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Abstract

This document summarizes a nutrient sources, fate, transport, and effects (SFTE) study, the results of
which are intended to provide the technical foundation for pilot nutrient thresholds for the St. Louis Bay,
Mississippi. Linked watershed loading, hydrodynamic, and water quality models were constructed for the
bay and its contributing watershed and calibrated with comprehensive water quality monitoring data
collected in 2011. Two reports were developed. The first report describes the monitoring results,
incorporating them into an existing, long-term data set. This expanded data set was used to conduct
empirical statistical modeling of nutrient and response data to inform nutrient threshold development. The
second report describes the mechanistic model development, calibration, validation, and results. The
preliminary conclusions of these models provide complementary evidence of nutrient enrichment-related
responses in the estuary, and also support a general conclusion that existing conditions could protect
aquatic life uses in the future. Preliminary annual geometric mean threshold recommendations fell in the
range of 0.065-0.08 milligram per liter (mg/L) for total phosphorus (TP), 0.66-0.70 mg/L for total
nitrogen (TN), and 13-17 micrograms per liter (ug/L) chlorophyll a (fluorometric). Recommendations for
future monitoring and modeling efforts are also provided. The information resulting from this study will
contribute to developing a consistent, integrated approach to nutrient thresholds development for coastal
waters along the Gulf of Mexico.
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1 Introduction

Environmental impacts on global coastal ecosystems are widely recognized, including broad adverse
changes in freshwater flows, water quality, wetland extent, and biological diversity (Halpern et al. 2008;
Lotze et al. 2008). Sources of stressors that affect degradation of coastal ecosystems are diverse, and
efforts to eliminate, reduce, or otherwise manage them are necessary for effective protection and
restoration. One of the major causes of degradation in coastal waters is nutrient enrichment and
eutrophication, the recognition of which has been accompanied by substantial scientific research on
nutrient sources, fate, transport, and effects (SFTE) to define effective limits on nutrient pollution (Mitsch
et al. 2001; Rabalais 2002; Bricker et al. 2003; Diaz and Rosenberg 2008; Howarth 2008; Li et al. 2008;
Conley et al. 2009; Duarte 2009). This research has been accompanied by policy and regulatory initiatives
at the federal level—such as the 1998 Clean Water Action Plan and National Strategy for the
Development of Regional Nutrient Criteria (USEPA 1998a, 1998b)—and the regional level—such as the
Gulf of Mexico Alliance Nutrients and Nutrient Impacts Priority Issue Area.

In this document, a synthesis of results is presented from a study implemented to evaluate the SFTE of
nutrients in a specific inland estuary of the northern Gulf of Mexico: Mississippi’s St. Louis Bay. This
study accompanies other similar pilot studies sponsored by the Gulf of Mexico Alliance in estuaries
around the Gulf. The objective of this study was to help derive nutrient thresholds for protection of this
estuarine system by combining technical understanding of nutrient characteristics and effects with
empirical and mechanistic models built from a comprehensive monitoring effort. In so doing, this
synthesis of results is intended to support efforts to continue to develop and model a process to be used
Gulf-wide to derive nutrient criteria to protect and restore Gulf of Mexico coastal and estuarine
ecosystems from nutrient enrichment.

2 Background

Water quality standards are the cornerstone of water quality protection in the United States under the
Clean Water Act of 1972 (CWA)" and title 40 of the Code of Federal Regulations part 131 (40 CFR 131).
They establish water quality goals requiring that every water body must meet, at a minimum, the fishable/
swimmable standard. Water quality standards are composed of designated uses, criteria to protect those
uses, and strategies to prevent the degradation of existing water quality. Authority for setting water
quality standards rests principally with states; all five Gulf states have developed water quality standards
for their coastal waters.

Water quality criteria serve several purposes. States use water quality criteria to assess designated use
attainment/impairment for biennial water quality reports to the U.S. Environmental Protection Agency
(EPA) as required under section 305(b) of the CWA. Waters meeting criteria attain their uses, whereas
those exceeding criteria are considered impaired. The second use of criteria is for setting water quality
targets for impaired waters. For waters impaired on the basis of data of known quality, water managers
must set an allowable load of pollutant(s) necessary to meet those uses, known as total maximum daily
loads (TMDLs). These TMDLSs are derived from water quality criteria, where criteria exist. The third
application of water quality criteria is for controlling and managing point source discharges of pollutants.

L FWPCA (Federal Water Pollution Control Act). 2008. Federal Water Pollution Control Act (33 U.S.C. 1251 et
seq.) As amended through P.L. 110-288, July 29, 2008. As in effect January 4, 2011.
http://www.waterboards.ca.gov/laws_regulations/docs/fedwaterpollutioncontrolact.pdf.
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Point source dischargers receive permits to discharge pollutants, the limits for which are established, in
part, by water quality criteria. If a discharger has a reasonable potential to violate a water quality criterion
for a particular pollutant, specific limits on that pollutant must be established (in addition to the required
technology-based limits). This is especially applicable for nutrients, because EPA has not published
secondary treatment standards for nutrients. In addition to these three main applications (assessment,
TMDLs, and permitting), water quality criteria are frequently referenced in other programs (e.g., nonpoint
source management, restoration, watershed planning, and evaluation of various pollutant control
activities, such as best management practices).

States are required to adopt water quality criteria based on sound scientific rationale; the criteria must
address the parameters or constituents necessary to protect the designated use. If a water body has
multiple uses, those criteria are applied that protect the most sensitive use [40 CFR 131.11(a)(1)]. States
establish numeric criteria based on federal guidance or through the use of other scientifically defensible
methods. They may also establish narrative criteria or criteria based on biological monitoring methods
where numeric criteria cannot be established; narrative criteria may also be developed to supplement
numeric criteria [40 CFR 131.11(b)(2)]. EPA has developed guidance to inform the selection of criteria
and to apply sound science where numeric criteria need to be developed or updated (e.g., USEPA 2001).
Most states, historically, protected uses from nutrient enrichment through narrative, free-from criteria
[e.g., “waters shall be free from materials attributable to municipal, industrial, agricultural, or other
discharges producing...conditions in such degree as to create a nuisance, render the waters injurious to
public health, recreation, or to aquatic life and wildlife, or adversely affect the palatability of fish,
aesthetic quality, or impair the waters for any designated use.” Mississippi Department of Environmental
Quality [MDEQ)], Water Quality Standards, section 11(3)]. By the 1990s, the frequency of nutrient
problems and nutrient-related impairments had increased to such a level that the federal government felt
the time for more stringent numeric criteria had arrived. The Clean Water Action Plan highlights this
problem and establishes a need for stronger approaches to curb nutrient pollution (USEPA 1998a).

EPA, in response to increasing recognition of nutrient enrichment as a problem, launched the National
Strategy for the Development of Regional Nutrient Criteria (USEPA 1998b). Guidance documents
providing sound scientific methods for establishing numeric nutrient criteria for each water body type,
including for estuaries (USEPA 2001), soon followed, along with recommended regional numeric
nutrient criteria for inland waters as required under CWA section 304(a) (e.g., USEPA 2000). EPA has
continued to provide support to states for completing numeric nutrient criteria, to build capacity for states
deriving protective numeric nutrient criteria, to improve the science for updating and refining CWA
section 304(a) criteria, and for communicating the dangers of nutrient pollution and the merits of numeric
nutrient criteria. Such dangers pose a real threat to the ecosystem goods and services (e.g., fisheries, clean
water, recreation) on which the Gulf region depends.

One of the principal areas of concern for the long-term health of the Gulf of Mexico is the quantity of
nutrients being delivered to estuarine and near-coastal waters from continental, land-based origins.
Nutrients enter these systems by several different pathways, including riverine inflows, atmospheric
deposition, and coastal point source discharges (Boesch 2002; Rabalais 2002; Diaz and Rosenberg 2008;
Howarth 2008). Managing water resource quality relative to nutrients requires an understanding of
nutrient dynamics once in the water body, and the availability of a benchmark against which to compare
observed conditions. Lack of measureable and objective benchmarks compromises the objectivity of
management decision-making, thereby weakening resource protection (Hagy et al. 2008).
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The Gulf of Mexico Alliance, recognizing the threat posed by nutrient enrichment and the need to correct
the void in measureable and objective benchmarks for nutrients, identified nutrients and nutrient impacts
as one of its six core priority areas under the Governors’ Action Plan 1l (GOMA 2009a), with the Nutrient
Priority Issues Team (PIT) tasked to lead this effort. The Nutrient PIT’s four focus areas are nutrient
characterization, nutrient criteria development, hypoxia, and nutrient reduction strategies. One important
element of the Nutrient Characterization Focus Area, specifically, is conducting nutrient SFTE studies in
Gulf ecosystems to develop a better understanding of nutrient loading and its effect. These studies are
being accomplished by developing specific, detailed, mechanistic water quality models for a series of
estuaries, including St. Louis Bay, Mississippi, accompanied by detailed, focused monitoring efforts to
calibrate and validate these models. These SFTE projects integrate perfectly with the second focus area
(nutrient criteria development) and with the principal action step of the Nutrient Criteria Development
Focus Area, which is to pilot the process for developing and evaluating nutrient criteria in Gulf coastal
estuaries. The SFTE projects provide the necessary data and combination of analyses required to support
development of scientifically sound numeric nutrient criteria. The study on which this document is based
was designed with the intent of providing technical information and other output relevant to
characterizing nutrients and nutrient loadings in inland estuaries and to pilot an approach for developing
and evaluating nutrient criteria. This study is one of four focused on SFTE of nutrients in estuarine waters
of the Gulf of Mexico that are sponsored by the Nutrient PIT; in addition to St. Louis Bay, the studies are
Weeks Bay (Alabama), as well as Mission-Aransas and Galveston Bay (Texas).

3 Water Body Overview

St. Louis Bay, Mississippi, is a direct tributary estuary to the Gulf of Mexico (Figure 1); the entire system
is bounded in the north by the Jourdan River, Wolf River, and small direct tributary watersheds and in the
south by waters of the northern Gulf of Mexico.

3.1 Landscape Setting

St. Louis Bay is a small, shallow, coastal estuary in Mississippi, opening into the Gulf of Mexico where
Harrison and Hancock counties meet; their shared border longitudinally dividing the bay (Figure 1). The
bay contains approximately 1 square kilometer (km?) of public oyster reefs, is used locally for recreation,
and provides habitat for a diverse range of estuarine species. The St. Louis Bay Estuary receives drainage
from an area of approximately 1,840 km? which is divided into 2 major subwatersheds and 28 smaller
subwatersheds. The two major subwatersheds, the Jourdan River (545 km?) and Wolf River (788 km?),
constitute approximately 72 percent of the total drainage area. The rest of the drainage area is composed
of a system of subwatersheds that drain directly to the estuary through small tidal bayous including Bayou
Delisle, Bayou LaCroix, Bayou Portage, Edwards Bayou, Joes Bayou, Rotten Bayou, Cutoff Bayou,
Mallini Bayou, and Watts Bayou (MDEQ 2001). Land use and land cover draining to the St. Louis Bay
watershed either via the rivers or directly from the shores is mixed. The upland areas of the watersheds
are primarily agricultural, interspersed with urban growth, occasional substantial tracts of open space, and
wetlands along river courses. The northern and lateral lands adjacent to the bay have large residential
urban and marina developments on both sides of the mouth of the bay, which opens to Mississippi Sound
and the Gulf of Mexico. These urban areas are interspersed with fringing marsh and wetlands.
Quantitatively, the land use and land cover of the basin was reported as being 49 percent forest,

22 percent wetlands, 18 percent agricultural (pasture and cropland), and 8 percent urban (Appendix B).

Saint Louis Bay, Mississippi 3 Gulf of Mexico Alliance



Sources, Fate, Transport, and Effects (SFTE)
of Nutrients as a Basis for Protective Criteria in Estuarine and Near-Coastal Waters

Figure 1. Location of the St. Louis Bay Estuary.

Rapid urban growth and industrial development in the area have increased pollutant discharges from
runoff and small sewage systems, causing water quality impairments in some of the tributaries and the
St. Louis Bay (e.g., Liu et al. 2010). Poor water quality threatens the ecological function of the estuary
and the goods and services it provides. In 1998 the estuary and some of its tributaries were included on
the Mississippi CWA section 303(d) list of impaired waters because they did not meet the water quality
standards for the designated uses of recreation and shellfish harvesting (Liu et al. 2008, 2010). The
identified pollutants included fecal coliform, nutrients, and oxygen-depleting substances.

In a recent query of National Pollutant Discharge Elimination System (NPDES) permit records, MDEQ
reported over 50 watershed point sources, some of which were major contributors, and discharged directly
into the bay, or into rivers, streams, and connected bayous. These discharges ranged from wastewater and
sanitary sewage treatment systems to minor stormwater discharges associated with construction and new
development. The major dischargers include DuPont Chemical/DeLisle, Diamondhead Water and Sewer
Sewage Treatment Plant, Long Beach/Pass Christian Sewage Treatment Plant, and Waveland Regional
Water Management District. Three outfalls were associated with the DuPont Chemical/DeL.isle discharge.
Judgmental sampling stations within the tidally influenced zone (Zone C) and tributary sites were selected
to account for the major point sources within the study area and the broader watershed boundaries.
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3.2 Hydrogeomorphic Setting

The two principal inflows to the bay provide a combined discharge of around 35-43 cubic meters per
second (m*s%). The average daily freshwater discharge from the Jourdan River is approximately 20-23
m?s !, and from the Wolf River is approximately 15-20 m® s * (Eleuterius and Criss 1994, Appendix B).
The embayment has a relatively narrow entrance of 3.06 kilometers that connects the St. Louis Bay
Estuary with the Mississippi Sound. The bay reportedly had its bathymetry substantially altered by both
Hurricane Camille in 1969 and Hurricane Katrina in 2005, but the average depth of the system at mean
low water level is 1.43 meters, which corresponds to a surface area of approximately 39.8 km” The
estuary is influenced by diurnal tides of small amplitude from the Gulf of Mexico, characterized by an
average range of 0.46 meters. The interaction between the tide dynamics at the open boundary and the
freshwater flows from the system of tributaries results in a complex two-dimensional circulation, which
can be successfully captured by the use of a hydrodynamic model (e.g., Camacho and Martin 2013).
Normal surface currents ranged from 25-30 centimeters per second (cm/s) in a 1994 study, with extremes
of up to 169 cm/s (Eleuterius and Criss 1994). Nearly all measurements in those cruises showed steadily
decreasing velocities with depth. They also found that with incoming flood tides the strongest currents
were on the eastern side of the pass, and then turned to the northwest around the middle of the bay.

St. Louis Bay is characterized as a well-mixed system vertically, due primarily to the combination of its
shallow depth and the strong influence of wind arising from its shape, size, and aspect.

3.3 Ecological Setting

The St. Louis Bay watershed is in three ecoregions: the Southern Pine Plains and Hills (ecoregion 65f),
which cover most of the upper two-thirds of the watershed; the Gulf Coast Flatwoods (ecoregion 75a),
which cover most of the lower third; and the Gulf Barrier Islands and Coastal Marshes (ecoregion 75k),
which fringe the western and eastern edges of the estuary. These ecoregions are described as follows
(Chapman et al. 2004):

65f. Often called the Pine Hills or Piney Woods in Mississippi, the Southern Pine Plains and Hills
ecoregion extends across southern Mississippi and Alabama, covering what was once part of the
longleaf pine belt. Today, almost all of the southern mixed forest and longleaf pine forests are
gone, replaced mostly by slash and loblolly pine plantations. The longleaf pine forest provided
habitat for now rare or endangered species such as the red-cockaded woodpecker, gopher tortoise,
eastern indigo snake, and black pine snake. Wet savannas and bogs contained an array of colorful
wildflowers, including red lilies (sic), orange milkweeds, yellow pitcher plants, lavender
butterworts, and purple sundews. Subsurface materials of the region are composed mostly of the
clays and sands of the Miocene-age Hattiesburg and Pascagoula Formations, with some
Catahoula Sandstone in the north. Hill summits and higher elevations are composed of
Pleistocene and Pliocene-age deposits such as the Citronelle Formation that are generally sandy,
gravelly, porous, and more resistant (sic) to erosion than the older underlying Miocene clays and
sands. Streams of this region tend to be a darker tea color and more acidic than those of 65d.
Some hay and cattle ranches occur, and poultry production has increased in recent years, as it has
in the southern parts of 65d.

75a. In Mississippi, the Gulf Coast Flatwoods is a narrow region of nearly level terraces and delta
deposits composed of Quaternary-age sands and clays. Wet, sandy flats and broad depressions
that are locally swampy are now usually forested or in pine plantations, while some of the better-
drained land has been cleared for pasture or crops. Dominant land uses include woodland,
wildlife habitat, and urban. Historically, pine savannas with slash and longleaf pine (Pinus
elliottii, P. palustris) and a variety of grasses, sedges, rushes, pitcher plants, and orchids were
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common. A high natural fire frequency was typical and often sparked by lightning and fueled by
wiregrass (Aristida spp.) that maintained the more open savannas.

75k. The Gulf Barrier Islands and Coastal Marshes ecoregion contains salt and brackish marshes,
dunes, beaches, and barrier islands that enclose the Mississippi Sound. Inland, some tidal freshwater
marshes occur, such as those on the alluvial delta deposits of the Pearl and Pascagoula rivers.
Smooth cordgrass (Spartina alterniflora), marshhay cordgrass (S. patens), and saltgrass (Distichlis
spicata) tend to be dominant in the saline intertidal zone. Some Xxeric coastal strand and pine scrub
vegetation, with live oak (Quercus virginiana), upland laurel oak (Q. hemisphaerica), and slash
pine (Pinus elliottii) occurs on parts of the barrier islands. Sea oats (Uniola paniculata) are
common on the dunes, spits, and beaches. In Mississippi, many of the dunes and beaches have
been heavily altered by urban and industrial uses. Some of the mainland beaches, such as along
Gulfport and Long Beach, have been artificially created. The outer islands include Ship, Horn,
and Petit Bois Islands, which are public lands managed under the Gulf Islands National Seashore.
These islands and parts of the coastal fringe are used by many trans-gulf migrant bird species that
can be seen in spring and fall. The ecoregion provides important habitat for many waterfowl,
shorebird, sea turtle, and fish species, as well as for muskrat, nutria, raccoon, otter, mink, and
alligator. Nearby island and river delta erosion, land subsidence, and rising sea levels threaten the
terrestrial future of parts of the region.

3.4 Nutrient Dynamics

The dynamics of nutrients in the St. Louis Bay Estuary are detailed in the modeling report (Appendix B),
and in broad terms, are similar to those in many estuaries. Point sources from both municipal and
industrial facilities and nonpoint sources from residential/commercial and agricultural land uses exist and
contribute to nutrient loads, in addition to those which naturally occur from the landscape. These loads are
transported by the riverine systems, with predominant transport from the Jourdan and Wolf rivers, and
contributions from the small direct tributaries. In the estuary, nutrients are transported into and across the
estuary, and exchange occurs between surface and subsurface layers as freshwaters mix with more saline
Gulf waters.

Nutrient species include dissolved and particulate organic and inorganic forms. From the monitoring
report (Appendix A), particulate fractions generally exceeded dissolved forms, with dissolved
orthophosphate representing the lesser fraction of total phosphorus (TP). For nitrogen, on average,
nitrate/nitrite (NO,.3) was a small fraction of the study period total nitrogen (TN = total Kjeldahl nitrogen
[TKN] + total nitrate/nitrite [NO,.3]), with the majority composed of organic nitrogen (ON). Organic
nitrogen usually represents the largest fraction in natural estuaries and an average nitrate/nitrite of

0.55 milligram per liter (mg/L) and TN greater than 1 mg/L, represents concentrations typically
associated with more productive or eutrophic conditions (Bricker et al. 2003). Median concentrations
across sites in St. Louis Bay were 0.01 mg/L nitrate/nitrite and 0.47 mg/L TN (Appendix A).

The typical fate of phosphorus in estuaries is uptake and assimilation of dissolved inorganic phosphate
into particulate organic forms with subsequent export into sediments or adjacent systems, decomposition
of bound organic forms back into available inorganic dissolved phosphate, and storage or burial
(Schlesinger 1997). The fate of nitrogen is more varied given its complex biogeochemical cycle. For
example, it includes the same fates as phosphorus (uptake and assimilation, followed by decomposition
and resuspension or export to sediment/adjacent systems), but also includes reduction of oxidized
nitrate/nitrite into reduced gaseous nitrogen forms in anoxic areas where nitrate/nitrite serves as electron
acceptors for denitrifying heterotrophs and decomposition of organic nitrogen into ammonia, which can
be taken up or oxidized. Phosphorus and nitrogen frequently limit biological productivity, and one fate of

Saint Louis Bay, Mississippi 6 Gulf of Mexico Alliance



Sources, Fate, Transport, and Effects (SFTE)
of Nutrients as a Basis for Protective Criteria in Estuarine and Near-Coastal Waters

phosphorus and nitrogen is often stimulation of primary and secondary production, as exhibited by algal
biomass (median chlorophyll a [Chl a]) of 8.4 parts per billion (ppb) and maximum observed Chl a
sample concentrations of 58.8 ppb in St. Louis Bay (Appendix A). The latter maximum concentration if
occurring during the annual bloom is one associated with highly productive systems, whereas the former
median value is more associated with medium productive conditions (Bricker et al. 2003). Nutrient
enrichment leading to excess primary production can stimulate secondary production and heterotrophic
respiration via decomposition (Barnes and Hughes 1988; USEPA 2001; Conley et al. 2009). The latter
can lead to hypoxia and anoxia, which can be stressful for organisms, especially benthic organisms
(USEPA 2001). Low, nearly anoxic, dissolved oxygen (DO) concentrations were observed during the
monitoring study in parts of the estuary (Appendix A).

4 Study Approach

4.1 Study Intent and Design

This study’s design was intended to accomplish several goals: (1) standardize a regional approach that
could be used at locations around the Gulf of Mexico in a range of conditions and types of coastal waters,
allowing customization and the ability to accommodate local conditions and focused program needs;

(2) provide improved understanding and identify the core monitoring needed to characterize and
understand nutrient SFTE; (3) provide sufficient understanding of the relationships among nutrients,
water quality, physical processes, and biota to develop protective nutrient criteria for coastal ecosystems;
and (4) optimize the study design to the minimum necessary to determine nutrient effects and guide
establishing appropriate long-term monitoring sites, parameters, and methods.

For this study, an integrated monitoring and modeling framework was developed for the St. Louis Bay
system to contribute to developing pilot nutrient criteria, through a better understanding of the nutrient
dynamics in the system and the potential effects on aquatic life. The Nutrient Criteria Research
Framework (GOMA 2009b) of the Nutrient PIT addresses four major ecosystem compartments that form
sources or sinks of the nutrients and the fluxes of nutrients among them. These compartments are
atmosphere, biomass, water column, and sediment. In this project, nutrients are assessed through
combined monitoring (data collection, analysis, and observation) and modeling technigues to assess
nutrient inputs, loading, transport, fate, and biological responses (Figure 2). In addition, the framework
incorporates monitoring data needed to set up, calibrate, and validate models to help quantify the
relationships among nutrients, water quality, physical processes, and biological responses.
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Note: Other drivers are environmental or climatic factors and stressors, either measured or not, that can influence stressor
loads and biological responses.

Figure 2. Improved understanding of nutrient concentrations and loadings will help develop their
relationship to (A) DO and chlorophyll, and (B) response of benthos or other aquatic organisms to
stressors produced by those processes.

4.2 Analytical Monitoring Approach

Sampling and analysis for this project focused on 51 locations (Figure 3), 2 of which represent the upstream,
freshwater inflows (1 each on the Jourdan and Wolf rivers); 6 in tidal locations at or near the river inflows
(4 in the tidal Jourdan River and 2 in the tidal Wolf River); 23 in bayous along the shallow margins of the
estuary or near river mouths (14 on bayous along the Wolf River side, 9 on bayous along the Jourdan River
side); 18 in the estuary proper; and 2 representing the Gulf of Mexico boundary condition. Sampling and
other observations included physical, chemical, and biological characteristics (Appendix A). The suite and
frequency of sampling, as well as the analytes for each location, differed depending on sample group and
planned analyses. Descriptive statistics (mean, median, standard deviation, minimum, and maximum) were
calculated and presented for each parameter and examined for potential strata or site classes. Evaluation
focused on carbon (total organic carbon [TOC] and dissolved organic carbon); nitrogen (TN, nitrate/nitrite,
ammonium, total organic nitrogen); phosphorus (TP and dissolved orthophosphate); Chl a; total suspended
solids [TSS]; water clarity (Secchi depth and light attenuation); DO; salinity; pH; and temperature at sites in
classes that were defined, in part, by salinity and location. Samples of the benthic macroinvertebrate
assemblage were taken at 35 randomly selected locations in the estuary (9 in the tributary inflow region,

18 in the estuary proper, and 8 along the region bordering the mouth of the bay), and 8 samples were taken
at targeted locations at tributary inflows, the Gulf boundary, and at monthly synoptic sites. Site-specific
ratings allowing degraded/nondegraded assessments for both individual sites and the bay overall were
developed using a Gulf-wide Gulf Benthic Index (MDEQ 2011).
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Figure 3. Sampling sites used for the St. Louis Bay SFTE nutrient criteria pilot study.

A site classification process resulted in five strata: streams, tidal, bayou, estuary, and outer bay, which
were used as the spatial framework for evaluating nutrients in the St. Louis Bay system. Sampling took
place in 2011. Synoptic monthly samples were collected from 13 sites for characterizing nutrient load
estimation along the boundaries (streams, tidal, bayou, and outer bay stations). Synoptic quarterly
sampling for estimating average condition was conducted at 38 sites spread amongst estuarine and bayou
locations. Intensive synoptic monitoring intended to bracket neap and spring tides was taken during the
spring (May) and autumn (October) over a 3-day sampling window (one day each before, during, and
after) at six sites (three estuarine and three bayou). The neap/spring intensive surveys were intended to
provide better understanding of short-term variation, whereas continuous sonde monitoring was for
illustrating diel variation over a period of several days. Single biological and sediment composition
samples were taken at 43 of the sites.

For comparing within and among variables, and the spatial and temporal strata, combinations of several
different statistical visualization and characterization techniques were used, including cumulative daily
curves, box-and-whisker plots, XY scatterplots, and time-series decomposition. Potential stressor-
response associations were examined using Spearman correlation analysis and regression analysis (linear
and logistic), as well as selected modeling techniques (hierarchical and Bayesian).
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4.3 Mechanistic Modeling Approach

Mechanistic water quality modeling was performed to simulate the SFTE of nutrients in the St. Louis Bay
system by modeling the processes driving hydrodynamic factors and water quality characteristics. These
models were calibrated and validated with monitoring data and used to explore the effects of nutrient
loading and modeled concentrations in support of pilot nutrient threshold development. A set of
mathematical models of physical, chemical, and biological processes was developed for bay and
surrounding watersheds using three computational codes (Appendix B). The Loading Simulation Program
in C++ (LSPC) was used to represent hydrological and water quality conditions in the watersheds and
calculate nutrients loads to the bay. The Environmental Fluid Dynamics Code (EFDC) helped simulate
hydrodynamics of St. Louis Bay. Finally, the Water Quality Analysis Simulation Program (WASP
[version 7.41]) was used for simulating spatio-temporal dynamics of nutrients, phytoplankton, DO, and
other water quality constituents in the bay. Following calibration and validation of the models and their
linkages (Figure 4), four scenarios were run to (1) correspond to existing nutrient loads; (2) represent
natural conditions (i.e., without anthropogenic nutrient loads); (3) represent conditions following

50 percent load reductions; and (4) represent conditions following 50 percent load increases. The purpose
for evaluating four scenarios is to better understand potential sensitivity of the St. Louis Bay system to
nutrient load changes and provide information helpful for evaluating potential numeric nutrient thresholds
based on system response to changing loads.

Models Outputs
Subwatershed
LSPC » Subwatershed
(TN, TP, BOD, TSS)
Flows
Temperatures
Water Surface
EFDC >
Temperatures
Salinity
Volumes
Velocities
R In-Bay Concentration

WASP7 > (Chla, TN, NHs, NO3, ON,
TP, PO41 OP1 BOD!

Note: LSPC = Loading Simulation Program in C++; EFDC = Environmental Fluid Dynamics Code; WASP = Water Quality
Analysis Simulation Program (version 7.41); TN = total nitrogen; TP = total phosphorus; BOD = biochemical oxygen
demand; TSS = total suspended solids; chl a = chlorophyll a; NH; = ammonia; NO3 = nitrate; ON = organic nitrogen;

OP = organic phosphorus; DO = dissolved oxygen.

Figure 4. Linkages among LSPC, EFDC, and WASP models used for helping describe
hydrodynamic and water quality linkages of the St. Louis Bay system.
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Understanding of conditions in the bay is enhanced by better characterization of the contributing
watershed area. The model for the watershed represents the variability of pollutant source contributions
through dynamic representation of hydrology and land use practices, and includes all point source
contributions. Key components of the watershed modeling include watershed delineation, simulation
period, soils, meteorological data, reach characteristics, land use representation, and known point source
discharges.

The geometric representation of the estuary consists of a curvilinear orthogonal grid composed of 1,259
horizontal grid cells, each one divided vertically into two sigma grid layers. The open boundary of the
model extends approximately 10 kilometers offshore into Mississippi Sound and is defined by 36 grid
cells in the south, 8 grid cells in the east, and 10 grid cells in the west. The upstream boundaries are
defined by the two major tributaries, Wolf and Jourdan rivers (the latter receiving waters from Bayou
Talla, Bayou Coco, and Rotten Bayou in the west), and a system of multiple freshwater bayous.

The bay is segmented on an orthogonal, curvilinear grid system composed of more than 430 cells overlain
on bathymetric data (NOAA 2012) to provide the framework for evaluating hydrodynamic characteristics
and conditions. Data used for calibrating different aspects of the linked model system came from this
monitoring study (Appendix A) and from the National Estuarine Research Reserve System (NERRS) and
Dauphin Island Sea Lab (NOAA 2013a, 2013b).

5 Monitoring and Empirical Modeling Report Summary

5.1 Overview

The monitoring study in 2011 showed strong heterogeneity in the St. Louis Bay system both spatially and
temporally. The 51 stations monitored in 2011 were classified into freshwater streams above head of tide
(2 stations), tidal rivers (6 stations), bayou (22 stations), mid-bay (19 stations), and outer bay (2 stations)
based on their salinities. The 22 bayou stations were mostly located along the shallow margin of the bay
or at the mouth of the rivers. They were considered more likely influenced by freshwater runoff from
nearby streams and land than the mid-bay, but they were part of the St. Louis Bay. According to the
physical locations of the stations and the influences by the two rivers, sampling stations were further
classified into Wolf River and Jourdan River segments.

In general, upstream stations had similar TN, lower TP, TOC, TSS, and Chl a concentrations than
downstream stations, suggesting nutrient sources in the mid-bay were not directly or only partially
coming from upstream loadings. TN concentrations (inter-decile range: 0.32 to 0.76 mg/L) were similar
across St. Louis Bay sites and were dominated by organic nitrogen (TKN inter-decile range: 0.30 to
0.73 mg/L) over inorganic forms (NOs inter-decile range: 0.01 to 0.02 mg/L). An independent data set
(MDEQ after 2005) also showed TN concentrations in the mid-bay similar to both Jourdan River and
Wolf River bay portions, but TP increased seaward and concentrations (0.01 to 1.0 mg/L inter-decile
range across sites) in the mid-bay were higher, indicating TP was likely marine in origin (Figure 5). In
addition, the same classes of stations on the Jourdan River side had slightly higher salinity, higher
nutrient (TOC, TN, TP, and Chl a), and lower DO concentrations than their counterparts on the Wolf
River portion (Figure 5), suggesting higher nutrient loadings from the Jourdan River. However, the spatial
patterns were confounded or interacted with temporal patterns.

Saint Louis Bay, Mississippi 11 Gulf of Mexico Alliance



Sources, Fate, Transport, and Effects (SFTE)
of Nutrients as a Basis for Protective Criteria in Estuarine and Near-Coastal Waters

Outbay — @ - o o
Midbay —| F---=-=------ - 1 oow
BayouJR —| F--------------- - -
Bayou'WR —| F--------------- - 4 o
TidalJR | F-==-=------- -+
Tidal'WR - | - 1 o
sireams.JR | [ - -~ 1
Streams:\WWR |:|—--_-| o

I I I I I
0.01 0.02 0.05 0.10 0.20

Site Classes

Total Phosphorus (mg/L)

Figure 5. TP concentrations for eight classes over the entire St. Louis Bay system (2011). (Wolf
River [WR] sites and Jourdan River [JR] sites are represented by light green and dark green
boxes, while bay sites are blue.)
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DO varied from 6-8 mg/L at most sites, the lowest being on the Jourdan River site and highest being on
the Wolf River site. Vertical profiles indicated little hypoxia (< 2mg/L) in bottom waters (>5 feet), except
for 1 to 2 site classes (Jourdan River Bayou and tidal sites) in August and September when there was

some evidence of low excursions (Figure 6).

Figure 6. Variations of DO concentrations at different depths in different locations of the St. Louis
Bay system (2011).
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Chlorophyll a (fluorometric) showed some spatial variability across the site classes (inter-decile range:
4-22 micrograms per liter [ug/L]) and was highest in the tidal Jourdan River and lowest in the Wolf River
streams sites (Figure 7). Most values ranged between 5-20 pg/L.

Outbay — |-——-_ _____ I
Midbay — (M- -4 womoe o ©
BayouJR — |-————-—-|@o o
Bayou'WWR Fmmmmmmme- 1:']____4 o
TidalJR F--- -
Tidal'WR — b-m--- [ I+ -
Streams JR e --| o
Streams:WR F———l:lj—-| o

I I I [ [ [ [
0.5 1.0 2.0 5.0 10,0 200 0.0

Site Classes

Chilorophyll a (ug/L)

Figure 7. Chlorophyll a concentrations for eight site classes over the entire St. Louis Bay system
(2011). (Wolf River [WR] sites and Jourdan River [JR] sites are represented by light green and dark
green boxes, while bay sites are blue.)

Temporal variability differed by variable and location in the St. Louis Bay system. This variability
included seasonal, monthly, and daily (between neap and spring tides, ebb and flood tides) variability.
Seasonal variability also interacted with spatial variability because of different influences from marine
tide fluctuation and freshwater loadings during different seasons. Both TN and TP concentrations were
highest in the summer in the bay (Figure 8) but varied in other seasons. Slightly higher TN concentrations
were found at the bayou portion of the bay in both spring and fall seasons than in the mid-bay, but TP
varied at different locations. Although algal blooms were found to lead to high water column Chl a
concentrations in the spring (Figure 9), the peak algal biomass occurred mostly at the mid-bay stations in
the summer. In spite of monthly variations, TP concentrations were highest in the most downstream
(bayou) portions of both Wolf River and Jourdan River, and were lowest in the upmost stream portions.
The outer bay station did not necessarily have the highest TP concentrations during most times of the year
(except in the summer), indicating that sources of TP in the water column in the mid-bay were not solely
coming from marine sources but also potentially from bottom upwelling during marine and freshwater
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mixing. The dissolved orthophosphate (DOP), however, was consistently higher in stations most strongly
influenced by marine tides. DOP was highest at the outer bay station and Wolf River Bayou, but lowest in
freshwater streams.
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Figure 8. Spatial and temporal variations of TN and TP during the quarterly synoptic sampling
events in different parts of the bay (2011). (“Bayou” refers to the lower, tidally influenced zones of
the Jourdan and Wolf rivers [JR and WR, respectively] nearest the bay proper.)
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Figure 9. Spatial and temporal variations of Chl a concentrations during the quarterly synoptic
sampling events in different parts of the bay (2011). (“Bayou” refers to the lower, tidally influenced
zones of the Jourdan and Wolf rivers [JR and WR, respectively] nearest the bay proper.)

Several environmental variables followed a strong monthly pattern, as shown in the correlation plot
(Figure 10). For example, salinity, temperature, DO, and DOP were strongly correlated with month

(r =0.61, 0.43, 0.5, and 0.44, respectively), indicating a strong seasonal pattern due to seasonal
influences of marine and freshwater sources to the bay. Salinity values for these stations showed similar
seasonal fluctuations with peaks in the fall and minima in early spring 2011. Summer was usually the
season when most of the stations had the lowest DO in the St. Louis Bay system (Figure 11), probably in
part because of increasing respiration of elevated Chl a or allochthonous TOC inputs. The strong
association of DOP and salinity supported the prediction that DOP mainly came from marine sources
(Cai et al. 2012). TN peaked in August (Figure 12), especially in the upper stream portion of the St. Louis
Bay; however, it barely had an effect on concentrations in the other parts of the bay. TSS and Secchi
depth were indicators of upwelling disturbance due to mixing between fresh and saline waters, which
often varied because of flow regimes of dry and wet seasons (Brown et al. 2007) as well as during ebb
and flood tides. In this study, the mid-bay and outer bay stations, therefore, had higher turbidity values
than those in rivers (Figure 13).
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Figure 10. Spearman correlation coefficients among nutrient variables in the mid-bay data set
(2011). (The smooth lines are locally weighted smoothing lines [span = 2/3].)
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Figure 11. Monthly fluctuation (mean * standard error) of DO at different months in 2011 at
different portions of the St. Louis Bay system. (Wolf and Jourdan rivers are designated WR and
JR, respectively; “streams” are sample locations above head of tide; “tidal” locations are tidally
influenced, but above the broadened mouth areas; and “bayou” are the lower wide areas of the
freshwater inflows that are connected to the bay proper.)
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Figure 12. Monthly fluctuation (mean * standard error) of TN during different months in 2011 at
different portions of the St. Louis Bay system. (Wolf and Jourdan rivers are designated WR and
JR, respectively; “streams” are sample locations above head of tide; “tidal” locations are tidally-
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Figure 13. Monthly fluctuation (mean * standard error) of TSS in 2011 at different portions of the
St. Louis Bay system. (Wolf and Jourdan rivers are designated WR and JR, respectively;
“streams” are sample locations above head of tide; “tidal” locations are tidally-influenced, but
above the broadened mouth areas; and “bayou” are the lower wide areas of the freshwater inflows
that are connected to the bay proper.)

