shop tested, and rehabilitated as necessary.  

Tennant
Well Rehabilitation Recommendations

The age of the Tennant well is unknown.  It was constructed using the cable tool drilling method.  The 
well was constructed using 16-inch diameter 10 gauge perforated steel casing to 124 feet bgs.  The well 
is open hole from 124 to 415 feet bgs.  It is unknown if the well has been cleaned since it was 
constructed.  It is unknown if the pump has been repaired.  The pump setting is unknown.

The well was used in 2005 to produce about 55 million gallons of water.  The plant efficiency is relatively 
low.  The power consumption is above average.



Oakdale Irrigation District
Pump Efficiency

Well Number: Thornton
Screen Interval: 70'-430'
Well Construction Date: 1945

Static Pumping Specific Plant
Date Discharge Water Level Water Level Drawdown Capacity Efficiency

gpm feet feet feet gpm/ft
10/27/78 2455 85.3 103.8 18.5 132.7 68.5%
08/27/81 2237 110 68.0%
02/22/83 2544 79.1 92.5 13.4 189.9 66.0%
08/17/87 2245 107.9 70.3%
05/13/88 2410 83.5 97.1 13.6 177.2 67.8%
05/30/91 2450 90.5 105.7 15.2 161.2 73.7%
07/11/94 2182 101.4 114.7 13.3 164.1 71.7%
06/27/97 2171 95.8 109.5 13.7 158.5 69.5%
05/08/06 2062

Note: Condsider well rehabilitiation when specific capacity drops below 100 gpm/ft
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Well Construction Date: 1945
Screen Interval: 70'-430'
Top of Pump (Feet) :
Type of Aquifer : unconfined

Summary of Conditions

Recommendations

Well Maintenance Tasks

Task Description and Work Order
1) Moblization $5,000
2) Pull motor $500
3) Shop test and rehabilitate motor $10,000
4) Install Sounding Tube $1,200
5) Reinstall Motor $500
6) Plant Efficiency Test $300

Total Budget Allocation $17,500

The plot of water levels, pumping water levels, and pumping rates shows pumping rates have 
decreased by about 400 gpm since 1978.  Both the static and pumping water levels have dropped 
through 1994.  There is insufficient data to assess the current condition of the well and pump.  

The analysis shows the well has higher than average power consumption.  Pumping rates have 
decreased.  We recommend a sounding tube be installed to obtain water levels.  Plant efficiency testing 
indicates somewhat unbalanced motor amperage, which could increase production costs and eventually 
damage the motor.   The motor should be shop tested and rahabilitated as necessary.  

Thornton
Well Rehabilitation Recommendations

The Thornton well is about 61 years old.  The drilling method is not known, but due to the age of the 
well, it was likely constructed using the cable tool drilling method.  The well was constructed using 20-
inch diameter 1/4-inch thick and 16-inch diameter 1/4-inch thick blank and perforated steel casing to 430 
feet bgs.  The well is open hole from 430 to 451 feet bgs.  It is unknown if the well has been cleaned 
since it was constructed.  It is unknown if the pump has been repaired.  The pump setting is unknown.

The well was used in 2005 to produce about 84 million gallons of water.  The plant efficiency is high.  
The power consumption is slightly above average.



Oakdale Irrigation District
Pump Efficiency

Well Number: Weimer
Screen Interval: unknown
Well Construction Date: 1945

Static Pumping Specific Plant
Date Discharge Water Level Water Level Drawdown Capacity Efficiency

gpm feet feet feet gpm/ft
10/27/78 2270 88.2 105.5 17.3 131.2 71.0%
08/27/81 2016 107.9 64.0%
02/22/83 2182 80.1 96.1 16 136.4 65.0%
08/06/85 2254 103 67.7%
08/17/87 2120 109 68.3%
07/18/88 2100 94.1 108 13.9 151.1 66.3%
05/30/91 1850 84.1 94.9 10.8 171.3 55.7%
07/08/94 2117 103.2 116.4 13.2 160.4 75.1%
05/28/97 1932 95.5 109.25 13.75 140.5 67.0%
05/08/06 1682 86.5 99.3 12.8 131.4 58.9%

Note: Consider well rehabilitation when specific capacity drops below 98 gpm/ft

0Weimer

0

500

1000

1500

2000

2500

01
/01

/78

12
/31

/81

12
/30

/85

12
/29

/89

12
/28

/93

12
/27

/97

12
/26

/01

12
/25

/05

12
/24

/09

Date

D
is

ch
ar

ge
 (g

pm
)

