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Presentation Notes
I grew up in Orlando.

When I was 12 or 13, my Mom dropped off two friends and I at the Wevika marina where she rented us a canoe and shoved us off down-river for a 3-day camping trip. One of my friends was a year older and one a year younger than me. 

It remains one of the grandest adventures I can remember.

We camped on low islands about 6 miles down river. 

We set trot lines, caught catfish with muscles we collected off the white sand bottom of the river, cooked them on open fires, and laid awake most of the night trying to convince ourselves that the night’s noises weren’t monsters vying to attack.

We saw baby alligators (and their mothers) nested amongst the water lily islands, and more birds, turtles, and water bugs running across the river than I could count.

It was fantastic – mostly because we were free to do as we pleased (as long as we were back at the marina 3 days later of course – our parents weren’t completely remiss!)

The river though wasn’t really all that different that what we were used to seeing on any given weekend. The little Econ, the Indian River, even little Lake Barton down the street from my house, and lake Underhill teamed with wildlife back then.

What was unique was the spring.
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Presentation Notes
Wekiwa Spring is a medium sized spring by Florida standards (which are pretty crazily skewed compared to the rest of the world – but I’ll talk about that more later).

Unlike the Wekiva Falls though, which are in actuality big man-made wells that pour water over their tops, Wekiwa Springs were just small cracks in the earth that emanated so much flow that we could barely hold our ground on the rocks long enough to look at them.

I was captivated by their force – by the notion that so much water could possibly be coming out of a crack in the ground, with no valves, or tanks, or hoses. It simply was.

I left that day – the day after my first unaccompanied camping trip – consumed with wonder and awe – not of the river, or the animals, or our freedom, or even our harrowing adventures with burning brown palm braches running through the midnight blackness on whatever island somewhere down river that somehow didn’t end badly and that we of course never spoke of to our parents – but in wonder and awe of those springs.

Shortly after that first Wekiva adventure, I earned my junior Scuba Diver certification for which I had the great opportunity to dive at Alexander Springs.

Not as interesting as Wekiva but still a singular point from which more water than I could fathom came blowing out with such force that it embedded sand in my scalp that I’d be picking out for the next several days.

My tick list grew pretty quickly after that: Volusia Blue, Crystal River, Juniper, Ginnie, Madison Blue, Jackson Blue, Peacock, Manatee, Royal, Bathtub, Cow, Troy, Ichetucknee, Blue Hole, Little River, Wakulla, and many more.

Springs were great places to dive. Not only were they fascinating and fun but they were crystal clear and clean – we drank the water straight from the source in those days – just took the regulator out and started swallowing, and little to no entrance fee was ever required.

I always came back to Wekiwa though – that was home turf. The canoe trip turned into a yearly adventure for me all the way through high school. A friend and I made our own regular summer biathlon by riding our bikes from Winter Park to Wekiva then paddling to the Falls and back and riding home. And through those years I learned to hold my breath longer and longer so I get squeeze my way further and further into those cracks. 

I was one of those kids you probably still see huddled around the main vent listening to the protestations of the coolest guy or guys about swimming from one hole to the other.

For me though, the main vent would never reveal the passage they described. No matter how hard I pushed and squeezed, I just couldn’t find a passage large enough to explore.

I finally started from the other smaller vent – beneath the lifeguard stand on the side of the spring basin. There I found that if I turned my head sideways, I could slither my way through a horizontal crack for about 10 feet and into a room large enough to swim in. 

After maybe 50 such explorations I finally built up enough courage and lung capacity to swim across that room to the entrance of a small tunnel that led off into the rock. 

I never had the courage to swim farther on a single breath but, when I was 18, I came back equipped with scuba gear and finally followed that tunnel.

It was (and still is I believe) against the rules to dive at Wekiwa so I snuck my gear in disguised as a raft and when the life guard wasn’t looking dropped it down to the floor of the basin and pushed it into the cave while she was distracted by some reliably common commotion at the surface. 

