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ABSTRACT
Jihyuk Kim: Investigating groundwater inputs to Mississippi River Deltaic wetlands using spatial
and temporal responses of the geochemical tracer, ?>’Rn
(Under the direction of Jaye Cable)

Submarine groundwater discharge (SGD) has been recognized as a significant coastal
process that transports terrestrial freshwater, nutrients, and anthropogenic contaminants to the
ocean. Globally, total influxes of terrestrial SGD to the ocean are equal to 5 to 10% of the annual
global river water discharge into the ocean. In particular, several recent SGD studies have
reported significant SGD fluxes in global deltaic regions such as the Yellow River Delta and
Ganges-Brahmaputra Delta. The Mississippi River Delta (MRD) is the seventh largest delta on
Earth, and was formed by thick layers of sandy sediments that were transported and deposited by
numerous ancient river channels. In particular, the point bar aquifer, characterized as having a
high sediment permeability and porosity, has developed along the Mississippi River (MR)
natural levee. Considering the increased difference of hydraulic head between the MR and
nearby swamps at high flood stage of the MR, the point bar aquifer and buried paleo river
channels may be a conduit for groundwater to the MRD. To understand the hydrologic
interaction between the MR and nearby swamps, a natural radioisotope radon (**’Rn) was
utilized as a groundwater tracer. In addition, dissolved organic carbon, total nitrogen, stable
isotopes, and 2**Rn activities in surface waters were measured to understand the biogeochemical
transports of SGD in the MRD. The average SGD seepage rate in MRD was found to be 2.1

cm/day, or 1.3 x 10® m® day! to the MRD. The source of the SGD in the MRD was a mixture of

MR and precipitation based on stable isotope results. In addition, the concentration of
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biogeochemical constituents in SGD was at maximum two orders of magnitude higher than in
surface waters. The main control factor of SGD in the upper MRD was influenced by the
seasonal MR water stage. Thus, SGD in the MRD is not only a significant biogeochemical

source, but also contributes freshwater the wetland sustainability in the MRD.
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Introduction

Globally, large rivers play a significant role in the transport of terrestrially derived
materials, including sediments, freshwater, and nutrients, to the coastal ocean. Almost 50% of
the total suspended particulate matter transferred to the ocean comes from the 21 largest
worldwide rivers (Milliman and Mead, 1983). As a result, all global river deltas are composed of
accumulated mineral and organic sediment derived from the vast watersheds that drain toward
the coasts (Burdige, 2005). The Mississippi River Delta (MRD) was formed by small distributary
channels that diverted off the main channel incising the thick sediment layers of fine-grained
sand and by the consecutive main river channel avulsions that generated a new deltaic lobe as
they abandoned their former distribution lobe (Coleman and Wright, 1975; Roberts, 1997). Over
time these abandoned distributary channels fill-in with sediments, thus burying the original
sandy channel bottom. These abandoned and buried sandy-bottom paleochannels now comprise a
portion of the deltaic alluvial aquifer system. As such, these abandoned paleochannels represent
a vast network of potential subterranean estuaries wherever they intersect saltwater intrusion
from the Gulf of Mexico [Figure 1]. The subterranean estuary is defined as a dynamic reactive
zone between freshwater and seawater chemical sources (Moore, 1999). In addition, the regional
distribution of sandy sediment layers along the main river channel, point bar, are developed by
the consecutive sediment deposition of river. These well sorted sediment layers are distributed
subsurface between the main river channel and near by flood plain and compose a local shallow

aquifer system, a part of alluvial aquifer. Therefore, the paleochannel and the local shallow



aquifer such as point bar might paly a role as a groundwater conduit between the main river and

nearby wetlands in the deltaic zone.
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Figure 1. The distribution of abandoned courses and distributaries in the Mississippi River Delta (Kolb and Van Lopik, 1958)



Recent research highlights submarine groundwater discharge (SGD) to marine systems
might exceed global river water discharge (e.g. Zekster and Loaiciga, 1993; Moore, 1999, 2010;
Burnett et al., 2001, 2003, 2006). These studies have shown as much as 80 to160% of river
discharge is delivered into the Atlantic Ocean by SGD. In addition, the groundwater discharging
from the world’s large delta regions into coastal oceans has been increasingly recognized as a
significant source of water and dissolved materials, including nutrients and other dissolved
constituents (e.g. Moore, 1996; Burnett et al., 2003). For example, the significantly large volume
of brackish groundwater fluxes on the western side of the MRD flow into the Gulf of Mexico at
approximately 1000 m* s™!, or equal to 7% of the average Mississippi River discharge (Moore
and Krest, 2004). The high groundwater flux entering along the Atchafalaya River side of the
delta delivers high concentrations of radium (***Ra, **Ra, ?°Ra, and 2**Ra) and the
transportation of nutrients and other materials by groundwater was also considered important in
this area (Krest and Moore, 1999; Moore and Krest, 2004). Recent research performed in
Barataria Basin along the lower Mississippi River Delta shows that seasonal variations of
groundwater discharge is related to Mississippi River stage (Kolker et al., 2013).

In eastern Asia, a large fresh groundwater flux is equivalent to 5 to 7% of the Yellow
River discharge through the entire Yellow River Delta (Taniguchi, 2008). The groundwater flux
in the Bay of Bengal, which is the receiving basin for the Ganges-Brahmaputra River and deltaic
runoff, is approximately 19% of the total river flux (Basu et al., 2001). Although the literature
recognizes the hydrological significance of SGD in coastal deltaic systems, relatively little is

known about the internal mechanisms of groundwater flow in deltas.



Statement of Problem

Global deltas are generally characterized as extremely heterogeneous and anisotropic
sediment deposition by the consecutive sediment transportation and its deposition. According to
Martin and Whiteman 1999, the MRD consists of a complex sediment composition containing a
variety of sand, silt, clay, and gravel. Thus, examining the groundwater flux in deltaic areas is
challenging. On the other hand, highly permeable sediment layers with high hydraulic gradients
play important roles as pathways of groundwater (Freeze and Witherspoon, 1967). Since deltas
are dominantly built by sandy grain size sediments transported by past river channels, the deltaic
aquifer has a high permeability (Colman and Prior, 1980). Additionally, the flood control levee
system along the main river confines the river water to a smaller volume by preventing use of the
floodplain. This levee construction of the river has caused the channel to incise deeper and also
forced the water elevation much higher during flood stages because it can not flow into a
floodplain. The greater water elevation in the main river channel during higher river discharge
causes a higher hydraulic gradient by increasing the river water elevation relative to the adjacent
wetlands behind the levees. Mississippi River paleochannels and other shallow aquifers
including point bar are likely important hydraulic conduits between the river and nearby wetland
aquatic system due to this higher hydraulic head during flood stage. The main question of this
study is what the hydrologic connection between the Mississippi River and the adjacent deltaic
wetlands in a levee-dominated flood control plan is. In this study, I hypothesize that the highly
permeable sediment layers associated with lower Mississippi River Valley paleochannels and

other sand deposits associated with the alluvial aquifer system play a significant role as a



seasonal groundwater discharge link between the river and the nearby wetlands and
subterranean estuary in the deltaic system.
Two specific research objectives are outlined to elucidate the hydraulic connection
between the Mississippi River and adjacent deltaic wetlands:
1. Investigate the spatio-temporal variability of groundwater inputs to a sub-basin of the MRD at
local and basin wide scales using a geochemical tracer, ’Rn; and
2. Quantify the magnitude and seasonal responses of groundwater inputs to the Mississippi River

water stage using a ?Rn mass balance in Bayou Fortier.

Natural radioisotopes occurring as an indirect decay product of the uranium or thorium
series are often used for understanding groundwater discharge to the ocean (e.g. Moore, 1996;
Cable et al., 1996b). The noble and inert gas ***Rn exists concentrations typically 3 to 4 orders of
magnitude greater in groundwater than surface waters (e.g. Cable et al., 1996; Corbett et al.,
1997; Burnett and Dulaiova, 2003; Burnett et al., 2010). Additionally, the relatively short half-
life (t12=3.83 days), water solubility, and conservative nature of radon under natural conditions
have been used for understanding terrestrial and aquatic environmental mass interface exchange
(e.g. Cable et al., 1996a; Cable et al., 1996b; Dulaiova et al., 2008; Martin et al., 2007). Applying
a continuous radon analyzer, RAD7, for regional groundwater assessment at a high resolution of
spatiotemporal sampling reduces errors in a groundwater mass balance approach (Burnett and
Dulaiova, 2003). This sensitive real-time dissolved *’Rn monitoring in the field has significantly
contributed to increasing our ability to understand groundwater mechanisms in coastal
environments (Santos et al., 2009; McCoy et al., 2011), rivers and estuaries (Dulaiova et al.,

2006; Burnett et al., 2010; Peterson et al., 2010), and lakes (Dimova and Burnett, 2011; Dugan et



al., 2012). In addition, the depth profile distribution of ?Rn in sediment pore water has been
used in a numerical model to understand groundwater flow in the subterranean estuary (Smith et

al., 2008).



Field Site Description

The Mississippi River Delta (MRD) is a downstream landform that integrates the
sediment loads from the largest watershed on the North American continent (approximately 3.2
million km?). This delta formed in the Gulf of Mexico coastal zone due to the large volume of
annual freshwater, sediment, and organic carbon discharge delivered by the Mississippi River
(Milliman and Meade, 1983; Solis and Powell, 1999; Trefry et al., 1994; McKee et al., 2004).
The Mississippi River water stage fluctuates seasonally increasing during the winter and
decreasing during the summer, and typically has a higher water stage than sea level due to the
surrounding natural or artificial levees. According to a 1990 USGS report, this deltaic aquifer is
classified as a Coastal Lowland Aquifer System with 5 main permeable zones [Figure 2]. Total
surface area of permeable zone A is 4x10!° km? and the average thickness is approximately 165
m. Additionally, this zone has an average sand content of about 65% and exceeds 80% of sand
content in several area (Weiss, 1992; Grubb, 1998) [Figure 3]. The research area of this study,
Barataria Basin, is located in the southern Mississippi River Delta and is surrounded by the
Mississippi River to the east and Bayou Lafourche on the west [Figure 4]. Total basin area is
approximately 6,300 km? with three main lakes, Lac des Allemands, Lake Cataouatche, and
Lake Salvador, and includes numerous small bayous, marshes, and swamps that are
characterized as estuarine wetlands (Inoue et al., 2008).

The major freshwater source into this region changed from river water to precipitation
after the construction of the flood control levee along the modern Mississippi River channel in

1904 (Emad et al., 2007; www.Lacoast.gov; Stone et al., 1997). Only a small volume of



Mississippi River water occasionally flows into the lower part of the basin through three main
freshwater diversions at Davis Pond (A), Naomi (B), and West Pointe a la Hache (C) (Inoue et
al., 2008). All drainages are usually operated within the moderate range of their capacity in order
to protect the saline environment in Barataria Basin. Highly variable spatiotemporal precipitation
supplies a freshwater source with approximately 160 cm rainfall per year (Emad et al., 2007).
Most of the upper basin water body is occupied by freshwater with a salinity range of about 0
tol, whereas the lower basin has a relatively high salinity (up to 20). Tidal range at mouth of
Barataria Basin is about 50 cm and from 5 to 10 cm at Lac Des Allemands. A recent freshwater
balance model applied for this wetland system suggested the existence of another freshwater
input source was needed to balance the water budget (Inoue et al., 2008). Additionally, salt mass

balance implies an approximate 1.5 x 10°> m® s™' groundwater source occurs in the upper basin

(Kolker et al., 2013).
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Figure 2. A to A’ cross section of Coastal Lowland Aquifer system in Louisiana and vertical sand
sediment layer (aquifer) distribution at each permeable zone (Permeable zone A to E). Each
permeable zone has a different depth to the sandy sediment layer and they are connected to each
other with numerous sporadic sandy layers (USGS, 1990). Note that red arrow indicates the location
of this study area, Lac des Allemands.
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area (USGS, 1990).
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Figure 4. The study area is in Barataria Basin in the Mississippi River Delta, ?*’Rn survey routes (a red line) and the
Mississippi River diversion locations (A, B, and C blue arrows) are shown. Note that a red arrow indicates ?Rn survey
direction from mouth of the lake to the upper Bayou Fortier. *Mississippi River diversions - A: Davis pond; B: Naomi; C:
West Pointe a la Hache



Local aquifer distribution

According to a U.S. Geological Survey (USGS), three different aquifers area distributed
beneath the surface of St. John The Baptist Parish, Louisiana, which is located between the
Mississippi River and Lac des Allemands (White and Prakken, 2015). The shallow aquifer,
called the “Gramercy Aquifer”, is about 30 to 45 m thick and located at approximately 30 to 76
m below the National Geodetic Vertical Datum of 1929 (NGVD 29) (Hosman, 1972;
Tomaszewski, 2003). The local ground water level in the Gramercy Aquifer seasonally
corresponds to the Mississippi River water stage (Hosman, 1972). The Mississippi River point
bar aquifer, which is located next to the Mississippi River channel bottom is approximately 30 to
45 m below the surface and contains fresh groundwater with a chloride concentration of 250 mg
L ! or less (approximately 0.5 salinity) (Sargent, 2011) [Figure 5]. This sandy sediment layer is
also directly connected to the bottom of the Mississippi River channel as well as top of the local
Gramercy Aquifer (Louisiana Department of Public Works, 1972). Thus, the hydraulic head
change in the point bar is dynamic and based on the seasonal variation of the Mississippi River
water stage. Consequently, this sandy point bar near the land surface may serve as a hydraulic

connection between paleochannels and nearby bayou water bodies of the MRD [Figure 1].
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Materials and Methods

Field Methods

Real-time ???Rn surveys were conducted a total 10 times across Lac des Allemands and
upstream on Bayou Fortier to capture the seasonal water stage variation in the Mississippi River.
Six surveys occurred in 2013 (April 23, May 18, June 17, June 25, July 30, and September 29)
and four surveys occurred in 2014 (April 17, June 17, June 18 and September 25). The route of
the 222Rn transect was always from the mouth of Bayou Fortier to the upper Bayou Fortier where
the bayou transitioned into swamp forest and the depth became too shallow and vegetated for a
boat to travel [Figure 6]. In addition, the bottom sediment and surface water were sampled at
discrete stations during the >*’Rn survey from lakes, bayous, and the Mississippi River for ?>’Rn

diffusion sediment batch experiments.

