1168 Kilkenny Lane

Ormond Beach, Florida 32174
phone: (813) 215-8856
www.FPPAEA.org

March 30, 2018

Kevin O’Donnell,

Watershed Assessment Section

Florida Department of Environmental Protection
2600 Blair Stone Rd, MS 3560

Tallahassee, Florida 32399-2400

Dear Mr. O’Donnell,

The Florida Pulp and Paper Association EA, Inc. (FPPAEA, Association) provides the
below and attached comments to the proposed revised list of assessments in the Group 5
basins for the verified list of impaired waters, delist list, study list, and study list removals by the
Florida Department of Environmental Protection (FDEP, Department). More specifically, the
Association is providing additional data and information on the Department’s proposed
Category 5 listing for Chlorophyll-a of WBID 797, Perdido Bay, Upper Segment (Upper Perdido
Bay).

The Florida Pulp and Paper Association, known as FPPAEA, is the State trade association
for Florida's Forest Products Industry, representing pulp, paper, packaging, and wood products
manufacturers, and forest landowners. The Forest Products Industry is ranked in the top 5
manufacturing sector employers for both number of jobs and employee compensation. The
industry is also Florida's leading manufacturer in sustainability and providing green jobs. The
industry employs over 30,000 Floridians in high-paying jobs, leads the way on recycling and
renewable energy generation, and sustainably manages Florida's forests. The FPPAEA
companies own and operate manufacturing facilities in the State of Florida that will be affected
by the regulations developed for water quality criteria for its members and routinely provides

input to environmental agencies, including the FDEP and the EPA.
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Attached to this letter is a technical report prepared by Nutter and Associates. In this
report, several lines of evidence are developed that indicate a continued listing of Category 3b
or moving to Category 4b listing is the scientifically defensible and appropriate listing decision.
Upper Perdido Bay is classified as a predominately marine waterbody, but receives substantial
riverine inputs, including the Perdido River and Elevenmile Creek. These estuarine transitional
zones are characterized by a variety of biogeochemical transformations and are expected to
exhibit higher Chlorophyll-a levels. During the assessment period, 2010 through 2017, the
Upper Perdido Bay was influenced by three distinct anthropogenically-influenced hydrologic
and water quality loading conditions; (1) 100% IP effluent flow to Elevenmile Creek (1/1/2010
through 12/31/2011), (2) IP effluent redistribution transitional period (1/1/2012 through
10/31/2012), and (3) 100% IP/ECUA effluent flow to the receiving wetlands (11/1/2012 through
6/30/2017). The report analyzes Upper Perdido Bay conditions during these different periods
and provides evidence that currently the waterbody attains the standards for causal pollutants,
nitrogen and phosphorous and there is an absence or small percentage of species associated
with Harmful Algal Blooms (HAB) and nuisance phytoplankton blooms. In addition, the recent
trend in Chlorophyll-a indicates that the Department might conclude that the Upper Perdido
Bay will attain the Chlorophyll-a standard in the next assessment cycle due to existing

measures, i.e. the IP/ECUA effluent redistribution project.

The Association requests that the Department consider the evidence presented in this
report and maintain the 3b category and continue to collect data given the insufficient number
of sample results representative of conditions in Upper Perdido Bay. Due to the issues
discussed in the report, the Association also recommends that the FDEP evaluate the current
monitoring stations and select alternate stations that more appropriately reflect the conditions
of the Upper Perdido Bay. As an alternative, the Department could also consider a Category 4b
listing for Chlorophyll-a as the analysis of Upper Perdido Bay data clearly shows a positive trend

towards attainment of the Chlorophyll-a standard.
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The Association appreciates the opportunity to provide this information. If you have any
qguestions or further comments on this issue, please let me know. | can be reached by telephone at

(813) 215-8856 or by email at rstewart@fppaea.org.