The benthic macroinvertebrate sampling indicated a precise effort with detectable differences for the Gulf
Benthic Index (GBI) index of 8.7 out of 100 points, which is a fairly sensitive index. The most common
taxa identified in samples were three polychaete worms in two families: Streblospio gynobranchiata
(Spionidae), Mediomastus ambiseta (Capitellidae), and Capitella capitata (Capitellidae); and a bivalve
mollusk, Mulinia lateralis (Mactridae). The distribution of GBI scores (range: 45-65) was fairly
consistent throughout the bay, with 34 of 35 probability sites falling at or just below the good-fair
threshold. No significant relationships between GBI scores and environmental variables were observed,
which is likely due, in part, to the short range of GBI scores and large variability of environmental
variables.

The associations between DO concentrations and invertebrates and other environmental variables were
relatively weak, probably because of a lack of continuous DO monitoring, especially during the summer
when low DO concentrations were more frequent. The large temporal fluctuation of DO both seasonally
and diurnally made it difficult to relate biological conditions of different locations in the same bay based
on random DO sampling from grab samples (e.g., Justus et al. 2012, GOMA 2013). Benthic biological
health is more likely to be related to DO daily minimum or DO fluctuation than with the random DO
measurements taken during a regular sampling period, which mostly occurred in the daytime

(e.g., GOMA 2013). Having noted that, during the 2011 monitoring period, DO concentrations in the
mid-bay and bayou portion of the bay were mostly above 4 mg/L on the surface and had relatively little
stratification, indicating a potentially healthy environment without severe eutrophic conditions.

Of the nutrient variables, TN and TP were both correlated with Chl a (r = 0.42 and 0.35, respectively).
Therefore, although DOP was not strongly associated with Chl a concentrations, TP concentrations might
still be a direct causal factor of rising Chl a concentrations. The best predictive model for Chl a
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concentrations had two predictors: temperature and TP (Figure 14). Although other factors might have
also affected Chl a concentrations (e. g, light, sampling error, depth, and grazing), most of the data points
scattered around a fitted plane predicted by temperature and TP concentrations, indicating a fair fit

(r* = 0.27). The risk of high chlorophyll (> 20 pg/L) did increase with increasing TP (> 0.5-0.1 mg/L)
and TN (>0.4-0.6 mg/L, Figure 15).

Chl a model

Figure 14. Multiple regression model fit using Chl a as the response variable and water
temperature and TP as predictors.
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Figure 15. Ordinary least square regression and logistic regression between TN and TP and Chl a
concentrations (2011).

Based on the evaluation of a relatively fair biological condition in St. Louis Bay and relatively low
nutrient loadings from upstream compared to mid-bay and the outer bay, a current condition approach
was taken for estimating empirical nutrient thresholds. This approach is based on long-term trends in
nutrient and response conditions in a water body considered to be supporting uses with regards to
nutrients. Both annual geometric mean and seasonal geometric mean thresholds were considered due to
large seasonal variability. The recommended annual geometric means for Chl a (fluorometric), TN, and
TP based on this empirical analysis were 11 pg/L, 0.56 mg/L, and 0.06 mg/L, respectively.
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6 Mechanistic Modeling Report Summary

6.1 Overview

A series of linked mechanistic models of St. Louis Bay was developed to simulate the SFTE of nutrients
on the bay ecosystem (Appendix B). A watershed loading model (LSPC) to model water and nutrient
inputs, a hydrodynamic model (EFDC) to model water and material movement, and a water quality model
(WASP7) to simulate more than 14 water quality variables, were calibrated for this estuary and used to
model four nutrient reduction scenarios: current condition, natural conditions, 50 percent reduction, and
50 percent increase.

6.2 Results Summary

Model performance predicting physical drivers was generally very good, based on a priori performance
targets (Table 1). Salinity and temperature calibration goals were very good/good for 76 and 96 percent of
the modeled site locations, respectively. Similarly, water quality variable (TP, dissolved inorganic
phosphorus, organic nitrogen, DO, TSS, and Chl a) calibration was very good or good for 94 percent of
the variables evaluated across the different sites.

Table 1. General calibration/validation targets for EFDC/WASP7 applications.

% Difference between simulated and observed values
State variable Very good Good Fair
Salinity <15% 15%—-25% 25%—-40%
Water temperature <7% 8%—-12% 13%-18%
Water quality/DO < 15% 15%—-25% 25%-35%
Nutrients/Chl a < 30% 30%—45% 45%—-60%

There are four model scenarios: is existing conditions (S1), 2 is natural conditions (S2), 3 is a 50 percent
anthropogenic load reduction (S3), and scenario 4 (S4) is a 50 percent anthropogenic load increase.
Modeled Chl a across the three scenarios indicated geometric mean and 90th percentile concentrations
consistent with the empirical data (when converted to spectrophotometric estimates), declined 11 percent
with the nutrient reduction scenario (3), and increased 13 percent with the nutrient elevation scenario

(4, Table 2) in 2011. Similarly, primary productivity rates (expressed in oxygen or carbon units) declined
6 percent with the nutrient reduction scenario (3) and increased 16 percent with the nutrient elevation
scenario (4, Table 3) in 2011. In contrast, DO showed little response to either modeled reductions or
increases in nutrients (Table 4).

Table 2. Surface phytoplankton biomass (90th percentile) in
St. Louis Bay under the four loading scenarios.

Surface Chlorophyll a (ug/L)
Flow condition S1 S2 S3 S4
2009 15.8 12.1 14.2 17.2
2010 17.3 11.9 14.8 18.4
2011 16.9 12.6 15.1 19.1
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Table 3. Primary productivity of St. Louis Bay under different loading scenarios.

Nutrient load scenario
S1 S2 S3 S4
Flow condition | gO/m%yr | gC/m?lyr | gO/m?%yr | gCim?/yr | gO/m?lyr | gCim?/yr | gO/m?/yr | gC/m?iyr
2009 286 107 230 86 268 100 328 122
2010 296 110 236 88 272 101 335 125
2011 282 109 232 87 265 99 326 122

Abbreviation: gO/m2/yr = grams of oxygen per square meter per year

Table 4. Percentage of time DO concentration falls below minimum
condition of 5mg/L under the four loading scenarios.

Loading scenario
Flow condition S1 S2 S3 S4
2009-2011 4.5% 4.0% 4.5% 4.2%

Existing conditions were relatively supportive of existing criteria for DO, and it appeared that load
reductions would have only a moderate effect on the response variables, oxygen and Chl a (Appendix B).
The estuarine TN, TP, and chl a concentrations were calculated from the model output and used to
estimate the arithmetic average of annual 90th percentiles for the modeled period (2009-2011). These
values indicate TN concentrations of 0.66 mg/L, TP of 0.065 mg/L, and chl a of 16.7 pg/L (fluorometric)
under current conditions, which is fairly consistent with the empirical data.

Table 5. Annual 90th percentile nutrient and chlorophyll values
and their averages under different scenarios.

Loading scenario
S1 S2 S3 S4
TN (mg/L) 0.66 0.53 0.6 0.72
TP (mg/L) 0.065 0.053 0.055 0.073
Chl a (ug/l) 16.7 12.2 14.7 18.2

The TN and TP concentrations were consistent with recommended endpoints from the empirical analysis,
but the chlorophyll threshold value from the model was 52 percent higher (empirical estimates were
0.06 mg/L for TP, 0.65 mg/L for TN, and 11 pg/L for Chl a).
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7 Summary and Recommendations

7.1 Protective Thresholds

Selecting protective endpoints relies somewhat on interpreting existing conditions in the estuary and
interpreting the effect of the modeled scenarios. In St. Louis Bay, very little observational data indicate
existing conditions consistent with elevated nutrient effect. There are some elevated Chl a observations
and some depression of DO. Reduction scenarios, however, do not indicate that reductions over existing
conditions would reduce DO excursions or increase already low Chl a more than 10 percent. This context
and the uncertainty in both empirical and mechanistic modeling results make recommending specific
endpoints difficult. The fact that modeled existing conditions under existing loads and empirical model
results lead to similar endpoints is somewhat encouraging. With this in mind, the recommendation of
spatially averaged TP targets in the 0.06-0.08 mg/L annual geometric mean and TN targets in the 0.6—
0.8 mg/L annual geometric mean seem reasonable and consistent, as do targets of annual geometric mean
Chl a in the 10-20 pg/L (fluorometric) range (Table 6). The values of these ranges are in the middle of
the range of concentrations described as medium in the eutrophication assessment literature (Bricker et al.
2003). It is noteworthy that the Western Mississippi Sound region is reported as having a low eutrophic
condition and trend in the National Estuarine Eutrophication Assessment (Bricker et al. 1999). Given this
evidence, a current condition-based threshold within the ranges reported would be appropriate and
protective.

Table 6. Suggested nutrient and chlorophyll water quality thresholds for
St. Louis Bay, Mississippi, based on empirical and mechanistic modeling results.

Variable Threshold recommendation
TN Annual geometric mean 0.6—-0.8 mg/L

TP Annual geometric mean 0.06—0.08 mg/L

Chla Annual geometric mean 10-20 pg/L (fluorometric)

Note: Values should be interpreted as the duration and magnitudes given. Frequencies should be
interpreted as not to exceed or to exceed only infrequently. Spatial averaging ought to be used
since the underlying data were spatially averaged.

7.2 Monitoring Design

The monitoring performed in 2011 provided a rich data set enabling a better understanding of spatial and
temporal variations of nutrient concentrations and inflow/outflow to and from the St. Louis Bay system.
However, the data set represent only one year, which, due to the spatial and temporal complexity of the
watershed, provides only an initial understanding of interannual consistency. The observed stressor-
response relationship in the current data set represents only a limited linkage between nutrients and
elevated Chl a concentrations in the bay. More extensive data collections are needed to better understand
the dynamics of nutrient excursions in St. Louis Bay.

The sampling design behind this data set provided a clear picture of nutrient and other water quality
characteristics in the St. Louis Bay watershed. It is recommended that the results of this study be used to
inform future/longer term monitoring designs for St. Louis Bay and for other Gulf of Mexico inland
estuaries. Below are some suggestions.

1. Conduct a multiple-year study. The patterns shown from the current analysis indicated that
temporal variability is far greater than spatial (within-bay) variability. Longer term monitoring is
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needed to better capture that variability across the range of environmental gradients. At least
3 years of monitoring is needed to provide better confidence in the statistical assumptions.

2. Reduce the scale of monitoring effort. The spatial variability of water quality variables observed
among different stations was relatively constant, compared to temporal variability during the year
(2011), and thus, the number of stations within the St. Louis Bay system could be significantly
reduced to save resources. A new stream site (above the head of tide) at the Jourdan River should
be selected to reflect the true freshwater stream condition. Two to three stations in the tidal
stream and bayou portion of the bay should be selected for each of the two watersheds, and
several stations at the mid-bay and one station at the outer bay should be selected, so a total of 20
or less stations would be efficient to characterize the entire bay system. Similar to water quality
variables, the number of biological samples collected for the study could also be reduced.

3. Reduce sampling events and increase consistency. Several sampling events could be dropped if
future monitoring is conducted. Episodic nutrient surveys provide information on the influence of
short-term tidal changes to nutrient and other water quality parameters in both spring and fall.
This information, while valuable to our understanding of temporal fluctuation of nutrients, is also
associated with seasonal variations of these parameters. Also, seasonal monitoring was conducted
for a few stations to examine seasonal variation of a few parameters, but was redundant with the
monthly monitoring effort. Future monitoring should focus more resources on monthly changes.

4. Increase the continuous DO monitoring effort. Sonde DO monitoring is recommended to
continuously monitor diel fluctuation and seasonal variability of DO concentrations at several
locations at the mid-bay and bayou portions of the St. Louis Bay. The continuous monitoring will
provide a better characterization of DO conditions in the bay and its relationship to biological
conditions.

5. Consistently monitor all parameters with similar methods. For purposes of investigating nutrient
dynamics, it is important to monitor all parameters at all monitoring locations with similar
methods. Grab samples and composite samples provided different perspectives of the sampling
locations. However, because of large spatial and temporal variability, these differences provide
limited explanation of spatial pattern. A uniform method is recommended.

In summary, the monitoring study (Appendix A) provides solid background information for
understanding nutrient dynamics in the St. Louis Bay system. However, studies should be conducted to
further support the causal relationship between nutrient input from upstream sources, resulting algal
blooms in the bay, and effects on higher trophic levels (such as the benthic invertebrates). These studies
would enhance the scientific defensibility of any nutrient thresholds.

7.3 Modeling

As a result of the modeling efforts (Appendix B), much was learned about the St. Louis Bay system and
much identified that has yet to be learned. Below are some summary points and suggestions.

1 The LSPC-EFDC-WASP complex of models is a well-suited tool for simulating the cause-and-
effect relationship between the pollutants of concern (TN and TP) and Chl a, water clarity, and
DO as the selected response parameters or endpoints. The specified values of the response
parameters can serve as the targets for numerical nutrient criteria.

2 The models consider basic hydrologic, chemical, and biological processes, as well as the input of
meteorological factors in the bay and input of point and nonpoint sources of pollution from the
contributing watersheds.
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3 The time variable, three-dimensional system of hydrodynamic and water quality models of
St. Louis Bay was calibrated and validated with data collected by Mississippi DEQ, and the
U.S. Environmental Protection Agency (EPA) in a period spanning from 2008 to 2011.

4 The calibrated EFDC-based hydrodynamic model represents the overall circulation and mixing
characteristics of the St. Louis Bay system based on reasonably good agreement between
observed and calculated temporal and spatial distributions of water surface elevations, salinity,
and temperature.

5 The calibrated WASP-based water quality model reasonably represents the overall
phytoplankton, nutrient, and DO interactions in the St. Louis Bay system. The water quality
simulations show reasonably good agreement with continuous and monthly observed data.

6 Nutrient loading scenarios were selected to evaluate the effects of nutrient load reductions on the
aforementioned endpoints in St. Louis Bay. The scenarios are S1 (existing loads), S2 (no
anthropogenic loads), S3 (a 50 percent reduction of anthropogenic loads), and S4 (a 50 percent
increase in anthropogenic loads). The scenarios S1 and S2 presumably represent current and
lowest possible levels; S3 presents an example of an intermediate level of loading and S4,
enrichment.

7 MDEQ will define final numeric thresholds for St. Louis Bay. The modeling results can be used
to both inform that process and to help determine the nutrient reductions necessary to meet the
desired endpoint values if necessary.

8 Analysis of outputs of loading scenarios allowed estimation of sensitivity of the St. Louis Bay
endpoints to anthropogenic nutrient loads. For the scenario with no anthropogenic part of the
nutrient load, the primary production rate declined by 18 percent. The correspondent change for
the 90th percentile of Chl a was 25 percent. Light extinction coefficient showed low sensitivity to
phytoplankton concentrations. The major part of the light attenuation appeared to be due to TSS.
DO did not meet the Mississippi DO criteria in 4 percent of the observations for the 2011 period
for scenarios S1-S4. Decreasing phytoplankton biomass and productivity with reduction of
nutrient loadings lead to little change in oxygen concentrations in the bay.
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Abstract

The 40-square-kilometer Saint Louis Bay (SLB) is a medium-sized, direct Gulf of Mexico drainage
estuary containing transitional characteristics between freshwater wadeable streams, to non-wadeable
tidal rivers, to a relatively shallow (1.5-meter-deep) marine estuary. The objective of this monitoring
study was to provide the information needed to understand the sources, fate, transport, and effects of
nutrients within the SLB system. The study also evaluated the overall ecological health of the system and
related stressors originating as a result of excessive nutrient loadings within the system. Two major rivers,
the Jourdan River and Wolf River, provide the principal freshwater inflows to the SLB system. Nutrient
concentrations from the two principal watersheds are different, with higher total phosphorus (TP) and
total nitrogen (TN) from the larger Jourdan River (mean discharge 23 m® s™) watershed than from the
Wolf River (mean discharge 20 m®s™). The tidal portions of the rivers are heavily influenced by both
fresh and marine (low N and high P) water, but still retain somewhat higher TN and TP and lower
chlorophyll in the Wolf river tidal portions than in the Jourdan River tidal portions. Stations within the
bay proper show relatively homogeneous water quality and biological characteristics (benthic
invertebrates), with biological scores in the fair category across the bay. The distinct characteristics
among different portions of the estuary varied strongly through time in 2011, but general patterns
matched the overall average conditions across the bay. Response models linking nutrients to benthic
scores were relatively inconclusive. Because no evidence of clear nutrient-related impacts was found, an
empirical current condition approach was applied to the monitoring data to derive chlorophyll a and
nutrient concentration thresholds that could be used to protect the estuary from impacts from excess
nutrients. The annual geometric mean threshold concentrations, based on the 90" percentile of empirical

monitoring data, are 0.70 mg/L, 0.08 mg/L, and 13 ug/L for TN, TP, and chlorophyll a, respectively.
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1 Introduction

The primary purpose of environmental monitoring programs is to provide credible and defensible
information that support stated management objectives and decision making relative to the protection and
enhancement of ecological health (NRC 1990, 2001). This document presents a monitoring effort carried
out in the St. Louis Bay (SLB) estuary, on the Mississippi Gulf Coast, in 2011. The monitoring objective
of this study was to provide the information needed to understand the sources, fate, transport, and effects
of nutrients within the SLB system. The study also included an evaluation of the overall ecological health
of the system and related stressors originating as a result of excessive nutrient loadings within the system
(Figure 1). The purpose of this monitoring effort was to:

1. Collect data and information to better understand the sources, fate, transport, and effects of
nutrients within the SLB system.

2. Estimate the current status of nutrient loadings and concentrations.
3. Develop a SLB-wide estimate of biological condition.

4. Attempt to establish the empirical relationship among nutrient concentrations, nutrient-related
stressors, and biological condition; subsequently, develop appropriate nutrient thresholds for the
protection of aquatic life.

5. Collect data and information to support developing predictive numerical models that can be used
to simulate existing conditions as well as to investigate alternative nutrient loading scenarios and
their effects on the SLB system.

2 Characterization of the Bay

SLB is a small, shallow, coastal estuary in Mississippi (Figure 1) that empties into the Gulf of Mexico
where Harrison and Hancock counties meet; their shared border longitudinally divides the bay. SLB
covers a surface area of approximately 40 square kilometers (km®) with an average depth of 1.4 meters
(m). SLB opens into the Mississippi Sound via a pass that is approximately 3.1 km wide. Two substantial
freshwater inflows enter the SLB: the Jourdan River (JR) on the western side of the bay (which
contributes approximately 23 cubic meters per second (m® s™) of freshwater) and the Wolf River (WR) on
the east (which contributes approximately 20 m* s of freshwater) (Eleuterius and Criss 1994). The bay
reportedly had its bathymetry substantially altered by Hurricane Camille in 1969 and Hurricane Katrina in
2005. Several bayous are part of SLB, including Bayou Delisle, Bayou LaCroix, Bayou Portage, Edwards
Bayou, Joes Bayou, Rotten Bayou, Cutoff Bayou, Mallini Bayou, and Watts Bayou (MDEQ 2001).

The land use and land cover of the SLB watershed is mixed. The Jourdan and Wolf river watersheds are
primarily of agricultural land use, interspersed with urban growth areas, occasional substantial tracts of
open space, and wetlands. The northern and lateral lands adjacent to SLB support large residential urban
and marina developments on both sides of the mouth of the bay. Quantitatively, the land use and land
cover of the basin was reported as being 49 percent forest, 22 percent wetlands, 18 percent agricultural
(pasture and cropland), and 8 percent urban (GOMA 2013b).
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Figure 1. Southwestern Mississippi’s Bay of St. Louis (St. Louis Bay) opens to the Mississippi
Sound on the Gulf of Mexico.

Normal surface currents ranged from 25-30 centimeters per second (cm/s) in a 1994 study, with extremes
of up to 169 cm/s, and nearly all measurements showing steadily decreasing velocities with depth
(Eleuterius and Criss 1994). The researchers also found that incoming flood tides created the strongest
currents in the eastern side of the pass; these currents then turned to the northwest around the middle of
the SLB. Also, the researchers emphasized that the SLB system shape, size, and shallow depth allowed it
to be well-mixed by the wind.

In a recent query of National Pollutant Discharge Elimination System (NPDES) permit records, the
Mississippi Department of Environmental Quality (MDEQ) reported that more than 50 point sources
discharged directly into the bay or into its rivers, streams, and connected bayous. These point sources
ranged from major dischargers such as wastewater and sanitary sewage treatment systems to minor
stormwater discharges associated with construction and new development. The major dischargers include
DuPont Chemical/DeLisle, Diamondhead Water and Sewer Sewage Treatment Plant, Long Beach/Pass
Christian Sewage Treatment Plant, and Waveland Regional Water Management District. The DuPont
Chemical/DeLisle discharge includes three separate outfalls. Judgment sampling stations within the
tidally influenced zone (Zone C) and tributary sites were selected to account for the major point sources
within the study area and the broader watershed boundaries.

In addition to this monitoring study and historic MDEQ data, previous data have been reported from a
relatively comprehensive water quality data sampling effort, made up of measurements of water
chemistry, salinity, dissolved oxygen (DO) (near-surface and water column), and currents (Eleuterius and
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Criss 1994). The measurements were collected at 20 locations that were selected to provide representative
values that could be aggregated for a bay-wide assessment; however, their approach for selecting the
locations is unknown.

3 Monitoring Design and Methods

3.1 Sampling design

A comprehensive monitoring effort was implemented in 2011 to completely evaluate the five objectives
listed above (see Section 1). Both biological indicator and water quality data were collected in 2011.

A total of 51 stations were monitored over the year as part of the sampling plan (Table 1, Figure 3). A
detailed design of the monitoring effort can be found in the SLB pilot Quality Assurance Project Plan
(QAPP) (MDEQ 2010). Both randomly selected and targeted stations were monitored to address model
calibration, empirical modeling, and status assessment objectives. In addition, freshwater inflows were
sampled above head of tide (AHOT) at one site each in the Jourdan and Wolf rivers to allow comparison
between the watersheds and to provide information on loadings. Tidally influenced areas of the two rivers
and several bayous were also monitored. The five sampling groups were: (1) biological
(macroinvertebrates) characteristics, (2) sediment grain size distribution, (3) intensive episodic nutrient
surveys (spring and neap tides), (4) quarterly synoptic surveys, and (5) monthly nutrient surveys.

Table 1. Site locations and site classes selected for 2011 St. Louis Bay (SLB) nutrient pilot
study.

Sampling type/no. sampling events
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MDEQ |582| T2 |€cs|E8s| S8 |S£Q
enSPRE |@mss| of |58 _58| &5 |0%¢
Class ID AGE| T |82w|®B2m| 2 |62 5| Latitude |Longitude
Estuary:Midbay |111C21 1 1 3 30.32616 |-89.3217
Estuary:Midbay |111C22 1 1 3 30.32647 |-89.3192
Estuary:Midbay |111C23 1 1 12 12 1 30.31168 |-89.2989
Estuary:Midbay |111C24 1 1 3 30.3178 | -89.3046
Estuary:Midbay |111C25 1 1 3 30.31628 |-89.314
Estuary:Midbay |111C26 1 1 12 12 1 30.3219 -89.3022
Estuary:Midbay |111C27 1 1 3 30.32833 |-89.3061
Estuary:Midbay |111C28 1 1 3 30.32434 |-89.302

Estuary:Midbay |111C29 1 1 3 30.31166 |-89.2995
Bayou:WR 111C30 1 1 3 30.34084 |-89.2868
Estuary:Midbay |111C31 1 1 3 30.37023 |-89.3237
Estuary:Midbay |111C32 1 1 3 30.34971 |-89.3366
Estuary:Midbay |111C33 1 1 3 30.35108 |-89.3357
Estuary:Midbay |111C34 1 1 3 30.35024 |-89.3067
Bayou:WR 111C35 1 1 3 30.33264 |-89.2919
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Sampling type/no. sampling events
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Bayou:WR 111C36 1 1 3 30.34216 |-89.2581
Estuary:Midbay |111C37 1 1 3 30.36065 |-89.3147
Bayou:JR 111C38 1 1 3 30.36344 |-89.3553
Estuary:Midbay | 111C39 1 1 3 30.3524 -89.3223
Bayou:WR 111C40 1 1 3 30.33861 |-89.2755
Estuary:Midbay |111C41 1 1 3 30.35248 |-89.3326
Estuary:Midbay |111C42 1 1 12 12 1 30.34311 |-89.3121
Bayou:WR 111C43 1 1 3 30.33845 |-89.2842
Bayou:WR 111C44 1 1 3 30.34314 |-89.2478
Bayou:WR 111C45 1 1 3 30.33948 |-89.303
Bayou:WR 111C46 1 1 3 30.34284 |-89.2965
Estuary:Midbay |111C47 1 1 3 30.33935 |-89.3257
Bayou:WR 111C49 1 1 3 30.34852 |-89.281
Bayou:WR 111C50 1 1 3 30.360543 | -89.29004
Bayou:JR 111C51 1 1 3 30.345864 | -89.36957
Bayou:JR 111C52 1 1 3 30.338437 | -89.36128
Bayou:JR 111C53 1 1 3 30.341474 | -89.37290
Bayou:JR 111C54 1 1 3 30.338723 | -89.37533
Bayou:WR 111C55 1 1 12 12 1 30.354626 | -89.30332
Bayou:WR 111C56 1 1 3 30.3506 -89.28607
Bayou:JR 111C48 1 12 12 1 30.37493 |-89.2411
Bayou:JR 111C57 1 12 12 1 30.35327 |-89.3513
Estuary:Outbay |111C58 1 1 8 30.29182 |-89.3073
Estuary: Outbay | 111C59 3 30.2797 -89.2911
Streams:WR 02481510 9 30.38645 |-89.4414
Streams:JR 02481160 9 30.4836 -89.2747
Tidal:JR 111C11 9 30.33816 |-89.4083
Tidal:JR 111C12 9 30.3794 -89.3939
Bayou:JR 111C13 9 30.37291 |-89.3224
Bayou:WR 111C14 9 30.34075 |-89.2548
Bayou:JR 111C15 1 1 9 30.33513 |-89.3778
Tidal:JR 111C16 1 1 9 30.3386 -89.3972
Tidal:JR 111C17 1 1 9 30.36953 |-89.4054
Bayou:WR 111C18 1 1 9 30.35732 |-89.2857
Tidal:WR 111C19 1 1 9 30.36508 |-89.261
TidallWR 111C20 1 1 9 30.37493 |-89.2411
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3.2 Additional Weather, Flow, and Sediment Data Collection

In addition to the five monitoring components noted above, data were also acquired on meteorological,
flow, and tidal information from existing monitoring efforts by the National Oceanic and Atmospheric
Administration (NOAA), U.S. Geological Survey (USGS), and other resources.

Continuous Salinity Monitoring and Boundary Condition

Hydrodynamic model boundary conditions were established using indirect measurement data from a
USGS data buoy, and other sources online'. The station had formerly not been working, but was restored
to functionality on 04/21/2011; the data buoy was included as a federally maintained data source for this
project.

Acoustic Doppler Current Profile (ADCP) Surveys and Tide Information

The hydrologic characterization included assessment of water current direction and velocities
(circulation), wave and tidal elevations, ground and surface water influence (freshwater inputs), water
column structure, and certain physical-chemical properties. Data on wind direction and speed, as well as
water level for ebb tide and spring tide, were acquired from the NOAA water level observation network at
the Waveland Yacht Club station", Bay St. Louis, Mississippi (WYCM6 — 8747737); flow data for the
watershed were taken from the USGS station (Site 2481510) in the Wolf River, representing discharge

and gage height data over a 25-year period (1987-2012)".

Meteorological Information

Meteorological data are important to understanding the subsequent monitoring results. Mixing in many of
the Gulf estuaries is dominated primarily by wind and tidal influences; therefore, the monitoring design
was developed to optimize collection of as broad a range as possible of tidal and wind conditions. Daily
rainfall data from 2000-2011 for a Stennis—-Diamondhead station (30.3878, -89.3612) was downloaded
from the Global Historical Climatology Network" and are described in more detail elsewhere (GOMA
2013b).

Sediment Parameters

Sediment samples were collected from each biological characterization site using the same techniques
used to collect the macrobenthos samples. Grain size, or particle size distribution, provided an estimate of
the sediment composition from fine silty clays to sands and larger particles. Sands and larger particles are
not generally prone to pollutant adsorption and have great exchange of interstitial waters at the sediment
water interface; fine silty clays are prone to both adsorption of nutrients and a more limited exchange of
interstitial pore waters with the water column. Sediment grain size is a valuable characteristic of infaunal
habitat condition and is useful in the assessment of biological condition.

f_http://waterdata.usqs.qov/usa/nwis/uv?site n0=301429089145600
" http://www.ndbc.noaa.gov/station_page.php?station=WYCM6

" http://waterdata.usgs.gov/nwis/

" http://climate.usurf.usu.edu/mapGU1/mapGUI.php

St. Louis Bay, Mississippi A-5 Gulf of Mexico Alliance


http://waterdata.usgs.gov/usa/nwis/uv?site_no=301429089145600
http://www.ndbc.noaa.gov/station_page.php?station=WYCM6
http://waterdata.usgs.gov/nwis/
http://climate.usurf.usu.edu/mapGUI/mapGUI.php

Sources, Fate, Transport and Effects (SFTE) of Nutrients as a Basis for Protective Criteria
in Estuarine and Near-Coastal Waters: Monitoring Data

3.3 Additional water quality data

Two additional datasets were received from MDEQ. One dataset contained water quality and
physical/chemical data collected before 2005 from various sources (known as the MDEQ before 2005
dataset); however, because of inconsistent quality control data, the use of these data was limited to
supplementary application only. Another dataset received from MDEQ included field and surface water
data from 2005 to 2008 (known as the MDEQ after 2005 dataset). The limited sample size (fewer than

80 data points) and only sparse nutrient and Chl a measurements precluded its use for additional analyses.

3.4 Biological Indicators

Assessment of biological conditions in SLB was based on scoring assemblage-level data (i.e., list of
species or other taxa, number of individuals representing each taxon) produced by each benthic
macroinvertebrate sample. This methods section is organized to describe the selection of sampling
locations, field sampling methods for the biological indicator, laboratory processing, site and water body
assessments, and associated quality control (QC) procedures for each step of the assessment process.

Sampling design

Benthic macroinvertebrate sampling occurred at locations selected based on both stratified random and
targeted designs (n=35 and 8, respectively) (MDEQ 2010, 2011a). The probability-based (random) sites
were distributed among three zones (strata) within SLB, with approximately 25 percent of the sample
locations allocated to Zone A (near the mouth or pass of the bay), 50 percent to Zone B (center of the bay),
and 25 percent to Zone C (freshwater inflow areas of the Jourdan and Wolfe rivers) (Figure 2). Using
geographic information system (GIS; [ArcGIS 9.2]), the bay was divided into a system of grids covering
only those areas that were >0.5 m deep at low tide, with each grid square as 30 m x 30 m, or 900 m?,
which was 50,445 grids within the 45.8 km? of surface area. Each grid square was considered a potential
sample location, from which, if selected, a benthic sample was taken near the center of the square.

The number of randomly selected samples was based on the statistical power desired from the assessment.
The data quality objectives (DQQO) called for detecting a 25 percent change (sensitivity), 80 percent of the
time (power), with 90 percent confidence (uncertainty). This resulted in 9, 18, and 8 locations sampled in
Zones A-C, respectively. Targeted sampling locations were placed to address site-specific questions or
concerns, including benthic conditions in tidally influenced areas downstream of freshwater inflows,
spatial association with monthly synoptic nutrient samples, or nutrient conditions at the model boundary.
Eight locations (five probability, three targeted) were randomly selected from the full list of benthic sites
for collection of duplicate samples from adjacent sample grids. The list of sample locations with site
identification numbers, location descriptions, and latitude/longitude coordinates are provided in
Appendix Al.
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Figure 2. Monitoring design strata of 2011 St. Louis Bay study. Zone A is the mouth, or outlet, to
the Mississippi Sound; zone B is the central bay; and zone C represents the freshwater inflow
areas.

Field sampling

Bottom grab samples were taken in July 2011 using a 0.04 m?, stainless steel, Young-modified Van Veen
Grab sampler (MDEQ 2010, 2011a, Strobel and Heitmuller 2001). Samples were washed on board the
sampling boat, preserved with formalin, labeled, and delivered to the laboratory for processing. Duplicate
benthic samples were collected on the same day as the primary samples, near the center of the sample grid,
but no less than 30 m from the primary sample. The purpose of the duplicate samples was to provide data
for calculating field sampling precision, or a measure of the consistency of actual field method application
(measurement error) along with some indication of the patchiness of benthic distribution (random error).
Performance measures, calculated as measurement quality objectives (MQO) for the project, included
relative percent difference (RPD) per sample pair, median RPD (mRPD), coefficient of variability (CV),
and 90 percent detectable difference (DD90) for the overall sample lot (MDEQ 2010, Stribling 2011).
Note that these MQO for field sampling precision were not calculated until after completion and QC of
laboratory processing (described below). All calculations for field sampling precision were done on the
Gulf Benthic Index (MDEQ 2011b) and the five individual metrics; lower values of RPD, mRPD, CV,
and DD90 indicate better precision than do higher values.
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Laboratory processing

Sorting of organisms occurred in the laboratory under a ring lamp (maximum magnification 5x);
taxonomic identifications were made to species level (or lowest practical) using standard accepted
nomenclature and counting guidelines. QC evaluation of laboratory processing was done by separate/
independent laboratories. Sort residue from all samples was retained by the primary laboratory in separate
labeled vials. Following completion of primary sorting, 10 percent of the samples were randomly selected
by the QC coordinator and shipped to the QC laboratory. The latter then checked the sort residue samples
and recorded the number of missed and recovered specimens. As taxonomic identifications and counts
were completed by the primary laboratory (taxonomist), specimens from each sample were placed in
separate labeled vials. Following completion, 10 percent of the identified samples were randomly selected
by the QC coordinator, which were then shipped to the QC laboratory for taxonomic analysis). Note that
samples used for taxonomic QC might or might not have been from the same location as the sort residues.
Performance measures, calculated as MQO for the project, included percent sorting efficiency (PSE;
MQOpse>90%), percent difference in enumeration (PDE; MQOppe<5%), and percent taxonomic
disagreement (PTD; MQOp1p<15%) (MDEQ 2010, Stribling 2011). Following QC and necessary
corrective actions, data were entered in the MS Access-based Ecological Data Application System (EDAS;
Tetra Tech 2001-2012).

Indicators (metrics and index) were calculated for samples with numbers of organisms ranging from 10—
200. Large samples were computer-subsampled to 200 organisms. Samples with fewer than 10 organisms
were excluded from index scoring. For purposes of individual point assessments, those locations with
fewer than 10 organisms were given assessment ratings of impaired unless otherwise indicated. All metric
calculations were done in EDAS using queries for individual metrics (Table 2); the resulting calculated
metric values were translated on a 100-point scale to standardized scores.

Table 2. Metrics calculated on benthic macroinvertebrate sample data as part
of the Gulf Benthic Index (MDEQ 2011b) for the low salinity site class.

Abbreviation Metric
pi_Bival Percent individuals, as Bivalvia
pi_Spion Percent individuals, as Spionidae
pi_ffg_pred* Percent individuals, as predators
pi_toler Percent individuals, as tolerants
x_Beck Beck's biatic index

*ffg = functional feeding group

Water body assessment

A series of descriptive metrics were used to calculate the quantitative rating of sample content; the
specific set of metrics was based on the site classification of the water body (MDEQ 2011b). Individual
metrics values were standardized, scored, and averaged as a composite indicator of benthic conditions,
called the Gulf Benthic Index (GBI) (MDEQ 2011b). Individual GBI scores were compared to thresholds
(MDEQ 2011b) to determine degradation status for each sample and location as either degraded
(<threshold) or non-degraded (>threshold) (Table 3). MDEQ (2011b) provides two degradation
thresholds, one based on the 10™ percentile of the reference distribution, and the other, on the 25"
percentile. The number of probability-based primary samples rated as degraded, as a proportion of the
total number of probability samples (n=35), was the overall indicator of biological conditions for SLB.
GBI scores and narrative assessment s from individual sites could also be examined to evaluate

St. Louis Bay, Mississippi A-8 Gulf of Mexico Alliance



Sources, Fate, Transport and Effects (SFTE) of Nutrients as a Basis for Protective Criteria
in Estuarine and Near-Coastal Waters: Monitoring Data

potentially more localized effects, as could assessments grouped by zone, or related to other spatially
discreet variables or zonal processes.