15



91

Lac des Allemands
s

Bayou Fortier

Kilometers

0 0.25 0.5 1
I I Kilometers

Figure. 6 A ?*’Rn Transect route along the Bayou Fortier in Lac Des Allemands. Total ten times of *>’Rn real-time
survey were performed from April, 2013 to September, 2014. The red dot indicates the start point of ??Rn real-time monitoring.
(Figure generated by Katherine Telfeyan)



222Rn real-time monitoring and Calculation
A commercially available real-time 2??Rn detector, RAD7 (Durridge Co.), was used to

measure water column **’Rn (t1 = 3.83 days) concentrations in situ. This ??’Rn detector
2

continuously measures the gas phase of ?>’Rn decayed from its parent radioisotope, **Ra (t1 =
2

1620 years), with high efficiency and low background (Burnett and Dulaiova, 2003). The real-
time 2??Rn monitoring system was installed with three RAD7 detectors in parallel and connected
with an air-water equilibrium Radon-AQUA spray chamber [Figure 7]. The Radon-AQUA
system was set up on a boat, and each RAD7 simultaneously reported accumulated 2>Rn
concentration of air every 5 minutes. In order to decrease the 2*’Rn equilibrium time between air
and water phases in the closed loop, a submersible bilge pump (RULE 370) continuously
collected large volumes of water, approximately 12 L min™!, an average 1 m below the water
surface. The aqueous phase ??’Rn in collected water samples was simultaneously isolated from
water samples through two spray nozzles (WL-4) in the air-water equilibrium chamber. Each
internal air pump in the three RAD7s allowed gas phase 2?Rn to reach each RAD7 chamber with
about 1 L min™! of airflow rate. A single filter and desiccant chamber eliminated dust or charged
o ions and moisture from the gas phase 2*’Rn respectively. Once the gas phase *’Rn enters the
RAD?7 chamber, the alpha detector determines >*?Rn concentration by collection and
measurement of 2’Rn daughters, 2'®Po and 2!*Po. While operating this continuous system, the
boat moved along each transect at about 4 knots or under 5 km hr'!. All 2*2Rn transect
concentration data at equilibrium between the air and water phase were converted to 22’Rn in
water phase using a ratio of equilibrium determined by the water temperature (Weigel, 1987). In

addition, temperature, conductivity, GPS coordinates, water depth and velocity were measured

17



with a CTD-Diver (Schlumberger co.), Global Positioning System (Garmin etrex10), and Sontek
FlowTracker acoustic Doppler current meter.

To calculate >*Rn concentration in water using the triple RAD-7 measurement system, the
measured 2??Rn concentration of air in the closed loop system were corrected to >*’Rn
concentration in water using an empirical partition coefficient (K) of 2*’Rn in pure water at a
given temperature (°C):

__ Rngjy

Rnyater = Er X 222 X K Equation 1

where Rnair is 22?Rn concentration of air in the closed loop system (cpm), Ef is the efficiency of
each RAD-7 (cpm pci™! L), 2.22 is for the unit conversion (2.22 dpm = 1 pci), and K is the
empirical partition coefficient calculated by an equation 2 (Weigel, 1978):

K = 0.105 + 0.405¢~0-0502T Equation 2

where T is the water temperature in °C, which was obtained by measuring the water temperature

in situ using a CTD-Diver (Schlumberger co.).
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222Rn grab sample analysis and Calculation

In more isolated locations, 2*’Rn grab samples of water were collected in numerous
bayous, wells, and lakes. Water was collected using a peristaltic pump to fill a large plastic
bottle. All collected samples were analyzed for ?Rn excess within 36 hours using a single radon
analyzer (RAD?7) for at least 3 hrs. This single radon analysis system has the same technology
described for the transect, however, it uses one detector instead of multiple detectors and does
not use the submersible pump and spray chamber [Figure 8]. Instead, helium is pumped directly
into the sample collection bottle to de-gas the *Rn. After counting **’Rn in each water sample,
the volume of each sample, Vyuzer (m?), was measured so that the 22Rn concentration in water,

Cuwater (dpm m™), can be calculated using the following equation 3:

C _ Cair*VairtK*Cqir*Vwater
water —

Equation 3

Vwater

where C;» is the 2*Rn concentration in air (dpm m™); Ve is the volume of air (m?) obtained
from summation of volume of RAD7 chamber, tubing, bottle headspace, and desiccant air space;
K (unitless) is an empirical partition coefficient in pure water at a given temperature (°C) that
describes the 2?Rn concentration ratio of water to air using a temperature dependent equation 4

(Weigel, 1978):

K =222Rn(liquid) / >**Rn(gas) = 0.105 + 0.405e~0-0502T Equation 4

20
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All radon activities were corrected based on the elapsed time, #, between sample collection and

sample measurement (hrs):

C,=Co*e ™ Equation 5

where C; is the concentration of radon at the time of measurement (dpm m™), C, is the radon
concentration at the time of sample collection (dpm m™), and Zis the decay constant for >Rn

(0.1809 day™).

Water and sediment sampling

At each sampling site, physico-chemical properties such as temperature, pH, specific
conductivity, dissolved oxygen (DO), and salinity of the water were measured by a YSI probe
(Model No. 556). A hand augur was also used for collecting bayou, lake, and wetland surface

sediment samples for batch analysis of sediment diffusion.

Laboratory Methods

Sediment **’Rn diffusion batch experiment

To determine the contribution of the excess 2’Rn flux from the sediment by diffusion,
the pore water >’Rn concentration at equilibrium with solid phase sediments was measured by
performing sediment batch experiments on multiple sediment samples collected from lakes,
bayous, and the river. All collected wet sediment samples were dried to measure porosity and
bulk density. After three days, 50 g of dried sediment sample was sealed in a 1-L glass jar with

500 ml tap water. Once the *’Rn concentration reaches equilibrium with ?2°Ra after 30 days in
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the jar, the 222Rn concentrations were measured by a single RAD7 closed loop system described
previously for 2*Rn grab sample analysis. For every experiment run, a control sample, which
was only 500 ml tap water in the jar, was analyzed at the same time for 2°Ra to collect

background concentrations.

Mass Balance Model

222Rn mass balance model for Bayou Fortier

In a steady state water box model, ??’Rn in-flux and out-flux should be equal if there are
no supported or diluted >*2Rn factors involved. Therefore, any supported or diluted 2?Rn factors
are calculated with a simple ?Rn mass balance equation if the other terms are known. These
kinds of mass balance approaches are useful mechanisms for understanding how chemicals or
other constituents respond to different perturbations and to estimate any missing or unknown
sources or sinks. A mass balance equation is described in Equation 6 to show how one could

explain the behavior of ?’Rn in a swamp,

Jaav = Jinv + Jatm — Jaifr Equation 6

where Jadv is the ?2*Rn flux through the advective processes into the swamp (Bq m? day!); Jinv
is the 2*’Rn flux based on inventory (Bq m™ day!); Jarm is the flux of ?Rn across the air-water
interface (Bq m? day™); Jaifr is ***Rn sediment diffusion flux in the swamp (Bq m? day™). Jaav
is usually combined with large-scale advection, such as groundwater inflow, and small-scale
processes, such as tidal pumping or wave set-up. In nature, the main *2Rn contribution process is

a large-scale advection process rather than a small-scale process (Burnett and Dulaiova, 2003).
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In addition, considering the nature of the research area, which is perfectly surrounded by
different kinds of vegetation, the >*’Rn loss by the atmospheric evasion of Rn can be ignored
(Burnett et al., 2010). Therefore, once all terms except Jadv are achieved, the groundwater flux
can be easily obtained by dividing a calculated >*’Rn advective flux by the 2Rn end member

(Bq m™) in the local groundwater.

222Rn inventory calculation

To determine the seasonal variability of *2Rn concentration in the swamp water located
in the upper Bayou Fortier, the ??Rn regression approach was applied based on all >*’Rn transect
results. Based on the results of >*’Rn transect data, the trend of each **Rn concentration in the
water mass was decreased with an increase distance from the upper Bayou Fortier. This indicates
that there is a high ?*’Rn source around the swamp in the upper Bayou Fortier and the high ’Rn
in the water were exponentially decrease due to the loss factors of ?Rn such as decay, dilution,
and air-sea evasion. Therefore, the ?2Rn concentration in the swamp water can be determined

using the an exponential regression approach equation 7:

y = Rn, X exp™** Equation 7

where Rn, is the y intercept of the 22?Rn regression curve, k is the exponential loss rate of 2*2Rn,
and x is the distance from the swamp. Rn, indicates the initial >*’Rn concentration of

groundwater in the swamp and it decayed by 22*Rn loss factors over the water mass transit time

[Figure 10].
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222Rn input via sediment diffusion

222Rn is naturally produced by the decay of the parent radioisotope **°Ra (ti2= 1,600
years) from the sediment. Therefore, examining 2’Rn diffusion from the bottom sediment is
essential for the ?Rn mass balance approach and can be easily determined by various
experimental methods. However, since each approach has a different process and analysis, the
comparison between the results and uncertainty are significant. In this study, four different
sediment 2*’Rn diffusion approaches were performed and compared to minimize the uncertainty
of the sediment diffusion.

A popular method is a depth independent mathematical approach from Martens et al.,
1980 [Equation 8]. For this approach, multiple sediment batch experiments were performed and
analyzed for sediment properties such as a porosity (@), bulk sediment density, and sediment

grain density. A *??Rn diffusion equation is described in Equation 8:

Jairr = As *JA - Ds - (Ceq — C,) Equation 8

where 4 is total bottom sediment area (m?); 4 is decay constant for >*Rn (0.1809 day™); D
(cm? s7!) is the bulk sediment diffusion coefficient for 22*Rn after correcting the molecular
diffusion coefficient (D,,) (Brocker and Peng, 1974) for water temperature in Kelvin (7%) and
sediment tortuosity (0); Ce; (Bq m™) is the average *’Rn activity at equilibrium with sediment
pore water, which was obtained from a sediment equilibrium experiment (Cable et al., 1996);
and C, (Bq m™) is the average excess **’Rn activity in the water column for a given station. The
bulk sediment diffusion coefficient (D) of 2*2Rn was determined from D,, and the tortuosity (6)

of each sediment sample using Equation 9 (Schulz and Zabel. 2006),
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D, =2 Equation 9

where the 2?2Rn molecular diffusion coefficient (Dy) is described by a temperature dependence

in Equation 10.

980
Ty

—logD,, = ( ) + 1.59 Equation 10

In addition, the tortuosity of the sediment (#) was calculated by a porosity (@) dependent

Equation 11 (Boudreau 1997).

0% =1 —In(0?) Equation 11
The porosity (@) of each collected sediment sample was calculated using following Equation 12

(Cable et al., 1996),

mw

p .
D =y I g Equation 12
Pr Pg

where the mass of pore water in wet sediment (m,,) is measured by the difference between the
weight of wet and dry sediment and accounting for the pore water density assumed for
freshwater(p; = 1g cm™3). Also, the sediment dry grain density (p¢) was measured by the

displacement of volume in water.
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The second approach for determining the 22’Rn diffusive flux was performed by using an
initial >>’Rn decay trend from a closed loop sediment batch experiment. The ?*’Rn activity in air
shows a linear growth rate within the first several hours after exposing sediment to the overlying
water [Figure 9]. Once the decay of 2*°Ra and the production of ?’Rn reach equilibrium, the
slope is then consistent with increasing sediment exposure time. This initial linear slope of *’Rn
can be used to determine the sediment >*’Rn diffusive flux using the following equation

13(Chanyotha et al., 2014),

SVair
Areag

Ipifr = Equation 13

where S is the 22?Rn activity initial trend within approximately 12 hours (Bq m™ hr'!); V. is total
volume of air in experiment system (m?); and Areas an experiment sediment surface area (m?). In
this study, the total air volume and sediment surface area were 1.84 x 10 m® and 0.005 m?,

respectively.
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Figure 9. (a)?*’Rn activity change in the closed air loop during the start of measurement (0~100hours) and at the
equilibrium phase (approximately after 30days of ingrowth). The red solid line indicates the best exponential curve fit
with 222Rn constant (0.00752 hours™1) based on the first 0~100 hours of 2?Rn decay data. (b) Initial ???Rn activity
change with its linear function fitting. (¢) Equilibrated >*’Rn activity in the sediment batch experiment with its decay and
leakage. Note that the difference between a theoretical equilibrium constant (in this case, 331.98 Bq m~3) and ?*’Rn
activity was due to the leakage of the sediment batch experiment.



The equilibrium activity of ?>’Rn can be calculated by using a theoretical curve fitting

method based on *’Rn ingrowth data within the initial 12 hours of sediment exposure,

Y = Yo + Aeqg(1 — ™) Equation 14

where y, is the y-intercept from the initial linear slope approach, which is accumulated ?*’Rn
diffusion concentration in the water after the exposure sediment to the water and before the 2?Rn
measurement; 4., is the **’Rn concentration when *’Rn production, decay, and leakage reach
equilibrium; A is the decay constant of 2?Rn (0.00752 hr'"); and # is ?Rn measurement time in
hours. Therefore, if all the parameters are achieved, the ?>’Rn equilibrium activity can be
obtained by adding y, and 4., after applying an exponential curve fitting [Figure 9]. The
equation related to *’Rn sediment diffusion flux and inventory can be used to evaluate the total

222Rn diffusion flux from the sediment (Chanyotha et al., 2014).

(Aeq'Vair"'Awater'Vwater) »l
Areag

Ipiff = Equation 15
In Equation 15, Awaer is *?Rn activity in the overlying water in the sediment equilibrium
experiment (Bq m™); Vyuer is volume of water in the jar (m?); Areas is the surface area of
experimental sediment (m?); and A is ?>’Rn decay constant (0.1809 day™). For this sediment
diffusion flux calculation, 5.0 x 10* m® was used for the water volume and the surface area of
sediment was 5.03 x 103 m?.

The last sediment diffusion approach was performed by an empirically defined

relationship between 22°Ra and the corresponding measured *?’Rn diffusion flux (Burnett et al.,
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2003). All sediment samples that contributed to this empirical equation [Equation 16] were

collected from the both marine and fresh water environments of Barataria Basin,

Ipifr = 495 - Azzep, + 18.2 Equation 16

where Asxra is 22°Ra activity in the sediment sample (dpm g™!).