Best Regards,

Florida Pulp and Paper Association EA, Inc.
~

James R. Stewart, PE

Executive Director
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INTRODUCTION

Pursuant to Florida Administrative Code (F.A.C.) 62-303, the Florida Department of Environmental
Protection (FDEP) is proposing to revise the Assessment Category designation for Perdido Bay, Upper
Segment (WBID 797) (herein referred to as Upper Perdido Bay) from an Assessment Category 3b
designation to a 5 designation? as a part of the Impaired Waters assessment/303(d) listing process for
Nutrients (Chlorophyll-a). The Upper Perdido Bay is classified as a predominantly marine Class IlI
waterbody included in the Cycle 3, Group 5 assessment period study group with a 3M? waterbody
classification. As established in F.A.C. 62-302.532, Numeric Nutrient Criteria (NNC) have been
developed for Perdido Bay and are summarized in Table 1 below.

Table 1. Upper Perdido Bay Numeric Nutrient Criteria (F.A.C. 62-392.532)

Criteria expressed as annual geometric means (AGM) are not to be
exceeded more than once in a three year period. For all other bay
segments, the criteria shall not be exceeded in more than 10 percent
of the measurements and shall be assessed over the most recent
seven year period. Nutrient and nutrient response values do not apply
to tidally influenced areas that fluctuate between predominantly
marine and predominantly fresh waters during typical climatic and
hydrologic conditions.

(k) Perdido Bay

Estuary Segment Total Phosphorus Total Nitrogen Chlorophyll-a
Big Lagoon 0.036 mg/L as AGM 0.61 mg/L as AGM 6.4 ug/L
Upper Perdido Bay 0.102 mg/L 1.27 mg/L 11.5 pg/L
Central Perdido Bay 0.103 mg/L 0.97 mg/L 7.5 ug/L
Lower Perdido Bay 0.110 mg/L 0.78 mg/L 6.9 ug/L

Based upon review of Estuary Nutrient Region (ENR) Impaired Waters Rule (IWR) Run 54 summary
statistics, 15 of the 44 (34% exceedance rate) Verification Period (1/1/2010 — 6/30/2017) Chlorophyll-a
sample results exceeded the Upper Perdido Bay 11.5 pg/L Chlorophyll-a NNC. Additionally, a 23%
Chlorophyll-a exceedance rate (29 of 129 samples exceeded the NNC) was observed during the Planning
Period (1/1/2005 - 12/31/2014).

The purpose of this report is to provide comment regarding the FDEP proposed revision to the
Assessment Category designation for Upper Perdido Bay for Nutrients (Chlorophyll-a). This report
provides an evaluation of existing IWR Run 54 data, supplemental data collected in Upper Perdido Bay
between 2012 and 2017, and preliminary statistical analyses in support of the comments provided
herein. In an attempt to maintain brevity, this analysis focuses primarily on the evaluation of

L EPA’s Integrated Report Category:
3b — Some data and information are present but not enough to determine if any designated use is
attained.
5-  Water quality standards are not attained and a TMDL is required.
2 3M waterbody classification — recreation, propagation, and maintenance of a health, well-balanced population of
fish and wildlife in marine water.
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Chlorophyll-a and relationships with total nitrogen and total phosphorus. It is acknowledged that
general water quality, including Chlorophyll-a dynamics within Upper Perdido Bay are likely correlated
with numerous environmental variables. It is the authors’ opinion that the listing of the Upper Perdido
Bay (WBID 797) as a verified impaired waterbody is not supported by data included in the IWR Database
or by additional Verification Period water quality data not considered by FDEP in the listing process. As
is described in subsequent report sections, this opinion was based upon review of the IWR 54 Database
water quality data, additional water quality data collected from within the waterbody, and technical
support documentation and scientific literature specific to the waterbody and/or NNC criteria
development published by FDEP.
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WATERBODY DESCRIPTION

The Upper Perdido Bay waterbody area (WBID 797) is bound to the west by the Florida-Alabama state
boundary and spans between the lower portions of the Perdido River and the U.S. Highway 98 crossing
of the Bay (Figures 1 and 2).

