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EXECUTIVE SUMMARY 
The City of Colusa (City) water system is functional and meets current needs, but 
equipment is aging and maintenance has been deferred in many cases.  The City should 
plan for increasing repair and replacement costs as equipment ages.  Going forward, the 
City should plan to replace equipment and materials at a progressive interval of 50 years 
to reduce the risk of failure and promote system reliability. 

Wells 
Wells Nos. 2 and 3 are probably at or beyond the normal reliable lifespan for similar 
structures.  For Well No. 2, the City should spend as little time and money as possible to 
keep the well running until a replacement well is constructed.  The Well No. 2 site would 
be suitable for a replacement well.  The City should plan to phase out the use of Well No. 
3 and ultimately abandon the site; its location and size will make future improvements 
and upgrades very difficult if not impossible.  In the interim, the City’s best option is 
probably to spend as little time and money as possible to keep Well No. 3 running. 
 
Wells Nos. 4, 5, and 6 have some problems but are the City’s lead wells and are within 
the normal reliable lifespan for similar structures.  The City should plan to conduct 
regular (at least once per year) well testing to monitor the wells’ performance and see if 
specific capacity declines or sand production increases over time.  If changes in these 
parameters become problematic, or if other problems occur in any of the lead wells, the 
City should perform a video survey of the well structure to determine its condition and 
ability to withstand well repair or rehabilitation.  The City should be prepared for some 
upcoming repair and rehabilitation, and ultimate replacement of the lead wells as the end 
of their normal reliable lifespan approaches. 
 
The cost for engineering and construction to drill a test hole and construct a multiple-
completion monitoring well to a depth of 1,000 feet, then construct a 16-inch production 
well to a depth of 500 feet, would be approximately $500,000. 

Pump Stations 
Overall, the City’s pump stations are functional and appear to meet service conditions.  
However, some of the equipment is outdated and near the end of its reliable service life.  
The City has deferred maintenance on some equipment.  Although the age and condition 
of the equipment does not currently affect its functionality, it does affect reliability.  With 
older equipment with deferred maintenance, the City should consider that a higher degree 
of redundancy may be needed to accommodate facilities that are off line for more 
frequent upcoming repairs/maintenance or during unexpected failures.  The City should 
plan to replace equipment and materials at a progressive interval of 50 years to reduce the 
risk of failure and promote system reliability.  An entirely new pump station, similar to 
Well No. 6, would cost approximately $750,000 for engineering and construction. 
 
If the City wishes to continue to use Well No. 2 as an active permitted source, the well 
and discharge piping should be disinfected and flushed, then connected to the distribution 
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system.  The equipment should be exercised periodically to keep it operational.  More 
frequent operation of the well should reduce the need for flushing. 
 
For Well No. 3, the time delay relay setting on the soft start should be adjusted.  If this 
does not significantly reduce motor noise on startup, the soft start should be replaced with 
a modern unit.  Replacing the soft-start would cost approximately $15,000. 
 
For Wells Nos. 3, 4, 5, and 6, the flowmeter calibration should be checked.  If the 
flowmeters cannot be properly calibrated, modern flowmeter and pressure transmitter 
with digital output capability should be installed.  Efficiency tests should be re-run once 
flowmeter have been confirmed accurate.  Installation of new flowmeters would cost 
approximately $15,000 per site; rerunning efficiency test at all wells would cost 
approximately $5,000. 

Water Quality 
The City has expressed that its primary concerns with regard to water quality are 
consumer complaints of dirty water and a rotten egg odor.  Water quality in the City’s 
wells generally meets all drinking water standards except for manganese, and 
occasionally iron.  There is a secondary (aesthetic) maximum contaminant level (MCL) 
for manganese of 50 ug/L and for iron of 300 ug/L.  Enforcement of secondary standards 
is somewhat discretionary, based on level of consumer complaints and cost of treatment, 
and the City has not been subject to enforcement. 
 
Manganese and iron are the most likely causes of the “dirty water” complaint.  The 
“rotten egg odor” is likely a result of the presence of hydrogen sulfide gas in water from 
the City’s wells.  Chlorination is the City’s only treatment, and is helping reduce odor.  
The drawbacks with chlorination are that over-chlorination can contribute to dirty water, 
can leave a chlorine taste to the water, and can increase chlorine byproduct formation.   
 
Oxidation and filtration is the standard treatment to remove iron and manganese, which 
should reduce the problem of “dirty water”.  Aeration removes odor and improves taste.  
Sequestering agents chemically bind iron and manganese to prevent them from reacting 
with chlorine, allowing them to remain soluble and pass undetected through the 
distribution system.  The sequestering agents would help reduce the demand for chlorine 
so that it would be more effective in treating hydrogen sulfide without causing dirty water 
or other problems.  Although sequestering agents would not reduce the amount of iron or 
manganese in the City’s water, they would likely reduce the problems associated with 
their presence.   
  
Oxidation and filtration could be considered for Wells Nos. 5 and 6, and aeration could 
be considered for Well No. 6.  Well No. 4 has generally acceptable water quality 
according to the City.  Because the lifecycle cost of sequestering agents is substantially 
lower than other recommended treatment options, we recommend that the City consider a 
pilot program to select and test whether sequestering agents would be a good option for 
the City. 
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A summary of the 25-year lifecycle costs, including capital and operating costs, for each 
recommended option for the City’s lead wells is presented below.  An annual inflation 
rate of 3% was assumed, and applied to yearly operations and maintenance costs, and to 
the cost of planned equipment replacement within the 25-year estimating period.  Costs 
assume production of 110 MG/year for Well No. 4, 193 MG/year for Well No. 5, and 220 
MG/year for Well No. 6. 
 

Lifecycle Costs (25 Years) Option Well No. 4 Well No. 5 Well No. 6 
Filtration N/A $822,400 $1,214,000 

Aeration Only N/A N/A $1,019,800 
Aeration + Filtration N/A N/A $2,066,500 

Sequestering $96,650 $148,850 $165,800 
 
Because of the age, condition, and infrequent use of Wells Nos. 2 and 3, treatment is 
generally not recommended; however, sequestering could be considered as an option 
because its capital costs are much lower, and ongoing costs are proportional to 
production. 

DESCRIPTION OF WATER SYSTEM OPERATION 
The City’s water system consists of five wells, two storage tanks, and the distribution 
system.  Three of the City’s wells (Wells Nos. 4, 5, and 6) are “lead” wells, and two wells 
(Wells Nos. 2 and 3) are used for supplemental supply on an as-needed basis.  The City 
serves water to approximately 2,400 service connections within and slightly outside of 
the City limits.  The location of the City’s wells, storage tanks, and distribution system 
are shown in Map 1; the location of the City’s wells, storage tanks, and two new well 
sites are shown in Figure 1. 
 
The City operates its wells to maintain pressure in the storage tanks between 48 to 54 psi, 
with a preferred range of 50 to 52 psi.  Pressure is only monitored at the storage tanks, 
not in the distribution system.  Wells Nos. 4, 5, and 6 are called on by a SCADA system 
at the City’s master station located at the storage tank site.  The master station is linked to 
the slave control panels at each well site via a landline telephone connection. The master 
station monitors pump station run status, pump failure, tank level, tank low and high level 
alarms, and loss of signal.  The SCADA system was installed in 1992 and calls the well 
pumps to activate or deactivate to maintain pressure in the storage tanks according to a 
programmed sequence in the following order: First – Well No. 6, Second – Well No. 4, 
Third – Well No. 5.  Well No. 3 can be called on using the SCADA system, but is not 
part of the automated routine; it must be called manually.  Well No. 2 is not equipped 
with SCADA.  Wells Nos. 2 and 3 must be flushed before water from the wells can be 
introduced into the distribution system, so they are typically operated manually. 

