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Program Objectives

Å Choose a karstbasin in Florida that is conducive to long-term 
study and representative of other Florida karstbasins.

Å Identify and test characterization methods that provide an accurate 
understanding of karstcontrols on groundwater flow patterns.

Å Deploy these methods to collect the necessary data to fully 
describe flow through the study basin.

Å Identify and test modeling methods that accurately simulate the 
karsticgroundwater flow patterns.

Å Deploy these methods to develop a basin-scale model of flow 
through the study basin that accurately simulates observed 
conditions.

Å Condense the knowledge gained through the long-term study into 
recommended procedures for characterizing and modeling 
ƎǊƻǳƴŘǿŀǘŜǊ Ŧƭƻǿ ƛƴ CƭƻǊƛŘŀΩǎ ƻǘƘŜǊ karstbasins.  
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Talk Overview

ÅModeling Objectives

ÅModel status 

Å Construction Overview

Å Calibration Dataset Overview

Å Results 

ïCalibration

ïSimulated PotentiometricSurface

ïSimulated Velocities

ïSpringshedDelineation

Å Future Work & Improvements

Å Applications
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2005: Kelly Sink ςIndian Spring
5.2 miles / 13.5 days  (2,040 ft/day)

Real-World Groundwater Flow Patterns
2002: Fisher Creek ςEmerald Sink

1.7 miles / 1.7 days (3,770 ft/day)

2003: Black Creek ςEmerald Sink
1.6 miles / 1.6 days (2,670 ft/day)

2004: Emerald Sink ςWakulla Spring
10.3 miles / 7.1 days  (7,650 ft/day)

2005: Ames Sink ςIndian Spring
5.2 miles / 17.2 days  (1,600 ft/day)

2006: Wells ςWakulla Spring
10.4 miles / 66.5 days  (830 ft/day)
10.4 miles / 56 days  (980 ft/day)

2005: Indian Spring ςWakulla Spring
5.5 miles / 5.9 days  (4,890 ft/day)

2006: Turf Pond ςWakulla Spring
10.9 miles / 56 days  (1,030 ft/day)

2008 & 2009: Lost Creek ςSpring Creek & Wakulla Spring
7.5 miles / 5 days (~1.5 miles/day) ς7.75 miles / 47 days (~870 ft/day)



Swallets
Large magnitude discrete recharge

Important HydrogeologicComplexities 
Springs

large magnitude discrete discharges

Conduits
Very significant preferential flow paths

GW / SW Mixing
Impacts water  budget



HydrogeologicComplexities
Å Confinement

Å 1st Mag. Springs
ï Wakulla

ï Spring Creek group

ï St. Marks

ï Wacissagroup

Å 2nd Mag. Springs
ï Many

ï Not addressed yet

Å Swallets
ï 12 primary

ï At least 5 secondary

Å Caves
ï Mapped (~47 miles)

ï Tracer-defined

ï Inferred



Model Objectives

Å Develop a model that calibrates to high and low water conditions.

ï Most models only address average conditions

ï ¢Ƙǳǎ ŦŀǊΣ ǿŜΩǾŜ ƻƴƭȅ ŎŀƭƛōǊŀǘŜŘ ǘƻ ƘƛƎƘ ǿŀǘŜǊ ŎƻƴŘƛǘƛƻƴǎ

Å Define all springshedsthat may interact under varying conditions to control 
water and contribute water flow to Wakulla Spring.

ï We know that springshedschange and interact under different conditions

Å Develop a model that incorporates karstfeatures and conduit flow patterns.

Å Develop a model that will deliver reliable predictions of travel-times.

ï Use model results to develop spring/aquifer vulnerability maps

Å Solicit and incorporate sufficient feedback from the relevant stakeholders 
such that the model will be used by water resource managers as a decision 
support tool.



What is a Groundwater Model?

Å Computer generated simulation of groundwater flow patterns & rates.

Å Used to make predictions about impacts to flow and quality stemming from 
specific actions or conditions.

ïGroundwater availability & development 

ïContaminant vulnerability & cleanup

Å /ƻƴŦƛŘŜƴŎŜ ƛƴ ǇǊŜŘƛŎǘƛƻƴǎ ǎǘŜƳǎ ŦǊƻƳ ǘƘŜ ƳƻŘŜƭΩǎ ŀōƛƭƛǘȅ ǘƻ ǎƛƳǳƭŀǘŜ ǊŜŀƭ-
world conditions (calibration).

ïModels that accurately simulate present or past conditions are deemed 
to be reliable predictors of future conditions.

Å In order to be reliable, modeling assumptions must be valid or applicable to 
the environment being modeled.

Å ²ŜΩǾŜ ōŜŜƴ ǳǎƛƴƎ ƎǊƻǳƴŘǿŀǘŜǊ ƳƻŘŜƭǎ ƛƴ CƭƻǊƛŘŀ ǎƛƴŎŜ ŀǘ ƭŜŀǎǘ ǘƘŜ мфтлΩǎ ǘƻ 
predict the impacts of development on groundwater levels and 
groundwater quality.



Basic Conceptualization Options

Most commonly assumed

Most commonly true



Numerical Approach & Software

Å Hybrid Model (Dual Permeability)
ï Continuum model for matrix

porous media > Darcy flow
ï Discrete model for conduits

Pipe flow
ï Flow can exchange between the two 

media

Å Finite-element formulation
ï Maximum flexibility for geometric 

design
ï Computational efficiency

more model runs = higher confidence

Å FEFLOWTM

ï Commercially available (DHI-WASY)
ï Commonly used by national 

laboratories & research institutions. 
ï Discrete element features allow for 

hybrid model design.

http://www.feflow.info/

http://www.feflow.info/
http://www.feflow.info/


Model Status

Å Completed the expansion and re-development of the model 
framework.

Å Expanded the boundaries to all for overlap with potential future 
model of the Suwannee River Basin.

Å Analyzed historical groundwater level data and developed 
composite calibration datasets for high-water and low-water 
periods.

Å Developed representative recharge coveragesfor high-water and 
low-water periods.

Å Developed conduit assignments for model framework.

Å Produced a converged steady-state model that calibrates to the 
high-water period dataset. 
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Model Status

Å Smaller domain ςjust into GA based 
on previous model head potentials

Å No surficialaquifer

Å No recharge

Å Cursory calibration dataset

Å No pumping

Å Larger domain to allow model to 
define springshed

Å SAS,IAS, FAS framework

Å recharge

Å Expandedcalibration dataset



Model Boundaries
Ground Water Model Regional Topography and Hydrology 

N

Surficial

Gulf of Mexico (CH)

AucillaWatershed (NF)

Withlacoochee (CH)

With. Watershed (NF)

Flint/Apalachicola (CH)

IAS

Same as SAS

FAS

Gulf of Mexico (CH)

Interp. Pot. Sur. (CH)

Flint/Apalachicola (CH)

Unconfined

Former Boundary

CH = constant head
NF = no flow