Watershed Description

The 1,165 square mile Perdido River (HUC 03140106) and Bay (HUC03140107) watershed drains
predominantly upland forested (43%), agricultural (22%), and wetland (22%) lands of Florida and
Alabama, with approximately 30% of the total drainage area occurring in Florida (NWFWMD, 2017).
Within the watershed, five NPDES publicly owned treatment works (POTW) and two NPDES industrial
dischargers were identified from U.S. Environmental Protection Agency geodatabases. Many additional
facilities identified as a NPDES-minor discharger and/or a NPDES stormwater permittee were identified
during the records search but were not presented in Figure 2, due to the large number, and relative
insignificance of these discharges on Perdido Bay. Three facilities discharge in close proximity to Upper
Perdido Bay and include International Paper (annual average daily flow = 23.8 MGD), the Emerald Coast
Utility Authority (ECUA) Central Water Reclamation Facility (WRF) (annual average daily flow = 5 MGD),
and the ECUA Bayou Marcus WRF (annual average daily flow = 8.2 MGD) (Figure 2).
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1 21FLPNS 330100A1 PERDIDO BAY MO PERDIDO R 30.4517 -87.3833 275
2 21AWIC 762 PDBB-3 30.4501 -87.3820 496
3 21FLPNS 330100A4 PERDIDO BAY ESCAMBIA COUNTY 30.4583 -87.3700 77
4 21FLPNS 330100A7 Upper Perdido Bay Adjacent Saufley Field Ditch 30.4540 -87.3591 37
\ 5 21FLPNS 330100A5 PERDIDO B 100 YDS OFFSHORE 30.4500 -87.3583 320
\: 6 21FLPNS 33010A10 PERDIDO BAY SEC A BACKGROUND STA 30.4417 -87.3583 790
4 i 21FLPNS 330100C6 PERDIDO BAY SEC C BACKGROUND STA 30.4250 -87.3667 1000
8 21FLPNS 33010C14 PERDIDO BAY ESCAMBIA COUNTY 30.4218 -87.3490 <10
9 21AWIC 761 PDBB-2 30.4170 -87.3967 780
10  |21FLPNS 330100D4  |PERDIDO BAY AT PARADISE BEACH 30.4033 | -87.4217 160
11 21AWIC 755 PB-1 30.4050 -87.4307 550
Data Source: 2015 Aerial Photography, FDEP F:\projects\12_007_IP_2012\EDS_Monitoring_Report_Figures\
0 0 5 1 2 MileS £ Analytical_Stations_Marine_Only.mxd
N

Figure 1. Location of IWR Run 54 and International Paper water quality

monitoring stations within the Upper Perdido Bay NNC segment .
(WBID797). Nutter & Associates

environmental consultants
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Figure 2. Upper Perdido Bay watershed overview, FDEP Verified
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Hydrologic and Water Quality Dynamics in Upper Perdido Bay

The spatial orientation of Perdido Bay, which is long and narrow, results in a dynamic hydrologic regime
that can oscillate between riverine and marine dominated hydrology, depending on climatic conditions.
This is especially true for the upper portions of Perdido Bay, which are the furthest from the Gulf of
Mexico and have substantial riverine inputs, including the Perdido River and Elevenmile Creek. The
magnitude of freshwater inflows influences Upper Perdido Bay water quality conditions, with the most
notable being a negative correlation between freshwater discharge and salinity and specific
conductivity. Given the landscape setting, water column stratification is almost always prevalent in
Upper Perdido Bay with freshwater inflows typically having a larger influence in the upper portion of the
water column throughout the Perdido Bay (Orlando et al., 1993).

