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1 Introduction 

1.1 Background 
Modesto Irrigation District (MID) requested Bookman-Edmonston, a division of GEI 
Consultants, Inc. (B E/GEI), to assess the condition of their 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 MID’s 
files and interviewing personnel involved in the operation and maintenance of the wells.  
An initial evaluation was performed by MID based on well usage.  The assessment was 
then organized to determine whether each well required maintenance 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. 

 1 



M I D  W E L L  P E F O R M A N C E  E V A L U A T I O N  
 

2 Well Maintenance Assessment 

MID owns 124 wells that are used for irrigation and drainage control, although some of the 
wells are not being used at this time.  MID initiated the assessment process by listing those 
wells which 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.  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, and 
this prevented making a full determination of whether maintenance is needed.  These wells 
were recommended for further testing.  The conditions of 102 out of 124 wells were 
evaluated. 

2.1 MID Evaluation 
MID performed an initial evaluation to identify wells that need further review and 
investigation.  They initially grouped the wells by irrigation and drainage wells.  The 
irrigation wells were further subdivided into three categories based on usage: “A-Team,” 
“Bench,” and “Scrubs.”  MID identified 41 A-Team wells, 6 Bench wells, and 16 Scrubs.  
The drainage wells were not separated into categories because they are operated regardless 
of their condition and in some cases year round.  There are 39 drainage wells.  Figure 1 
shows the location of all MID wells.   

Most of the wells identified for further assessment had not been tested since 1997.  MID 
initiated plant efficiency testing in spring 2006 to provide current data.  Thirty-six of 39 
drainage wells, 40 of the 41 A-Team wells, 6 of 6 Bench wells, and 2 of 16 Scrubs wells 
were tested and evaluated for this report.  Figure 1 shows the locations of these wells.  The 
remaining wells should be tested and assessed in the future to determine the appropriate 
course of action for dealing with these wells, whether it is no action, rehabilitation, or 
destruction. 

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 irrigation 
water supply wells, a plant efficiency of 50 percent is generally considered acceptable.  
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Figures 2 and 3 show the results of these analyses for drainage and irrigation wells, 
respectively.  Tables 1 through 3 list the wells evaluated and highlight the wells with plant 
efficiencies below 50 percent for drainage wells, A-Team irrigation wells, and Bench 
irrigation wells, respectively.  The Scrubs wells were not put through this initial evaluation 
because the Scrubs status was considered an indication of the need for rehabilitation 
evaluation. 

As shown on Figure 2, 9 of 36 drainage wells had plant efficiencies less than 50 percent, 
while 2 wells, MID 57 and MID 66, do not have values because water levels could not be 
measured.  Figure 3 shows 7 of 40 A-Team wells and none of the 6 Bench wells had plant 
efficiencies below 50 percent.  One Bench well, MID 109, does not have a plant efficiency 
value because the pump was reported to be “gulping air” during the 2006 tests. 

2.3 Power Consumption 
The power consumptions were used to further screen wells for potential maintenance by 
using kilowatt hours per acre-foot (KWh/ac-ft) of water calculated during plant efficiency 
tests versus 2005 production records for each well.  Figures 4 and 5 show the results of this 
analysis.  The drainage wells had an average power usage of 70.9 KWh/ac-ft, while the A-
Team irrigation wells had an average power usage of 130.5 KWh/ac-ft.  The Bench wells 
were compared to the A-Team average as measure of power consumption.  Tables 1 
through 3 list the drainage wells, A-Team irrigation wells, and Bench irrigation wells, 
respectively, that had above average power consumption in 2005.  Total production for 
drainage and irrigation wells in 2005 is also shown.   

As shown on Figures 4 and 5, 14 of 36 drainage wells, 18 of 40 A-Team wells, and 3 of 6 
Bench wells had above-average power consumption, which may be an indication of a 
problem with the pumping plant.  The higher consumption could also be from short 
duration pumping periods.  The data may be skewed because at start-up a motor consumes 
three to four 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 MID 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:   
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• 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. 