222Rn concentration in local groundwater

There are some ways to estimate 2??Rn concentrations in local groundwater as an end-
member such as monitoring local wells, deploying piezometers, collecting water samples from
seepage meters, and measuring 2>’Rn in pore water (Cable et al., 1996; Taniguchi et al., 2003;
Burnett et al., 2007). In this study, groundwater from a total of 5 local wells was sampled and
measured for the ?>’Rn concentration using a simple bottle measurement method described above

(Lee and Kim, 2006) [Figure 8].

Groundwater seepage rate calculation

The total advective flux of ?>’Rn from the bottom sediment (Jaav, Bq d!) can be
calculated using the difference between *’Rn input sources (Jin, Bq d!' ; Jaitr, Bq d!' ; Jprod, Bq d
1) and the summation of ??Rn output sources (Jam, Bq d' ; Jou, Bq d''; Jdecay, Bq d) from the
water column. Once the total ?>*Rn flux from advection is determined, the regional groundwater
flux GW (m d) can be calculated by dividing the 2*’Rn advective flux by the mean
concentration of 2??Rn in local groundwater (Cgw, Bq m™~) (Burnett and Dulaiova, 2003)

[Equation 17].
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GW = ladv Equation 17

Conceptual model for **’Rn transect data

Scientists have long predicted that another source of freshwater was needed to account
for the salinities found in Mississippi River deltaic estuaries, particularly Barataria Basin. Reed
et al. (1995) showed in a salt balance of the basin that observed salinities were actually lower
than what would be predicted based on the tides and precipitation. In a hydrodynamic model of
Barataria Basin, Inoue et al. (2008) found that the water balance pointed to a missing freshwater
source; they predicted this freshwater was coming from numerous unknown streams flowing into
the basin. Kolker et al. (2013) found Mississippi River discharge decreased from Tarbert’s
Landing to the downstream location at Belle Chasse, thus indicating a net loss of river flow,
which they hypothesized was entering the alluvial aquifer and potentially flowing into the
surrounding floodplain wetlands as groundwater seepage. Previous research has also shown that
groundwater may be a source to Barataria Basin, where a seasonal study of *’Rn in surface
waters of the basin indicated a relationship to the Mississippi River stage (Inniss, 2002). These
studies all point to the likelihood that freshwater is entering the basin via some unseen path and
evidence suggests this path may be through groundwater flow.

Groundwater flow into Barataria Basin would likely enter through buried paleochannels
left behind by previous river avulsions, or through the alluvial aquifer. My investigation began
with the hypothesis that paleochannels maintain a subsurface connection to the river and these
paleochannels are the conduits by which groundwater was driven into the deltaic wetlands. Using

222Rn as a tracer for groundwater inputs to surface waters, multiple surveys were conducted
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using real-time continuous surveys along bayous and across lakes of Barataria Basin. Most
surveys were conducted across Lac des Allemands and into Bayou Fortier, Louisiana. In every
case, the 2?Rn concentrations interface waters increased within increasing proximity to the
Mississippi River [Figure 11]. This trend becomes especially clear when the bayou data isolated
from lake data.

To understand groundwater input to Bayou Fortier in the upper Barataria Basin, ?Rn
concentrations along the surface water surveys were plotted versus distance along the bayou
reach [Figure 10]. Theses data indicate an exponential decrease occurs from the upper bayou to
the confluence of the bayou and Lac des Allemands. A conceptual model was developed to
describe the behavior of 2*?Rn along the transect [Figure 10]. Once high concentration of ?>’Rn in
groundwater originating from the point bar around the Mississippi River is released into the
nearby swamps, groundwater >*?Rn activity exponentially decreases over the transit time due to
radioactive decay (A = 0.1809 day™), dilution, and atmospheric evasion across the water surface.
Diffusion from the bottom sediments, water column particle re-suspension, and potential
groundwater sources result in a concurrent increase of ?Rn activity in the water column. Thus,
the difference between the theoretical >*’Rn decay curve and a regression curve based on *’Rn
transect data indicates 222Rn loss by water dilution and atmospheric evasion during the water
transit time [Figure 10]. Furthermore, the 2?2Rn regression curve contains 2*?Rn sediment
diffusion and excess **?Rn, including *’Rn sources from the potential groundwater and
suspended particles in the water column. The evaluation of ???Rn concentrations in the swamp in
the upper Bayou Fortier can be made using the 2?Rn regression curve based on *’Rn transect

results in Bayou Fortier. Once the initial >?Rn concentration in the swamp is determined, the
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groundwater flux into the Bayou Fortier can be examined using the ?2?Rn concentration in local

groundwater.
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Figure 10. A conceptual model for understanding the change of 222Rn concentration
over the distance from the swamp in Bayou Fortier in upper Barataria Basin. A blue line
indicates the calculated theoretical 222Rn decay curve based on the decay of an original
222Rn concentration at the swamp during the water transit time. A red line indicates the
222Rn exponential regression curve based on 222Rn transect data and a brown line
indicates the 222Rn diffusion flux from the bottom sediment. Note that x-axis is the
distance from the swamp, not the Mississippi River.

34



Results

Geographical *’Rn distribution

A total of 71 bayou and Mississippi River surface water samples were collected from
May to July 2013 to elucidate the geographical distribution of >>’Rn around Barataria Basin.
High 2>’Rn concentrations were distributed around the upper Barataria Basin close to the main
Mississippi River channel with a range from 1.9 to 1415.4 Bq m™ [Figure 11]. Most of the
replicate samples collected near the Mississippi River had relatively high ?Rn concentrations
regardless of the different sampling dates. Conversely, most coastal surface water samples had 1

to 3 orders of magnitude lower >*’Rn activity than the area adjacent to the Mississippi River.
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Figure 11. 2*’Rn inventory distribution in the surface waters in Barataria Basin.
*QOverlapping circles indicate replicate samples during different sampling periods.



222Rn transects in Bayou Fortier

At Bayou Fortier, located in the upper area of Barataria Basin, the >*’Rn transect was
performed from the mouth of the bayou to the upper bayou, (~ 3 km upstream) between April
2013, and September 2014. This 222Rn survey was performed multiple times to capture
differences in Mississippi River water stages at various times of the year. The results show a
significant decrease in 22Rn concentrations with increasing distance from the Mississippi River
[Figure 12]. Most short distances of from the Mississippi River had relatively high ?>’Rn
concentrations during all sampling dates. >*’Rn activity measured in Bayou Fortier, between
approximately 5 km and 8.5 km from the Mississippi River, exponentially decreased with

increasing distance from the Mississippi River [Figure 12].
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Figure 12. >’Rn transect result at Bayou Fortier during April, 2013 ~ September, 2014.



Experimental comparison for **’Rn sediment diffusion fluxes

Sediment diffusion analysis methods were compared using sediment samples that were
collected from two different environments in Barataria Basin. The lower Barataria Basin is a
brackish coastal environment (salinity ranges from 4 to 20) and the upper Barataria Basin is
mostly a fresh wetland environment (salinity < 1). After performing four different sediment
diffusion experiments, the sediment diffusion flux results were compared to reference values
from Inniss et al., 2002 (Lower Barataria Basin: 1.9 + 1.2 (Bq m? day!), n=2; Upper Barataria
Basin: 27.6 £ 7.6 (Bq m™ day™!), n=2). The result of the *’Rn influx of sediment diffusion was
1.10 x 107 Bq day~! with a range of 3 to 24% of total *’Rn flux on each of the **’Rn survey
dates. Sediment samples from the lower and upper Barataria Basin show varied >*’Rn sediment
diffusion flux values based on the method used and the sampling location [Figure 13]. The lower
Barataria Basin sediment samples had more variance than the upper Barataria Basin *’Rn
sediment diffusion flux. However, the upper Barataria Basin samples show relatively similar
sediment diffusion values among the different sediment diffusion experiment results, with the
exception of the results obtained from the empirical equation method using *’Ra concentrations
in the sediment [Figure 13]. This is because the empirical method relies on a limited data set
from a few environmental systems (Burnett et al., 2003). Other parameters, such as temperature,
grain-size distribution, and the location of radium atoms, might significantly impact the >*’Rn
sediment diffusion process (Nazaroff et al., 1988). Thus, the determination of ?Rn sediment
diffusion using an empirical method may not be efficient without considering sediment
properties. On the other hand, the equilibrium method, defined as a ???Rn theoretical decay curve
based on the sediment batch experiments, shows the most relevant values compared to other

method results. According to Chanyotha et al., 2014, the equilibrium method provides better
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precision with lower uncertainties (less than 10%). Therefore, in this study, the equilibrium
method was used to determine the sediment diffusion flux.

In addition to the methodological comparison, the spatial variability of sediment diffusion
flux in the Mississippi River Delta was examined. For this approach, a total of 22 sediment
samples were collected from different environments in the Mississippi River Delta and analyzed
for sediment diffusion flux using the equilibrium method from Chanyotha et al., 2014 [Figure
14]. As a result, the sediment samples collected from near Lake Salvador (group C) showed the
highest sediment diffusion flux with 43.8 + 6.2 Bq m™ day™!. Lac des Allemands (group B) was
found to have a relatively similar flux (25.2 + 2.6 Bq m™ day!; n = 6) when compared to
previously published results (27.6 + 7.6 Bq m? day™'; n = 2) (Inniss et al., 2002). Most sediment
samples collected from the salt marsh area (group E) are highly variable (25.9 + 8.1 Bq m? day

1) compared to the reference sediment diffusion flux value (15.9 + 3.5 Bq m? day™).
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Figure 13. The comparison results from among four different 222Rn sediment diffusion experiment methods for each
sediment sample collected from the lower Barataria basin (a) and the upper Barataria basin (around Lac des Allemand) (b).
Each solid and dashed red line indicates a reference sediment diffusion average and a standard deviation (n=4) (Inniss,

2002).
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Figure 14. The distribution of **Rn sediment diffusion fluxes in Barataria Basin. Green points indicate reference values from
Inniss, 2002 (n=8) and orange points are from this study (n=22). Note that all results in this study were evaluated by the
equilibrium method from Chanyotha et al., 2014 and the reference values were determined by using a depth-independent equation
from Martens et al., 1982. A: Bayou sediment samples (Bayous around Lac des Allemands), B: Lake sediment samples (Lac Des
Allemands), C: Channel sediment samples (Lake Cataouatche), D: Bayou sediment samples (Bayou Bienvenue Marina), E: Salt
marsh sediment samples (Mytle Grove).



222Rn concentration in groundwater

As a result of ?’Rn concentration in local groundwater samples, the mean **’Rn
concentration was 3109.7 Bq m™ and was lower than the >*’Rn concentrations in different depth
monitoring wells located around the lower Barataria Basin (McCoy et al., 2007) (10450 £ 650
Bq m?, well depth range: 55 — 73 m; 7416.7 + 533.3 Bq m™, well depth range: 91 — 131 m). In
addition, the evaluated average 2?Rn concentration in the local groundwater was higher than the
222Rn concentration in the middle of Barataria Basin at Jean Lafitte National Park (1666.7 Bq m"
3) (Inniss, 2002). The spatial variance of >?’Rn concentration in the local groundwater in the
Mississippi River Delta may be due to the highly heterogeneous subsurface sediment layer

consisting of a complex sediment composition (Martin and Whiteman, 1999).
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Discussion

Groundwater inputs to swamps in Barataria Basin

Barataria Basin is covered by 95% of open water area with numerous swamp-forests and
salt and freshwater marshes (Louisiana Department of Wildlife and Fisheries, 1988). Most
swamps in the upper Barataria Basin are distributed nearby the Mississippi River natural levee
(Chabreck and Linscombe, 1988). In order to investigate regional groundwater inputs to these
various aquatic areas in the Barataria Basin, a total of 86 surface water samples were collected
from bayous, swamps, and lakes in the Barataria Basin from May 2013 to April 2014 [Table 1].
Since most sampling areas were very well sheltered by the vegetation, >*’Rn atmosphere evasion
was ignored for the 22?Rn box model approach (Burnett et al., 2010). In addition, the local ?**Rn
sediment diffusion flux was determined for 2>’Rn mass balance approach using a total of 21
sediment samples from five different regions in Barataria Basin [Figure 14]. After applying **’Rn
mass balance approach using input and output >*’Rn fluxes [Table 1], the spatial distribution of
groundwater was plotted on the map [Figure 15]. Interestingly, most of the high groundwater
discharge areas were located around the Mississippi River main channel with an average 2.1 cm
day! groundwater seepage rate. The highest groundwater seepage rate was located in the upper
Lake Salvador. According to USGS groundwater atlas (2010), the direction of subsurface
groundwater around the New Orleans area is toward to the upper Lake Salvador area from the
Mississippi River main channel. In addition, a groundwater study in the upper Lake Salvador has
reported a relatively high groundwater seepage rate (maximum ~10 cm day™!) compared to other

research areas in Barataria Basin (Inniss, 2002). The few high groundwater seepage rates were
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also overlap with the distribution of abandoned courses and distributaries in the Mississippi
River Delta [Figure 1]. However, most of high groundwater seepage rates were distributed along
the Mississippi River main channel and the abandoned river channel and distributaries were
rarely found. According to Louisiana Geological Survey (1973), the sandy subsurface point bar
is distributed between the Mississippi River and the nearby swamps and the edge of the point bar
is jointed to the nearby swamps. The maximum depth of the point bar is approximately 60 m
below mean sea level and the thickness is decreased with increase of the distance from the
Mississippi River main channel (Louisiana Geology Survey, 1972). Thus, this sandy subsurface
sediment might play a role as a groundwater pathway between the Mississippi River and the
swamps. Therefore, considering the distribution of the sandy aquifer, point bar, and its
connection with bottom of numerous bayous and swamps around the upper Bayou Fortier, most
of groundwater discharge might occur in the upper area of the Bayou Fortier by the high
permeable sandy sediment layers near by the Mississippi River main channel. In addition,
considering the distribution of high regional groundwater seepage rates based on the grab water
samples data, the groundwater discharge might occur in these swamp areas along the Mississippi
River natural levee. The average of groundwater seepage rate was 3.3 cm day™! along the
Mississippi River levee based on 42 grab water samples. This is equal to approximately 2.04x10’
m® day™! groundwater fluxes into the swamp area in the upper Barataria Basin. In addition, other
potential influxes of groundwater in the lower part of Barataria Basin might make the total

groundwater fluxes over the whole Barataria Basin increased.
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Figure 15. The distribution of local groundwater seepage rate in the Barataria basin in Mississippi
River Delta (n=86). All surface water samples were collected from May 30, 2013 to April 15, 2014.
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Table. 1 The parameters for the spatial groundwater calculation in Barataria basin.