Seasonal scale oscillations in water elevations are common within the Upper Perdido Bay and are
primarily influenced by the magnitude of fresh water inflows, along with wind direction and magnitude.
Astronomical tides are not a dominant factor in Gulf of Mexico Bays, and seasonal water elevation
oscillations are largely driven by meteorological forcing, specifically seasonal differences in wind
direction (Orlando, et al., 1993). The variation in seasonal water elevations in the Gulf of Mexico has
been described as bimodal, with higher elevations in spring and fall, and low elevations in winter and
summer, with the winter minimum and fall maximum predominating (Chew, 1964). The larger declines
in water elevations in the winter are driven by north winds that are created by continental high pressure
systems and the passage of cold fronts in October through March, whereas fall highs are the result of
the peak of warm gulf waters and subsequent increases in south winds (Orlando et al., 1993).
Ultimately, and depending on freshwater inflows from the Perdido River, the tidal oscillations not only
impact water levels, but can also impact water quality and specifically, salinities of the Upper Perdido
Bay. Sustained northern winds and forcing of marine waters south can sharply reduce Gulf estuary
salinities and water elevations while southerly winds can result in increases in salinities and water
elevations (Orlando et al., 1993). Therefore, during a year with average rainfall, it would be expected
that lower salinities because of elevated freshwater influences during the winter low elevations would
predominate in the Upper Bay with higher salinities expected during the late summer and early fall.

While seasonal trends are evident in the data record, the Upper Perdido Bay can exhibit episodic
hydrologic variability that results in deviations from “typical” seasonal trends. Sources of this variability
include tropical low-pressure systems that typically form annually between June and November, high
intensity, short duration warm season convective storm systems, drought, and tidal oscillations.

The high degree of seasonal and episodic variability and location within a large freshwater/marine water
mixing zone influences water quality and biological characteristics. As depicted in Figure 3, a variety of
biogeochemical transformations occur within estuarine mixing zones which may be expected to exhibit
higher nutrient and Chlorophyll-a levels in comparison to higher salinity open water areas (Eyre, 1998;
FDEP, 2012). These conditions also result in the support of important ecological functions, including
providing nursery areas for aquatic species, an abundance of food sources, and protection from marine
predators (FDEP, 2012).
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Figure 3.  Freshwater and marine water mixing zone schematic and relationships between
biogeochemical processes and aquatic communities (FDEP, 2012; Eyre, 1998).
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IWR Verification Period Conditions

In addition to the naturally high variability in hydrologic and water quality drivers that influence the
Upper Perdido Bay, another significant anthropogenic modification occurred during the Verification
Period. In 2012, International Paper (IP) and ECUA, as authorized under NPDES Permit FL0002526-008-
IWIS/NR, began redistributing an annual average daily effluent flow of 28.8 MGD (23.8 MGD from IP and
5.0 MGD from ECUA) from Elevenmile Creek, a tributary to Upper Perdido Bay, to an approximately
1,400-acre receiving wetland tract adjacent to Upper Perdido Bay and Elevenmile Creek in efforts to
reduce nutrient loading and associated harmful Heterosigma akashiwo algal blooms in the Bay
(Livingston, 2007; FDEP, 2012) (Figures 1 and 2). Over the course of 2012, effluent flow was
incrementally redistributed to the receiving wetlands at a rate of approximately 25% of the effluent flow
per quarter with 100% of the effluent discharge to the receiving wetlands occurring by October 2012.
Since October 2012, 100% of the total effluent flow has been maintained to the receiving wetlands.

While the overall hydrologic loading to Upper Perdido Bay was mostly unchanged, the hydrologic timing
and nutrient loading associated with the effluent discharge has been altered based upon water quality
data collection conducted in conjunction with the IP/ECUA effluent redistribution project. The
overarching goal of the project was to reduce nutrient loading to Upper Perdido Bay, which was
demonstrated to be correlated with harmful algal blooms (FDEP, 2012). Based upon results of long-term
monitoring of the receiving wetland, total nitrogen and total phosphorus concentrations were shown to
decrease by 86% and 88%, respectively, in 2017 between the effluent inflow to the receiving wetlands
and the tidal receiving waters (NAI, 2018). Similar reductions in nutrient concentrations were also
observed during the 2013 through 2016 monitoring periods (NAI, 2018).