Table 3. Degradation thresholds for the GBI: low salinity site class.

Site class (low salinity) Degradation threshold
Percentile 10th 25th
GBI score 54.9 64.7

Note: thresholds are based on percentiles of the reference distribution (MDEQ 2011b);
site/sample scores below the threshold are assessed as biologically degraded, while
those above the threshold are assessed as nondegraded.

3.5 Biological Data Quality Assessment

Field sampling precision

Overall, there was good consistency (i.e., acceptable precision) of field sampling as reflected by mRPD
for the dataset (4.9), with RPD values from individual sample pairs ranging from 0-200 for values, and
from 0-8.3 for scores (Table 4). RPD for sample pairs should be interpreted with some caution. Although
small values indicated greater precision than do large values, an RPD of 200 results from any sample pair
where one metric value is zero (0) and the other value is anything other than 0. Having that information
made it more helpful to closely examine differences between individual samples.

Calculated directly from the sample content, precision estimates were developed on the basis of both
metric values and on metric scores, which are values normalized to a 100-point scale (MDEQ 2011b).
Normalized metric scores are more useful for discussing spatial differences. It should also be noted that
the identical precision statistics for metric values and scores seen in RPD for the metric percent
individuals, as predators result from the direct linear relationship between values and scores for that
particular metric.

Two metrics (percent individuals, as tolerants and Beck's Biotic Index; both values and scores) had RPD
of 0 for all sample pairs, indicating perfect agreement. Of the other metrics, percent individuals, as
Bivalvia exhibited the greatest precision, with mRPD of 1.7 (range 0-8.3), and spionid worms and
predators (percent individuals as) had mRPD of 18.1 and 97.6, respectively, meaning that confidence in
the latter metric as a descriptor of benthic characteristics was much lower.

The GBI had acceptable field sampling precision, with a coefficient of variability (CV) of 10 percent, and
a 90 percent detectable difference (DD90) of +8.7 points on the 100-point scale (Table 4). This DD90
meant that two values for GBI >17.4 points different could be considered statistically significantly
different with 90 percent confidence. Other than the zeros shown by percent individuals, as tolerants and
Beck’s Biotic Index, the individual metric with the best precision was percent individuals, as Bivalvia,
with a DD90 of 4.2 and CV of 0.
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Laboratory processing

Sort residue rechecks resulted in zero (0) samples failing the project MQO for sorting bias (PSE; Table 5),
ranging from 92.6-100. Similarly, taxonomic comparisons resulted in acceptable precision with per
sample error rates (percent taxonomic disagreement [PTD]) ranging from 2.0-9.0 (Table 6), with no
samples exceeding the project MQO (detailed results of the taxonomic comparisons are provided in
Appendix A2). The sample with the highest error rate (SLB_0026) was due primarily to the primary
taxonomist (T1) identifying several specimens (n=5) as Parandalia americana (Polychaeta: Pilargidae),
where the QC taxonomist (T2) identified them as Parandalia sp. A, reflecting a difference in how the two
taxonomists recorded the final identification result. An initial misinterpretation of characters
distinguishing Streblospio benedicti from S. gynobranchiata, and Mediomastus californiensis from

M. ambiseta was recognized during the comparisons, and corrective actions were instituted. Final mean
error rate was 6 percent with no (zero) samples exceeding the MQO, indicating that the dataset was
acceptable for subsequent analyses.

Table 5. Quality control results of sample sort residue rechecks.

Number of specimens
Station ID Original Recovered Total PSE
111C40 135 5 140 96.4
111C28 99 0 99 100
111C42 163 13 176 92.6
111C56 419 5 424 98.8
111C19 21 0 21 100

Note: Percent sorting efficiency (PSE) was >90% for all samples, passing the project
measurement quality objective (MQO) of 90%.

Table 6. Taxonomic quality control comparisons among five randomly selected benthic
samples from the St. Louis Bay estuary.

Count Target level (taxonomic completeness)
Sample Tl T2 | No. matches | PDE | PTD | Tl/count | PTC_T1 | T2/count | PTC_T2 | AbsDiff

111C31 16 15 15 3.2 6.3 16 100 15 100 0
111C32 77 76 72 0.7 6.5 77 100 74 97.4 2.6
111C38 112 110 105 0.9 6.3 111 99.1 107 97.3 1.8
111C28 99 100 91 0.5 9 97 98 98 98 0
111C46 386 391 383 0.6 2 386 100 389 99.5 0.5
Mean 1.2 6 0.98
SD 1.1 25 1.2
No. samples exceeding 0 0 na

Notes: Five samples were used for comparisons, or 9.8% of the total sample lot (n=51). Details are included in Appendix A2.
T1 = primary taxonomist; T2 = QC taxonomist; PDE = percent difference in enumeration; PTD = percent taxonomic
disagreement; PTC = percent taxonomic completeness; AbsDiff = absolute difference
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4 Classification

Principal freshwater inflows to SLB are from the Jourdan River watershed on the northwest and Wolf
River watershed in the northeast; marine tides push salty water into SLB from the south. Uneven mixing
of marine and freshwater leads to heterogeneity and zonation in the entire SLB system and generates
different physical, chemical, and biological conditions. Temperature, pH, salinity, and DO for each of the
51 sampling stations were monitored extensively at various depths during 2011, along with other
environmental characteristics, and their median values and ranges calculated (Table 7). Salinity at
individual stations varied from 0.01-22.1 parts per thousand (ppt) (Figure 4). A steady increase in salinity
was observed with the decreasing distance from (nearer to) the out-bay station (Figure 3). Based on
median salinity measured at each station and comparisons of salinity measured at the same time periods
among stations, five classes were proposed: (1) freshwater streams (< 1 ppt), (2) tidal streams (1-5 ppt),
(3) bayous (5-11 ppt), (4) mid-bay stations (>11) and (5) two outer bay (out-bay) stations (i.e., outside of
the mouth of the bay). Of the 51 stations monitored in 2011, 10 stations were outside of the bay area:

2 stations were classified as freshwater streams (AHOT), 2 stations were outside of the SLB bay area
(out-bay stations), and 6 stations were classified as tidal rivers. The other 41 stations within the bay were
further divided into bayou (22) and mid-bay (19) stations. The 22 bayou stations were mostly located at
the shallow margins of the bay or at the mouth of the rivers; these were considered more likely to be
influenced by freshwater runoff from nearby streams and land. According to the physical locations of the
stations and the influences by the two rivers, stations 1, 2, and 3 were further classified into Wolf River
and Jourdan River portions (Figure 3). This classification is fairly similar to what was proposed in
preliminary stratification (Figure 2).

Table 7. Summary statistics of all environmental variables monitored in 2011. ‘N’ is number of
samples.

Percentiles

Analyte (units) N Min 10" Median 75" 90" Max
DO (mg/L) 288 3.50 5.11 7.30 7.84 8.29 10.25
Salinity (ppt) 288 0.00 1.613 7.41 13.39 16.46 22.01
pH (S.U.) 288 6.05 6.98 7.65 7.8 7.91 9.05
Temperature water (°C) 288 17.14 19.61 24.04 28.37 30.8 32.94
Light attenuation (kq) 194 -1.88 0.47 0.89 1.15 1.53 3.04
Total phosphorus (mg/L) 380 0.01 0.01 0.05 0.07 0.1 0.30
Dissolved orthophosphate 380 0.003 0.011 0.029 0.041 0.051 0.241
(mg/L)
Total nitrogen (mg/L) 380 0.06 0.319 0.47 0.59 0.76 1.10
Nitrate + nitrite (mg/L) 380 0.01 0.01 0.01 0.01 0.02 0.22
Total organic nitrogen 380 0.05 0.29 0.46 0.56 0.71 1.03
Total Kjeldahl nitrogen (mg/L) 380 0.05 0.30 0.46 0.57 0.73 1.09
Ammonium (mg/L) 380 0.02 0.02 0.02 0.02 0.04 0.19
Chl a (pg/L) 387 0.48 4.1 8.40 13.3 21.84 58.80
Total suspended solids 380 2 9 20 28 38.2 472
(mglL)
Secchi depth (m) 155 0.30 0.14 0.61 0.23 0.23 1.21
Total organic carbon (mg/L) 377 4 8 12 14 17 23
Dissolved organic carbon 380 1 6 8.5 10 12 23
(mglL)
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Figure 3. Map of sampling locations in St. Louis Bay for this study (2011).

Despite classification based on median salinity, the Wolf River still had a relatively lower salinity than
the Jourdan River in both the freshwater and tidal areas (Figure 4). The bayou areas were fairly well-
mixed, with shallow water and lower salinity than the mid-bay stations; the highest salinity values were
those for the two stations located outside the mouth of the bay, in Mississippi Sound.
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Figure 4. Surface salinity for 51 stations in 8 site classes of the St. Louis Bay watershed in 2011.
Wolf River (WR) sites are represented by dark green boxes; Jourdan River (JR) sites by light
green; mid-Bay sites by light blue; and out-bay sites by dark blue.

5 Meteorological Conditions in the Watershed

5.1 Rainfall

Daily rainfall data for 2000-2011 from the Stennis-Diamondhead station (30.3878, -89.3612) were
downloaded from the Global Historical Climatology Network". The data summarize daily climate
conditions from land surface stations. These 11 years of data were then deconstructed into 3 components
using R statistical software (R Core Team 2010): (1) seasonal, (2) trend, and (3) residual (Figure 5). The
seasonal component was found by mean smoothing of the seasonal sub-series (e.g., the series of all
January values). The seasonal values were removed, and the remainder was smoothed with loess
smoothing to find the trend. The overall level was removed from the seasonal component and added to the
trend component. This process was iterated. The remainder component was the residual of the actual data,
less the seasonal component, plus the trend fit.

¥ http://climate.usurf.usu.edu/mapGUI/mapGUl.php
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The pattern derived from deconstruction of the rainfall data revealed that there was no consistent change
in long-term trends from 2000-2011. Seasonal variation could be extracted, but with a relatively small
scale compared to interannual variation,; relatively frequent random events were also observed (Figure 5).
The observed total monthly rainfall in 2011 was slightly different from the average monthly pattern
derived from the past 12 years (Figure 6). On average, the wet season started during the spring months
(March-June) and was followed by a relatively dry period in the summer and fall. However, data from
2011 seemed to vary from average conditions, with the highest precipitation in June, July, and September,
and typical rainfall amounts at other times.
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Figure 5. A time series deconstruction of daily precipitation at a weather station near Stennis—
Diamondhead for the time period 2000-2011. The four panels (from top to bottom) show the
observed daily rainfall (data), the extracted seasonal pattern, the moving average trend, and the
autoregressive residuals (remainder).
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Figure 6. Monthly precipitation component based on deconstruction of monthly precipitation of
rainfall data from 2000-2011 and observed monthly total precipitation in 2011.

5.2 Flow

A time series of flow data from the Wolf River USGS gauge using the 1987-2011 time period was
analyzed in the same way as the precipitation data. In contrast to precipitation, the long-term trend in flow
was relatively stable during the early to mid-1990s, but declined in the late-1990s because of drought
(Figure 7). The monthly trend extracted from the long-term data only varied at a relatively small scale
compared to the overall trend and random variation. The random factor of flow fluctuation was most
likely caused by unpredicted rainfall events as shown in the rainfall graph (Figure 5).
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Figure 7. A time series decomposition of daily flow at a USGS gage (1987-2011) in the upper Wolf
River. The four panels (from top to bottom) show the observed daily mean flow (data; log10 scale,
cubic feet/second) fluctuation, the extracted seasonal pattern, the moving average trend, and the
autoregressive residuals (remainder).

The observed seasonal flow pattern for 2011 was somewhat similar to the average long-term monthly
flow trend (Figure 8), although the long term monthly trend only varied at a much smaller scale. There
was high discharge in the winter through spring but lower flow in the summer months. The observed
2011 flow pattern was affected to some extent by rainfall events during the year. For example, March and
September had the highest mean discharge, as well as high precipitation, but the peak rainfall in July did
not bring monthly flow to the highest level.
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5.3 Salinity Boundary Condition

Gage height and conductivity data collected by the USGS were available from the Merrill Shell Bank
Light station" (MSBL; 111C59 [Figure 3]) in the Mississippi Sound, Jackson County, Mississippi. The
gage height (water surface elevation) data at this station (Figure 9a) were not significantly associated with
conductivity (r = 0.05) at the same location (Figure 9b), indicating that water level was more strongly
related to marine tidal action than to freshwater runoff. Rainfall data collected from the Stennis—
Diamondhead station suggest that storm events might have affected salinity some of the time, but not
most of the time (Figure 9c).
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Figure 9. Minimum gage height, salinity, and daily rainfall data for 2011 from the USGS station
(Merrill Shell Bank Light) in Mississippi Sound (site 111C59).

Vi http://waterdata.usgs.gov/nwis/nwisman/?site no=301429089145600
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6 Water Quality Parameters in the Watershed

6.1 Dissolved Oxygen

DO concentrations on the water surface (1 foot below surface) monitored during 2011 varied at different
locations across the Jourdan and Wolf rivers and SLB (Figure 10). The site least influenced by marine
tide (Wolf River stream site, AHOT) had the highest median DO concentrations. In general, the tidally
influenced area of WR had slightly higher median DO than did the JR. Water in SLB seemed to be well-
mixed, with higher DO than the tidal portion of either river.

Outbay R - _________ 4
Midbay |  © ® o0 p-------- - o o
BayouJR R - _____ 1
BayouWR — F------------ 1 [} ¥
TidalJR - © F-mmmm-- - ______ 4
Tidal:WR - - 4
StreamsJR — F-m---- -—-|
Streams'WR |._~|:|:|____|

Site Classes

Dissolved Oxygen (mg/iL)

Figure 10. Dissolved oxygen concentrations for eight site classes over the entire St. Louis Bay
system in 2011. Wolf River (WR) and Jourdan River sites (JR) are represented by light green and
dark green boxes, while bay sites are blue.
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DO concentrations also varied with depth (Figure 11). DO was least variable at the influent stream end of
the estuary where flow constantly mixed water from the bottom to the surface. The tidal portion of JR was
deeper than other areas of the system (up to 20 feet deep), while the comparable WR zone was shallower.
The majority of DO values were greater than 4 milligrams per liter (mg/L), although occasionally values
less than 4 mg/L were observed.

Figure 11. Variations of dissolved oxygen concentrations at different depths in different locations
of the SLB system in 2011.
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Variations in DO concentrations with depth also varied by month (Figure 12). Stratification rarely
occurred in the spring when stream flows were high and water was well-mixed at the majority of the SLB
sampling locations. Stratification usually occurred in the summer (e.g., August) when DO more often
reached hypoxic levels (less than 2 mg/L) at the bottom of the estuary. Surface DO levels were rarely less
than 4 mg/L at most locations except in the summer, and even then, only at a few locations.
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Figure 12. Variations of dissolved oxygen concentrations at different depths in different months of

2011 in the SLB system.
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6.2 Chlorophyll a (Chl a)

In general, the northwest side of the estuary (JR inflow) had higher Chl a levels than the northeast (WR
side) (Figure 13). At the same time, Chl a concentrations in lower-salinity streams were generally lower
than those observed in tidal streams but were well-mixed in the SLB portion. This was not surprising
since phytoplankton production in streams is typically lower than that in open-water systems (lakes and
ponds) (Goldsborough and Robinson 1996). Chl a concentrations in the bayous and mid-bay areas were
fairly comparable with the outer bay as well.
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Figure 13. Chlorophyll a concentrations for eight site classes over the entire St. Louis Bay system
in 2011. Wolf River (WR) sites and Jourdan River sites (JR) are represented by light green and
dark green boxes, while bay sites are blue.
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6.3 Total Organic Carbon Concentrations

Total organic carbon (TOC), along with dissolved organic carbon (not shown), concentrations were
lowest in the freshwater stream portions of the two rivers, higher in the tidal portions, and at their highest
level in the tidal and bayou portion of the JR (Figure 14). The trends suggest a role for autochthonous
estuarine sources, non-riverine allochthonous carbon sources (e.g., marshes), or direct discharges.

Figure 14. Total organic carbon concentrations for eight classes over the entire St. Louis Bay
system in 2011. Wolf River (WR) sites and Jourdan River sites (JR) are represented by light green
and dark green boxes, while bay sites are blue.
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6.4 Total Nitrogen and Phosphorus Concentrations

Surprisingly, total nitrogen (TN) concentrations in the freshwater streams were not significantly higher
than the marine system, especially the outer bay stations (Figure 15). The median TN values from the JR
stations were comparable with the outer bay stations, while TN values in the JR stations were only
slightly higher. Since the freshwater portions from both JR and WR were similar, the differences in TN
values among tidal portions of the rivers were probably caused by different effects of wind and tidal
mixing or discharges directly to the bay rather than upstream loadings from these two rivers.
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Figure 15. Total nitrogen concentrations for site classes over the entire St. Louis Bay System in
2011. Wolf River (WR) sites and Jourdan River sites (JR) are represented by light green and dark
green boxes, while bay sites are blue.

Dissolved nitrogen in the tidal rivers and the bay area were generally below detection limits. Both nitrite
+ nitrate (NO,.3) and ammonium concentrations were very low except in the freshwater portions of the
rivers.
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Total phosphorus (TP) concentrations were lowest in the stream portions of the two rivers and increased
downstream as the influence of the marine system increased (Figure 16). The median TP concentrations
in the bayous and the mid-bay were similar to those of the outer bay, indicating that the rising TP
concentrations in the bay were most likely caused by tidal marine inputs and/or upwelling disturbances
from the sediments. Dissolved orthophosphate (DOP) concentrations followed a similar pattern with the
lowest concentrations in the rivers and highest concentrations in the bay and outer bay stations (not
shown). The low correlation between TP and DOP (r = 0.3) indicate that the sources of different
phosphorus species could be distinct.
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Figure 16. Total phosphorus concentrations for eight classes over the entire St. Louis Bay system
in 2011. Wolf River (WR) sites and Jourdan River sites (JR) are represented by light green and
dark green boxes, while bay sites are blue.
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The MDEQ dataset post-2005 was collected in the SLB area from 20052008 from the two rivers and the
mid-bay. The TN and TP concentrations were compared among different locations of the bay (Figure 17).
An analysis of variance indicated that TN concentrations were not different among different locations
overall (p = 0.074). The marginal p-value was mostly due to differences in TN values between the two
freshwater inflows. However, TP concentrations were significantly different (p = 0.009) with both TP in
the JR and the WR significantly lower in comparison to those of the mid-bay (Tukey multiple p < 0.05).
Apparently, the rising TP concentrations were mostly coming from marine sources.
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Figure 17. Comparisons of total nitrogen and total phosphorus concentrations among different
zones in the SLB system (2005-2008 dataset). Zones include the Jourdan River (JR), Wolf River
(WR), and the mid-bay.
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6.5 Total Suspended Solids and Turbidity

The elevated total suspended solids (TSS) and turbidity levels were likely not principally a result of
upstream loading (Figure 18), since TSS levels in the rivers were mostly lower than those observed in the
bay, and were, therefore, likely caused by resuspension, tidal marine sources, or direct discharges. This
observation was confirmed by higher Secchi disk depth and lower light extinction coefficients in the
rivers than in the bay (not shown).
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Figure 18 Total suspended solids for eight classes over the entire St. Louis Bay system in 2011.
Wolf River (WR) sites and Jourdan River sites (JR) are represented by light green and dark green
boxes, while bay sites are blue.
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6.6 Sediment Grain Size Distribution

Sediment grain sizes varied at different locations (Figure 19). The majority of sediments in all locations
were fine sands with sieve sizes less than 0.5 mm. Gravels (greater than 2 mm) were rarely found in the
sediment. The Wolf River had a slightly higher proportion of finer sediment in the upstream portion than
the JR, while more silt (less than 0.0625 mm) was found in the downstream Jourdan River. The amount of
fine sand and silt were almost equal in the mid-bay, while the outer bay stations were mostly fine sand.
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Figure 19. Average percent of sediment grain size distribution in each of the site classes in the
bay (2011). Grain sizes include gravel: >2 mm; coarse sand: > 0.5 mm; fine sand: > 0.0625 mm;
and silt < 0.0625 mm. “Bayou” refers to the lower, tidally influenced zones of the Jourdan and
Wolf rivers (JR and WR, respectively) nearest the bay proper; “tidal” are those areas of the two
rivers that are upstream of those considered bayous.
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7 Episodic Nutrient Surveys

Intensive episodic nutrient surveys were conducted in the spring and fall (April and October/November)
of 2011 at six stations (four probability and two targeted) in the bay. The episodic sampling surveys were
designed to characterize water column nutrient concentrations during three consecutive days of sampling,
bracketing the neap and spring tides during both high and low tides. Spring tides represent the maximum
tidal range between low and high tide elevations; neap tides represent the minimum tidal elevation change.
Tidal changes in SLB generally occurred in a single cycle, representing a relatively small change in stage
elevation relative to some other coastal areas; therefore, the representation of mid-tides was not critical
for tidal characterization of the SLB. Neap and spring tides were identified in two of three quarters
(spring and fall) during the monitoring period: May 16th and October 11th (spring tides) and May 24th
and November 1st (neap tides). Sampling occurred on three consecutive days at each station: one day
before, the day of, and the day after the targeted tidal condition.

A total of six samples (during both the high and low tides on each of the sampling days) were collected at
each station to characterize tidal condition during each monitoring quarter, and would reflect effects of
variable wind conditions.

7.1 Water quality parameters

Water temperature conditions during spring and fall sampling seasons are very distinct between spring
and neap tides (Figure 20). Water temperatures during neap tide in the spring were relatively higher, but
relatively lower in the fall. The median temperatures among all stations were fairly consistent.
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Figure 20. Comparisons of water temperature during spring and neap tides in both spring (upper)
and fall (lower panel) seasons for six selected stations among three site classes in 2011. “Bayou”
refers to the lower, tidally influenced zones of the Jourdan and Wolf rivers (JR and WR,
respectively) nearest the bay proper.

The differences in salinity values were the opposite those of water temperature; salinity values were
substantially higher during spring tide than during neap tide in the spring but were opposite in the fall
(Figure 21). Salinity values in the spring were lower than in the fall, reflecting greater spring riverine
runoff. Assuming that spring tides reflect a greater oceanic influence and neap tides less oceanic influence
relative to riverine, then the data lead to the following potential explanations. In May, the estuary warmed
and had more runoff, so salinity was lower during neap tide but the estuary was warm. During spring tide
in May, cooler saline marine water increased salinity and decreased temperatures. The effect was opposite
during October when the estuary had cooled and freshwater effects were lower, so the estuary was cool
but relatively more saline after a long summer. Warmer, relatively less saline ocean waters during spring
tides in October, therefore, resulted in increased temperatures and lower salinity. In addition, flows
continued to drop in October to November, so salinity in general increased as the estuary cooled into the
fall and the neap samples (November) were taken after the spring tide samples (October). Consistent with
this observation are that salinity values at all stations in the fall were greater than 10 ppt—much higher
than in the spring (less than 10 ppt).
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Figure 21. Comparisons of salinities during spring and neap tides in both spring (upper) and fall
(lower panel) seasons in six selected stations in 2011. “Bayou” refers to the lower, tidally
influenced zones of the Jourdan and Wolf rivers (JR and WR, respectively) nearest the bay proper.
Stations are listed based on spatial locations.
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The pH values in general were lower during neap tide in the spring and higher during neap tide in the fall
(Figure 22). However, two of the mid-bay stations during neap tide in the spring had unexpectedly high
pH values. The pH values could have been affected by the sources of the water (marine and freshwater)
and productivity. Since water sources should be similar in the mid-bay, the wide span of pH ranges
suggests that metabolism associated with a bloom and/or organic matter loading might have changed pH
balances near these two stations.

Figure 22. Comparisons of pH values during spring and neap tides in both spring (upper) and fall
(lower panel) seasons in six selected stations (Figure 3) among three site classes in 2011. “Bayou”
refers to the lower, tidally influenced zones of the Jourdan and Wolf rivers (JR and WR,
respectively) nearest the bay proper. The stations are listed based on spatial location.
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An estuarine spring algal bloom hypothesis is also supported by relatively wider ranges of DO in these
two stations at the same time (Figure 23). DO concentrations were almost always higher during spring
tides than during neap tides in both spring and fall seasons (Figure 23). The only exceptions were the two
stations where high pH was observed during neap tide in the spring. Again, this could be attributed to
exceptionally high algal biomass during that time in these two stations. A stronger effect of well-aerated
marine water during the fall also supports the occurrence of higher DO during spring tide versus neap tide.
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Figure 23. Comparisons of dissolved oxygen during spring and neap tides in both spring (upper)
and fall (lower panel) seasons in six selected stations in 2011. “Bayou” refers to the lower, tidally
influenced zones of the Jourdan and Wolf rivers (JR and WR, respectively) nearest the bay proper.
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TSS was significantly higher during neap tide than during spring tide in both spring and fall seasons
(Figure 24) at all six stations. Relatively low water levels and bottom upwelling during neap tides might
have contributed to the observed pattern.
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Figure 24. Comparisons of total suspended solids (i.e., total suspended solids) sediments during
spring and neap tides in both spring (upper) and fall (lower panel) seasons in six selected stations
(see Figure 3) among three site classes in 2011. “Bayou” refers to the lower, tidally influenced
zones of the Jourdan and Wolf rivers (JR and WR, respectively) nearest the bay proper.
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7.2 Nutrient-Related Parameters

Chl a concentrations were higher during neap tide than during spring tide in the spring but were lower in
the fall (Figure 25). The two stations observed to have higher DO fluctuation and high pH during neap
tide in the spring also had elevated algal biomass (as Chlorophyll a) at this time. The algal bloom was not
observed in other areas of the mid-bay at the same time, consistent with a patchy distribution of
planktonic biomass in the bay.
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Figure 25. Comparisons of chlorophyll a during spring and neap tides in both spring (upper) and
fall (lower panel) seasons in six selected stations (see Figure 3) among three site classes in 2011.
“Bayou” refers to the lower, tidally influenced zones of the Jourdan and Wolf rivers (JR and WR,
respectively) nearest the bay proper.

St. Louis Bay, Mississippi A-36 Gulf of Mexico Alliance



Sources, Fate, Transport and Effects (SFTE) of Nutrients as a Basis for Protective Criteria
in Estuarine and Near-Coastal Waters: Monitoring Data

TOC concentrations, as an indication of organic enrichment, were higher during the neap tide at most
mid-bay stations than during the spring tide in both spring and fall seasons (Figure 26). This pattern was
less obvious among other stations closer to the river mouths, especially in the fall. TOC was relatively
stable between seasons.
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Figure 26. Comparisons of total organic carbon during spring and neap tides in both spring
(upper) and fall (lower panel) seasons in six selected stations (see Figure 3) among three site
classes in 2011. “Bayou” refers to the lower, tidally influenced zones of the Jourdan and Wolf
rivers (JR and WR, respectively) nearest the bay proper.
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TN concentrations were similar or only slightly higher during spring tide than neap tide in the spring and
fall (Figure 27) in some of the stations. TN concentrations were relatively stable during the 3-day
monitoring period in the spring season, while the concentrations varied more in the fall, especially in the
mid-bay. Both NO2+3 and NH4 concentrations are fairly low at all stations during the episodic events.
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Figure 27. Comparisons of total nitrogen during spring and neap tides in both spring (upper) and
fall (lower panel) seasons in six selected stations (see Figure 3) among three site classes in 2011.
“Bayou” refers to the lower, tidally influenced zones of the Jourdan and Wolf rivers (JR and WR,

respectively) nearest the bay proper.
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TP concentrations patterns were similar to that observed for TN (Figure 16), as many factors could have
caused both high TN and TP concentrations in the shallow bay. TP concentrations were similar or slightly
higher during neap tide than during spring tide in the spring but tended to be lower and with greater
fluctuations during neap tide relative to spring tide (Figure 28) in the fall. The wide range of TP during
neap tide in the fall suggests that upwelling during ebb and flood tide could be quite dramatic, resulting in
higher TP concentrations.
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Figure 28. Comparisons of total phosphorus during spring and neap tides in both spring (upper)
and fall (lower panel) seasons in six selected stations (see Figure 3) among three site classes in
2011. “Bayou” refers to the lower, tidally influenced zones of the Jourdan and Wolf rivers (JR and
WR, respectively) nearest the bay proper.
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Surprisingly, DOP concentrations (Figure 29) were completely different from the TP pattern, especially in
the fall, when DOP were actually much higher during the neap versus spring tide (p < 0.05). The wide
range of phosphorus (especially DOP) during neap tide in the fall reflected a lower contribution of marine
water at low tide which leads to low DOP concentrations.

Spring Sampling Events

. : =

g S T -

= T : T |

g 1 : o] TeigL

[

S o T - D= - L !

w o | ! 1 e

E o — ' a L !

[=% | : : €1

E T : I I

£t 8 T | i

© o 1 ﬁ l l

@ | i

= ] ] = I

o O Spring Tide ! !

o O Neap Tide i i
| | | | | |

111C48 111CE7 111C23 111C26 111C42 111C55
Bayou:JR Midbay Bayou'WR
Fall Sampling Events

3 3] [ z i

£ o] = L B H =l

=R H H i s - By

g3 ’ | N

(=] - 1 1

5 ° T | |

i | : ! :

+ D _ | i | -4

g = | |

@ | |

= I I

L] | |

L1x] 1 |

o I I I

0O - I I

I I I I I I
111C48 111C57 111C23 111C26 111C42 111C55
BayouJR Midbay Bayou ' WR

Figure 29. Comparisons of dissolved orthophosphate during spring and neap tides in both spring
(upper) and fall (lower panel) seasons in six selected stations (Figure 3) among three site classes
in 2011. “Bayou” refers to the lower, tidally influenced zones of the Jourdan and Wolf rivers (JR
and WR, respectively) nearest the bay proper.
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8 Quarterly Synoptic Surveys

Quarterly synoptic surveys were conducted at 35 primary biological characterization sites and at 1
additional boundary site (MSBL,; Station 111C59) 3 times during the monitoring period. The quarterly
surveys consisted of the same sampling program conducted during the intensive nutrient surveys, but
included only one sampling day per station per quarter. The station in Mississippi Sound (111C59) was
added, along with continuous salinity monitoring conducted at the same station to assist in establishing
boundary conditions for water quality and salinity modeling.

Water temperature in the SLB showed more variability at the bayou portion of the bay (Figure 30). The
outer bay station had slightly lower temperature overall; however, no significant differences in water
temperatures were observed among stations.

Salinity values were highest in the outer bay, as expected, but varied within the bay. The bayou portion of
JR had the lowest salinity in the spring and fall but the bayou portion of WR had the lowest salinity in the
summer. The WR bayou also had the largest variation in the summer and fall seasons. The spatial
heterogeneity within each of the bay strata (Figure 2) varied during different seasons.
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Figure 30. Spatial and temporal variations of water temperature and salinity during the quarterly
synoptic sampling events in different parts of the bay in 2011. “Bayou” refers to the lower, tidally-
influenced zones of the Jourdan and Wolf rivers (JR and WR, respectively) nearest the bay proper.

8.1 Nitrogen and Phosphorus

Median TN concentrations were highest at the stations closest to the JR and were consistently lowest in
the mid-bay (Figure 31) during the three seasons monitored. TP concentrations, however, were less
spatially distinct since TP can come from both marine and freshwater sources. The median TP
concentrations were highest at the outer bay station, although the differences might not be statistically
significant.
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Both TN and TP concentrations were lowest in the spring and highest in the summer. TP concentrations
were significantly lower in the spring and fall seasons than in the summer (p < 0.05). TP also fluctuated
widely in the fall season, similar to that observed in the spring and neap tide study (Figure 28). The high
salinity values in the fall indicate potential contribution of TP from marine sources.
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Figure 31. Spatial and temporal variations of total nitrogen and total phosphorus during the
quarterly synoptic sampling events in different parts of the bay in 2011. “Bayou” refers to the
lower, tidally-influenced zones of the Jourdan and Wolf rivers (JR and WR, respectively) nearest
the bay proper.
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8.2 Carbon

Both TOC and DOC varied spatially and temporally with little discernable pattern (Figure 32). TOC
concentrations were highest in the summer while DOC was similar among different seasons. The highest
TOC concentrations in the spring occurred at the WR bayou portion, where TOC was lowest during
summer and fall seasons. The highest DOC concentrations were mostly at the JR bayou portion in almost
all seasons.
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Figure 32. Spatial and temporal variations of total organic carbon and dissolved organic carbon
during the quarterly synoptic sampling events in different parts of the bay in 2011. “Bayou” refers
to the lower, tidally-influenced zones of the Jourdan and Wolf rivers (JR and WR, respectively)
nearest the bay proper.
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8.3 Turbidity

Turbidity, as represented by TSS and light extinction coefficient, did not differ among seasons. The
spatial variability of TSS and light extinction showed similar patterns, respectively, to TOC and DOC
(Figure 33).
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Figure 33. Spatial and temporal variations of total suspended solids (i.e., total suspended solids)
and light extinction coefficients during the quarterly synoptic sampling events in different parts of
the bay in 2011. “Bayou” refers to the lower, tidally-influenced zones of the Jourdan and Wolf
rivers (JR and WR, respectively) nearest the bay proper.
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8.4 Chlorophyll a

Phytoplankton biomass, as represented by Chl a concentrations, was highest in the summer in the mid-
bay and outer bay, but lowest in the outer bay in the fall. Chl a concentrations were highest in the bayou
portions of the bay in the spring, indicating potentially higher nutrient loading in the spring leading to
higher algal biomass (Figure 34). In the fall, Jourdan River had the highest chlorophyll a, which may have
been caused by localized resuspension, direct inputs, or by relatively higher freshwater inputs at that time
of year.

Figure 34 Spatial and temporal variations of chlorophyll a concentrations during the quarterly
synoptic sampling events in different parts of the bay in 2011. “Bayou” refers to the lower, tidally
influenced zones of the Jourdan and Wolf rivers (JR and WR, respectively) nearest the bay proper.
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9 Monthly Nutrient Loading Surveys

The synoptic nutrient loading surveys focused data collection on targeted sites with freshwater inputs to
the estuary and possible point source impacts. Samples were collected monthly at each location
throughout the sampling year to assess nutrient loading to the study area. Some level of randomization
was afforded to the estimates of baseflow and storm water to the bay because sampling throughout the
assessment period occurred at a subset of the probability sites.

The monthly loading surveys did not include stations in the mid-bay, but did include one outer bay station.
Salinity at these stations showed similar seasonal fluctuations with highest values in the fall and lowest
values in the early spring.

Figure 35. Salinity fluctuation (mean * standard error) during different months in 2011 at different
portions of the SLB system. Wolf and Jourdan rivers are designhated WR and JR, respectively;
“streams” are sample locations above head of tide; “tidal” locations are tidally influenced, but
above the broadened mouth areas; and “bayou” are the lower wide areas of the freshwater inflows
that are connected to the bay proper.
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9.1 Dissolved Oxygen

The freshwater section of the WR had the highest DO levels of all of the stations monitored (Figure 36).
However, the bayou portion in the WR and the outer bay station also had relatively high DO levels,
compared to lower DO levels in the tidal portion of the WR. Both freshwater and tidal portions of the JR
had the lowest DO among the stations, with minima of less than 5 mg/L in the summer. Since the salinity
values at the freshwater site exceeded 1 ppt during most of the year, this location was considered a tidal
stream. Most stations would be expected to have the lowest DO in the SLB system in late summer
because of higher temperatures, lower flows, and higher rates of metabolism.

Figure 36. Monthly fluctuation (mean * standard error) of dissolved oxygen in 2011 during
different months at different points within the SLB system. Wolf and Jourdan rivers are
designated WR and JR, respectively; “streams” are sample locations above head of tide; “tidal”
locations are tidally influenced, but above the broadened mouth areas; and “bayou” are the lower
wide areas of the freshwater inflows that are connected to the bay proper.
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9.2 Chlorophyll a

Compared with other sites, stations in the WR had lower Chl a concentrations in almost all months
(Figure 37). The bayou portions of both JR and WR and tidal portion of JR had the highest planktonic
algal biomass in almost all months, except in June and July, when algal Chl a concentrations at the outer
bay station were the highest.

Figure 37. Monthly fluctuation (mean * standard error) of Chlorophyll a at different points within
the SLB system in 2011. Wolf and Jourdan rivers are designated WR and JR, respectively;
“streams” are sample locations above head of tide; “tidal” locations are tidally-influenced, but
above the broadened mouth areas; and “bayou” are the lower wide areas of the freshwater inflows
that are connected to the bay proper.

