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FEASIBILITY STUDY REPORT
BACKGROUND
The City of Mabton (Group “A” public water system, identification number 49650R) is
located in Yakima County, Washington, about 30 miles southeast of Yakima and about
10 miles south of Sunnyside. The water system serves 632 connections and a population
of about 2,290 and has four groundwater wells, including an emergency well (S02 - Well
No. 2.), a seasonal well (S03 – Well No. 3), and two permanent wells (S01 - Well No. 4
and S04 – Well No. 5). The two permanent wells, Well No. 4 and Well No. 5, are
combined as a wellfield (S05). Figure 1-1 shows the locations of the City’s existing
wells and its water distribution system layout. Also shown on this figure is the location
of a proposed well, Well No. 6, discussed later in the report.
The two permanent wells (Well No. 4 and Well No. 5) are completed into the lower
Saddle Mountain Basalt (SMB) aquifer and have nitrate levels below 1 mg/L. The nitrate
maximum contaminant level (MCL) is 10.0 mg/L. Well No. 3 is open to both the upper
and lower SMB aquifers, which allows groundwater to flow between the two aquifers.
This well was also originally open to the Wanapum Basalt aquifer, however, the well has
since collapsed in this zone and it is believed that the Wanapum portion of the well no
longer contributes to the well’s production. The upper aquifer is contaminated with
nitrate at levels that have exceeded 20 mg/L. Mabton uses Well No. 3 only in an
emergency when one of the two permanent wells goes down, or to meet seasonal peak
demand. The capacity of Well No. 3 is estimated at 200 gpm. Water in this well is
blended in the City’s reservoir with low nitrate wells before entering the distribution
system.
Well No. 4 failed in the summer of 2013. During this time Mabton used Well No. 3
blended with Well No. 5 to meet water demand with water use restrictions in place for
the entire City during this time. After flow testing Well No. 4 in October 2013, the
capacity of Well No. 4 was found to have declined from 450 to 200 gpm. As a result,
Mabton is now relying more frequently on Well No. 3 (blended with Well No. 5) to meet
water demands. Using the source capacity as a limiting factor, DOH has since reduced
Mabton's total number of approved connections.
The City’s 2013 Water System Plan Update (Gray & Osborne, Inc., 2013) identified the
repair of the City’s Well No. 4 as Project No. 1 and the construction of Well No. 6 (a
proposed new well) as Project No. 2.

SCOPE
The City of Mabton contracted with Gray & Osborne, Inc. to provide engineering
services for the City’s Source Water Protection Project, a project funded by a grant
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through the Washington State Department of Health’s Source Water Protection Program.
Briefly, this report describes the following issues related to the City’s water sources:
1.

Well No. 4 (S01) Investigation
A.

2.

Review existing information concerning the well, perform a downhole video inspection, perform water quality testing, identify likely
cause(s) for the reduced capacity, and if feasible, identify actions
that may restore Well No. 4 capacity.

Well No. 3 (S03) Investigation
A.

Review existing information concerning the well, pull pump and
motor and perform down-hole video, perform water quality testing
and identify likely cause(s) for the reduced capacity. Assess the
feasibility of rehabilitating/reconstructing Well No. 3.

3.

Well No. 4 (S04) Investigation

4.

New Well Investigation

A.

Review available information pertinent to the conceptual design
and location of New Well No. 6.

For this evaluation Gray & Osborne, Inc. has teamed with GSI Water Solutions, Inc. for
hydrogeological services.

WELL NO. 4 (S01) INVESTIGATION
The City’s Well No. 4 had been found to be declining in production for several years.
Eventually, in the summer of 2013, the well equipment failed, likely due to clogged
perforations in the well casing causing excessive drawdown in the well that allowed air
into the pump intake and prevented the pump from producing a reasonable amount of
water. The vertical turbine motor and line-shaft pump was pulled and the pump impellers
were found to be extremely thin and pitted through in places, indicating that cavitation
had likely been occurring for a significant length of time.
The Well 4 casing was scrubbed, treated with dry-ice, swabbed and jetted by a local
contractor. This well was then down-hole videotaped and it was found that many of the
5-32" slots in the manufactured well casing had been clogged and did not clean well,
even after the treatment; however, the larger perforations did clean well. There was also
found to be some damage/deterioration to the steel well casing where it appears the steel
has several 1-inch wide eroded slots/holes.
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The well was flow tested with a test pump and then equipped with a 200 gpm
submersible pump and motor, with a 4-inch column and 4-inch well house discharge
piping, air-line, explosion-proof mag-meter (flow meter), air-vac and sampling site. The
well was disinfected and put into service until such time that water demands had been
reduced and it could be taken off line for additional water chemistry and biological
testing.
The original Well No. 4 well house and equipment were designed to be explosion proof
due to concerns that this well might produce methane gas, as has been found in the City’s
Well No. 2. We note here that during the course of the re-equipping of Well No. 4, the
City frequently monitored for gas at the well casing and did not detect any signs of gas
when testing this during the project.
GSI provided a performance evaluation for Well No. 4 (Appendix A), including review
of the down-hole well video, and analysis of chemical and biological testing of Well No.
4. The detailed investigation of Well No. 4 (see Exhibit A) determined the following
about the well:





The well had an extremely high population of aerobic bacteria that is
clogging the well.
The type of bacteria suggests the influence of shallow water from the
upper Saddle Mountain interval.
The slotted casing has limited openings to the aquifer, less than 5% of
casing.
The water level in the well has declined over time.

The conclusion of Exhibit A is that Well No. 4 should be decommissioned because it has
very limited capacity for rehabilitation. The City will consider decommissioning the well
after Well No. 6 is operational.

WELL NO. 3 (S03) INVESTIGATION
The City of Mabton’s Well No. 3 was investigated, including a review of its well log and
logs of other wells in the vicinity and existing water quality information. The pump and
motor were pulled, and a down-hole video performed and analyzed. The pump and
motor have now been re-installed in the well.
GSI provided “Observations and Suggestions” for Well No. 3 (Appendix B, 6-6-14)
including review and analysis of the down-hole well video, and analysis of results of
chemical and biological testing of Well No. 4 and recommendations.
In general, rehabilitation of Well No. 3 is seen to be problematic due to a number of
reasons identified in the memorandum. Briefly, the well casing has significantly
deteriorated and the well has been blocked or has caved in to approximately 580 ft. below
City of Mabton
Source Water Protection Project
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ground surface (bgs), with an original depth of 1,004 ft. bgs. After review of the
information gathered and GSI’s comments and recommendations, it was decided that it
was not feasible to rehabilitate the well and that funds would be better applied toward
constructing a new well. This is due in part to the historically low production of this
well, which if rehabilitated would be further reduced due to an additional casing, the poor
condition of the well and the risks and associated costs involved with the rehabilitation.
The City intends to maintain Well No. 3 as an emergency well and may abandon the well
after Well No. 6 is in production.

WELL NO. 5 (SO4) INVESTIGATION
Similar to the Well No. 4 investigation, GSI completed a performance evaluation of Well
No. 5. The evaluation included an analysis of chemical and biological testing but did not
include a down hole well video review because the well could not be taken off line for
the video.
The well evaluation concluded the following:






Water production losses can be attributed to the plugging of the aquifer
pores due to extreme biological growth associated with the presence of a
relatively mature biological population.
The precipitation of carbonate minerals is likely not contributing to the
declining capacity of the well.
Nitrate contamination does not appear to be problem in Well No. 5
The amoeba and nematode remains are a concern in this well because it
could indicate the influence of shallow water on the well.

Additional discussions with GSI recommended that Well No. 5 be rehabilitated on a
regular basis to minimize biofouling.
The well evaluation recommended that the pump should be pulled and inspected, the well
should be videoed, an air line or level sensor be added to the well. These items will be
completed after the new Well No. 6 is operational.

