By Pat McCool, Consultant

Cunningham Addresses Nitrate
Level and Water Production

I

n Kansas some public water systems
have reduced the high nitrate level
in their drinking water by
constructing a water treatment plant.
Nitrate levels above the 10 mg/L
maximum contaminant level (MCL),
usually in the range of 10 to 12 mg/L,
are treated to the 6 to 9 mg/l range.
Constructing a treatment plant is very
costly both in capital cost and
operational cost for these systems even
considering the ‘free’ money from the
federal government in the form of
grants and loan ‘forgiveness’.

The city of Cunningham, located 60
miles west of Wichita in Kingman
County, has been served since 1936 by
two city wells. The nitrate level in the
well water had gradually increased to
the 7 to 9 mg/l range. The March 2013
issue of The Kansas Lifeline article at
https://krwa.net/portals/krwa/lifeline/1
303/28.pdf discusses the city beginning
to address the nitrate with the
construction of monitoring wells.

Nitrate in groundwater

Nitrate on the land surface or just
below the surface is
transported in rainfall water
percolating downward through
the soil and geological
formations to the top of the
groundwater aquifer. Possible
sources of the nitrate include
lawn fertilizer, elevator
disposal practices from many
decades ago, septic tank
laterals, and agricultural crop
fertilizer.
Once in the groundwater,
nitrate movement in the
groundwater from diffusion is
very slow, taking many years
to move very short distances.
This photo shows the following from left to right:
1) Water Level Sounder; 2) Rossum Sand Tester;
Thus, nitrate tends to stay in
3) flow meter; 4) sample port; 5) flow control
the top of the aquifer. Nitrate
valve; and, 6) discharge hose away from well site. levels in the top of the aquifer
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are much higher than in the middle or
the bottom.
However, once the nitrate enters the
top of an aquifer, the nitrate will move
laterally with the groundwater flow or
may move further downward via
conduits such as pumping wells,
monitoring wells, or abandoned wells.
For instance, the basic hydraulics of
a pumping well include well water
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Bailing the well correctly is a crucial
step in the correct development of a
well. Note protected monitoring well to
the right of center.

drawdown, that is, the water drawn
down from the top of the aquifer to the
well screen and into the water
production. It is the high nitrate water
at the top of the aquifer being drawn
downward and entering the well screen
that is the source of increasing nitrate
in the well water being pumped. This
source of nitrate in the well water,
mitigation, and other well problems are
discussed in The Kansas Lifeline
article at https://krwa.net/portals/krwa/
lifeline/1907/WaterWellProblems.pdf.

Geological investigation
The city of Cunningham and its
consulting geologist Ned Marks of
Terrane Resources, Stafford, Kansas,
completed an investigation and
determined that the most likely nitrate
source was a nearby football field. The
fertilizing of the field was discontinued
and off-site hauling of grass clippings
was practiced for several years. These
practices have resulted in nitrate level
no longer increasing in the city’s two
wells.
Mr. Marks also completed a
subsurface investigation of the
geological formations and the aquifers.
This investigation determined that
there were two distinct aquifers with
the upper aquifer being the source of
the nitrate. From that information and
other subsurface information obtained,
Geologist Marks designed a new well
that would eliminate or mitigate the
nitrate entering the water being
pumped.

Construction project
In May 2020, Clarke
Drilling of Great Bend
constructed the new City Well
No. 3. The new submersible,
pitless unit well is located
near the city’s other two wells.
The three wells will be used as
a battery of wells to enable the
city to comply with existing
water rights. Regardless of the
nitrate issue, the city wanted
an additional well for
reliability, flexibility,
blending, and summer water
production demand.
In addition to the new well
construction, the two existing
well houses are also being
expanded and upgraded with
separate chlorine rooms,
electrical improvements,
painting, new doors and
exterior, and variable
frequency drive (VFD) for the
new well. The engineering
was completed by Harlan
Foraker, Certified Engineering
Design, Wichita, Kansas.
The total cost of the 2020
project was approximately
$311,000. The project is
financed with a KDHE
revolving loan. That cost is
well below (no pun intended)
the KRWA estimated cost of
$2 million or more for a water
treatment plant and an
additional well.

This photo shows the 23foot, 12inch stainless wire
wrap screen being lowered into the well. The well is
102 feet deep and was a drilled 24inch bore hole.

Bentonite clay is being installed. The design and
precise location of the clay seals are necessary to
help protect water quality.

The city of Cunningham installed a new well near the city
recreational area. From right to left, there is a swimming
pool, the well construction site and elevated storage tank,
goal post, city well house near trees and bleachers.
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Observation

The gravel pack should be designed
with specified size for well screen and
subsurface formation specific to the
well site. The design and precise
location of gravel are necessary to
obtain desired water production and
quality.

The cap and screen are made of the
same stainless steel to prevent galvanic
corrosion caused by dissimilar metals.
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Also worth noting, in 2012 the city
improved the distribution system which
included a new, dedicated 8-inch line
from the wells to the elevated storage
to provide mixing of the water from the
wells prior to any customer. The
mixing of water from two wells
reduces the nitrate level in the drinking
water from the level of the highest
well. The 2012 project was financed
with bonds.

July 2020

Through the stewardship of the city
council and city clerk David Steffen,
the city addressed two water supply
issues. They were high nitrates and
water production reliability. The
council did not make an initial decision
to construct an expensive, water
treatment plant. They correctly decided
to investigate why the wells were high
in nitrate and how the nitrate issue
could be solved most economically.
Geological, subsurface investigation
including water quality data, test holes,
pump tests, and existing well
construction were necessary and
completed. From that information the
city was able to find and choose a
solution that saved the citizens
considerable costs in construction,
debt, and operations.
Pat McCool has worked
as a consultant to KRWA
since January 2004. He
previously worked for
KDHE for 30 years.
Pat has a bachelor
degree in Chemical
Engineering and a
masters degree in Environmental Engineering
from the University of Kansas.
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