I came back to the surface to make sure she’d see me swim off, then when she wasn’t looking again, swam back underwater and into the crack.

I donned my gear in the small room and headed into the tunnel.

I didn’t get far before it too shrunk down to something smaller than me and in turning around proceeded to get good and stuck.

I was stuck because the flow was so strong that it jammed me into a constriction where my belt buckle on my belly and the tank on my back were wedged into the rock.

Blocking the tunnel made the force of the water even stronger and the rush of the water and my vigorous struggle to get free stirred up so much sand that I could barely see.

Very luckily, something made me calm down, stop struggling, and think. I wriggled my left hand down between my chest and the rock until I could feel and release my buckle.

A couple seconds later I shot out of the constriction like a pea flying out between opposing fingers.

I waited in the room for a while to let the sand settle then took off my gear put it back in its raft disguise and swam out to the sunshine.

That was my first cave dive.

I wasn’t smart enough to quit there. I’ll go ahead and admit to not being the brightest bulb in the box!

Instead, a little over a year later, when I was 19, I became a certified cave diver, had cobbled together enough gear from yard sales and holiday gifts to pass for a real cave-diving rig and was making 4 cave dives a week in the Santa Fe and Suwannee River basins.

My friends and I made regular dives to more than ¾ of a mile into the Devil’s Ear Cave system at Ginnie Springs. We explored Little River, Telford, Peacock, Thunder Hole, and Falmouth to around a mile each, Madison Blue to nearly a mile and a half, and Manatee to more than 2 miles. 

We chased the caves deep as well: Little River to 120 feet, Thunder Hole to 150, Peacock3 and Orange Grove to 180, Alachua to over 200 and ultimately Dipolder #2 to 355 feet deep.

We weren’t the only ones exploring Florida’s underwater labrynths of course.

Others were aggressively trying to explore Florida’s deepest and longest caves (perhaps the longest in the world) – the Wakulla and Leon Sinks cave systems south of Tallahassee.

A former friend and colleague Wes Skiles was one of those explorers who was also obsessed with documenting Florida’s caves and springs on film and sharing those films with as many people as possible in hopes of preserving what some already saw as diminishing natural wonders.

If you haven’t seen the nationally acclaimed PBS documentary “A Water’s Journey” I highly recommend the DVD.

Somewhere in about that time, I stumbled into a geology course at the University of Florida, changed my major from engineering and decided to seek a career in groundwater science.

Over the next 30 minutes, I hope to share some of what I’ve learned over the ensuing 20+ years studying groundwater, springs, and caves across much of the world.


S
The first things | learned...

Y T ——
$ Unsaturated
14 Zone

“There are no such things as underground rivers”

Water Table Surface

O Groundwater flows through the spaces
between rock grains.

Saturated
Zone

O Groundwater flow is a diffuse slow process.

O Velocities tend to be on the order of feet per
year or less.

/ Water Table Surface
/ A~ Saturated
e '(_':’;‘g_q‘} Zone

O Mathematical concepts that evolved for
America’s great sandstone aquifer underlying
the mid-west (the Ogallala Aquifer) render
groundwater movement, aquifer storage, and
contaminant movement very predictable.

O Amateurs study springs, whereas professionals
study wells
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Trying to be the good student and to also matriculate peaceably, I spoke little of being a cave diver.

Once, Wes Skiles was invited to our groundwater class to present a video. Most people were enthralled and our professor drew our attention to the paragraph in our textbooks that described karst as a different type of environment in which most of the principals described in the book don’t apply.

A short while later, one of the leading hydrogeologists from the SRWMD came to give a presentation on how all of those principles were put to use managing groundwater resources in the Suwannee River Basin. When one of my classmates asked about the caves they saw in Wes’s videos, he dismissed them as fraudulent myths fabricated in hopes of attracting Hollywood notoriety or at best mildly interesting depictions of aberrant and irrelevant features.