NEW WELL (WELL NO. 6) INVESTIGATION
The information gathered from the investigations of Wells No. 4 and No. 5, with existing
information on other wells in the vicinity, were reviewed by GSI to develop a conceptual
design and location for a new City well (Well No. 6). Recommendations for the
conceptual design and location are found in Appendix A (see Recommendations) with
additional construction considerations and analysis of the various options detailed in
Appendix C.
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The new well is to be constructed into the lower SMB aquifer, and will be considered a
replacement well, replacing Well No. 4 capacity and not exceeding the existing
instantaneous water rights of 1,000 gpm. The annual withdrawal right of Well No. 4 is
452.4 ac-ft. These water rights for the new well are adequate for the replacement well.
The new well is in the same quarter section as Well No. 4, therefore, a replacement well
can be authorized without processing a water right change application.
Summarizing GSI’s recommendations for the City’s new well, it is feasible to drill the
new well, and that this well should be completed into the lower Saddle Mountain Basalt
aquifer with an estimated depth of 720 feet bgs. Due to the concerns that the new well
could draw fouling bacteria from Well No. 4 through the aquifer to the new well, the new
well should be located a significant distance (250 feet or more) from both Wells No. 4
and No. 5. Figure 1-1 shows the general area that is proposed for the new well No. 6.
The land indicated is owned by the City.
It should be noted here that that other wells in the area have been experiencing
production declines as regional water tables are being drawn down. It is inconclusive at
this point whether the new well will produce 1,000 gpm or not. However, the well will
be constructed to accommodate a production rate of 1,000 gpm in order to compensate
for future reductions in capacity, which considering the histories of Wells No. 4 and No.
5, are anticipated.
The new Well No. 6 will be constructed as follows:




Drilling for a 20 inch surface seal with a 16 inch surface seal casing to 350
feet by rotary air method.
Drilling a 15.25 open hole to approximately 720 by rotary air method.
If required by the conditions in the open hole install at 12-inch liner to 720
feet with a stainless steel screen from 470 to 500 feet and 680 to 720 feet.

An engineer’s estimate of the construction costs to drill Well No. 6 is provided (see
Appendix F); the estimated cost is $716,000.00. This amount does not include the cost of
the equipping well.
The Wanapum & Saddle Mountain Basalts have been declining about 3 feet per year in
the area. The new well will be drilled the full depth of the Saddle Mountain Basalts to
mitigate this problem.

City of Mabton
Source Water Protection Project
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APPENDIX A
WELL NO. 4 PERFORMANCE
EVALUATION

Technical Memorandum
To:

David Van Cleve; Jim Bricel

From: Kevin Lindsey, LHg; Chris Augustine; Jon Travis
Date: December 8, 2014
Re:

Mabton Well No. 4 Well Performance Evaluation

This technical memorandum summarizes the GSI Water Solution Inc.’s (GSI) evaluation of
diminished performance of the City of Mabton (City) water supply Well No. 4. This work was
done under a sub-consultant agreement with Gray & Osborne, Inc. (G&O).

Background
The yield of Well No. 4 has declined by approximately 940 gallons per minute (gpm) since 1987
based on comparison of original pumping test records and recent testing data. Given this loss
in water production, G&O and the City and is considering installation of a new water supply
well (Well No. 6) with a target pumping rate of 1,000 to 1,200 gpm producing water from the
lower Saddle Mountains Basalt aquifer system. In support of this effort GSI performed a
hydrogeologic assessment in August 2014 to evaluate groundwater production options and
potential well construction options for proposed Well No. 6.
The four options presented in the hydrogeologic assessment included:





Option 1 – well producing water from the upper Saddle Mountains aquifer system.
Option 2 – well producing water from the lower Saddle Mountains aquifer system.
Option 3a – A well fully penetrating, and producing water from, the entire Saddle
Mountains aquifer system.
Option 3b – A well pair consisting of a shallow well producing water from the upper
Saddle Mountains aquifer system and a deep well producing water from the lower
Saddle Mountains aquifer system.

GSI recommended that the City pursue Option 2 first with the option to drill a second shallower
Well, if acceptable yield was not encountered in the lower Saddle Mountains Aquifer, and the
upper Saddle Mountains was found to have acceptable water quality.
Given this recommendation, understanding the potential cause(s) of water production losses in
Well No. 4 is important in making a final Well No. 6 drilling and construction plan. Well No. 4
is interpreted to be completed in the lower Saddle Mountains aquifer system (Attachment A).
Given the significant yield declines observed in Well No. 4, the City wanted to evaluate their

potential cause(s). Declines in well yield like those seen in Well #4 typically are due to one or
more of the following mechanisms:
1. Physical clogging of the screen, slots, and/or filters pack by buildup of fine-grained
particulates.
2. Plugging of the screen, slots, and/or filter pack due to chemical precipitation of
minerals.
3. Bio-fouling of the screen, slots, and/or filter pack due to bacteriological growth.
4. Seasonal and/or long-term water level declines resulting from over pumping of the
aquifer(s) and/or well interference due to pumping in other wells.
To evaluate potential cause(s) of the observed declines in well performance GSI did the
following which is reported on herein:




Completed a bacterial assessment.
Completed a geochemical assessment.
Reviewed historical water level, yield, and well performance information.

The results of this evaluation and our recommendations for Well No. 6 based on the work
described herein are discussed below.

Historical Well Performance
On the basis of available pumping test records and the original water well report on file with
the Washington Department of Ecology, Well 4 had a reported maximum yield of 1,140 gpm
with an observed drawdown of 168.6 feet when it was constructed in 1987. At that time static
water level was reported to be 67 feet below ground surface. Pump testing at that time at a
pumping rate of approximately 1,140 gpm resulted in approximately 170 feet of draw down,
and an estimated specific capacity was 6.76 gpm/ft of drawdown at 1,140 gpm (Attachment B –
Figure 1).
In August 2013, the reported static water level was 155 feet bgs and the well yielded 240 gpm
with 256 feet of observed drawdown, resulting in an estimated specific capacity of 0.94 gpm/ft
of drawdown (Attachment B – Figure 2). While replacement pumping equipment was on order,
the well was mechanically redeveloped by swabbing and chlorinated to control bacterial
populations. Following the pump re-installation and mechanical swabbing, the pump was
reinstalled with an intake depth of 533 feet bgs (personal comm., City of Mabton). As of October
2013 it is GSI understands that the yield of Well 4 has declined to 200 gpm.
At the completion of the August 2013 pumping test, water level was monitored to see how Well
No. 4 recovered from pumping. The well recovered rapidly initially and was fully recovered
within 1.5 hours after pumping had ceased. This observation suggests that the decrease in well
performance of more than 86 percent since 1987 is likely due to plugging of the slotted intervals
and is not related to well interference or aquifer conditions. However, reported static water
level has decreased by approximately 89 feet since the well was constructed in 1987, greatly
reducing the available drawdown. Consequently, some loss in aquifer pumping capacity may
be occurring, and contributing to some of the loss in Well No. 4 performance.
Given that, there is evidence of plugging in the well, which is discussed in the following
sections.

Downhole Video Survey
A well video survey was performed by Schneider Water Services on August 22, 2013, following
brushing and related well rehabilitation work. Basic observations of borehole conditions seen in
this video, in feet below ground surface, are as follows:


















156 feet - The observed static water level.
411 feet - Casing downsizes to 10”.
561 feet - Casing downsizes again to 8”.
562 feet – Start of 5/32” by 3” slots.
562-570 feet – Most slots appear to be open but some appear partially plugged.
570-580 feet – Increasing amount of plugged slots.
594-680 feet – Most slots are either fully plugged or only partially open. The casing
appears to be pitted.
595 feet – Slots appear to be more open below this depth.
602 feet – Casing joint that appears to not be welded.
607- 675 feet – Most slots appear to be fully plugged or only partially open. Some slots
are barely visible.
675 feet – Slots appear to be more open.
681-697 feet – No indication of any slots.
697 feet – Slots widen (approx. ½”) but similar in length to those above. There appears to
only be 4 vertical rows of slots.
710 feet – Corrosion on blank casing and at slot edges, increasing with depth. Some slots
appear to be partially plugged.
714-719 feet – Rounded, corroded, and interconnected former slots?
720-722 feet – Blank casing, no slots.
722-736 feet – No steel casing, open hole. Total depth is 736 feet.

