GROUNDWATER SUSTAINABILITY
AND ITS APPLICATION IN KANSAS

Marios Sophocleous

Kansas Geological Survey
The University of Kansas
Lawrence Kansas, USA

E-mail: marios@kgs.ku.edu



SUSTAINABLE DEVELOPMENT

“...development that meets the needs of the
present without comprising the ability of
future generations to meet their own needs.”

World Commission on Environment and Development (1987)
“Brundtland Commission”



WHAT IS THIS TALK ABOUT...

* General introduction
» Safe yield: hydro-ecologic fundamentals and shortcomings
» Hydrologic basis for a sound water-use planning policy
« Examples of groundwater systems and their response
to development
» Expanding sustainability concepts
« Kansas water resources management experience
» Concluding comments: the way forward



Safe yield: underlying hydro-ecological fundamentals



SAFE YIELD is commonly defined as the attainment and
maintenance of a long-term balance between the amount
of groundwater withdrawn annually and the annual amount
of recharge



a).

~
4 = S "\\ Natural Conditions (Predevelopment)
SR—. Recharge = Discharge
Prg—:mpltatlgn
Recharge atea
Recharge

TS Discharge area
— — Watertabje spring

s,

_.____
-.._,___-

—

e Yy, f , stream or
e T , wetland

e Dischargo TN

L»eroundwalerflow-—-* -

& J' "Safe Yield" Conditions (Post development)
Recharge = Pumpage

row crops

Discharge area
former

pumping .. spring
well £

dead tree

dried up stream
¥y or wetland
/

B B i s T A P L

Aquifer
I v 4

_——

1 _'Groundwater flowT

7/////////////////




NN NI N

paAN
~

\

|

/

ST




106" 105° 104> 103° 102° 101° 100° 99° 98° 97°

43°

42°

41°

400

39°

38°

37°

36°

35°

34°

33°

32°

0
0

T

T T

SOUTH DAKOTA

p—

R i

||

p;

COLORADO
A"h’mas

AQUIFER
BOUNDARY

50 100 miles
50 100 km

.
! ¥

[ 1|
L
l
KJK

.|

 }

LT

960

LT

iy

~

-

KANSAS

Declines
More than 40
20 to 40

] 5to 20

OKLAHOMA

EXPLANATION
Water-level change
in feet, 1980 to 1995

No significant change

] -5t010

Rises
] More than 10

area of little or no
saturated thickness

—_—



™
[ Nonsaturated [—]0-10% Decrease  [] 25-50% Decrease 0 60 80 mi

[ >0% Increase [ 10-25% Decrease [ >50% Decrease (') 60 126 km







DYNAMIC EQUILIBRIUM AFTER DEVELOPMENT
can only be achieved by

1. an increase in recharge (natural or artificial)

2. an decrease in natural discharge
or 3. a combination of the two



GROUNDWATER SOURCES

* Groundwater storage
* Induced recharge of surface water
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STREAM-AQUIFER MODELS

* A predictive tool explaining the connection
between well field withdrawal and surface-water
depletion at particular sites

» Can generate the system transition curve from
rellance on aquifer storage to surface-water depletion
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EXPANDING SUSTAINABILITY CONCEPTS

...management for change and for complexity
* ecosystem approach
» adaptive management approach



Sustainability of the “system”



INTEGRATED RESOURCE PLANNING

“assured that water resources are managed

for the greatest good of people and the environment
and that all segments of society have a voice

In the process” (AWWA, 1994)



The Kansas water resources
management experience



Groundwater Manageﬁent Districts (GMDs)
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Groundwater Management Districts of Kansas
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Total Maximum Daily Load (TMDL) limits

TMDL is a calculation of the maximum amount of a pollutant that a
water body can receive and still meet water quality standards, and
an allocation of that amount to the pollutant’s sources.



Groundwater Management Districts of Kansas
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Adopted Management Programs in Kansas

* controls on new development

* regulation of existing development
» well-spacing requirements

« annual water use reporting

« water metering

« water-supply augmentation

* public education and involvement
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PROGRESSIVE EVOLUTION OF KANSAS WATER MANAGEMENT

* Local GMDs and their management policies

e Minimum desireable streamflow and TMDL standards
» Water use reporting and water metering

» Modified safe yield policies

« Subbasin water resources management programs

* Integrated resource planning (City of Wichita)



The way forward (1)

Consider sustainable yield of an aquifer considerably less than
recharge to allow adequate amounts of water to sustain streams,
springs, wetlands, and GDEs.

Bring over-extraction areas back to sustainable use or at least
community-acceptable levels while exploring more sustainable
options.




The way forward (2)

Focus not only on the volume of water available but also on
the impact of groundwater exploitation on the natural environment.

Consider surface water-groundwater interactons; groundwater
cannot be managed separately from surface water.




The way forward (3)

Sustainability should be understood as a dynamic and iterative

process requiring continued monitoring, analysis, prioritization
and revision.

Given ubiquitous uncertainties, select policies that are precautionary.




The way forward (4)
Adjust water-management plans to local conditions.

Do more with less by increasing the productivity of water.




The way forward (5)

Communicate with the multitude of diverse groundwater users to
encourage sustainable use of the resource base.

Promote education, technical assistance, and supporting research.

Promote public participation in policy formulations
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A few words on the
“sustainability challenge”






Kansas Water Plan goals

* Reduce water level decline rates within the Ogallala aquifer by 2010
and implement enhanced water management in targeted areas.

* Achieve sustainable water management outside of the Ogallala aquifer
by 2015.

» Meet minimum desirable streamflow standards at a frequency no less
than the historical achievement by 2015.



Important note
In the long term, it is impossible to extract more water from an

aquifer than is recharged to it by seepage from precipitation and

surface water bodies.
Sooner or later, the pumping rate will automatically have to adjust

to the availability of water.
Clearly, it is wiser to strike this balance at high GW levels than

at low levels.



Key steps to move towards sustainable water use
* Improve the knowledge base
 Improve reporting and access to information
* Improve public education, and better understand
the public’s attitudinal motivations
 Further improve water efficiency and crop productivity

» Use the ecosystem approach to manage groundwater

« Embrace adaptive management

« Exploit the full potential of rainfed and biosaline agriculture
» Adopt a goal of sustainable use