9.3 Carbon

The stream portions of the SLB system had low TOC and DOC most of year, except in the mid-summer
to early fall when a spike in organic carbon concentrations occurred (Figure 38). This observed spike can
be explained by storms that occurred in 2011 which would have carried high nutrient loadings from the
upstream watershed to the bay. The DOC declined from the stream portions to the mid-bay in the fall,
probably caused by the removal of DOC by estuarine mixing (Wang et al. 2010). The outer bay station
had relatively high TOC in the spring and summer but intermediate TOC in the fall, while DOC
concentrations remained low throughout the year. At certain times of the year, TOC was most likely
derived from predominantly marine sources as described in previous literature (Cai et al. 2012).
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Figure 38. Monthly fluctuation (mean * standard error) of total organic carbon (upper) and
dissolved organic carbon (lower) during different months in 2011 at different points within the
SLB system. Wolf and Jourdan rivers are designated WR and JR, respectively; “streams” are
sample locations above head of tide; “tidal” locations are tidally influenced, but above the
broadened mouth areas; and “bayou” are the lower wide areas of the freshwater inflows that are
connected to the bay proper.
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9.4 Nitrogen

The monthly TN pattern was similar to that of TOC (Figure 39), with the highest TN concentrations in
streams during the mid-summer storm events. However, at other times, TN concentrations at most
locations in the SLB system appeared to be influenced more by upwelling in mixed zones between
freshwater and marine water interaction than by storm flows.

Figure 39. Monthly fluctuation (mean * standard error) of total nitrogen during different months in
2011 at different points within the SLB system. Wolf and Jourdan rivers are designated WR and JR,
respectively; “streams” are sample locations above head of tide; “tidal” locations are tidally-
influenced, but above the broadened mouth areas; and “bayou” are the lower wide areas of the
freshwater inflows that are connected to the bay proper.

9.5 Phosphorus

In spite of monthly variations, TP concentrations were highest in the most downstream (bayou) portions

of both WR and JR and lowest in the uppermost stream portions (Figure 40). The outer bay station did not
have the highest TP concentrations during most times of the year, indicating that sources of TP in the
water column in the mid-bay were not solely coming from marine tides but also potentially from bottom
upwelling during marine and freshwater mixing. DOP, however, was consistently higher in stations most
strongly influenced by marine tides (Figure 40): highest at the outer bay station and WR bayou but lowest
in freshwater streams. The DOP concentrations also showed a strong seasonal pattern for all saline waters:
lowest at the beginning of year (March) and rising to their highest concentrations during the mid-summer
(August) and remaining high until the end of the year. This pattern was also consistent with observed
patterns during synoptic quarterly sampling.
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Figure 40. Monthly fluctuation (mean = standard error) of total phosphorus and orthophosphate-P
during 2011 at different points within the SLB system. Wolf and Jourdan rivers are designated WR
and JR, respectively; “streams” are sample locations above head of tide; “tidal” locations are
tidally influenced, but above the broadened mouth areas; and “bayou” are the lower wide areas of
the freshwater inflows that are connected to the bay proper.
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9.6 Turbidity

Turbidity (as represented by TSS levels) fluctuated seasonally, especially in the freshwater portion of the
two rivers (Figure 41). High turbidity in the streams in summer was consistent with previous observations
(Figure 33), and might be caused by resuspension or greater extension of estuarine mixing. The highest
turbidity was in the mid-bay and outer bay stations during most of the year.
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Figure 41. Monthly fluctuation (mean * standard error) of total suspended solids (i.e., total
suspended solids) sediments during 2011 at different points within the SLB system. Wolf and
Jourdan rivers are designated WR and JR, respectively; “streams” are sample locations above
head of tide; “tidal” locations are tidally-influenced, but above the broadened mouth areas; and
“bayou” are the lower wide areas of the freshwater inflows that are connected to the bay proper.

10 Biological Assessment Using Benthic Invertebrates

10.1 Sample results

For this study, all salinity measurements within SLB during invertebrate sampling at sample locations
were less than or equal to 11.9 ppt; therefore, they were classified as Low Salinity (MDEQ 2011b). There
were 7,721 benthic invertebrates identified and reported out of the 43 primary samples collected (n = 35
probability, plus 8 targeted), with individual sample totals ranging from 4 individuals to 1,697 individuals;
8 samples were subsampled to 200 organisms. The highest full-count abundances were from 111C50 and
111C54, each of which is near the freshwater inflows, the Wolf and Jourdan rivers, respectively. All of
the remaining probability samples with high full-counts were spatially distributed primarily in the eastern
portion of the bay, near the Wolf River and Bayou Portage inlets. Six of the eight targeted sites

(75 percent) produced samples with very low abundances (i.e., less than 52 organisms), and were
primarily in the tidally influenced areas of the river inflows, near the north shore, and in the area of the
outlet (Zone A).
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10.2 Taxonomic results

Forty-six (46) species were identified from the samples (Table 9), representing 38 families of benthic
invertebrates; these were distributed among segmented worms (Annelida: Oligochaeta, Polychaeta),
arthropods (Arthropoda: Insecta, Malacostraca), Bryozoa, and mollusks (Mollusca: Gastropoda, Bivalvia).
Turbellaria and Nemertea were also found but not identified any further than Class and Phylum,
respectively. The most commonly encountered taxa, both in terms of abundance in individual samples as
well as the number of samples, included four polychaete worms, three amphipods, two bivalve mollusks,
and a single Tanaidacea (Paratanaidae: Hargeria rapax) (Table 10). There were also five species
represented by a single specimen in a single sample: two isopods, Cyathura polita and Xenanthura
brevitelson (Anthuridae, Hyssuridae), and three worms, Eteone heteropoda, Pectinaria gouldii, and
Stenoninereis martini (Polychaeta: Phyllodocidae, Pectinariidae, Nereididae, respectively).

10.3 Gulf Benthic Index

Metrics and Index

One site, 111C23, had too few organisms to calculate the GBI; otherwise, the primary GBI scores for the
probability locations (n = 34) range from 45.7-64.9, with a mean of 56.4 (st. dev. 5.0) and median of 57.2.
There was no reason that site 111C23 should be considered naturally under-productive; thus, it was given
a narrative rating of degraded and added back into the water body-wide composite assessments. Using the
25™ percentile threshold (MDEQ 2011b) resulted in a water body-wide rating of 97.1 percent fair (n = 34
of 35) (Table 11). The distribution of GBI scores showed that not much variation existed in benthic
conditions throughout the bay, with 34 of 35 probability sites falling at or just below the good-fair
threshold (Figure 42). Scores ranged from 45.7 to 64.9, with the median falling at 57.9. One of the eight
targeted sites (111C20) had an extremely low number of organisms (four) and thus, no GBI was
calculated for it. Of the other seven, two were rated below the 10th percentile threshold; the two sites
below the 10" percentile, 111C17 and 111C57, were located fairly high upstream in the tidal Jourdan
River and near the bay-ward extremity of Zone C (Jourdan R.), respectively. Using the 25" percentile
threshold, all targeted locations were also rated as below the good-fair boundary, but falling in the same
range as the probability sites.
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Figure 42. Distribution of biological assessment scores at the probability sites (n = 35) from the
Gulf Benthic Index in St. Louis Bay in 2011. The dashed horizontal line represents the 25th
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Table 9. The 12 most commonly encountered taxa in the St. Louis Bay samples, either from a
large number of samples (n > 12) or a large numbers of individuals (n > 50) in particular
samples.

Number of individuals
Taxon No. samples | Minimum | Maximum Median Mean St. dev.

Streblospio gynobranchiata 38 1 89 12 20.6 19.9
Mediomastus ambiseta 31 22 311 74 92.3 68.5
Capitella capitata 23 1 26 2 4.3 6.0
Tubificidae 16 1 29 2 4.9 7.7
Mulinia lateralis 13 1 30 3 4.8 7.9
Hydrobiidae 6 1 53 3 10.7 20.8
Geukensia granosissima 4 1 62 9 20.3 28.8
Grandidierella bonnieroides 4 5 56 14 22.3 23.8
Polydora cornuta 4 1 22 5 8.0 9.9
Cerapus benthophilus 3 101 1,171 951 741.0 565.1
Hargeria rapax 3 4 145 13 54.0 78.9
Apocorophium louisianum 1 444 444 444 444.0 na

Table 10. Biological assessment results for 43 probability sites within St. Louis Bay (2011).
The primary indicator used is the Gulf Benthic Index (GBI), with ratings given as either good
(G), fair (F), poor (P), or very poor (VP) based on the 25th percentile of the reference
distribution.

GBI Metric values®
enSPIRE ID | No. indiv. | Score | Rating pi_Bival pi_Spion | pi_ffg_pred | pi_toler X_Beck
111C21 85 57.9 F 1.2 8.2 35 0 0
111C49 112 57.0 F 0.0 11.6 3.6 0 0
111C30 82 57.0 F 0.0 13.4 6.1 0 0
111C50 200 61.0 F 3.0 25 0.5 0 1
111C31 16 47.3 F 0.0 375 0.0 0 0
111C51 57 60.8 F 12.3 10.5 17.5 0 1
111C22 100 59.2 F 1.0 8.0 8.0 0 0
111C32 77 49.9 F 2.6 31.2 3.9 0 0
111C23 7 na na 14.3 0.0 0.0 0 0
111C52 177 60.0 F 2.8 11.9 8.5 0 1
111C33 80 57.8 F 1.3 12,5 8.8 0 0
111C34 86 49.8 F 7.0 26.7 1.2 0 0
111C35 200 45.7 F 0.0 43.0 1.0 0 0
111C36 54 55.2 F 0.0 18.5 5.6 0 0
111C37 108 47.4 F 0.0 38.0 0.9 0 0
111C24 61 57.9 F 0.0 16.4 13.1 0 0
111C38 113 54.6 F 1.8 23.9 2.7 0 1
111C25 16 61.6 F 0.0 0.0 6.3 0 0
111C39 157 48.0 F 3.8 39.5 8.3 0 0
111C26 128 58.5 F 0.8 12.5 10.9 0 0
111C53 174 60.6 F 5.2 12.6 13.8 0 1

St. Louis Bay, Mississippi A-58 Gulf of Mexico Alliance



Sources, Fate, Transport and Effects (SFTE) of Nutrients as a Basis for Protective Criteria
in Estuarine and Near-Coastal Waters: Monitoring Data

GBI Metric values®
enSPIRE ID | No. indiv. | Score | Rating pi_Bival pi_Spion | pi_ffg_pred| pi_toler x_Beck
111C40 135 525 F 0.0 24.4 3.0 0 0
111C54 200 56.9 F 10.5 35 1.0 0 0
111C41 43 60.8 F 4.7 16.3 27.9 0 0
111C27 103 61.8 F 0.0 2.9 10.7 0 0
111C28 99 64.9 G 0.0 5.1 25.3 0 0
111C42 162 55.9 F 4.3 11.7 3.1 0 0
111C43 200 54.9 F 0.0 18.0 4.0 0 0
111C44 90 63.5 F 0.0 0.0 4.4 0 1
111C55 35 52.4 F 2.9 22.9 2.9 0 0
111C45 200 59.9 F 0.0 10.5 13.0 0 0
111C46 200 57.4 F 0.5 10.0 35 0 0
111C47 58 51.4 F 0.0 29.3 5.2 0 0
111C29 46 62.0 F 4.3 0.0 10.9 0 0
111C56 200 55.2 F 2.0 15.5 35 0 0
111C15* 29 62.3 F 3.4 3.4 6.9 0 1
111C18* 200 62.5 F 2.0 25 55 0 1
111C58* 72 60.8 F 1.4 13.9 22.2 0 0
111Ci16* 51 58.8 F 2.0 9.8 9.8 0 0
111C19* 20 61.6 F 0.0 10.0 10.0 0 1
111C17* 15 53.1 F 6.7 26.7 13.3 0 0
111C20* 4 na na 25.0 0.0 0.0 0 1
111C57* 23 51.3 F 8.7 30.4 13.0 0 0

Notes:* denotes targeted site locations; pi_Bival = percent individuals, as Bivalvia; pi_Spion = percent individuals, as
Spionidae; pi_ffg_pred = percent individuals, as predators; pi_toler = percent individuals, as tolerants; x_Beck = Beck's biotic
index; na = no assessment; *See Table 2 for definition of individual metric abbreviations.

11 Stressor-Response Relationships

11.1 Correlation among Environmental Variables

Several environmental variables followed a strong monthly pattern as shown earlier and in the correlation
plot below (Figure 43). For example, salinity, temperature, DO, and dissolved orthophosphate
concentrations (DOP) were strongly correlated with month (r = 0.61, 0.43, 0.5, and 0.44, respectively),
indicating a strong seasonal pattern due to seasonal influences of marine and freshwater sources to the bay.
The strong association of DOP and salinity indicated that elevated DOP mainly came from marine
sources as observed in Figure 40 and as noted in previous literature (Cai et al. 2012). TSS and Secchi
depth are indicators of upwelling disturbances caused by mixing between fresh and saline waters, which
often varied strongly because of flow regimes of dry/wet seasons (Brown et al. 2007) as well as during
ebb and flood tides. In this study, the mid-bay and outer bay stations had higher turbidity values than
those in rivers (see Figure 18). Higher turbidity values were not associated with most nutrient variables in
this dataset.

Of the nutrient variables, TN and TP were both correlated with Chl a (r = 0.42 and 0.35, respectively).
The mid-bay and bayou portions of the SLB are areas where both freshwater (potentially P-limited) and
marine water (potentially N-limited) mix. The speciation of P and N and the type of nutrient limitation
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depends on which water sources prevail. Particulate and dissolved phosphorus could transform
dramatically during the estuarine mixing; their proportion of TP could be very different in the low salinity
and high salinity areas (Lin et al. 2012). Therefore, although DOP was not strongly associated Chl a
concentrations, TP concentrations are still likely a direct causal factor of rising Chl a concentrations.

TN concentrations (especially TKN) in the mid-bay were likely from upstream rivers and sediment
upwelling. Both dissolved inorganic nitrogen (NO,.3 and NH,) concentrations were mostly below
detection limits, which indicated that nitrogen could be the potential cause of elevated Chl a
concentrations in the bay (Figure 43). Nitrogen concentrations in the JR were slightly higher than those
in the WR.

Figure 43. Spearman correlation coefficients among nutrient variables in the mid-bay 2011 dataset.
The smooth lines are locally weighted smoothing lines (span = 2/3).

St. Louis Bay, Mississippi A-60 Gulf of Mexico Alliance



Sources, Fate, Transport and Effects (SFTE) of Nutrients as a Basis for Protective Criteria
in Estuarine and Near-Coastal Waters: Monitoring Data

In addition to nutrient concentrations, it should be noted that Chl a concentrations were also strongly
associated with water temperature (r = 0.52), but only weakly with TSS (r = 0.13), light extinction
coefficient (r = 0.3), and Secchi depth (r = -0.28). Also, it was not unexpected that DO levels were not
strongly associated with any of the environmental variables (except month) because of its strong spatial
and temporal variation.

11.2 Relationships between Chl a and TN and TP concentrations

Chl a concentrations in the water column were strongly correlated with both TN and TP concentrations as
expected (Figure 44). Ordinary least square regressions explained only 11 percent and 15 percent of the
variances, respectively. The probabilities of exceeding 20 micrograms per liter (ug/L) Chl a increased
significantly with increasing TN and TP concentrations in logistic regression models, supporting both TN
and TP as co-limiting nutrients of algal biomass in the bay. Selecting summer samples alone did not
increase the correlations between Chl a and nutrient concentrations.
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Figure 44. Ordinary least square regression and logistic regression between total nitrogen and
total phosphorus and chlorophyll a concentrations in 2011.
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A multiple regression analysis was conducted that included additional variables indicative of other
environmental factors (e.g., TSS as a surrogate of light limitation and temperature) in addition to nutrients
(Table 11). The positive relationship between Chl a and TSS indicated that TSS might not be an indicator
of light attenuation; therefore, it was removed from the model (Table 11, Model 2). The second model
included temperature, TN, and TP as predictors. TN was only marginally significant (p = 0.088) and did
not improve the model prediction, although selection criteria included TN in the model. Model 3 was a
reduced model with TP and temperature as predictors (Table 11). Neither light attenuation coefficient (kq)
nor Secchi depth predicted Chl a well in this dataset. TP, instead of DOP, was a better predictor of Chl a
concentrations.

Table 11. Multiple regression model for chlorophyll a concentrations in the bay in 2011.
Model 1: Log(Chl a) ~ log(TN) + log(TP) + Temp + log(TSS)
N = 362, R = 0.306, p <0.001

# Coefficients: Estimate Std. Error t value p(=It)
Intercept 0.368 0.147 2.508 0.0126
Log(TN) 0.21 0.087 2.414 0.016
Log(TP) 0.17 0.045 3.757 <0.001
Log(TSS) 0.234 0.055 4.256 <0.001
Temperature 0.023 0.004 6.274 <0.001

Model 2: Log(Chl a) ~ log(TN) + log(TP) + Temp
N = 363, R* = 0.275, p <0.001

# Coefficients: Estimate Std. Error t value pC>lt)
Intercept 0.698 0.127 5.49 <0.001
Log(TN) 0.151 0.088 1.71 0.088
Log(TP) 0.225 0.045 5.021 <0.001
Temperature 0.024 0.004 6.44 <0.001

Model 3: Log(Chl a) ~ log(TP) + Temp
N =363, R* = 0.27, p <0.001

# Coefficients: Estimate Std. Error t value p(=It])
Intercept 0.622 0.119 5.209 <0.001
Log(TP) 0.246 0.043 5.678 <0.001
Temperature 0.026 0.003 7.504 <0.001
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The best predictive model for Chl a concentrations had two predictors (temperature and TP) (Figure 45).
Although other factors might have also affected Chl a concentrations (e.qg, light, sampling error, depth,
and grazing), most of the data points scatter around the fitted plane predicted by temperature and TP
concentrations, indicating a fair fit (R* = 0.27).

Chl a model

Figure 45. Multiple regression model fit using chlorophyll a (Chl a) as the response variable and
water temperature and total phosphorus (TP) as predictors.
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An alternative graph (Figure 46) better illustrates the seasonal relationships among Chl a, TP, and
temperature. At relatively low temperature (below 30°C), Chl a concentrations never reached 20 pg/L. At
more than 30 °C, the multiple regression predicted Chl a would have a slight chance of reaching 20 pg/L
when TP was above 0.2 mg/L; there was a nearly 50 percent probability of Chl a exceeding 20 pg/L when
TP reached 0.12 mg/L.

Figure 46. Multiple regression analysis showing plots of temperature versus total phosphorus
with contours of raw Chl a concentrations (open circles, left panel), and probability of Chl a > 20
as response variable (open circles, right panel).

11.3 Invertebrate response to nutrient and organic enrichment

Ordination

Nonmetric multidimensional scaling (NMDS) analysis was conducted on species composition of the

43 benthic invertebrate samples based on Bray-Curtis distance metric (stress value 7.38) (Figure 47). The
species composition was mainly driven by two main factors: (1) salinity and ortho-phosphorus, both of
which indicated marine influences, and (2) ammonium, which might have been associated with local
redox disturbance, dissolved oxygen, and potentially habitat quality. Salinity seemed to be one of the
main factors affecting distribution of the benthos, with several taxa (e.g., Apocorophium louisianum,
Geukensia granosissima, and Cerapus benthophilus) only occurring in low salinity sites, while others
(e.g., Americamysis bahia, Sigambra bassi) occur in higher salinity areas.
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Figure 47. Biplot of taxa and site distribution based on nonmetric multi-dimensional scalings of
benthic invertebrate composition overlaying with environmental variables.

Benthic metrics and index

Spearman’s correlations between benthic invertebrate metrics and minimum, medium, and maximum
values of environmental variables measured during 2011 (Table 12), not surprisingly, did not show a
significant direct impact of nutrients on the invertebrate community. The GBI was not strongly associated
with any of the nutrient variables observed directly, but was moderately correlated with salinity

(r =-0.31), as shown in the ordination (Figure 47). Percent individuals, as Bivalvia and Beck’s biotic
index (BI) were associated with a number of environmental variables. However, Beck’s Bl only had
values of 0 and 1 and the relationships were strongest with salinity and temperature. Percent individuals,
as Bivalvia also was strongly associated with temperature and TOC, indicating a potential effect of food
sources.
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Table 12. Spearman correlation coefficients between benthic metrics and environmental
variables (site median, minimum, and maximum of observed values in 2011) in SLB. Only
correlation coefficients between metrics and environmental variables 2 0.3 or < -0.3 were
shown.

GBI Pct. Bivalvia Pct. Spionidae Beck’s BI Pct. Polychaeta

DOP_med -0.47 0.39
TN_med 0.36

TON_med 0.38

TKN_med 0.37

TSS_med 0.30

Secchi_M_med -0.30
DOC_med 0.43

DOP_max -0.31 -0.36

TN_max 0.32 0.46 -0.38
TON_max 0.36 0.40 -0.37
TKN_max 0.34 0.42 -0.38
Chla_max 0.30

Secchi_M_max 0.31 -0.39
TOC_max 0.38 0.34

DOC_max -0.36 0.49 -0.44
pH_med -0.37

Temp_med 0.50 -0.30
Salinity_med -0.55 0.47
pH_min -0.44

Salinity_min -0.31 0.35 -0.48 0.57
kd_min 0.52 -0.34
Temp_max 0.44 0.34

CoarseSand 0.34 -0.33
FineSand 0.35 -0.48
Gravel -0.38

Sand 0.37 -0.35 -0.50
Silt -0.37 0.36 0.50

12 Current Nutrient Condition in SLB

Of the three approaches proposed by USEPA to derive humeric nutrient criteria (USEPA 2010), the
reference condition approach (RCA [Stoddard et al. 2006]), adapted from an approach widely used by
biological assessment programs in the United States, has been most commonly applied. Based on the
RCA, reference conditions are defined to represent areas within a region or watershed that support a
healthy biological community (USEPA 2001). The criteria determined are computed as a function of the
nutrient data distributions from the reference water bodies, which require the least amount of statistical
analysis of the data set. However, the statistical assumptions for methods used to derive the cumulative
frequency distribution vary.
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A second approach, known as the current condition approach (CCA), is essentially RCA with the
assumption that the current condition is protective of a healthy biological community and recreational
uses. This approach was applied to generate criteria for some Florida estuaries and coastal waterbodies
(77 FR 74923 [Federal Register 2012]). The cumulative percentile-based CCA takes advantage of
relatively large datasets collected within the region of interest by simply computing a percentile as a
criterion and then allowing a number of exceedences to satisfy a pre-determined type I error (o).

A third approach is to develop nutrient thresholds for the SLB using a CCA with the assumption that
biological condition is acceptable at its current state. Even with GBI scores below the given thresholds, no
clear evidence exists showing that this is abnormal for this estuary, nor that it is caused by the effects of
nutrients; therefore, a CCA threshold could be used. However, further verification is likely warranted.

To calculate a CCA threshold, one uses a representative sample set of n stations (j in 1,..,.n stations) that
have been sampled, some frequently, some only occasionally (sample size k;, i™in 1,..., k;observation),
over time (each observation here could be a single measurement, a 3-day average or a monthly average).
To develop nutrient criterion for the bay, the CCA would be applied and replication at each station would
be pooled, so a geometric mean value for each station would be calculated, which represents an annual
geometric mean of nutrient condition at each station. As a result, a criterion could be set to protect the
mean condition 90 percent of the time (that percentile is a management decision). In other words, the
threshold for any station should be within the 90 percent confidence/prediction limit of the sampled
stations. A geometric mean of nutrient levels at each station would be calculated. An annual average
criterion could be derived from the equation:

annual crit = exp ()? + tgn-1vSE(1 + 1/n)) @)

Where X is the grand mean value of all station geometric mean values (x;), where t, ,,_4is the one-tail
critical value for a t distribution assuming Type I error of a (e.g., 10%), and s? is the residual standard
error of the estimate. This equation can be simply interpreted as a prediction for a new station mean based
on current observed patterns (model) in the dataset. This approach assumes that monthly and seasonal
variations are similar among all stations.

Previous analyses have found large seasonal variations and significant differences of nutrient
concentrations among different seasons. Therefore, deriving nutrient thresholds for different seasons
should also be considered. As a result, a similar approach as equation (1) was used to calculate seasonal
thresholds for SLB (Table 13).

Geometric average nutrient and Chl a values were highest in the summer (Table 13) and lowest in the
spring or fall. TN and TP concentrations varied most in the fall; relatively high levels in the early fall and
lower levels in November led to higher percentile values than in the spring. Chl a concentrations and
variability were both highest in the summer, in part because of high temperatures.
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Table 13. Distribution of geometric mean nutrient concentrations of total nitrogen, total
phosphorus, and chlorophyll a and their 75" and 90™ percentile values in 41 SLB stations
(only stations in the Bayou and mid-bay site classes were included).

Variables Season Mean SD 75th percentile 90th percentile
Annual 0.47 0.24 0.56 0.65
, Spring 0.45 0.2 0.51 0.58

Total Nitrogen (mg/L)
Summer 0.60 0.24 0.70 0.82
Fall 0.41 0.48 0.57 0.77
Annual 0.045 0.43 0.061 0.079
Spring 0.045 0.35 0.057 0.071

Total Phosphorus (mg/L)
Summer 0.082 0.61 0.124 0.182
Fall 0.026 0.89 0.048 0.084
Annual 8.7 0.29 10.6 12.7
Sprin 9.6 0.3 11.8 14.3

Chiorophyll a (ug/L) pring
Summer 11.2 0.71 18 28.5
Fall 6.3 0.47 8.8 11.8

Note: SD, standard deviation

13 Summary

The monitoring study in 2011 showed strong heterogeneity in the SLB system both spatially and
temporally. On the basis of salinity values, the 51 stations monitored in 2011 were classified into
freshwater streams (AHOT, 2 stations), tidal rivers (6 stations), bayou (22 stations), mid-bay (19 stations),
and outer bay (2 stations). The 22 bayou stations were mostly located at the shallow margins of the bay or
at the mouth of the rivers. The bayou stations were considered more likely to be influenced by freshwater
runoff from nearby streams and land than the mid-bay stations, but they were part of the SLB. According
to the physical locations of the stations and the influences by the two rivers, sampling stations were
further classified into Wolf River and Jourdan River portions. In general, upper stream stations had
similar TN, lower TP, TOC, TSS and Chl a concentrations than the downstream stations, indicating the
sources of nutrients in the mid-bay were not directly coming from upstream loadings. An independent
dataset (the MDEQ after 2005 dataset) also allowed verification that the TN concentrations in the mid-
bay were similar to both JR and WR river bay portions, but TP concentrations in the mid-bay were much
higher, indicating that TP was derived mostly from a marine source. Also, the same classes of stations at
the JR portion had slightly higher salinity, higher nutrient (TOC, TN, TP, and Chl a) levels, and lower
DO concentrations than their counterparts of the WR portion (Figures 13, 15, and 16), suggesting that
higher nutrient loadings are contributed from the JR. However, the spatial patterns were confounded or
interacted with temporal patterns.

Temporal variability changed for different variables at different locations in the SLB system. This
variability included seasonal, monthly, and daily (between neap and spring tides, and ebb and flood tides)
variability. Seasonal variability also interacted with spatial variability because of different influences
from marine tide fluctuation and freshwater loadings during different seasons. Both TN and TP
concentrations were highest in the summer in the bay (Figure 31) but varied in other seasons. Slightly
higher TN concentrations were found at the bayou portion of the bay in both spring and fall seasons as
compared to the mid-bay (Figure 27). TP varied at different locations. Although algal blooms were found
to lead to high water column Chl a concentrations in the spring (Figure 25), the peak algal biomass
occurred mostly at the mid-bay stations in the summer (Figure 34). Not surprisingly, in spite of monthly
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variations, TP concentrations were highest in the most downstream (bayou) portions of both WR and JR
and lowest in the uppermost stream portions (Figure 40). The outer bay station did not necessarily have
the highest TP concentrations during most times of the year (except in the summer), indicating that
sources of TP in the water column in the mid-bay were not solely coming from marine sources but also
potentially from bottom upwelling during marine and freshwater mixing. DOP, however, was consistently
higher in stations most strongly influenced by marine tides (Figure 40); it was highest at the outer bay
station and WR bayou and lowest in freshwater streams.

Several environmental variables followed a strong monthly pattern as shown in the correlation plot
(Figure 43). For example, salinity, temperature, DO, and DOP were strongly correlated with month
(r=0.61, 0.43, 0.5, and 0.44, respectively), indicating a strong seasonal pattern caused by seasonal
influences of marine and freshwater sources to the bay. Salinity values for these stations showed similar
seasonal fluctuations with peaks in the fall and minima in the early spring in 2011 (Figure 35). Summer
was usually the season when most of the stations had the lowest DO in the SLB system (Figure 36),
probably in part because of increasing respiration of elevated Chl a or allochthonous TOC inputs (Figure
37). The strong association of DOP and salinity supported the conclusion that elevated DOP was mainly
derived from marine sources as observed in Figure 40 and as noted in previous literature (Cai et al. 2012).
TOC and TN peaked in August, especially in the upper stream portion of the SLB; this peak barely had an
effect on concentrations in the other parts of the bay (Figure 38 and Figure 39). TSS and Secchi depth
were indicators of upwelling disturbance caused by mixing between fresh and saline waters, which often
varied strongly because of flow regimes of dry/wet seasons (Brown et al. 2007) as well as during ebb and
flood tides. In this study, the mid-bay and outer bay stations had higher turbidity values than those in
rivers (Figure 18 and Figure 41).

Neap and spring tides were studied in both the spring and the fall seasons, and showed different patterns
for different variables after sampling both ebb and flood tides to evaluate variability. Not surprising,
higher TSS and TOC during neap tides indicated higher upwelling disturbance (Figure 24 and Figure 26),
which could have been a major cause of lower DO during neap tide than during spring tide in both
seasons (Figure 23). Nutrient and Chl a concentrations varied between spring and neap tides in the two
seasons. In the spring, TN and TP were fairly similar between spring and neap tides because of higher
discharge upstream and good mixing of freshwater and marine water. In general, Chl a concentrations
were lower during spring tide than during neap tide in the spring. However, an algal bloom occurred at
several mid-bay sites during neap tide, possibly indicating that elevated P concentrations from marine
sources might have relieved the potential P limitation in the mid-bay. Increasing freshwater loading
during spring diluted the bay water more than in the fall. TN, TP, and Chl a levels were higher during the
spring tide than the neap tide in the fall (Figure 26 and Figure 27).

The condition of the benthic macroinvertebrate community based on the GBI was at fair condition in
almost all parts of the bay. The distribution of GBI scores showed that benthic conditions did not vary
much throughout the bay, with 34 of 35 probability sites falling at or just below the degradation threshold.
No significant relationships between GBI scores and environmental variables were observed likely due, in
part, to the narrow range of GBI scores and the large variability of environmental variables.

The association between DO concentrations and invertebrates and other environmental variables was
relatively weak, probably because of a lack of continuous DO monitoring, especially during the summer
when hypoxia occurred most frequently. The large temporal fluctuation of DO, both seasonally and
diurnally, makes it very difficult to relate biological conditions of different locations in the same bay
based on random DO sampling from mostly grab samples (e.g., Justus et al. 2012, GOMA 2013). Benthic
biological health is more likely to be related to DO daily minimum or DO fluctuation than with the
random DO measurements collected during a regular sampling period which mostly occurred in the
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daytime (e.g., GOMA 2013). Having noted that, during the 2011 monitoring period, DO concentrations in
the mid-bay and bayou portion of the bay were mostly above 4 mg/L (Figure 11 and Figure 12) on the
surface and had relatively little stratification, indicating a potentially healthy environment without severe
eutrophication conditions.

The mid-bay and bayou portions of the SLB are systems where both freshwater (potentially P-limited)
and marine water (potentially N-limited) mixed. The speciation of N and P and the type of nutrient
limitation would depend on which water sources prevail. Particulate and dissolved phosphorus could
transform dramatically during the estuarine mixing; their proportion of the TP could be very different in
the low salinity and high salinity areas (Lin et al. 2012). Of the nutrient variables, TN and TP were both
correlated with Chl a (r = 0.42 and 0.35, respectively). Therefore, although DOP was not strongly
associated with Chl a concentrations, TP concentrations might still be a direct causal factor of rising Chl a
concentrations. The best predictive model for Chl a concentrations has two predictors: temperature and
TP (Figure 45). Although other factors might have also affected Chl a concentrations (e.qg, light, sampling
error, depth, and grazing), most of the data points scattered around the fitted plane predicted by
temperature and TP concentrations, indicating a fair fit (R* = 0.27).

On the basis of data showing a relatively fair biological condition in SLB, as well as relatively low
nutrient loadings from upstream compared to mid-bay and the outer bay, we suggest prioritizing efforts to
protect current conditions in the bay. Both annual geometric mean and seasonal geometric mean
thresholds were considered because of large seasonal variability.

14 Recommendations

The 2011 monitoring effort in the SLB system provided valuable information for a better understanding
of spatial and temporal variability of stream and marine inflow/outflow to and from the SLB system. This
information helps to provide a scientific basis for developing nutrient thresholds for the bay to protect
aquatic life uses. However, although additional datasets were analyzed and showed consistent findings
along with the 2011 dataset, based on the spatial and temporal complexity of the watershed, a single year
of data provides only a limited understanding of inter-annual variability. The observed stressor-response
relationship in the current data set represents only a limited linkage between TN and TP and elevated

Chl a concentrations in the bay. A lack of observed relationships between biological health (GBI) and DO,
and between DO and Chl a, indicated that more extensive data collection is needed to better understand
the dynamics of nutrient spikes in SLB, as well as to understand the relationships between algal bloom,
DO diel fluctuation, and biological integrity. On the basis of current results, the following is
recommended:

1. According to the limited data (as noted) during 2011 and a lack of relationship between DO and
biological condition, a DO criterion is hot recommended at this time; however, the magnitude and
frequency of hypoxic stress on aquatic life could be a cause of the majority (97%) of GBI scores
in the SLB system rated as fair.

2. The episodic survey indicated that algal blooms could show up and quickly disappear at different
parts of the bay, probably because of sudden changes in flow pattern (wind direction) and nutrient
inputs. Harmful algal blooms can damage aquatic life and human health. However, the study did
not reveal enough evidence to indicate that the level of algal blooms occurring were adverse to
aquatic life uses. Therefore, because of a lack of stress-response relationships during this study,
we recommend using a current condition approach to define any nutrient management target; the
selected target should use an upper percentile of current conditions as a threshold until further
study provides better evidence of the hypothesized relationship. A tentative/preliminary criterion
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for Chl a based on the monitoring data could be established at (1) an annual geometric mean
Chl a < 10 pg/L and (2) a summer geometric mean Chl a < 18 pg/L (based on the observed 75"
percentile values).

Variables Season 75th percentile 90th percentile
Chl a (ug/L) Annual 10.6 12.7
Summer 18 28.5

3. Similarly, TN and TP concentrations in the mid-bay and outer bay were not significantly lower
than those of the tributary rivers. Therefore, controlling TN and TP loading from upstream might
not contribute to reducing nutrient concentrations in the mid-bay. The recommended nutrient
thresholds are based on a current condition approach, which aims to maintain and protect the
current biological community and water quality conditions. TN and TP targets, respectively,
could be geometric means of <0.56 and <0.06 mg/L, and summer geometric means of <0.70 and
<0.12. Note that these values should be updated (or at least, reevaluated) after subsequent data
collections in the SLB system and analyses relating them to those of other Gulf of Mexico
estuaries.

TN and TP targets, respectively, could be geometric means of <0.56 and <0.06 mg/L, and
summer geometric means of <0.70 and <0.12.

Parameter Annual Geometric Mean Summer Geometric Mean
Total Nitrogen (mg/L) 0.56 0.70
Total Phosphorus (mg/L) 0.06 0.12

The sampling design behind this data set provided a clear picture of nutrient and other water
quality characteristics in the SLB system. The results of this study should be used to inform
future/longer-term monitoring designs for SLB and for other Gulf of Mexico inland estuaries.
Suggestions include:

a. Conduct a multiple-year study. The pattern shown from this SFTE study indicated that
temporal variability is far greater than spatial (within bay) variability. Longer-term
monitoring is needed to better capture that variability across the range of environmental
gradients. At least 3 years of monitoring are needed to provide better confidence in statistical
assumptions.

b. Reduce the scale of monitoring effort. The spatial variability of water quality variables
observed among different stations were relatively constant, compared to temporal variability
during the year (2011); thus, the number of stations within the SLB system could be
substantially reduced to help save budgetary resources. A new stream site (AHOT) at the JR
should be selected to reflect the true freshwater stream condition. Two to three stations in the
tidal stream and bayou portion of the SLB should be selected for each of the two watersheds,
along with several stations at the mid-bay and one station at the outer bay. A total of 20 or
fewer stations would be sufficient to characterize the entire SLB system. Similar to water
quality variables, the number of biological samples collected for the study could also be
reduced.

c. Reduce the number of sampling events and increase consistency. Several sampling events
could be dropped from future monitoring. Episodic nutrient surveys provide information on
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the influence of short-term tidal changes to nutrient and other water quality parameters in
both spring and fall. This information, while valuable to our understanding of temporal
nutrient fluctuations, is also associated with seasonal variation of these parameters. During
this study, seasonal monitoring of a few stations was conducted to examine seasonal
variations of a few parameters; this monitoring was redundant with the monthly monitoring
effort. Future monitoring should focus more resources on monthly changes.

d. Increase continuous DO monitoring effort. Sonde DO monitoring is recommended to
continuously monitor diel fluctuation and seasonal variability of DO concentrations at several
locations at the mid-bay and bayou portions of the SLB. The continuous monitoring will
better characterize DO conditions in the SLB and relate the DO condition to biological
conditions in the bay.

e. Consistently monitor all parameters with similar methods. For purposes of investigating
dynamics of different nutrient analytes, it is important to use similar methods at all
monitoring locations. Collecting both grab samples and composite samples provided different
perspectives of the sampling locations during the study. However, due to large spatial and
temporal variability, these different perspectives provided limited additional explanation of
spatial patterns. Adopting a uniform method is recommended.