Bacterial and Geochemical Assessment of Well No. 4
Quantitative bacterial and geochemical assessment samples were collected on September 23,
2014 and submitted to Water Systems Engineering (WSE) in Ottawa, Kansas to assess the
potential for inorganic and bacteriological causes of clogging. Assessment results for Well No. 4
are included as Attachment C.
The WSE analysis characterizes the chemistry of key inorganic and organic parameters in the
groundwater. The inorganic analysis looks at the potential for the precipitation of minerals and
scale based on concentrations of dissolved metals, dissolved solids, major anions and cations.
Other parameters such as total organic carbon and nutrients (nitrate, phosphate, sulfate) are
evaluated as well as the general biological population (i.e. coliform, protozoa, etc.), iron related
bacteria (IRB) and sulfate reducing bacteria (SRB). Bacterial populations were evaluated using
heterotrophic plate counts, adenosine triphosphate and microscopic analysis.
A “casing” sample and an “aquifer” sample were collected to evaluate bacterial populations in
the vicinity of the wellbore, and further away from the well, within the aquifer. A comparison
of the “casing” sample and the “aquifer” sample provides an indication of the severity and/or
the presence of biological fouling, if present in the well. Additionally, GSI monitored field
parameters of temperature, pH, oxidation-reduction potential, and specific conductance and

dissolved oxygen during the sample collection at Well 4 to identify any trends in water quality,
which can also provide indications of bacterial activity (Attachment D).

General Chemistry (inorganic) Results
Both the casing and aquifer general water quality were good and with the exception of sodium
and silica, the observed concentrations were within the normal range for groundwater. The
reduction in open area results in very high frictional losses as water enters the well from the
aquifer. If the aquifer water quality is oversaturated with calcium carbonate, higher entrance
velocities through the obstructed slots can result in precipitation of iron and manganese
carbonates. However, the results of the 2014 water quality assessment suggest that the potential
for precipitation of carbonate minerals is limited and that the plugging mechanism is
predominately the result of biological growth near the well.
Nitrate was not detected in either of the samples. Nitrate is the major nitrogen species present in
oxygenated water and typically is not present in oxygen deficient groundwater present in deep
CRBG aquifers. Dissolved oxygen concentrations greater than 1 milligram per liter (mg/L)
were observed during the first 20 minutes of pumping at Well 4. It is unclear whether cascading
of oxygen rich water behind the casing from the upper Saddle Mountain water bearing intervals
resulted in the observed trends. The cascading of oxygen rich water can promote bacterial
growth within the casing.

Bacterial Assessment Results
Well No. 4 bacterial assessment results suggest a prolific bacterial community present in both
the casing and the aquifer samples. Heterotrophic plate counts showed elevated populations in
both the casing and aquifer sample. Both the casing and aquifer sample were negative for total
coliform and E. coli coliform. Anaerobic growth was low and none of the species identified
microscopically are an iron-related bacteria or sulfate reducing bacteria which are the most
common bacteria that biofoul water supply wells.
The identified population consisted of predominately aerobic (oxygen-loving) bacteria
Pseudomonas Mexicans, Bacilli specie, Deinococcus, and traces of Thiothrix. Pseudomonas and
Thiothrix are both sulfur oxidizers. Bacilli is an aerobic slime forming bacteria that can produce
large volumes of biofilm resulting in plugging of the wells. Deinoccus is typically associated
with organic rich environments such as feces or intestinal content. Additionally, protozoa were
identified in the casing sample.
While low visible bacterial activity and minor biofilm with traces of the bacteria species
Thiothrix, were observed microscopically, the ATP results (an indicator of viable cellular
activity) in both the casing and aquifer were some of the highest values GSI has observed in a
basalt water supply well. Typical values for ATP are less than 100,000 cells per milliliter (ml) for
most groundwater systems. Well No. 4 values were well above this threshold value and
suggest a robust population near the well and potentially further from the well. In addition, the
presence of dissolved oxygen, protozoa and aerobic bacteria suggests the influence of shallow
water from the upper Saddle Mountain interval on the water quality in Well No. 4.

Summary
Inorganic and bacterial assessment sample results are interpreted to show that:







Water production losses reported for Well No. 4 are in large part the result of plugging
of slotted intervals due to extreme biological growth and the presence of a relatively
mature biological population.
The biological mass, metal oxides and hydroxides (and to a lesser extent silt and debris)
have accumulated in the slotted portions of the liner from 563 to 724 feet bgs.
A review of the available pumping test data suggests that water level in the well also has
declined over time, potentially contributing to the declining capacity at Well No. 4.
Nitrate contamination does not appear to be a problem in Well 4. However, elevated
nitrate in shallow groundwater throughout the area is common, and should be
considered in any future drilling plan.

As noted previously, Schneider Water Services performed mechanical swabbing to redevelop
the well when the pump was removed from the well in the summer of 2013. Video logging of
the well indicates that significant plugging persisted behind the slots within the liner following
that work. This is not uncommon for slotted liners. The percent effective open area of slotted
liner is generally 5% or less of total liner surface area when originally installed (Driscoll, 1986).
The plugging of slots further reduces the percent open area of the slots and limiting flow into
the well.
Comparing the originally reported pumping characteristics of this well, to those more recently
reported, Well No. 4 has experienced an approximately 86 percent loss in pumping capacity
since it was first drilled and tested in 1987. In GSI’s experience, restoration of well performance
becomes less likely with well performance losses of greater than 30 to 40 percent. Additionally,
the limited open area of the slotted liner and the poor condition of the liner 4 limits the
mechanical and chemical redevelopment approach for the well.

Recommendations
On the basis of our observations and interpretations GSI recommends that:
1. Decommission Well No. 4. The primary reason for this recommendation is the presence
of dissolved oxygen, protozoa and aerobic in Well No. 4 which suggests the well may
be acting as a conduit that allows these constituents to get deep into the aquifer system
where they do not normally occur. With continued introduction of these into the deeper
aquifer system, there is a continued potential for future biofouling.
2. Drill and Construct Well No. 6. Drill and construct the new well generally as described
for Option 2 in GSI’s August 2014 findings. This option recommends the construction
of a lower Saddle Mountains well. Specifics with respect to this recommendation are as
follows:
a. One of the primary goals of well construction and operation for the new well will
be to prevent the introduction of oxygen into the well via such things as
cascading water and/or leaking seals. For that reason the cased portion of the
well should be constructed of 0.375-inch steel casing with an annular cement
grout seal from the bottom of the casing to ground surface.
b. Once completed, the well should be instrumented and controlled so that
dynamic drawdown during pumping does not fall below the uppermost open
interval in the well.
c. Given regional water level declines, the new well should be built to allow the
greatest possible drawdown within the well for the pump and open interval
configuration used.