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 drainage well and irrigation well are 
summarized on Tables 4 and 5, respectively.  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 
not apparent during the initial screening process. 
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3 Well Maintenance Recommendations 

A total of 44 wells were identified through the screening process that may need 
maintenance.  Although the plant efficiency may be below average or the power 
consumption is above average, no physical problems could be found at 16 wells. 

Based on the assessment process, 16 of 44 wells were identified as needing maintenance, 
and 12 of 44 wells need additional testing.  Maintenance recommendations for the 16 wells 
vary, but generally consist of well cleaning, pump or motor replacement or 
reconfiguration, or installation of flow control devices or sounding tubes.  Five of the 16 
wells are drainage wells that need pump rehabilitation or well cleaning, but these actions 
could result in collapsing of the well.  Therefore, we recommend replacing these drainage 
wells.  Pumps in at least four of these wells will need rehabilitation before reuse.   

Additional testing is recommended for 11 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 flow control valve will need to be 
installed on two of these wells before the testing begins.  The pumps are breaking suction 
at these two wells and preventing 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 four of the wells indicate the need for a cleaning.   

We recommend Well 221 be wire brushed and chemically cleaned.  Since 1996, the static 
water levels have fallen 13 feet, while the pumping water level has fallen about 38 feet.  
This is an indication that the well screens are plugged.  This well is also the most costly to 
operate among the irrigation wells.  The low specific capacity of this well may in some 
part be due to the aquifer; however, the downward trend of the pumping water level 
compared to the static water level indicates additional drawdown due to plugging of the 
perforations.  Improving the specific capacity of this well through cleaning would help to 
reduce the operational costs.    

We also recommend wire brush cleaning of Well 43 and Well 90 while the pump and 
motor are pulled.  Standard procedures for a well under 30 years old should be to brush the 
perforations and air-lift or bail the fill from the bottom of the well.   

MID 13 also appears to need a cleaning; however, it is unlikely to survive the process due 
to its age.  The well should be replaced as described in Section 3.6. 
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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.  Limited pump and/or motor information are available for analysis.  There is also 
limited information regarding the pump setting.  Motor horsepower (HP) and motor 
efficiency data are provided on the field testing sheets, which allowed for the calculation of 
the motor load.  Information provided on the field testing sheets also allows for an 
evaluation of the motor based on the amperage draw on the motor legs.  Maintaining the 
pumps and/or motors will reduce production cost and increase the life of the pump and 
motor. 

Two wells, MID 5 and MID 195, 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, MID 5 has a motor load of 126 percent and MID 
195 has a motor load of 118 percent.  MID 5 is also exceeding the nameplate amperage by 
over seven amps.  We recommend that MID 5 be retested and outfitted with a more 
appropriate pump and motor configuration if the motor load is confirmed.   MID 195 also 
has unbalanced amperage on the legs of the motor by over five amps, 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.  

Six wells were identified as having an issue with the pump and/or motor.  MID 30, MID 
43, MID 46, MID 48, MID 69, and MID 90 have low to very low plant efficiencies and/or 
higher than average power consumption.  MID 30, MID 46, and MID 69 are also 
exceeding the nameplate amperages.  The maintenance recommendations include pump 
and shaft rehabilitation and shop testing and rehabilitation of the motors as necessary.   

Three wells, MID 57, MID 193, and MID 240, were identified for pump and/or motor 
replacement or reconfiguration.  MID 57 is outfitted with a 75-HP motor.  The 2006 plant 
efficiency test indicates that this motor is only operating at 60 percent capacity.  This well 
is also the most costly of the drainage wells to operate.  We recommend downsizing the 
motor and pump combination for this well for more efficient operation.  Plant efficiency 
could not be determined for this well because water levels could not be measured.  
MID 193 is outfitted with a 50-HP motor operating at 83 percent capacity, and MID 240 is 
outfitted with a 100-HP motor operating at 79 percent capacity.  Both of these motors 
could be downsized for more efficient operation. 

The evaluation shows that the pumps in wells MID 46, MID 48, MID 69, and MID 83 are 
in need of rehabilitation.  However, due to the age of the wells, the pump repairs should be 
delayed until the wells are replaced.  Section 3.6 provides further discussion about these 
wells. 
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3.3 Sounding Tube Installation 
The well performance evaluation showed that two wells, MID 57 and MID 66, do not have 
plant efficiencies because no water level measurements could be measured.  This inability 
to obtain water levels is unclear, but there are a number of conditions that could prevent 
the measurement of a reliable water surface in a well, including the following: 

• 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 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 functioning of a pump. 

