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KANSAS GROUND WATER: STRAIGHT UP FROM THE ROCKS!
_________________________________________________________________________________________________________________________________

CITY OF ANTHONY, KS:
 ISSUES AND CONCERNS RE: ADDITIONAL WATER 

FOR THE GOLF COURSE;  29 OCTOBER, 2024 

This evaluation is written to explore options for additional water to supplement 
the irrigation water demand at the current Anthony Golf Course. 

The Golf Course(GC) is currently being supplied irrigation water by the surface 
diversion from the City Lake and 3 ground water wells located near the SE corner
of the Golf Course.

The data we have reviewed to date indicates additional water may be available 
from the current GC water wells and / or the Harper Well Fields.

Both options have limitations that need to be further explored.  

Additional water from the existing GC supply wells may be an option and will 
depend on proper well and storage evaluation.

Additional water from the Harper Well Fields is also an option but is limited by the
facilities on site.

Golf Course(GC) Well Field:

The GC is being irrigated by a battery of 3 wells near the SE corner and by 
withdrawals of surface water from the City Lake.

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!



TERRANE RESOURCES CO.
CITY OF ANTHONY, KS
GOLF COURSE & HARPER WELL FIELDS
30 OCTOBER, 2024
PAGE 2

The map above shows the 3 wells, their geographical center and a 600 foot 
diameter circle around the geo-center.  A battery of wells can be up to 4 wells all 
within a 600 foot diameter circle.

Spreading the wells apart, and or adding an additional well may be an option.  
Making those changes would better utilize the 600 foot spacing allowed.  Which, 
should minimize any drawdown interference between wells.

The GC wells apear to be slightly artesian from the shale formation, based on 
data from the well record. 

Open hole completion may increase production.  Most shale formation wells yield
water from the secondary porosity such as fractures and cracks.  Gravel packing 
the screen interval with filter pack may actually plug them up and minimize the 
specific yield potential of the formation.  

The secondary porosity plugging would be similar to filling a tank with bricks and 
then filling in around them with gravel pack which would restrict the fracture flow. 
The bricks themselves will not store or transmit water and therefore have no 
primary porosity.  The secondary porosity would be the spaces and gaps 
between the bricks.  Such as fractures and solution channels in the shale.   So, 
filling the borehole with gravel pack tends to bridge off the fracture flow and limits
formation development. 

Below is a WWC-5 water well record for one of the GC wells: Well C.  All of the 
GC wells have similar consruction.

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!

       Anthony KS GC Well C
Depth BLS
    0 – 2' toposoil
    6' SWL 9 inch Borehole
     2 - 8' 08/30/91
      Fine Sand  

3 -12'
          Neat Cement Grout

 
         11 – 32'

12' -  32' 
Gravel Pack

  No info re: pump set depth!

30 PVC Screen
         
       

10  8 – 11' Sand

20        shale
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GC Well C:
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The limited water level info, for this well indicates the shale formation has enough
pressure to push ground water up inside the well casing.  Water rising above the 
formation, it is produced from, indicates this is a non-flowing artesian well.

Due to the minimal grouting of 3 – 12'  the grout extends only 1 foot into the 
shale.  A minimum of 5 feet into the shale is what is required.  

This type of construction creates more questions than answers.  

Is the shale formation truly artesian?  

If a well was constructed only in the sand aquifer would it have 5 feet of saturated
thickness?   

Could the upper sand formation actually yield better quantities than the shale?  

How much have the water levels changed due to drought? 

Can the wells achieve a combined pumping rate of 45 gpm?

A 10 – 20% increase in pumping rate would be a considerable amount of water 
during a 12 hour period.

Mitch Hall, with H2O Drilling, indicated there was some very limited data sent 
with the invoice when he worked on the GC wells.  I have not seen that data.  
Aquifer tests and measurements could be made to verify areas of influence for 
each of the wells and as a combined pumping system.

Pumping the wells to a pond for GC usage is not uncommon.  Several GC's use 
this technique to store water for large capacity pumping to the irrigation system. 

This method allows the wells to pump at a constant head pressure.  

Constant head presure on wells makes for consistent pumping volumes.  
Pumping rates will change in relationship to the volume of the tank if all the water
enters from the bottom, thus changing the head pressure on the pump.  