d. The new well should be located as far as possible from Well No. 4, within any
constraints imposed by existing infrastructure on new well location. The reason
for this is to avoid drawing biogenically impacted water from the area of Well
No. 4 into a new well bore located nearby.
e. The new well should also be located as far as possible for Well No. 5, to minimize
potential interference between it and the new well. Again, constraints placed on
new well location by existing infrastructure will influence the final location of the
new well.
3. Evaluate upper Saddle Mountains aquifer water quality for nitrate. During the drilling
of Well No. 6 we recommend that the drilling program incorporate the ability to
collected water samples from the upper Saddle Mountains aquifer system.
a. These samples would be used to evaluate the suitability of the upper Saddle
Mountains aquifer system for potable use, especially with respect to nitrate
concentrations.
b. If nitrate concentrations are found to be low enough, the drilling program for a
deep well could be modified to target upper Saddle Mountains groundwater
and/or a plan developed for a second shallower well collocated with a lower
(deep) Saddle Mountains well.
4. Test Well No. 5. It is our understanding that the production capacity of Well No. 5 has
declined in recent years. Work such as was done on Well No. 4 and reported on herein
could shed light on the possible cause(s) for that decline and be used to design a
rehabilitation program for Well No. 5. Specific components of a Well No. 5 testing
effort would include the following:
a. Turn the well off and leave ideal for a minimum of 24-hours prior to testing.
b. Turn the well on, pumping at normal capacity, collecting an initial casing water
sample with a few minutes of the start of pumping and an aquifer sample 1 to 2
hours after the start of pumping.
c. Analyze the water samples for the inorganic and organic constituents described
above.
d. Following sampling conduct a step-rate pumping test to compare current
pumping performance to initial performance at the time the well was completed.
e. At this time we do not recommend removing the pump and videoing the well.
Decisions to conduct that work would follow the analysis and interpretation of
information collected form the work described in the preceding bullets.
If the City decides to retain Well No. 4 for future use we offer the following recommendations
relative that:
1. To increase the available drawdown, lower the pump intake to just above the 8-inch
liner at 561 feet bgs, if possible.
2. Perform additional mechanical redevelopment of the well using a combination of
brushing, swabbing, zonal isolation and fluid impulse generation. However, given the
poor condition of sections of the liner and the perforated intervals care should be taken
during mechanical redevelopment so that the liner is not further damaged.
3. Superchlorinate (disinfect) the well following mechanical redevelopment.
4. Conduct annual bacterial assessment using WSE in Ottawa, Kansas to evaluate the
bacterial population, and clean and disinfect as necessary on the basis of these results.

5. Use Well 4 as a secondary or emergency source only as needed to meet peak demand.
6. If used do not draw down the pumping water level below any open liner, casing joint,
and/or slots to minimize the potential for cascading water and promotion of increased
biofouling with consequent loss of water production.

Attachment A
Well No. 4 Driller’s Log

Attachment B
Pumping Test Hydrographs
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Attachment C
Water Systems Engineering Report

Attachment D
Well No. 4 Water Quality Field Parameters
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9/23/2014 9:00

9/23/2014 9:07

9/23/2014 9:14

9/23/2014 9:21

Temperature
23.5

23

Temperature (°C)

22.5

22

21.5

21

20.5

20
9/23/2014 8:16

9/23/2014 8:24

9/23/2014 8:31

9/23/2014 8:38

9/23/2014 8:45

9/23/2014 8:52

Date and Time
Temperature (°C)

9/23/2014 9:00

9/23/2014 9:07

9/23/2014 9:14

9/23/2014 9:21

pH
8.5

8.4

8.3

pH

8.2

8.1

8

7.9

7.8

7.7
9/23/2014 8:16

9/23/2014 8:24

9/23/2014 8:31

9/23/2014 8:38

9/23/2014 8:45

9/23/2014 8:52

Date and Time
pH

9/23/2014 9:00

9/23/2014 9:07

9/23/2014 9:14

9/23/2014 9:21

APPENDIX B
MABTON WELL NO. 3 OBSERVATIONS
AND SUGGESTIONS

Memorandum
To:

Jim Bricel, PE
Cc:

David Van Cleve, PE

From: Kevin Lindsey, LHg
Date:

June 6, 2014

Re:

Mabton Well #3 Observations and Suggestions

The purpose of this memorandum is to provide Gray & Osborne, Inc. (G&O) with GSI’s
observations concerning the physical condition of Mabton Well #3 and suggestions we have
pertaining to future possible actions with respect to continued use, rehabilitation, and/or
replacement of this well. These observations and suggestions are based on well logs for wells in
the vicinity of Mabton; the April 9, 2014 well video provided to GSI by G&O, and my
subsequent conversations you about this well.
First are a few basic comments on what I observed in the well 3 video. These are as follows:


The casing in the interval above approximately 307 feet appears to have some significant
corrosion, including some intervals where slots have deteriorated to the point that the
casing appears to be decomposing, or wasting away.



From the base of the casing at approximately 307 feet below ground surface (bgs) the
water in the wellbore is cloudy, and this cloudiness increases with depth.



The absence of clearing of the water column anywhere in the well bore from the base of
the casing to the obstruction in the well bore just below 580 feet bgs strongly suggests
there is no water production in this interval.



In addition, there appears to be no significant up-hole or down-hole flow in the
wellbore.

Based on these observations and our general experience with basalt aquifer wells, rehabilitating
Well #3 seems to be somewhat problematic for the following reasons:



Sealing of the slotted interval behind a new casing likely will reduce water production.
Associated with this, the decreased well diameter (because of the new casing) will limit
pump size, also potentially reducing water production.



The absence of evidence for water production between the bottom of casing and the
blockage, manifest by the increasing cloudy water with greater depth, suggests that little
or no significant water production occurs in that interval.



With this lack of apparent water production, sealing off the slotted interval likely will
not lead to increased yield.



Without removal of the blockage, which apparently seals off approximately 400 feet of
the well bore, any actions done to rehabilitate the well above the block likely will have
limited effect on increasing water production. If this well is to be used in the future, it
seems that the blockage needs to be removed, if that is even possible.

At this point, based on the degraded casing condition, the apparent lack of significant water
production in the open interval below the casing, and the blockage, the best option for Well #3
may be to replace it, installing and sealing a casing into dense basalt. In the interim, before it is
replaced – if it is eventually replaced, a pump could be reinstalled in Well #3 and the well could
be used to at least provide some limited supplemental water production for the City.
If the City is interested in replacing Well #3 in the future, the results of the pending drilling and
construction of Well #6 could inform that decision. Also, if well #3 is replaced a potential
sealing target could be tested in the field with some nitrate screening sampling, picking the seal
target based on observed decreases in nitrate in water produced during drilling.

APPENDIX C
HYDROGEOLOGICAL ASSESMENT FOR PROPOSED
NEW CITY OF MABTON WELL NO. 6

August 14, 2014
David Van Cleve, P.E.
Gray & Osborne, Inc.
107 South 3rd Street
Yakima, Washington 98901
RE: Hydrogeologic Assessment for Proposed New City of Mabton Well #6
Dear David:
This letter report presents the results of the GSI Water Solutions, Inc. (GSI) assessment of
potential groundwater production conditions in the Saddle Mountains Basalt portion of the
Columbia River Basalt Group (CRBG) aquifer system at, and in the vicinity of, the proposed City
of Mabton (the City) Well #6, Yakima County, Washington (Attachment A). It is our
understanding that the preferred production target for well #6 is 1,000 gpm to 1,200 gpm. Our
assessment also includes some initial ideas on potential well design. This assessment focuses
on the Saddle Mountains Basalt because of a general lack of Wanapum Basalt information in
the vicinity of Mabton.