3.4 Installation of Flow Control Valve 
Four wells, MID 109, MID 224, MID 227, and MID 233, indicate the need for flow 
control.  A flow control valve is needed to maintain pumping water levels above the top of 
the screens and/or provide sufficient submergence for pump operations.   

MID 109 was reported to be “gulping air” during the 2006 testing, which is a sign that the 
pumping water level is within or near the pump intake.  Installation of a flow control valve 
will allow an efficiency test to be conducted.  Depending upon the results, the pump and 
motor may need to be resized.   

Based on the 1996 testing, the pumping water levels in MID 224 and MID 233 could be 
approaching the top of the pumps, especially with long duration pumping intervals.  We 
recommend that the pump setting be determined in these wells and flow control be 
implemented if the pumping water levels are approaching the pump intakes.  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 pumps need to 
be throttled back significantly, the pumps should be redesigned and replaced. 
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MID 227 appears to have a pumping water level that is near or below the top of the 
uppermost well screen.  The pumping water level during the 2006 testing was 115 feet 
below top of casing (btoc), while the well is screened from 113 to 153 feet bgs.  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.  We recommend that a flow control valve be installed on MID 227 and that the 
well be throttled back to maintain pumping water levels above the top of the well screen.  
If the pump needs to be throttled back significantly, the pump should be redesigned and 
replaced.    

3.5 Additional Testing 
Based on the 2006 testing, 12 wells were identified for additional testing.  These wells are 
shown on Tables 4 and 5.  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.    

The evaluation of MID 224 did not identify the well as needing pump or motor 
maintenance.  However, the depth to the pump intake is unknown, and there may be issues 
with the placement and size of the pump in this well.  This well produces about 
1,700 gallons per minute (gpm).  A pump that produces 1,700 gpm is likely to have either 
12- or 14-inch bowls.  The well casing transitions from 14-inch to 12-inch at 91 feet bgs, 
which suggests the pump is set at a depth of about 80 to 90 feet bgs.  Based on 2006 
testing, the pumping water level is around 85 feet btoc, which may leave only 5 feet of 
water above the pump and may potentially be exposing the pump bowls, which could lead 
to overheating.  Further assessment of the well should be performed.   

3.6 Well Replacement 
An additional component of the well evaluations took into consideration the age of the 
well and the likelihood of successful pump or well rehabilitation.  Of the 16 wells 
identified as needing rehabilitation of some form, we recommend that four drainage wells, 
MID 46, MID 48, MID 69, and MID 83, have the pumps pulled for repair or replacement, 
and one drainage well, MID 13, be cleaned.  However, the age of these wells makes them 
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.  These wells range in age from 
67 to 82 years.  These wells are also less than 100 feet deep.  Rather than risk the repair or 
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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 new wells, and destroying the old wells is likely to be less 
expensive than waiting until the well collapses and losing the pump before attempting to 
remove the equipment and properly destroying the well.  Destruction of a collapsed well, 
especially when the pump is trapped, can increase destruction costs by two to four times. 

3.7 Well Destruction 
In addition to the five wells recommended for replacement, we recommend MID review 
their remaining wells to determine if additional wells are candidates for destruction and, in 
some cases, replacement.  Figure 6 shows a plot of 102 MID irrigation and drainage wells.  
Of these 102 wells, 67 wells were installed more than 41 years ago.  Some of these wells, 
including six wells evaluated for this assessment, were not used in 2005.  California state 
law defines a “permanently inactive well” as a well that has not been used for a period of 
one year, unless the owner demonstrates future plans to continue use of this well.  By law, 
a permanently inactive well is required to be destroyed according to the California Health 
and Safety Code, Section 115700.   