One of the nearby ponds could possibly be used for storage to feed the pump to 
the irrigation system or the system storage tanks.  This would allow the wells to 
be pumped overnight and potentialy increase the produced water quantity.  If the 
produced water is sent to the tank via a pipe that enters the top of the tank then 
head pressure is kept consistent.

During our site visit, it appeared there are wells on City property on the West side
of the Creek and East of the GC.  These wells seemed to be associated with 
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steel storage tanks that are no longer used.

If true they should be evaluated and possibly permitted and piped to the GC 
system.

The chart below is from the DWR water right database.  It shows the amount of 
Acre Feet(AF) used.  This water right for the wells at 9.5 AF and the one for the 
surface water right are combined and limited to 23 AF per year at 45 gm.  The 
data indicates there are numerous years the usage was less than what is 
allowed. 

To increase the amount of water using the existing sources or adding new ones 
will have to be justified to DWR as a reasonable request.  “Just because we want
extra water” may not be a valid reason.  

Especially, when the GC study indicates the current supplies are sufficient.

Harper Well Fields and Plant Site.

The Harper Well Fields consists of PWS Wells #1, #2 and #3 at the plant / lagoon
site and PWS Wells #4 and #5 are situated approximately ½ to1 mile to WSW.

The City has good data with regards to well construction and some aquifer test 
data.  There is limited pump placement and setting data for Wells 1 – 3.  The 
pump data for Wells 4 & 5 is informative with regards to potential impacts on the 
aquifer. 
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Actual individual water quality data for the wells is minimal and lacking.  The lack 
of individual water quality data for the wells is indicative of the less than ideal 
usage of a Point of Entry (POE) for sample collection.  We see very little 
diagnostic benefit to POE samples unless very detailed individual well pumping 
records are kept.

The KDHE is slowly recognizing the limits of POE samples and are 
evaluating(again, slowly) the changing back to individual well sampling protocols.

The question of whether the Harper Well Field will have sufficient water to send 
to the GC can be answered with with a yes, a no and a maybe.  Though the data 
is limited we will explore each option.

The DWR data above shows the water usage for the water right that covers all 5 
wells.  It shows the City has 400 AF of water rights.  Historically the City uses 200
AF or less per year.  

Pumping 400 AF would require all 5 wellls to pump 100 gpm each for 12 hrs for a
year.

So Yes!  The Harper Well Fields appear to have the capacity to handle additional 
usage at the GC.

However, under the current equipment configuration the Harper Well Fields can 
not handle the additional usage at the GC.

The main reason for the 'No' is the lagoons at the plant site can not handle the 
additional process waters from the plant.

The City is routinely out of compliance with regards to freeboard at the lagoons.

Additionally, the City supplies at the plant site are under threat from leaks at the 
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plant and the lagoons.

There are fundamentals to Source Water Protection that should never be 
ignored.  Unfortunately, many were when the lagoons and plant were 
installed.  

The essence of the removal plant is to remove a somewhat troublesome 
contaminant and in the process creates a contaminant that is very expensive to 
handle, dispose of and is difficult to minimize environmental damage.  It is my 
opinion that salt contamination is 10 to 100 times worse than nitrate.

There are only 2 types of storage / containment, those that leak and those 
that have not been built!!!!!   Much like pipelines, unfortunately, a current issue 
the City is dealing with.

This is a fundamental concept that has proven true over the many years of  
investigating and cleaning up contamination sites.  Many being caused by 
leaking lagoons or storage containments.  Ignoring this fundamental concept has 
lead to some very expensive cleanups.

The City has already seen containment failue that ponded saltwater around Well 
#3.  The pictures below show the saltwater that escaped from the plant which ran
downhill to and around PWS #3.  The “down hill” reference will be discussed later
in this report.   The spillage actually left the compound area and entered the 
ditch.  The spill was caused by an equipment failure which caused a salt tank to 
be overflowed.   A portion of the spill went down the floor drain in the plant and 
ended up in a lagoon.   A significant portion escaped the building and ran towards
and ponded around PWS #3.  This spill site is also up-gradient of PWS #2 and 
could enter the capture area for PWS #1.

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!
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The aerial picture below shows the location of the PWS Wells, the plant site and 
the salt water lagoons.  The cirlces around each of the wells show the area of 
influence for each well.  These circles are based on the pump test data collected 
and are part of the Layne Western reports.

These lagoons represent a direct threat to the water security and the aquifer 
quality stability for the City of  Anthony and down gradient neighbors.  