WELL FIELD PRODUCTION 
The City’s well field production averages about 575 million gallons (MG) per year.  
Average monthly production ranges from a low of about 25 MG in December, January, 
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and February, to a high of about 75 to 80 MG in June, July, and August.  Monthly and 
annual well field production are summarized in Figure 2 (no data was available for 2003). 
 
During the period from 2002 through present (excluding 2003), Well No. 6 was off-line 
for a substantial period of time for rehabilitation.  Well No. 6 is usually the City’s lead 
well, but because it was off-line, from 2002 through present Well No. 5 had the highest 
average annual production, about 245 MG.  Well No. 6 had an average annual production 
of about 200 MG and Well No. 4 had an average annual production of about 120 MG.  
Wells Nos. 2 and 3 produced less than 20 MG per year on average.  Monthly and annual 
well production are summarized in Figure 3. 
 
Daily well production for the City’s lead wells from January through June 2007 (Figure 
4) indicate that the City is meeting demands with one to three of its five wells operating 
each day.  Wells Nos. 2 and 3 did not contribute significantly to the City’s production 
during this period.  Based on the approximate flow rates of the City’s wells (Figure 4), 
the maximum total production with all three lead wells on line is 3,200 gpm.  Well No. 6 
is the largest contributor with an approximate flow rate of 1,450 gpm.  If Well No. 6 were 
off line, both Wells Nos. 2 and 3 would be necessary to make up the 1,450 gpm capacity.  
The wells are theoretically capable of providing this backup capacity, but given the age 
and condition of the City’s infrastructure (discussed further below), this may still not 
provide an optimal level of system redundancy. 

WELLS 

Wells – Evaluation of Construction 
Well construction standards in California are established by the California Department of 
Water Resources (DWR) in Bulletins 74-81 and 74-90.  Colusa County has also 
established standards for wells constructed within the County; these are set forth in 
Chapter 35 of the County Code and reference the DWR well construction standards.  The 
California Department of Public Health (DPH) is the permitting agency for public water 
systems in the state, and generally requires conformance with DWR standards and also 
evaluates municipal well location with regard to offsets from additional potential 
contaminant sources.  Key well construction standards as they relate to construction of 
the City’s wells are outlined below.  These standards are mainly applied to the 
construction of new wells; older existing permitted municipal wells may have been 
constructed prior to the establishment of some standards and may thus not comply with 
all current requirements. 
 
Well Diameter, Depth, and Screened Interval 
There are no established requirements for well diameter, depth, and screened interval.  
Information for the City’s wells is provided below: 
 

Well Year 
Constructed 

Well Diameter 
(Inches) 

Well Depth 
(Feet) 

Screened Interval 
(Feet Below Ground 

Surface) 
Well No. 2i 1963 14 440 264 - 430 
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Well Year 
Constructed 

Well Diameter 
(Inches) 

Well Depth 
(Feet) 

Screened Interval 
(Feet Below Ground 

Surface) 
Well No. 3i 1960 14 440 264 - 430 

Well No. 4i 1975 14 500 
254 - 294 
360 – 370 
394 – 444 

Well No. 5ii 1981 16 328 250 - ? 

Well No. 6i 1990 16 440 
275 – 300 
320 – 340 
400 - 420 

 
Construction of the City’s wells is very similar with regard to well depth and perforated 
interval.  All of the City’s wells are likely completed in the Tehama Formation, a massive 
water-bearing formation that generally extends from Tehama County to Solano County, 
and from the Coast Ranges to the Sacramento River. 
 
Well Construction Materials 
Records indicate that the City’s wells are constructed of the following materials: 
 

Well Well Casing Material 
/ Thickness 

Well Screen Material / 
Type Gravel 

Well No. 2i Steel / 
1/4” 

Steel / 
0.125” by 2 1/2” Machine Cut 

Re-Run Pea 
Gravel 

Well No. 3i Steel / 
1/4” 

Steel / 
0.125” by 2 1/2” Machine Cut 

Re-Run Pea 
Gravel 

Well No. 4i Steel w/ 0.2% Copper / 
1/4” 

Steel / 
0.50” Slotted Size 21 

Well No. 5ii Steel w/ 0.2% Copper / 
5/16” 

Steel / 
0.100” Wire Wrapped XX Strong 

50% Size = 
4 mm 

Well No. 6i,ii Steel / 
1/4” 

Steel / 
0.60” Louvered 1/4” x 8 

 
Sanitary Seal 
Sanitary seals for municipal wells must be a minimum of 50 feet deep and have an 
annular thickness of at least two inches (DWR Bulletin 74-81).  The City’s well seals are 
as follows: 
 

Well Seal Depth 
(Feet) 

Seal Thickness 
(Inches) 

Complies with Current 
Standards 

Well No. 2i 90 3 Yes 
Well No. 3i 50 3 Yes 

Well No. 4i,ii 120 3 Yes 
Well No. 5ii 50 ~ 6.5 Yes 

Well No. 6i,iii 50 3 Yes 
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Based on available records all of the City’s wells meet the current minimum sanitary seal 
requirements. 
 
Offset Requirements 
The primary offset requirements for municipal wells are that they be located a minimum 
of 50 feet from sewer or storm drain mains or laterals.  Offsets from the City’s wells are 
as follows: 
 

Well 
Offset from 

Sewer 
(Feet) 

Complies with Current 
Standards 

Well No. 2iv 110 Yes 
Well No. 3iv 23 No 
Well No. 4v > 50 Yes 
Well No. 5vi > 50 Yes 
Well No. 6iii > 100 Yes 

 
Records indicate that Well No. 3 was located 23 feet from sewer lines when it was 
constructed.  DPH instructed the City in 1973 to replace sewer lines within a 50-foot 
radius of Well No. 3 with “extra strength vitrified clay sewer with mechanical 
compression joints or Class 150 cast iron sewer with mechanical joints” and to relocate 
the sewer sections as far as possible from Well No. 3 within the existing roadway/alley.  
It is unclear from the City’s well records whether these improvements were made.  Based 
on available records, all of the other City wells meet the current sanitary sewer offset 
requirements. 

Wells – Evaluation of Condition 
Evaluation of the condition of the City’s wells has been based on available records, 
anecdotal information provided by the City, and well testing conducted by Wood 
Rodgers. 
 
Water Level Measurements 
It is difficult to measure water levels in the City’s wells, and the City has not made any 
regular water level measurements.  According to the City, all of the wells except for Well 
No. 6 had been equipped with air lines to measure water levels via pressure, but these 
systems are very prone to failure and are nonfunctional in the City’s wells.  Access for a 
water level sounder is poor at several of the wells that don’t have dedicated sounding 
ports.  In those wells, water levels have to be sounded through the casing vents, and the 
water level sounder is in the well with the column pipe when the well is pumping.  In this 
situation, the water level sounder can get wrapped around the column pipe and must be 
left in the well.  If water levels cannot be easily and reliably measured in the City’s wells, 
it makes it difficult to monitor the well and pump station performance over time. 
 