Hydrogeologic Assessment Findings
Information Sources
This assessment is based solely on existing information and data sources. No field work was
done for it. Information sources used in the preparation of this hydrogeologic assessment
include:





City of Mabton Well #5 geologic log (Attachment B)
City of Mabton Well #4 water well report (driller’s log) (Attachment C)
Observations from a video of Well #4.
Query of nearby well logs on the Washington State Well Log Viewer website

Stratigraphy
The table below shows the shallow CRBG units that are expected to be encountered at the Well
#6 location, their approximate depths below ground surface, and their approximate thicknesses.
UNIT
Suprabasalt Sediments
Elephant Mountain Member, SMB
Rattlesnake Ridge Member, EF

Unit Top Depth
0
130
200

Unit Thickness
130
70
90

UNIT
Pomona Member, SMB
Selah Member, EF
Umatilla Member, SMB
Mabton Member, EF
Top of Priest Rapids Member, Wanapum
Basalt
SMB=Saddle Mountains Basalt
EF=Ellensburg Formation
Elevations and thicknesses are ±10 feet

Unit Top Depth
290
490
500
710
740

Unit Thickness
200
10
210
30

Hydrogeology/Groundwater Production
The well logs for Well #4 and Well #5 (Attachments B and C) are interpreted to show three
primary water producing intervals within the Saddle Mountains Basalt, as follows:





The uppermost occurs in the Rattlesnake Ridge Member (sedimentary interbed) and
vesicular flow top of the underlying Pomona Member approximately 200 to 310 feet
below ground surface (bgs). Our primary concern with this portion of the aquifer system
is that there is a potential for nitrate contamination of this interval.
The next deepest zone occurs in the Selah Member (sedimentary interbed) and
vesicular flow top of the underlying Umatilla Member approximately 480 to 510 feet bgs.
The deepest zone occurs in the Mabton Member (sedimentary interbed) approximately
700 to 740 feet bgs.

With respect to the two deeper intervals we are less concerned about nitrate contamination. On
the other hand, we are concerned about the potential for historical loss of groundwater
production capacity. One explanation for decreasing groundwater production from Wells #4 and
#5 is that the aquifer system is experiencing decreasing groundwater storage, and as such has
less capacity to support well pumping. Historically, Well #4, which is interpreted to be
predominantly open to the lowest of these water producing intervals, is reported to have
produced in excess of 1,000 gpm. When Well #5 was drilled and completed in 2006 it is
reported to have produced 800 gpm from the lower two intervals. Currently, both wells
production rates fall well short of these historical highs. In addition, static water levels in these
wells have apparently fallen, a condition commonly indicative of a loss in aquifer production
capacity. Examining well records for wells within 1 to 2 miles of the City we have not yet found
any that are reported to be capable of producing water in the City’s preferred production target
range of 1,000 to 1200 gpm.
There is the potential for additional water producing zones being present below the Mabton
Member, in the Wanapum Basalt. A water well report for a Hop Union USA well located
southwest of the City suggests Wanapum groundwater is present, although the log does not
state in what quantities it was found. The City’s ability to access Wanapum groundwater
depends on if the city’s water rights (either existing or newly acquired) allow for Wanapum water
to be used. If the City can target the Wanapum, a minimum well design would include an
approximately 750 feet deep casing and seal, and a total well depth likely in excess of 1,200
feet. Given the lack of Wanapum aquifer groundwater information we do not explore a
Wanapum option further for well #6.

One can also consider an alluvial aquifer option in the Mabton area. However, given current
concerns surrounding shallow groundwater nitrate contamination we do not consider this option
further at this time.

Well Construction Considerations
For a Saddle Mountains aquifer well we recommend that the City consider two basic options for
the construction of Well #6. One focuses on a well that produces water from the upper portion
of the Saddle Mountains aquifer system. The other option focuses on a well that produces
water from the lower portion of the Saddle Mountains aquifer system. Basic well design and
constraints for these two options are explained further below and illustrated on Attachment D.
Following these discussions we also provide some additional thoughts on a third option that is
an offshoot of the two primary options.

Option 1. Water Production from the upper Saddle Mountains
An upper Saddle Mountains well would target water production from the Rattlesnake Ridge
sedimentary interbed and the Pomona basalt flow top. By selecting this production target:




Groundwater production would be from a depth of approximately 180 feet to
approximately 300 feet.
The total depth of the well would be approximately 320 feet.
Water quality in the targeted interval would need to be acceptable for potable use.

Given the potential for compromised water quality in the shallower aquifer systems in the lower
Yakima valley, in the form of elevated nitrate, confirmatory water quality sampling should be
considered prior to, or during the drilling of, a well such as described here. This sampling could
be done during the drilling of a pilot/test hole or a production well.
Primary well construction considerations for Option #1 are as follows:
1. Set and seal casing into the dense interior of the Elephant Mountain Member basalt at
approximately 175 feet bgs.
2. After setting casing, drill through the Rattlesnake Ridge interbed and the flow top of the
Pomona basalt into the dense interior of the Pomona Member.
3. Terminate drilling in dense Pomona basalt.
4. Construct a screened well across the water production target which extends from the
bottom of casing to the bottom of the well, with the screen designed to maximize water
production from the targeted interval and minimize sedimentation in the well.

Option 2. Water Production from the Lower Saddle Mountains
A lower Saddle Mountains well would target groundwater production from the Pomona/Umatilla
basalt interflow zone and the base of the Umatilla basalt and the underlying Mabton Member
sedimentary interbed. By selecting this production target:




Groundwater production from these two zones would be at depths of approximately 470
to 500 feet and 680 to 720 feet.
The total depth of the well would be approximately 720 feet.
Water quality in the targeted interval likely will be acceptable for potable use.



Water production targets may be difficult to meet as other wells in the area targeting this
portion of the aquifer system are experiencing production declines.

Primary well construction considerations for Option #2 are as follows:
1. Set and seal casing into the dense interior of the upper Pomona basalt at approximately
350 feet bgs.
2. After setting casing, drill to the projected target depth of approximately 720 feet.
3. Terminate drilling at the base of the Mabton interbed or in uppermost Priest Rapids
Member of the Wanapum Basalt.
4. If possible, complete the production interval as an open hole.

Third Option(s). Well Pair or One Well Fully Penetrating the Saddle Mountains aquifer
system
In the event that either Option 1 or Option 2 does not produce enough water of the appropriate
water quality to meet the 1000 to 1200 gpm production target, a third option could be to
construct a well pair consisting of the shallow Option 1 well collocated with a deeper Option 2
well. In such a well pair, the wells would be operated in tandem, with water produced from each
being blended where the two wells are intertied. In addition, the decision to drill and construct
the second well of such a pair would not need to be made until after the completion of the first
well, and evaluation of water production and quality conditions encountered.
Another option alternative would be to drill and construct one well fully penetrating the entire
Saddle Mountains aquifer system. Such a well would have a mix of screened, slotted, and open
intervals designed to maximize water production from the sediment and basalt water hosting
intervals encountered. Such a well might be best constructed following the drilling of an
exploratory, or pilot boring. Data from such a boring would be used to design the production
well drilling plan select a final screen configuration for a completed production well.

Conclusion
Three primary water producing intervals are interpreted to occur within the Saddle Mountains
Basalt aquifer system in the vicinity of proposed Well #6. There is little current information on
the groundwater production capacity of these three zones, and we do not know if they are
capable of producing water at rates of 1,000 gpm or more, either alone or in combination. In
addition, there is the potential for nitrate contamination in the shallowest of the 3 intervals.
It is likely that there is additional water production capacity in the underlying Wanapum Basalt in
the vicinity of proposed Well #6. However, information we were able to find does not provide
insight into production rates these intervals may be capable of supporting.
We propose two well construction configurations that might potentially meet the needs of the
City. Option 1 features a well that produces from the upper Saddle Mountains aquifer system,
although with an increased risk of elevated nitrate concentrations. Option 2 result’s in a well that
produces water from the lower Saddle Mountains aquifer system. While there is less risk of
elevated nitrate with Option 2, there is the potential that groundwater production will be less
than has been observed historically.
Third, or alternative, option(s) also are briefly presented. One is simply to build both an Option
1 and Option 2 well, and operate them as a well pair. The other it so attempt to build a fully

penetrating Saddle Mountains well. Prior to drilling and constructing a fully penetrating well, a
pilot or exploratory boring should be drilled in order to evaluate well construction constraints for
such a well, including the mix of screened and blank intervals needed to facilitate water
production and minimize sedimentation in the well.
At this time we recommend that Option 2 be exercised first. While drilling an Option 2 style well
the water quality conditions in the shallow Saddle Mountains aquifer system could be tested. If
water quality is found to be acceptable a second, Option 1 style well, could be drilled and
constructed at the Well #6 location at a later date, tying it into the existing or reconstructed
infrastructure.
If you have any questions about our findings please contact Jon or I at our Kennewick office at
(509) 735-7135. It has been a pleasure working with you on this and we look forward to
discussing Mabton groundwater production challenges further with you in the future.
Sincerely,