Local Local

Sample Sample sediment GW SGD

date ID Latitude Longitude 2*2Rn  inventory  diffusion 22Rn input
Bq/m® Bg/(m?day) Bg/(m?day) Bg/m’ cm/day
5/30/13  ST. 1 -90.5939 29.8703 27.9 5.0 26.4 1193.6 0.0
5/30/13  ST.2 -90.6778 29.8588 55.6 10.1 26.4 1193.6 0.0
5/30/13  ST. 3 -90.7289 299110 117.3 21.2 26.4 1193.6 0.0
5/30/13 ST. 4 -90.7189 29.9360 128.3 23.2 26.4 1193.6 0.0
5/30/13 ST.5 -90.6816 299842  523.1 94.6 26.4 1193.6 5.7
5/30/13 ST. 6 -90.6285 29.9956 93.7 17.0 26.4 1193.6 0.0
5/30/13  ST.7 -90.5801 30.0182  230.8 41.8 26.4 1193.6 1.3
5/30/13  ST. 8 -90.5431 30.0139  183.7 33.2 26.4 1193.6 0.6
5/30/13  ST.9 -90.5195 30.0050 362.8 65.6 26.4 1193.6 33
5/30/13  ST. 10 -90.4363 29.9553  101.5 18.4 26.4 1193.6 0.0
6/3/13  ST.8 -90.5431 30.0139  260.1 47.0 26.4 1193.6 1.7
6/3/13  ST. 11 -90.2747 299137 117.5 21.2 43.8 1816.7 0.0
6/3/13  ST. 12 -90.1596 29.9002  885.7 160.2 43.8 1816.7 6.4
6/6/13 ST.1 -90.4300 29.8821  131.2 23.7 43.8 1816.7 0.0
6/6/13  ST.2 -90.3882 29.8906 211.2 38.2 43.8 1816.7 0.0
6/6/13 ST.3 -90.3549 29.8910 1464.1 264.9 43.8 1816.7 12.2
6/6/13 ST. 4 -90.2965 29.9158 69.3 12.5 43.8 1816.7 0.0
6/6/13 ST.5 -90.2219 29.8813  939.5 169.9 43.8 1816.7 6.9
6/6/13 ST.6 -90.2004 29.8931 2206.8 399.2 43.8 1816.7 19.6
6/6/13 ST.7 -90.1760 20.8988  824.2 149.1 43.8 1816.7 5.8
6/6/13  ST.8 -90.1470 29.8909  362.7 65.6 43.8 1816.7 1.2
6/6/13  ST.9 -90.1379 29.8860  129.3 234 43.8 1816.7 0.0
6/6/13  ST. 10 -90.1155 29.8718  576.2 104.2 43.8 1816.7 33
6/10/13  VNO. 1 -89.3587 29.2650  146.0 26.4 25.9 2251.6 0.0
6/10/13  VNO. 2 -89.5385 29.3490 21.6 39 259 2251.6 0.0
6/10/13  VNO. 3 -89.7649 29.5121 20.0 3.6 25.9 2251.6 0.0
6/10/13  VNO. 4 -89.9517 29.6320 40.9 7.4 259 2251.6 0.0
6/10/13  VNO. 5 -90.0338 29.7840  154.5 28.0 25.9 2251.6 0.1
6/10/13  VNO. 6 -89.9117 29.8901  537.5 97.2 259 2251.6 3.2
6/10/13  VNO. 7 -90.0200 29.9731  217.1 39.3 25.9 2251.6 0.6
6/10/13  VNO. 8 -89.9736 29.8037 53.5 9.7 259 2251.6 0.0
6/10/13  VNO. 9 -89.9593 29.8316 82.6 14.9 25.9 2251.6 0.0
6/22/13  ST. 1 -90.4736 29.6888 39.6 7.2 26.4 1193.6 0.0
6/22/13 ST.2 -90.5548 29.7406  129.8 23.5 26.4 1193.6 0.0
6/22/13  ST. 3 -90.5913 29.8313 40.3 7.3 26.4 1193.6 0.0
6/22/13 ST. 4 -90.5939 29.8703 79.0 14.3 26.4 1193.6 0.0
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Temporal **’Rn signal variation in swamp & Bayou Fortier

To understand groundwater input to Bayou Fortier in the upper Barataria Basin, ?Rn
concentrations along the surface water surveys were plotted versus distance along the bayou
reach [Figure 16]. Theses data indicate an exponential decrease occurs from the upper bayou to
the confluence of the bayou and Lac des Allemands. Once high concentration of ?Rn in
groundwater originating from the point bar around the Mississippi River is released into the
nearby swamps, groundwater >*Rn activity exponentially decreases over the transit time due to
radioactive decay (A = 0.1809 day™), dilution, and atmospheric evasion across the water surface.
Diffusion from the bottom sediments, water column particle re-suspension, and potential
groundwater sources result in a concurrent increase of ?’Rn activity in the water column. Thus,
the difference between the theoretical >*’Rn decay curve and a regression curve based on *’Rn
transect data indicates 222Rn loss by water dilution and atmospheric evasion during the water
transit time [Figure 16]. Furthermore, the 2?2Rn regression curve contains 2*’Rn sediment
diffusion and excess **?Rn, including *’Rn sources from the potential groundwater and
suspended particles in the water column. The evaluation of ???Rn concentrations in the swamp in
the upper Bayou Fortier can be made using the ?Rn regression curve based on *’Rn transect
results in Bayou Fortier. Therefore, once the initial ??Rn concentration in the swamp is
determined, the groundwater flux into the Bayou Fortier can be examined using the >*’Rn
concentration in local groundwater.

Although 2*’Rn transect data collected in the 2013 to 2014 survey period in Bayou Fortier
had a different seasonal variation of 2Rn concentration, all ??Rn concentrations exponentially

decreased with increasing distance from the Mississippi River [Figure 16]. In addition, the trend
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of exponential 2?’Rn concentration curves fluctuated depending on the 2?Rn measurement dates
in Bayou Fortier. Based on the **’Rn survey in Bayou Fortier, there is a significant groundwater
discharge around the upper Bayou Fortier rather than the lower part of the bayou [Figure 16].
Most 222Rn sources in the lower Bayou Fortier might come originally from the upper Bayou
Fortier. In addition, Y-intercept of the each evaluated **’Rn regression curve, which is
corresponding to original >Rn concentration in the swamp, was different depending on the
survey date. Considering the nature of the swamp area in the upper Bayou Fortier, which is very
well sheltered by vegetation from the wind and connected to the subsurface point bar, the
temporal fluctuations of ?Rn concentration in the swamp might be related to the groundwater
input controlled by the seasonal change of the Mississippi River water stage. In particular,
groundwater seepage rate in a swamp located near upper Bayou Fortier has a very similar value
(1.9 cm day™!) compare to estimated >*’Rn groundwater seepage rate in the swamp located in the
upper Bayou Fortier using a >*’Rn regression curve (2.1 cm day™). This indicates that the
applying **2Rn regression curve is a reliable approach to evaluate the temporal change of original
222Rn source in the swamp. Therefore, the relationship between the change of 2*’Rn
concentration and the Mississippi River water stage can be explained using the regression curve
approach.

The groundwater discharge flux into one of the swamps in Barataria Basin was calculated
using the average local groundwater 22Rn concentration (1193.6 Bq m™). As a result, the highest
groundwater seepage rate was 14.6 cm day™! on April 17, 2014. The smallest groundwater flux
was on September 29, 2014 with 0.4 cm day!. The average groundwater seepage rates in 2013
and 2014 were 4.5 cm day™!. This groundwater seepage rate is same to previous results of 4.5 cm

day! at a Barataria preserve, Jean Lafitte National Park (Inniss, 2002). According to a Louisiana
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Geological Society report (1989), the groundwater seepage rate through the upper sand sediment
layer in the lower Louisiana aquifer system is 10.8 cm day™'. Considering the range of
groundwater seepage rate based on the two years data, our result well reflects the regional

groundwater seepage rate in Barataria Basin.
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Figure 16. 22?Rn activity trends in Bayou Fortier versus water transit time during April, 2013 ~ September, 2014 2*2Rn survey. The solid blue curve
represents 22?Rn theoretical decay (*?Rn decay constant 0.18 day™' used for exponential regression curve fitting) as a function of water transit time
and the red line indicates an exponential fitting curve based on 22’Rn survey data as a function of water transit time. An average water velocity of
2.25 cm sec’! (n=6, June 2014) was used for the ?*’Rn flux calculation.

(a): April 23,2013 (b): May 18, 2013 (¢): June 17, 2013 (d): June 25, 2013 (e): July 30, 2013 (f): September 29, 2013 (g): April 17,2014 (h): June
17,2014 (i): June 18, 2014 (j): September 25, 2014.
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Table 2. The parameters for groundwater calculation in the upper swamp using Y-intercept of evaluated **Rn regression curves.

Y-intercept of

Sample Latitude Longitude 22*Rn regression . ““Rn *Loc?l se(.llment **Local GW ?22Rn .SGD
date curve inventory diffusion input
Bq/m? Bq/(m? day) Bq/(m? day) Bq/m? cm/day
4/23/13  -90.5376 30.0103 247.5 44.8 26.4 1193.6 1.5
5/18/13  -90.5376 30.0103 284.7 51.5 26.4 1193.6 2.1
6/17/13  -90.5376 30.0103 516.7 93.5 26.4 1193.6 5.6
6/25/13  -90.5376 30.0103 229.8 41.6 26.4 1193.6 1.3
7/30/13  -90.5376 30.0103 887.1 160.5 26.4 1193.6 11.2
9/29/13  -90.5376 30.0103 178.5 32.3 26.4 1193.6 0.5
4/17/14  -90.5376 30.0103 1111.6 201.1 26.4 1193.6 14.6
6/17/14  -90.5376 30.0103 552.3 99.9 26.4 1193.6 6.2
6/18/14  -90.5376 30.0103 271.0 49.0 26.4 1193.6 1.9
9/25/14  -90.5376 30.0103 171.3 31.0 26.4 1193.6 0.4

* The average of 2*Rn sediment diffusion flux from total ten sediment samples from the Lac des Allemands.
** Total 5 local groundwater samples were analyzed and averaged.



Control factors of groundwater fluxes

Typically, Mississippi River water stage increases annually during the spring and
decreases during late summer (Milliman and Mead, 1983). During the ??’Rn survey periods, the
Mississippi River water stage exhibited a typical annual pattern [Figure 17]. The groundwater
elevation in the wells located along the Mississippi River natural levees has been reported a
relationship between seasonal groundwater elevation change and the Mississippi River water
stage change (Louisiana Geological Survey, 1972, 1973; USGS technical report, 2010).
Additionally, the distribution of high groundwater seepage rate and an increasing trend of *’Rn
concentration around the upper Bayou Fortier indicate the local groundwater inputs in the swamp
areas around the upper Bayou Fortier. Considering the ?*’Rn concentration in groundwater, 3 - 4
orders of magnitude higher than the surface water, the seasonal variation of ?Rn concentration
in the swamp water might be related to the local groundwater input (Cable et al., 1996; Corbett et
al., 1997; Burnett and Dulaiova, 2003; Burnett et al., 2010). The groundwater fluxes in the
swamp based on 222Rn mass balance calculations showed slightly delayed responses to changes
of the Mississippi River water stage and the hydraulic head in two local farmland USGS wells
[Figure 17]. This lag response time of groundwater between the seasonal change of groundwater
seepage rate in the swamp and the seasonal change of Mississippi River water stage might be
explained by the distance between the Mississippi River main channel and the nearby swamps
(approximately 3 km). Therefore, the local groundwater discharge in the swamp in the upper
Bayou Fortier is potentially related to the Mississippi River water change with a delayed
response time.

The hydraulic mechanism of this research area, Baratarian Basin, might be explained two

different scenarios based on the geological nature of the Mississippi River Delta. The first
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possible scenario is the numerous relic river channels in the Mississippi River Delta. The
Mississippi River delta has been formed by main river channel avulsions and contained
numerous abandoned relic river channels with sandy sediment layers [Figure 1]. Considering the
distribution of buried sandy sediment layers and its role as a connection between the Mississippi
River channel and nearby aquatic environment such as swamp, bayou, and marshes in the
Baratarian Basin, the relic river channel might a potential groundwater conduit in the Mississippi
River Delta. The second possible scenario is a shallow aquifer, point bar. According to the
Louisiana Geological Survey 1972, a shallow aquifer, point bar, is located beneath the
Mississippi River main channel containing a fresh groundwater [Figure 18]. In addition, the
seasonal hydraulic head change of groundwater elevation in the local wells is clearly response to
the change of the Mississippi river water stage (Louisiana Geological Survey, 1973). Thus, this
high permeable sediment layer, point bar, might be another potential groundwater pass way

between the Mississippi River main channel and nearby swamps [Figure 18].