0

20

40

60

80

100

120

140

D
ep

th
 to

 W
at

er
 (f

ee
t)

Discharge gpm
Pumping Water Level feet
Static Water Level



Well Construction Date: 1945
Screen Interval: unknown
Top of Pump (Feet) :
Type of Aquifer : unknown

Summary of Conditions

Recommendations

Well Maintenance Tasks

Task Description and Work Order
1) Moblization $5,000
2) Pull motor and pump $2,000
3) Assess Condition of Pump and Motor $500
4) Video Survey $800
5) Shop test and rehabilitate motor $10,000
6) Pump Repair and Install $7,000
7) Disinfect well $2,000
8) Plant Efficiency Test $300

Total Budget Allocation $27,600

*Scope of maintenance should be reviewed following the video survey.  Well cleaning or well destruction may
necessary.

The plot of water levels, pumping water levels, and pumping rates shows pumping rates have 
decreased by about 590 gpm since 1978.  The static water level has remained relatively constant.  The 
pumping water level has risen about 6 feet. 

The analysis shows the well has a higher than average power consumption.  Pumping rates have 
decreased, while water levels have risen, indicating the pump needs to be rehabilitated.  We 
recommend pulling the pump and motor, and rehabilitating the pump and shaft.  The motor should be 
shop tested and rehabilitated as necessary.  Plant efficiency testing indicates somewhat unbalanced 
motor amperage, which could increase production costs and eventually damage the motor.   

Weimer
Well Rehabilitation Recommendations

The Weimer well is about 61 years old.  The drilling and construction details are unknown.  It is 
unknown if the well has been cleaned since it was constructed.  It is unknown if the pump has been 
repaired.  The pump setting is unknown.

The well was used in 2005 to produce about 43 million gallons of water.  The plant efficiency is relatively 
high.  The power consumption is above average.
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	1 Introduction
	1.1 Background

	Oakdale Irrigation District (OID) requested Bookman-Edmonston, a division of GEI Consultants, Inc. (B-E/GEI), to assess the condition of their agricultural wells.  The work was designed to rank the wells and to focus on investigating particular problems at each well.  The goal was to validate the need for maintenance and to prioritize those repairs to obtain the greatest benefit for the dollars invested.  Where rehabilitations or replacements are needed, cost estimates are provided for each well.
	1.2 Assessment Process

	The assessments were performed by evaluating existing information contained in OID’s files and interviewing personnel involved in the operation and maintenance of the wells.  An initial evaluation was performed by OID based on well usage.  The assessment was then organized to determine whether each well required maintenance and/or replacement based on power consumption, plant efficiencies, and specific capacities.  The well maintenance assessment analysis showed whether the well needs rehabilitation, the pump needs to be repaired or replaced, and whether the motor is in need of repair or replacement.  The analysis was then expanded to account for conditions at each well that would potentially modify the initial ranking based on well age or other special considerations.  Other alternatives such as well destruction as opposed to rehabilitation were also explored.  The following sections describe the assessment process.
	2 Well Maintenance Assessment
	OID owns 25 wells that are used to supply water for agriculture.  A few wells are used to control high groundwater.  OID initiated the assessment process by listing those wells that it plans to use. 
	Those wells identified for continued use were assessed using historic plant efficiency tests, production data from 2005, and power consumption records from 2005.  The data were analyzed to determine whether the well or pump and/or motor appeared to need maintenance.  If the motor and/or pump were identified as the cause, the motor efficiency and pump curve, if available, were evaluated to identify which component needs maintenance.  A thorough discussion of conditions at each well is contained in Appendix A, along with the supportive data and a cost estimate for the required maintenance.  Insufficient or highly suspect data were present for some wells that prevented making a full determination of whether maintenance is needed.  These wells were recommended for further testing.  
	2.1 OID Evaluation

	OID performed an initial evaluation to identify wells that needed further review and investigation.  The agricultural wells were subdivided into four categories based on usage: “A,” “B,” “C,” and “D.”  OID identified 17 A wells, four (4) B wells, two (2) C wells, and two (2) D wells.  Because the two (2) D wells are not in use and will most likely be destroyed, they were not evaluated for this report.  Figure 1 shows the location of all OID’s agricultural wells.  
	Most of the wells identified for further assessment have not been tested since 1994.  OID initiated plant efficiency testing in spring 2006 to provide current data.
	2.2 Plant Efficiency