Kevin A. Lindsey, LHG

Jon Travis
Attachments
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APPENDIX D
MABTON WELL NO. 5 WELL
PERFORMANCE EVALUATION

Technical Memorandum
To:

David Van Cleve, PE; Jim Bricel, PE

From: Kevin Lindsey, LHg; Jon Travis
Date:

January 21, 2015

Re:

Mabton Well No. 5 Well Performance Evaluation

This technical memorandum summarizes the GSI Water Solution Inc. (GSI) evaluation of
diminished performance of the City of Mabton (the City) water supply Well No. 5. This work was
done under a sub-consultant agreement with Gray & Osborne, Inc. (G&O).

Background
Well No. 5 is interpreted to be completed in the lower Saddle Mountains aquifer system
(Attachment A). Its yield has declined by approximately 380 gallons per minute (gpm) since
2006, based on comparison of original pumping test records and recent sampling observations
and anecdotal observations reported to GSI. Given these observations the City wanted to
evaluate their potential cause(s). Declines in well yield like those seen in Well No. 5 typically
are due to one or more of the following mechanisms:
1. Physical clogging of the aquifer by buildup of fine-grained particulates.
2. Plugging of the aquifer due to chemical precipitation of minerals.
3. Bio-fouling of the aquifer and associated clogging of the well due to bacteriological
growth.
4. Seasonal and/or long-term water level declines resulting from over pumping of the
aquifer(s) and/or well interference due to pumping in other wells.
To evaluate potential cause(s) of the observed declines in well performance GSI did the
following which is reported on herein:
•
•
•

Completed a bacterial assessment.
Completed a geochemical assessment.
Reviewed historical water level, yield, and well performance information.

The results of this evaluation and our recommendations for Well No. 5 based on the work
described herein are discussed below.

Historical Well Performance
On the basis of observations from the recent sampling and the original water well report on file
with the Washington Department of Ecology, Well No. 5 had a reported maximum yield of 800
gpm with an observed drawdown of 325 feet, and an estimated specific capacity was 2.46

gpm/foot of drawdown when it was constructed in 2006. At that time static water level was
reported to be 76 feet below ground surface (Attachment A).
Anecdotal evidence suggests that the yield has dropped over time since Well No. 5 was drilled.
At the time of the sampling December 17, 2014 the well was pumping between 400 and 420
gpm. Since there is not a working airline or access to measure water level by other means,
static water level and dynamic water level cannot be measured and compared to conditions
when the well was first drilled. In addition, specific capacity cannot be calculated assess
changes in well performance.

Bacterial and Geochemical Assessment of Well No. 5
Quantitative bacterial and geochemical assessment samples were collected on December 17,
2014 and submitted to Water Systems Engineering (WSE) in Ottawa, Kansas to assess the
potential for inorganic and bacteriological causes of clogging. Assessment results for Well No.
5 are included as Attachment B.
The WSE analysis characterizes the chemistry of key inorganic and organic parameters in the
groundwater. The inorganic analysis looks at the potential for the precipitation of minerals and
scale based on concentrations of dissolved metals, dissolved solids, major anions and cations.
Other parameters such as total organic carbon and nutrients (nitrate, phosphate, sulfate) are
evaluated as well as the general biological population (i.e. coliform, protozoa, etc.), iron related
bacteria (IRB) and sulfate reducing bacteria (SRB). Bacterial populations were evaluated using
heterotrophic plate counts, adenosine triphosphate and microscopic analysis.
A “casing” sample and an “aquifer” sample were collected to evaluate bacterial populations in
the vicinity of the wellbore, and further away from the well, within the aquifer. A comparison of
the “casing” sample and the “aquifer” sample provides an indication of the severity and/or the
presence of biological fouling, if present in the well. Additionally, GSI monitored field
parameters of temperature, pH, oxidation-reduction potential, and specific conductance and
dissolved oxygen during the sample collection at Well No. 5 to identify any trends in water
quality, which can also provide indications of bacterial activity (Attachment C).

General Chemistry (inorganic) Results
Both the casing and aquifer general water quality were good and with the exception of sodium,
potassium, and silica, the observed concentrations were within the normal range for basalt
groundwater. The results of the 2014 water quality assessment suggest that the potential for
precipitation of carbonate minerals is slightly positive. Given that, there is a low potential for
carbonate precipitation in the well. If mineral precipitates are being deposited in the well, which
cannot be verified without direct observation, this could account for water production loss.
Nitrate was not detected in either of the samples. Nitrate is the major nitrogen species present
in oxygenated water and typically is not present in oxygen deficient groundwater present in
deep CRBG aquifers.

Bacterial Assessment Results
Well No. 5 bacterial assessment results suggest a high level of bacterial activity present in the
casing and low to moderately low bacterial activity in the aquifer samples. Heterotrophic plate
counts showed elevated populations in the casing and moderate counts in the aquifer sample.
Both the casing and aquifer sample were negative for total coliform and E. coli coliform.
Anaerobic growth was 10% of the total microbial growth in both samples and could be the cause
of the H 2 S odor. None of the species identified microscopically are a sulfate reducing bacteria
which are the most common bacteria that biofoul water supply wells.

The identified bacterial population consists of aerobic (oxygen-loving) bacteria Pseudomonas
flourescens and Thiothrix (a sulfur oxidizer). Pseudomonas is present in both the casing and
aquifer, but it is considered non-pathogenic. Thiothrix is only present in the casing sample and
these organisms commonly form large masses which can foul, or plug, a well.
While low visible bacterial activity and heavy biofilm with traces of the bacteria species Thiothrix
were observed microscopically, the ATP results (an indicator of viable cellular activity) in both
the casing and aquifer are higher than those normally associated with an unfouled well. Well
No. 5 ATP values are high enough to suggest the presence of a robust population near the well
and potentially further from the well. These values are high enough to suggest biofouling of the
well is likely to be occurring.
In addition to the bacteriological activity, minor protozoa, including amoeba and nematode
remains, were identified in the casing sample. The presence of protozoa suggests the influence
of shallow water on the water quality in Well No. 5. This is of concern because of the reported
425 foot casing and seal depth of the well (see the water well report in Attachment A). The
presence of these organisms might indicate some failure of the casing seal or surface sanitary
seal.

Summary
Inorganic and bacterial assessment sample results are interpreted to show that:
•
•
•
•

Water production losses reported for Well No. 5 could be attributed to the plugging of
aquifer pores due to extreme biological growth associated with the presence of a
relatively mature biological population.
The precipitation of carbonate minerals is likely not contributing to the declining capacity
at Well No. 5, although there is a slight potential for this to occur.
Nitrate contamination does not appear to be a problem in Well No. 5.
The amoeba and nematode remains are of concern in this well.

Because we could not get static or pumping water level measurements in the well we cannot
compare them to conditions at the time the well was drilled. Consequently, we cannot evaluate
the effect of water level decline (if it is occurring) on production losses.

Recommendations
On the basis of our observations and interpretations GSI recommends that:
•

The pump should be pulled out of the hole, inspected, and repaired if needed.

•

While the pump is removed a video log of the borehole should be performed to check
the casing, especially looking for whether or not the seal or steel casing has been
compromised. The open interval below the casing should also be inspected to total
depth.