56



LS

A
( ) April 23 May 18 June 17 June 25 July 30 September 29 April 17 June 17 June 18  September 25

300 P
R .
e e e T e T e T e o e T s T s B S | 95% confidencs
°E 200
k=3
2 150
j
& 100 .
m e .. .
50 . . .~ .
. .
6 8 6 8 6 8 6 8 6 8 6 8 6 8
Distance from MR (km)
(B) 15 6 €
I G\V flux >
> River stage [o)
3 10 \ .
x [i4
> —_
= °r v \/\J\ 13
o 7
I
0 I I 1 1 0 >
? AB Kb a0 ® Y N 2%
RO oo pot ™ s
E
15 0 Q
(C) . G flux g
N —=&— Edgard well 5
@ —&— Vacherie well »
210 -12g
5 §
3 3
E gl —H4 @
2 <
| 9]
0 I | ' . 62
P A KL 9D o0 o N AL AR 2% 2
RN R SN NS e ® pt W™ e® =
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Comparison with other research areas

Previous studies in other areas around Gulf of Mexico indicate slightly different
groundwater seepage rates depending on research locations [Table 3]. For discussion purposes,
previous studies are subdivided into four zones: east of Gulf of Mexico (Florida Bay), northeast
of Gulf of Mexico (Turkey Point FL), north of Gulf of Mexico (Mississippi River Delta), and
northwest of Gulf of Mexico (southern part of Texas Bay). Corbett et al. (1999) reported the
groundwater seepage rate in Florida Bay along the Keys, the north coast, and the mid-bay, using
seepage meter. Their results for each area have slightly different groundwater seepage rates of
21.2+ 52 ml m? min! (n=17), 7.2 £ 2.5 ml m? min™! (n=6), and 13.4 £ 2.3 ml m? min"' (n=10),
respectively. However, after correcting these seepage rates to velocity units, the range of
groundwater velocity, 1 to 3 cm day™!, was very similar with a groundwater velocity, 1.2 to 1.7
cm day’!, evaluated by 22?Rn tracer (Top et al., 2001). The groundwater seepage rates in the
northeast of the Gulf of Mexico coastal area were highly variable with ranging from 1.4 to 50 cm
day! and strongly influenced by tides [Table 3]. The groundwater seepage rates in the southern
part of Texas Bay including Nueces Bay, Copano Bay, and Baffin Bay were examined by using
226Ra and **®Ra. The range of groundwater seepage rates, 0.2 to 0.4 cm day™!, was at maximum
two orders of magnitude lower than a groundwater seepage rate in the north east coast of Gulf of
Mexico. This might be due to the difference of geological sediment distribution between the
northeast coast and northwest of Gulf of Mexico. Interestingly, previous studies in the
Mississippi River Delta area have slightly different groundwater seepage rates between offshore
and onshore of the Mississippi River Delta [Table 3]. The range of groundwater seepage rates in
coastal areas along the Mississippi River Delta was from 0.1 to 2.5 cm day! and the groundwater

seepage rates in the landward Mississippi River Delta was from 4.5 cm day™!. This might be
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related with the heterogeneity and high porosities of subsurface sandy sediment layer
distributions onshore of the Mississippi River Delta. Overall, even though the groundwater
seepage rates in the coastal area of the Gulf of Mexico were highly variable depending on their
locations, the regional groundwater seepage rates show a very similar range of groundwater
velocities. Therefore, the geological subsurface sediment distribution and local hydrological
system might play a significant role in the groundwater discharge along the Gulf of Mexico

coastal zones.
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Table 3. A comparison between the groundwater seepage rates in Mississippi River Delta with

other estuaries.

Groundwater

Location seepage rate Method Reference
cm day’!
. 1-3 Seepage meter Corbett et al., 1999
Florida B ;
onda Bay 1.2-1.7 2Ry Top et al., 2001
Northeast Gulf of 1.4-11.5 CH4 Bugna et al., 1996
Mexico 2-10 222Rn Cable et al., 1996a
(FSU marine Lab) 5-50 22Rn Lambert and Burnett 2003
Nueces Bay, Texas 0.4 226Ra, 2Ra Breier and Edmonds 2007
Copano Bay, Texas 0.3 226Ra, 2*’Ra Breier et al., 2010
Baffin Bay, Texas 0.2 226Ra, **Ra Breier et al., 2010
L:}lll;fgﬁs Zgglfﬁgal 1 226Ra, *?®Ra Krest et al., 1999
Contﬁel;lfg;gelf of 2.5 223Ra, >**Ra Moore and Krest 2004
C"“““eg;a;;ﬁelf west 0.1 H/He, 2Rn McCoy et al., 2007b
JL National Park swamp 4.5 222Rn Inniss. 2002
Lac ders,nzz}lsl}elmands 0.003-1.9 Darcy’s value Breaux, in prep.
Barataria Basin 2.1
Bayou Fortier swamp 0.4 -14.6 22Rn This study
Swamps along the MR 33
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Conclusions

Over the last two decades, submarine groundwater discharge (SGD) has been recognized
as a significant coastal process that transports terrestrial freshwater, nutrients, and anthropogenic
contaminants to the ocean (Burnett, 1999). Globally, total influxes of terrestrial SGD to the
ocean are equal to 5 to 10 % of the annual global river water discharge into the ocean (Burnett et
al., 2001, 2003, 2006; Moore, 1999, 2010; Zekster and Loaiciga, 1993). According to
Bokuniewicz (1980) and Bokuniewicz and Pavlik (1990), the subsurface groundwater discharge
in the Great South Bay, New York is greater than 20% of the surface freshwater inputs to the
bay. Furthermore, a myriad of SGD research has reported the biogeochemical transport of SGD
and its ecological impacts on the aquatic systems. For example, Valiela et al., (1978, 1992, 2002)
suggested that groundwater nutrient inputs to salt marches are critical to the overall nutrient
composition in the salt march area. The SGD nutrient inputs into eastern Florida Bay was equal
to the nutrient inputs via surface freshwater runoffs (Corbett et al., 1999, 2000). These rich
nutrient supplies via SGD to the ocean might create a possible scenario, in which SGD cause
harmful algae blooms in the ocean (Laroche et al., 1997; Hwang et al., 2005). However, most of
the previous SGD studies were performed in confined coastal zones, rather than deltaic areas.
According to Roberts (1997), deltas are a center for terrestrial sediment deposition. The
consecutive transportation via river water runoffs develops complex sediment layers in the
subsurface of the delta and directly exports terrestrial nutrients and carbon to the ocean

(Michalopoulos and Aller, 1995; Burdige, 2005). In particular, several recent SGD studies have
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reported large volume of SGD inputs through the deltaic area (Basu et al., 2001; Peterson et al.,
2009).

This research shows that groundwater discharge to the Bayou Fortier, a sub-bayou in the
Mississippi River Delta, has a range from 0.4 to 14.6 cm day™! using a radon mass balance. For
this seepage rate, | estimate an average daily groundwater fluxes to the Bayou Fortier is
approximately 2.2 x 10* m* day!. When I compare this flux to the entire upper Barataria Basin
estimates based on surface water sampled along the Mississippi River, the average groundwater
seepage rate is 3.3 cm day! and the total groundwater flux is 2.0 x 10" m? day'. In addition, the
groundwater seepage rate in the entire Barataria Basin averaged 2.1 cm day™! based on total 86
grab water samples and the daily groundwater fluxes to the entire Barataria Basin is 1.3 x 10® m?
day!. The seasonal fluctuation of groundwater discharge into the Bayou Fortier is mostly

controlled by the seasonal Mississippi River water stage with a lag time.

63



APPENDIX 1: DISTRIUBUTION OF DOC AND TN
Preparation of water sampling for DOC & TN

All surface water samples were collected using 500 ml Nalgene bottles for dissolved
organic carbon (DOC) and total nitrogen (TN) analysis. Bottles were prepared by rinsing with DI
water and nanopure (18.1 MQ ionic purity) water in the laboratory prior to sample collection.
Surface water was also collected using a peristaltic pump (Geo Tech®) into glass scintillation
vials (20 ml) for later analysis of the stable isotopes §'%0 and 8D. To reduce the air space in the
sampling vial, each water sample was gently overflowed and then capped simultaneously. All
collected water samples were immediately stored in coolers in the field and later transferred to a
refrigerator in the laboratory to reduce any high temperature impact.

Prior to sample collection, all glass vials for DOC and TN samples were prepared by
soaking in a bath of 10% HCI solution for at least 24 hours and rinsed 3 times with nanopure
water. Vials were then baked at 500°C for 6 hours and capped with baked aluminum foil
individually and stored until needed. All collected surface water samples were filtered in the
field using a GFF filter, binder free 47 mm glass microfiber, 0.7 uM. Before filtering water
samples, all filters were fired in a muffle furnace at 500°C for approximately 6 hours to combust
organics. After filtering water samples, each water sample was divided into two amber glass
vials (each 40 ml) and two transparent glass vials (each 40 ml) and capped with an acid washed

Teflon® sheet and then frozen.
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Distribution of DOC and TN

A total of 71 bayou and Mississippi River surface water samples were collected from
May to July 2013 to elucidate the geographical distribution of **’Rn, dissolved organic carbon
(DOC), and total nitrogen (TN) concentrations around Barataria Basin. The spatial distribution of
DOC had a range from 265.5 to 3332.5 uM with the highest DOC concentrations located around
urban areas or industrial complexes [Figure 19]. High TN concentrations were also found near
urban or farmland areas with a range from 24.2 to 300.6 uM [Figure 19].
Groundwater has been well known to be a source of nutrients and anthropogenic contaminants to
the coastal ocean (Krest et al., 2000; Bone et al., 2007; Santos et al., 2009). Recent groundwater
studies have reported significant carbon and nitrogen transportation via groundwater into the
coastal area such as North Inlet, SC and northeast of Gulf of Mexico (Goiii & Gardner. 2003;
Santos et al., 2008; Santos et al., 2009). In this study, all groundwater *>’Rn, DOC, and TN of
farmland wells, wetland wells, and seepage show a linear relationship (y = 1.16x — 1.5; R? =
0.6) among all parameters [Figure 20]. Additionally, the groundwater samples collected from the
coastal salt marsh wells (Mytle Grove; Figure 20), fresh wetland wells (Lac des Allemands;
Figure 20), and farmland wells (Edgard well; Figure 20) contained high concentrations of 22?Rn,
DOC, and TN. The salt marsh wells had the highest range of DOC (3077.85 = 1281.17 uM), TN
(1362.72 + 841.71 uM), and **’Rn (3914.46 + 4229.25 Bq m™) [Figure 20]. The coastal
groundwater samples salinity range was from 4.36 to 16.26, which is higher than the bayou and
wetland ground water samples due to seawater intrusion (Day et al., 2000). The groundwater
samples from the fresh wetland wells had a relatively large range of DOC and TN. The
maximum and minimum DOC were 9770.83 uM and 970.83 uM, respectively, and the

maximum and minimum TN were 1298.93 uM and 71.79 uM, respectively. DOC in groundwater
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samples havs a higher range (581.96 uM to 9770.83 uM) than the Mississippi River water
(261.79 uM to 320.38 uM). In addition, these DOC concentrations were considerably higher than
Barataria estuary (200 to 300 uM) and marsh creeks in the Terrebonne-Timbalier Bay estuary
(500 to 700 uM) (Wysocki et al., 2006; Bianchi et al., 2009). A previous study in the lower
Mississippi River and inner Louisiana shelf showed significantly high concentration of nutrients
and DOC in the sediment pore water (Sutula et al., 2004). Thus, the groundwater in Barataria
Basin not only contains high concentration of ?>’Rn, DOC and TN, but also transports high
concentration of DOC and TN to the subterranean estuary in the Mississippi River Delta.
According to the Louisiana Geology Report (1973), a subsurface sediment layer near by
the Mississippi River main channel is directly connected to the main river channel by the point
bar. We found visible groundwater seepage on a New Orleans road (4913 N Galvez St., New
Orleans, LA 70117; Latitude: 29.97, Longitude: -90.02) located approximately 200 m from the
Mississippi River main channel. There we measured for 222Rn, DOC, and TN. As a result, DOC
and TN were similar (283.42 + 11.89 uM for DOC, 275.07 £ 13.1 uM for TN) to Mississippi
River water (288.19 + 10.25 uM for DOC, 290.3 + 28.1 uM for TN). Additionally, water was
also collected from a small natural pond (surface area of approximately 400 m?; average depth:
1.5 m) located near the main Mississippi River channel (Latitude: 29.89, Longitude: -89.91) to
elucidate the connection between the Mississippi River and nearby a natural pond. DOC and TN
in the pond water samples were 319 + 16.72 uM and 223.86 + 14.11 uM, respectively, and are
similar values to the Mississippi River. Therefore, based on physicochemical data, the numerous
wetlands distributed near by the Mississippi River main channel may be directly connected with

the Mississippi River.
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DOC and TN concentrations of Mississippi River Delta groundwater were considerably
higher than the DOC and TN concentrations measured in surface water of the bayou water, lake
water, and seawater. According to DeLaune et al. (2008), the large area of organic marsh soil and
the variety of plant materials are the main sources of DOC in the Mississippi River Delta.
Additionally, sediment pore water in the Mississippi River Delta contains high gradients of DOC
and TN (Sutula et al., 2004). Therefore, physiochemical processes such as advection or diffusion

may be able to transport accumulated high DOC and TN into the surface water.
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Figure 19. The distribution of dissolved organic carbon and total nitrogen in Barataria Basin.
Note that 222Rn distribution is presented in the main thesis.
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APPENDIX 2: DISTRIBUTION OF STABLE ISOTOPES
030, 6D, and d-excess distribution in precipitation, surface water, and groundwater

The concentrations of stable isotopes and the salinity of surface water, groundwater,
Mississippi River water, precipitation, and Gulf of Mexico seawater are listed in Table 4. A total
of 29 lake water samples were collected during three different sampling periods (July and
September, 2013 and February, 2014) with salinities of 0.072+0.02, 0.081+£0.007, and 0.11+0.02,
respectively. Lake water salinity concentration slightly increased, depending on season. The
range of 8D and §'30 values were from -13 %o to 2.9 %o (mean: -4.3 %o) and -2.1 %o to 1.3 %o
(mean: 1.1 %o), respectively. Although most of 8D and §'30 values in the lake water samples
followed closely to the Global Meteoric Water Line (GMWL; §D = 8 - §180 + 10) of Craig
(1961), the linear model (6D = 4.3 - 5§80 + 0.39; R? = 0.8) had a shallower slope than the
GMWL slope. Similarly, the linear model of the bayou water samples showed a shallow slope
(6D = 3.9-6180 — 0.66; R? = 0.8) when compared to GMWL slope.

A total of 22 groundwater samples, which consisted of farmland groundwater (n=4) and
wetland (n=18) groundwater, were collected from 2 farmland wells and 9 wetland wells located
in Barataria Basin between the Mississippi River and Lac des Allemands. Most 8D and §'%0
samples of wetland groundwater fall close to and below the GMWL and the linear model has a
relatively steep slope (6D = 6.6 - 6180 — 4.5; R? = 0.9). The 8D and §'%0 data distribution of
wetland groundwater were -12.4 %o to 3.4 %o for 8D and -2.5 %o to -0.2 %o for 5'0. These
ranges are relatively higher than the 8D and §'30 values measured in farmland groundwater,
which were -20.2 %o to -11.4 %o for 8D and -4.3 %o to -2.1 %o for 5'%0.

The average of 8D (-7.9 %o) and 5'%0 (-2.0 %o) in the wetlands were higher than the

farmland groundwater 8D (-17.4 %o) and 8'30 (-3.5 %o). All precipitation data formed a cear
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parallel trend to GMWL with only a small gap [Figure 4]. The distribution of 8D and §'30 of the
Mississippi River water samples ranged from -43.4 %o to -35.7 %o and from -6.9 %o to -5.6 %o
with the lowest mean values of 8D (-39.8 %o) and 8'%0 (-6.3 %o), respectively.