The KDHE and the ground water industry failed the City by not protecting the 
aquifer for Wells #1 - #3.  Therefore, adding new or replacement wells at the 
plant site may be problematic due to KDHE design criteria and spacing 
requrements.

There is no argument that can be made to justify the placement of the plant
and lagoons within the areas of influence / rechage areas / capture zones 
for Wells #1, #2 and #3.  

The area of influence / recharge area / capture zone for these wells should be 
classified as the Inner Sanctum, the Holiest of Holy's.  These areas were 
designed to be protected when the EPA Well Head Protection Area program was 
developed in the “80's” 

Below is a listing of some of the criteria that would have to be met to install new 
wells.  And, protect existing wells

KDHE Design Criteria:  These regs are in place to protect existing and future 
ground water supplies.

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!
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The criteria above establishes some of the items to consider when developing a 
new well field.  However the fundamental concepts would apply to existing 
systems to protect the source of supply,

Most of the criteria listed were not adhered to when the contamination sources 
were installed.  Some appear to have been completely ignored.

Locating new wells would require starting with this criteria.  Protecting exisiting 
sources would need to follow the same criteria.

Apparently this was not done.

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!
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Criteria “b. thru e.” appear to have not been adhered to.  The Plant site drains 
contaminated water towards PWS #3.  These criteria are important for new wellls
and the protection of existing wells.  

It is readily apparent criteria “f.” was completely ignored.  Both salt or brine 
supplies, handling and storage facilites were installed as lagoons and as salt 
storage containment in the building.

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!
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Criteria “g.” appears to have been completely ignored with regards to the nitrate 
sources.  It appears the KDHE allowed the center pivot and ag to contaminate 
the existing wells.   And subsequently ignored “Special care” when the nitrate 
contamination is being replaced by salt contaminants.  These sources are not 
non-point sources

Criteria “h.” appears to have been ingnored and the Sanitary Surveys were not 
performed to delineate the Source Water Areas around the wells.  It appears site 
specific Source Water Area Protection delineations were not developed for the 
existing wells.

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!
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Criteria “2.” and “a.”  pertain mostly to new well construction and location.  
However, the fundamentals of protecting new sources can be applied to existing 
sources.  

Contamination sources were placed within the areas of influence for the existing 
wells.

Installed contamination sources have contributed surface runoff contamination at 
a minimum.

Criteria “b.,c.and d.” appear to have been ignored.  Contamination sources were 
installed upgradient of the wells and within the minimum 300 ft horizontal criteria.

It appears no surface controls were constructed.
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The wells have been subject to this criteria from the time they were installed.  As 
shown by the aerial photo below showing some of the surface drainage, wells 
and the original relevant area covered by the center pivot.

Subsequently, additional sources of contamination have been added to the areas
that will have potential impact on the wells.

Critera “g.” appears to have not been considered.  Even the generic SWPA plans 
prepared for the systems, that did not have site specific plans prepared, would 
not have allowed the contamination sources as installed. 

If we are not protecting the Aquifer we are not protecting the System.

Again, there is no argument that can be made that would allow the additional 
contamination sources to placed within the areas of influence and capture zones 
for the PWS Wells at the plant site.

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!
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The ground water and regulatory industries appear to have failed the City by 
approving the placement of lagoons and plant in the well field.

Because of the new contamination sources we may not be able to install a new / 
replacement well at the plant site.

An oilfield saltwater storage lagoon would not be allowed.  A dead cat / dog or 
livestock hide procesing facility would not be allowed to put a saltwater lagoon in 
this location. (yes a bit over the top but then so is the actual approval of these 
facilities).  A saltwater storage lagoon for underground salt dissolution would not 
be allowed etc....

Some of the new / replacement lagoons at some salt mining / storage facilities 
are using 3 liners per lagoon.

Disposing of the lagoon waste will be expensive.  The last saltwater project we 
consulted on required disposal at Cavern Storage, South of South Hutchison.  
Based on recent conversation with the storage staff getting rid of the saltwater 
may be a significant challenge as they have converted over to carbon 
sequestration.

There are numerous regs the KDHE appears to have ingnored or did not apply, 
subsequently allowing the threat to manifest.  It is absolutely puzzling why the 
KDHE would allow the pivot to travel over one well and barely bypass the other.

