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KGS Water Balance Approach

Net Inflow

ΔWL = I/(Area × Sy) – Q/(Area × Sy) 
               ΔWL ≈ b – a × Q  



GMD4 Water 
Balance 
Analysis

Net Inflow 3.3 cm/yr
Precip Recharge 1.7 cm/yr



GMD1 Water 
Balance 
Analysis

Net Inflow 3 cm/yr 
Precip Recharge 1.3 cm/yr



GMD3 Water 
Balance 
Analysis

Kansas Geological Survey

Net Inflow 8 cm/yr
Precip Recharge 2.5 cm/yr
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GMD3 Model Assessment

• Each well segmented into 
regular 10- foot intervals.

• Compute the proportion of 
each category within each 
interval.

• 5 (dark red) for highest 
permeability.

• 1 (dark blue) for lowest 
permeability materials.
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Two Major Recharge Components

Precip Recharge
Irrigation Return

Irrigation 
Pumping

Surface
Drainage 
delayed 
by silts 
and clays
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Two Major Recharge Components Simulated in GMD3
• District 

average
• ≤2020, 

historical
• ≥2001, future
• Future 

climate 
repeats 2001-
2020

• Two main 
components: 
recharge 
from surface 
and lagged 
drainage
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Surface recharge delayed in vadose zone
• District 

average
• ≤2020, 

historical
• ≥2021, future
• Future 

climate 
repeats 2001-
2020

• Two main 
components: 
recharge 
from surface 
and lagged 
drainage

Surface

Drainage

Surface Delayed
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Total aquifer recharge
• Lagged 

drainage 
slowly 
declining 
after 2040

• Total 
recharge 
steady at 6.5 
cm between 
2020 and 
2040, then 
slowly 
decreases to 
5.3 cm in 
2080

0
1
2
3
4
5
6
7
8
9

1940 1960 1980 2000 2020 2040 2060 2080

Re
ch

ar
ge

 C
om

po
ne

nt
s (

cm
)

Drainage

Surface Delayed

Total Recharge



0
1
2
3
4
5
6
7
8
9

1940 1960 1980 2000 2020 2040 2060 2080

N
et

 In
flo

w
 (c

m
)

Kansas Geological Survey

GMD3 Simulated versus WB-calculated Inflow

Model Simulated

• Model showed 
inflow peaked 
between 1995 
and 2020 (about 
7.1 cm)

• The inflow would 
quickly drop to 6 
cm from 2020 to 
2030, followed by 
a gradual decline 
to 5 cm in 2080. 

• The KGS WB 
analysis of 2005-
2022 data 
showed inflow of 
8 cm. 

WB Calculated
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Net Inflow 
in Local 
Areas
• The KGS WB 

analysis of 
2010-2023 data 
indicated 
significant 
variability in 
aquifer net 
inflow between 
counties.



Net Inflow in Local Areas

0.11 km3

(7.4 cm)

0.19 km3

(10.2 cm)

• GT: Grant 
County

• SV: Stevens 
County
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Net Inflow in Local Areas: Impacts of lateral flow
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Conclusion and Future Work
• At the regional level, modeling indicates HPA net 

inflow has two major sources: recharge from land 
surface and drainage delayed by low-permeability 
sediments.

• At the county level, the impacts of lateral flow may 
be significant. If so, they should be considered in 
local water resources management programs.

• Further works are needed to investigate different 
sources of HPA net inflow under different field 
conditions.  
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Lithology Data Sources – GMD3 Model

• KS – Water Well Completion Records
• OK – Water Resources Board
• CO – Well Permits

• Driller logs vary in quality!
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Not all forms/logs are created equal
Excellent Poor
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Hydraulic Conductivity (K) and Specific Yield (Sy) 
Calculation from Lithology

A) Categorize lithologic description into 5 categories: 
1: clays, 2: clays and silts, 3: silts and sands, 4: sands, 5: sands and gravels

B) Assign representative K and Sy values to each 
category. The lithologic K values are adjusted during model calibration; 
the Sy values are estimated using the KGS water balance approach.

C) Using Kriging to populate the K and Sy values from 
the lithologic log locations onto the entire model grid.



GMD3 Groundwater Right Wells

Kansas Geological Survey

• Need estimates of pumping from 
1945 to 2021

• Kansas has water use records 
going back to 1958.

• 1990 start of a QA/QC program.
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GMD3 All Recharge Components

0
1
2
3
4
5
6
7
8
9

1940 1960 1980 2000 2020 2040 2060 2080

Re
ch

ar
ge

 C
om

po
ne

nt
s (

cm
)

Total
Surface Delayed

Precip

Drainage
Irri Enhanced

Return
Ditch