The City’s well pumps are currently all oil-lubricated, and field measurements of water 
levels in the City’s wells indicated that all of the wells have at least several feet of oil on 
the water surface.  The presence of oil on the water surface makes sounding water levels 
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messy, difficult, and prone to inaccuracy when using standard equipment.  To accurately 
sound the oil thickness and water level in a well with oil in it, it is necessary to use an 
oil/water interface meter, which costs approximately $1,000 to $1,500 (at least twice as 
much as a standard water level meter).  The oil/water interface meter cannot be run in a 
well alongside the pump column without serious risk of damage or destruction of the 
meter probe.  An alternate method of quantifying the amount of oil in a well is to remove 
the well pump and bail out the oil.  For this project, it was not possible to quantify the 
amount of oil in the City’s wells; qualitatively, the amount of oil is enough to interfere 
with the accuracy of water level measurements and also to serve as a substrate for 
potential bacterial growth. 
 
Pump Testing Results 
With regards to evaluating the condition of the City’s wells, the following information 
from well testing conducted by Wood Rodgers in August 2007 was used: 
 

Well 

Static 
Water 
Level 
(Feet) 

Pumping 
Water 
Level 
(Feet) 

Flow 
Rate 

(gpm) 

Sand 
Production 

(ppm) 

Specific 
Capacity 

(gpm/foot) 

Well No. 2* 49 62 
(20 min.) 800 ~ 60 

(continuous) 
~ 60 

(20 min.) 

Well No. 3 46 53 
(30 min.) 800 4 

(start-up only) 
115 

(30 min.) 

Well No. 4 47 68 
(30 min.) 850 N/A 

(start-up only) 
40 

(30 min.) 

Well No. 5 47 70 
(35 min.) 750 Trace 

(start-up only) 
30 

(35 min.) 

Well No. 6 53 116 
(56 min.) 1,400 1 

(continuous) 
20 

(56 min.) 
* Flowmeter data is highly unreliable, so results are rough estimates. 
 
Ideally, sand production should be very small and only at start-up.  Sand becomes 
problematic when it is produced in significant amounts whenever the well is being 
pumped.  Specific capacity is the measure of gallons per minute produced per foot of 
drawdown; the higher the specific capacity, the more efficient the well and aquifer.  
Specific capacity varies by area and aquifer properties, but the City’s wells are similar in 
this regard and can be evaluated in comparison to one another, and in comparison to 
historic measurements. 
 
The 24-hour projected pumping water level in the City’s wells was calculated by 
extrapolating drawdown data collected during short (20- to 56-minute-long) pumping 
tests.  Because of difficulty in measuring water levels in the wells, only a limited number 
of water level measurements could be made during the pumping tests.  The short test 
duration and limited number of measurements make the projection of 24-hour pumping 
water levels prone to error, so they should not be used for decision-making without other 
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corroborating data.  The 24-hour projected pumping water levels in the City’s wells are 
as follows: 
 

Well 
Duration of Test

(Minutes) 
Number of 

Measurements Made 
24-Hour Projected 

Pumping Water Level 
(Feet) 

Well No. 2 20 3 66 
Well No. 3 30 2 56 
Well No. 4 30 13 69 
Well No. 5 35 2 103 
Well No. 6 56 3 125 

 
Well No. 2 
Well No. 2 was constructed in 1963 and is 44 years old.  Well No. 2 is very rarely used 
because the water produced has a pronounced odor; the well must be manually operated.  
The thin mild steel materials used to construct Well No. 2 provide a low level of 
corrosion resistance.  During pump testing, Well No. 2 produced approximately 60 ppm 
sand continuously throughout the 30 minute test.  The reason for excessive sand 
production is unknown but could be from well screen openings that have worn and 
enlarged over time, or other holes in the well casing.  A sand separator has been installed 
to prevent sand from entering the distribution system.   
 
Records indicate that in 1964iv, Well No. 2 produced 915 gpm with a specific capacity of 
133 gpm/foot.  The well has lost approximately 50% of its specific capacity over the last 
43 years.  Specific capacity can often be partially restored through well rehabilitation, but 
the age of the structure and the materials used to construct Well No. 2, combined with its 
sand production, make well rehabilitation inadvisable.  Well No. 2 is probably at or 
beyond the normal reliable lifespan for similar structures. 
 
Well No. 3 
Well No. 3 was constructed in 1960 and is 47 years old.  Well No. 3 is typically used as 
supplemental supply when one of the City’s lead wells (Nos. 4, 5, and 6) is offline.  The 
thin mild steel materials used to construct Well No. 3 provide a low level of corrosion 
resistance.  During pump testing, Well No. 3 produced a small amount of sand, and only 
on startup; however, Well No. 3 is equipped with a sand separator, indicating that sand 
production has been problematic.  Well No. 3 is located near abandoned underground 
fuel storage tanks, and has been subject to an increased sampling frequency for MTBE.  
The well is also located within close proximity of sewer lines.  Additionally, the Well No. 
3 site is very small and would not accommodate a replacement well or wellhead 
treatment. 
 
Records indicate that in 1964iv, Well No. 3 produced 1305 gpm with a specific capacity 
of 156 gpm/foot.  The well has lost approximately 35% of its specific capacity over the 
last 43 years.  Specific capacity can often be partially restored through well rehabilitation, 
but the age of the structure and the materials used to construct Well No. 3, along with its 
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problematic sand production, may make well rehabilitation inadvisable.  Well No. 3 is 
probably at or beyond the normal reliable lifespan for similar structures. 
 
Well No. 4 
Well No. 4 was constructed in 1975 and is 32 years old.  Well No. 4 is one of the City’s 
lead wells, and the second most frequently used (after Well No. 6).  The copper-bearing 
steel casing material used to construct Well No. 4 provides a good level of corrosion 
resistance, and the well appears to be well-designed.  During pump testing, Well No. 4 
produced a small amount of sand on start-up only.   
 
Recent testing of Well No. 4 indicates that the specific capacity is 40 gpm/foot, which is 
better than the City’s newer wells.  Because historic data is not available, it is unknown 
whether this value is lower than when the well was first constructed.  If a video survey of 
Well No. 4 indicated that the structure was in good condition, the well could probably be 
rehabilitated without significant risk of damage to the well structure.  Well No. 4 is 
probably at least 75% through the normal reliable lifespan for similar structures. 
 
Well No. 5 
Well No. 5 was constructed in 1981 and is 26 years old.  Well No. 5 is one of the City’s 
lead wells, and the third most frequently used (after Wells Nos. 4 and 6).  The thicker 
copper-bearing steel casing material used to construct Well No. 5 provides a preferred 
level of corrosion resistance.  Unfortunately, the mild steel wire-wrapped well screen is 
prone to failure.  During pump testing, Well No. 5 produced a trace of sand on start-up 
only.  Well 5 produces entrained gas, which will be discussed in subsequent sections and 
is not considered a problem with the well structure. 
 
Recent testing of Well No. 5 indicates that the specific capacity is 30 gpm/foot, which is 
average for the City’s newer wells.  Because historic data is not available, it is unknown 
whether this value is lower than when the well was first constructed.  Even if a video 
survey of Well No. 5 indicated that the structure was in good condition, any well 
rehabilitation should be extremely gently and carefully performed to avoid damaging the 
mild steel wire-wrapped well screen.  Well No. 5 is probably about 60% through the 
normal reliable lifespan for similar structures. 
 
Well No. 6 
Well No. 6 was constructed in 1990 and is 17 years old.  Well No. 6 is the City’s lead 
well.  The type of steel casing material used to construct Well No. 6 is not known, but it 
is likely copper-bearing, which provides a preferred level of corrosion resistance, and the 
louvered well screen is generally durable.  During pump testing, Well No. 6 produced a 
small amount of sand continuously throughout the test.  Well No. 6 also has problems 
with odor, but these are not considered well structure problems and are discussed 
separately. 
 