One option to consider in order to send additional water to the GC is to truck out 
the excess saltwater from the lagoons and make room for more effluent brine.  At
this time, it is not clear where that waste would go or the cost of disposal.  Based 
on previous projects it is estimated each foot of water in the lagoon will cost  50 
to 75 thousand dollars to dispose of.  If a close disposal facility can be found.

Currently, Class 1 non-hazarous disposal wells are running 1 - 2 million dollars  
each to install.  They would have to be tested at least yearly if not every 6 
months

The aerial photo below shows PWS #4 and #5 with their respective water quality 
data.

The lab data shows PWS #4 has less NO3-N present in the well after an hour of 
pumping.  We have seen this phenomenon before and attribute it to lack of 
proper grouting in annular space of the well.  The annular space is between the 
casing and the borehole.  The Nitrate values for both of the wells is under 10.  
Based on this data a 50:50 blend of the water from both wells would have a 
Nitrate value of 8.49 mg/L. 

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!
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It s interesting to note the Sulfate(SO4) concentration drops considerably with 
pumping from Well #4.  Recent publications indicate increased Sulfate in the feed
water to the plant can actually strip Nitrates off the media and send it out to the 
system.

  
The increased Iron content in the startup samples indicates the presence of Iron 
bacteria and / or galvanic corrosion of the low carbon steel(LSC) casing.  The 
corrosion process would provide Iron as a food source for the bacteria.   In 
addition, the bacteria themselves will attack and feed off the LCS   Ultimately, 
these processes can cause casing and some times screen failure in the well. 

There is some concern re: the amount of iron being pushed through pipelines to 
the treatment vessels which may be impacting the effectiveness of the ion 
exchange media. There is Iron buildup within the plant as evidenced by the small
plastic tubing used in the plant.  This tubing is being coated on the inside with an 
iron based deposit.  Those iron based deposits may be impacting the media, 
monitoring equip, valves and check valves,etc.  Tyically, there is bag filter placed 
upstream of the vessels.  As we have seen in other plants this filter catches the 
big iron deposits but bypasses the dissolved or small fraction material.  

The well graphic below shows the litholgic formation material, casing and screen 
types and placement, well bore diameter, filter pack, grout intervals and the 
approximate location of the pump intake.

The grout interval and type are common for wells of this age. Unfotunately, they 
were built for production not water quality.  We do recognize when all the wells 
were installed commercial fertilizer were either just beginning use or had been 
available for only for a few years. 
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Anthony KS PWS #4
Depth BLS Floor of well house?
    0 – 2'  toposoil 
   2- 6' Red Clay

   6 -10'  Gray clay  38 inch Borehole
10
             Puddled Clay
          10 – 48'     Fill  0 – 18'

           Red Clay
20 Cement Grout 

18 – 20'

30
          35' SWL ?
        04/14/65

20'  to 89' 
       

Gravel Pack
        

           16” Steel Casing  
       0 – 62'   

72 – 79'
    48 – 55'
 Fine to Coarse Sand      

       55 – 72' 

      Fine to Med to
                 

  Coarse Sand
         & Gravel
70

62 to 72'
Pump 16”  Stainless ??? Screen 

  72 – 79' Intake       #?? slot 
  Brown Clay 79 -89'

   79 – 89' Low Carbon
Med to Coarse S & G Steel

Bottom
90 Plate
 Very Hard Red Shale

40   

50   

60    

80 
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“.... A deep well is no safer than a shallow one, unless the upper part of the 
deep well is properly consructed to seal out all shallow water and surface 
drainage...”

From Water-Well Supplies, Eng. Bull. No. 22, 1947, Univ. of Kansas, published by 
Kansas State Board of Health, Sanitation Division

The above fundamental concept regarding well construction, was published in 
1947, it is still applicable today and actually more relevant.

As with most wells of the age of the City's, few adhered to that concept.  
Sometimes we can upgrade the wells and minimize contaminant inflows.  
Additionally, we have been succesful with lowering the pump intakes and slowing
the production rate down.  

Ground water flow within the sands and gravels tend to be horizontal as that is 
the orientation the formation was deposited.  That is until we drill a hole into them
and create an artificial contaminant pathway with the filter pack.  The new 
pathway allows for contaminant transport to now run vertical, both up and down 
the borehole.

The current wells are designed and built to commingle the shallow portion of the  
aquifer with the deeper portion.

Lowering the pumps? And reducing the pumping rate may minimize the 
infiltration of Nitrates into the wells.

