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Outline

• Recharge enhancement in Kansas HPA

• Delayed drainage as the major source of 

recharge enhancement: 

A) Lithologic logs

B) Specific yield estimates

C) Groundwater modeling results

• Conclusion and future work

http://www.kgs.ku.edu/index.html
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Net Inflow 8 cm/yr

Precip Recharge 2.5 cm/yr
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Analysis
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Net Inflow 3 cm/yr

Precip Recharge 1.3 cm/yr
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2011-2020, R2=0.91
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Net Inflow 3.3 cm/yr

Precip Recharge 1.7 cm/yr
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Aquifer

What is the major source of the additional inflow?

Delayed drainage by low-permeability sediments!
Kansas Geological Survey
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Drainage Delayed by Low-Permeability Units

  

∆h 

Quick drainage without 

low-K barriers
  

∆h 

Delayed drainage of perched 

water above low-K barriers
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Drainage Delayed by Low-Permeability Units

  

∆h 

Delayed drainage of perched 

water above low-K barriers

h*

A

DL

KLSy
𝑄 𝑡 = 𝑐𝑑 𝑒𝑥𝑝 −𝑑 𝑡 − 𝑡∗

٠ t* is time of initial water 

table decline.

٠ c = 

٠ d = KL/DL

𝑺𝒚 × 𝑨 × 𝒉∗



Delayed drainage by low-permeability 

sediments

Supporting Evidence 1: Abundance of low-K 

lithologic units in HPA
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GMD3 lithologic logs

• 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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GMD1 lithologic logs
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Delayed drainage by low-permeability 

sediments

Supporting Evidence 2: Much smaller 

specific yield estimates for HPA than typical 

values for sands and gravels.
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Specific yield cannot be reliably determined 

from model calibration – GMD1 example

Kansas Geological Survey

• Similar match on water levels and stream flows can be 

obtained despite largely different specific yield values.
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• Use of correct 

specific yield has 

critical impacts on 

aquifer recharge 

estimation and 

water management 

assessment.  (Liu et 

al., 2022, WRR)

 

 

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

1940 1960 1980 2000 2020

A
n

n
u

al
 a

q
u

if
e

r 
b

u
d

ge
t 

(k
m

3
/y

r)

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

1940 1960 1980 2000 2020

A
n

n
u

al
 a

q
u

if
e

r 
b

u
d

ge
t 

(k
m

3
/y

r)

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

1940 1960 1980 2000 2020

A
n

n
u

al
 a

q
u

if
e

r 
b

u
d

ge
t 

(k
m

3
/y

r)

-0.5

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

1940 1960 1980 2000 2020

A
n

n
u

al
 a

q
u

if
e

r 
b

u
d

ge
t 

(k
m

3
/y

r) Recharge 

Pumping 

Storage decline  
Drains 

Head boundary 
ET & Streams 

(A) SYa (B) SYb 

(C) SYc (D) SYd 



Delayed drainage by low-permeability 

sediments

Supporting Evidence 3: Groundwater model 

simulation results.
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Irrigation return decreases with time.

The percentage of irrigated land is small.



GMD4 Model 

Recharge 

Components
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Conclusion and Future Work

• Delayed drainage of perched water above low-

permeability barriers is likely the source of 

additional inflow observed in aquifers with 

significant water level declines such as the Kansas 

HPA.

• Further works are needed to investigate the 

delayed drainage and its impacts on aquifer 

recharge, e.g., vadose zone flow modeling, NMR 

logging for measuring the change of perched water 

with time, quantifying the impacts on future water 

management.



Questions?
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Kansas Geological Survey
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Model Computations
• Groundwater levels and Stream flows
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Delayed Recharge From the Surface

• u is vadose zone velocity,

• D is vadose zone diffusivity. 
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Surface Recharge Delayed
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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.
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Proportion-weighted Average Lithology Categories by Well

• 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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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.



Pumping Estimation: Records & Regression

Kansas Geological Survey

• GMD3 Regression based on conditions 

from 2005 to 2021

• R-squared = 0.75, P < 0.00007

• Model uses:

• 1945 to 2005: regressed water use 

• 2005 to 2021: reported water use

• Future year: regressed water use