Recent testing of Well No. 6 indicates that the specific capacity is 20 gpm/foot, which is 
low for the City’s newer wells.  Historic data indicates that when the well was new, the 
specific capacity was about 36 gpm/foot, which means that it has declined nearly 50% in 



City of Colusa Water Well and Pump Station Evaluation Report 

November 2007  11 

17 years.  According to the City, a decline in specific capacity led the City to rehabilitate 
Well No. 6 with swabbing.  After the well rehabilitation, Well No. 6 produced pea gravel.  
The pump setting depth was lowered, which remedied the problem.  Recent video 
surveys of Well No. 6 indicate that the well casing is damaged, and this may make future 
well rehabilitation inadvisable.  The cause of the damage is unknown and could date back 
to when the well was constructed.  Well No. 6 is probably about 40% through the normal 
reliable lifespan for similar structures, but its problems to date may make it less reliable. 

Wells – Recommendations for Repairs or Rehabilitation 
Water Level Measurements 
When the City replaces well pumps, they should consider switching to product- (water) 
lubricated pumps and also remove the oil in the well at that time.  Future City wells 
should be designed with dedicated sounding ports that run parallel to the well casing and 
enter the well below the lowest pumping water level; this will allow for water level 
measurements to be made without potential interference with the pump column.  The City 
should also consider equipping the wells with pressure transducers and tying them into an 
updated SCADA system to monitor water levels on a regular basis.  When the City 
replaces wells, it should consider installing multiple-completion monitoring wells as a 
first step to evaluate water quality in different aquifer zones before designing a 
production well.  This could provide better water quality in future production wells. 
Well No. 2 
The City rarely uses Well No. 2, and is meeting demands with its other wells.  This fact, 
along with the age and condition of Well No. 2, means that it is probably not worthwhile 
to invest significant resources into improving Well No. 2.  If the City wishes to continue 
to maintain Well No. 2 as supplemental supply, its best option is probably to spend as 
little time and money as possible to keep the well running.  Alternately, if the City wishes 
to have a more reliable and frequently-used well at this site, we would recommend 
constructing a replacement well at the site.  This replacement well could become one of 
the City’s lead wells. 
 
Well No. 3 
The City relies on Well No. 3 for supplemental supply on a regular basis, but the age and 
condition of Well No. 3 make it less than ideal in terms of reliability.  Because the City 
can also call Well No. 2 if Well No. 3 is off line, the reliability of Well No. 3 has not 
been an issue.  Over the long term, the City should plan to phase out the use of Well No. 
3 and ultimately abandon the site; its location and size will make future improvements 
and upgrades very difficult if not impossible.  In the interim, the City’s best option is 
probably to spend as little time and money as possible to keep the well running.  In 
conjunction with phasing out the use of Well No. 3, the City should replace Well No. 2. 
 
Well No. 4 
Well No. 4 is one of the City’s lead wells, is operating reliably, has a good specific 
capacity when compared with the City’s newer wells, and produces only a small amount 
of sand.  At this time, there is no reason for the City to make any repairs or rehabilitation 
to Well No. 4.  However, the City should plan to conduct regular (at least once per year) 
well testing to monitor the well’s performance and see if specific capacity declines or 
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sand production increases over time.  If changes in these parameters become problematic, 
or if other problems occur, the City should perform a video survey of the well structure to 
determine its condition and ability to withstand well repair or rehabilitation.  Well No. 4 
will reach the end of the normal reliable lifespan for similar well structures within about 
ten years, so the City should be prepared for some upcoming repair and rehabilitation, 
and ultimate replacement of the well. 
 
Well No. 5 
Well No. 5 is one of the City’s lead wells, is operating reliably, has a good specific 
capacity when compared with the City’s newer wells, and produces only a trace amount 
of sand.  At this time, there is no reason for the City to make any repairs or rehabilitation 
to Well No. 5.  However, the City should plan to conduct regular (at least once per year) 
well testing to monitor the well’s performance and see if specific capacity declines or 
sand production increases over time.  If changes in these parameters become problematic, 
or if other problems occur, the City should perform a video survey of the well structure to 
determine its condition and ability to withstand well repair or rehabilitation.  Well No. 5 
will reach the end of the normal reliable lifespan for similar well structures within about 
15 years, so the City should be prepared for some upcoming repair and rehabilitation, and 
ultimate replacement of the well. 
 
Well No. 6 
Well No. 6 is the City’s lead well, is operating fairly reliably but continually produces a 
very small amount of sand, has a low specific capacity when compared with the City’s 
newer wells, and has damage to the well structure.  Because the well is meeting the City’s 
needs at this time, there is no reason for the City to make any repairs or rehabilitation to 
Well No. 6.  However, the City should plan to conduct regular (at least once per year) 
well testing to monitor the well’s performance and see if specific capacity declines or 
sand production increases over time.  If changes in these parameters become problematic, 
or if other problems occur, the City should perform another video survey of the well 
structure to determine any changes to its condition and its ability to withstand well repair 
or rehabilitation.  If future work is performed, the City should consider repairing damage 
to the well structure.  Well No. 6 will reach the end of the normal reliable lifespan for 
similar well structures within about 25 years, but its reliable lifespan may be shorter 
because of damage to the structure.  The City should be prepared for some upcoming 
repair and rehabilitation, and ultimate replacement of the well. 

Wells – Cost Estimates 
Cost estimates for engineering and construction of new production wells are as follows: 
 
Test hole and multiple-completion monitoring well to 1,000 feet  $150,000 
Construction of new 500-foot 16-inch production well with estimated $350,000 
 75-year service life 
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PUMP STATIONS 

Pump Stations – Evaluation of Construction 
To evaluate the construction and condition of the City’s pump stations and related 
equipment, Wood Rodgers visited each of the City’s five well sites on August 24, 2007 
with the City’s chief operations technician, Mr. Jessee Cain.  During the site visit, each 
well pump was operated as needed to record flow, pressure, and other readings. 
 
All of the City’s wells are located inside either metal buildings or stud-frame construction 
with metal or wood siding and include standing-seam or corrugated metal roofs.  The 
pump, motor, discharge valve, switchgear, and motor control center for each well is 
contained within the main compartment of each building; the chlorine gas disinfection 
equipment is housed in a separate interior compartment of each building.  The wells are 
each equipped with multi-stage vertical turbine pumps with an intake depth of 150 feet.  
The pumps have solenoid-operated oil lubrication systems, vertical lineshaft constant-
speed alternating current motors, conventional discharge circuits, and chlorine gas-feed 
disinfection systems.  A more detailed description of equipment at each facility, along 
with recorded measurements and conditions, is provided below. 
 
Well No. 2 
The Well No. 2 site was constructed in 1963 and is located in the southeast corner of 
Davison Park on Webster Street between 8th and 9th Streets. The site has room for a 
replacement well and/or water treatment equipment.  The facility consists of a small 
pump building and fenced area containing an approximate 5,000-gallon vessel-type sand 
separator.  Well No. 2 is operated infrequently and must be flushed before water can be 
introduced in to the City’s distribution system.  The well is reported to produce 
approximately 600 gpm; however, during the site visit, this could not be verified because 
the output was discharged to atmosphere upstream of the flowmeter. The following 
information was documented from the site visit: 
 

Pump Manufacturer and 
Model Byron Jackson 2KM-4 (4-stage) 

Pump BEP 800 gpm @ 205 feet TDH 
Maximum Pump Bowl 

Efficiency 81% 

Maximum Pump BHP 50 hp 
Motor 50 hp, 480 volts AC, 3φ, 4-Pole, 1,750 rpm 

Motor Current 

Phase A – 45.5 amps 
Phase B – 43.0 amps 
Phase C – 44.0 amps 

FLA – 61 amps 
Measured Flow and Pressure N/A 

 
The Well No. 2 site is shown in Figure 6, and the pump characteristic curve for single-
stage performance is shown in Figure 7. 
  