	Plant efficiency testing provides an indication of the performance of a pump when it is operating under actual field conditions.  The current plant efficiencies were plotted versus the total production for 2005 to screen the wells for maintenance problems.  For agricultural water supply wells, a plant efficiency of 50 percent is generally considered acceptable.  Figure 2 shows the results of this analysis.  Table 1 lists all of the wells evaluated and highlights the wells with plant efficiencies below 50 percent, as well as where efficiencies could not be calculated.  
	As shown on Figure 2, two of 23 agricultural wells had plant efficiencies less than 50 percent, and 10 wells did not have a calculated efficiency because water levels could not be measured.  
	2.3 Power Consumption

	The power consumption was used to further screen wells for potential maintenance by using kilowatt hours per acre-foot (KWh/ac-ft) of water produced versus 2005 production records for each well.  Figure 3 shows the results of this analysis.  The agricultural wells had an average power usage of 170 KWh/ac-ft.  Table 1 lists the agricultural wells that had above average power consumption recorded in 2005.   
	As shown on Figure 3, 12 of 23 agricultural wells had above-average power consumption, which may be an indication of a problem with the pumping plant.  The data can be skewed because at start-up an “across-the-wire” motor consumes three (3) to four (4) times more power than when the pump is running.  For larger motors especially, soft-start motor controllers can reduce the amperage draw at startup and minimize this effect.  High power consumption can also occur when a well has a deep pumping water level. 
	2.4 Production Characteristics

	B-E/GEI obtained historic plant efficiency test information from OID files to develop trends in the pumping rates, static water levels, and pumping water levels.  All of the data were organized by well and used to plot the changes of pumping rate, static water levels, and pumping levels over time.  The plots show trends and relationships that are the basis for assessing whether maintenance is required at each well.  The plots are generally interpreted as follows:  
	 A declining pumping rate where the depth to static water level is flat and the pumping water level is climbing indicates a problem with the pump.
	 A declining pumping rate where the static water level is flat but the pumping water level is falling indicates the well structure is plugged.
	 A declining pumping rate where the static water level is falling and the pumping water level is trending with the static water levels indicates the pump may be out of its efficient design range or that the decline of the static water levels, because of the type of aquifer, has reduced the capacity of the aquifer to transmit water.
	The interpretations of the plots must also consider other variables.  The plant efficiency test results can confuse the analysis when they are made at lower or higher pressure than the rest of the data set.  The efficiency tests can also produce inaccurate results because they have short duration and pre-test and test conditions are not constant.  For these reasons, interpretation of long-term trends is more valid than short-term, one data point, observations.  In the case of the agricultural wells discussed in this report, the pressure within the system will only have an effect if the well is discharging into an enclosed pipeline.  Discharging to an open canal or standpipe will result in no system pressure.
	A discussion of the data, plots, conditions, interpretations, recommendations for maintenance, and preliminary cost estimates for each well identified as having either low plant efficiency or above-average power consumption are presented in Appendix A.  Recommendations for maintenance at each agricultural well are summarized on Table 2.  Plots for wells that did not appear to need further evaluation based on plant efficiency and power consumption are contained in Appendix B.  These wells were briefly reviewed for potential maintenance issues that were overlooked during the screening process.
	3 Well Maintenance Recommendations
	An evaluation of plant efficiency and power consumption was performed for 23 wells.  Based on that analysis in combination with the production characteristics, 14 wells were identified as needing maintenance.  Table 2 lists these wells.  
	Based on the assessment process, eight (8) of 23 wells were identified as needing maintenance, and six (6) of 23 wells need additional testing.  Maintenance recommendations for the eight (8) wells vary, but generally consist of well cleaning, pump or motor replacement or reconfiguration, or installation of flow control devices or sounding tubes.  One (1) of the eight (8) wells is a well that needs pump rehabilitation, but these actions could result in collapsing of the well.  Therefore, we recommend replacing this well.  The pump from the well would need rehabilitation before reuse.  
	Additional testing is recommended for six (6) wells where the information provided was either inconclusive, or was an indication of a potential situation that does not require immediate attention, but may need to be addressed in the future.  A sounding tube will need to be installed on all of these wells before the testing begins to facilitate the collection of valid data.  These recommendations are discussed further in the following sections.
	3.1 Well Cleaning

	The condition of the wells was evaluated using the pumping rate, static water level, and pumping water levels.  Only one (1) of the wells indicates the need for a cleaning.  We recommend the Oakdale well be wire brushed.  From 1981 through 1994, pumping water levels have decreased, with the most recent measurement of about 124 feet below top of casing (btoc) in 1994.  Water levels were not measured during the 2006 testing.  The well is perforated from 60 to 400 feet below ground surface (bgs), which means the pumping water level is below the top of the screen.  There is a high potential that the screens are plugging due to being exposed above the pumping water level.  This well is also recommended for pulling of the pump and motor, so the well cleaning should be performed in conjunction with those recommendations.  
	3.2 Pump and Motor Efficiencies