As a result of the project, the IWR Verification Period was characterized by three distinct
anthropogenically-influenced hydrologic and water quality loading conditions: 1) 100% IP effluent flow
to Elevenmile Creek (1/1/2010 through 12/31/2011), 2) IP effluent redistribution transitional period
(1/1/2012 through 10/31/2012), and 100% IP/ECUA effluent flow to the receiving wetlands (11/1/2012
through 6/30/2017). As a part of the IP/ECUA effluent redistribution project, a comprehensive
monitoring program was implemented in 2012 that included quarterly water quality monitoring within
Upper Perdido Bay (Figure 1).
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WATER QUALITY DATA EVALUATION

IWR Water Quality Dataset

Based upon review of output statistics from the IWR Run 54 database, a total of 796 unique sample
events collected from eleven stations were available within the Upper Perdido BAY WBID area beginning
in 2005 (Figure 1). During the Planning (1/1/2005 — 12/31/2014) and Verification (1/1/2010 —
6/30/2017) Periods, 472 and 324 samples events were conducted, respectively. Of the samples
collected during the Planning and Verification Periods, 135 and 44 sample events, respectively,
contained Chlorophyll-a data results with a total of 163 Chlorophyll-a data results available (Table 2).

Table 2. Number of FDEP IWR Run 54 Chlorophyll-a results by station location and sampling period.

Station Location All Years Planning Period Verification Period
(2005-2017) | (1/1/2005 -12/31/2014) | (1/1/2010 - 6/30/2017)

All Locations 163 135 44

Near-Shore Stations 134 118 32

Mid-Bay Stations 29 17 12

It should be noted that seven of the sample results included in the IWR Run 54 dataset appear to
contain QA/QC verification errors. During these events which occurred during 2005 and 2006
monitoring, reported temperatures ranged between 40.14 °C and 58.6 °C and dissolved oxygen percent
saturations ranged between 185.6 % and 225.7%. Correspondingly, five of these sample results
contained Chlorophyll-a concentrations that exceeded the 11.5 pg/L NNC threshold for Upper Perdido
Bay, and two samples had Chlorophyll-a concentrations of 10 ug/L. While these samples were collected
outside of the Verification Period, the apparent QA/QC issues suggest that these data results should be
removed from the IWR Run 54 database unless further documentation can be provided to support the
quality of the data results.

IWR Station and Data Result Suitability Assessment
Upon review of IWR station location attributes, it was determined that seven of the eleven stations
sampled during the Planning and Verification Periods were located within the main Upper Perdido Bay
body (i.e. at a distance greater than 160 meters from the shoreline; herein referred to as “Mid-Bay”
stations), while the remaining four stations were located in close proximity to the shoreline (herein
referred to as “Near-Shore” stations) (Table 3; Figures 1 and 4).
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Table 3. Location of stations used in the IWR Run 54 NNC assessment of Upper Perdido Bay (WBID

797).
. Latitude | Longitude Distance from . i
ID D
Station (DD) (DD) Shoreline (meters) Station Description
> 1AWIC Main Bay body approx. 6,600 meters from mouth of
30.4050 | -87.4307 550 Perdido River; southern (downstream) extent of
755
WBID
21AWIC 30.4170 | -87.3967 780 Mam. Bay _body approx. 3,800 meters from mouth of
761 Perdido River
21AWIC Main Bay body near mouth of Perdido River;
762 30.4501 | -87.3820 496 approx. 215 meters southeast of Station 21FLPNS
330100A1
21FLPNS Main Bay body near mouth of Perdido River;
30.4517 | -87.3833 275 approx. 215 meters northwest of Station 21AWIC
330100A1
762
21FLPNS Near shoreline approx. 585 meters east of mouth of
330100A4 30.4583 | -87.3700 7 Elevenmile Creek
21FLPNS Main Bay body approx. 450 meters south of Station
330100A5 30.4500 87.3583 320 21FLPNS 330100A7
21FLPNS 30.4540 | -87.3591 37 Near shoreline at mouth of “Saufley Field ditch”
330100A7 | °° ' Y
21FLPNS Main Bay body approx. 3,400 meters from mouth of
330100C6 30.4250 | -87.3667 1,000 Perdido River
21FLPNS Near shoreline near southern (downstream) extent
330100D4 30.4033 | -87.4217 160 of WBID
21FLPNS Main Bay body approx. 2,800 meters from mouth of
33010a10 | 304417 | -87.3583 790 Perdido River
21FLPNS 30.4218 | -87.3490 <10 Near shoreline adjacent to S.R. 298 (Lillian Highway)
33010C14 | ' J o ghway