City of Colusa Water Well and Pump Station Evaluation Report 

November 2007  14 

Well No. 3 
The Well No. 3 site was constructed in 1960 and is located in a parking lot on 6th Street 
between Fremont and Carson Streets. The site does not have room for a replacement well 
or water treatment equipment.  The facility consists of a small metal-sided pump building 
and fenced area containing a hydrocyclone-type sand separator.  Well No. 3 is typically 
used as supplemental supply when one of the City’s lead wells (Nos. 4, 5, and 6) is 
offline, and must be flushed before water can be introduced in to the City’s distribution 
system.  The following information was documented from the site visit: 
 

Pump Manufacturer and 
Model Byron Jackson 12GH-3 (3-stage) 

Pump BEP 1,150 gpm @ 225 feet TDH 
Maximum Pump Bowl 

Efficiency 83% 

Maximum Pump BHP 85 hp 
Motor 75 hp, 480 volts AC, 3φ, 4-Pole, 1,760 rpm 

Motor Current 

Phase A – 80 amps 
Phase B – 78 amps 
Phase C – 82 amps 

FLA – 86 amps 

Measured Flow and Pressure 830 gpm (Signet meter) 
@ 67 psi (gauged downstream of swing check valve) 

 
The Well No. 3 site is shown in Figure 8, and the pump characteristic curve for three-
stage performance is shown in Figure 9. 
 
Well No. 4 
The Well No. 4 site was constructed in 1975 and is located in the City’s corporation yard 
near the Colusa County Fairgrounds on Colusa Avenue between Will S. Green Avenue 
and 8th Street.  The site has room for a replacement well and/or water treatment 
equipment.  The facility consists of a small metal-sided pump house with all-indoor 
pumping equipment.  Well No. 4 is one of the City’s lead wells, and is called based on 
the pressure in the City’s water tanks once Well No. 6 cannot maintain the pressure on its 
own.  The following information was documented from the site visit: 
 

Pump Manufacturer and 
Model Byron Jackson 12GH-3 (3-stage) 

Pump BEP 1,200 gpm @ 280 feet TDH 
Maximum Pump Bowl 

Efficiency 82% 

Maximum Pump BHP 85 hp 
Motor 75 hp, 480 volts AC, 3φ, 4-Pole, 1,775 rpm 

Motor Current 

Phase A – 86 amps 
Phase B – 84 amps 
Phase C – 79 amps 

FLA – 90 amps 
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Measured Flow and Pressure 1,000 gpm (Rockwell meter) 
@ 59 psi (gauged upstream of silent check valve) 

 
The Well No. 4 site is shown in Figure 10, and the pump characteristic curve for single-
stage performance is shown in Figure 11. 
 
Well No. 5 
The Well No. 5 site was constructed in 1982 and is located in the southwest corner of 
C.D. Semple Park at the intersection of Larsen Lane and 3rd Street.  The site has room 
for a replacement well and/or water treatment equipment.  The facility consists of a small 
metal-sided pump house and a fenced area containing a Bell & Gosset Model RL-8 air 
separator that was installed in 1997.  The City indicated that the Well No. 5 pump was 
rebuilt roughly 20 years ago and that the motor was rewound approximately ten years 
ago.  Well No. 5 is one of the City’s lead wells, and is called based on the pressure in the 
City’s water tanks once Wells Nos. 6 and 4 cannot maintain the pressure on their own.  
The following information was documented from the site visit: 
 

Pump Manufacturer and 
Model Byron Jackson 2KH-9 (9-stage) 

Pump BEP 670 gpm @ 225 feet TDH 
Maximum Pump Bowl 

Efficiency 81% 

Maximum Pump BHP 50 hp 
Motor 50 hp, 480 volts AC, 3φ, 4-Pole, 1,150 rpm 

Motor Current 

Phase A – 54 amps 
Phase B – 65 amps 
Phase C – 58 amps 

FLA – 65 amps 

Measured Flow and Pressure 750 gpm (Signet meter) 
@ 66 psi (gauged upstream of swing check valve) 

 
The Well No. 5 site is shown in Figure 12, and the pump characteristic curve for single-
stage performance is shown in Figure 13. 
 
Well No. 6 
The Well No. 6 site was constructed in 1990 and is located on the south side of Memorial 
Park on Jay Street between 9th and 10th Streets.  The site has room for a replacement 
well and/or water treatment equipment.  The facility consists of a small wood frame 
pump house with indoor pumping equipment.  Well No. 6 is the City’s lead well, and is 
called first based on the pressure in the City’s water tanks.  The following information 
was documented from the site visit: 
 

Pump Manufacturer and 
Model Peerless 12MB-4 (4-stage) 

Pump BEP 1,300 gpm @ 245 feet TDH 
Maximum Pump Bowl 83% 
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Efficiency 
Maximum Pump BHP 104 hp 

Motor 100 hp, 480 volts AC, 3φ, 4-Pole, 1,790 rpm 

Motor Current 

Phase A – 100 amps 
Phase B – 110 amps 
Phase C – 114 amps 

FLA – 115 amps 

Measured Flow and Pressure 1,450 gpm (Signet MK 586 meter) 
@ 62 psi (gauged downstream of swing check valve) 

 
The Well No. 6 site is shown in Figure 14, and the pump characteristic curve for single-
stage performance is shown in Figure 15. 

Pump Stations – Chlorination System 
The City’s wells are chlorinated using gas chlorine injection.  Chemical dosing is 
monitored and recorded daily by hand at each well site.  The gas chlorine feed system at 
each well site is hard-wired to operate whenever the well pump is in the run mode.  
Dosage pacing is preset to achieve a desired chlorine residual, which is measured in the 
distribution system about 100 feet downstream of each well site.  The chlorine residual is 
measured about five times per month and is hand recorded.  The chlorination system 
consists of twin gas cylinders that are connected to a vacuum regulator and Wallace-
Tiernan V75 V-notch Chlorinator, used to produce vacuum pressure and a controllable 
feed rate to the injector valve.  The injector valve mixes the chlorine gas with a feed 
water supply provided by an approximately 2-hp end-suction centrifugal pump.  The 
resultant solution is injected under pressure into the discharge main through a diffuser. 
The 150-pound bottles of liquefied chlorine gas are automatically switched over and 
changed out in proportion to the feed rate at the given station when indicated by the 
preset scale set point.  Gas sensors and a display console are used to monitor for and 
alarm of the presence of chlorine gas. 
 
Chlorine dosage and residual was evaluated for the City’s lead wells (Wells Nos. 4, 5, 
and 6).  Data was insufficient to evaluate chlorine dosage and residual for Wells Nos. 2 
and 3.  Chlorine dosage averages about 0.75 mg/L in Well No. 4, 1.0 mg/L in Well No. 5, 
and 2.25 mg/L in Well No. 6.  The City doses chlorine in Well No. 6 at a higher rate to 
help treat hydrogen sulfide odor, which is more prominent in Well No. 6 than in the other 
lead wells.  The chlorine residual from all of the lead wells averages about 0.5 mg/L.  The 
fact that the chlorine residual in Well No. 6 is about the same as in the other lead wells, 
despite more than twice the dosing, indicates that the additional chlorine is reacting with 
some chemical(s) in water from Well No. 6, likely hydrogen sulfide.  The chlorine 
dosage and measured residual in the City’s lead wells are shown in Figure 5. 