	B-E/GEI further evaluated the wells that were identified as having problems with the pumping plant to identify whether it was the pump or the motor that was causing the problem.  Some pump and/or motor information is available for analysis, but not for all wells.  There is also limited information regarding the pump setting (depth btoc) and pumping water level.  Information provided on the field testing sheets allows for an evaluation of the motor based on the load and amperage draw on the motor legs.
	Two (2) wells, Burnett and Tennant, had calculated motor loads greater than 115 percent.  The motors should not operate over 115 percent, assuming they have the maximum service factor of 1.15.  Based on the 2006 testing, Burnett has a motor load of 134 percent and Tennant has a motor load of 121 percent.  We recommend that the Tennant well be retested and outfitted with a more appropriate pump and motor configuration if the motor load is confirmed.  The Burnett well also has unbalanced amperage on the legs of the motor, which indicates a problem with the wiring.  We recommend that this motor be pulled, shop tested, and rehabilitated as necessary.  Unbalanced amperage on the motor legs may be an indication of thinning of the insulation on the wiring.  This can lead to increased power consumption and eventually damage to the motor.  Maintaining the motors will reduce operational costs and increase the life of the motor.   
	Four (4) of the wells identified as having an issue with the pump and/or motor, McMath, Riverbank, Thornton, and Weimer, also have unbalanced amperage on the legs of the motor.  We recommend that these motors be pulled, shop tested, and rehabilitated as necessary. 
	One (1) well, Oakdale, was identified as needing a pump replacement or reconfiguration.  Pumping rates have decreased about 600 gallons per minute (gpm) since 1978.  Water levels are also falling in this well.  Plant efficiency was not determined for this well in 2006 because water levels could not be measured.  Power consumption at this well is the highest of all OID agricultural wells.  Because of the falling water levels and increased power consumption, it appears this pump may be operating outside of its efficient range.  The pump and motor should be pulled and the well cleaned and pump tested.  The pump and motor design should be re-evaluated based on the pumping test.  
	As a result of the analysis, only one (1) well, Huffman, has a known pump setting.  This pump is set at 130 feet.  Water levels were not measured during 2006 efficiency testing; however, as of 1994, the pumping water level was at 107 feet.  As a general rule of thumb, the pumps require a minimum of 20 feet of submergence.  The pumping water levels could be approaching a depth that could affect the longevity of the pump.  We recommend the installation of a flow control valve, if not already present, to control pumping rates.  A sounding tube should be installed to monitor water levels.  The pumping rate should be decreased to maintain at least 20 feet of submergence.  If the pump needs to be throttled back significantly, the pump should be redesigned and replaced.
	3.3 Sounding Tube Installation

	The well performance evaluation showed that 10 agricultural wells do not have plant efficiencies because no water level measurements could be measured.  This inability to obtain water levels is unclear on the efficiency field logs, but there are a number of conditions that could prevent the measurement of a reliable water surface in a well, including:
	 Cascading water due to exposed well screen
	 No sounding port on well head
	 Pump lubricating oil on water surface
	 Not enough room between column pipe and casing wall, either by an out-of-alignment well or too large of a pump
	In any of the cases described above, the installation of a sounding tube to the top of the pump should correct the problem and enable the measurement of both static and pumping water levels.  Without measurements of static and pumping water levels, it is not possible to assess the condition of a well or pump, nor is it possible to detect any potential issues that may threaten the proper function of the pump.
	3.4 Additional Testing

	Based on the 2006 testing, six (6) wells were identified for additional testing.  These wells are shown on Table 2.  We recommend additional testing where the information provided was either inconclusive or was an indication of a potential situation that does not require immediate attention, but may need to be addressed in the future.  The rationale for these recommendations is provided in Appendix A.  Typically, continued testing involves annual plant efficiency testing.  In some cases, additional information may required, such as the pump setting or pumping water level.
	3.5 Well Replacement