Though I could master the homework problems and grasp most of the concepts fairly well, I had a hard time rectifying what I was being taught in school with what I saw with my own eyes nearly every night. Though at one point, I even tried to convince my best friend and dive partner that as much flow could pass through a rock wall as could come through conduit, I never had the courage to challenge my teachers with what I knew to be a different reality. 

Lucky for me, my buddy never bought into my groundwater lessons and we continued to find caves by simply following that ever-present force of water around corner after corner, turn after turn, for miles and miles under Florida’s forests, farms, and pastures.
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Karst Hydrologic Cycle

L7 S T Y

= ,,[ o Wetar sl flows €
L& /}’ o nilows sill cepel
ZORIes<Ystorage

GeoHydros

Specialized Geological Modeling



What’s the Difference?

Diffuse Flow

100 CFS
\

spring

1

1
1
0

200 CFS

Convergent Flow
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\

spring

!
\
1
0

200 CFS

O Flow dispersed evenly along river 0 Flow focused at two points

O No conduits required
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A Convergent System

Groundwater Flow to Caves & Springs

aquifer storage

conduit

Spring wm

O Water flows down gradient
O From storage to conduits
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Water Sustainability Round Table - March 2013

Different Approaches

@
Porous Media
= ' Standard Approach
New Approach
sand / sandstone .
easy to characterize Karst (Conduits)
simplest math
hard rocks (shale, granite, etc)
can map from surface
harder to characterize
more difficult math
Limestone (Floridan Aquifer)
cannot typically be mapped
hardest to characterize
9 of 34 most difficult math GeoHydros
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Karst in Florida

Florida's Karst Belt

|:| Unconfined - Upper confining unit absent or thin

- Thinly confined - Upper confining unit is generally
less than 100 feet thick, breached, or both

- Confined - Upper confining unit is generally greater
than 100 feet thick and unbreached

e 1st magnitude springs

-2

o 2nd magnitude springs 1
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part of “Karst Belt”
highest concentration of
very large springs in the
world

all discharge from major
cave systems

all but a few are similarly
impacted
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Wakulla Spring, Florida (120-1500 cfs)
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Wakulla Spring in Decline




Nitrate Loading to Groundwater & Springs

Problem

O Nitrate in Florida springs: 10 — 1000 X natural levels
Very low ecological tolerance

(0)

0 Very high human tolerance | ——— m
m  Middle River Sink

O Promotes algae and 14 & St ks M

kulla Springs) it
bacterial growth — \# ! m

Sources ’ l e \/\I
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O Sewage
(septic systems &
wastewater treatment)

\
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Hydrogeologic Setting
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84710 00"

(g |

~35 miles
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............

econfining unit

* springs

* swallets

* caves

* potentiometric
surface

- Wakulla Spring
e ~250 MGD

e ~400 cfs

* Age ~40 years
* Velocities

: 0.1 ft/day
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~8 miles

e 25 ft/day
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Initial Tracing

.':':-‘aﬂy Ward
Spring

! Wakufla - LBon Sinks

’Hv‘lvl' ® /' Cave Systgn
Wity f

| Tracing won’t work: flows are too big

2001: Sullivan Sink — Cheryl Sink

1.6 miles / 0.96 days (8,800 ft/day)

2002: Fisher Creek — Emerald Sink
1.7 miles / 1.7 days (3,770 ft/day)

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

Tracing seems to work
Cheryl Sink Age: ~35 years
Distance Traveled: ~21,000 miles — hmmm?
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More Tracing

11 miles

\/

2004: Emerald Sink — Wakulla Spring

10.3 miles / 7.1 days (7,650 ft/day)
2005: Kelly Sink — Indian Spring

5.2 miles / 13.5 days (2,040 ft/dav)
2005: Ames Sink — Indian Spring

5.2 miles / 17.2 days (1,600 ft/day)

2005: Indian Spring — Wakulla Spring
5.5 miles /5.9 days (4,890 ft/day)
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More Tracing