Pump Stations – Evaluation of Condition 
Evaluation of pump station condition was based on visual inspections of the sites and 
data collected during site visits.  Some anecdotal information from the City was used in 
our evaluation when records were not available. 
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Overall, the City’s pump stations are functional and appear to meet service conditions.  
However, some of the equipment is outdated and near the end of its reliable service life.  
The City has deferred maintenance on some equipment.  Although the age and condition 
of the equipment does not currently affect its functionality, it does affect reliability.  With 
older equipment with deferred maintenance, the City should consider that a higher degree 
of redundancy may be needed to accommodate facilities that are off line for more 
frequent upcoming repairs/maintenance or during unexpected failures. 
 
In order to assess overall plant operating efficiency, Wood Rodgers worked with Kirby 
Pump and Mechanical to conduct tests at each pumping station and record measurements 
at various instruments at each site.  It should be noted the correctness of the calculations 
described below is contingent on the accuracy of these instruments.  Data collected for 
each site included: flow (instantaneous and totalized), discharge pressure, water level 
below discharge centerline, and motor current.  Since supplemental loads at the site (e.g. 
chase water pump, disinfection system, exhaust fans, and incidental electrical items) 
would distort the estimate of overall plant efficiency, amperage data was collected at the 
motor terminal leads of the respective motor starter.  This enabled us to more accurately 
calculate energy consumed by the well pump only, as opposed to using direct readings 
from the electrical meter.  The calculated energy can be compared against the electrical 
meter readings to validate measurements taken during operational testing.  The electrical 
loads, flow meter readings, pumping water levels, and pressure at the proximity of pump 
discharge are all used to qualify plant performance. 
 
Water levels were measured from centerline of pump discharge to average water surface 
during pump testing.  Total dynamic head was calculated from addition of discharge 
pressure, static lift, and friction/minor losses attributed to 150-feet of pump column 
(C=130), discharge elbow, check valve, fitting losses.  The method for calculating overall 
plant, or wire-to-water, efficiency (OPE) is to divide water horsepower by input 
horsepower.  This means dividing the rate of useful work performed by the pump by the 
rate of energy used by the motor.  OPE was calculated at the discharge head, 
conservatively assuming a constant voltage of 480-VAC and a power factor of 0.8.  The 
following equations are applied to calculate overall plant efficiency. 
 
Water horsepower (hp) = (gpm x TDH) / 3,960 
Input horsepower (hp) = 0.89 x average amperage 
 
OPE = Water horsepower / Input horsepower 
OPE = (gpm x TDH) / (3,960 x 0.89 x average amperage) 
OPE = (gpm x TDH) / (3,524 x average amperage) 

 
The OPE is the combination of motor efficiency and pump efficiency.  Motor efficiency 
is about 92% for a normal motor, and maximum pump efficiency is about 83%, so the 
maximum possible OPE is about 76%.  In practice, an OPE of 70-75% is excellent. 
 
The data collected during the Wood Rodgers/Kirby testing, and the calculated TDH and 
OPE, is presented below: 
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Well 
Flow 

Reading 
(gpm) 

Calculated 
TDH 
(feet) 

Average 
Amperage

(amps) 
OPE 

Discharge 
Pressure 

(psi) 

Pumping 
Water 
Level 
(feet) 

Well No. 2 N/A N/A 44 N/A N/A 60 
Well No. 3 830 211 80 62% 67 52 
Well No. 4 1,000 207 83 71% 59 68 
Well No. 5 750 219 59 79% 66 65 
Well No. 6 1,450 262 108 100% 62 115 
During the Wood Rodgers/Kirby pump testing, water levels were measured from centerline of pump 
discharge to average pumping water surface.  Total dynamic head (TDH) was calculated by adding the 
head from discharge pressure, static lift, and friction/minor losses attributed to 150 feet of pump column 
(C=130), discharge elbow, check valve, and fittings.  OPE was calculated at the discharge head, assuming a 
constant voltage of 480-VAC and a power factor of 0.8. 
 
The results of the Wood Rodgers/Kirby testing are compared against the results of similar 
tests conducted in 2004 by Layne in the table below: 
 
 

Flow 
(gpm) 

TDH 
(feet) 

Amperage 
(amps) 

OPE 
(%) Well 

2004* 2007** 2004 2007 2004 2007 2004 2007 
Well No. 2 N/A N/A N/A N/A N/A 44 N/A N/A 
Well No. 3 1,365 830 205 211 106 80 73 62 
Well No. 4 1,025 1,000 180 207 86 83 59 71 
Well No. 5 930 750 170 219 59 59 71 79 
Well No. 6 1,240 1,450 N/A 262 115 108 N/A 100 
* Testing conducted by Layne in 2004. 
** Testing conducted by Wood Rodgers/Kirby Pump and Mechanical in 2007. 
 
The OPE for Wells Nos. 5 and 6 are unrealistic since they exceed the theoretical 
maximum OPE.  It is likely that results are a consequence of measurement inaccuracies 
of the existing flowmeters.  In contrast with the Layne pump efficiency testing results 
published March 8, 2004, there are several areas of agreement and discrepancy with the 
Wood Rodgers/Kirby test results. 
 
The Layne test data and results feature one questionable item. Well No. 3 has a motor 
with a full-load amp rating of 86 amps.  It would not have been possible for the existing 
well equipment to have produced the flow stated during the 2004 test as the capacity of 
the motor would not have allowed for 106 hp, a 23% overrun of the rated full-load 
amperage.  The motor would have had to produce 85 hp per the manufacturer’s 
performance curve to push the said flow rate.  However, the pumping head versus flow 
appears consistent with the manufacturer performance curve.  According to Wood 
Rodgers’ test data, the flow is about 25% lower, but the electrical demand of 80 amps is 
much more consistent with the nameplate rating of the motor.  
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General Evaluation 
• The well sites and buildings are locked for security, but are (with the exception of 

Well No. 4) located in easily accessible public areas.  This may make them more 
vulnerable to vandalism, fire, and other threats.  Redundancy of the well sites reduces 
this risk. 
 

• The City uses gas chlorine for disinfection.  The City’s well buildings are not well-
sealed, and three of the City’s five well sites are located in community parks.  Gas 
detectors and alarms are present within the control buildings, and the gas cylinders 
are equipped with an auto-shutoff system that close actuators on the cylinders if a gas 
leak is detected.  Despite this precaution, the location of the wells in parks presents a 
risk of serious emergency if a chlorine leak occurs and the auto-shutoff system does 
not function as designed. 

 
Additionally, the use of gas chlorination requires substantial administration.  Users of 
gas chlorine must have a Risk Management Plan (RMP) and a Process Management 
Plan (PMP) in place for each gas location.  The plans are extensive and detailed, and 
must be regularly updated.  Facilities with RMPs are routinely inspected by Cal 
OSHA for compliance with permitting requirements, and to verify that required leak 
repair kits and breathing apparatus kits, etc. are onsite.  Noncompliance can result in 
fines up to $250,000. 

 
• Points of connection at chlorine injection diffusers are badly corroded at all well sites.  

Saddle clamping tees, tapped connections, and piping in the vicinity all show signs of 
significant corrosion but do not appear to be in danger of immediate failure. 
 