	An additional component of the well evaluations took into consideration the age of the well and likelihood of successful pump or well rehabilitation.  We recommend that the Marquis well have the pump pulled for repair or replacement.  However, the age of this well makes it susceptible to structural failure, and any activities, even pulling the pump, increases this potential.  The typical lifespan of a well is 30 to 40 years, but this well is 52 years old.  This well is also only 125 feet deep.  Rather than risk the repair or replacement cost of the pump, we recommend pulling and salvaging the pump and motor, constructing a new well, and reusing the pump and motor.  The cost of removing the equipment, constructing a new well, and destroying the old well is likely to be less expensive than waiting until the well collapses and losing the pump.  Destruction of a collapsed well, especially when the pump is trapped, can increase destruction costs by two to four times.
	3.6 Other Operational/Maintenance Considerations

	B-E/GEI performed an assessment of OID wells based on plant efficiency, power consumption, and production characteristics.  Only the wells flagged during the preliminary elimination process, based on efficiency and power consumption, were evaluated further.  B-E/GEI briefly reviewed the data from the other wells that did not have low efficiencies or high power consumption for any apparent problems that might have been missed by the power consumption of well efficiency screening.  Two wells, Crane and Paulsell #2, have motor loads in excess of 115 percent, and also have unbalanced amperage draw on the motor legs.  Crane has a motor load of 122 percent and Paulsell #2 has a motor load of 118 percent.  A third well, Wyatt, also has unbalanced amperage on the motor legs.  We recommend these motors be pulled, shop tested, and rehabilitated as necessary.  
	We recommend the condition of a well be assessed by performing a video camera survey any time a pump is removed from a well.  If there is no significant structural damage, routine maintenance should include wire brushing the well and removal of fill.  During reinstallation of the pump, a sounding tube should be installed to improve the accuracy of the static and pumping water level measurements and reduce the loss or damage of water level measuring equipment. 
	We also recommend a review of the operational procedures for all wells used by OID.  As referenced in previous sections, multiple or frequent starts can draw significant amperage, typically three to four times, compared to running costs.  As general practice, we would recommend limiting multiple starts to the extent possible.  Soft-start motor controllers can also be used to minimize the amperage draw at start-up.  Significant benefits of soft-start motor controllers, as opposed to the more typical “across the wire” motor controllers, may only be seen in wells with larger motors and frequent start-ups.  
	The collection of quality data is paramount to accurate assessment of well, pump, and motor conditions.  We recommend that standard operating procedures be developed to address the collection of static and pumping water levels and for performing plant efficiency tests.  As discussed in previous sections, the analysis of the data is not necessarily based on one set of measurements, but changes in these measurements over time.  Therefore, consistency is required to make the data comparable and useful.  We recommend that wells be shutdown for a minimum of 24 hours before static water levels are collected and/or plant efficiency tests are started.  Plant efficiency tests should be run for a set amount of time on all wells and during all testing periods.  The minimum run time should be 30 minutes.
	4 Summary
	The assessment screened OID wells in order of use based on plant efficiency and production costs.  Additional factors such as the production characteristics over time (i.e., pumping rate, static water level, pumping water level) and potential for successful rehabilitation were used to further refine the recommendations.  A summary of the conditions for each well, specific work to be completed, and costs are provided.  The maintenance cost estimates are based on average costs to perform the work.  However, the work and costs will vary well by well dependent on the size and depth of the motor, pump, and well.  Average cost for engineering and hydrogeologic services are provided based on our experience.  B-E/GEI will be oversee the work at key times including, but not limited to, providing pump and motor design specifications, monitoring aquifer testing, water quality sampling, and analysis of the results.   
	Overall, most wells, pumps, and motors are in good condition.  Of the 23 wells evaluated only eight (8) were identified as needing additional work, and six (6) wells were identified as needing additional testing.  One aspect of the analysis that could not be performed is the evaluation of the pumping water level to the top of the pump (or pump intake).  OID should investigate and archive this information.  Exposing the pump or drawing water levels to within 20 feet of the pump can shorten the life expectancy because of overheating and vortoxing.  Vortoxing can cause the pump to cavitate, or entrain air, which can pit the impellers. 
	OID can reduce its overall maintenance costs by maintaining pumping water levels above the screen intervals, especially in the deeper agricultural wells.  When well screens are exposed, cascading water can change the chemistry of the well water and cause the precipitation of ions onto the well screens.  Also, cascading water increases the oxygen content of the water and tends to increase biological growth in the wells, again leading to plugging of the wells screens.  Repeat submergence and exposure of the well screens due to drawdown during pumping can increase the corrosion of screens and lead to premature failure.  
	Well rehabilitation work evolves as items that are normally hidden from view are revealed as the work progresses.  The rehabilitation approaches itemized for each well may change along with the estimated cost.  A delicate balance must be maintained to allow the work to be completed, yet provide engineering input at key times and in a rapid manner.  
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