N

"

2006: Tallahassee Spray Field

St. Marks or Wakulla?
11 miles

V
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Tallahassee Spray Field




Tracer Injections

Near-field:
O 20kg phloxine-b, 3 wells

Far-field:
O 60kg uranine, 3 wells

O 60 kg eosine, 1 swallet
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Unexpected Problems...
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Sampling

O Collected water samples at all locations

O Varied sampling interval throughout
duration of test (4 hrs — 12 hrs)

O Initial duration: 4 months — extended &%
to 14 months i

O Developed recovery curves for each
station

0660 Hydros
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Sampling Strategy
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Injection & Near-Field Detections
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5,262 samples collected &

analyzed
* 6,485 positive detections

(one sample can have 3 dyes)

e all flow paths predicted by
potentiometric surface
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Newport

Spring g

Chicken Branch .
Spr'mg

. St Marks

a
5
Explanation & injection location
# spring m automatic water sampler tracer defined primary connection Scale 1:112,500
@ swallet A insitu fluorometer = === fracer defined secondary connection 1 2 3 km
25 of 34 ~~ mapped underwater conduit 2 grab sampling Floridan aquifer potentiometric surface (USGS, 1 2
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And the Bottom Line?

O $250 Million Dollar Breakthrough Curve

[Iunl straight major going into final round /1€
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Recovery Curve Analysis — Aquifer Hydraulics
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Recovery Curve Analysis — Aquifer Hydraulics
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Aquifer Hydraulics — Aquifer / Matrix Interactions

Injection #1 skl L L Injection #2
Rising Stage Falling Stage
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Aquifer Hydraulics
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Comparison of Calculated Groundwater Velocities

__vebod ey oy __ssompions_L_sowee__

Tracing

Pumping Test
Transmissivities

Model Derived
Transmissivities

Geochemical age
dates

of 34

252-2,337 m/day

0.03-0.23 m/day

0.03-1.17 m/day

7.5-15 m/day

none

Calculated Gradient
Aquifer b = 100m

Calculated Gradient
Aquifer b = 100m

Age ~20-40 years
100% of Recharge
derived from top of
basin (~110 km to
north)

Bush & Johnston,
1988

Davis, 1996

Chanton, 2002
Katz et al, 2004
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Caves in the WKP

ER T £ 7 o ; feet met:’rs

: Wakulla Spring 168,900 | 51,484

Chip's Hole 22,292 6,795

Natural Bridge 12,108 3,691

Indian Springs 11,897 3,626

Sally Ward 6,857 2,090

Shepard's 5,689 1,734

Bird Sink 4,839 1,475

Little Dismal 2,968 905

McBride's 2,166 660

Church's 2,108 642

Rat Sink 1,463 446

Hideaway 1,228 374

Hatchet 1,120 341

: || Spring Creek 2 810 247

Meetinghouse 769 234

| Farrell Shallow 566 173

| Ventana Azul 363 111

TOTAL 246,143 | 75,025
e 1/ GeoHydros
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Flow to Wakulla Sprlng

Water Sustainability Round Table - March 2013

" ~1000 ft/day — 7
IH&::

Wakulla & Spring Creek are
connected

Spring Creek began reversing for
appreciable durations in 2006

Spring Creek reverses now every
summer for weeks - months

We’re loosing the largest spring
in Florida & the associated fresh
water that flows to the Gulf of
Mexico estuaries
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Presentation Notes
The most significant thing about karst aquifers and the thing that makes them so different from other aquifers is that flow is really fast meaning hundreds of feet to thousands of feet per day as opposed to feet per year. This map shows the results of several groundwater tracing experiments that we’ve done in the WKP that reveal those fast velocities (>a mile per day through the mapped caves but still ~1000 feet/day through parts of the aquifer where no caves had been mapped. 