3.8 Other Operational/Maintenance Considerations 
B-E/GEI performed an assessment of MID 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.  These evaluations are contained in Appendix A.  Historic production 
characteristics were collected for the remaining wells and plotted.  Appendix B contains 
this information.  B-E/GEI briefly reviewed the data from these wells for any apparent 
problems that might have been missed by the power consumption of well efficiency 
screening.  No well or pump problems were identified; however, some of the data are over 
10 years old.  We did find the 2006 efficiency test result for MID 31 to be 86 percent, 
which is not realistic and should be retested. 

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 MID.  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 
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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 obtained 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 

This assessment screened MID wells 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 costs for 
engineering and hydrogeologic services are provided based on previous experience.   

Overall, most wells, pumps, and motors are in good condition.  Of the 102 wells evaluated 
only 16 were identified as needing maintenance, and 12 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).  MID 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 of the pump because of 
overheating and vortoxing.  Vortoxing can cause the pump to cavitate, or entrain air, which 
can pit the impellors.  

MID can reduce its overall maintenance costs by maintaining pumping water levels above 
the screen intervals, especially in the irrigation 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 its estimated cost.  A delicate balance must be maintained to allow the work to 
be completed, while providing engineering input at key times and in a rapid manner.  
B-E/GEI, at the request MID, can 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.    
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	Most of the wells identified for further assessment had not been tested since 1997.  MID initiated plant efficiency testing in spring 2006 to provide current data.  Thirty-six of 39 drainage wells, 40 of the 41 A-Team wells, 6 of 6 Bench wells, and 2 of 16 Scrubs wells were tested and evaluated for this report.  Figure 1 shows the locations of these wells.  The remaining wells should be tested and assessed in the future to determine the appropriate course of action for dealing with these wells, whether it is no action, rehabilitation, or destruction.
	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 irrigation water supply wells, a plant efficiency of 50 percent is generally considered acceptable.  Figures 2 and 3 show the results of these analyses for drainage and irrigation wells, respectively.  Tables 1 through 3 list the wells evaluated and highlight the wells with plant efficiencies below 50 percent for drainage wells, A-Team irrigation wells, and Bench irrigation wells, respectively.  The Scrubs wells were not put through this initial evaluation because the Scrubs status was considered an indication of the need for rehabilitation evaluation.
	As shown on Figure 2, 9 of 36 drainage wells had plant efficiencies less than 50 percent, while 2 wells, MID 57 and MID 66, do not have values because water levels could not be measured.  Figure 3 shows 7 of 40 A-Team wells and none of the 6 Bench wells had plant efficiencies below 50 percent.  One Bench well, MID 109, does not have a plant efficiency value because the pump was reported to be “gulping air” during the 2006 tests.
	2.3 Power Consumption

