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Rationale

* Water Balance in Mobile Bay

e Groundwater and nutrient cycles
(Johannes, 1980; Santos et al., 2009)

 Harmful algae blooms (Pseudo-nitzschia spp.)

(Bates et al., 1998; Liefer et al., 2009) e ]
S H"'"“'C:“?;B; |
Domoic acid = \\
- Shellfish and small fish "“\:R e
- Humans: Amnesic Shellfish Poisoning (ASP) = :;“"‘"“\

NOAA (2015)



Previous studies

 Dowling et al., 2004:

Water: 3% of Mobile-Alabama River system
Nitrate: 50%

e Liefer et al., 2009:
“hot spots” linked to submarine groundwater discharge?

 Macintyre et al., 2010:

Pseudo-nitzschia spp. bloom in 2005 linked
to a period of high SGD



Study site
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Hydrogeology
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e Aquifer Al:
Unconfined, 6 to 18m

SEALEVEL

e Aquifer A2:

Semi-confined, 50m

e Aquifer A3:
Confined aquifer, ~ 100m
Not connected to A1 and A2

Mobile Bay only receives groundwater from Al and A2






Methodology

Rn-222 mass balance box model
(Cable et al, 1996; Burnett and Dulaiova, 2003)

Atmospheric evasion

YWater
colomn

SGD

A
Atmosphere me:_:
Inventory
Fmi.w: < - e dpm/m2
Mixing lagsses

226Ra decay

1

Aquifer

cmjd avt

>| 1/ Diffusion

Total flux

dpm/m*-day

- Radon-222 (3.8d) accumulates
in aquifer from decay of Ra-226

- Groundwater is highly enriched
in Rn-222 compared to surface
water

- The model accounts for TOTAL
advective fluxes (fresh + saline)



Methodology

Electrical Resistivity Tomography

SuperSting R8 Marine (Advance Geosciences Inc.)
Based on fresh-salt water resistivity difference
56 electrodes, 3m spacing

Dipole-Dipole array




Results



SGD localization via Radon-222

Radon Survey
Radon-222 (dpm/L)
O 156-2.71
O 271-3869
@ 369-505
@ 505-542
@ 542-588

o L

Mobile Bay Radon Survey (March 2015)

Radon-222 (dpm/L)
< 1.56-3.0
O 30-55
@ 55-65
® 65-85
@® 35-10.0
® 100-11.22

| Radon Survey

“#| Radon-222 (dpm/L)
O 567-504
O 594-763
1@ 763-876

B @ s76-1024
@ 1024-1122




SGD localization via Radon-222

March 2015

"% Radon-222 (dpm/L)
Bl O 567-504
@ 594-763
8@ 763-876
B ® 5.76- 1024
® 1024-1122

July 2015

Radon-222 (dpm/L)

2 05-1.0
®10-15
®15-20
®20-25
® 25-29




SGD localization via ERT

Electrical Resistivity Tomography (July 2015)
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SGD localization via ERT
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SGD (cmfday)

SGD quantification via Radon-222

Time series deployed in Mobile Bay
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Advection fluxes (West side) Advection fluxes (East side)
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56D 256 23.23 3375 34.02

Weeks Bay Maobile Bay Mobile Bay Mobile Bay
(October2014) | (March 2015) {July 2015) {luly 2015)
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March: S — March:

23.23 + 34.54 cm/day 31.44 + 43.63 39.66 + 52.72 cm/day
July: July:

33.85 £ 49.19 cm/day 33.48 + 37.91 33.12 + 26.73 cm/day




SGD guantification via Radon-222

Radon fluxes (July 2015 West)
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Surface Water vs Groundwater

Surface water discharge in Mobile Bay (USGS):

r}

Dicharge (m3/yea

Mobile River discharge in Mobile Bay
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Surface Water vs Groundwater

Groundwater
March July
0.31 m/day * 9.6*%10° m? 0.33 m/day * 9.6%10° m?2
1.10*10° m3/year 1.15*%10° m3/year

Surface Water

March July
7.32*10'° m3/year 1.51*%10'° m3/year

1.5% 7.6%






Nitrogen distribution

Nitrate + Nitrite concentrations in Mobile Bay (March 2015) Nitrate + Nitrite concentrations in Mobile Bay (July 2015)

0.32-050
05-2.0

@ 20-150

@ 150-750

@ 75.0-163.64




Nitrogen distribution

15.0-20.0
®35-433 @ 200-2277




Surface Water vs Groundwater
Nitrate Fluxes

Groundwater Surface Water
1.15*%10° m3/year 1.51*101% m3/year
[NO,]=4.65+1.71g/m3 [NO,]1=0.62 +0.11 g/m?3
0.81 + 1.38*%102 mol/year 1.5 + 0.16*102 mol/year

54%






Discussion

1. Spatially homogeneous discharge in Summer (higher in
East side during Spring), temporally homogeneous.

2. Average groundwater discharge in Mobile Bay:

Spring: 1.5% of Mobile-Alabama River System
Summer: 7.6%

3. Average nitrate discharge in Mobile Bay
Summer: 54% of Mobile-Alabama River System

4. Extent of groundwater discharge plume ~ 120m



Future research

* Time series and ERT
* Mobile County and lower Baldwin
* Nitrogen fluxes

Stable Isotopes: NO, : 6N, 680 H,0: 680, 6°H
Mixing models






Residence Time

Radium-226 survey in Mobile Bay (March 2015) Radium-226 survey in Mobile Bay (July 2015)

2 = 7

Radium-226 (dpmi/L)
O 8.58-15.0
@ 15.0-25.0
™ © 25.0-45.0
@ 45.0-50.0
@® 50.0-62.11

Radium-226 (dpm/L)

© 427-70

@ 7.0-10.0
10.0-250
250-37.33
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Residence Time

Water residence time in Mobile Bay

== @l Sampling locations

) Residence time
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