•

Using the video log, devise a plan for cleaning any biofouling out of the well using
mechanical and/or chemical means.

•

Disinfect the pump before reinstalling.

•

Install a 1-inch PVC tube to the top of the pump to measure water levels and/or install a
working airline.

•

Disinfect the well per WAC 173-160-331.

Attachment A
Mabton Well No. 5 Well Logs

Attachment B
Water Systems Engineering Report

Date: January 9, 2015
Lab Report No. 20058

Jon Travis
GSI Water Solutions, Inc.
8019 W. Quinault Ave., Suite 201
Kennewick, WA 99336
Project Description:

City of Mabton, Well 5; Samples dated 12/17/14
Complete Well Profile (1); P.O. #212.014.003

Test Description:
The Complete Well Profile analysis is designed for comparative analysis of two samples, typically one
static and one pumping sample. The Complete Well Profile utilizes a series of inorganic chemical and
microbiological tests to identify fouling and corrosion issues with potential impacts on the operation of the
sampled well. The tests include a number of inorganic chemical parameters such as pH, total dissolved
solids/conductivity, hardness, alkalinity, oxidation reduction potential (ORP), bicarbonate, carbonates,
silica, sodium, potassium, chloride, iron, manganese, phosphate, nitrate, sulfate, and total organic carbon
(TOC). Biological assessment is designed to quantify the total bacterial population, identify two dominant
populations of bacteria, assess anaerobic conditions, and identify the presence of iron related bacteria
and sulfate reducing organisms. Also included are tests for Adenosine triphosphate (ATP), heterotrophic
plate count (HPC), total coliform and E. coli coliform, and a microscopic evaluation.
Testing Procedures:
All laboratory testing procedures are performed according to the guidelines set forth in Standard Methods
for the Examination of Water and Wastewater as established by the American Public Health Association
(APHA), American Water Works Association (AWWA), and Water Environment Federation (WEF).
Corrosion analyses are performed in accordance with the guidelines as set forth by the National
Association of Corrosion Engineers (NACE). In general, these methods are approved by both the
Environmental Protection Agency (EPA) and AWWA for the reporting of water and/or wastewater data.
Sample collection and shipment is the responsibility of the customer, performed according to protocol and
procedures defined by the laboratory in advance of the sampling event with regards to the specific project
and nature of the problem.
Disclaimer:
The data and interpretations presented are based on an evaluation of the samples and submitted data.
Conclusions reached in this report are based upon the data available at the time of submittal and the
accuracy of the report depends upon the validity of information submitted. Any recommendations
presented are based on laboratory and field evaluations of similar fouling occurrences within potable
water systems. Further investigative efforts, such as efficiency testing, site inspection, video survey, or
other evaluation methods may offer additional insight into the system’s condition and the degree of fouling
present.
Water Systems Engineering, Inc.
An Investigative Water Consulting & Design Laboratory
3201 Labette Terrace, Ottawa, Kansas 66067  phone: 785.242.6166 fax:785.242.9411

Water Systems Engineering, Inc.

785.242.6166

http://www.h2osystems.com

Client: GSI Water Solutions
Date: January 9, 2015
Lab Report No. 20058
Re: City of Mabton, Well 5; Samples dated 12/17/14
Complete Profile; P.O. #212.014.003
ND - Not Detected
NA - Not Applicable
* as CaCO3

pH Value
Phenolphthalein Alkalinity *
Total Alkalinity *
Hydroxide Alkalinity
Carbonate Alkalinity
Bicarbonate Alkalinity
Total Dissolved Solids
Conductivity (µm or µS/cm)
ORP (mV)
Langelier Saturation Index
Total Hardness *
Carbonate Hardness
Non Carbonate Hardness
Calcium *
Magnesium *
Sodium (as Na)
Potassium (as K)
Phosphate (as PO4)
Chlorides (as Cl)
Nitrate (Nitrogen)
Chlorine (as Cl)
Dissolved Iron (as Fe2+)
Suspended Iron (as Fe3+)
Iron Total (as Fe)
Iron (resuspended)
Copper (as Cu)
Manganese (as Mn)
Sulfate (as SO4)
Silica (as SiO2)
Tannin/Lignin
Total Organic Carbon (C)

20058.w.pw.p.Mabton.well5

Well No. 5
Casing 8:11
mg/l

Well No. 5
Aquifer 9:18
mg/l

Detection
Limits

7.77
4
172
ND
8
164
262
364
216.5
0.87
116
116
0
80
36
29.0
7.0
0.38
20.8
ND
ND
ND
0.48
0.48
0.58
ND
ND
7
55.8
ND
0.3

7.81
4
204
ND
8
196
276
383
193.2
0.94
132
132
0
72
60
29.6
7.5
0.43
20
ND
ND
ND
ND
ND
0.05
ND
ND
5
59.7
ND
ND

NA
4 mg/l
4 mg/l
4 mg/l
4 mg/l
4 mg/l
1.0 mg/l
NA
NA
NA
4 mg/l
4 mg/l
4 mg/l
4 mg/l
4 mg/l
0.02 mg/l
0.1 mg/l
0.06 mg/l
2 mg/l
0.3 mg/l
0.02 mg/l
0.02 mg/l
0.02 mg/l
0.02 mg/l
0.02 mg/l
0.04 mg/l
0.1 mg/l
2 mg/l
1.0 mg/l
0.1 mg/l
0.0 mg/l
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Water Systems Engineering, Inc.

785.242.6166

http://www.h2osystems.com

Biological Analysis:

Plate Count (colonies/ml)
Anaerobic Growth (%)
Sulfate Reducing Bacteria
Fe/Mn Oxidizing Bacteria
ATP (cells per ml) Initial
ATP (cells per ml) Initial Filtered
ATP (cells per ml) 24 Hour
ATP (cells per ml) 24 Hour Filtered
Total Coliform
E.coli Coliform
Bacterial Identification
Bacterial Identification

Casing 8:11

Aquifer 9:18

>1500
10
Negative
Negative
1.1 Million
282,000
853,000
146,000
Negative
Negative
Pseudomonas
fluorescens
Thiothrix

350
10
Negative
Negative
298,000
973,000
389,000
Negative
Negative
Pseudomonas
fluorescens
-

Detection
Limit
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA
NA

Microscopic Evaluation:
Casing:

Heavy visible bacterial activity, low to moderate number of protozoa, trace of
plant particulate matter, trace of iron oxide with low iron oxide entrained biofilm,
low to moderate number of Thiothrix.

Aquifer:

Low visible bacterial activity with trace of biomass.

