Recharge enhancement in depleting
aguifers: Delayed drainage by low-
permeability sediments

Gaisheng Liu, Jim Butler, Brownie Wilson, Geoff
Bohling, Don Whittemore

Kansas Geological Survey, University of Kansas, U.S.A.

Kansas Geuloglcal Survey

at the Un sity of K


http://www.kgs.ku.edu/index.html

Acknowledgements

 Kansas Water Office, Kansas Water Plan, and
Kansas Groundwater Management Districts.

 The United States Department of Agriculture
(USDA) and the United States National Science
Foundation (NSF) under USDA-NIFA/NSF
INFEWS subaward RC108063UK.

Kansas Geuloglcal Survey

at the Un sity of K


http://www.kgs.ku.edu/index.html

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

g Kansas Geological Survey

at the University of Kansas


http://www.kgs.ku.edu/index.html

Kansas High Plains Aquifer

Change In
Kansas

Snlith Center

HPA

Thickness

Percent Change in Aquifer Thickness, Predevelopment to Average 2019-2021,

Estimated Decrease in
Aquifer Thickness (%)

Increase

Oto 15

15 to 30
I 30t045
I 45t0 60
Il Over 60

(=) Extent of the High Plains Aquifer

. Ellsworth

N
Kilometers
0 10 20 40
La Crosse
ri L £: - L
_GreatBend ™. N
: N RC;
P > JLarned
v / aint John
"'Kins'e*
ED
L (Ereensburg

T

1CM

Mediciné Lodge

BA

Salina « ’ =

 EEEEE
g >
T

SA

HP

- [OE

.
Wichita

Wellinaton .

SuU




’é‘ 2017
. — A N - ® ‘2018 GMD3
Q 9- 2005-2020, R2=0.90
g) .
JQAIC L
O 0.2 -
()
A s .
@, Q
T -0.4 -
Q
P -
©
2 -0.6 -
© 4
. P — >
ercent Change in Aquifer Thickness, Predgelopment to Average 2019-2021,
Kansas High Plajffs Aquifer - - : 0 8 _
S e c -U.
i 3 Phipsburg S.imcﬂ@ [ Increase ©
) A e % 7 2010-11 average
/—/-5“1‘ e N 0 30t0 45
; :~~¢ﬂm'§ﬁy 7 Stockton A =:::§ E -1 0 - 2010
== — T m - (= Extent of the High Plains Aquifer w _
2
'1.2lll|lll|lll|lll|lll|lll|ll
. 1.6 1.8 2 2.2 24 2.6 2.8

Annual Water use (10° m3)

[khart o




Percent Change in Aquifer
nsas High Plains

ickness, Predevelopment to Average 2019-2021,

Aquifer
: Estimated Decrease in
# 2 ] Aquifer Thickness (%)
a ~ r -_—
int Francisy| |E/ /aod of n hillpsburg Sinith Center © Increase
' 0to 15
e - 0 L e o
3 15 to 30
—
W 0 30t0 45
o N
L ; tockton A B 45 to 60
7 o, HIlC
= Il over 60
o — ——
GH Kilomets
) - (= Extent of the High Plains Aquifer
= - 0 1020 40
— A
- ° H Sali
ays alina
G \"‘F Ellsworth
-
- La Crosse
= Ness City
RH R s ., Marion
W S }vﬁ?M\ L1
=~ REL \ i
o 3 Tarned ¥ \t
— b /W,,J % 2~ 3
~ ,/ \H‘B:.Q\Tnson /_\ lewton|
A‘, - Sint Jonf" [~ = L. -
* Kin: - §
bl 2 N
o - Dode G Fﬁ ~ RN - \2‘
5 —= )
. Bt L engme ichita
,{ L2
. - L
a L PR Sl
KW WL
e ldwate!
B % Mediciné Lodge
% m ,
Hu \\ ] Ashland
" sw Uberal we o SQ" - -

AWL (m)

GMD1
2011-2020, R%=0.91

100

150

200

250 300

Annual groundwater use (10° m3)




DA AlE

> (T
Q
Q
o
o
]

E -
-0.1
-0.2 -

Percent gMange in Aquifer Thickness, Predevelopment to Average 2019-2021,

Average annual water-level change (m)

Kansas High PIainKsAquifer istiv_nfeatg;ihpicreasvl; _0.3 - 2000
- uifer ickness (%)
md.. " Onedin o : ? ' h,m;, ,,,,, | s_umt:e'Km? : © Increase G M D4
e ”_ @%; 1 i 1996'2020, R2 - 0.85 2003
T R R = 0.4 ® 2012
oy V.fq'ai % -~~&ﬂmﬁiy tockton A -:::3 - . -
e et = m’ 0-%%{) (= Extent of the High Plains Aquifer _ o
—»;\ = % S CHays | | salna o T 2002
o \Xf \E'V"{”%SA s '0.5 L I I N N I N N N R N N L L L LI L O LI L L L L L L L |
E e A 025 03 035 04 045 05 055 0.6 065 0.7
W s — By !
ST R R Annual Water use (10°m3)
s, | ard -~ Ay Ml
= \\‘i’.} o o ﬁ,sf'/ g e \\“x\}‘
s et Inflc
. = N = dwat \L\\» " W \i&\l\
art s'éwﬂ - é{n 8 HP &“\SU \4\ ' o ' = @, ' -




What is the major source of the additional inflow?
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Drainage Delayed by Low-Permeability Units
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Delayed drainage by low-permeability
sediments

Supporting Evidence 1: Abundance of low-K
lithologic units in HPA




GMD3 lithologic logs
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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.




GMD1 lithologic logs
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GMD4 lithologic logs




Delayed drainage by low-permeability
sediments

Supporting Evidence 2: Much smaller
specific yield estimates for HPA than typical
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Specific yield cannot be reliably determined
from model calibration — GMD1 example

« Similar match on water levels and stream flows can be
obtained despite largely different specific yield values.
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Delayed drainage by low-permeability
sediments

Supporting Evidence 3: Groundwater model
simulation results.
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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.
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Major components in a groundwater model

— —

Delayed Drainage

— Streambed
Interactions

Aquifer

\l
drock Interactions
Model Computations
e Groundwater levels and Stream flows




Delayed Recharge From the Surface

e (isvadose zone velocity,
e D isvadose zone diffusivity.

R (x, t)
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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.



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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Pumping Estimation: Records & Regression

3500000

3000000

2500000

4 2000000
&
o
L]
< 1500000
1000000
500000
0 « GMD3 Regression based on conditions
[T o= T e O T T s = 5 T o T T T e S T o T o T T T O T i O o SO = TN e O T = T e T O O O = 3 T
S S SN W W W W W WS~ 000000 0 Q9
2539233232322 232332338338323323332 18823 JREIGINEESR R
Authorized Quantity —&— Reported Water Use ° R-Squared = 075, P < 0.00007
—3¢&— Regressed Water Use Winter Precip (2'nd axis) . d | .
Summer Precip (2'nd axis) MO el Uses:

« 1945 to 2005: regressed water use
« 2005 to 2021: reported water use
« Future year: regressed water use