Deuterium excess (d-excess) is defined as a deviation between the stable isotope values
and the GMWL line [Equation 18] (Dansgaard, 1964). This value is broadly used to identify

local moisture sources.

d=6D—-8-5§%0 Equation 18

d is deuterium excess in %o, 8D and 8'%0 are the hydrogen-2 and oxygen-18 isotopic
compositions. Although the d of global meteoric waters is close to 10, it varies between
geographic regions (Cappa et al., 2003). The calculated d-excess of precipitation data points
proportionally increased with an increase of 8'%0 values. However, all water samples including
the lake, bayous, wells and river water have an inversely proportional relationship between the
deuterium excess and 8'%0 [Figure 4]. Each d has a different data point depending on the season.
In particular, Mississippi River water samples formed an isolated group based on the relationship
between d-excess and 8'%0 with a range of d-excess (9.5 to 11.7 %o) and 8'%0 (-6.9 to -5.6 %o).
Mississippi River water samples were also split into two different groups depending on the
sampling time (June and July 2013). The calculated d-excess of water samples, except the
precipitation and the Mississippi River water samples, exhibit a similar inverse relationship with

§1%0.
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Characteristics of 6'%0, 0D, and d-excess and their implications

The Global Meteoric Water Line (GMWL) has been well recognized and utilized as a
significant indicator to understand the hydrological cycle using 630 and 8D isotopic
composition of water (Craig, 1961; Rozanski et al., 1993). §'0 and 8D relationship with the
GMWL also represents the local climatic conditions such as geographical variation (Hoefs,
1996). The §'30 and 8D composition of precipitation is related to several climatic factors such as
isotope composition of the vapor source, fractionation due to the intrusion of water vapor into air
masses, and the formation of precipitation (Dillon and Chanton, 2008).

In this study, all precipitation samples (n=4) were collected between May and July 2014
during the early summer. As result, the §'%0 and 8D compositions of the precipitation samples
plotted above the GMWL, which indicates that arid vapor sources contributed for the formation
of this precipitation [Figure 4]. This can be attributed to a difference in air temperature. The 6D
and §'®0 compositions of Mississippi River water were significantly isolated. The average
Mississippi River water §'%0 composition was calculated as -6.3 %o (July and June 2013), which
was heavier than previous measurements of -8.3 %o (March 1979), -7.8 %o (March 1983), and -
6.9 %o (March 1988) (Gerard and Paul, 1990) for the Mississippi River in St. Francisville, La.
The deviation between this study and previous research values may be due to different seasonal
air temperature. Additionally, all surface water samples including lake water, bayou water, and
seawater, show enrichment of the heavy isotopes in each sample. This may be due to a high
evaporation effect on the water samples (Abass et al., 2010).

Four groundwater samples were collected from two farmland wells, which were located
north of Bayou Fortier, Edgard well, and west of Lac des Allemands, Vacherie well. The 6D and

5180 compositions in the groundwater samples varied depending on the sampling date and
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location. One set of groundwater 5D and §'80 values in the groundwater sample had a similar
composition to most bayou surface water, bayou groundwater, and lake water. Other
groundwater samples had intermediate isotope values between the precipitation and Mississippi
River water [Figure 4 (a)]. This indicates that some local groundwater is possibly a combination
of precipitation and the Mississippi River water depending on the well distance from the
Mississippi River. Furthermore, based on these stable isotopes data, the regional bayou
groundwater contributes to the nearby wetland and lake water body.

The d composition of precipitation had a very narrow linear increasing line with a range
of 13.96 %o to 16.90 %o [Figure 4 (b)]. This indicates that the origin of precipitation was high
moisture in the air (Abass et al., 2010). Additionally, the groundwater d-excess composition was
found to be between Mississippi River and groundwater d-excess. Therefore, the groundwater
source might be a mixture of Mississippi River and seasonal precipitation undergoing different

degrees of evaporation related to the different stable isotope compositions.
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APPENDIX 3: SUPPLEMENTARY INFORMATION OF SEDIMENT SAMPLES

Sample ID Sample location 222Rn sediment diffusion flux
Latitude Longitude Bq/(m* d)
MGI1 20°27'25.96"  89°48'44.02" 22.6
MG2 29°29"17.87"  89°44'53.93" 18.8
MG3 20°31'34.43"  89°46'38.70" 30.5
MG4 20°27'37.27"  89°55'23.45" 40.0
MG5 29°30'36.98"  89°55'12.01" 18.0
MG6 29°29'12.09"  89°55'00.03" 20.9
MG7 20°27'33.12"  89°54'42.38" 30.4
LDAI 20°53'23.97"  90° 32'32.26" 27.9
LDAS 29° 56' 14" 90° 37' 30" 28.1
LDAG6 29° 55'26" 90° 37' 25" 22.1
LDA7 209° 54' 22" 90° 35'51" 23.4
**LDAS 29°56' 14.1" 90° 37'25.4" 26.5
**LDAITI1 29° 55'15.7" 90° 35'06.8" 23.1
LCT3 29°51'12.98"  90° 15'04.45" 37.2
LCTS 29°51'25.69"  90° 13'22.34" 49.4
LCT7 20°54"43.58"  90° 16'27.40" 44.8
BVN3 20°59'22.23"  89°59'23.13" 25.0
BVN4 209° 58'54.20"  90°01'05.70" 12.5
LDAbayoul 30°01'05.09"  90° 34'25.27" 24.3
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LDAbayou2
LDAbayou3

LDAbayou4

29°59'44.14"

29° 56' 05"

30°00'23.14"

90° 37'42.74"

90°40' 02"

90° 35'57.69"

30.2

26.4

324
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APPENDIX 4: SUPPLEMENTARY INFORMATION OF STABLE ISOTOPES’ SAMPLES

Sampling d
Sample date Location Salinity 82H 630 excess
Longitude Latitude %00 %00 %00
6/17/13 29°53'24"  90° 32'25" 0.06 47 -13 6.0
6/17/13 29°55'33"  90°33'10" 0.06 33 -1.2 6.2
6/17/13 29° 576" 90°33'40" 0.07 2.8 -1.1 6.0
6/17/13 29°55'19"  90° 33'23" 0.07 24 -09 4.9
6/17/13 20°58' 12" 90° 33'46" 0.1 55 -14 5.9
6/17/13 29°59'1"  90°33'10" 0.1 -6.5 -1.7 7.4
6/17/13 29°59'38" 90°32'18" 0.07 32 -1.1 5.4
6/17/13 29°59'40" 90° 32'38" 0.06 3.5 -1.0 4.8
6/17/13 29°56'27" 90°37' 37" 0.06 520 -1.2 4.1
9/29/13 29°53'24"  90° 32' 25" 0.07 -09 -0.5 3.1
9/29/13 29°55'33"  90°33'10" 0.07 0.2 -0.2 2.0
9/29/13 29° 57" 6"  90° 33'40" 0.08 -0.5  -0.7 5.1
9/29/13 29°58' 12" 90° 33' 46" 0.08 -4.3 -0.9 2.8
Lake water 9/29/13 29°59"1"  90°33'10" 0.09 -10.3  -2.1 6.3
(LDA) 9/29/13 29°59'38" 90°32'18" 0.09 -13.0 -2.0 2.9
9/29/13 29°59'40" 90° 32'38" 0.08 -0.6  -0.1 0.3
9/29/13 29°56'27" 90°37' 37" 0.08 -0.6  -0.1 0.4
9/29/13 29°54'39"  90° 35'40" 0.08 2.9 1.3 -7.4
9/29/13 29°55'14"  90°35'6" 0.09 -0.5  -0.6 4.5
2/22/14 29°51'53"  90°30' 53" 0.1 5.7 -1.5 6.1
2/22/14  29°53'24" 90° 32'25" 0.08 54 -13 5.1
2/22/14 29° 576" 90°33'40" 0.09 56 -12 3.8
2/22/14 29°58' 12" 90° 33' 46" 0.12 7.6 -14 3.7
2/22/14 29°59"1"  90°33'10" 0.13 =75 -19 7.3
2/22/14 29°59'38" 90°32'18" 0.13 -7.0  -1.8 7.8
2/22/14  29°59'40" 90° 32'38" 52 -14 5.6
2/22/14 29°56'27"  90° 37 37" -5.3 -1.6 7.3
2/22/14  29°54'39"  90° 35'40" 45 -13 5.9
2/22/14  29°55'14"  90° 35' 6" 5.0  -1.3 5.7
5/30/13 29°52'13"  90° 35'37" 0.05 49  -1.7 9.1
5/30/13 29° 51'31"  90°40'40" 0.04 -7.2 0 =21 10.0
5/30/13 29°54' 39" 90° 43'43" 0.05 7.8 2.0 8.2
Bayou water ~ 5/30/13 29°56'09" 90°43'07" 0.1 -7.0 2.0 9.1
5/30/13 29°59'03"  90°40' 53" 0.21 -7.3 -1.7 6.0
5/30/13 29°59'44"  90° 37' 42" 0.06 -3.1 -1.3 7.2
5/30/13 30°01'05"  90° 34'48" 0.08 -6.7 -1.6 5.7
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5/30/13  30°00'49" 90° 32'35" 0.07 -47  -1.8 9.4

5/30/13  30°00"17" 90°31'10" 0.24 -6.3 2.1 10.2

5/30/13  29°57'19" 90°26' 10" 0.14 -10.1  -2.9 13.0

6/3/13 30°00'49" 90° 32'35" 0.09 -7.5 0 21 9.3

6/22/13  29°41'19" 90° 28' 24" 0.05 -11.2 -2.5 9.1

6/22/13  29°44'26" 90°33'17" 0.09 -10.5  -25 9.9

6/22/13  29°49'52" 90° 35'28" 0.14 2.8 -0.2 -0.9

6/22/13 ~ 29°52'13" 90°35'37" 0.05 55 -1.6 7.3

6/22/13  29°51'31" 90°40'40" 0.09 53 -13 53

6/22/13  29°50'59" 90°40'45" 0.09 -8.7 -1.9 6.4

6/22/13  29°51'02" 90°43'52" 0.11 56 -05 -1.4

6/22/13  29°53'28" 90° 47 06" 0.05 0.8 1.2 -8.5

6/22/13  29°52'06" 90°50' 25" 0.08 -6.5 -1.5 54

6/22/13  29°50'54" 90° 53' 55" 0.09 -6.0 -0.7 -0.1

6/23/13  29°53'42" 90° 55' 14" 0.13 -0.6 0.0 -0.4

6/23/13 ~ 29°57'01" 91°00' 00" 0.08 7.0 1.5 -4.7

6/23/13  30°04'02" 90°57' 55" 0.23 -11.7  -2.8 11.0

6/23/13  30°02' 14" 90° 55' 37" 0.27 -83 2.1 8.8

6/23/13  30°01'29" 90° 54' 54" 0.12 -10.0  -2.0 6.1

6/23/13 ~ 30°00' 06" 90° 53' 34" 0.1 56 -1.5 6.3

6/23/13  29°58'04" 90°51'30" 0.09 -7.3 -14 3.6

6/23/13  29°57'44" 90°45'16" 0.19 -22.6 -34 4.8

3/9/14 30°00'49" 90° 32'35" -11.0 2.9 12.1

4/15/14 3001'05" 90 34'25" 0.04 -6.2  -1.9 9.1

4/15/14 2959'46" 9037 21" 0.03 -10.3  -2.5 9.7

4/15/14 29 56' 05" 90 40' 02" 0.46 2.8  -03 -0.5

7/30/13  29°59'40" 90° 32'38" 104 -0.8 16.9

Ny 7/14/13  30°00'49" 90° 32'35" -15.8  -3.7 14.0
Precipitation

5/28/14  30°02'46" 90°34'17" -122 -33 14.4

6/1/14 30°00'49" 90° 32'35" -8.1  -2.8 14.5

10/10/13  29°58'29" 90° 33'29" 1.15 93 24 10.0

10/10/13  29°58'56" 90° 33' 12" 0.59 -10.1 24 9.0

10/10/13  29°59'40" 90° 32'40" 1.3 -10.1 24 9.2

10/10/13  29°59'16" 90°33'10" 0.81 99 25 10.1

Wetland 10/10/13  29°59'17" 90°33'11" 0.81 98 25 10.0

well 4/16/14  29°58'27" 90°33'29" 0.99 -8.6  -2.1 8.1

groundwater  4/16/14  29°58'29"  90° 33'29" 1.08 -85  -22 9.0

4/16/14  29°58'56" 90°33'12" 0.54 -83 -2.0 7.4

4/16/14  29°59'40" 90° 32'40" 1.3 -85 2.0 7.5

4/16/14  29°59'16" 90°33'10" 0.82 8.1 -22 9.8

4/16/14  29°59'17" 90°33'11" 0.15 -19  -1.2 7.7
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4/16/14  29°58'34" 90°33'30" 1.6 9.0 -2 8.3

4/16/14  29°58'37" 90°33'30" 2522 34 02 53

4/16/14  29°59'19" 90°33'13"  1.19 -124 2.1 4.7

4/15/14  302'16' 9034'17" 0.7 20.1 -43  14.0

Famll‘"i‘“d 5/30/14  29°56'8"  90°40' 1" 05  -11.4 2.1 55
grouﬁgwater 5/30/14  29°56'8"  90°40'1"  1.62 -17.9 -33 8.3
5/30/14  30°02'46" 90°34'17" 038 202 -42 135

. 6/23/13  29°58'54" 90°48'33"  0.16 -373 -60 107
Ml;Siljzlrppl 6/23/13  30°07'41" 90°56'32"  0.17 -357 -5.6 9.5
wator 7/23/13  29°58'54" 90°48'33"  0.17 -42.7 -67 113
7/23/13  30°07'41" 90°56'32"  0.17 -434 69 117

Gulf of 6/22/13  28°45'60" 90°14'02"  19.17 8.0 -1.3 2.6
Mexico 6/22/13  28°52'09" 90°27'95" 1578 -13.4 24 59
seawater  ¢/22/13  28°59'3"  90°31'1"  17.83 -10.7 -2.0 5.3
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APPENDIX 5: SUPPLEMENTARY INFORMATINO OF ??’Rn, DOC, AND TN

A) Bayou

water

Station ID | Sampling | Location 22Rn | DOC TN Salinity

date

Longitude | Latitude | Bg/m* | uM uM

Rbl 5/30/13 29° 52! 90°35' |27.86 783.67 | 49.50 0.05
13.23" 37.87"

Rb2 5/30/13 29° 51 90°40' | 55.62 808.71 43.94 0.04
31.60" 40.18"