One of the most significant traces that we did revealed a rapid flow path connecting the City of Tallahassee’s wastewater spray field to Wakulla Springs (~12 miles with a travel time of about 60 days). That trace helped encourage the City to invest $250 million dollars in upgrades designed to reduce nitrate concentrations going to the spray field and thus to the spring.

Another significant trace was the southernmost trace from Lost Creek, which flowed to both Spring Creek (as expected) and to Wakulla Spring (unexpected). This shift in flow directions from south to north occurred as a result of spring flow reversals at Spring Creek that have been occurring at significant levels only since 2006. As the phrase implies, spring flow reversals are periods when the springs are siphoning water into the aquifer rather than discharging. It is a common occurrence along the Suwannee River when the river floods and drives river water into the caves. When this happens to springs along the coast, it propels saltwater deep into the Floridan aquifer. Our tracer test happened to occur immediately before such a reversal at Spring Creek (the largest spring in Florida). As a result, we were able to document the reversal and learned that Spring Creek and Wakulla must be connected by one or more large conduits.

Those results drew our attention to a larger issue than velocities the question of why the coastal springs are reversing and the impact of those reversals on the aquifer and inland spring flows. 




Wakulla / Spring Creek Flows

Water Sustainability Round Table - March 2013

Discharge (cfs)

O Composite Spring Creek flow & salinity (USGS).
O Summers 2007 —: Spring Creek stops flowing / salinities rise to sea water levels.
O When Spring Creek stops flowing, Wakulla Spring flow increases
O When Spring Creek is flowing, Lost Creek water flows rapidly to Spring Creek.
O When spring Creek stops flowing, Lost Creek water flows slowly to Wakulla
Spring.
2500 P ] ] ] ] ] ] I 50.0
Injection Injection
—_— Increased flow = no problem? | o
1500 |/~ h ! ] \J =\ H\ // l \ | 30.0
=l / ' - A °3
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Presentation Notes
We did that first trace in 2008. In 2009, we repeated the trace and instrumented two of the Spring Creek Vents and two sinkholes that we know connect to the underlying caves with hydraulic meters to further study the reversals that had only been documented since 2006. Those data combined with data collected from Spring Creek by the USGS reveals the degree to which Wakulla and Spring Creek are connected and the impact of the reversals on the aquifer.

This plot shows flow at Spring Creek (blue), flow at Wakulla (green), and salinity in Spring Creek (brown) measured in 2008 and 2009 during both tracer tests. The data clearly show that when Spring Creek reverses (blue line goes down and brown line goes up), Wakulla’s flow goes precipitously up. This rise in flow at Wakulla occurs because water that would otherwise flow to Spring Creek is diverted to Wakulla.

When viewed alone, the Wakulla data might indicate (as it does to the NWFWMD) that there is actually more water in the aquifer during dry periods than has historically been available and that therefore there is no water shortage problem. When viewed together with the Spring Creek data however it can be seen that the perceived increase in flow at Wakulla comes only at the expense of all flow to Spring Creek. What’s more, closer analysis reveals that the total flow is less than the probable historical average. 


@ Water Sustainability Round Table - March 2013

Consequences of Reversals...

O When Spring Creek stops flowing, water backs up into the aquifer matrix
in the southern part of the WKP.

O Salt water travels rapidly for long distances (>= 2 miles to Punch Bowl Sink)
in days.

O Sinkhole water levels rise to flood stage.

O When Spring Creek starts flowing, water levels drop precipitously and
water in conduits returns to fresh water conductivities.
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Presenter
Presentation Notes
This plot shows the conductivity (proxy for salinity) and the water level in a sinkhole about 3 miles north of Spring Creek (3 miles inland from the coast). The sinkhole is called Punch Bowl Sink and we know that it is connected to the same network of conduits as are Spring Creek and Wakulla springs. The blue line shows the conductivity. The brown line shows the water level. The timing of the major Spring Creek reversal period in 2009 is marked with arrows. The important things to note are the abrupt rise in both conductivity and water level when Spring Creek began reversing and the abrupt reduction in both when Spring Creek began flowing again. 
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Consequences of Reversals Cont
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Presenter
Presentation Notes
Here in the world is Punch Bowl Sink …


