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Phase 2 Objectives

• Establish a groundwater level and 
groundwater quality monitoring network in 
the Missouri Regional Planning Area (MRPA)

• Provide improved estimates of safe yield and 
establish a groundwater quality baseline 
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Progress since last report

1. Reassessment of historic water level data
2. Identification of potential continuous water 

level monitoring wells
3. Second-round sampling (water level and 

chemistry) of former USGS wells
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Reassessment of Historic Water 
Level Data

Water Quantity Goal 5:  “Determine the groundwater level surface across the 
basin using all and partial sets of water-level data. . . .”  Here, looking for evidence 
of systematic temporal (annual or seasonal) trends in historic water levels, which 
could help shape expectations for future.



WWC5 Water Level Data

• Depth to water measured when a water well is 
installed; quality probably varies widely

• Stored as “static” water level in KGS’s water 
well completion (WWC5) database

• ~3,500 measurements between 1936 and 
2019

• Do these data show any evidence for 
systematic annual and/or seasonal variation?
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Water Levels (Feet Above Sea Level)

Measurements (one per well) made between 1936 and 2019.
Depths converted to elevations by subtracting from land surface elevation at 
nominal well location. 
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Water Levels Versus Time

Can we get a clearer picture of temporal variation by factoring out geographic trend?
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Components of Water Level Variation
• Will model water level variation as:

• WL = f(X,Y) + f(Year) + f(Day) + ε
• f(X,Y): geographic trend
• f(Year): annual (long-term) trend
• f(Day): seasonal trend (“Day” is day of year)
• ε : residual variation (“noise”)
• Functions ( f ) are flexible curves, not simple 

linear trends
• Really interested in f(Year) and f(Day)
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Geographic Trend [ f(X,Y) ] (ft. a.s.l.)

Looks like map of original data values with a bit of smoothing.
Geographic trend explains 94% of variation in the data.  This is not surprising, since
water levels are a muted reflection of land surface, which has a clear geographic trend.
What’s left when we take out the geographic trend?
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Residuals from Geographic Trend (feet)
WL – f(X,Y) = f(Year) + f(Day) + ε

No evidence for systematic temporal trend after factoring out geographic trend.
Red line is f(Year); it accounts for a negligible amount of the remaining variation.
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Residuals from Geographic + Annual Trend (feet)
WL – f(X,Y) - f(Year) = f(Day) + ε

Red line is f(Day); it also explains only a negligible amount of variation.
In other words, temporal variation appears to be predominantly “noise” (ε).
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WWC5 Water Level Analysis: Conclusions (?)

• WWC5 water level data show no evidence for 
systematic annual (long-term) or seasonal 
variations in the MRPA

• However, absence of evidence is not 
necessarily evidence of absence

• Really need high-quality, continuous 
measurements at a number of fixed locations 
to draw solid conclusions
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Continuously Monitored USGS Well
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Northeast Nemaha County

Shows pretty clear annual and seasonal variation; need more records like this.



Identification of Potential 
Continuous Water Level Monitoring 

Wells

Water Quantity Goal 3:  “We will identify existing wells to equip with pressure 
transducers as part of the groundwater level monitoring.”



Potential Monitoring Well Locations
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Locations of 20 existing wells that we are looking into as possible locations for continuous 
water level monitoring.  Background is sediment thickness, 0 (pink) to 380 feet (green).



Changes in Chemical Quality of 
Groundwater Sampled from Former 
U.S. Geological Survey Observation 
Wells Now Monitored by the Kansas 

Geological Survey

Water Quality Goals 2-4:  Identify groundwater quality monitoring locations, 
collect new samples, and analyze and interpret samples.
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Site Location Co.
Well 