In summary, the current study provides solid background information for understanding nutrient
dynamics in the SLB system. Further studies should be conducted to explore the true causal relationship
between nutrient input from upstream sources and the resulting algal blooms and higher trophic level
responses in SLB, and ultimately, to enhance scientific defensibility of nutrient thresholds.
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Appendix Al

Site list sampled as part of the St. Louis Bay SFTE project. Crosswalk of site/station numbers presented
for the Mississippi DEQ enSPIRE system, numbers used in the hydrodynamic and water quality modeling
activities, and those that were part of the original monitoring design.
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Taxonomic Data Quality Control Report

Report completed (date) August 06, 2012

Tetra Tech project number 100-BLT-T24376

Project name SFTE for Pilot Nutrient Criteria in St. Louis Bay, Mississippi

Client Mississippi Department of Environmental Quality, Gulf of Mexico
Alliance (MDEQ/GOMA)

Client contact Ms. Kim Caviness ([601] 961-5390)

Primary taxonomist(s) Dr. Jerry McLelland (T1, Gulf Benthic Taxonomy Assessment [GBTA])

QC taxonomist(s) Dr. Carey Gelpi (T2, Louisiana State University [LSU])

QC analyst J. Stribling

Test conditions and narrative summary — Five (5) benthic macroinvertebrate samples were randomly
selected as approximately 10% of the sample lot, samples from the 51 locations sampled in St. Louis
Bay, Mississippi, as part of the Sources, Fate, Transport, and Effects (SFTE) Study to Develop Pilot
Nutrient Criteria. These results represent a direct comparison of identification results by independent
taxonomists in separate laboratories. Percent taxonomic disagreement (PTD) ranged from 2.0-9.0, with
a mean of 6.0, substantially better than the typical 15% measurement quality objective used for many
programs (though none were specified for this project). Overall, the comparisons were excellent, with
substantial consistency (good precision, low PTD), indicating good consistency in sample treatment. No
samples exceeded the MQO, and the overall data quality of the dataset is acceptable for additional
analyses.

Standard operating procedures (SOP) for identifications documented and provided to all primary and
QC taxonomists? Taxonomists were informed they should identify specimens to lowest practical
taxonomic level.

Additional comments: None.

SUMMARY STATISTICS (by sample lot)

Number of samples 5
Percent of sample lot 10%
Percent taxonomic disagreement (PTD)
Average 6.0
Standard deviation 2.5
Measurement quality objective 15
No. samples exceeding 0
Percent difference in enumeration (PDE)
Average 1.2
Standard deviation 1.1
Measurement quality objective 5

No. samples exceeding 0




Hierarchical target levels

All specimens should be identified to lowest practical level.

The following provides definitions for abbreviations and column headers in tables found in subsequent pages of this

report:

A no_ind_T1 number of individuals counted by primary taxonomist

B no_ind_T2 number of individuals counted by QC taxonomist

C Matches number of agreements between the two taxonomists

D PDE percent difference in enumeration

E PTD percent taxonomic disagreement

F Target_T1 number of individuals identified to target level, primary taxonomist
G Target_T2 number of individuals identified to target level, QC taxonomist
H PTC_T1 percent taxonomic completeness, primary taxonomist

| PTC_T2 percent taxonomic completeness, QC taxonomist

J PTC (abs diff) percent taxonomic completeness (absolute difference)

K Diff_Strt number of straight taxonomic disagreements

L Diff_Hier number of hierarchical differences

M Diff_Miss number of missing specimens

SUMMARY STATISTICS (by individual samples)

Sample ID ‘

SLB-0005 16 15 3.2 6.3 15 16 15 100 100 0
SLB-0008 77 76 0.7 6.5 72 77 74 100 97.4 2.6
SLB-0017 112 110 0.9 6.3 105 111 107 99.1 97.3 1.8
SLB-0026 99 100 0.5 9.0 91 97 98 98 98 0
SLB-0032 386 391 0.6 2.0 383 386 389 100 99.5 0.5

TAXON BY TAXON COMPARISONS (within samples)

Sample ID Taxon S C K L | ™
SLB-0005 Streblospio gynobranchiata 6 5 5 1
SLB-0005 Mediomastus ambiseta 10 10 10

SLB-0008 Nemertea 1 0 0 1
SLB-0008 Macoma mitchelli 0

SLB-0008 Tellinidae 0 2 0 2

SLB-0008 Streblospio gynobranchiata 24 24 24

SLB-0008 Mediomastus ambiseta 47 47 47

SLB-0008 Parandalia americana 2 0 0 2




Sample ID LEL Gl ‘ A ‘ B C
SLB-0008 Parandalia sp. A 0 2 0
SLB-0008 Americamysis bahia 1 1 1
SLB-0017 Nemertea 2 1 1
SLB-0017 Macoma mitchelli 2 0 0
SLB-0017 Strigilla pisiformis 0 1 0
SLB-0017 Tellinidae 0 1 0
SLB-0017 Laeonereis culveri 1 0 0
SLB-0017 Nereididae 0 1 0
SLB-0017 Amphicteis floridus 1 0 0
SLB-0017 Spionidae 0 1 0
SLB-0017 Streblospio gynobranchiata 27 27 27
SLB-0017 Mediomastus ambiseta 76 76 76
SLB-0017 Panopeidae 1 0 0
SLB-0017 Edotia montosa 0 1 0
SLB-0017 Edotia triloba 1 0 0
SLB-0017 Americamysis bahia 1 1 1
SLB-0017 Tanypus clavatus 0 0 0
SLB-0026 Nemertea 16 16 16
SLB-0026 Streblospio gynobranchiata 5 5 5
SLB-0026 Capitella capitata 2 2 2
SLB-0026 Mediomastus ambiseta 65 65 65
SLB-0026 Glycinde solitaria 1 1 1
SLB-0026 Parandalia americana 5 0 0
SLB-0026 Parandalia sp. A 0 6 0
SLB-0026 Sigambra bassi 1 1 1
SLB-0026 Plehnia ellipsoides 0 2 0
SLB-0026 Turbellaria 2 0 0
SLB-0026 Decapoda 0 1 1
SLB-0026 Brachyura 2 0 0
SLB-0026 Mysidae 0 1 0
SLB-0032 Nemertea 19 19 19
SLB-0032 Macoma mitchelli 2 0 0
SLB-0032 Tellinidae 0 2 0
SLB-0032 Streblospio gynobranchiata 44 45 44
SLB-0032 Capitella capitata 10 10 10
SLB-0032 Mediomastus ambiseta 309 313 309
SLB-0032 Glycinde solitaria 1 1
SLB-0032 Edotia montosa 0 0
SLB-0032 Edotia triloba 1 0




List of corrective actions or other issues

1. Develop common understanding of characters separating Streblospio benedicti from S.
gynobranchiata

2. Develop common understanding of characters separating Mediomastus californiensis from M.

ambiseta

Make sure to record and transfer any slide-mounted specimens to T2

4. Count as matches any combination of Brachyura, Brachyura megalops, and Decapoda

w
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Abstract

Hydrodynamic and water quality models were developed to simulate the physical, chemical and
biological processes in Saint Louis Bay, Mississippi as part of a pilot study by the Gulf of Mexico
Alliance (GOMA) Nutrient Priority Issue Team (PIT) regarding the sources, fate, and transport of
nutrients to support the development of nutrient thresholds. Three modeling systems were used: the
Loading Simulation Program in C++ (LSPC) was used to represent hydrological and water quality
conditions in the watersheds and calculate nutrients loads to the bay; the Environmental Fluid Dynamics
Code (EFDC) was used to simulate hydrodynamics of Saint Louis Bay; and the Water Quality Analysis
Simulation Program (WASP version 7.41) was used to simulate spatial-temporal dynamics of nutrients,
phytoplankton, dissolved oxygen (DO) and other water gquality constituents. Four nutrient loading
scenarios were modeled to evaluate the effects of nutrient reduction on response parameters, or endpoints,
including chlorophyll a, DO, primary production and water clarity. Modeled scenarios included an
existing conditions scenario (S1), a natural conditions scenario (S2) in which anthropogenic sources of
pollution were essentially removed, a scenario simulating a 50 percent reduction in the anthropogenic part
of the nutrient load (S3), and a final scenario simulating a 50% increase in the anthropogenic part of the
nutrient load. Analysis of loading scenario outputs can help characterize the sensitivity of Saint Louis Bay
endpoints to anthropogenic nutrient loads. For the natural conditions scenario the primary production rate
decreased by 20 percent. The corresponding decrease for the 90th percentile of chlorophyll a was

25 percent. For the model year (2011), reducing the anthropogenic loads 100% (zero anthropogenic load
condition) reduced the 90th percentile chlorophyll a from 17 pg/L to 13 pg/L, while an increment of 50%
of the loads increased it up to 19 pg/L. Water clarity showed little sensitivity to changes in nutrient loads,
which is attributed to it being primarily influenced by total suspended solids. Mississippi DO criteria were
exceeded in all reduction scenarios about 4% of the time, with similar percent exceedance occurring in
the nutrient reduction, increase, and existing condition scenarios. Given the moderate response of the
estuary to modeled change in loads, a current condition nutrient target approach seemed defensible. Using
the three year average of annual 90th percentiles from the existing condition scenario as the current
condition, TP, TN, and chlorophyll a numeric thresholds would be 0.065 mg/L, 0.66 mg/L, and 17 ug/L,
respectively. The information resulting from this study will contribute to developing a consistent,

integrated approach to nutrient thresholds development for coastal waters along the Gulf of Mexico.
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1 Introduction

In estuaries, nutrient pollution resulting from excess watershed nutrient loads or from altered
hydraulics/residence time might result in undesired proliferation of phytoplankton (Cloern 2001). This
proliferation adversely affects the aquatic life and recreational uses of estuaries. For example, excess
phytoplankton can reduce water clarity, decrease oxygen levels in deeper layers of the water column,
increase hypoxia frequency, and ultimately disrupt benthic and even pelagic communities (those biota
living primarily on the bottom, and in the open water, respectively). Efforts to control the factors that
promote excess phytoplankton are important for minimizing the frequency of algae blooms and hypoxia
and the concomitant effects. Light availability and nutrients, especially nitrogen and phosphorus, are
considered principal factors governing phytoplankton production in estuaries. An appropriate
understanding of the physical and biological processes that control distribution and magnitude of light
and nutrient concentrations is therefore essential for protection and restoration efforts aimed at
maintaining the ecological integrity of these vital systems.

In the Gulf of Mexico, estuarine systems offer critical habitat for an abundant diversity of species
including invertebrates, fish, birds, mammals, reptiles, and amphibians; they also provide a variety of
biogeochemically important functions (e.g., denitrification) and support the economic development of the
surrounding communities through fisheries and recreational uses. Keeping estuarine ecosystems healthy is
very important for the state and environmental agencies in the Gulf of Mexico region. In 2004 Florida,
Alabama, Mississippi, Louisiana and Texas formed the Gulf of Mexico Alliance (GOMA,;
http://www.gulfofmexicoalliance.org/index.php) to increase regional collaboration and efforts to enhance
the ecological and economic health of the Gulf. GOMA has identified water quality improvement as a key issue
to address by increasing cooperation at the local, state, and federal levels. For this, GOMA created a consistent
and integrated approach for developing nutrient criteria for the coastal waters along the Gulf of Mexico. GOMA
designed and implemented a pilot study to collect data and information regarding the sources, fate,
transport, and effects (SFTE) of nutrients to help develop protective nutrient criteria in several Gulf
estuaries, including the St. Louis Bay Estuary, Mississippi.

The purpose of this report is to document the development of a set of predictive hydrodynamic and water
quality models for the St. Louis Bay Estuary, capable of representing the major physical processes
affecting the circulation and transport of solutes, as well as the fundamental biological and chemical
processes governing phytoplankton growth and other important water quality constituents in the estuary.
Ultimately, these models will serve as predictive tools to support the development of nutrient criteria in
the St. Louis Bay Estuary.

The St. Louis Bay Estuary is a shallow embayment on the coast of Mississippi (Figure 1). It contains
approximately 1 square kilometer (km) of public oyster reefs, is used locally for recreation, and provides
habitat for a diverse range of estuarine species. Rapid urban growth and industrial development in the
area have increased pollutant discharges from runoff and small sewage systems, causing water quality
impairments in some of the tributaries and the St. Louis Bay (e.g., Liu et al. 2010). Poor water quality
threatens the ecological function of the estuary and the goods and services it provides. In 1998 the estuary
and some of its tributaries were included on the Mississippi Clean Water Act section 303(d) list of
impaired waters because they did not meet the water quality standards for the designated uses of
recreation and shellfish harvesting (Liu et al. 2008, 2010). The identified pollutants included fecal
coliform, nutrients, and oxygen-depleting substances.

St. Louis Bay, Mississippi B-1 Gulf of Mexico Alliance
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The St. Louis Bay Estuary receives drainage from an area of approximately 1,840 km?, which is divided
into 2 major subwatersheds and 28 smaller subwatersheds. The two major subwatersheds, the Jourdan
River (545 km?) and Wolf River (788 km?), constitute approximately 72 percent of the total drainage area.
The rest of the drainage area is composed of a system of subwatersheds that drain directly to the estuary
through small tidal bayous (Figure 1). The average daily freshwater discharges from the Jourdan River
and the Wolf River are 22 cubic meters per second (m*s*) and 15 m® s *, respectively. Land use in the
middle and upper portions of these watersheds include agriculture, forest, and rangeland; major urban
development occurs in the lower portions of the watersheds, close to the bay. The embayment has a
relatively narrow entrance of 3.06 km that connects the St. Louis Bay Estuary with the Mississippi Sound.
The average depth of the system at mean low water level is 1.43 meters (m), which corresponds to a
surface area of approximately 39.8 km” As a result of its shallowness, St. Louis Bay remains
predominantly well-mixed vertically. The estuary is influenced by diurnal tides of small amplitude from
the Gulf of Mexico, characterized by an average range of 0.46 m. The interaction between the tide
dynamics at the open boundary and the freshwater flows from the system of tributaries results in a
complex two-dimensional circulation which can be successfully captured by the use of a hydrodynamic
model (e.g., Camacho and Martin 2013).

Figure 1. Location of the St. Louis Bay Estuary.
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1.1 Previous Modeling Studies in the St. Louis Bay Estuary and Data
Availability

This project is based, in part, on existing models of the estuary developed for studies funded by the
Mississippi Department of Environmental Quality (MDEQ) and conducted by Mississippi State
University from 2001-2011. Mathematical models of St. Louis Bay have been developed, calibrated,
validated, and refined using the Environmental Fluid Dynamics Code (EFDC) over the past 12 years,
since their first use in 2001 by Huddleston et al. (2001) to support a total maximum daily load (TMDL)
study for fecal coliform bacteria. In the early version of the model, only the embayment area was modeled
without taking into account any region of the Mississippi Sound. In 2001, the hydrodynamic model was
calibrated and validated to reproduce observed profiles of velocity, water surface elevations, temperature,
and salinity at different locations within the estuary for the periods January 1 to April 25, 1999
(calibration) and March 16 to July 30, 1998 (validation).A detailed description of the primary results of
the calibration and validation process can be found in Liu et al. (2008) and Huddleston et al. (2001). In
2003 the EFDC model was coupled with the Water Quality Analysis Simulation Program (WASP) to
provide a comprehensive tool for evaluating water quality in the estuary and system of tributaries
(Huddleston et al. 2003). In the above study, and in a subsequent study of the bay in 2006 (Huddleston et
al. 2006), the calibration of the water quality model was particularly limited by the availability of field
observations. In 2011 Camacho and Martin (2011) updated the existing version of the hydrodynamic
model to the latest version of EFDC, and extended the open boundary approximately 10 km offshore to
better represent the interaction between St. Louis Bay and Mississippi Sound. In that study, the model
bathymetry was also updated on the basis of the bathymetry surveys performed by MDEQ during 2011.
This update was necessary to incorporate potential changes to the bathymetry of St. Louis Bay caused by
Hurricane Katrina in 2005. Extending the model geometry required redeveloping the water quality model
in WASP, although it was not calibrated or validated in any form during that study.

In the study reported in this document, the hydrodynamic model was updated and recalibrated based on
data collection efforts conducted by MDEQ during 2011, and also based on continuous monitoring data
available from the U.S. Geological Survey (USGS) and the National Oceanic and Atmospheric
Administration (NOAA). The water quality model was also updated, calibrated and validated in this
project using data collected by MDEQ during 2011. This later set of data constitutes the most
comprehensive set of water quality data available for the estuary to date.

St. Louis Bay, Mississippi B-3 Gulf of Mexico Alliance
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2 Modeling Approach

A mechanistic modeling approach has been used to investigate the fundamental processes governing the
circulation, transport, and biochemical processes related to water quality in St. Louis Bay. The approach
involves linking state-of-the-art hydrologic, hydrodynamic and water quality models to simulate the:

(a) hydrologic connectivity between the estuary and its system of watersheds, (b) fundamental
characteristics of hydrodynamic circulation and transport in the estuary, and(c) biological and chemical
transformations of relevant water quality constituents impacting phytoplankton growth and dissolved
oxygen availability in the estuary. The models implemented in this study are based on following
computational codes:

e Hydrologic component: The Loading Simulation Program in C++ (LSPC) was used to simulate
the hydrologic connectivity between the estuary and its system of watersheds. This model
computes the freshwater inputs to the estuary for each tributary.

e Hydrodynamic component: EFDC was implemented to simulate the hydrodynamic processes
governing circulation and solute transport in St. Louis Bay.

e Water Quality component: WASP version 7.41 was used to simulate biological and chemical
processes impacting nitrogen and phosphorus speciation, phytoplankton growth, and dissolved
oxygen availability (among others) in the estuary.

A detailed description of these models is given below.

2.1 LSPC Watershed Model

LSPC was used to develop a watershed model to represent hydrologic and water quality loading in the
watershed discharging to the St. Louis Bay Estuary. LSPC is a comprehensive data management and
modeling system that is capable of representing loading, both flow and water quality, from point and non-
point sources and simulating in-stream processes. It is a dynamic watershed model driven by time-
variable weather input data and is capable of simulating flow, sediment, metals, nutrients, pesticides, and
other conventional pollutants, as well as temperature and pH for pervious and impervious lands and
waterbodies. LSPC is based on the Mining Data Analysis System (MDAS), with modifications for non-
mining applications such as nutrient and fecal coliform modeling. MDAS was developed by the United
States Environmental Protection Agency (EPA) Region 3 for TMDL applications related to mining.

To evaluate contributing sources and to represent the spatial variability of sources in the watershed model,
the contributing drainage area was represented by a series of subwatersheds developed using the
Mississippi 12 digit hydrologic unit code (Figure 2). The LSPC model must have a representative reach
defined for each subwatershed; the main channel stem within each subwatershed was used as the
representative reach. The characteristics for each reach include the length and slope of the reach and the
channel geometry which were obtained using the USGS National Elevation Dataset Digital Elevation
Maps and the USGS National Hydrography Dataset.

The watershed models use land use data (Figure 3) from the 2006 National Land Cover Database, as well
as hydrologic soil groups determined from SUURGO data, as the basis for estimating runoff and pollutant
loads. Forested and shrub land covers represent 49% of the land area, and wetlands, located mainly along
riparian corridors and in the low-lying coastal area, cover 22% of the land area. An additional 18% of the
watershed is classified as agricultural land cover, and 8% is classified in urban land covers.
Approximately 65% of the subwatersheds were classified as B soil groups, which have moderate fine to
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moderate coarse textures with moderate infiltration rates, and the remaining subwatersheds were
classified as C and D soils groups.

Nonpoint source loadings and hydrological conditions are dependent on weather conditions. Hourly data
from weather stations within the boundaries of, or in close proximity to, the subwatersheds were applied
to the watershed model. A weather data forcing file was generated in ASCII format (*.air) for each
meteorological station used in the hydrological evaluations in LSPC. Each meteorological station file
contained atmospheric data used in modeling the hydrological processes. Those data included
precipitation, air temperature, dew point temperature, wind speed, cloud cover, evaporation, and solar
radiation. Weather data forcing files were developed for station 0227128, Poplarville Experimental
Station, and 0229426, Waveland. Subwatersheds in the northern portion of the St Louis Bay watershed
were assigned to station 0227128, and subwatersheds in the southern portion were assigned to weather
station 0229426.

Watershed hydrology plays an important role in determining nonpoint source flow and, ultimately,
nonpoint source loadings to a water body. The watershed model must appropriately represent the spatial
and temporal variability of hydrological characteristics within a watershed. Key hydrological
characteristics include interception storage capacities, infiltration properties, evaporation and transpiration
rates, and watershed slope and roughness. LSPC algorithms representing these properties are identical to
those in HSPF. The LSPC/HSPF modules used to represent watershed hydrology were PWATER (water
budget simulation for pervious land units) and IWATER (water budget simulation for impervious land
units). A detailed description of relevant hydrological algorithms is presented in the HSPF (v12) User’s
Manual (Bicknell et al. 2004).

During the calibration process, model parameters were chosen on the basis of local knowledge of land
use, soil types, and groundwater conditions. Values were chosen based on parameter recommendations
from BASINS Technical Note 6 (USEPA 2000), which provides typical parameter values, as well as
minimum and maximums, for parameters, often taking into consideration land use and soil type. The
parameters in the St. Louis Bay model were adjusted within reasonable constraints until an acceptable
agreement was achieved (Figure 4 and 5, and see Table 1) between simulated and observed streamflow at
USGS station 02481510 (Wolf River near Landon) in Mississippi.
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Figure 2. St. Louis Bay subwatershed delineation and USGS calibration station.
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Figure 4. Mean monthly flow: Model Outlet 102 vs. USGS 02481510 Wolf River near Landon, MS.
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Figure 5. Flow exceedence: Model Outlet 102 vs. USGS 02481510 Wolf River near Landon, MS.

A rating system was applied to the calibration and validations stations to determine the overall calibration
success. A weighted score was assigned to simulated versus observed errors, with total flow, storm flow,
and low-flow volumes having the greatest weight. The summation of the weighted scores was assigned a
qualitative descriptor of Very Good (VG), Good (G), Fair (F), or Poor (P). The highest possible score was
80, and the lowest possible score was 20. Scores from 80 to 76 were rated as VG, 75 to 56 as G, 55 to 36
as F, and 35 to 20 as P. Models are considered calibrated and within acceptable agreement with a score of
65 and a rating of Good. The St. Louis Bay model had a score of 74 and a rating of Good.
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Table 1. Summary statistics: Model Outlet 102 vs. USGS 02481510 Wolf River near Landon,
MS.

2.2 EFDC Hydrodynamic Model

The EFDC model (Hamrick 1992) is a state-of-the-art hydrodynamic model capable of simulating the
dynamics of geophysical fluids in one-dimensional, two-dimensional and fully three-dimensional
systems. The model has been widely used and evaluated over the last two decades for riverine, estuarine,
and lacustrine systems in the U.S. and across the world, making the model one of the most well-
documented hydrodynamic models to date (e.g., Lin et al. 2008, Wan et al. 2012, Wool et al. 2003, Zhen-
Gang et al. 2007).

EFDC is based on the primitive set of equations describing the vertically hydrostatic, three-dimensional
motion of a geophysical variable density fluid. The changes in fluid density are internally evaluated by
the model as a function of temperature and salinity concentration using an equation of state. Variations in
salinity concentrations, as well as temperature, are simulated by the model using internally coupled
transport equations solved simultaneously during a model execution. Additional information on the model
can be found in Hamrick (1992).

The EFDC model simulates the hydrodynamic and constituent transport and then writes a hydrodynamic
linkage file for the WASP7 model. This model linkage, from EFDC hydrodynamics to WASP water
quality, has been applied on many EPA Region 4 projects in support of TMDLSs and has been well-tested
(Wool et al. 2003).
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2.3 WASP Water Quality Model

The WASP model is a generalized framework for modeling solute fate and transport in surface waters
(Ambrose et al. 1993). WASP is based on a dynamic compartment-modeling approach by which a natural
aquatic system can be discretized laterally and vertically into multiple segments mutually connected by
advective flows as well as by dispersive mass exchanges. Whereas the former typically controls the
transport in horizontal dimensions, the latter is relevant to reproduce vertical transport processes in the
water column and the underlying benthos. WASP is capable of representing one-dimensional, two-
dimensional and fully three-dimensional systems.

WASP is also a module-oriented modeling system. At present, the model has modules for simulating
conventional eutrophication processes; advanced eutrophication processes including several species of
phytoplankton, periphyton, benthic algae, and silica compounds, among others; fate and transport of
mercury; and simple and organic toxicants. The kinetics and processes included in the conventional
eutrophication module are based on the Potomac Eutrophication Model (PEM) (Thomann and Fitzpatrick
1982)and are reasonably general for most practical problems involving analyzing determinants such as
organic phosphorus (OP), inorganic phosphate (PO,), organic nitrogen (ON), ammonium (NH,) or
ammonia (NH3), nitrate (NO;), total suspended solids (TSS), dissolved oxygen (DO), chlorophyll a
(Chla), and biochemical oxygen demand (BOD).

In WASP, the discretization of the water system is determined either manually by the user or
automatically by means of a linkage file produced by a hydrodynamic model, such as EFDC or by other
transport models such as DYNHYD5. As applied in this project, the linkage file produced by EFDC
determines the number of horizontal and vertical segments used by WASP, as well as the segment
volumes, flow between segments, velocities, temperature, and salinity time series. The simulation time
step is also set in WASP on the basis of the hydrodynamic simulation. WASP has been applied in the past
for the evaluation of water quality processes in Lake Okeechobee (James et al. 1997), Tampa Bay (Wang
et al. 1999), the Back Bay of Biloxi and Biloxi Bay (MDEQ 2002), and the Satilla River Estuary (Zheng
et al. 2004) among others, and to support the development of TMDLs in the United States (e.g.,Wool et
al. 2003; Zou et al. 2006).

2.4 Model Linkage

LSPC, EFDC, and WASP were used to simulate the hydrology and water quality of the watersheds and
the instream hydrodynamics and water quality of St. Louis Bay. LSPC was used to represent the
hydrologic and water quality conditions in the watersheds. LSPC provided tributary flows and
temperature to the EFDC estuary models and tributary water quality concentrations to WASP7 estuary
models. EFDC and WASP7 were linked through the hydrodynamic linkage file. The EFDC
hydrodynamic linkage file provided the inter-cell flow and velocities, as well as cell volume, temperature,
and salinity at each simulation time step, representing the circulation and transport patterns in the estuary.
This file was used subsequently by the water quality model WASP to evaluate the fate and transport of
the different variables under analysis. Figure 6 illustrates the interaction among the three models.
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Figure 6. Linkage among LSPC, EFDC, and WASP models.

2.5 Limiting Factors for Phytoplankton Growth

Phytoplankton growth rate is a complicated function of many limiting factors including, principally, solar
radiation, temperature, and the balance between nutrient availability and phytoplankton requirements.
WASP considers the above variables by means of a linear multiplicative function that limits the
maximum or potential phytoplankton production (B,,,,) by dimensionless factors associated with nutrient
availability (0 < f; < 1), vertical distribution of solar radiation in the water column (0 < f, < 1), and

temperature (f3). The mathematical expression to compute the phytoplankton production (P) is

P=Puax*fi*xfo*fs €))

A discussion of the different limiting factors is given below.

Nutrient Limitation

The approximation used to simulate the effects of nutrient limitation is based on the assumption that
phytoplankton production follows the Monod Growth Kinetics (MGK) model with respect to nitrogen and
phosphorus. This means that at an adequate level of nutrient concentration, the growth rate proceeds at the
saturated rate for the ambient temperature and light conditions present. Meanwhile, at lower levels of
nutrient availability, the growth rate becomes linearly proportional to the existing concentrations.
Mathematically, the nutrient limitation factor is calculated as

—M'( N F ) 2
i =Min N K+ P @
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where K,y and K,,,p are half-saturation constants (nutrient concentrations at which the growth rate is
equal to half the saturated growth rate),N is the concentration of inorganic nitrogen (NH;+NO3) and P is
the concentration of inorganic phosphorus (POy).

Light Limitation

The light limitation function is based on the framework developed by Di Toro et al. (1971) and Smith
(1980) which extended the formulations proposed by Steele (1962) to incorporate: (1) photoinhibition
processes caused by high light intensities in the water surface, and (2) limited phytoplankton production
in areas below the photic zone that resulted from reduced light availability (light attenuation through the
water column). The mathematical expression for light limitation is

2.718 * _
_ f(e‘“*e( KeH) e‘“) 3)

27 K,H

where a = 1, /I, I, is the average incident light intensity at the surface (Langley/day);/; is the saturating
light intensity for phytoplankton growth (Langley/day);H is theaverage depth of the photic zone (m);f is
the fraction of day with light; and K, (m™1) is the light extinction coefficient resulting from the sum of the
total suspended solids (TSS) light attenuation (ks,;i45), Organic carbon (DOC) light attenuation (kpoc),
and the phytoplankton self-shading attenuation (k;elf). Mathematically, K, is calculated as

K. = kp + Ksotias + kpoc + Kseif €©))

where k,, is the background light extinction coefficient (m™1). Ks’elfiscalculated as

Keerp = 0.0088Pcp,; + 0.054Pg; (5)

where Pcy,; is the phytoplankton chlorophyll a concentration (g /L).

Temperature Dependency

Water temperature has a direct impact on phytoplankton production rates. In WASP, the phytoplankton
production rate is temperature-corrected using spatially and temporally variable water temperatures by
means of the equation

fy = @120 (6)

where @ is the temperature correction coefficient.

2.6 Generalities of model calibration and Validation

Calibration and validation are complementary strategies aimed at evaluating the predictive capacity of a
mathematical model. During the calibration process, the parameters of a model are adjusted according to
the degree of agreement between the model predictions and field observations of a given variable or
process under analysis. The degree of agreement, sometimes based upon measures such as model skill
(e.g., Jolliff et al. 2009, Li et al. 2005, Zhang et al. 2010), is typically evaluated using statistical
measurements of curve fitting and also by using scientifically accepted performance criteria. In general,
the model predictive capacity will be higher when the model’s predictions and the field observations are
most similar.
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The calibration of the model implicitly assumes that the mathematical structure of the model (i.e., model
equations describing the physical process under analysis, solution techniques of the governing equations,
and numerical code of the above elements) is correct and capable of representing the physical processes
being evaluated. In the fields of hydrodynamics and water quality modeling, a successful calibration also
depends on a correct specification of the geometrical model grid, as well as on the appropriate
specification of boundary conditions.

During the validation process, the model is evaluated against a different set of field observations, keeping
constant the parameter values estimated during the calibration activity. It is important to note that
confidence in predictive capacity increases as the model is evaluated for different sets of hydrologic
regimes.

For the St. Louis Bay model, the quantitative evaluation of model performance was based on the rating
system presented in Table 1. This rating system is based on the USEPA technical guidance for model
applications (McCutcheon et al. 1990). In this table, the difference (in %) between the time series of
predicted (simulated) and observed values of a prognostic variable (e.g. salinity) is equivalent to the
Relative Error (RE) computed by means of:

re = (2=M 7)
B 0
Where O is the mean of the series of observations, and M the mean of the series of predictions.

Table 2. Measures of model performance implemented during the
calibration - validation process.

% Difference between simulated and observed values
State variable Very Good Good Fair
Salinity <15 15-25 25-40
Water temperature <7 8-12 13-18
Water quality/DO <15 15-25 25-35
Nutrients/Chla <30 30-45 45-60
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3 St. Louis Bay Hydrodynamic and Water Quality Model
Setup

3.1 Model Geometry and Bathymetry

Figure 7 presents the geometric model of St. Louis Bay as well as the bathymetry used in EFDC. The
geometric representation of the estuary consists of a curvilinear orthogonal grid composed of 1,259
horizontal grid cells, each one divided vertically into two sigma grid layers. The open boundary of the
model extends approximately 10 km offshore into Mississippi Sound and is defined by 36 grid cells in the
south, 8 grid cells in the east, and 10 grid cells in the west. The upstream boundaries are defined by the
two major tributaries, Wolf and Jourdan rivers (the latter receiving waters from Bayou Talla, Bayou
Coco, and Rotten Bayou in the west), and a system of multiple freshwater bayous. Point sources are
labeled in red with the letter “L” and are discussed in section 3.4.

Figure 7. St. Louis Bay model geometry and bathymetry; point source dischargers are depicted in
red lettering as L1-L13.
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3.2 St. Louis Bay Data Sources for Calibration-Validation

Data collected by MDEQ and NOAA during the year 2011 were used to calibrate-validate the
hydrodynamic and water quality models of St. Louis Bay. Figure 8 presents the monitoring stations used
to evaluate the model predictive capacity. The model predictions of water surface elevation (WSE) were
evaluated against hourly records of WSE collected by NOAA at the Waveland Yacht Club (WYC)
station® inside the estuary. This station also provided continuous water temperature records that were
compared with model predictions. MDEQ collected additional data to evaluate the model at fifty stations
(SL2 through SL51; Figure 8; Appendix B1) during the period March—-November 2011. The constituents
monitored by MDEQ include water temperature (T), salinity (Sal), pH, DO, total phosphorus (TP), POy,
ON, ammonium (NH,), NOs, biochemical oxygen demand (BOD) and Chla. The records of salinity and
temperature for these stations were used to evaluate the hydrodynamic model. The remaining constituents
were used to evaluate the water quality model. Table 3 presents a summary of the available data used to
evaluate the model.

Figure 8. Monitoring stations used to evaluate of the model. The red points indicate the stations
monitored by MDEQ during 2011. Site identification numbers are cross-linked to MDEQ enSPIRE
numbers in Appendix B1.

Ihttp://tidesandcurrents.noaa.gov/geo.shtml?location=8747437
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Table 3. Summary of MDEQ data used to evaluate the model.

