
Groundwater	and
Groundwater	Modeling

Robert	E.	Mace,	Ph.D.,	P.G.

Texas	Water Development	Board
presented	at

The	Milam	&	Burleson	Counties	Groundwater	Summit
August	16,	2017;	Caldwell,	Texas



Aquifers 101





Major aquifers



Minor aquifers



• an	aquifer	is	geologic	media	that	can	yield	
economically	usable	amounts	of	water.

what	is	an aquifer?

Dirt and rocks

Depends on

who’s using it



what	is	an aquifer?

Limestone (especially karstified), 

sandstone, sand, gravel, fractured rocks



• an	aquitard	is	geologic	media	that	can	not yield	
economically	usable	amounts	of	water.

what	is	an aquitard?



• clay,	shale,	unfractured	dense	rocks

• Note:	can	still	transmit	water,	
but			s				l				o				w				l				y

what	is	an aquitard?



• A	confining	layer	is	an	aquitard	that	bounds	an	
aquifer.

what	is	a confining	layer?



• The	vadose	zone	is	the	unsaturated	geologic	
media	between	the	water	table	and	the	land	
surface.

• Scientific	side	note:	There	is	a	saturated	capillary	zone	
between	the	vadose	zone	and	the	water	table.

what	is	a	vadose	zone?



the	vadose	zone



• A	water	table	is	where	the	aquifer	meets	the	
vadose	(unsaturated)	zone.

• Scientific	definition:	surface	on	which	the	fluid	pressure	in	
the	pores	of	a	porous	medium	is	exactly	atmospheric.

what	is	a	water	table?



the	water	table



• Recharge	is	water	that	infiltrates	to	the	water	
table	of	an	aquifer.

what	is	recharge?



recharge



• A	water	level	is	the	level	at	which	water	rests	(or	
would	rest)	in	a	well.

what	is	a	water	level?



the	water	level



• water	flows	downhill	(to	lower	potential	energy)

• water	flows	uphill	to	money

2	rules of	groundwater	flow



water	flows	downhill	(to	lower	potential	energy)



Groundwater Flowpaths



• An	unconfined	aquifer	is	an	aquifer	that	is	
bounded	by	a	confining	layer	at	its	bottom	but	not	
at	its	top.

what	is	an	unconfined	aquifer?



an	unconfined	aquifer



• A	confined	aquifer	is	an	aquifer	that	is	bounded	by	
confining	layers	at	its	bottom	and	top	and	where	
the	water	level	rises	above	the	top	of	the	aquifer.

• Scientific	side	note:	This	is	also	an	artesian	aquifer.	
“Artesian”	does	not	require	water	to	flow	at	land	surface.

what	is	a	confined	aquifer?



a	confined	aquifer



same aquifer: unconfined and confined



Major aquifers



recharge	&	“effective”	recharge

effective

recharge



• Terms	that	describe	the	ease	with	which	water	flows	
through	geologic	media.

• Scientific	side	note:	permeability	is	independent	of	fluid	type;	hydraulic	
conductivity	is	specific	to	water	and	relative	to	a	unit	area;	and	
transmissivity	is	specific	to	water	and	relative	to	the	thickness	of	the	
aquifer	and	a	unit	width.

what	is	permeability	?

hydraulic	conductivity	?

transmissivity	?



• water	flows	downhill	(to	lower	potential	energy)

• water	flows	uphill	to	money

2	rules of	groundwater	flow



pumping	a	well:	unconfined



pumping	a	well:	confined



• Storativity describes	the	amount	of	water	released	
from	an	aquifer	for	a	decrease	in	water	level.

• Scientific	side	note:	Storativity is	called	“specific	yield”	in	
an	unconfined	aquifer.

what	is	storativity?



• Unconfined	aquifers
0.01	to	0.3

• Confined	aquifers
0.005	to	0.00005

storativity



Unconfined	aquifer:	checking	the	oil	in	the	engine

Confined	aquifer:	checking	the	pressure	in	the	tire







(from R.T. Hill, 1901)

‘Artesian’ zones 

of Texas circa 1900



Total water level

declines in the

major aquifers



Questions?





• ‘The aquifer in a computer!’

What is a Numerical 

Groundwater Flow Model?





The	birds	and	the	bees	of	

groundwater	models

• Conceptual	model

• Model	architecture

• Calibrate	the	model

• Sensitivity	analysis

• Predictions

• Documentation

• Updating



• geology

• structure

• digital elevation 
models

• water levels

• water-level variations

• soil maps

• precipitation

• water quality

• stream	flows

• spring	flows

• lake	levels

• hydraulic	properties

• pumping

• cultural	references

• satellite	imagery

• geophysical	mapping

• well	information

Groundwater models 

are data hungry:



model	architecture



Models	of	the	Carrizo-Wilcox

from	Dutton	and	others	(2003)







2003



2004
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