	The power consumptions were used to further screen wells for potential maintenance by using kilowatt hours per acre-foot (KWh/ac-ft) of water calculated during plant efficiency tests versus 2005 production records for each well.  Figures 4 and 5 show the results of this analysis.  The drainage wells had an average power usage of 70.9 KWh/ac-ft, while the A-Team irrigation wells had an average power usage of 130.5 KWh/ac-ft.  The Bench wells were compared to the A-Team average as measure of power consumption.  Tables 1 through 3 list the drainage wells, A-Team irrigation wells, and Bench irrigation wells, respectively, that had above average power consumption in 2005.  Total production for drainage and irrigation wells in 2005 is also shown.  
	As shown on Figures 4 and 5, 14 of 36 drainage wells, 18 of 40 A-Team wells, and 3 of 6 Bench wells had above-average power consumption, which may be an indication of a problem with the pumping plant.  The higher consumption could also be from short duration pumping periods.  The data may be skewed because at start-up a motor consumes three to four 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 MID 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.
	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 drainage well and irrigation well are summarized on Tables 4 and 5, respectively.  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 not apparent during the initial screening process.
	3 Well Maintenance Recommendations
	A total of 44 wells were identified through the screening process that may need maintenance.  Although the plant efficiency may be below average or the power consumption is above average, no physical problems could be found at 16 wells.
	Based on the assessment process, 16 of 44 wells were identified as needing maintenance, and 12 of 44 wells need additional testing.  Maintenance recommendations for the 16 wells vary, but generally consist of well cleaning, pump or motor replacement or reconfiguration, or installation of flow control devices or sounding tubes.  Five of the 16 wells are drainage wells that need pump rehabilitation or well cleaning, but these actions could result in collapsing of the well.  Therefore, we recommend replacing these drainage wells.  Pumps in at least four of these wells will need rehabilitation before reuse.  
	Additional testing is recommended for 11 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 flow control valve will need to be installed on two of these wells before the testing begins.  The pumps are breaking suction at these two wells and preventing 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 four of the wells indicate the need for a cleaning.  
	We recommend Well 221 be wire brushed and chemically cleaned.  Since 1996, the static water levels have fallen 13 feet, while the pumping water level has fallen about 38 feet.  This is an indication that the well screens are plugged.  This well is also the most costly to operate among the irrigation wells.  The low specific capacity of this well may in some part be due to the aquifer; however, the downward trend of the pumping water level compared to the static water level indicates additional drawdown due to plugging of the perforations.  Improving the specific capacity of this well through cleaning would help to reduce the operational costs.   
	We also recommend wire brush cleaning of Well 43 and Well 90 while the pump and motor are pulled.  Standard procedures for a well under 30 years old should be to brush the perforations and air-lift or bail the fill from the bottom of the well.  
	MID 13 also appears to need a cleaning; however, it is unlikely to survive the process due to its age.  The well should be replaced as described in Section 3.6.
	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.  Limited pump and/or motor information are available for analysis.  There is also limited information regarding the pump setting.  Motor horsepower (HP) and motor efficiency data are provided on the field testing sheets, which allowed for the calculation of the motor load.  Information provided on the field testing sheets also allows for an evaluation of the motor based on the amperage draw on the motor legs.  Maintaining the pumps and/or motors will reduce production cost and increase the life of the pump and motor.
	Two wells, MID 5 and MID 195, 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, MID 5 has a motor load of 126 percent and MID 195 has a motor load of 118 percent.  MID 5 is also exceeding the nameplate amperage by over seven amps.  We recommend that MID 5 be retested and outfitted with a more appropriate pump and motor configuration if the motor load is confirmed.   MID 195 also has unbalanced amperage on the legs of the motor by over five amps, 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. 
	Six wells were identified as having an issue with the pump and/or motor.  MID 30, MID 43, MID 46, MID 48, MID 69, and MID 90 have low to very low plant efficiencies and/or higher than average power consumption.  MID 30, MID 46, and MID 69 are also exceeding the nameplate amperages.  The maintenance recommendations include pump and shaft rehabilitation and shop testing and rehabilitation of the motors as necessary.  
	Three wells, MID 57, MID 193, and MID 240, were identified for pump and/or motor replacement or reconfiguration.  MID 57 is outfitted with a 75-HP motor.  The 2006 plant efficiency test indicates that this motor is only operating at 60 percent capacity.  This well is also the most costly of the drainage wells to operate.  We recommend downsizing the motor and pump combination for this well for more efficient operation.  Plant efficiency could not be determined for this well because water levels could not be measured.  MID 193 is outfitted with a 50-HP motor operating at 83 percent capacity, and MID 240 is outfitted with a 100-HP motor operating at 79 percent capacity.  Both of these motors could be downsized for more efficient operation.
	The evaluation shows that the pumps in wells MID 46, MID 48, MID 69, and MID 83 are in need of rehabilitation.  However, due to the age of the wells, the pump repairs should be delayed until the wells are replaced.  Section 3.6 provides further discussion about these wells.
	3.3 Sounding Tube Installation

	The well performance evaluation showed that two wells, MID 57 and MID 66, do not have plant efficiencies because no water level measurements could be measured.  This inability to obtain water levels is unclear, but there are a number of conditions that could prevent the measurement of a reliable water surface in a well, including the following:
	 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 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 functioning of a pump.
	3.4 Installation of Flow Control Valve