depth, ft Date Lab
SpC lab 
µS/cm

Cl 
mg/L

SO4 
mg/L

NO3-N 
mg/L

8-1 02S-19E-14 DP 38 8/24/2011 USGS 546 6.8 22 8.5
8/8/2018 KGS 604 8.8 32 13.7
7/2/2019 KGS 592 7.8 29 13.3

28-1 02S-19E-24 DP 43 8/24/2011 USGS 861 72 18 4.5
8/8/2018 KGS 937 63 24 13.4
7/2/2019 KGS 992 94 24 11.3

7-1 01S-16E-15 BR 69 8/16/2011 USGS 487 1.2 16 17.4
8/8/2018 KGS 516 1.6 14 16.0
7/2/2019 KGS 508 3.0 13 19.9

11-3 01S-17E-08 BR 23.5 8/16/2011 USGS 715 29 77 2.5
8/8/2018 KGS 1330 208 64 1.5
7/2/2019 KGS 709 12 81 0.8

0-3 04S-13E-15 NM 69 8/23/2011 USGS 677 12 13 4.3
8/8/2018 KGS 605 11 13 4.3
7/2/2019 KGS 696 10 11 5.3

18-2 03S-13E-13 NM 23 8/25/2011 USGS 885 1.8 44 46
8/8/2018 KGS 824 8.9 38 33
7/2/2019 KGS 896 6.5 69 31

19-1 03S-12E-11 NM 34 8/10/2011 USGS 755 2.4 30 9.6
8/8/2018 KGS 782 3.3 27 10.8
7/2/2019 KGS 831 4.8 28 11.4

Presenter
Presentation Notes
The KGS collected samples in July 2019 from the same USGS wells from which the KGS collected samples in August 2018. The site (11-3 in Brown County, which shows the orange shading for specific conductance and chloride) had a large increase in dissolved solids and chloride concentrations from 2011 to 2018 then had a return in 2019 to about the same concentrations as in 2011. The nitrate concentrations in light red to red shading are above the maximum contaminant level (MCL) of 10 mg/L as nitrate-nitrogen. (The red shaded values are more than three times the MCL). The sites with nitrate concentrations above the MCL in August 2018 still had nitrate above the MCL in July 2019. 



Climate 
Conditions Six 
Months Prior 
to Sampling
Positive values 
indicate wetter 
than normal; 

negative values 
drier than normal.

Changes in 
Water Levels

Presenter
Presentation Notes
This graph displays the six month July value of the Standardized Precipitation Index for Kansas climatic division 3 in northeast Kansas for 2010 to 2019. Values near zero indicate near normal climate; positive values represent wetter than normal conditions, and negative values indicate drier than normal conditions. The climatic conditions in the six months preceding the sampling of the observation wells by the USGS in August 2019 were near normal. In contrast, the climate had been dry for the six months preceding the KGS sampling in August 2018. Then the climate became wetter than normal before the KGS sampled the wells in July 2019. The second plot shows the changes in the groundwater levels.  The water levels decreased or increased by a moderate amount from the USGS to the 2018 KGS measurement. Then the water levels at all sites increased from 2018 to 2019 due to the change from dry to wet conditions reflecting the increase in precipitation recharge. 



Change in Chloride and Nitrate Concentrations
August 2011 to August 2018 to July 2019

Dilution of saline bedrock water by 
precipitation recharge.

Infiltration of precipitation recharge 
that dissolved road salt.

Concentration at all except one 
site did not change substantially. 
Both decreases and increases in 
concentration occurred. 

Presenter
Presentation Notes
These slides show the change in chloride and nitrate concentrations for the three sampling events, USGS in 2011 and KGS in 2018 and 2019. The dissolved solids concentration (as indicated by specific conductance) increased a small amount in samples from four of the seven wells and increased a large amount in one of the wells from 2011 to 2018. The large increase in one well (site 11-3), as reflected by the chloride concentration, is interpreted as the decrease in precipitation recharge and resultant water-level decline that resulted in a larger proportion of the water sampled being from the discharge of saline water from the bedrock; the well location is in a stream valley. The wet period in 2019 resulted in substantial groundwater recharge, raising water levels and appreciably decreasing the dissolved solids concentration in the well water that had greatly increased in dissolved solids from 2011 to 2018. The chloride concentration was low in groundwater at five of the wells throughout the period. The chloride concentration at site 28-1, although not high, is substantially greater than at the other well sites during normal to wet conditions. The source of the chloride is interpreted as road salt based on its geochemical fingerprint; the site is along a road. The chloride increased in the groundwater at this site from 2018 to 2019 even though the first half of 2019 was appreciably wetter than the first half of 2018.As stated earlier, the drinking water MCL for nitrate-nitrogen is 10 mg/L. The nitrate concentration for site 11-3 that had the high chloride concentration from the bedrock source in 2018 consistently has had the lowest nitrate concentration of the sites. Nitrate concentration has either remained about the same or has increased somewhat in six of the seven sites from 2011 to 2019. The nitrate concentration at site 18-2, which has been consistently higher than at the other sites, decreased significantly from 2011 to 2019, but is still about three times the MCL. The main nitrate source is interpreted as agricultural fertilizer.  If the main source were animal waste, the chloride concentration would be expected to be greater than currently observed for those sites with higher nitrate concentrations.



Phase II Project Tasks
• Water Quantity

1. Assess robustness of existing (Phase I) data interpretation
2. Improve location accuracy for some wells
3. Identify and equip existing wells for continuous water level monitoring
4. Install new monitoring wells in critical locations
5. Interpret groundwater level surface and estimate aquifer storage and safe 

yield
• Water Quality

1. Interpret existing water-quality data and trends
2. Select groundwater quality monitoring locations and collect samples
3. Analyze samples
4. Interpret new data and plan for future sampling

• Information Dissemination
1. Make information publicly available through project website
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Schedule
Task Year 1  Year 2  Year 3  Year 4  Year 5  
Water Quantity 1      
Water Quantity 2      
Water Quantity 3       
Water Quantity 4       
Water Quantity 5       

     
Water Quality 1      
Water Quality 2       
Water Quality 3      
Water Quality 4       

     
Info. Dissemination            

    
 

  
 

  
 

  
 

  
 

 

We are here!

Project web site:
http://www.kgs.ku.edu/Hydro/Missouri/index.html
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