• Based on field observations, the City’s existing flowmeters and totalizers appear to 
provide unstable readings and may be inaccurate.  The location of the flowmeters 
within the discharge piping, and the dated technologies used in the flowmeters, are 
both factors that are likely to decrease accuracy and prevent them from being 
comparable to more modern flow measurement technologies.  Accurate flowmeters 
are considered critical for calculating chlorine doses, monitoring operating 
conditions, tracking equipment performance, and alerting to critical maintenance 
needs. 
 

• Based on field observations, the City’s piping and valving are functional but aging.  
They are not in need of immediate replacement. 

 
• None of the City’s wells are equipped with automatic discharge to waste.  Many 

municipal systems operate their wells to discharge to waste on startup, so that 
stagnant water and entrained sand are discharged before introducing flow to the 
system.  Additionally, several of the City’s well sites have significant limitations in 
discharge capacity because of a lack of drainage. 

 
• The City’s wells are all equipped with oil-lubricated pumps.  This type of pump is 

very reliable and has a long lifespan, but also constantly discharges oil through the 



City of Colusa Water Well and Pump Station Evaluation Report 

November 2007  20 

top case or stator bearing of the bowl assembly, which accumulates within the well 
casing.  Since oil is less dense than water, a significant quantity of oil builds up 
making water level monitoring difficult.  Oil also can serve as a substrate for bacterial 
growth, which can negatively affect water quality and well performance.   

 
• The City’s pump motors, with the exception of Well No. 6, are normal efficiency.  A 

significant reduction in annual energy use, as well as utility service rebates, can be 
realized by switching to premium-efficiency motors, which are about 2-3% more 
efficient. 

 
• The switchgear and motor control centers reportedly require no maintenance.  The 

electrical equipment is contained within sealed panels in buildings.  No apparent 
problems or imminent failures were observed.  All panels feature across-the-line 
starters/motor contactors, with the exception of Well No. 3, which is equipped with a 
reduced-voltage soft starter.  This is unusual because electrical utilities typically 
won’t allow across-the-line full voltage motor starters for motors over 40 hp because 
they draw too much amperage on startup.  [See below for discussion of problem with 
Well No. 3 soft starter.] 

 
• The City currently uses its elevated storage tanks as equalizing reservoirs for the 

wells, which are operated sequentially.  There does not appear to be any need for 
variable-frequency drives unless the City would like more operational flexibility.  
Dynamic losses within the system as a result of operating pumps at full speeds versus 
partial speeds would not likely provide considerable operating cost savings. 

 
• The City has two backup generators that are stored at the Well No. 4 site.  They will 

reportedly “barely” start a 100 hp motor, which would make them barely able to start 
Well No. 6. 

 
• The City’s SCADA system is very outdated and limited in terms of its functions. 
 
Well No. 2 
Well No. 2 is not currently connected to the sand separator or distribution system.  The 
well must be flushed prior to water being introduced into the distribution system.  There 
is no flowmeter on the discharge-to-waste. 
 
Well No. 3 
Excess motor noise was observed during reduced voltage start-up of Well No. 3.  The 
well must be flushed prior to water being introduced into the distribution system.  The 
facility reportedly has an old electrical panel for which parts are no longer available, and 
the panel has grounding problems and the “mag” chatters. 
 
Well No. 4 
Well No. 4 has no significant observed problems; however, the previous electrical meter 
at the site did “blow up” for unknown reasons. 
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Well No. 5 
Well No. 5 was reportedly at least partially equipped with older salvaged equipment.  The 
Well No. 5 motor exhibited a noticeable degree of phase imbalance, roughly 15-20% 
between the highest and lowest phase currents.   Phase imbalance is typically an indicator 
of gradual motor degradation, generally caused by a decay in the motor winding 
insulation or resin.  It can also be caused by voltage imbalance from the electrical service 
provider.  Finally, the imbalance could be caused by corroded or dirty leads and motor 
contactors or poor terminations affecting resistance of the conductors.  The Well No. 5 
flowmeter produces an instantaneous flow reading that is about 40% higher than the 
totalizer reading divided by the elapsed time.  According to our calculations, the totalizer 
reading is correct and the analog gauge readings are artificially high.  The meter is either 
dysfunctional or is calibrated to an improper scale. 
 
Well No. 6 
The Well No. 6 motor exhibited a noticeable degree of phase imbalance, roughly 15-20% 
between the highest and lowest phase currents.   Phase imbalance is typically an indicator 
of gradual motor degradation, generally caused by a decay in the motor winding 
insulation or resin.  It can also be caused by voltage imbalance from the electrical service 
provider.  Finally, the imbalance could be caused by corroded or dirty leads and motor 
contactors or poor terminations affecting resistance of the conductors.  The Well No. 6 
flowmeter operation is questionable. 

Pump Station – Recommendations for Repairs or Rehabilitation 
General Recommendations 
• Consider removing signs that indicate the type of facility, for example “Well #3”.  

During regular site visits, note any incidences of vandalism or attempts at entry into 
the well sites.  Improve site security if necessary.  Consider integrating site entry 
alarms into updated SCADA system. 

 
• Ensure compliance with RMP and PMP requirements.  Inspect each location 

frequently for signs of problems or malfunctions.  Maintain required repair and 
emergency equipment at each site.  Conduct required staff training and ensure that 
staff understand emergency procedures and are prepared to respond appropriately in 
an emergency situation.  Consider advance coordination with first responders to plan 
for possible emergencies.  In long-range planning, consider converting to sodium 
hypochlorite for disinfection.  Include sodium hypochlorite disinfection rather than 
gas chlorine disinfection in new well facilities.  Incorporate an auto-dialer for 
transmitting alarm notification if it does not already exist. 

 
• Consider incremental replacement of corroded equipment.  For existing facilities, 

consider using materials with higher corrosion-resistance for replacement.  For new 
wells, provide better isolation between chlorination chemicals and other components 
of the pump station, for example by locating chlorination chemicals in a separate 
room that is accessible only from the outside of the building. 
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• Check calibration of existing flowmeters.  Consider replacing flowmeters with 
relatively low-cost modern V-cone or electromagnetic flowmeters.  Consider 
equipment with digital output and real-time recording capability for tracking facility 
performance.  Consider integrating flowmeter data into updated SCADA system. 
 

• Consider replacing equipment and materials at a progressive interval of 50 years to 
reduce the risk of failure and promote system reliability. 

 
• Consider equipping new facilities with discharge to waste on startup.  If adequate 

drainage does not exist to allow for significant discharge to waste, consider 
incorporating discharge basins at new well sites to allow for waste discharge during 
pump testing and/or well rehabilitation. 
 

• When pump replacement is necessary or desired, consider replacing pumps with 
product- (water) lubricated pumps.  Remove oil from wells when pumps are pulled. 

 
• When motor replacement is necessary or desired, consider replacing motors with 

premium efficiency units.  For lead wells, consider motor replacement for cost 
savings; initial costs could be fully recouped in savings over 5-6 years. 

 
• Plan for possible future requirements to install soft starters on existing and/or new 

facilities. 
 
• Continue to use constant-speed drives unless more operational flexibility is desired. 
 
• Consider whether larger capacity and/or more backup generators are necessary to 

maintain a desired level of emergency capacity.  Consider equipping at least some 
new well sites with auto-transfer capability and providing adequate secured space so 
that generators can be at the sites and ready to be called on in the event of a power 
outage emergency. 