Observations and Interpretations:
There was no noticeable color or sediment in either the casing or aquifer samples when
received in the lab. The chemical analysis found no significant variation between the chemistry
of the casing and of the aquifer samples. Testing identified moderate alkalinity and hardness,
and total dissolved solids at a level not in excess of the secondary drinking water
recommendation of 500 ppm. The well displayed an alkaline pH. The oxidation-reduction
potential is positive indicating a moderately oxidative condition with a tendency for metal oxide
deposition in the presence of excess metal ions.
The Langelier Saturation Index, which is a calculation of the amount of dissolved calcium
carbonate in the water and an indication of the potential for calcium carbonate mineral
deposition, was slightly positive. This would indicate a moderate potential for carbonate scale
deposition in addition to other mineral scale. Fluctuations in conductivity, temperature, and
pressure could cause changes in the LSI.
Overall there appears to be a low level of dissolved minerals in the groundwater at this site. Of
the chemicals and compounds analyzed for only sodium, potassium, and silica were found to be
present at concentrations above desirable groundwater levels.
The level of heterotrophic plate growth was very high in the casing sample exceeding the
maximum testing range of 1,500 colony forming units (CFUs) and more moderate in the aquifer
sample with 350 CFUs detected. But, it should be pointed out that over 95% of all
microorganisms do not grow on culture media under laboratory conditions.
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Adenosine triphosphate (ATP) testing, a component of cellular material and a means of
evaluating the total bacterial population, was at a level of concern in both samples. The casing
sample contained over 1 million cells per milliliter. The aquifer sample contained nearly 300,000
cells. The cell counts remained excessive even after filtering through a 3-micron filter to remove
the effects of biofilm, larger organisms, and organic material. Also, the aquifer sample displayed
a significant increase in the amount of ATP present following a 24-hour incubation period, an
indication of the organism’s ability to multiply rapidly under the right conditions. ATP levels for a
properly functioning well system not experiencing biofouling typically fall within the range of
20,000 to 60,000 cells per milliliter. In general, any concentration in excess of 100,000 cells is of
concern for bacterial congestion and biofouling.
The dominant microorganism identified during biological analyses was Pseudomonas
fluorescens.
Pseudomonas fluorescens is a common gram-negative, rod-shaped, aerobic
bacterium. Pseudomonas fluorescens inhabit soil, plants, and water surfaces. It is an obligate
aerobe but certain strains are capable of using nitrate instead of oxygen as a final electron
acceptor during cellular respiration. Pseudomonas fluorescens is considered non-pathogenic.
Anaerobic growth represented 10% of the total microbial growth in each sample. This is a level
at which taste and odor issues may begin to manifest themselves and this may explain the slight
H2S odor detected at times. No sulfate reducing bacteria or total coliforms were detected.
The microscopic evaluation of the samples found a high level of visible bacterial activity present
in the casing sample with a low level noted in the aquifer sample. The casing sample contained
trace amounts of iron oxide and a low concentration of iron oxide entrained biofilm along with a
low to moderate number of the sulfur oxidizing organism Thiothrix. Thiothrix is an aerobic,
sulfur-oxidizing Gammaproteobacterium. The bacteria are typically larger and filamentous,
behaving similar to Beggiatoa. Thiothrix cells form filaments that cling to each other and secrete
an encompassing sheath of mucous film, resulting in bundles or masses of the bacteria which
act as an effective fouling mechanism.
Low to moderate number of protozoa were present in the casing sample. Protozoa are singlecelled eukaryotic organisms present in water. Protozoa are most often associated with surface
water bodies, indicating large, diverse, and mature microbiological communities. Protozoa
occurrence is a concern as some are parasitic and some, like Giardia and Cryptosporidium, are
pathogenic. The identification of Protozoa within a water sample is dependent on microscopic
evaluation, with neither heterotrophic plate tests nor total coliform tests indicating their
presence. Some very small Protozoa (ciliates) are occasionally found in aquifer systems, but
even then they are suspected of some type of surface water or near surface infiltration. There
have been attempts to indicate that Protozoa may indeed live full time in aquifers or that an
infestation has become permanent, but it has never been accepted or proven. We do
occasionally see the small ciliates in ground water samples, but only in well systems that display
severe biofouling.
Identified within the population of protozoa were amoeba and the remains of nematodes.
Amoeba is a genus of Protozoa consisting of shapeless, unicellular organisms. Protozoa and
Amoeba specifically, are most often associated with surface water bodies, indicating large,
diverse, and mature microbiological communities. Amoebas often live in biofilm and other watersoil, water-air, and water-plant interfaces. When confronted with harsh environmental conditions
that threaten them, they convert to a form known as a cyst. Amoeba cysts are resistant to
chlorination, adverse pH changes, osmotic pressure, and temperature variations.
Of significant concern is the evidence of nematode intrusion into the well. While the organisms
did not survive the sampling and shipping of the samples, their remains are an indication of
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direct communication between the surface environment and the interior of the well. Nematodes
are round worms belonging to the phylum Nematoda. Soil is an excellent environment for them
with one hundred cubic centimeters containing several thousand. More than 15,000 species
have been described. Many species are highly specialized parasites of vertebrates including
humans, other kinds are plant parasites which can cause considerable economic damage.
Nematodes are particularly abundant in marine, freshwater and soil habitats.
In addition to a low amount of visible bacterial activity the aquifer sample contained a very small
amount of biofilm. No Thiothrix or protozoa were observed in the aquifer sample.
The complete profile analysis performed on the samples from Well No. 5 found a generally low
level of dissolved mineral content in the groundwater at this site. The low mineral content even
with a slightly positive saturation index, point to a relatively low probability of heavy mineral
scale buildup in the well leading to lost capacity, although mineral scale buildup can take place
over time. The drop in production capacity noted in the well is more likely to be related to the
presence of heavy bacterial congestion as indicated by the high plate count and extremely high
amount of ATP present in both samples.
Considering the presence of these organisms and their ability to produce large quantities of
biofilm, and the fact that the well has dropped in production, it would be advisable to conduct a
multi-phase well cleaning to control bacterial growth and remove any mineral scale buildup. At a
minimum, however, the well should be disinfected.
Prior to conducting any cleaning operations, immediate attention should be give to the presence
of protozoa, particularly the presence of nematodes and amoeba in the well. Their presence
could point to a serious breach in the structural integrity of the well. Conducting a video
inspection of the interior of the well may help identify any holes in the surface casing or failure of
the surface casing seal, as well as identify large voids or fissures in the rock since this is an
open-hole completion that may have a direct hydraulic connection to the surface. Also, an
inspection of the surface area around the well may reveal a damaged well pad, surface
subsidence, or evidence of wellhead flooding, all conditions that can lead to surface or shallow
water entering the well. It may even be prudent to take the well off-line until the inspection is
completed and any needed repairs made.
Regardless of whether or not the well has been cleaned, a monitoring analysis should be
conducted at approximately 12-month intervals to monitor the bacterial population and to make
sure that the population of microorganisms is kept under control.
If you have any questions regarding the analyses or the information presented, please contact
our office.
Paul D. Buozis
Professional Geologist
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Attachment C
Mabton Well No. 5 Field Parameters
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APPENDIX E
WELL NO. 5 IMPAIRMENT ANALYSIS

APPENDIX F
WELL NO. 6 COST ESTIMATE

CITY OF MABTON
DRILLING WELL NO. 6
ENGINEER'S ESTIMATE (SEPTEMBER 2014 ENR #9870)
G&O #14025

No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Item
Mobilization and Demobilization
Temporary Erosion Control
SPCC Plan
Downhole Television Inspection
Drilling for 20-Inch Surface Seal
Casing 16-Inch
Neat Cement Grout
Drilling for15.25-Inch Nominal Hole
Casing 12-Inch
Drilling Fluids Disposal
Falling Head Test
Test Alignment
Test Pump
Test Pumping
Water Discharge
Standby Time

Quantity
1 LS
1 LS
1 LS
2 EA
350 LF
350 LF
30 CY
370 LF
370 LF
1 LS
1 LS
1 LS
1 LS
40 HR
1 LS
40 HR

Unit Price
$44,000
$3,000
$2,000
$3,000
$260
$80
$1,000
$200
$80
$10,000
$5,000
$5,000
$20,000
$300
$20,000
$300
Subtotal:
Inflation to Construction Year (2015 at 3%/year, rounded):
Construction Subtotal:
State Sales Tax (7.9%, rounded):
Total Construction Cost:
Construction Contingency (15%):
Construction Total:
Design and Construction Engineering:
Hydrogeologic Services:
DOE/Water Conservancy Board Costs:
DOE/DOH Review Costs:
City Administrative Costs:
Total Estimated Project Cost:

Amount
$44,000
$3,000
$2,000
$6,000
$91,000
$28,000
$30,000
$74,000
$29,600
$10,000
$5,000
$5,000
$20,000
$12,000
$20,000
$12,000
$391,600
$24,000
$415,600
$33,000
$448,600
$67,000
$515,600
$150,000
$40,000
$5,000
$5,000
$1,000
$716,600