Measured variable / average value of observations

e

c x N- N-

-% Measurement period 8 DO ON NHsz | NOs TP PO, | BOD | Chla | TSS T Sal

n From To % mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | pg/L | mg/L| °C psu
SL2 3/29/2011 |11/8/2011 9 56 | 0.50| 0.04| 0.03| 0.02| 0.02| 2.22| 7.58]| 10.8 | 25.2 1.2
SL3 [3/29/2011 |11/8/2011 | 12 54 | 0.70| 0.04| 0.01| 0.05| 0.02| 2.08|19.28| 14.3 | 25.2 | 4.9
SL4 3/29/2011 |11/8/2011 9 6.3 | 0.60| 0.05| 0.02| 0.03| 0.02| 2.78|15.46| 10.8 | 25.8 2.7
SL5 3/29/2011 |11/8/2011 10 7.0 | 0.50| 0.02f 0.01| 0.06| 0.02| 2.20|13.35| 25.8 | 25.7 9.1
SL6 [3/29/2011 |11/8/2011 | 14 6.3 | 0.58| 0.03| 0.03| 0.14| 0.09| 2.29|19.06| 25.2 | 25.4 | 11.0
SL7 3/29/2011 |11/8/2011 13 6.0 | 0.63| 0.03| 0.02| 0.06| 0.03| 2.08|16.72| 17.5 | 25.9 7.4
SL8 3/29/2011 |11/8/2011 10 58| 0.71| 0.02f 0.01| 0.05| 0.02| 2.00|19.55| 15.1 | 25.9 6.1
SL9 3/29/2011 |11/8/2011 11 54 | 0.60| 0.04| 0.02| 0.04| 0.02| 2.22|18.86| 11.4 | 25.9 4.8
SL10 |3/29/2011 |11/9/2011 | 10 7.2 | 052| 0.02| 0.02| 0.05| 0.02| 2.56| 9.19| 24.1 | 26.6 | 8.0
SL11 |3/30/2011 |11/8/2011 12 6.5 | 0.52| 0.03| 0.01| 0.03| 0.02| 2.00| 6.99| 145 | 25.9 4.7
SL12 |3/30/2011 |11/8/2011 13 6.1 | 0.44| 0.02| 0.01| 0.03| 0.02| 2.00| 6.71| 9.4 | 25.7 1.7
SL13 [4/13/2011 |10/26/2011| 4 73| 0.44| 0.02| 0.01| 0.07| 0.04| 2.00| 8.88| 22.3 | 25.1 | 13.2
SL14 |4/13/2011 |10/26/2011 3 71 | 0.48| 0.03| 0.01| 0.10f 0.04| 2.00{11.00| 41.7 | 25.1 | 13.6
SL15 |5/16/2011 |11/3/2011 27 73| 0.45| 0.02| 0.01| 0.06f 0.03| 2.00|11.52| 22.0 | 23.6 | 115
SL16 |4/13/2011 |10/26/2011| 3 74 | 037| 0.02| 0.01| 0.03| 0.03| 2.00| 6.57| 15.0 | 24.3 | 12.9
SL17 |4/13/2011 |10/25/2011| 3 6.8 | 0.41| 0.02| 0.01| 0.08| 0.04| 2.00|10.97| 27.7 | 24.8 | 14.4
SL18 |5/16/2011 |11/3/2011 27 72 | 0.42| 0.02| 0.01| 0.06f 0.03| 2.00{10.16| 22.3 | 23.3 | 11.7
SL19 [4/13/2011 |10/26/2011| 5 7.3 | 0.42| 0.04| 0.02| 0.03| 0.03| 2.00| 8.24| 17.8 | 25.3 | 6.9
SL20 [4/13/2011 |10/26/2011| 5 7.2 | 0.40| 0.04| 0.01| 0.05| 0.04| 2.00| 8.00| 17.6 | 24.3 | 11.9
SL21 |4/13/2011 |10/25/2011 4 6.8 | 0.43| 0.02| 0.02| 0.07| 0.03| 2.00{12.53| 32.3 | 24.6 | 13.7
SL22 |4/12/2011 |11/14/2011 4 6.3 | 0.42| 0.03| 0.03| 0.04| 0.03| 2.00| 8.18| 17.8 | 23.7 | 105
SL23 [4/20/2011 |10/25/2011| 3 6.9 | 0.52| 0.03| 0.01| 0.06| 0.02| 2.00|10.80| 39.0 | 25.4 | 12.0
SL24 |4/20/2011 |11/9/2011 3 6.6 | 0.50| 0.03| 0.01| 0.04| 0.03| 2.00|10.70| 26.0 | 25.0 | 12.4
SL25 |4/20/2011 |11/9/2011 3 6.7 | 0.42| 0.03| 0.01| 0.05| 0.03| 2.00| 9.43| 20.7 | 248 | 12.1
SL26 |4/12/2011 |11/9/2011 3 71 | 0.42| 0.03| 0.01| 0.07| 0.04| 2.00|14.00| 23.7 | 25.6 | 14.2
SL27 [4/13/2011 |10/26/2011| 4 7.0 | 0.32| 0.04| 0.02| 0.05| 0.03| 2.00| 6.18| 19.3 | 24.1 | 11.7
SL28 |4/12/2011 |10/26/2011 5 65| 0.55| 0.09| 0.06| 0.10f 0.06| 2.00| 6.95| 21.0 | 241 9.2
SL29 |4/20/2011 |10/25/2011 6 6.8 | 0.57| 0.03| 0.01| 0.06f 0.02| 2.00| 9.63| 234 | 25.3 | 12.3
SL30 [4/20/2011 |10/25/2011| 3 7.2 | 054| 0.03| 0.02| 0.07| 0.02| 2.00| 9.13| 19.3 | 25.7 | 115
SL31 [4/13/2011 |11/9/2011 3 8.2 | 0.38| 0.03| 0.01| 0.06| 0.03| 2.00|12.63| 283 | 245 | 7.0
SL32 |4/12/2011 |10/26/2011 3 7.1 | 0.39| 0.05| 0.02| 0.06f 0.04| 2.00| 9.27| 243 | 243 | 11.1
SL33 [4/20/2011 |11/9/2011 4 6.7 | 0.51| 0.03| 0.02| 0.06| 0.03| 2.00| 8.58| 18.0 | 24.9 | 12.6
SL34 |5/16/2011 |11/3/2011 | 27 7.1 | 0.44| 0.02| 0.01| 0.07| 0.03| 2.11| 9.19| 56.7 | 23.5 | 10.7
SL35 |4/12/2011 |11/14/2011 4 56 | 0.54| 0.03| 0.02| 0.06f 0.03| 2.00| 8.48| 315 | 234 | 11.9
SL36 |4/12/2011 |10/26/2011 3 6.3 | 0.73| 0.05| 0.04| 0.09| 0.05| 2.33|/10.03| 20.3 | 23.6 7.3
SL37 |4/12/2011 |11/14/2011 3 6.3 | 041 0.03| 0.01| 0.05| 0.03| 2.00| 9.13| 21.3 | 240 | 125
SL38 [4/12/2011 |11/14/2011| 3 6.5 | 0.50| 0.03| 0.01| 0.03| 0.02| 2.00| 9.10| 44.0 | 24.3 | 115
SL39 |4/13/2011 |11/9/2011 4 7.1 | 0.35| 0.03| 0.02| 0.06f 0.04| 2.00|15.15| 26.5 | 249 | 13.3
SL40 |5/16/2011 |11/3/2011 28 71| 0.42| 0.02| 0.01| 0.07| 0.03| 2.07| 9.19| 150 | 254 7.3
SL41 |4/12/2011 |4/12/2011 1 8.0 | 0.48| 0.04| 0.02| 0.03| 0.02| 2.00|11.00| 32.0 | 24.0 | 6.2
SL42 |4/12/2011 |11/14/2011 3 6.5 | 0.43| 0.03| 0.04| 0.03| 0.02| 2.00| 6.13| 23.0 | 24.2 9.5
SL43 |4/20/2011 |10/25/2011 3 75| 0.56| 0.03| 0.01| 0.05| 0.01| 2.00|11.63| 23.7 | 24.9 5.2
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A Measured variable / average value of observations

= " N- | N-

-% Measurement period % DO | ON | NHs | NO3 | TP | PO4s | BOD | Chla | TSS T Sal

n From To Z | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | mg/L | pg/L | mg/L| °C psu
SL44 |4/20/2011 |10/25/2011| 3 73| 0.67| 0.03| 0.01| 0.05| 0.01| 2.00|10.90| 25.7 | 25.2 | 85
SL45 |4/20/2011 |10/25/2011| 3 73| 0.72| 0.03| 0.01| 0.06| 0.02| 2.00|12.67| 27.3 | 259 | 8.4
SL46 |4/20/2011 |10/25/2011| 5 6.8 | 0.67| 0.03| 0.02| 0.07| 0.02| 2.00|13.06| 36.0 | 25.5 | 8.9
SL47 |5/16/2011 |11/3/2011 | 27 7.0 | 0.35| 0.02| 0.01| 0.06| 0.03| 2.00| 7.22| 21.7 | 23.6 | 10.4
SL48 [4/12/2011 |10/26/2011| 3 7.8 | 0.42| 0.05| 0.03| 0.04| 0.04| 2.00| 7.70| 23.0 | 228 | 95
SL49 |5/16/2011 |11/3/2011 | 27 7.0 | 0.28| 0.02| 0.01| 0.05| 0.04| 2.00| 8.37| 27.0 | 23.5 | 10.0
SL50 [4/13/2011 |11/9/2011 9 6.7 | 0.42| 0.03| 0.04| 0.05| 0.05| 2.00|14.60| 21.5 | 26.2 | 13.6
SL51 |5/17/2011 |10/25/2011| 3 6.6 | 0.57| 0.03| 0.01| 0.10| 0.04| 2.67|15.57| 28.3 | 24.5 | 16.9

*NOBS= Number of observations

3.3 Hydrodynamic Model Forcing Conditions

The datasets required to run the SLB hydrodynamic model consist of WSE time series data for the open
boundary, as well as freshwater flow data for the Jourdan River, Wolf River, and the system of multiple
tributary bayous. The model also requires specification of atmospheric conditions including time series of

wind speed and direction, air temperature, and solar radiation.

For this project, the WSE time series data at the open boundary were obtained from the USGS Merrill

Shell Bank Light (MSBL) station, approximately 10 km from the mouth of the estuary (Figure 7). This

station also provided continuous water temperature in 6 minute intervals and salinity at intermittent
intervals during the period of analysis. For the system of rivers and tributaries, freshwater flows were
obtained from the LSPC model. Finally, atmospheric conditions, including air temperature and wind
velocity and direction time series data were obtained from the NOAA Waveland Yacht Club (WYC)
station inside the estuary (Figure 8).

3.4 Water Quality Model Forcing Conditions

To run the water quality model of St. Louis Bay, appropriate boundary conditions are required for the
following nine state variables

e Carbonaceous Biochemical Oxygen Demand (CBOD)
e Dissolved Organic Nitrogen (ON)

o  Ammonium Nitrogen (N-NH,)

e Nitrite + Nitrate (NO,+NO3)

¢ Organic phosphorus (OP)

e Orthophosphate (POy)

e Chlorophyll a (Chla)

e Dissolved Oxygen (DO)

e Total Suspended Solids (TSS)

These boundary conditions must be specified in the open boundary (marine environment outside the

estuary) as well as in the system of freshwater tributaries. For this project, the boundary conditions were
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established on the basis of water quality measurements collected by MDEQ in 2011. At the open
boundary, the concentrations of CBOD, ON, NH,, NO3, OP, PO,, Chla, DO, and TSS were determined
using water quality measurements at stations SL44 (111C58) and SL44a (111C59) (Figure 8).
Meanwhile, at the freshwater boundaries, the above concentrations were specified using the
measurements available at the closest monitoring stations. Flows and concentrations of water quality
variables from existing point sources such as municipal, industrial, and domestic wasteloads (Figure 7
[labeled in red with the letter “L"], Table 4) were added to the model using the values reported by
Huddleston et al. (2006). These values were originally estimated by Huddleston et al. (2006) using
information from MDEQ and the EPA Envirofacts Warehouse. The latter resource provides access to the
Permit Compliance System (PCS) database, which has information regarding National Pollutant
Discharge Elimination System (NPDES) permitted facilities, location data, and permit effluent
concentrations. Chlorophyll a concentrations in these point sources were assumed to be 0 mg/I.

Table 4. List of point sources in St. Louis Bay.

Flow DO BOD NH4 NO3 PO, ON OoP
ID Name (m3/s) (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L) | (mg/L)
L1 Waveland Wastewater 0.21 7 2 0.27 16.5 29 1.8 2.6
Mat.
L2 Diamondhead Util. Co. 0.1 5 2 0.1 16.5 25 1 2.1
L3 Long Beach/Pass 0.19 8 2 0.1 4.0 21 21 1.6
Christian
Sewage Treatment Plant
L4 Discovery Bay 0.0013 3 23.9 1 5 3 5 4
L5-L10 | Dupont Outfalls 0.1 7 2 0.1 0.08 0.98 3 0.16
L11 Five-Star Resort 0.00035 3 50 1 5 3 5 4
L12 Jourdan River Shores 0.0022 3 2 1.2 15 2.6 5 0.25
L13 Long Beach Industrial 0.02 7 2 0.3 18 2.9 1.78 2.6
Park

In addition to the above state variables, the model also requires specification of hydrologic, meteorological,
and atmospheric conditions. In particular, the model requires wind velocities and air temperatures as
boundary conditions for computation of reaeration rates, solar radiation for the simulation of
phytoplankton processes, and sediment oxygen demand (SOD) values at the bottom of the system to
compute the dissolved oxygen balances. While the boundary conditions corresponding to wind velocities,
solar radiation, and air temperatures were the same as those used to run the EFDC model, the boundary
conditions corresponding to SOD were defined based on EPA measurements of SOD in St. Louis Bay
during 1999. The observations of SOD collected in 1999 ranged between 0.55g0/m?-dayand 2.74gO/m?-
day. Based on the above information, a spatially constant value of 1.5g0/m?-day was specified for SOD.

Table 5 presents the final calibration values for chemical and biological constants of the water quality
model. All forcing functions, boundary conditions, calibration rates, and constants are included in the
WASP input file.
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Table 5. Kinetic rates and biological coefficients for St. Louis Bay water quality model

WASP
Variable Definition Value

Maximum Growth Rate Constant @20 °C (per day) 2.0
Growth Temperature Coefficient 1.09
Self-Shading Extinction (Dick Smith Formulation) 0.017

5 Carbon to Chlorophyll Ratio 30

% Half-Saturation Constant for Nitrogen Uptake (mg N/L) 0.025

o Half-Saturation Constant for Phosphorus Uptake (mg P/L) 0.001

§ Endogenous Respiration Rate Constant @20 °C (per day) 0.1

o Respiration Temperature Coefficient 1.07
Phosphorus to Carbon Ratio 0.015
Nitrogen to Carbon Ratio 0.12
Half-Sat. for Recycle of Nitrogen and Phosphorus (mg Phyt C/L) 0.000

5 Nitrification Rate Constant @20 °C (per day) 0.035

z Nitrification Temperature Coefficient 1.08

= Half Saturation Constant for Nitrification Oxygen Limit (mg O/L) 1.0

© Denitrification Rate Constant @20 °C (per day) 0.01

% Denitrification Temperature Coefficient 1.08

z Half Saturation Constant for Denitrification Oxygen Limit (mg O/L) 0.1
Dissolved Organic Nitrogen Mineralization Rate @20 °C (per day) 0.0075

% Dissolved Organic Nitrogen Mineralization Temperature Coefficient 1.02
Fraction of Phytoplankton Death Recycled to Organic Nitrogen 0.8
Mineralization Rate for Dissolved Organic P @20 °C (per day) 0.03

% Dissolved Organic Phosphorus Mineralization Temperature Coefficient 1.02
Fraction of Phytoplankton Death Recycled to Organic Phosphorus 0.4
Light Option (1 uses input light; 2 uses calculated diel light) 1

- Phytoplankton Maximum Quantum Yield Constant 720

,'5) Phytoplankton Optimal Light Saturation 200

- Detritus & Solids Light Extinction Multiplier 0.0
DOC Light Extinction Multiplier 0.0
Waterbody Type Used for Wind Driven Reaeration Rate 2
CalcReaeration Option - Covar 0

8 Reaeration Option -Sums Wind and Hydraulic Ka 1
Theta -- Reaeration Temperature Correction 1.022
Oxygen to Carbon Stoichiometric Ratio 2.66

a BOD Decay Rate Constant @20 °C (per day) 0.05

8 BOD Decay Rate Temperature Correction Coefficient 1.02

o BOD Half Saturation Oxygen Limit (mg O/L) 1
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4 St. Louis Bay Model Calibration and Validation

The process of model calibration and validation was performed by evaluating model ability to reproduce
field observations of the variables under analysis. This evaluation included both graphical comparisons
and statistical tests.

The calibration and validation of the St. Louis Bay model started with the evaluation of the hydrodynamic
EFDC model which reproduces the fundamental processes impacting the physical transport of solutes in
the estuary. These processes are represented by advective and dispersive transport caused by the
interaction between tide dynamics in Mississippi Sound and freshwater inflows from the riverine systems.
EFDC was calibrated using: (a) records of WSE and temperature available at NOAA station WYC, and
(b) records of salinity and temperature available at 50 MDEQ stations. An acceptable model performance,
based on graphical and statistical tests, allowed validation of the model by comparisons with independent
data for different periods of observation or at different monitoring stations not used during the calibration
process, or both.

The model was calibrated and validated between January 27, 2011 and December 31, 2011. Calibration
was completed between January 27, 2011 and June 14, 2011. Validation was completed between June 15,
2011 and December 31, 2011.

4.1 Hydrodynamic model calibration and validation analysis

Appendix B2 presents a detailed description of the results of the calibration and validation of the
hydrodynamic model. A summary of the main results, presented below, discusses the ability of the model
to reproduce field observations of WSE, salinity, and temperature.

Water Surface Elevation

The model predictions of WSE were compared to the field observations available for NOAA station
WYC (Figure 9). The model reproduced the WSE dynamics in the St. Louis Bay estuary very well,
including, in particular, the timing and amplitude of the oscillations for this station. The Root Mean
Square Error of the WSE predictions for this station was 0.05m with an associated Relative Error (RE) of
1.5 percent. These values are excellent, considering that errors in WSE measurements are typically in the
range of £2cm (0.02m).
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Figure 9. Dynamics of water surface elevation at NOAA station Waveland Yacht Club.

Water Temperature

The model predictions of temperature were compared to the field observations available for NOAA
station WYC (Figure 10). The model captures the fundamental trends of water temperature for this station
for the complete period of analysis (January 27 to December 30, 2011), as well as short-term dynamic
oscillations. A statistical analysis of the results at WY C station shows that the model predictions of
temperature (at the surface layer) closely agree with the observations, with a RMSE of £2.1 °C and an RE
of 4.7 percent. Using the model performance criteria presented in Table 2, the predictive capacity of the
model at WYC is considered “Very Good” in this station. At WYC, the mean value of the observations
for the period of analysis is T,,s = 25.38 °C, while the mean values of the simulations at the surface and
the bottom are T, = 24.59 °CandT; . = 24.19 °C.
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Figure 10. Comparison of observed versus predicted time series of water temperature at NOAA
station Waveland Yacht Club.

Table 6 presents a summary of the results of the calibration-validation process for water temperature by
station, including the qualitative rating assigned to each. Additional calibration-validation information,
including model calibration figures for each station, can be found in Appendix B1. Results indicate that
the model can represent the variations of temperature within the estuary with a good degree of agreement.
The predictive capacity of the model for water temperature is considered "Very Good” for 84 percent of
the monitored stations (42 stations), “Good” for 14 percent of the stations (7 stations) and ”Poor” in only
1 station.

Table 6. Summary of results of the calibration-validation of water temperature

Measurements
Simulations (°C) (°C) Deviation (°C) Relative Error(%)
Mean Mean Qualitative
Station surface bottom Mean Surface | Bottom | Surface | Bottom grade
wyYC 24.59 24.19 25.38 0.79 1.19 3.11 4.68 Very Good
SL2 22.91 22.86 25.21 2.30 2.35 9.14 9.33 Good
SL3 23.11 22.78 25.22 211 2.45 8.38 9.71 Good
SL4 23.02 21.94 25.76 2.73 3.82 10.61 14.81 Good
SL5 25.25 24.96 25.71 0.46 0.75 1.78 2.90 Very Good
SL6 24.76 24.73 25.41 0.65 0.68 2.57 2.68 Very Good
SL7 24.20 24.15 25.90 1.70 1.75 6.56 6.77 Very Good
SL8 24.48 24.43 25.94 1.46 151 5.61 5.82 Very Good
SL9 23.48 23.33 25.87 2.38 2.54 9.22 9.80 Good
SL10 24.93 24.98 26.58 1.65 1.60 6.22 6.02 Very Good
SL11 23.93 24.21 25.94 2.01 1.73 7.74 6.68 Very Good
SL12 23.08 23.05 25.65 2.57 2.60 10.02 10.14 Good
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Measurements
Simulations (°C) (°C) Deviation (°C) Relative Error(%)

Mean Mean Qualitative

Station surface bottom Mean Surface | Bottom | Surface | Bottom grade
SL13 25.06 24.43 25.10 0.04 0.67 0.16 2.69 Very Good
SL14 24.89 24.31 25.15 0.26 0.84 1.03 3.34 Very Good
SL15 22.84 22.08 23.59 0.75 1.51 3.17 6.40 Very Good
SL16 23.84 23.09 24.32 0.49 1.24 2.00 5.09 Very Good
SL17 24.36 23.99 24.79 0.43 0.80 1.74 3.25 Very Good
SL18 22.97 22.18 23.30 0.33 1.12 1.42 4.81 Very Good
SL19 24.39 23.67 25.35 0.95 1.68 3.76 6.62 Very Good
SL20 24.16 23.05 24.31 0.15 1.26 0.61 5.20 Very Good
SL21 24.00 24.10 24.57 0.57 0.48 2.32 1.93 Very Good
SL22 23.17 22.06 23.65 0.48 1.60 2.05 6.75 Very Good
SL23 24.92 24.73 25.37 0.45 0.65 1.77 2.54 Very Good
SL24 24.64 23.24 24.96 0.32 1.72 1.28 6.88 Very Good
SL25 24.72 23.45 24.81 0.09 1.36 0.37 5.49 Very Good
SL26 24.16 23.54 25.60 1.44 2.05 5.61 8.03 Very Good
SL27 24.38 23.43 24.06 -0.32 0.63 -1.33 2.63 Very Good
SL28 23.86 23.95 24.14 0.28 0.19 1.15 0.77 Very Good
SL29 25.32 24.75 25.26 -0.06 0.51 -0.25 2.02 Very Good
SL30 25.03 23.92 25.71 0.68 1.79 2.64 6.98 Very Good

SL31 22.25 21.79 24.53 2.28 2.73 9.28 11.15 Good
SL32 24.32 23.16 24.28 -0.03 1.12 -0.14 4.63 Very Good
SL33 24.82 23.50 24.87 0.05 1.37 0.20 5.51 Very Good
SL34 23.94 23.30 23.51 -0.43 0.21 -1.84 0.90 Very Good
SL35 22.55 21.76 23.38 0.83 1.62 3.54 6.92 Very Good
SL36 23.71 23.78 23.63 -0.08 -0.15 -0.32 -0.63 Very Good
SL37 22.40 21.56 23.98 1.57 241 6.56 10.06 Very Good
SL38 22.66 21.69 24.30 1.64 2.61 6.75 10.74 Very Good
SL39 24.16 23.65 24.93 0.77 1.28 3.08 5.14 Very Good
SL40 25.55 24.79 25.43 -0.11 0.64 -0.45 2.52 Very Good
SL41 22.40 22.25 23.99 1.59 1.75 6.63 7.27 Very Good
SL42 22.53 22.47 24.21 1.68 1.74 6.96 7.19 Very Good

SL43 20.98 19.05 24.94 3.96 5.89 15.89 23.63 Poor
SL44 25.09 25.02 25.24 0.16 0.22 0.62 0.86 Very Good
SL45 25.54 24.10 25.86 0.32 1.76 1.24 6.80 Very Good
SL46 25.53 24.14 25.53 0.00 1.40 0.01 5.46 Very Good
SL47 23.91 23.47 23.64 -0.27 0.17 -1.14 0.72 Very Good

SL48 20.91 20.96 22.75 1.84 1.79 8.08 7.87 Good
SL49 24.52 23.36 23.47 -1.05 0.11 -4.47 0.46 Very Good
SL50 25.38 25.39 26.15 0.77 0.76 2.96 2.92 Very Good
SL51 24.16 24.13 24.53 0.37 0.40 1.51 1.63 Very Good
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Salinity

The results of the calibration-validation of the model with respect to salinity are presented in Table 7 and
Appendix B2. In general, the results show that the model can predict the trends and magnitude of salinity
intrusion in the estuary. Furthermore, the results suggest that the model reasonably reproduces the
fundamental processes affecting mixing and transport processes in St. Louis Bay. Therefore, the
calibrated EFDC model provides reliable information regarding the physics of the estuary to the water
quality model WASP. From Table 7 and Appendix B1, it is possible to conclude that the model is capable
of representing the variations of salinity within the estuary with an acceptable degree of agreement. The
predictive capacity of the model for this variable is considered “Very Good” for 48 percent of the
monitored stations (24 stations), “Good” for 28 percent of the stations (14 stations), “Fair” for 14 percent
of the monitored stations (7 stations), and “Poor” for only 5 stations. It is worth noting that less skillful
predictions do not appear systematic but rather randomly distributed across the grid.

Table 7. Summary of results of the calibration-validation of salinity

Simulations
(parts per thousand Measurements
[ppt]) (ppt) Deviation (ppt) Relative Error(%)
Mean Mean Qualitative
Station surface bottom Mean Surface | Bottom | Surface | Bottom rating
SL2 1.06 1.99 1.23 0.17 -0.76 13.94 -61.74 Very Good
SL3 4.53 6.46 491 0.38 -1.55 7.73 -31.55 Very Good
SL4 3.00 4.27 2.71 -0.29 -1.57 -10.77 -57.77 Very Good
SL5 11.20 12.64 9.07 -2.13 -3.57 -23.51 -39.43 Good
SL6 9.84 10.91 11.02 1.18 0.11 10.70 0.97 Very Good
SL7 4.82 7.05 7.41 2.59 0.36 34.96 4.88 Very Good
SL8 4.47 6.68 6.10 1.63 -0.58 26.74 -9.54 Very Good
SL9 3.49 5.27 4.84 1.35 -0.42 27.87 -8.69 Very Good
SL10 8.22 11.31 8.04 -0.18 -3.27 -2.29 -40.70 Very Good
SL11 2.49 6.30 4.75 2.25 -1.56 47.45 -32.76 Fair
SL12 1.08 3.18 1.67 0.59 -1.51 35.30 -90.21 Fair
SL13 13.28 15.27 13.18 -0.09 -2.09 -0.71 -15.83 Very Good
SL14 14.23 15.88 13.64 -0.59 -2.24 -4.32 -16.45 Very Good
SL15 13.64 17.22 11.52 -2.12 -5.70 -18.39 -49.43 Good
SL16 15.86 19.52 12.95 -2.91 -6.57 -22.47 -50.78 Good
SL17 15.39 17.40 14.43 -0.95 -2.96 -6.60 -20.53 Very Good
SL18 13.64 17.27 11.69 -1.94 -5.57 -16.63 -47.64 Good
SL19 11.12 13.24 6.92 -4.20 -6.32 -60.74 -91.39 Poor
SL20 14.76 18.24 11.91 -2.85 -6.33 -23.94 -53.19 Good
SL21 16.20 17.92 13.73 -2.47 -4.20 -18.03 -30.56 Good
SL22 14.61 16.77 10.54 -4.07 -6.23 -38.66 -59.12 Fair
SL23 14.02 14.74 12.04 -1.99 -2.71 -16.50 -22.49 Good
SL24 12.15 17.00 12.43 0.28 -4.57 2.26 -36.73 Very Good
SL25 12.79 16.53 12.06 -0.72 -4.46 -5.99 -37.00 Very Good
SL26 15.02 17.38 14.16 -0.85 -3.21 -6.02 -22.69 Very Good
SL27 13.59 16.01 11.74 -1.86 -4.27 -15.81 -36.42 Good
SL28 10.52 11.64 9.19 -1.33 -2.45 -14.42 -26.68 Very Good
SL29 13.36 15.36 12.29 -1.07 -3.07 -8.73 -24.95 Very Good
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Simulations
(parts per thousand Measurements
[ppt]) (ppt) Deviation (ppt) Relative Error(%)
Mean Mean Qualitative
Station | surface bottom Mean Surface | Bottom | Surface | Bottom rating
SL30 11.70 13.70 11.49 -0.21 -2.21 -1.81 -19.23 Very Good
SL31 9.85 10.48 6.99 -2.86 -3.49 -40.99 -49.95 Poor
SL32 12.48 14.96 11.13 -1.35 -3.84 -12.18 -34.47 Very Good
SL33 12.98 16.68 12.56 -0.42 -4.12 -3.33 -32.83 Very Good
SL34 13.44 16.70 10.66 -2.78 -6.04 -26.04 -56.61 Fair
SL35 14.01 16.54 11.93 -2.08 -4.61 -17.44 -38.65 Good
SL36 9.96 10.60 7.27 -2.70 -3.33 -37.12 -45.82 Fair
SL37 16.16 19.65 12.50 -3.66 -7.16 -29.32 -57.29 Fair
SL38 14.15 18.84 11.47 -2.69 -7.38 -23.46 -64.35 Good
SL39 13.77 16.92 13.27 -0.50 -3.65 -3.80 -27.54 Very Good
SL40 11.08 12.09 7.28 -3.80 -4.81 -52.18 -66.13 Poor
SL41 11.17 11.98 6.22 -4.95 -5.76 -79.70 -92.69 Poor
SL42 10.92 14.88 9.50 -1.42 -5.38 -14.95 -56.66 Very Good
SL43 7.31 8.68 5.16 -2.15 -3.52 -41.67 -68.23 Poor
SL44 8.29 9.98 8.48 0.19 -1.50 2.30 -17.63 Very Good
SL45 10.79 11.48 8.44 -2.35 -3.04 -27.82 -36.02 Fair
SL46 10.77 11.44 8.89 -1.88 -2.54 -21.12 -28.62 Good
SL47 12.86 16.25 10.39 -2.47 -5.86 -23.79 -56.42 Good
SL48 11.43 14.95 9.49 -1.94 -5.46 -20.44 -57.49 Good
SL49 11.41 14.74 10.00 -1.40 -4.73 -14.01 -47.30 Very Good
SL50 16.80 16.93 13.58 -3.22 -3.35 -23.67 -24.62 Good
SL51 17.64 17.81 16.86 -0.78 -0.95 -4.62 -5.65 Very Good

4.2 Water Quality Calibration and Validation Analysis

A detailed description of the results and model calibration figures obtained during the calibration and
validation of the water quality model of St. Louis Bay are presented in Appendix B2. The field
observations of total phosphorus, PO4, ON, NH4, NO3, TSS, DO, Chla, and BOD collected by MDEQ
during the period March—July 2011 were used to calibrate the kinetic and biological rates presented in
Table 5; meanwhile, the observations collected from July—December 2011 were used for validation
purposes. The figures presented in Appendix B2 illustrate predictions of the different constituents in the
surface and bottom layers of the model, as well as observations available by station. Comparing observed
and modeled mean values of the constituents with the performance criteria listed in Table 2 served as a
basis for determining the success of the calibration-validation procedure. Table 8 presents a summary of
the grades assigned to the model performance based on the above criteria.
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Table 8. Quality of calibration and validation of St. Louis Bay water quality model

Qualitative Qualitative Qualitative Qualitative Qualitative Qualitative
Grade Grade Grade Grade Grade Grade
Station ID TP PO4 ON DO TSS Chla
SL2 Good Very Good Very Good Very Good Very Good Poor
SL3 Very Good Very Good Very Good Very Good Very Good Very Good
SL4 Very Good Very Good Very Good Very Good Very Good Very Good
SL5 Very Good Fair Very Good Very Good Good Very Good
SL6 Fair Fair Very Good Very Good Good Very Good
SL7 Very Good Very Good Very Good Very Good Very Good Very Good
SL8 Very Good Very Good Very Good Very Good Very Good Very Good
SL9 Very Good Very Good Very Good Very Good Very Good Very Good
SL10 Very Good Very Good Very Good Very Good Very Good Fair
SL11 Good Good Very Good Very Good Very Good Poor
SL12 Poor Very Good Very Good Very Good Very Good Poor
SL13 Good Very Good Very Good Very Good Very Good Poor
SL14 Fair Very Good Very Good Very Good Fair Fair
SL15 Very Good Very Good Very Good Very Good Very Good Very Good
SL16 Poor Fair Good Very Good Good Poor
SL17 Good Very Good Good Very Good Very Good Poor
SL18 Very Good Very Good Very Good Very Good Very Good Fair
SL19 Very Good Very Good Good Very Good Very Good Poor
SL20 Good Very Good Good Very Good Very Good Very Good
SL21 Very Good Very Good Very Good Very Good Good Very Good
SL22 Poor Very Good Very Good Very Good Very Good Very Good
SL23 Good Good Good Very Good Very Good Very Good
SL24 Good Very Good Very Good Very Good Very Good Very Good
SL25 Very Good Very Good Very Good Very Good Very Good Very Good
SL26 Very Good Very Good Very Good Very Good Very Good Very Good
SL27 Fair Very Good Poor Very Good Very Good Fair
SL28 Good Very Good Very Good Very Good Very Good Good
SL29 Very Good Good Very Good Very Good Very Good Very Good
SL30 Very Good Poor Very Good Very Good Very Good Very Good
SL31 Very Good Very Good Very Good Very Good Very Good Very Good
SL32 Very Good Very Good Good Very Good Very Good Very Good
SL33 Very Good Very Good Very Good Very Good Very Good Very Good
SL34 Very Good Very Good Very Good Very Good Poor Very Good
SL35 Very Good Very Good Very Good Very Good Very Good Poor
SL36 Very Good Very Good Very Good Very Good Very Good Very Good
SL37 Very Good Very Good Very Good Very Good Very Good Very Good
SL38 Poor Poor Very Good Very Good Fair Very Good
SL39 Very Good Very Good Poor Very Good Very Good Very Good
SL40 Very Good Very Good Very Good Very Good Very Good Very Good
SL41 Very Good Very Good Very Good Very Good Fair Very Good
SL42 Poor Good Very Good Very Good Very Good Fair
SL43 Very Good Poor Very Good Very Good Good Fair
SL44 Very Good Poor Very Good Very Good Good Good
St. Louis Bay, Mississippi B-26 Gulf of Mexico Alliance




Sources, Fate, Transport, and Effects (SFTE) of Nutrients as a Basis for Protective Criteria
in Estuarine and Near Coastal Waters: Modeling Results

Qualitative Qualitative Qualitative Qualitative Qualitative Qualitative
Grade Grade Grade Grade Grade Grade
Station ID TP PO, ON DO TSS Chla
SL45 Very Good Poor Very Good Very Good Fair Fair
SL46 Very Good Poor Very Good Very Good Poor Fair
SL47 Very Good Very Good Very Good Very Good Very Good Good
SL48 Good Very Good Very Good Very Good Very Good Good
SL49 Very Good Good Poor Very Good Fair Very Good
SL50 Fair Very Good Very Good Very Good Very Good Good
SL51 Very Good Very Good Very Good Very Good Very Good Very Good

Given that a substantial portion of the field observations of NH,, NO3; and BOD fall below the Minimum
Quantifiable Limits (MQL) of 0.04 mg NH,/L, 0.02 mg NOs/L, and 2 mg BOD/L (85 percent, 83 percent,
and 92 percent of the data, respectively) a numeric evaluation of the model's predictive capacity for these
constituents was not performed. Instead, only a graphical evaluation of the model predictions was
performed.

As seen in Table 4.3, performance of the model is mostly considered “Very Good” and “Good” for the
evaluated constituents in the fifty MDEQ monitoring stations. In summary, Table 4.3 indicates that the
performance of the model is:

e For TP, “Very Good” or “Good” in 82 percent of the evaluated stations (64 percent and
18 percent, respectively, for a total of 41 stations); “Fair” in 8 percent of the stations (4 stations);
and “Poor” in 10 percent of the stations (5 stations).

e For PO, “Very Good” or “Good” in 82 percent of the evaluated stations (72 percent and
10 percent, respectively, for a total of 41 stations); “Fair” in 6 percent of the stations (3 stations);
and “Poor” in 12 percent of the stations (6 stations).

e For ON, “Very Good” or “Good” in 94 percent of the evaluated stations (82 percent and
12 percent, respectively, for a total of 47 stations) and “Poor” in 6 percent of the stations
(3 stations).

o For DO, “Very Good” in 100 percent of the evaluated stations.

o For TSS, “Very Good” or “Good” in 86 percent of the evaluated stations (74 percent and
12 percent, respectively, for a total of 43 stations); “Fair” in 5 stations; and “Poor” in 4 percent of
the stations (2 stations).

e For Chla, “Very Good” or “Good” in 68 percent of the evaluated stations (58 percent and
10 percent, respectively, for a total of 34 stations); “Fair” in 8 stations; and “Poor” in 16 percent
of the stations (8 stations).

In some stations the model obtained “Fair” and “Poor” grades for the prediction of some water quality
constituents. In these cases (see Appendix B2), the model tended to correctly reproduce the trends of the
field observations; however, the model tended to either over- or under-estimate the magnitude of the
observations.

For the water quality variables NH;, NO3, and BOD, the model was able to simulate values of these
determinants that effectively fall below the MDL, as was suggested by the observations. These results,
along with the analysis of the observations available for 2011, suggest that phytoplankton processes in the
St. Louis Bay system might be limited by NH, and NO; availability.
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In general, the performance of the model is very good, considering the complexity of the St. Louis Bay
system and, in particular, the difficulty of correctly representing the hydrologic connection and
interactions between the main embayment area and the approximately 28 small bayous and tributaries of
the estuary.

5 Analysis of Nutrient Loading Scenarios

As indicated by the modeling results (see Appendix B2), primary productivity of phytoplankton in the
St. Louis Bay estuary appears limited by the low availability of inorganic forms of nitrogen (90 percent
of the time the average concentrations of Chla in the estuary fall below 16ug/Land approximately

85 percent of the measurements of the inorganic forms of nitrogen are below minimum detectable limits).
This conclusion is supported by the investigations of Cai et al. (2012) and Lin et al. (2012) in St. Louis
Bay, which reported reduced availability of inorganic nitrogen in field measurements collected during
2008 and 2009, and inorganic N/P ratios significantly lower than the Redfield ratio (ratios of carbon,
nitrogen, phosphorous equal to 106:16:1) in the water column. To investigate whether current conditions
of primary productivity and DO production in the estuary can be altered by changes in the land use of the
watershed, we modeled potential responses of the system to four scenarios designed to represent
increments and reductions in nutrient loads.

The St. Louis Bay watershed remains fairly undeveloped, particularly in the northern and middle portions.
As discussed by Huddleston et al. (2003), approximately half of the watershed area (52 percent) is
covered in forest—predominantly pine forest, bottomland hard forest along the stream banks and near the
coast, and some deciduous forest interspersed throughout the watershed. Approximately 23 percent of the
watershed area is used for timber harvesting, constituting the second most common land use. This land
use includes areas recently planted or harvested, and areas of bushes and small trees. Agricultural
practices account for approximately 3 percent of the land use. Pastures and grasslands with cattle
production account for approximately 9 percent. Developed areas constitute 2 percent of watershed land
use. Small developed areas are scattered through the watershed area; however, most urban centers are
along the bay. In addition to urban centers, much of the area surrounding the bay is covered by wetlands
(approximately 10 percent). Other land uses account for 1 percent of the watershed area.

