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* Marathon is part of the Florida Keys National Marine Sanctuary
(FKNMS)
* Adjacent reefs are sensitive to eutrophication
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Marathon’s aquifer is key largo limestone (max. depth ~ 100 m)

Slower Flows through the karst matrix
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 City of Marathon injects ~ 642,000 to 720,000 m3/day at depths

of 18-27 m below NAVDS88

* Treated effluent ~2-3 PSU, aquifer 35 PSU at injection depth
e Effluent contains significant concentrations of both nitrogen and

phosphorous 140
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Where is the wastewater going?
How is it being transformed along the flow path?
Physical Hydrology Geochemistry
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Where is the wastewater going?

How is it being transformed along the flow path?

Physical Hydrology
Geochemistry
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Characterizing plume geometry:

salinity
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What are the flow paths and travel times?
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Dye t ra C e r St u d y Dye introduced to Area 3 injection well May and June 2022
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Dye introduced to Area 3 injection well May and June 2022

Dye tracer study
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Dye tracer study confirms dominant flow paths to the north and east
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How is plume morpho
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logy varying with time?
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* Magnitude of the hydraulic gradient varies with
tide

* Average gradient factor of two larger towards
MN-2
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At 6 m MN1 has 1
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Tidal fluctuations in

temperature at both depths,

Influenced by FL Bay
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Hydrologic controls and plume morphology

* Morphology of the plume Florida Boot Key
consistent through time, but Bay Harbor
interface positions affected by tidal
fluctuations

* Hydraulic gradients have consistent
directionality, but magnitude is
modulated by the tide

* Evidence of fast break through
preferential flow paths from dye
tracer test

modified
geochemistry




Hydrologic controls and plume morphology

* Morphology of the plume Florida Boot Key
consistent through time, but Bay Harbor
interface positions affected by tidal
fluctuations

* Hydraulic gradients have consistent
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Consequences for nutrient transport?
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Groundwater phosphate does not follow conservative

mixing
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Groundwater phosphate does not follow conservative

mixing
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Groundwater phosphate does not follow conservative

mixing
Three end members:

1. Rainwater (low S, low SRP)

2. Saline Groundwater (high S,

low SRP)

3. Wastewater (low S, high
SRP)

Use S to trace seawater,

sucralose to trace wastewater
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Using sucralose as a conservative tracer of waste water

Sucralose (ug/L)

N
ol

N
vk

o
Q

effluent waste water
A
< RN
N s‘Oo
X e
‘\O
soé
O OY%
O \/L@/
s~¢
0% O N8,
% O \{1‘;0'
O
O R
N
O C.
‘\
-
68 Os,
@) O
0 0 %0 30z
Sa“r"ty water

effluent waste water Depth (m)
100 R O 3
. 8 6
. 15
. O
“Z, @ 27
« O
75 .
_ 3
e
2 N
D_ 50' “Qz/r.
nd ‘%
w N2
“%
‘o
25. v
O .
8 "%
Qo@@ o @0 od®
rain 10 20 30

Salinity

saline
ground
water



Using sucralose as a conservative tracer of waste water
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Water in the plume migration pathway show net adsorption
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Nutrient key takeaways

Both nitrate and phosphate removed along flow path from injection well

to surface waters
o« Measurable quantities of anthropogenic pollutants likely discharging

from subsurface to adjacent surface waters
Anthropogenic sucralose (phosphate?) detected in FL Bay and Boot Key Harbor

Florida Bay Effluent wastewater

0.075 pg/kg 0.68 umol/kg 82 ug/kg 116 pmol/kg
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.
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() Area 3 injection well

Canals
0.37 pg/kg 0.70 pmol/kg

TP target for nearshore waters

0.42 pmol/kg

0.29 pg/kg 0.62 pmol/kg

FL Keys Reasonable Assurance Document (FDEF, 2018)
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Looking to the transition to deep injection

* What are the possible consequences for water quality?
* What is the time scale of recovery?
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Looking to the transition to deep injection

* High salinity water can cause phosphorous desorption of
non-stable phosphorous minerals
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Looking to the transition to deep injection

* High salinity water can cause phosphorous desorption of
non-stable phosphorous minerals
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How much phosphorous is in the limestone?
What are the mineral phases?

Florida Boot Key

Christian Lundy

Collected 3, 30 ft _; L W\ L=
carbonate cores ‘
from different

salinity zones in

Sept 2025 ) Eonee
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How much phosphorous is in the limestone?
What are the mineral phases?

Florida Boot Key

Christian Lundy

Analyzing for A 10 O\ L=
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depth

* Mineral phases

(SLAC, May 2026) ) Zone of
Eia - modified

geochemistry



How much phosphorous is in the limestone?
What are the mineral phases?

Boot Key
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How much phosphorous is in the limestone?
What are the mineral phases?

Florida Boot Key
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What is the recovery time?
What are best practices for ongoing shallow injection?

FEFLOW variable density, groundwater flow and transport model
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What is the recovery time?
What are best practices for ongoing shallow injection?

Apply model to evaluate best management practices for ongoing shallow injection
* Injection strategies to increase residence time (blending to densify)
* Max. injection rate and variable injection rates
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Conclusions

* Shallow injection creates a buoyant
plume that is transporting nitrate,
phosphate, and other anthropogenic
pollutants to adjacent surface waters

* Transport rates and interface
positions dynamically evolve with
tidal forcing

* Ongoing geochemistry and modeling
work to understand water quality
over the transition to deep injection

Florida

Bay

Zone of
modified
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Boot Key
Harbor




Thank you!
* City of Marathon
* EPASFL

Find out more about
our research:

Nitrogen Housego Lab

rhousego@psu.edu
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