 
• Consider updating the SCADA system by replacing it with newer equipment with 

expanded capabilities.  RTU panels capable of transmitting real-time data, alarms, 
and operating conditions may be useful.  Monitored items incorporated could include: 
entry alarms, water levels, discharge pressure/flow, chlorine dosage, chlorine alarm, 
etc.   
 

• Metal doors and exhaust fans at the City’s well sites should be replaced with 
fiberglass equivalents when eventual replacement is required.  New well sites should 
incorporate fiberglass doors and exhaust fans.   

 
Well No. 2 
If the City wishes to continue to use Well No. 2 as an active permitted source, the well 
and discharge piping should be disinfected and flushed, then connected to the distribution 
system.  If the site is to be maintained as supplemental supply, the equipment should be 
exercised periodically to keep it operational.  More frequent operation of the well should 
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reduce the need for flushing.  If the well is not going to be more frequently operated, 
consider constructing a replacement well at the Well No. 2 site, or dismantling and 
salvaging components. 
 
Well No. 3 
Reduce the time delay relay setting on the soft start from 2-3 seconds to 1 second.  If this 
does not significantly reduce motor noise on startup, replace the soft start with a modern 
unit.  The pump and motor at this site could use an overhaul/rewind or replacement; 
however, since Well No. 3 is not frequently used, this may not be a worthwhile expense.  
Consider installing a modern flowmeter and pressure transmitter with digital output 
capability.  Consider re-running efficiency test with more reliable flowmeter in place. 
 
Well No. 4 
Consider installing a modern flowmeter and pressure transmitter with digital output 
capability.  Consider re-running efficiency tests with more reliable flowmeter in place 
and then evaluating whether pump overhaul and motor upgrade to premium efficiency 
would be warranted. 
 
Well No. 5 
Check flowmeter calibration and if still questionable install a modern flowmeter and 
pressure transmitter with digital output capability.  Consider rerunning efficiency tests 
with more reliable flowmeter in place and then evaluating whether pump overhaul and 
motor upgrade to premium efficiency would be warranted. 
 
Well No. 6 
Check flowmeter calibration and if still questionable install a modern flowmeter and 
pressure transmitter with digital output capability. 

Pump Station – Cost Estimates 
Cost estimates for engineering and construction of the recommended pump station 
improvements are as follows: 
 
Entirely new pump station, similar to Well No. 6    $750,000 
Installation of new soft start unit with new panel, for 75-hp motor  $15,000 
Installation of new flowmeter and pressure transmitter with digital  $15,000 

output capability, per facility 
Rerunning efficiency tests       $5,000 
Pump overhaul        ~$10,000 
Pump removal and disposal       $5,000 
Installation of new water-lube pump      $25,000 
Motor replacement with premium efficiency (100-hp)   $10,000 
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Replacement of SCADA system with newer equipment and expanded $60,000 
 capabilities, including RTU panels capable of transmitting real- 
 time data, alarms, and operating conditions.   Monitored items to 
 include entry alarms, water levels, discharge pressure/flow, 
 chlorine dosage, chlorine alarm, etc.  Installation including PLC 
 cabinet, radio, antenna, per site. 
SCADA programming and testing, per site.     $10,000 

WATER QUALITY 

Evaluation of Water Quality 
The City has expressed that its primary concerns with regard to water quality are 
consumer complaints of dirty water and a rotten egg odor.  Gilmore Engineering 
evaluated water quality in the City’s wells, along with treatment options and 
recommendations, and prepared a technical memorandum that is attached as an 
Appendix.  This discussion is general; more detail on water quality as it relates to water 
treatment can be found in the Gilmore Engineering report. 
 
Water quality in the City’s wells generally meets all drinking water standards except for 
manganese and occasionally iron.  There is a secondary (aesthetic) maximum 
contaminant level (MCL) for manganese of 50 ug/L and for iron of 300 ug/L.  
Compliance with secondary MCLs for manganese and iron is determined by the running 
annual average of four quarterly samples, if quarterly samples are taken.  The California 
Department of Public Health (DPH) enforces drinking water standards.  Enforcement of 
secondary standards is somewhat discretionary, based on level of consumer complaints 
and cost of treatment.  Manganese and iron are the most likely causes of the “dirty water” 
complaint.  The “rotten egg odor” is likely a result of the presence of hydrogen sulfide 
gas in water from the City’s wells.  There is no drinking water standard for hydrogen 
sulfide, but there is a secondary standard for threshold odor of 3 TON. 
 
General water quality for the City’s wells is summarized below: 
 

Date 
Specific 

Conductance 
(umhos/cm) 

Hardness 
(mg/L) 

Turbidity 
(NTU) 

Iron 
(ug/L) 

Manganese 
(ug/L) 

Odor 
(TON)

Well No. 2 
5/22/1986 408 44   <30 <30  
7/19/1989 441 43 0.3 <33 52 <1 
3/12/1992 652 98 1.3 <100 30 1 
7/19/2001 478 77   2000 99  
8/5/2005     0.82 106.1 89.3 2 
8/23/2007 570   0.65 420 63  
Well No. 3 
5/22/1986 450 67   <30 60  
8/29/1989 509 55 <0.1 <30 65 3 
3/12/1992 509 56 0.6 <30 70 1 
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Date 
Specific 

Conductance 
(umhos/cm) 

Hardness 
(mg/L) 

Turbidity 
(NTU) 

Iron 
(ug/L) 

Manganese 
(ug/L) 

Odor 
(TON)

7/19/2001 447 68   0 82  
8/4/2005     0.65 0 75.1 2 
8/24/2007 450   1.4 <100 89  
Well No. 4 
5/15/1984 580 86   140 40  
12/8/1988 710 107 0.33 110 130 <1 
7/18/1989 702 96 0.6 <37 100 <1 
3/12/1992 679 100 0.6 140 110 <1 
7/19/2001 575 95   0 97  
8/4/2005     0.24 0 83.9 0 
8/23/2007 790   <0.5 <100 150  
Well No. 5 
5/22/1986 550 100   <30 40  
7/19/1989 534 75 0.2 <54 42 <1 
8/29/1989 509 55 <0.1 <30 <5 3 
3/12/1992 517 72 0.2 94 49 <1 
7/19/2001 479 70   0 48  
8/4/2005     0.21 0 43.3 0 
8/24/2007 500   <0.5 <100 53  
Well No. 6 
7/6/1990 412 52 <0.1 <30 57 <1 
3/12/1992 410 48 0.1 <30 43 <1 
4/15/1998 425     38 46  
7/19/2001 378 48   0 44  
8/5/2005     0.97 0 63.6 3 
8/24/2007 370   <0.5 <100 44  
 
All of the City’s wells have exceeded the MCL for manganese at some point, and Well 
No. 2 has also exceeded the MCL for iron.  Wells Nos. 5 and 6 have the lowest 
concentrations of manganese, averaging slightly below the MCL.  Water quality results 
from Well No. 2 are questionable because of their variability, extremely high iron results, 
and the fact that Well No. 2 is not operated frequently; they may not be representative of 
groundwater quality.  Even though Well No. 4 has the highest manganese of the City’s 
wells, it is reportedly the “best” well, has “no” odor and can be run into the system 
without generating complaints; odor data confirm that Well No. 4 has had the least odor 
of any of the City’s wells.  This indicates that the odor is likely caused by hydrogen 
sulfide, not manganese. 
 
Manganese concentrations do not appear to be increasing or decreasing with time.  
Recent samples with low field turbidity had similar manganese concentrations to historic 
samples with unmeasured field turbidity, indicating that historic results appear to be 