In this project four loading scenarios have been implemented to investigate the response of the St. Louis
Bay estuary to potential management practices implemented in the watershed. The first loading scenario
(S1) corresponds to a baseline or current water quality condition. This condition is represented by the
temporal and spatial distribution of water quality determinants obtained during the calibration and
validation of the model. Meanwhile, the second scenario (S2) assumes a zero load condition from
anthropogenic sources. The third scenario (S3) assumes a 50 percent reduction of anthropogenic loads.
Finally, the fourth scenario (S4) evaluates the response of the system to a 50 percent increase in
anthropogenic loads.

The nutrient loads were computed by means of the LSPC model using the following procedure. First, the
land affected by anthropogenic activities was replaced by 100 percent forested areas. Second, the LSPC
model was executed with the above modifications. Third, a loading ratio between the results of the LSPC
model and the base load conditions (i.e., r2=S2/S1) was computed. This ratio was used to compute the
ratios for the load scenarios S3 and S4 (i.e., 3 = —0.5 * r2and r4 = 0.5 * r2) (Table 9) for the most
important tributaries. As a final step, the input concentrations to WASP were increased or reduced
according to the above ratios to evaluate the response of the estuary.
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To obtain long-term estimates of the system's response to load changes, we included in the simulations
the period January 27, 2009 - December 31, 2010. The sources of data for this additional period were the
same as those used during the model calibration-validation (period January 27, 2011 - December 31,
2011). This means that the boundary conditions for the hydrodynamic model were specified using time
series of WSE, temperature, and salinity from the USGS Merrill Shell Bank Light (MSBL) station
(Figure 7), freshwater flows from the LSPC model, and atmospheric conditions from the NOAA
Waveland Yacht Club (WYC) station (Figure 8). The boundary conditions for the water quality model
were, on the other hand, the same boundary concentrations (for the different WQ variables) used for the
base line condition and load scenarios for the period 2011. This way, considering as an example the
scenario S2, although the boundary concentrations were assumed to be the same for years 2011, 2010 and
2009, the input loads were different given that the freshwater flows (specified by the LSPC model) were
different.

Table 9. Percentage of nutrient load modifications from baseline conditions (S1) for scenarios
S2, S3, and S4.

Load modification Load modification Load modification
scenario S2 (100% scenario S3 (50% scenario S4 (50%
reduction ant. load) reduction ant. load) increment ant. load)
Subbasin N P N P N P
Wolf River and Bayou de Lisle -34.53% -46.77% -17.26% -23.39% 17.26% 23.39%
Jourdan River, Rotten Bayou, -36.81% -50.87% -18.41% -25.44% 18.41% 25.44%
and tributaries of the west
region.
Portage, Johnson, and Mallini -98.28% -46.69% -49.14% -23.35% 49.14% 23.35%
Bayous

5.1 Effects of Decreased/Increased Nutrient Loads on Primary
Production

The primary production rate in St. Louis Bay was calculated using WASP-simulated phytoplankton
oxygen production and consumption parameters. The gross primary production values averaged annually
over the volume of St. Louis Bay are presented in Table 10 for each nutrient loading scenario. The results
of Table 10 show primary productivity rates in terms of carbon (C) and oxygen (O) ranging from a
minimum of 80g C/m?/yr (216g O/m?/yr) under zero anthropogenic loads to a maximum of 116g C/m?/yr
(309g O/m?/yr) under an increment of 50 percent of the current anthropogenic loads. In general, the above
values are considered moderate taking into account that the rates of primary productivity can vary
approximately between 109g0/m?/yr to 1095 gO/m?/yr in mesotrophic systems, and between 1095g
O/mPlyr to 7300g O/m?/yr in hypertrophic systems (Chapra 1997). By reducing the current anthropogenic
loads of nutrients to zero, the primary productivity may be reduced by approximately 20 percent (S2 vs.
S1). Meanwhile, a reduction of 50 percent of the anthropogenic loads may lead to a reduction of about

10 percent of the primary phytoplankton productivity (S3 vs. S1). Finally, an increment of 50 percent of
the anthropogenic loads can increase the primary productivity by about 10 percent (S4 vs. S1).
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Table 10. Primary production of St. Louis Bay under different loading scenarios.

Nutrient load scenario
S1 S2 S3 S4
Flow condition | gO/m?/yr | gC/m?/yr | gO/m?%yr | gC/myr | gO/m?/yr | gCim?/yr | gO/m?lyr | gCim?/yr
2009 274 103 216 80 247 92 303 113
2010 279 104 219 82 251 94 309 116
2011 270 101 217 81 244 84 294 110

5.2 Effects of Decreased/Increased Nutrient Loads on Chlorophyll a

The second endpoint used to inform derivation of numeric nutrient criteria can be based on phytoplankton
biomass and prevention of excessive nuisance algal blooms. For comparison, when deriving nutrient
criteria for Florida estuaries, EPA applied a chlorophyll a endpoint that prevents concentrations above a
specified value more than 10 percent of the time. Specifically, the modeled 90" percentile average daily
concentration in the surface layer must remain below this specified value to be considered as supporting

designated uses.

Table 11 shows the modeled 90" percentile phytoplankton concentrations for the different scenarios
under analysis. These values represent the concentration that is only exceeded 10 percent of the time in
St. Louis Bay. Table 11 indicates that reducing the amount of nutrients discharged into the estuary
(scenarios S2 and S3) can reduce the production of phytoplankton; as a result, the concentrations
exceeded 10 percent of the time are lower than that computed for current (S1) loading conditions.
Conversely, if current conditions are considered acceptable based on the modeled chlorophyll a, these
model results provide a basis for supporting a current target chlorophyll value. Lastly, the further
enrichment scenario (S4) provides a basis for evaluating the acceptability of future increases on
chlorophyll a conditions and the subsequent effect and meaning for estuarine uses.

Table 11. Surface phytoplankton biomass (90th percentile) in St. Louis Bay.

Surface Chlorophyll a (ug/L)

Flow condition S1 S2 S3 S4
2009 15.8 12.1 14.2 17.2
2010 17.3 11.9 14.8 18.4
2011 16.8 12.8 15.1 19

5.3 Effect of Decreased/Increased Nutrient Loads on Dissolved

Oxygen

In addition to the chlorophyll a target, the water quality simulation model was also evaluated against a
DO endpoint. When developing that endpoint, the existing Mississippi DO criteria for aquatic life use

were considered:

“ Dissolved oxygen concentrations shall be maintained at a daily average of not less than 5.0 mg/l with an
instantaneous minimum of not less than 4.0 mg/I. When possible, samples should be taken from ambient
sites according to the following guidelines: ... For waters that are thermally stratified such as lakes,
estuaries, and impounded streams: At mid-depth of the epilimnion if the epilimnion depth is 10 feet or

less. At 5 feet from the water surface if the epilimnion depth is greater than 10 feet.”

St. Louis Bay, Mississippi
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The daily depth averaged concentration of DO was used to evaluate the amount of time that this
concentration falls below 5mg/L during the simulated period. The results of this exercise are presented in
Table 12. On the other hand, no violations of the 4mg/L criteria were observed during the evaluation of
the scenario results.

Table 12. Percentage of time DO concentration falls below
minimum condition of 5mg/L.

Loading scenario
Flow condition S1 S2 S3 S4
2009-2011 4.5% 4.0% 4.5% 4.2%

Table 12 indicates that the evaluated nutrient load scenarios do not have a significant impact on the DO
regime of St. Louis Bay. Notice that for the different loading conditions (reductions or increases), the
amount of time that the DO concentration falls below 5mg/L is roughly 4.0 percent. This suggests that
current phytoplankton productivity does not represent a fundamental factor controlling the DO
availability in the estuary.

5.4 Effect of Decreased/Increased Nutrient Loads on Water Clarity

Table 13 presents the impacts of nutrient load changes on the light extinction coefficient. In general, the
results suggest that under similar hydrologic conditions, the changes in the nutrient loads do not
significantly impact the clarity of the St. Louis Bay water. Since, conceptually, the extinction coefficient
aggregates the light attenuation caused by solids, phytoplankton and the water itself, the contribution of
phytoplankton to the overall extinction coefficient is likely small. This further suggests that the governing
factor controlling light attenuation in the estuary is the distribution of TSS. Therefore, any changes in
TSS might be expected to have a more pronounced impact on the light extinction coefficient and water
clarity in the estuary than chlorophyll at the scenarios tested.

Table 13. Alterations of the light extinction coefficients in response
to changes in the load conditions.

Loading scenario
Flow condition S1 S2 S3 S4
2009 17 1.6 1.7 1.72
2010 1.65 1.55 1.6 1.67
2011 1.63 1.53 1.6 1.66

5.5 Numeric Nutrient Criteria

Mechanistic modeling can be used to support the development of numeric nutrient criteria by determining
the level of nutrient reductions that are required to meet endpoint targets. The scenarios evaluated in this
report demonstrate the potential effects that nutrient reductions or increases can have on important water
quality variables in St. Louis Bay. The evaluated variables (primary production, surface chlorophyll a,
DO, and light attenuation) are potential metrics that can be used in combination with chlorophyll a and
DO endpoints. Appropriately selected metrics will help to identify a load scenario that will achieve the
desired water quality in St. Louis Bay. When the same process of developing nutrient criteria is applied to
other estuaries of the Gulf of Mexico, different metrics may be needed depending on regional conditions
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(such as the presence of sea grass), available data, and the expertise of researchers involved in data
analysis. A standard methodology should be used for translating scenario outputs into numeric nutrient
criteria that will protect the desired uses. If the conditions associated with a particular scenario meet the
desired conditions to support designated uses, then one methodology would be to set criteria at the 90"
percentile of the long-term means associated with that scenario. Example numeric nutrient criteria were
developed for the analyzed loading scenarios using this approach, and are presented in Table 14. The
criteria were calculated by computing annual geometric means for the years of simulation (2009-2011).
Candidate numeric nutrient criteria for Total Nitrogen (TN), Total Phosphorous (TP), and chlorophyll a

(Chla) were then calculated as the 90"percentile of these means.

Table 14. Example of numeric nutrient criteria.

Nutrient load scenario
Variable/year S1 S2 S3 S4
TN
2009 0.65 0.55 0.6 0.68
2010 0.65 0.51 0.58 0.73
2011 0.68 0.52 0.61 0.76
Geometric mean 0.66 0.53 0.6 0.72
TP
2009 0.068 0.056 0.059 0.076
2010 0.063 0.051 0.054 0.07
2011 0.064 0.053 0.053 0.073
Geometric mean 0.065 0.053 0.055 0.073
Chla
2009 15.5 11.9 13.9 16.7
2010 16.59 11.7 14.2 17.5
2011 16.96 12.72 15.3 18.6
Geometric mean 16.33 12.1 14.5 17.6
St. Louis Bay, Mississippi B-32 Gulf of Mexico Alliance
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6 Summary and Conclusions

A set of models simulating hydrology (LSPC), hydrodynamics (EFDC) and water quality (WASP) have
been successfully linked to reproduce the fundamental processes governing phytoplankton production and
other important water quality determinants such as DO and nutrients in the St. Louis Bay Estuary.
Information and models available from previous modeling studies conducted by MDEQ and Mississippi
State University from 2001-2011were used as a basis to achieve the goals of this project. Refinements
and updates of existing models as well as new model developments were conducted to establish a
predictive set of mathematical tools to support decision making in the estuary.

A comprehensive, calibration-validation process was conducted to evaluate the predictive capacity of the
hydrodynamic (EFDC) and water quality (WASP) models. The calibration-validation process was based
on field observations collected by MDEQ during 2011. These observations included hydrodynamic
variables such as water surface elevations, salinity, and temperature, as well as water quality constituents
such as total phosphorus, PO4, ON, NH,4, NOs, TSS, DO, Chla, and BOD.

The results of the calibration and validation of the hydrodynamic model indicate that the model is able to
reproduce the overall circulation and mixing characteristics of St. Louis Bay. The model correctly
reproduces the trends and magnitudes of the water surface elevations, temperatures, and salinities at
different locations within the estuary.

Similarly, the results of the calibration and validation of the water quality model indicate that the model is
able to reproduce the fundamental processes controlling the transport and speciation of nitrogen and
phosphorus, as well as the dynamics of phytoplankton production in the St. Louis Bay Estuary. The
comparison between the model predictions and the observations of the different water quality constituents
suggest that the model predicts, with an acceptable degree of agreement, the dynamics of TP,ON, NH,,
NOs, TSS, DO, Chla, and BOD. This set of models can be reliably used as a predictive tool to support the
development of nutrient criteria in this estuary.

A set of four loading scenarios were implemented to evaluate the effects that anthropogenic nutrient load
reductions or increases may have on important water quality variables such as primary phytoplankton
productivity, Chla, DO, and water clarity.

Overall, results suggest that primary productivity of phytoplankton is limited by the low availability of
the inorganic forms of nitrogen in St. Louis Bay. The computed rates of primary productivity are
moderate, with an average value of 101gC/m?/yr under current loading conditions. The evaluation of
different nutrient loading scenarios show that this rate of primary productivity can be reduced up to
81gC/m?/yr if no anthropogenic activities are allowed in the watershed of St. Louis Bay, or increased up
to 110gC/m?/yr if the nutrient loads from anthropogenic activities are increased by 50 percent.

The results of Chla show that under current conditions the averaged 90th percentile phytoplankton
concentration is approximately 17pg/L, but may vary between approximately 13 and 19 pg/L depending
on the loading scenario. A complete reduction of nutrient loads from the watershed (scenario S2) may
reduce the 90th percentile phytoplankton concentration up to 13 pg/L while an increment of 50% of the
loads may increase this concentration up to 19ug/L.

Finally, the results of the scenario simulations for DO indicate that violation of the 5mg/L criterion occurs
approximately 4% of the time. Results suggest that the modification of the current loads may not lead to
substantial alterations frequency of violation.
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Appendix B1

Site list sampled as part of the St. Louis Bay SFTE project. Crosswalk of site/station numbers presented
for the Mississippi DEQ enSPIRE system, numbers used in the hydrodynamic and water quality modeling
activities, and those that were part of the original monitoring design.
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1 Dynamics of Water Surface Elevation (WSE)

A comparison of the model predictions and field observations of WSE for the National Oceanic and
Atmospheric Administration’s (NOAA) Waveland Yacht Club! (WYC) station (Figure B2-1)
demonstrates that the model successfully reproduced the general oscillations and amplitudes of the WSE
in the estuary as well as the ebb and tide periods (Figures B2-2a-c). The Root Mean Square Error (RMSE)
of the predictions of WSE at WYC is equal to 0.05m with an associated Relative Error (RE) of

1.5 percent. These values are excellent, considering that errors in measurements of WSE are typically in
the range of +2 centimeters (0.02 meters).

Figure B2-1. Monitoring stations used for the evaluation of the model. The red points indicate the
stations monitored by MDEQ during 2011. The yellow point indicates the location of NOAA’s
Waveland Yacht Club station.

Ihttp:/itidesandcurrents.noaa.gov/geo.shtml?location=8747437

St. Louis Bay, Mississippi B2-1 Gulf of Mexico Alliance
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Figure B2-2a. Dynamics of water surface elevation at NOAA’s Waveland Yacht Club station.

Figure B2-2b. Dynamics of water surface elevation at NOAA’s Waveland Yacht Club station.

St. Louis Bay, Mississippi B2-2 Gulf of Mexico Alliance
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Figure B2-2c. Dynamics of water surface elevation at NOAA’s Waveland Yacht Club station.

2 Salinity Dynamics

The evaluation of model predictive capacity to reproduce the salinity dynamics in the St. Louis Bay
estuary is summarized in Table B2-1 and Figures B2-3a to B2-3e. This evaluation is based on the
measurements collected by Mississippi Department of Environmental Quality (MDEQ) at 50 monitoring
stations in the estuary during this study.

For each station, Table B2-1 presents the mean value of the observations of salinity and the mean values
of salinity predicted by the model at the bottom and at the surface of the water column. The differences
between the observed and predicted values are included in the table as a measure of the model bias. It is
important to note that the mean values of the model predictions were computed using only the model
predictions obtained at the times of available salinity measurements. Finally, Table B2-1 presents the
relative errors of the model predictions relative to the mean of the measurements. These values are used
along with Table 1 (main report) to assign a qualitative grade to the model predictive capacity by station
(see Table B2-2).

St. Louis Bay, Mississippi B2-3 Gulf of Mexico Alliance
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Table B2-1. Comparison of model simulations and observations of salinity during 2011, by

station.
Measurements
Simulations (ppt) (ppt) Deviation (ppt) RE (%)
Mean Mean

Station Surface Bottom Mean Surface Bottom Surface Bottom
SL2 1.06 1.99 1.23 0.17 -0.76 13.94 -61.74
SL3 4.53 6.46 491 0.38 -1.55 7.73 -31.55
SL4 3.00 4.27 2.71 -0.29 -1.57 -10.77 -57.77
SL5 11.20 12.64 9.07 -2.13 -3.57 -23.51 -39.43
SL6 9.84 10.91 11.02 1.18 0.11 10.70 0.97
SL7 4.82 7.05 7.41 2.59 0.36 34.96 4.88
SL8 4.47 6.68 6.10 1.63 -0.58 26.74 -9.54
SL9 3.49 5.27 4.84 1.35 -0.42 27.87 -8.69
SL10 8.22 11.31 8.04 -0.18 -3.27 -2.29 -40.70
SL11 2.49 6.30 4.75 2.25 -1.56 47.45 -32.76
SL12 1.08 3.18 1.67 0.59 -1.51 35.30 -90.21
SL13 13.28 15.27 13.18 -0.09 -2.09 -0.71 -15.83
SL14 14.23 15.88 13.64 -0.59 -2.24 -4.32 -16.45
SL15 13.64 17.22 11.52 -2.12 -5.70 -18.39 -49.43
SL16 15.86 19.52 12.95 -2.91 -6.57 -22.47 -50.78
SL17 15.39 17.40 14.43 -0.95 -2.96 -6.60 -20.53
SL18 13.64 17.27 11.69 -1.94 -5.57 -16.63 -47.64
SL19 11.12 13.24 6.92 -4.20 -6.32 -60.74 -91.39
SL20 14.76 18.24 11.91 -2.85 -6.33 -23.94 -53.19
SL21 16.20 17.92 13.73 -2.47 -4.20 -18.03 -30.56
SL22 14.61 16.77 10.54 -4.07 -6.23 -38.66 -59.12
SL23 14.02 14.74 12.04 -1.99 -2.71 -16.50 -22.49
SL24 12.15 17.00 12.43 0.28 -4.57 2.26 -36.73
SL25 12.79 16.53 12.06 -0.72 -4.46 -5.99 -37.00
SL26 15.02 17.38 14.16 -0.85 -3.21 -6.02 -22.69
SL27 13.59 16.01 11.74 -1.86 -4.27 -15.81 -36.42
SL28 10.52 11.64 9.19 -1.33 -2.45 -14.42 -26.68
SL29 13.36 15.36 12.29 -1.07 -3.07 -8.73 -24.95
SL30 11.70 13.70 11.49 -0.21 -2.21 -1.81 -19.23
SL31 9.85 10.48 6.99 -2.86 -3.49 -40.99 -49.95
SL32 12.48 14.96 11.13 -1.35 -3.84 -12.18 -34.47
SL33 12.98 16.68 12.56 -0.42 -4.12 -3.33 -32.83
SL34 13.44 16.70 10.66 -2.78 -6.04 -26.04 -56.61
SL35 14.01 16.54 11.93 -2.08 -4.61 -17.44 -38.65
SL36 9.96 10.60 7.27 -2.70 -3.33 -37.12 -45.82
SL37 16.16 19.65 12.50 -3.66 -7.16 -29.32 -57.29
SL38 14.15 18.84 11.47 -2.69 -7.38 -23.46 -64.35
SL39 13.77 16.92 13.27 -0.50 -3.65 -3.80 -27.54
SL40 11.08 12.09 7.28 -3.80 -4.81 -52.18 -66.13
SL41 11.17 11.98 6.22 -4.95 -5.76 -79.70 -92.69
SL42 10.92 14.88 9.50 -1.42 -5.38 -14.95 -56.66
St. Louis Bay, Mississippi B2-4 Gulf of Mexico Alliance




Sources, Fate, Transport, and Effects (SFTE) of Nutrients as a Basis for Protective Criteria
in Estuarine and Near Coastal Waters: Modeling Results

Measurements
Simulations (ppt) (ppt) Deviation (ppt) RE (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL43 7.31 8.68 5.16 -2.15 -3.52 -41.67 -68.23
SL44 8.29 9.98 8.48 0.19 -1.50 2.30 -17.63
SL45 10.79 11.48 8.44 -2.35 -3.04 -27.82 -36.02
SL46 10.77 11.44 8.89 -1.88 -2.54 -21.12 -28.62
SL47 12.86 16.25 10.39 -2.47 -5.86 -23.79 -56.42
SL48 11.43 14.95 9.49 -1.94 -5.46 -20.44 -57.49
SL49 11.41 14.74 10.00 -1.40 -4.73 -14.01 -47.30
SL50 16.80 16.93 13.58 -3.22 -3.35 -23.67 -24.62
SL51 17.64 17.81 16.86 -0.78 -0.95 -4.62 -5.65

St. Louis Bay estuary is characterized by a low to moderate degree of vertical salinity stratification caused
by the interaction between the freshwater flows from tributaries and the tides from Mississippi Sound
(Table B2-1, Figures B2-3a-¢e). Although the degree of stratification is more pronounced in the deeper
areas of the system and upper regions of the main tributaries, the differences between the salinities at the
bottom of the water column and at the surface (measured or simulated) typically do not exceed 5 practical
salinity units (psu) for the whole estuary (Table B2-1). Note that other regions of the estuary are
characterized by a well-mixed vertical structure with salinity differences between the surface and bottom
falling below 1-2 psu.

A qualitative rating of the model predictive capacity has been developed for each station (Table B2-2)
based on the results presented in Table B2-1 and the performance criteria shown in Table 1 (main
document). The results suggest that the model predictive capacity for salinity is acceptable. Model
performance is considered "Very Good" for 24 stations, "Good" for 14 stations, "Fair" for 7 stations, and
"Poor" for only 5 stations. The ratings are important given the complexity of the St. Louis Bay. It is
important to note that some of the stations that received a low performance rating have only one
measurement (e.g., SL31, SL41, and SL43). Consequently, the actual predictive capacity of the model
might be underestimated for these locations.

A visual evaluation of the model results also indicates that the model is capable of reproducing the most
important trends in the evolution of the salinity structure in the estuary and the timing of its occurrence.

St. Louis Bay, Mississippi B2-5 Gulf of Mexico Alliance
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Table B2-2. Qualitative ratings of the model ability to predict salinity by station.

Station Quialitative rating Station Qualitative rating
SL2 Very Good SL27 Good
SL3 Very Good SL28 Very Good
SL4 Very Good SL29 Very Good
SL5 Good SL30 Very Good
SL6 Very Good SL31 Poor
SL7 Very Good SL32 Very Good
SL8 Very Good SL33 Very Good
SL9 Very Good SL34 Fair
SL10 Very Good SL35 Good
SL11 Fair SL36 Fair
SL12 Fair SL37 Fair
SL13 Very Good SL38 Good
SL14 Very Good SL39 Very Good
SL15 Good SL40 Poor
SL16 Good SL41 Poor
SL17 Very Good SL42 Very Good
SL18 Good SL43 Poor
SL19 Poor SL44 Very Good
SL20 Good SL45 Fair
SL21 Good SL46 Good
SL22 Fair SL47 Good
SL23 Good SL48 Good
SL24 Very Good SL49 Very Good
SL25 Very Good SL50 Good
SL26 Very Good SL51 Very Good

St. Louis Bay, Mississippi B2-6 Gulf of Mexico Alliance
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Figure B2-3d. Model predictions and observations of salinity by station for SL38-SL49. Green and blue indicate model predictions at the

surface and bottom model layers, respectively; red signifies comparison to observed values.

St. Louis Bay, Mississippi B2-10 Gulf of Mexico Alliance
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Figure B2-3e. Model predictions and observations of salinity by station for SL50 and SL51. Green
and blue indicate model predictions at the surface and bottom model layers, respectively; red
signifies comparison to observed values.

St. Louis Bay, Mississippi B2-11 Gulf of Mexico Alliance
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3 Temperature Dynamics

We compared model predictions and field observations of temperature at NOAA WY C station (Figure
B2-4), and at the fifty MDEQ stations (Figures B2-5a-¢). A quantitative summary of the calibration-
validation results and the associated qualitative ratings, respectively, are presented in Tables B2-3 and
B2-4.

At WYC, the model is capable of capturing the fundamental temperature trends for the complete period of
analysis (January 27, 2011 through December 30, 2011), as well as the dynamic oscillations observed in
shorter periods of time. A statistical analysis of the results at WYC shows that the model predictions of
temperature (at the surface layer) closely agree with the observations with a RMSE=%2.1 °C and an
ARE=4.7 percent. Using the model performance criteria presented in Table 1 (main document), it is
possible to conclude that the predictive capacity of the model at WYC is “Very Good.” At WYC, the
mean value of the observations for the period of analysis is Ty,s = 25.38 °C, while the mean values of the
simulations at the surface and the bottom are T, = 24.59 °C and Tg} o = 24.19 °C.

The evaluation of the model's performance at the MDEQ monitoring stations indicates that the model is
capable of representing the variations of temperature within the estuary with an acceptable degree of
agreement. The predictive capacity of the model for water temperature is considered “Very Good” for 84
percent of the monitored stations (42 stations), “Good” for 14 percent of the stations (7 stations) and
“Poor” for only 1 station.

Figure B2-4. Temperature dynamics in the St. Louis Bay estuary at the NOAA WYC station.

St. Louis Bay, Mississippi B2-12 Gulf of Mexico Alliance
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Table B2-3. Comparison of model simulations and observations of temperature during 2011
by station.

Measurements
Simulations (°C) (°C) Deviation (°C) RE (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL2 2291 22.86 25.21 2.30 2.35 9.14 9.33
SL3 23.11 22.78 25.22 2.11 2.45 8.38 9.71
SL4 23.02 21.94 25.76 2.73 3.82 10.61 14.81
SL5 25.25 24.96 25.71 0.46 0.75 1.78 2.90
SL6 24.76 24.73 25.41 0.65 0.68 2.57 2.68
SL7 24.20 24.15 25.90 1.70 1.75 6.56 6.77
SL8 24.48 24.43 25.94 1.46 151 5.61 5.82
SL9 23.48 23.33 25.87 2.38 2.54 9.22 9.80
SL10 24.93 24.98 26.58 1.65 1.60 6.22 6.02
SL11 23.93 24.21 25.94 2.01 1.73 7.74 6.68
SL12 23.08 23.05 25.65 2.57 2.60 10.02 10.14
SL13 25.06 24.43 25.10 0.04 0.67 0.16 2.69
SL14 24.89 24.31 25.15 0.26 0.84 1.03 3.34
SL15 22.84 22.08 23.59 0.75 151 3.17 6.40
SL16 23.84 23.09 24.32 0.49 1.24 2.00 5.09
SL17 24.36 23.99 24.79 0.43 0.80 1.74 3.25
SL18 22.97 22.18 23.30 0.33 1.12 1.42 4.81
SL19 24.39 23.67 25.35 0.95 1.68 3.76 6.62
SL20 24.16 23.05 24.31 0.15 1.26 0.61 5.20
SL21 24.00 24.10 24.57 0.57 0.48 2.32 1.93
SL22 23.17 22.06 23.65 0.48 1.60 2.05 6.75
SL23 24.92 24.73 25.37 0.45 0.65 1.77 2.54
SL24 24.64 23.24 24.96 0.32 1.72 1.28 6.88
SL25 24.72 23.45 24.81 0.09 1.36 0.37 5.49
SL26 24.16 23.54 25.60 1.44 2.05 5.61 8.03
SL27 24.38 23.43 24.06 -0.32 0.63 -1.33 2.63
SL28 23.86 23.95 24.14 0.28 0.19 1.15 0.77
SL29 25.32 24.75 25.26 -0.06 0.51 -0.25 2.02
SL30 25.03 23.92 25.71 0.68 1.79 2.64 6.98
SL31 22.25 21.79 24.53 2.28 2.73 9.28 11.15
SL32 24.32 23.16 24.28 -0.03 1.12 -0.14 4.63
SL33 24.82 23.50 24.87 0.05 1.37 0.20 5.51
SL34 23.94 23.30 23.51 -0.43 0.21 -1.84 0.90
SL35 22.55 21.76 23.38 0.83 1.62 3.54 6.92
SL36 23.71 23.78 23.63 -0.08 -0.15 -0.32 -0.63
SL37 22.40 21.56 23.98 1.57 2.41 6.56 10.06
SL38 22.66 21.69 24.30 1.64 2.61 6.75 10.74
SL39 24.16 23.65 24.93 0.77 1.28 3.08 5.14
SL40 25.55 24.79 25.43 -0.11 0.64 -0.45 2.52
SL41 22.40 22.25 23.99 1.59 1.75 6.63 7.27
SL42 22.53 22.47 24.21 1.68 1.74 6.96 7.19
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Measurements
Simulations (°C) (°C) Deviation (°C) RE (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL43 20.98 19.05 24.94 3.96 5.89 15.89 23.63
SL44 25.09 25.02 25.24 0.16 0.22 0.62 0.86
SL45 25.54 24.10 25.86 0.32 1.76 1.24 6.80
SL46 25.53 24.14 25.53 0.00 1.40 0.01 5.46
SL47 23.91 23.47 23.64 -0.27 0.17 -1.14 0.72
SL48 20.91 20.96 22.75 1.84 1.79 8.08 7.87
SL49 24.52 23.36 23.47 -1.05 0.11 -4.47 0.46
SL50 25.38 25.39 26.15 0.77 0.76 2.96 2.92
SL51 24.16 24.13 24.53 0.37 0.40 1.51 1.63

Table B2-4. Qualitative ratings of model performance
(= ability to predict temperature), by station.

Station Qualitative rating Station Qualitative rating
SL2 Good SL27 Very Good
SL3 Good SL28 Very Good
SL4 Good SL29 Very Good
SL5 Very Good SL30 Very Good
SL6 Very Good SL31 Good
SL7 Very Good SL32 Very Good
SL8 Very Good SL33 Very Good
SL9 Good SL34 Very Good
SL10 Very Good SL35 Very Good
SL11 Very Good SL36 Very Good
SL12 Good SL37 Very Good
SL13 Very Good SL38 Very Good
SL14 Very Good SL39 Very Good
SL15 Very Good SL40 Very Good
SL16 Very Good SL41 Very Good
SL17 Very Good SL42 Very Good
SL18 Very Good SL43 Poor
SL19 Very Good SL44 Very Good
SL20 Very Good SL45 Very Good
SL21 Very Good SL46 Very Good
SL22 Very Good SL47 Very Good
SL23 Very Good SL48 Good
SL24 Very Good SL49 Very Good
SL25 Very Good SL50 Very Good
SL26 Very Good SL51 Very Good

St. Louis Bay, Mississippi B2-14 Gulf of Mexico Alliance
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Figure B2-5a. Temperature dynamics in the St. Louis Bay estuary at stations SL2-SL13. Green and blue indicate model predictions at

the surface and bottom model layers, respectively; red signifies comparison to observed values.
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Figure B2-5e. Temperature dynamics in the St. Louis Bay estuary at stations SL50 and SL51.
Green and blue indicate model predictions at the surface and bottom model layers, respectively;
red signifies comparison to observed values.
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1 Dynamics of Total Phosphorus

We performed a numerical evaluation of model predictive capacity to reproduce field observations of
total phosphorous (TP) in St. Louis Bay, and assigned qualitative grades to station-specific model
performance (Table B3-1, Table B3-2, and see Figure B3-1). These grades are assigned using the results
of Table B3-1 compared to the criteria of Table 1 (main report). Figures B3-2a-e are the visual
comparisons of the model simulations and field observations for 50 Mississippi Department of
Environmental Quality (MDEQ) monitoring stations. These graphs include the deviations (in percentage)
of the surface and bottom layer predictions with regard to the observations.

The visual and numerical evaluations of model performance indicate that, in general, the model is capable
of accurately reproducing the ranges and variability of TP at different locations in the estuary. On the
basis of the performance criteria listed in Table 1 (main report), model performance is considered “Very
Good” and “Good” for 82 percent of the evaluated stations (64 percent and 18 percent, respectively, for a
total of 41 stations). Model performance is considered “Fair” for 8 percent of the stations (4 stations) and
“Poor” for only 10 percent of the stations (5 stations).

Figure B3-1. Monitoring stations used for the evaluation of the model. The red points indicate the
stations monitored by MDEQ during 2011, including the Waveland Yacht Club (yellow point).

St. Louis Bay, Mississippi B3-1 Gulf of Mexico Alliance
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Table B3-1. Comparisons of model predictions and observations of TP at MDEQ monitoring
stations during 2011.

Measurements
Simulations (mg/L) (mg/L) Deviation (mg/L) RE (%)
Mean Mean

Station Surface Bottom Mean Surface Bottom Surface Bottom
SL2 0.03 0.03 0.02 -0.01 -0.04 -34.83 -34.96
SL3 0.04 0.04 0.05 0.01 -0.03 21.00 25.36
SL4 0.03 0.03 0.03 0.00 -0.03 -0.38 -0.85
SL5 0.05 0.05 0.06 0.01 -0.04 17.23 15.77
SL6 0.06 0.06 0.13 0.08 0.02 56.89 57.22
SL7 0.04 0.04 0.05 0.02 -0.03 28.17 24.46
SL8 0.04 0.04 0.05 0.02 -0.02 31.77 28.08
SL9 0.03 0.04 0.04 0.01 -0.03 18.92 12.36
SL10 0.05 0.05 0.05 0.00 -0.05 -3.64 -7.25
SL11 0.04 0.04 0.03 -0.01 -0.05 -31.65 -39.80
SL12 0.04 0.04 0.02 -0.02 -0.06 -65.49 -67.45
SL13 0.05 0.05 0.08 0.03 -0.02 36.94 34.45
SL14 0.05 0.06 0.10 0.05 -0.01 48.00 46.02
SL15 0.05 0.05 0.06 0.01 -0.04 20.48 20.64
SL16 0.06 0.06 0.03 -0.03 -0.09 -111.24 -116.86
SL17 0.06 0.06 0.08 0.03 -0.03 32.71 32.06
SL18 0.06 0.06 0.06 0.00 -0.05 7.87 6.82
SL19 0.05 0.06 0.05 -0.01 -0.06 -15.36 -22.51
SL20 0.07 0.06 0.05 -0.02 -0.08 -36.18 -31.37
SL21 0.07 0.07 0.08 0.01 -0.06 16.12 16.01
SL22 0.07 0.06 0.04 -0.03 -0.10 -87.76 -85.04
SL23 0.07 0.07 0.05 -0.02 -0.09 -44.04 -40.92
SL24 0.06 0.06 0.04 -0.02 -0.08 -44.16 -34.72
SL25 0.06 0.06 0.05 -0.01 -0.07 -19.08 -13.27
SL26 0.07 0.07 0.07 0.00 -0.06 5.30 7.19
SL27 0.07 0.06 0.04 -0.02 -0.09 -50.75 -46.98
SL28 0.06 0.06 0.10 0.04 -0.02 42.24 42.31
SL29 0.06 0.06 0.05 -0.02 -0.08 -31.89 -24.88
SL30 0.05 0.05 0.07 0.02 -0.03 24.95 26.61
SL31 0.07 0.06 0.06 -0.01 -0.07 -10.93 -6.16
SL32 0.07 0.06 0.06 -0.01 -0.07 -15.75 -13.13
SL33 0.06 0.06 0.07 0.01 -0.05 12.54 16.73
SL34 0.05 0.06 0.07 0.02 -0.04 23.70 22.29
SL35 0.07 0.07 0.08 0.01 -0.06 8.99 8.05
SL36 0.07 0.07 0.09 0.03 -0.04 27.00 25.00
SL37 0.07 0.06 0.05 -0.02 -0.08 -31.74 -29.36
SL38 0.07 0.06 0.03 -0.04 -0.10 -117.94 -113.75
SL39 0.07 0.06 0.06 0.00 -0.06 -3.11 4.60
SL40 0.05 0.05 0.07 0.01 -0.03 22.32 24.10
SL41 0.04 0.04 0.03 -0.01 -0.05 -27.33 -26.47
SL42 0.06 0.06 0.03 -0.03 -0.09 -85.26 -83.14
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Measurements
Simulations (mg/L) (mg/L) Deviation (mg/L) RE (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL43 0.05 0.05 0.05 0.00 -0.05 0.04 1.99
SL44 0.05 0.05 0.05 0.00 -0.05 0.70 2.84
SL45 0.04 0.04 0.06 0.02 -0.03 25.15 26.19
SL46 0.04 0.04 0.06 0.01 -0.03 18.43 19.48
SL47 0.05 0.05 0.06 0.00 -0.05 6.39 5.30
SL48 0.06 0.06 0.04 -0.02 -0.08 -49.22 -44.47
SL49 0.05 0.05 0.05 0.00 -0.05 1.28 4.40
SL50 0.07 0.07 0.05 -0.03 -0.10 -59.37 -59.12
SL51 0.07 0.07 0.10 0.03 -0.04 28.31 28.51

Table B3-2. Qualitative ratings of model ability to predict TP, by station.