Wells #4 and #5 might be repaired or modified but do not have sufficient sanitary 
easements to facilitate replacement at the current sites.

Properly placed and designed monitoring wells would help identify the water 
quality of each zone at the well sites.

The graphic for PWS #1 below shows some of the same isues as Well #4.  
minimal grouting and we have no information about the pump setting.  Wells #2 
and #3 are constructed in the same manner.

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!
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The aerial below shows the locaion of the wells, the water quality from the 
sampling event, the salt spill area, potential surface contamination from the 
lagoon aeration equip and runoff areas impacted by the nearby irrigation field.

THE WEALTH OF THE SYSTEM IS DEPENDENT ON THE HEALTH OF THE WELLS!

Anthony KS PWS #1
Depth BLS Floor of well house?
    0 - 1 foot toposoil
    

         1 to 30 Feet  38 inch Borehole
10
           Hard Clay   Puddled Clay

    Fill  0 – 18'

20 Concrete Grout  
18– 20 feet

26.3' SWL
04/13/54

30
         30 -35' 
        Sandy Clay

20'  to 77' 
       35 -42'

Gravel Pack
         loose, silty

           42 - 52' 18”Armco Steel Casing  
       Fine to Med 0 – 57'   

    52 – 54' Clay      

       54 – 77' 

      Fine to Med to
                 

  Coarse Sand 57 to 77'
18”  Stainless Screen 

70   #5 Slot Shutter
   & Gravel

Low Carbon
Steel
Bottom
Plate

40   Fine to med sand

50   w/coarse sand
    No info re: pump set depth!

60    

80 Red Shale
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The lab data for these wells indicate Nitrates hover around the 10 mg/L value.  
The sulfates increase with pumping in Well #1 and are significantly higher than 
Wells #2 and #3. Again, this increase in Sulfates may impact plant efficiencies.

The plant removes nitrates and stores it on the media until recharged by  
saltwater.  The data we are reviewing indicates some of the wells have elevated 
Sulfates SO4.  There is some published data which indicates the media would 
rather strip out Sulfates then Nitrates.  When elevated Sulfate water is sent to the
vessels the media might shed Nitrates into the water going to the City's storage.

Having to rely on Point OF Entry(POE) water quality from the plant puts the City 
in a bind and blind with regards to managing the water quality to the plant.  The 
more consistent the water quality blend to the plant the more efficient the plant is.
Conversely, when the POE samples go out of compliance you are back to 
sampling individual wells to try and find the offending contaminant.

Wells #2 and #3 appear to be in current or old drainage from the irrigated field.  
This situation may cause quality issues due to the minimal grout in the boreholes.

Sending well field water to the GC increases the plant usage and will further 
challenge the saltwater storage capacity capabilities of the lagoons. 

The Nitrate removal plant is for Nitrates only,  It is important to understand 
various contaminants can affect the efficiency of the plant.  Iron, Manganese, 
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Sulfates and bacteria are just a few of those contaminants. 

It appears the overspray from the fountains and the spume blowing out of the 
lagoons is impacting the surface soils around the lagoons (salt scaring)  Soil 
samples would verify that condition.

The limited pump setting information reviewed indicates the pumps are not set to 
maximize the water produced from the bottom of the aquifer.  The bottom is 
where we typically find lower Nitrate water.  Along with minimal well grouting it 
appears the wells are set up to produce from the upper part of the aquifer.

When the application of fertilizers is stopped or significantly reduced
in the recharge area / the area of Influence / the capture zone, water quality 
typically Improves with time!

5 wells at reduced pumping rates of 100 gpm would operate 12 hrs per day for a 
year.  Using combined pumping rates and pumping everyday should allow for 
better well field management.  Especially if well specific sampling increases. 

The data from the wells indicates the City might be able to blend the waters from 
specific wells and eliminate the need for the plant. This will not be an easy 
process, the KDHE has only a couple of staff members that would even 
understand the process or be willing to allow the City to manage their own well 
field.  As evident by them even approving this facility location to begin with. 

It appears the well fields were never truly evaluated.  It is possible the high 
Nitrate water in the upper portion of the aquifer can be pumped out, utilized and 
cause a significant reduction in the Nitrates affecting the wells.

As always, if you have any questions let me know.

Respectfully Submitted,

Ned Marks

Edward "Ned" T. Marks, PG.
TERRANE RESOURCES CO.
620-546-3616 cell
terresco@yahoo.com                     
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