Agricultural Pumping
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|0 GA

E.?, MGD — Con. Counties

93 MGD — Model Domain
O FL

29 MGD — Con. Counties

21 MGD — Model Domain

National Environmentally Sound Production Agriculture Laboratory (NESPAL)
University of Georgia's College of Agricultural and Environmental Sciences

Georgia EPD
NWFWMD
SRWMD
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Municipal Pumping

T L1

o GA
54 MGD — Con. Counties

Legend
Non-Agricultural Groundwater Extractions

Commercia I-Industrial
®  Power Generation

®  Public & Domestic Supply

[ 40 F
N 24 MGD — Con. Counties

GA: Fanning & Trent 2009
FL: Marella 2009
FL: NWFWMD
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Different Approaches

@
Porous Media
= ' Standard Approach
New Approach
sand / sandstone .
easy to characterize Karst (Conduits)
simplest math
hard rocks (shale, granite, etc)
can map from surface
harder to characterize
more difficult math
Limestone (Floridan Aquifer)
cannot typically be mapped
hardest to characterize
39 of 34 most difficult math GQOHYdrOS
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Typical Modeling Errors — Porous Media Approach

o ‘m 0.

e o

Model Residuals
feet
* <-20
B -20to-10
® -10to-5
+ 5t0-3
e 3to+3
+ +3to+5
® +5to +10
B +10to +20
*¥ >+20
>3 feet @ >50% of wells

>5 feet @ >25% of wells
>10 feet @ >10% of wells
>20 feet @ >2% of wells

T iles
0 5 10 20
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Typical Modeling Errors — Porous Media Approach
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Modeling Errors — Conduit Flow Approach

O O O O

<1 foot @ >50% of wells
<3 feet @ >90% of wells
3 wells >5 feet
1 well >10 feet
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Modeled Travel Times — Conduit Flow Approach

Municipalities: Santa Fe River Basin, Florida

WSFRB Groundwater Model: Flow from Municipalities

Flow is to closest conduits

Closest towns not always
of most concern

Newberry - Ginnie Spring
- ~12 miles
- ~1000 days
- conduit flow

Alachua - Hornsby Spring
- ~7 Miles
- ~500 days
- conduit flow

High Springs - River
- ~2 miles
- ~10,000 days
- no conduit
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Implications for Wekiva
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Legend

From Toth, 2002

Same processes as other
springs

Combination of conduit and
matrix flow

Travel times very likely
much faster than predicted
by porous media models
and age dating

Will likely have to mitigate
all significant sources of
nitrate contamination

e Agriculture
* Independent residential
e Municipal
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Summary

O Karst is prevalent in Florida
Springs are fed by conduits

O Conduits drain water from the surrounding matrix and convey it
rapidly to springs
(There really are such things as underground rivers)
O Vulnerability is not necessarily directly related to proximity
O Distance to conduits more important than distance to spring
e Applies to contaminant transport
e Applies to saltwater intrusion

O Springs and Groundwater are more vulnerable to contamination
than have been predicted

O There is probably less water in the Floridan than has been predicted

O Protecting Wekiva will require more stringent regulation on
nitrogen discharges and very likely reduced consumption

O Protecting Wekiva will sustain the Floridan as a viable longterm
fresh water resource

O
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Core Problem: Public Perception & Concern

Topic Internet Hits
e global water resources: 24,800,000
e aquifer protection: 1,350,000
e water shortage: 8,130,000
e water crisis: 27,900,000
e water pollution: 34,400,000
e bottled water: 10,100,000
e Florida springs: 40,900,000
e Florida springs decline: 651,000
e Britney Spears: 49,800,000
e free porn: 188,000,000
e free sex: 366,000,000

Clean Water / Free Sex = < 10%
Clean Water / Britney Spears = 68%

of 34 9
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Questions?
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