	Four wells, MID 109, MID 224, MID 227, and MID 233, indicate the need for flow control.  A flow control valve is needed to maintain pumping water levels above the top of the screens and/or provide sufficient submergence for pump operations.  
	MID 109 was reported to be “gulping air” during the 2006 testing, which is a sign that the pumping water level is within or near the pump intake.  Installation of a flow control valve will allow an efficiency test to be conducted.  Depending upon the results, the pump and motor may need to be resized.  
	Based on the 1996 testing, the pumping water levels in MID 224 and MID 233 could be approaching the top of the pumps, especially with long duration pumping intervals.  We recommend that the pump setting be determined in these wells and flow control be implemented if the pumping water levels are approaching the pump intakes.  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 pumps need to be throttled back significantly, the pumps should be redesigned and replaced.
	MID 227 appears to have a pumping water level that is near or below the top of the uppermost well screen.  The pumping water level during the 2006 testing was 115 feet below top of casing (btoc), while the well is screened from 113 to 153 feet bgs.  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.  We recommend that a flow control valve be installed on MID 227 and that the well be throttled back to maintain pumping water levels above the top of the well screen.  If the pump needs to be throttled back significantly, the pump should be redesigned and replaced.   
	3.5 Additional Testing

	Based on the 2006 testing, 12 wells were identified for additional testing.  These wells are shown on Tables 4 and 5.  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.   
	The evaluation of MID 224 did not identify the well as needing pump or motor maintenance.  However, the depth to the pump intake is unknown, and there may be issues with the placement and size of the pump in this well.  This well produces about 1,700 gallons per minute (gpm).  A pump that produces 1,700 gpm is likely to have either 12- or 14-inch bowls.  The well casing transitions from 14-inch to 12-inch at 91 feet bgs, which suggests the pump is set at a depth of about 80 to 90 feet bgs.  Based on 2006 testing, the pumping water level is around 85 feet btoc, which may leave only 5 feet of water above the pump and may potentially be exposing the pump bowls, which could lead to overheating.  Further assessment of the well should be performed.  
	3.6 Well Replacement

	An additional component of the well evaluations took into consideration the age of the well and the likelihood of successful pump or well rehabilitation.  Of the 16 wells identified as needing rehabilitation of some form, we recommend that four drainage wells, MID 46, MID 48, MID 69, and MID 83, have the pumps pulled for repair or replacement, and one drainage well, MID 13, be cleaned.  However, the age of these wells makes them 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.  These wells range in age from 67 to 82 years.  These wells are also less than 100 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 new wells, and destroying the old wells is likely to be less expensive than waiting until the well collapses and losing the pump before attempting to remove the equipment and properly destroying the well.  Destruction of a collapsed well, especially when the pump is trapped, can increase destruction costs by two to four times.
	3.7 Well Destruction

	In addition to the five wells recommended for replacement, we recommend MID review their remaining wells to determine if additional wells are candidates for destruction and, in some cases, replacement.  Figure 6 shows a plot of 102 MID irrigation and drainage wells.  Of these 102 wells, 67 wells were installed more than 41 years ago.  Some of these wells, including six wells evaluated for this assessment, were not used in 2005.  California state law defines a “permanently inactive well” as a well that has not been used for a period of one year, unless the owner demonstrates future plans to continue use of this well.  By law, a permanently inactive well is required to be destroyed according to the California Health and Safety Code, Section 115700.  
	3.8 Other Operational/Maintenance Considerations

	B-E/GEI performed an assessment of MID 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.  These evaluations are contained in Appendix A.  Historic production characteristics were collected for the remaining wells and plotted.  Appendix B contains this information.  B-E/GEI briefly reviewed the data from these wells for any apparent problems that might have been missed by the power consumption of well efficiency screening.  No well or pump problems were identified; however, some of the data are over 10 years old.  We did find the 2006 efficiency test result for MID 31 to be 86 percent, which is not realistic and should be retested.
	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 MID.  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 obtained 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
	This assessment screened MID wells 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 costs for engineering and hydrogeologic services are provided based on previous experience.  
	Overall, most wells, pumps, and motors are in good condition.  Of the 102 wells evaluated only 16 were identified as needing maintenance, and 12 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).  MID 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 of the pump because of overheating and vortoxing.  Vortoxing can cause the pump to cavitate, or entrain air, which can pit the impellors. 
	MID can reduce its overall maintenance costs by maintaining pumping water levels above the screen intervals, especially in the irrigation 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 its estimated cost.  A delicate balance must be maintained to allow the work to be completed, while providing engineering input at key times and in a rapid manner.  BE/GEI, at the request MID, can 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.   
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