Rb3 5/30/13 29° 54 90°43' | 117.31 |716.63 | 64.57 0.05
39.63" 43.91"

Rb4 5/30/13 29° 56' 90°43' | 12829 |707.92 |84.71 0.10
09.59" 07.91"

Rb5 5/30/13 29° 59 90° 40" | 523.05 |555.08 |98.71 0.21
03.09" 53.77"

Rb6 5/30/13 29° 59 90° 37" |93.75 944.17 | 59.42 0.06
44.21" 42.59"

Rb7 5/30/13 30° 01 90° 34" |230.79 |541.58 | 84.25 0.08
05.67" 48.53"

Rb8 5/30/13 30° 00’ 90° 32" | 183.74 | 783.13 160.61 0.07
49.86" 35.03"

Rb9 5/30/13 30° 00’ 90° 31" |362.84 |1107.42 |185.75 |0.24
17.82" 10.03"

Rb10 5/30/13 29° 57 90°26' | 101.51 |994.17 116.14 | 0.14
19.23" 10.72"

Rb8 6/3/13 30° 00’ 90° 32" |260.07 | 747.67 | 54.49 0.09
49.86" 35.03"

RNbDbI11 6/3/13 29° 54! 90°16' | 117.47 |885.83 |48.81 0.14
49.27" 28.78"

RNb12 6/3/13 29° 54! 90°09' | 885.72 |2025.83 10246 |0.19
00.88" 34.47"

LCbl 6/6/13 29° 52! 90°25'" | 131.17 | 1746.67 | 178.00 |0.14
55.44" 47.87"

LCb2 6/6/13 29° 53" 90°23' |211.24 |890.42 |54.75 0.11
26.31" 17.41"

LCb3 6/6/13 29° 53" 90°21' | 1464.1 |804.33 |38.82 0.12
27.73" 17.72" 1

LCb4 6/6/13 29° 54 90° 17" | 69.35 990.83 | 46.48 0.14
56.88" 47.25"

LCb5 6/6/13 29° 52! 90° 13" |939.47 | 1543.33 |100.43 |0.26
52.73" 18.84"

LCb6 6/6/13 29° 53" 90° 12" |2206.7 |3332.50 | 159.07 |0.40
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35.19" 01.41" 7

LCb7 6/6/13 29° 53' 90° 10" | 824.19 |2213.33 |119.50 [0.37
55.67" 33.45"

LCb8 6/6/13 29° 53! 90° 08" |362.67 |511.67 |31.85 0.25
27.08" 49.29"

LCb9 6/6/13 29° 53' 90° 08" | 129.27 | 889.17 |44.18 0.25
09.72" 16.57"

LCbl0 6/6/13 29° 52! 90°06' | 576.19 | 658.33 76.64 0.60
18.47" 55.91"

RSEDbI 6/10/13 29° 15’ 89°21' | 14595 |492.08 |42.16 2.06
54.07" 31.19"

RSEDb2 6/10/13 29° 20 89°32" | 21.56 448.67 | 39.13 1.53
56.37" 18.67"

RSEb3 6/10/13 29° 30 89°45' 119.97 726.17 | 55.54 8.93
43.60" 53.80"

RSEb4 6/10/13 29° 37 89°57" | 40.87 950.83 85.00 3.48
55.03" 06.05"

RSEbS5 6/10/13 29° 47 90° 02" | 154.55 | 740.83 63.85 0.19
02.44" 01.77"

RSEb6 6/10/13 29° 53! 89° 54" | 537.52 |633.17 |33.34 0.11
24.21" 42.14"

RSEbS8 6/10/13 29° 48' 89° 58" | 53.54 2823.33 | 225.86 | 0.98
13.14" 24.91"

RSEb9 6/10/13 29° 49' 89° 57" | 82.60 2171.67 | 134.86 | 0.63
53.87" 33.53"

ELDAb1 | 6/22/13 29° 41" 90° 28" |39.63 1500.83 | 54.71 0.05
19.61" 24.97"

ELDAb2 | 6/22/13 29° 44 90° 33" |129.83 | 1194.17 | 40.93 0.09
26.28" 17.37"

ELDAb3 | 6/22/13 29° 49' 90° 35" 140.31 831.88 | 30.29 0.14
52.62" 28.74"

ELDAb4 | 6/22/13 29° 52! 90° 35" |79.03 807.13 35.01 0.05
13.18" 37.88"

ELDAbS | 6/22/13 29° 51" 90°40" |92.78 1171.67 | 38.75 0.09
31.73" 40.12"

ELDAb6 | 6/22/13 29° 50 90°40" | 66.59 1127.92 | 55.40 0.09
59.57" 45.02"

ELDAb7 | 6/22/13 29° 51" 90°43" | 140.02 | 1111.25 |43.80 0.11
02.51" 52.14"

ELDAb8 | 6/22/13 29° 53' 90°47" |396.16 | 864.58 |91.29 0.05
28.21" 06.33"

ELDAbY | 6/22/13 29° 52! 90° 50" | 70.44 1112.08 | 76.11 0.08
06.29" 25.06"

ELDAb10 | 6/22/13 29° 50 90°53" | 355.71 |432.42 |34.71 0.09
54.97" 55.16"
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UpLDAb1 | 6/23/13 29° 53' 90°55" | 31736 |643.29 | 39.69 0.13
42.95" 14.76"

UpLDAb2 | 6/23/13 29° 57 91°00" |207.33 |385.79 |35.76 0.08
01.37" 00.20"

UpLDAb3 | 6/23/13 30° 04' 90°57" | 1181.9 |359.46 | 72.71 0.23
02.55" 55.72" 1

UpLDADb4 | 6/23/13 30° 02 90° 55" |1040.4 |453.71 98.29 0.27
14.96" 37.72" 0

UpLDADS | 6/23/13 30° 01" 90° 54" 119540 |743.21 55.65 0.12
29.64" 54.72"

UpLDADb6 | 6/23/13 30° 00' 90° 53" | 165.56 |1031.67 | 58.86 0.10
06.63" 34.85"

UpLDADb7 | 6/23/13 29° 58' 90°51' | 148.86 |828.29 |42.51 0.09
04.20" 30.22"

UpLDADBS | 6/23/13 29° 57 90°45' |404.16 |502.33 52.77 0.19
44.81" 16.33"

LoMRDbl1 | 7/9/13 29° 36 90° 27" | 527.47 |1195.42 | 86.46 0.35
15.98" 48.20"

LoMRDb2 | 7/9/13 29° 35! 90°22' | 27.62 1253.33 | 81.61 0.41
09.20" 13.14"

LoMRDb3 | 7/9/13 29° 33’ 90°16' |6.50 749.17 | 43.66 0.30
10.88" 39.44"

LoMRDb3 | 7/9/13 29° 33’ 90°16' | 33.54 565.42 | 43.56 0.15

-1 11.62" 37.99"

LoMRDb4 | 7/9/13 29° 25’ 90°16' | 193.07 |1296.25 | 84.39 0.57
59.65" 31.46"

LoMRDbS5 | 7/9/13 29° 20 90° 14" | 25.60 616.25 |41.20 8.47
07.96" 33.70"

LoMRDb6 | 7/9/13 29° 16' 90° 13" | 47.44 522.83 33.68 15.75
00.53" 08.74"

LoMRDb7 | 7/9/13 29°09' 90°10" |45.24 564.42 | 34.39 13.92
31.89" 32.34"

LoMRDb8 | 7/9/13 29° 12 90° 02" |3.12 265.54 | 57.15 16.14
48.82" 54.33"

LoMRDbBY | 7/9/13 29° 15 89°56' | 64.32 27492 | 54.91 16.08
48.02" 58.34"

LoMRDbl1 | 7/9/13 29° 15 89° 57" 190.30 417.25 | 28.15 12.54

0 41.74" 12.71"

NRbl 7/14/13 29° 53! 90° 47" | 86.50 826.13 42.58 0.04
28.78" 06.64"

NRb2 7/14/13 29° 50' 90° 53" | 47541 |353.58 |32.21 0.04
54.98" 55.16"

NRb3 7/14/13 29° 53! 90° 55" | 287.67 |563.83 34.88 0.11
42.94" 14.45"

NRb4 7/14/13 30° 04 90° 57" | 577.00 |319.17 |61.34 0.21
02.60" 55.64"
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NRb5 7/14/13 30° 02 90° 55" |609.74 | 528.71 77.46 0.27
14.82" 37.72"

NRb6 7/14/13 29° 58' 90°51' | 340.12 | 688.08 121.68 | 0.07
04.22" 30.24"

NRb7 7/14/13 29° 57 90°45' | 106.50 |310.04 |45.47 0.07
44.77" 16.24"

NRbS 7/14/13 29°58' 90°42' |649.99 |350.25 |81.32 0.08
19.70" 26.38"

NRb9 7/14/13 30° 00' 90°32' |403.72 |907.92 |56.88 0.11
49.74" 34.95"

NRb10 7/14/13 30° 00 90°31' |32.54 721.58 | 57.70 0.17
17.81" 10.34"

NOb1 7/19/13 29° 53" 90°21' | 1528.8 |688.25 |30.58 0.10
27.79" 18.16" 0

NOb2 7/19/13 29° 52! 90° 13" | 68.86 1076.67 | 62.54 0.28
52.75" 18.79"

NOb3 7/19/13 29° 53" 90°12' | 131.71 |570.33 |72.09 0.62
35.13" 01.43"

NOb4 7/19/13 29° 53" 90° 10" | 137.16 | 682.17 |42.53 0.47
55.69" 33.40"

NObS 7/19/13 29° 54 90°09' |408.77 | 57425 |74.39 0.33
01.35" 34.25"

NOb6 7/19/13 29° 53" 90°08' |370.24 |364.04 |54.59 0.13
27.03" 49.28"

NOb7 7/19/13 29° 53" 90°08' |241.51 |862.50 |44.58 0.21
09.71" 16.64"

NObS 7/19/13 29° 52 90°06' |402.58 |413.88 |[79.50 0.40
18.54" 56.01"

NOb9 7/19/13 29° 53" 89° 54" |1204.12 |601.58 |33.23 0.12
24.26" 42.14"

Fbl 4/15/14 30° 01 90°34' |303.11 |483.75 |64.80 0.04
05.09" 25.27

Fb2 4/15/14 29°59' 90° 37" | 342.66 |1869.17 |84.14 0.03
46.7" 21"

Rb8 5/24/14 30° 00' 90° 32! 1454.17 | 13836 | 0.15
49.86" 35.03"

RNbDbI11 5/24/14 29° 54 90° 16' 1679.58 | 57.45 0.19
49.27" 28.78"

RSEb7 R | 6/10/13 29°58' 90°01' |217.13 |319.00 |223.86 |0.20

adio pond 23.21" 12.02"

NOb10 se | 7/19/13 29° 58' 90°01' |50591 |283.42 |275.07 |0.21

egage 23.19" 11.99"

| B) Well water
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Station | Sampling | Location 222Rn DOC TN Salinity
ID date
Longitude | Latitude | Bq/m’ uM uM
LDAwl | 10/10/13 29° 58' 90°33" |3133.62 |3490.00 | 541.50 0.88
27" 29"
LDAw2 | 10/10/13 29° 58' 90° 33" | 3416.78 | 2546.25 | 577.75 1.15
29" 29"
LDAw3 | 10/10/13 29° 58' 90°33" | 3131.84 | 2145.00 | 355.00 0.59
56" 12"
LDAw4 | 10/10/13 29°59'40 | 90° 32 1229.03 | 3725.42 | 222.25 1.30
4()"
LDAwS | 10/10/13 29° 59 90° 33" | 2788.43 | 5517.50 |468.14 0.81
16" 10"
LDAw6 | 10/10/13 29° 59 90° 33" 14367.30 |9770.83 | 581.82 0.81
17" 11"
LDAw1 | 2/24/14 29° 58" 90° 33' 1772.50 | 546.93 0.58
27” 29"
LDAw3 | 2/24/14 29° 58" 90° 33' 1067.92 | 224.07 0.55
56” 12"
LDAw4 | 2/24/14 29°59'40 | 90° 32' 2637.08 | 116.75
40"
LDAwWS | 2/24/14 29° 59 90° 33' 1572.08 | 231.04 0.72
16" 10"
LDAwWG | 2/24/14 29° 59 90° 33' 1692.50 | 281.25 0.77
17" 11"
LDAw1 | 4/16/14 29° 58" 90° 33' 2374.17 | 536.79 0.99
27” 29"
LDAw2 | 4/16/14 29° 58' 90° 33' 3930.42 | 1298.93 | 1.08
29" 29"
LDAw3 | 4/16/14 29° 58' 90° 33' 1425.40 1986.25 | 275.50 0.54
56" 12"
LDAw4 | 4/16/14 29°59'40 | 90° 32" | 6800.82 1387.50 | 111.11 1.30
4()"
LDAwS | 4/16/14 29° 59 90° 33' 1990.83 | 452.07 0.82
16" 10"
LDAw6 | 4/16/14 29° 59 90° 33' 970.83 71.79 0.15
17" 11"
LDAw7 | 4/16/14 29° 58' 90° 33' 7635.42 | 772.50 1.16
34" 30"
LDAw9 | 4/16/14 29° 59 90° 33' 5498.33 | 261.61 1.19
19" 13"
LDAw1 | 9/26/14 29° 58" 90° 33' 1391.12 | 2600.83 | 655.79 0.82
27” 29"
LDAw4 | 9/26/14 29°59'40 | 90° 32' 13086.86 | 3004.58 | 142.11 1.30
40"
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LDAwWS | 9/26/14 29° 59' 90° 33" | 328.88 1088.75 | 303.54 | 0.78
16" 10"

LDAw6 | 9/26/14 29° 59' 90° 33" |699.61 1463.33 | 114.21 0.58
17" 11"

LDAw7 | 9/26/14 29° 58' 90° 33" |3471.89 | 1677.08 | 549.82 1.16
34" 30"

LDAwWY | 9/26/14 29° 59' 90° 33" |2229.95 | 1940.83 | 258.89 1.19
19" 13"

MGw1 | 4/13/14 29°29' 89° 57 4116.25 | 647.00 | 21.98
04.50" 00.27"

MGw2 | 4/13/14 29° 31" 89° 57 5024.17 | 2194.39 | 11.42
37.91" 01.87"

MGw3 | 4/13/14 29° 32 89° 56' 2352.50 | 1609.54 | 9.75
19.55" 58.00"