Station Qualitative rating Station Quialitative rating
SL2 Good SL27 Fair
SL3 Very Good SL28 Good
SL4 Very Good SL29 Very Good
SL5 Very Good SL30 Very Good
SL6 Fair SL31 Very Good
SL7 Very Good SL32 Very Good
SL8 Very Good SL33 Very Good
SL9 Very Good SL34 Very Good
SL10 Very Good SL35 Very Good
SL11 Good SL36 Very Good
SL12 Poor SL37 Very Good
SL13 Good SL38 Poor
SL14 Fair SL39 Very Good
SL15 Very Good SL40 Very Good
SL16 Poor SL41 Very Good
SL17 Good SL42 Poor
SL18 Very Good SL43 Very Good
SL19 Very Good SL44 Very Good
SL20 Good SL45 Very Good
SL21 Very Good SL46 Very Good
SL22 Poor SL47 Very Good
SL23 Good SL48 Good
SL24 Good SL49 Very Good
SL25 Very Good SL50 Fair
SL26 Very Good SL51 Very Good

St. Louis Bay, Mississippi B3-3 Gulf of Mexico Alliance
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Figure B3-2e. Comparisons of model predictions and observations of TP for stations SL50 and
SL51. The green and blue lines represent the modeled values for the surface and bottom layers,
respectively; the red points are the field observations.
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2 Dynamics of Orthophosphate (PO4)

Table B3-3 presents the numerical evaluation of the model predictive capacity to reproduce field
observations of orthophosphate (PO,) in St. Louis Bay. Table B3-4 presents the qualitative grades
assigned to model performance for each monitoring station. As in the previous analysis, these grades are
assigned using the results of Table B3-3 and the criteria of Table 1 (main report). Figures B3-3a-e present
the visual comparison of the model simulations and observations at the 50 MDEQ monitoring stations.
These graphs include the relative errors (in percentage) of the surface and bottom layer predictions with
regard to the observations.

The visual and numerical evaluations of the model performance indicate that, in general, the model is
capable of accurately reproducing the ranges and variability of PO, at different locations in the estuary.
On the basis of the performance criteria listed in Table 1 (main report), model performance is considered
“Very Good” or “Good” for 82 percent of the evaluated stations (72 percent and 10 percent, respectively,
for a total of 41 stations). It is considered “Fair” for 6 percent of the stations (3 stations) and “Poor” for
only 12 percent of the stations (6 stations).

Table B3-3. Comparisons of model predictions and observations of PO, at MDEQ monitoring
stations during 2011.

Measurements
Simulations (mg/L) (mg/L) Deviation (mg/L) RE (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom

SL2 0.02 0.01 0.02 0.00 -0.01 14.87 15.34
SL3 0.02 0.02 0.02 0.00 -0.02 -12.14 -16.91
SL4 0.02 0.02 0.02 0.00 -0.02 6.80 1.80
SL5 0.03 0.03 0.02 -0.01 -0.04 -47.77 -50.36
SL6 0.04 0.04 0.08 0.05 0.01 54.50 54.73
SL7 0.02 0.02 0.03 0.00 -0.02 16.27 7.36
SL8 0.02 0.02 0.02 0.00 -0.02 3.83 -8.86
SL9 0.02 0.02 0.02 0.00 -0.02 -0.92 -18.77
SL10 0.03 0.03 0.02 0.00 -0.04 -19.4 -29.5

SL11 0.02 0.03 0.02 -0.01 -0.03 -33.43 -56.69
SL12 0.02 0.02 0.02 0.00 -0.02 -8.93 -13.85
SL13 0.03 0.03 0.04 0.01 -0.03 14.96 9.95
SL14 0.03 0.04 0.04 0.01 -0.03 19.94 14.48
SL15 0.04 0.04 0.03 -0.01 -0.04 -20.08 -25.12
SL16 0.04 0.04 0.03 -0.01 -0.06 -45.98 -57.13
SL17 0.04 0.04 0.04 0.00 -0.04 1.29 -1.53
SL18 0.03 0.03 0.03 0.00 -0.04 -10.62 -5.01
SL19 0.04 0.04 0.05 0.01 -0.03 18.63 8.73
SL20 0.04 0.04 0.05 0.01 -0.03 16.81 21.01
SL21 0.04 0.04 0.04 0.00 -0.04 -6.96 -7.15
SL22 0.04 0.04 0.03 0.00 -0.04 -13.63 -10.43
SL23 0.04 0.03 0.03 -0.01 -0.04 -37.46 -32.24
SL24 0.03 0.03 0.03 -0.01 -0.04 -23.74 -14.05
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Measurements
Simulations (mg/L) (mglL) Deviation (mg/L) RE (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL25 0.03 0.03 0.03 -0.01 -0.04 -27.03 -19.65
SL26 0.04 0.04 0.04 0.00 -0.04 1.37 3.55
SL27 0.04 0.04 0.04 0.00 -0.04 -6.75 -2.71
SL28 0.04 0.04 0.06 0.02 -0.02 29.93 28.97
SL29 0.03 0.03 0.02 -0.01 -0.04 -44.79 -38.96
SL30 0.03 0.03 0.02 -0.01 -0.04 -92.05 -85.47
SL31 0.04 0.03 0.03 0.00 -0.04 -13.13 -8.74
SL32 0.04 0.04 0.04 0.00 -0.03 11.51 17.00
SL33 0.03 0.03 0.03 -0.01 -0.04 -23.30 -17.05
SL34 0.03 0.03 0.03 0.00 -0.03 -11.89 -4.08
SL35 0.03 0.03 0.03 -0.01 -0.04 -20.43 -27.82
SL36 0.04 0.04 0.05 0.01 -0.02 27.83 26.56
SL37 0.04 0.04 0.03 -0.01 -0.05 -38.79 -30.55
SL38 0.04 0.03 0.02 -0.02 -0.05 -125.73 -100.93
SL39 0.04 0.03 0.04 0.00 -0.03 5.26 12.31
SL40 0.03 0.03 0.03 0.00 -0.03 -1.88 4.12
SL41 0.02 0.01 0.02 0.00 -0.02 -5.13 3.52
SL42 0.03 0.03 0.02 -0.01 -0.04 -54.04 -36.28
SL43 0.03 0.03 0.01 -0.01 -0.04 -123.79 -121.08
SL44 0.02 0.02 0.01 -0.01 -0.03 -70.75 -63.68
SL45 0.02 0.02 0.02 -0.01 -0.03 -66.40 -65.42
SL46 0.02 0.02 0.01 -0.01 -0.04 -87.07 -86.09
SL47 0.03 0.03 0.03 0.00 -0.03 -5.61 2.69
SL48 0.03 0.03 0.04 0.00 -0.03 1.46 17.27
SL49 0.03 0.03 0.04 0.02 -0.01 35.23 40.60
SL50 0.04 0.04 0.05 0.01 -0.03 14.85 15.34
SL51 0.04 0.04 0.04 0.00 -0.04 -2.99 -2.91
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Table B3-4. Qualitative ratings of the model ability to predict PO, by station.

Station Qualitative rating Station Qualitative rating
SL2 Very Good SL27 Very Good
SL3 Very Good SL28 Very Good
SL4 Very Good SL29 Good
SL5 Fair SL30 Poor
SL6 Fair SL31 Very Good
SL7 Very Good SL32 Very Good
SL8 Very Good SL33 Very Good
SL9 Very Good SL34 Very Good
SL10 Very Good SL35 Very Good
SL11 Good SL36 Very Good
SL12 Very Good SL37 Very Good
SL13 Very Good SL38 Poor
SL14 Very Good SL39 Very Good
SL15 Very Good SL40 Very Good
SL16 Fair SL41 Very Good
SL17 Very Good SL42 Good
SL18 Very Good SL43 Poor
SL19 Very Good SL44 Poor
SL20 Very Good SL45 Poor
SL21 Very Good SL46 Poor
SL22 Very Good SL47 Very Good
SL23 Good SL48 Very Good
SL24 Very Good SL49 Good
SL25 Very Good SL50 Very Good
SL26 Very Good SL51 Very Good
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Figure B3-3e. Comparisons of model predictions and observations of PO, for stations SL50 and
SL51. Surface layer (green), bottom layer (blue).
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3 Dynamics of Organic Nitrogen (ON)

Table B3-5 presents the numerical evaluation of the model's predictive capacity to reproduce field
observations of organic nitrogen (ON) in St. Louis Bay. Table B3-6 presents the qualitative grades
assigned to the performance of the model for each monitoring station. These grades are assigned using the
results of Table B3-5 and the criteria listed in Table 1 (main report). Figures B3-4a-e present the visual
comparison of the model simulations and observations at the 50 MDEQ monitoring stations. These graphs
include the relative errors (in percentage) of the surface and bottom layer predictions with regard to the
observations.

The visual and numerical evaluations of model performance indicate that, in general, the model is capable
of accurately reproducing the ranges and variability of ON at different locations in the estuary. On the
basis of the performance criteria listed in Table 1 (main report), model performance is considered “Very
Good” and “Good” for 94 percent of the evaluated stations (82 percent and 12 percent, respectively, for a
total of 47 stations). It is only considered “Poor” for 6 percent of the stations (3 stations).

Table B3-5. Comparisons of model predictions and observations of ON at MDEQ monitoring
stations during 2011.

Measurements
Simulations (mg/L) (mg/L) Deviation (mg/L) RE (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL2 0.55 0.57 0.50 -0.05 -0.63 -10.76 -14.67
SL3 0.65 0.60 0.68 0.04 -0.57 5.39 11.86
SL4 0.63 0.60 0.60 -0.02 -0.63 -3.67 -0.01
SL5 0.53 0.52 0.50 -0.03 -0.56 -6.28 -5.27
SL6 0.58 0.57 0.59 0.01 -0.56 2.30 3.87
SL7 0.59 0.58 0.64 0.05 -0.53 7.86 9.39
SL8 0.60 0.59 0.69 0.09 -0.50 12.96 14.30
SL9 0.58 0.59 0.60 0.01 -0.58 2.16 1.37
SL10 0.53 0.53 0.52 -0.01 -0.53 -1.18 -1.08
SL11 0.52 0.52 0.50 -0.02 -0.54 -3.09 -4.11
SL12 0.51 0.52 0.44 -0.07 -0.59 -15.32 -17.49
SL13 0.57 0.56 0.43 -0.13 -0.70 -30.88 -29.74
SL14 0.56 0.56 0.48 -0.08 -0.64 -17.75 -16.86
SL15 0.46 0.45 0.44 -0.02 -0.47 -4.26 -0.67
SL16 0.53 0.52 0.37 -0.15 -0.67 -41.50 -38.34
SL17 0.54 0.54 0.41 -0.13 -0.67 -32.21 -30.65
SL18 0.44 0.45 0.41 -0.02 -0.47 -5.40 -8.05
SL19 0.52 0.53 0.36 -0.16 -0.69 -43.89 -45.38
SL20 0.51 0.50 0.36 -0.16 -0.65 -43.75 -40.29
SL21 0.52 0.51 0.46 -0.06 -0.57 -12.81 -11.36
SL22 0.49 0.48 0.42 -0.07 -0.55 -15.87 -14.93
SL23 0.56 0.55 0.41 -0.15 -0.70 -37.85 -34.85
SL24 0.49 0.51 0.50 0.00 -0.51 0.39 -3.35
SL25 0.49 0.51 0.42 -0.08 -0.59 -18.46 -22.93
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Measurements
Simulations (mg/L) (mglL) Deviation (mg/L) RE (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL26 0.49 0.49 0.42 -0.07 -0.57 -17.50 -17.45
SL27 0.51 0.50 0.30 -0.22 -0.72 -73.03 -69.76
SL28 0.58 0.58 0.62 0.03 -0.55 5.17 6.07
SL29 0.51 0.50 0.53 0.02 -0.48 3.80 5.83
SL30 0.51 0.52 0.54 0.03 -0.49 5.38 3.84
SL31 0.49 0.50 0.38 -0.11 -0.62 -30.01 -32.06
SL32 0.51 0.52 0.39 -0.12 -0.64 -30.81 -32.04
SL33 0.49 0.51 0.59 0.09 -0.42 15.80 13.28
SL34 0.44 0.46 0.44 0.00 -0.46 0.06 -3.64
SL35 0.66 0.66 0.56 -0.10 -0.76 -17.79 -17.52
SL36 0.57 0.58 0.73 0.16 -0.42 21.63 20.50
SL37 0.49 0.49 0.41 -0.08 -0.57 -19.58 -18.07
SL38 0.49 0.49 0.50 0.01 -0.49 1.16 1.56
SL39 0.49 0.50 0.31 -0.19 -0.69 -61.13 -64.02
SL40 0.45 0.48 0.42 -0.03 -0.51 -8.08 -14.79
SL41 0.41 0.40 0.48 0.07 -0.33 15.18 16.40
SL42 0.47 0.47 0.43 -0.04 -0.51 -9.41 -10.29
SL43 0.53 0.53 0.56 0.03 -0.50 5.26 6.05
SL44 0.53 0.53 0.67 0.14 -0.39 21.44 21.06
SL45 0.53 0.52 0.72 0.19 -0.33 26.98 27.35
SL46 0.53 0.52 0.64 0.11 -0.41 17.89 18.27
SL47 0.44 0.45 0.35 -0.09 -0.54 -25.54 -28.43
SL48 0.50 0.50 0.42 -0.09 -0.59 -20.62 -20.79
SL49 0.48 0.50 0.29 -0.19 -0.69 -63.92 -72.91
SL50 0.47 0.47 0.42 -0.06 -0.53 -13.23 -13.52
SL51 0.53 0.53 0.57 0.04 -0.49 6.72 7.02
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Table B3-6. Qualitative ratings of model performance, by station, for organic nitrogen (ON).

Station Qualitative rating Station Qualitative rating
SL2 Very Good SL27 Poor
SL3 Very Good SL28 Very Good
SL4 Very Good SL29 Very Good
SL5 Very Good SL30 Very Good
SL6 Very Good SL31 Very Good
SL7 Very Good SL32 Good
SL8 Very Good SL33 Very Good
SL9 Very Good SL34 Very Good
SL10 Very Good SL35 Very Good
SL11 Very Good SL36 Very Good
SL12 Very Good SL37 Very Good
SL13 Very Good SL38 Very Good
SL14 Very Good SL39 Poor
SL15 Very Good SL40 Very Good
SL16 Good SL41 Very Good
SL17 Good SL42 Very Good
SL18 Very Good SL43 Very Good
SL19 Good SL44 Very Good
SL20 Good SL45 Very Good
SL21 Very Good SL46 Very Good
SL22 Very Good SL47 Very Good
SL23 Good SL48 Very Good
SL24 Very Good SL49 Poor
SL25 Very Good SL50 Very Good
SL26 Very Good SL51 Very Good
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Figure B3-4e. Comparisons of model predictions and observations of ON for stations SL50 and
SL51. Green and blue lines represent modeled values for the surface and bottom layers,
respectively; the red points are field observations.
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4 Dynamics of Ammonia (NH3) and Nitrate (NO3)

Figures B3-5a-e present the visual comparisons of the model simulations and observations of Ammonia
(NHj3) at the MDEQ monitoring stations. The comparisons for Nitrate (NO;) are presented in Figures B3-
6a-e. Given that at least 85 percent of the observations of NH3 and 83 percent of the observations of NO3
were below the minimum quantifiable limits (MQL) of 0.04 mg NHa/L and 0.02 mg NO-/L, a numeric
evaluation of the model was not performed for these constituents.

For comparative purposes, the field observations of NH; and NO; below the MQLs described above were
assigned a value corresponding to half of the MQL. The records of NH; below the MQL were assigned a
value of 0.02 mg/L, and the records of NO3 below the MQL were assigned a value of 0.01 mg/L.

As can be observed in these figures, the model successfully predicts values of NH; and NO; below the
corresponding MQL. In general, availability of these two constituents in the estuary is limited.
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Figure B3-6e. Comparisons of model predictions and observations of NO; for stations SL50 and
SL51. Green and blue lines represent modeled values for the surface and bottom layers,
respectively; the red points are field observations.
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5 Dynamics of Dissolved Oxygen (DO)

Table B3-7 presents the numerical evaluation of the model's predictive capacity to reproduce field
observations of dissolved oxygen (DO) in St. Louis Bay. Table B3-8 presents for each monitoring station
the qualitative grades assigned to the performance of the model. These grades are assigned using the
results of Table B3-7 and the criteria listed in Table 1 (main report). Figures B3-7a-e present the visual
comparisons of the model simulations and observations at the 50 MDEQ monitoring stations. These
graphs include the relative errors (in percentage) of the surface and bottom layer predictions with regard
to the observations.

The visual and numerical evaluations of model performance indicate that, in general, the model is capable
of accurately reproducing the ranges and variability of DO at different locations in the estuary. On the
basis of the performance criteria listed in Table 1 (main report), the performance of the model is excellent
with “Very Good” grades for 100 percent of the evaluated stations.

Table B3-7. Comparisons of model predictions and observations of DO at MDEQ monitoring
stations during 2011.

Measurements
Simulations (mg/L) (mg/L) Deviation (mg/L) RE (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL2 7.44 5.56 5.59 -1.85 -7.41 -33.17 0.49
SL3 7.65 6.72 5.64 -2.01 -8.73 -35.61 -19.03
SL4 7.78 6.60 6.36 -1.42 -8.01 -22.27 -3.71
SL5 6.50 5.59 7.07 0.57 -5.02 8.11 20.93
SL6 6.55 5.66 7.05 0.50 -5.17 7.07 19.62
SL7 7.28 6.56 6.40 -0.88 -7.45 -13.82 -2.57
SL8 7.34 6.54 5.98 -1.36 -7.90 -22.68 -9.36
SL9 7.43 6.26 5.40 -2.03 -8.29 -37.63 -16.01
SL10 6.45 5.14 7.22 0.77 -4.37 10.67 28.81
SL11 7.09 6.10 6.66 -0.43 -6.54 -6.53 8.33
SL12 7.14 6.31 6.29 -0.85 -7.15 -13.46 -0.20
SL13 6.38 5.95 7.41 1.03 -4.92 13.85 19.68
SL14 6.49 6.16 7.19 0.70 -5.47 9.72 14.29
SL15 7.27 6.80 7.16 -0.11 -6.91 -1.54 5.13
SL16 6.87 6.51 7.39 0.52 -5.99 7.02 11.88
SL17 6.69 6.40 6.90 0.21 -6.19 3.05 7.34
SL18 7.88 8.03 7.02 -0.87 -8.90 -12.33 -14.44
SL19 6.86 6.41 7.76 0.90 -5.51 11.59 17.36
SL20 7.57 7.62 7.52 -0.06 -7.68 -0.74 -1.40
SL21 7.48 7.53 6.82 -0.66 -8.19 -9.63 -10.40
SL22 7.71 7.77 6.38 -1.33 -9.09 -20.77 -21.73
SL23 7.71 7.77 6.38 -1.33 -9.09 -20.78 -21.74
SL24 7.57 7.73 6.64 -0.93 -8.66 -14.00 -16.29
SL25 7.55 7.67 6.66 -0.89 -8.56 -13.40 -15.15
SL26 7.59 7.68 7.12 -0.48 -8.16 -6.72 -7.93
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Measurements
Simulations (mg/L) (mg/L) Deviation (mg/L) RE (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL27 7.60 7.68 7.05 -0.55 -8.23 -7.85 -9.02
SL28 6.37 5.50 6.52 0.15 -5.35 2.32 15.67
SL29 7.37 7.50 6.88 -0.50 -8.00 -7.24 -9.14
SL30 7.67 7.73 7.11 -0.56 -8.29 -7.86 -8.79
SL31 8.31 8.32 8.16 -0.15 -8.47 -1.89 -2.01
SL32 7.59 7.74 7.27 -0.32 -8.07 -4.45 -6.56
SL33 7.56 7.66 6.72 -0.84 -8.49 -12.43 -13.91
SL34 7.69 7.81 7.01 -0.68 -8.48 -9.65 -11.31
SL35 6.63 5.35 5.69 -0.94 -6.29 -16.54 6.01
SL36 7.86 7.81 6.50 -1.36 -9.17 -20.93 -20.14
SL37 7.63 7.77 6.33 -1.31 -9.08 -20.67 -22.90
SL38 7.74 7.96 6.39 -1.34 -9.30 -21.04 -24.51
SL39 7.64 7.77 7.11 -0.52 -8.29 -7.37 -9.25
SL40 7.63 7.68 7.03 -0.60 -8.28 -8.50 -9.31
SL41 8.40 8.46 7.98 -0.42 -8.88 -5.32 -6.05
SL42 7.92 8.17 6.35 -1.57 -9.75 -24.79 -28.77
SL43 7.74 7.78 7.43 -0.31 -8.08 -4.12 -4.62
SL44 7.75 7.79 7.24 -0.51 -8.30 -7.11 -7.61
SL45 7.79 7.80 7.35 -0.44 -8.24 -6.00 -6.12
SL46 7.80 7.80 6.88 -0.92 -8.72 -13.33 -13.44
SL47 7.66 7.79 6.92 -0.74 -8.53 -10.73 -12.56
SL48 8.17 8.28 7.84 -0.33 -8.61 -4.21 -5.66
SL49 7.70 7.76 6.94 -0.77 -8.52 -11.04 -11.82
SL50 7.50 7.50 6.95 -0.55 -8.06 -7.93 -7.99
SL51 7.17 7.19 6.66 -0.51 -7.70 -7.64 -7.93
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Table B3-8. Qualitative ratings of model performance in predicting DO, by station.

Station Qualitative rating Station Qualitative rating
SL2 Very Good SL27 Very Good
SL3 Very Good SL28 Very Good
SL4 Very Good SL29 Very Good
SL5 Very Good SL30 Very Good
SL6 Very Good SL31 Very Good
SL7 Very Good SL32 Very Good
SL8 Very Good SL33 Very Good
SL9 Very Good SL34 Very Good
SL10 Very Good SL35 Very Good
SL11 Very Good SL36 Very Good
SL12 Very Good SL37 Very Good
SL13 Very Good SL38 Very Good
SL14 Very Good SL39 Very Good
SL15 Very Good SL40 Very Good
SL16 Very Good SL41 Very Good
SL17 Very Good SL42 Very Good
SL18 Very Good SL43 Very Good
SL19 Very Good SL44 Very Good
SL20 Very Good SL45 Very Good
SL21 Very Good SL46 Very Good
SL22 Very Good SL47 Very Good
SL23 Very Good SL48 Very Good
SL24 Very Good SL49 Very Good
SL25 Very Good SL50 Very Good
SL26 Very Good SL51 Very Good
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Figure B3-7e. Comparisons of model predictions and observations of DO for stations SL50 and
SL51. Green and blue lines represent modeled values for the surface and bottom layers,
respectively; the red points are field observations.
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6 Dynamics of Total Suspended Solids (TSS)

Table B3-9 presents the numerical evaluation of the model's predictive capacity to reproduce field
observations of total suspended solids (TSS) in St. Louis Bay. Table B-10 presents for each monitoring
station the qualitative grades assigned to the performance of the model. These grades are assigned using
the results of Table B3-9 and the criteria listed in Table 1 (main report). Figures B3-8a-e present the
visual comparisons of the model simulations and observations at the 50 MDEQ monitoring stations.
These graphs include the deviations (in percentage) of the surface and bottom layer predictions with
regard to the observations.

The visual and numerical evaluations of the model performance indicate that, in general, the model is
capable of accurately reproducing the ranges and variability of TSS at different locations in the estuary.
On the basis of the performance criteria listed in Table 1 (main report), the model performance is
considered “Very Good” and “Good” for 86 percent of the evaluated stations (74 percent and 12 percent,
respectively, for a total of 43 stations). It is considered “Fair” for 5 stations and “Poor” for only 4 percent
of the stations (2 stations).

Table B3-9. Comparisons of model predictions and observations of TSS at MDEQ monitoring
stations during 2011.

Measurements
Simulations (mg/L) (mg/L) Deviation (mg/L) Deviation (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL2 10.98 10.55 10.78 -0.21 -10.76 -1.92 2.08
SL3 13.17 12.70 14.37 1.20 -11.49 8.38 11.66
SL4 10.76 10.77 10.78 0.02 -10.76 0.15 0.03
SL5 17.17 17.56 25.22 8.06 -9.50 31.94 30.39
SL6 18.60 18.57 27.67 9.07 -9.51 32.77 32.87
SL7 13.07 13.63 17.72 4.65 -8.97 26.26 23.11
SL8 12.38 12.92 15.44 3.06 -9.85 19.84 16.36
SL9 11.17 11.82 11.44 0.27 -11.55 2.38 -3.29
SL10 16.61 17.35 2411 7.51 -9.84 31.13 28.05
SL11 13.50 14.76 14.89 1.38 -13.38 9.30 0.85
SL12 12.75 13.07 11.00 -1.75 -14.82 -15.95 -18.78
SL13 18.88 20.22 22.33 3.45 -16.77 15.45 9.46
SL14 19.71 21.02 41.67 21.96 0.94 52.70 49.54
SL15 19.01 18.71 21.64 2.63 -16.08 12.13 13.56
SL16 21.52 22.12 15.00 -6.52 -28.64 -43.46 -47.50
SL17 21.68 22.02 27.67 5.98 -16.04 21.63 20.39
SL18 18.07 18.31 22.46 4.39 -13.92 19.55 18.48
SL19 20.32 21.55 24.33 4.01 -17.54 16.48 11.45
SL20 21.10 20.10 21.00 -0.10 -20.20 -0.46 4.29
SL21 22.14 21.67 32.17 10.02 -11.65 31.16 32.62
SL22 20.01 19.53 18.00 -2.01 -21.54 -11.18 -8.50
SL23 22.57 21.90 23.50 0.93 -20.97 3.94 6.82
SL24 19.19 17.71 26.00 6.81 -10.90 26.20 31.88
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Measurements
Simulations (mg/L) (mg/L) Deviation (mg/L) Deviation (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL25 19.52 18.28 20.67 1.14 -17.13 5.53 11.57
SL26 20.74 20.41 23.67 2.92 -17.48 12.36 13.78
SL27 19.64 19.14 17.83 -1.81 -20.95 -10.16 -7.35
SL28 18.40 18.82 23.67 5.27 -13.55 22.27 20.47
SL29 19.28 18.53 27.33 8.05 -10.48 29.46 32.19
SL30 16.46 16.15 19.33 2.88 -13.27 14.88 16.47
SL31 19.78 19.13 28.33 8.56 -10.58 30.20 32.47
SL32 18.92 18.29 24.33 5.41 -12.87 22.24 24.85
SL33 19.70 18.46 18.83 -0.87 -19.32 -4.61 2.01
SL34 17.18 17.35 58.66 41.48 24.13 70.71 70.43
SL35 22.99 23.66 32.25 9.26 -14.40 28.71 26.65
SL36 18.51 18.44 20.33 1.82 -16.62 8.96 9.32
SL37 20.97 19.79 21.33 0.36 -19.43 1.69 7.21
SL38 20.34 18.91 44.00 23.66 4.75 53.77 57.03
SL39 19.41 18.06 23.83 4.42 -13.64 18.55 24.20
SL40 15.88 15.63 15.04 -0.84 -16.47 -5.57 -3.90
SL41 16.47 16.18 32.00 15.53 -0.65 48.53 49.44
SL42 16.96 16.18 23.00 6.04 -10.14 26.25 29.66
SL43 14.85 14.63 23.67 8.82 -5.81 37.26 38.18
SL44 14.28 13.84 25.67 11.38 -2.46 44.35 46.06
SL45 14.46 14.30 27.33 12.88 -1.43 47.11 47.67
SL46 14.45 14.31 40.67 26.22 11.91 64.47 64.82
SL47 16.72 16.41 21.26 4.54 -11.87 21.34 22.81
SL48 18.80 16.92 23.00 4.20 -12.71 18.27 26.46
SL49 14.65 14.32 27.56 12.91 -1.41 46.84 48.06
SL50 22.85 22.82 21.50 -1.35 -24.18 -6.29 -6.16
SL51 23.00 22.94 28.33 5.33 -17.60 18.83 19.05
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Table B3-10. Qualitative ratings of model performance in predicting TSS, by station.

Station Qualitative rating Station Qualitative rating
SL2 Very Good SL27 Very Good
SL3 Very Good SL28 Very Good
SL4 Very Good SL29 Very Good
SL5 Good SL30 Very Good
SL6 Good SL31 Very Good
SL7 Very Good SL32 Very Good
SL8 Very Good SL33 Very Good
SL9 Very Good SL34 Poor
SL10 Very Good SL35 Very Good
SL11 Very Good SL36 Very Good
SL12 Very Good SL37 Very Good
SL13 Very Good SL38 Fair
SL14 Fair SL39 Very Good
SL15 Very Good SL40 Very Good
SL16 Good SL41 Fair
SL17 Very Good SL42 Very Good
SL18 Very Good SL43 Good
SL19 Very Good SL44 Good
SL20 Very Good SL45 Fair
SL21 Good SL46 Poor
SL22 Very Good SL47 Very Good
SL23 Very Good SL48 Very Good
SL24 Very Good SL49 Fair
SL25 Very Good SL50 Very Good
SL26 Very Good SL51 Very Good
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Figure B3-8e. Comparisons of model predictions and observations of TSS for stations SL50 and
SL51. Green and blue lines represent modeled values for the surface and bottom layers,
respectively; the red points are field observations.
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7 Dynamics of Chlorophyll a (Chla)

Table B3-11 presents the numerical evaluation of the model's predictive capacity to reproduce field
observations of chlorophyll a (Chla) in St. Louis Bay. Table B3-12 presents for each monitoring station
the qualitative grades assigned to the performance of the model. These grades are assigned using the
results of Table B3-11 and the criteria listed in Table 1 (main report). Figures B3-9a-e present the visual
comparison of the model simulations and observations at the 50 MDEQ monitoring stations. These graphs
include the deviations (in percentage) of the surface and bottom layer predictions with regard to the
observations.

The visual and numerical evaluations of the model performance indicate that it is capable of accurately
reproducing the ranges and variability of Chla at different locations in the estuary. On the basis of the
performance criteria listed in Table 1 (main report), the performance of the model is considered “Very
Good” and “Good” for 68 percent of the evaluated stations (58 percent and 10 percent, respectively, for a
total of 34 stations). It is considered “Fair” for 8 stations and “Poor” for 16 percent of the stations

(8 stations).

Table B3-11. Comparisons of model predictions and observations of Chla at MDEQ
monitoring stations during 2011.

Measurements
Simulations (mg/L) (mg/L) Deviation (mg/L) Deviation (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL2 14.26 15.30 7.58 -6.68 -21.98 -88.16 -101.91
SL3 16.18 13.76 20.46 4.27 -9.49 20.89 32.73
SL4 15.24 14.39 15.46 0.21 -14.18 1.38 6.87
SL5 13.10 13.17 12.46 -0.65 -13.82 -5.20 -5.77
SL6 14.28 14.25 20.16 5.88 -8.37 29.15 29.33
SL7 15.03 14.29 18.27 3.24 -11.05 17.74 21.77
SL8 14.42 13.25 19.18 4.76 -8.50 24.81 30.88
SL9 14.98 13.25 19.21 4.23 -9.02 22.02 31.00
SL10 14.38 14.71 9.20 -5.18 -19.89 -56.29 -59.91
SL11 12.90 12.91 7.57 -5.34 -18.24 -70.56 -70.61
SL12 13.38 13.61 7.64 -5.75 -19.35 -75.26 -78.21
SL13 17.32 18.24 10.45 -6.87 -25.11 -65.78 -74.56
SL14 17.55 19.38 11.00 -6.55 -25.93 -59.51 -76.22
SL15 17.76 15.55 11.98 -5.79 -21.33 -48.31 -29.81
SL16 19.31 19.23 6.57 -12.75 -31.98 -194.11 -192.84
SL17 18.75 18.31 10.97 -7.78 -26.10 -70.98 -66.98
SL18 17.62 16.14 10.46 -7.16 -23.30 -68.46 -54.24
SL19 17.15 20.63 9.70 -7.45 -28.08 -76.78 -112.73
SL20 16.03 11.92 9.20 -6.83 -18.75 -74.25 -29.57
SL21 12.70 10.86 15.38 2.68 -8.18 17.43 29.40
SL22 9.91 9.04 7.93 -1.98 -11.02 -24.94 -13.97
SL23 10.55 9.30 10.15 -0.40 -9.70 -3.97 8.40
SL24 7.89 7.18 10.70 2.81 -4.37 26.24 32.88
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Measurements
Simulations (mg/L) (mg/L) Deviation (mg/L) Deviation (%)
Mean Mean
Station Surface Bottom Mean Surface Bottom Surface Bottom
SL25 8.03 7.22 9.43 1.40 -5.82 14.88 23.43
SL26 10.41 9.86 14.00 3.59 -6.27 25.62 29.60
SL27 9.60 8.49 5.78 -3.82 -12.30 -66.02 -46.72
SL28 14.53 14.12 10.73 -3.79 -17.91 -35.34 -31.51
SL29 8.22 7.75 8.43 0.21 -7.54 2.50 8.08
SL30 6.36 6.34 9.13 2.77 -3.57 30.32 30.60
SL31 9.31 8.28 12.63 3.32 -4.96 26.30 34.43
SL32 7.95 8.67 9.27 1.31 -7.36 14.16 6.43
SL33 8.18 7.26 9.08 0.90 -6.36 9.91 20.05
SL34 9.41 10.96 9.35 -0.06 -11.02 -0.59 -17.23
SL35 29.19 28.96 9.35 -19.84 -48.80 -212.21 -209.68
SL36 10.34 10.23 10.03 -0.31 -10.54 -3.06 -1.94
SL37 14.38 11.58 9.13 -5.25 -16.83 -57.47 -26.79
SL38 12.46 11.69 9.10 -3.36 -15.05 -36.89 -28.45
SL39 8.54 7.64 12.20 3.66 -3.98 29.99 37.35
SL40 6.91 6.92 8.56 1.65 -5.27 19.26 19.22
SL41 9.97 11.44 11.00 1.03 -10.41 9.40 -4.00
SL42 9.76 12.00 6.13 -3.63 -15.63 -59.17 -95.61
SL43 6.17 6.07 11.63 5.47 -0.60 46.98 47.83
SL44 6.89 7.03 10.90 4.01 -3.02 36.76 35.51
SL45 5.96 5.87 12.67 6.70 0.83 52.92 53.63
SL46 5.96 5.87 13.43 7.47 1.60 55.64 56.29
SL47 9.25 9.93 7.00 -2.25 -12.18 -32.22 -41.87
SL48 10.03 11.67 7.70 -2.33 -14.01 -30.32 -51.61
SL49 6.34 6.70 8.37 2.04 -4.66 24.31 20.02
SL50 20.65 20.64 14.60 -6.05 -26.69 -41.46 -41.37
SL51 18.89 18.60 15.57 -3.32 -21.92 -21.35 -19.49
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Table B3-12. Qualitative ratings of model performance in predicting Chla, by station.

Station Qualitative rating Station Qualitative rating
SL2 Poor SL27 Fair
SL3 Very Good SL28 Good
SL4 Very Good SL29 Very Good
SL5 Very Good SL30 Very Good
SL6 Very Good SL31 Very Good
SL7 Very Good SL32 Very Good
SL8 Very Good SL33 Very Good
SL9 Very Good SL34 Very Good
SL10 Fair SL35 Poor
SL11 Poor SL36 Very Good
SL12 Poor SL37 Very Good
SL13 Poor SL38 Very Good
SL14 Fair SL39 Very Good
SL15 Very Good SL40 Very Good
SL16 Poor SL41 Very Good
SL17 Poor SL42 Fair
SL18 Fair SL43 Fair
SL19 Poor SL44 Good
SL20 Very Good SL45 Fair
SL21 Very Good SL46 Fair
SL22 Very Good SL47 Good
SL23 Very Good SL48 Good
SL24 Very Good SL49 Very Good
SL25 Very Good SL50 Good
SL26 Very Good SL51 Very Good
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Figure B3-9d. Comparisons of model predictions and observations of Chla for stations SL38-SL49. Surface layer (green), bottom layer

(blue).
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Figure B3-9e. Comparisons of model predictions and observations of Chla for stations SL50 and
SL51. Green and blue lines represent modeled values for the surface and bottom layers,
respectively; the red points are field observations.
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8 Dynamics of Carbonaceous Biological Oxygen Demand

Figures B3-10a-e present the visual comparison of the model simulations and observations of
carbonaceous biological oxygen demand (CBOD) at the different MDEQ monitoring stations. Given that
92 percent of the observations of CBOD were below the minimum quantifiable limit (MQL) of 2 mg/L, a
numeric evaluation of the model was not performed for this constituent.

For comparative purposes, the field observations of CBOD below the MQL of 2 mg/L were assigned a
value corresponding to half of the MQL (1 mg/L).

As can be observed in these figures, the model successfully predicts values of CBOD below the
corresponding MQL.
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Figure B3-10e. Comparisons of model predictions and observations of CBOD for stations SL50
and SL51. Green and blue lines represent modeled values for the surface and bottom layers,
respectively; the red points are field observations.
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