MGw4 | 4/13/14 29° 35! 89° 57 2295.42 | 1033.46 | 4.64
03.88" 01.72"

MGwS5 | 4/13/14 29° 36 89° 56' 2973.75 | 719.32 | 7.40
24.82" 18.96"

MGw1 | 5/27/14 29° 29 89° 57" 1 1153.94 | 3060.83 | 664.50 | 22.55
04.50" 00.27"

MGw2 | 5/27/14 29° 31" 89°57" | 111.16 5257.50 | 2754.14 | 11.37
37.91" 01.87"

MGw3 | 5/27/14 29° 32! 89°56' | 1199.11 |3303.75 |2082.07 | 7.01
19.55" 58.00"

MGw4 | 5/27/14 29° 35' 89° 57" | 768.96 2067.92 | 1154.93 | 9.34
03.88" 01.72"

MGw5 | 5/27/14 29° 36' 89°56' | 1554.99 | 1678.75 |409.89 | 7.55
24.82" 18.96"

MGw1 | 9/24/14 29°29' 89° 57" | 12510.33 | 1823.33 | 538.89 10.35
04.50" 00.27"

MGw2 | 9/24/14 29° 31" 89° 57" | 4850.34 | 4499.17 | 2803.71 | 1.73
37.91" 01.87"

MGw4 | 9/24/14 29° 35! 89° 57" ]5363.51 1558.75 | 1103.50 | 8.95
03.88" 01.72"

VACw2 | 9/29/14 29° 56' 90° 40" | 986.74 3773.75 | 595.43 1.58
08" 1"

EDGw | 5/30/14 30° 02 90° 34" | 4263.12 | 1709.58 | 78.79 0.38
46" 17"

VACw2 | 5/30/14 29° 56' 90° 40" | 10943.20 | 6235.42 | 561.54 1.62
08" 1"

VACwW2 | 5/24/14 29° 56' 90° 40' 6592.92 | 515.50
08" 1"

EDGw | 5/24/14 30° 02 90° 34' 1220.42 | 64.24
46" 17"

Farmw | 4/15/14 30° 02 90° 34" | 427.84 581.96 | 34.81 0.17
17" 14"
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C) Mississippi River water and Gulf of

Mexico sea water

Station | Sampling | Location 22Rn DOC TN Salinity

1D date
Longitude | Latitude | Bqg/m’ uM uM

LMR 6/23/13 29° 58' 90° 48" | 56.25 307.50 | 300.64 |0.16
54.59" 33.18"

UMR 6/23/13 30°07' 90° 56' | 64.57 32038 | 257.21 0.17
41.74" 32.84"

LMR 7/23/13 29° 58' 90° 48" | 55.63 261.79 | 303.54 |0.17
54.59" 33.18"

UMR 7/23/13 30° 07 90° 56' | 45.29 263.08 |299.82 |0.17
41.74" 32.84"

GM2 6/22/13 28° 52! 90° 27" |6.70 279.79 | 24.24 15.78
097" 957"
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APPENDIX 6: SUPPLEMENTARY INFORMATIN OF 2*2Rn SURVEY

Survey Distance from Rn 1o

date MR water
km Bq/m? | Bq/m’

4/23/13 17.2 18.8 7.7
16.8 23.0 8.1
16.5 19.6 7.4
16.1 22.8 8.1
15.8 46.9 11.7
154 37.7 10.5
15.1 37.0 10.3
14.7 30.7 9.3
14.4 25.8 8.6
14.0 16.7 6.8
13.7 20.7 7.8
13.4 15.6 54
12.9 9.8 4.9
12.5 12.2 5.5
12.1 12.2 54
11.6 12.4 5.5
11.2 7.4 4.3
10.8 24.3 7.7
10.4 8.4 5.5
10.3 6.0 3.5
10.1 4.0 2.8
10.0 17.9 6.0
9.9 12.0 4.9
9.8 20.1 6.4
9.7 259 7.2
9.6 37.2 8.8
9.5 17.9 6.0
9.4 19.6 6.2
9.3 43.4 9.5
9.1 38.0 8.7
9.0 38.3 8.8
8.9 40.1 9.0
8.8 39.3 16.9
8.5 30.5 7.4
8.2 33.7 8.2
7.9 51.9 10.2
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7.7 64.1 11.3
7.4 58.6 10.9
7.1 73.2 12.0
6.8 73.1 12.3
6.5 121.7 | 174
6.3 117.2 | 17.3
6.0 129.3 | 18.1
5.8 98.7 16.0
5.5 95.9 15.4
Survey Distance from Rn lo
date MR water
km Bqg/m’ | Bg/m’
5/18/13 17.2 15.0 6.8
16.7 23.6 7.5
16.3 21.1 7.0
15.9 16.6 6.3
15.5 14.4 59
15.0 21.7 7.2
14.6 9.6 4.8
14.2 16.8 6.3
13.8 29.1 8.4
13.4 16.6 6.6
12.9 18.2 6.1
12.4 14.3 54
11.9 9.9 4.4
11.4 6.0 3.5
10.9 21.7 6.5
10.4 12.6 5.7
10.0 33 23
9.6 14.9 5.0
9.2 14.8 4.9
8.8 7.4 3.8
8.7 18.0 4.8
8.5 13.9 7.0
8.5 19.1 5.5
8.5 22.1 59
8.5 26.3 6.4
8.5 30.9 6.9
8.5 20.2 5.6
6.8 56.7 14.4
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6.8 73.3 12.2
6.8 59.6 10.9
6.8 81.9 12.8
6.8 61.6 11.2
5.5 93.4 14.0
Survey Distance from Rn lo
date MR water
6/17/13 km Bq/m® | Bqg/m’
17.2 97.7 10.4
16.6 90.2 13.9
16.1 83.5 13.4
15.5 79.4 13.1
15.0 85.9 13.6
14.4 103.8 | 15.0
13.9 86.3 13.7
13.4 35.5 7.8
12.8 55.7 10.2
12.2 50.4 9.7
11.6 53.9 10.0
11.0 67.0 11.2
10.4 353 17.2
9.9 23.1 6.0
9.4 18.3 53
9.0 22.8 59
8.5 24.1 12.6
8.2 27.7 6.4
7.9 26.3 6.2
7.7 26.5 6.2
7.4 44 .4 8.1
7.1 30.9 6.7
6.8 79.3 21.1
6.5 1179 | 149
6.2 113.0 | 14.6
5.8 122.7 | 15.2
5.5 1333 213
Survey Distance from Rn 1o
date MR water
km Bq/m? | Bqg/m’
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6/25/13 17.2 88.4 13.5
16.8 98.2 14.5
16.5 105.1 | 149
16.2 85.2 13.4
15.8 79.2 13.1
15.5 74.8 13.3
15.2 72.7 14.2
14.8 94.7 15.1
14.5 92.6 15.1
14.2 111.9 | 164
13.8 83.4 14.5
13.5 76.4 14.9
13.2 121.6 | 16.2
12.8 95.0 154
12.5 100.3 | 14.7
12.1 76.4 12.4
11.8 52.9 5.1
11.3 31.5 7.1
10.7 33.0 7.5
10.2 39.1 6.8
9.6 29.7 6.7
9.1 26.6 6.9
8.5 17.2 8.5
8.2 34.9 6.8
7.9 154 5.0
7.7 9.8 4.4
7.4 8.4 4.7
7.1 16.8 5.7
6.8 58.2 17.5
6.4 78.9 11.1
5.9 79.8 11.8
5.5 58.2 17.5
Survey Distance from Rn 1o
date MR water
km Bq/m® | Bqg/m’
7/30/13 17.2 24.1 10.3
16.7 42.9 9.6
16.3 38.9 9.2
15.9 36.8 8.9
15.5 34.5 8.6
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15.0 53.9 10.8
14.6 58.2 11.2
14.2 96.4 14.4
13.8 90.4 14.0
13.4 78.4 13.6
13.0 94.7 13.1
12.6 89.5 12.8
12.2 79.2 12.1
11.9 71.7 11.5
11.5 46.4 9.3
11.1 35.2 8.1
10.7 38.2 8.3
10.4 31.0 8.4
99 33.7 7.2
94 17.0 5.1
9.0 18.3 5.3
8.5 22.3 7.6
8.2 342 7.0
7.8 26.6 6.1
7.5 27.6 6.2
7.1 37.4 7.2
6.8 1246 |22.6
6.6 127.4 | 153
6.4 1664 | 17.3
6.2 173.6 | 17.8
59 121.2 | 14.6
5.7 158.2 |16.9
5.5 230.8 | 18.7
Survey Distance from Rn 1o
date MR water
km Bq/m? | Bq/m’
9/29/13 17.2 16.2 5.7
16.6 14.3 10.1
16.1 7.2 7.2
15.5 7.3 7.3
15.0 7.2 7.2
14.4 7.2 7.2
13.9 7.2 7.2
13.4 9.8 3.5
8.5 17.2 4.6
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8.1 14.5 8.4
7.7 49.2 15.5
7.2 50.0 15.8
6.8 53.0 8.4
6.4 90.5 242
5.9 65.7 20.8
5.5 73.6 9.9
Survey Distance from Rn lo
date MR water
km Bq/m? | Bqg/m’
4/17/14 17.2 8.2 8.2
16.9 13.4 6.7
16.6 23.2 8.8
16.3 15.9 7.1
16.0 9.6 5.5
15.7 15.5 6.9
15.4 12.8 6.4
15.1 6.6 4.7
14.8 9.6 5.5
14.5 9.4 54
14.2 0.0 0.0
13.9 3.1 3.1
13.6 16.2 7.3
13.4 4.1 5.0
8.5 42.8 14.6
8.3 82.4 16.8
8.0 118.5 |20.0
7.8 127.7 |21.0
7.5 168.6 | 24.1
7.3 237.2 | 28.6
7.0 219.7 | 27.5
6.8 300.9 |38.9
6.6 297.5 | 283
6.4 418.2 |33.8
6.2 382.8 323
5.9 395.2 | 33.1
5.7 327.0 | 294
55 390.3 |37.0
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Survey Distance from Rn lo

date MR water
km Bq/m’ | Bqg/m’

6/17/14 17.2 57.7 12.6
17.0 57.7 11.8
16.8 67.7 12.8
16.6 49.9 10.9
16.4 36.0 9.3
16.2 40.7 9.9
16.1 433 10.2
15.9 47.7 10.7
15.7 40.7 9.9
15.5 353 9.1
15.3 21.3 7.1
15.1 17.0 6.4
15.0 26.1 7.9
14.8 14.5 59
14.6 9.7 4.9
14.4 16.5 6.2
14.2 9.6 4.8
14.0 16.7 6.3
13.9 11.8 53
13.7 7.2 4.2
13.5 26.6 8.0
133 23.2 7.3
13.1 28.6 8.3
12.9 11.8 53
12.8 8.0 4.0
12.6 2.1 2.1
12.4 6.2 3.6
12.2 12.2 5.0
12.0 7.8 3.9
11.8 10.0 4.5
11.6 1.9 1.9
11.5 8.1 4.1
11.3 6.2 3.6
11.1 10.2 4.5
10.9 7.8 3.9
10.7 2.1 2.1
10.5 18.1 6.0
10.4 4.2 2.9
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10.2 14.0 53
10.0 5.9 34
9.8 18.2 6.1
9.6 8.2 4.1
94 6.0 3.5
9.3 6.0 3.5
9.1 12.1 4.9
8.9 6.1 3.5
8.7 9.4 4.2
8.5 9.4 3.8
8.4 17.3 5.2
8.3 18.9 5.5
8.2 26.5 6.4
8.0 28.2 6.6
7.9 52.0 9.0
7.8 45.8 8.5
7.7 29.8 7.0
7.6 36.5 8.0
7.4 14.2 5.0
7.3 1.5 1.5
7.2 17.4 5.2
7.1 24.8 6.2
7.0 37.6 7.7
6.8 51.8 9.0
6.7 37.4 8.8
6.6 66.0 11.7
6.5 82.6 13.1
6.4 101.7 | 14.5
6.2 91.8 13.8
6.1 1054 | 14.8
6.0 92.7 14.0
5.9 106.0 | 15.0
5.8 135.1 | 17.0
5.6 107.9 | 15.3
5.5 1089 | 153
Survey Distance from Rn 1o
date MR water
km Bq/m? | Bqg/m’
6/18/14 11.0 3.8 2.7
10.7 3.9 2.8
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10.5 4.0 2.9
10.2 5.9 34
10.0 5.8 34
9.7 11.5 4.7
9.5 2.0 2.0
9.3 15.6 5.5
9.0 3.9 2.8
8.8 7.5 3.8
8.5 4.7 2.7
8.4 7.6 34
8.2 36.1 7.5
8.0 50.7 9.0
7.9 68.4 10.6
7.7 81.5 11.5
7.5 74.5 11.0
7.4 74.3 11.0
7.2 100.3 | 12.7
7.0 79.6 11.4
6.9 73.6 11.0
6.7 1239 | 16.1
6.5 74.7 12.5
6.4 131.5 | 16.7
6.2 96.9 14.3
6.0 106.7 | 15.1
5.9 113.7 | 15.6
5.7 106.3 | 15.2
5.5 119.8 | 16.0
Survey Distance from Rn lo
date MR water
km Bqg/m’ | Bg/m’
9/25/14 17.2 23.9 17.9
16.7 15.6 6.4
16.3 33.5 9.3
15.9 23.0 7.7
15.5 30.9 8.9
15.0 15.3 6.2
14.6 25.4 8.1
14.2 23.1 7.7
13.8 10.6 53
13.4 8.9 5.0
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13.1 8.8 4.4
12.9 8.5 4.2
12.7 8.7 4.3
12.4 11.1 5.0
12.2 8.6 4.3
12.0 8.7 43
11.7 13.5 5.5
11.5 13.2 5.4
11.3 0.0 0.0
11.1 11.3 4.6
10.8 3.6 2.6
10.6 7.3 3.7
10.4 13.0 4.9
10.1 54 3.1
9.9 11.0 4.5
9.7 7.5 3.7
94 3.6 2.5
9.2 9.2 4.1
9.0 9.0 4.0
8.7 10.6 43
8.5 13.7 52
8.3 10.1 4.1
8.0 21.3 6.2
7.8 7.0 3.5
7.5 10.4 4.2
7.3 12.0 4.5
7.0 13.4 4.7
6.8 33.5 8.6
6.5 40.5 9.6
6.3 64.6 12.0
6.0 48.7 10.4
5.8 31.1 8.3
5.5 535 14.7
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