As described in FDEP’s Overview of Approaches for Numeric Nutrient Criteria Development in Marine

Waters — Draft (2010), several considerations are provided regarding the suitability of any given sample

station for NNC compliance assessments based upon spatial location, including avoidance of stations

that do not represent the overall segment, stations that would be expected to have higher nutrient

concentrations due to organic inputs (i.e. tidal marshes, tidal creeks, etc.), and stations located within

the zone of freshwater-estuarine water mixing (i.e. river and stream mouths). A schematic extracted

from the FDEP NNC development document is provided in Figure 3 to illustrate the spatial

considerations described above.
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Figure 3. FDEP schematic depicting theoretical estuarine sample station spatial locations and suitability
considerations for NNC compliance evaluations (FDEP, 2010).

* [~~— Streams entering estuary

' F Salt marshes

* Routine monitoring site. Data from these sites were used for criteria development.

Z\ New monitoring site. These sites may or may not be representative of estuary segment.

Figure 23. Schematic of a hypothetical estuary containing routine monitoring sites and proposed new
monitoring sites

Based upon this evaluation and FDEP-developed considerations pursuant to the evaluation of NNC for
any WBID, statistical analyses were conducted to compare the four Near-Shore stations to the seven
Mid-Bay stations used in the IWR Run 54 data assessment. Based upon these analyses, it is the authors
opinion that these stations bias the final IWR assessment of Upper Perdido Bay given the higher
frequency of sampling at these stations in comparison to Mid-Bay stations. Specific rationale for this

7’

assessment is provided below and with supporting information provided in Tables 4 and 5.

In an effort to demonstrate the potential bias imposed by inclusion of the Near-Shore sample data, a
Wilcoxon-Mann Whitney test was utilized to compare the IWR Run 54 Chlorophyll-a concentrations
reported during the combined Planning and Verification Periods between Near-Shore and Mid-Bay
sample station groups (Figure 4). This non-parametric procedure tests the distributional similarity
between two samples. Because the Near-Shore data do not follow any discernable distribution,
parametric means tests are not appropriate. Because of the low sample size (n=12) of the IWR Mid-Bay
data results and given that all Mid-Bay data were only collected during calendar year 2015,
supplemental Mid-Bay data collected by IP/ECUA was incorporated into the Mid-Bay group. Based on
this analysis, the distribution of the Near-Shore Chlorophyll-a data was skewed significantly higher than
Mid-Bay data, resulting in more Near-Shore exceedances and a higher average Chlorophyll-a
concentration (Tables 5 and 6).
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Table 4. Upper Perdido Bay IWR Run 54 Near-Shore stations and potential reasons for NNC criteria

assessment bias (see Figures 1 and 4 for spatial depiction of sample stations).

Dist f
Station ID 'S z.mce rom Rationale for potential NNC assessment bias
Shoreline (meters)
21FLPNS Station is located close to the shoreline near extensive brackish
77 water marsh areas and situated between the mouth of Elevenmile
330100A4 .
Creek and a small tidal creek.
Station is located close to the shoreline at the mouth of a man-
21FLPNS . . L .
37 made ditch that drains a small airfield located approximately 1,500
330100A7 .
meters northeast of Perdido Bay.
21FLPNS 160 Station is located close to the shoreline near a densely populated
330100D4 coastal residential area.
Station is located close to the shoreline adjacent to a prominent
21FLPNS . . .
<10 highway and near the mouth of a tidal creek that drains an
33010C14 . .
extensive brackish water marsh area.

Table 5. Study and Verification Period Wilcoxon-Mann-Whitney comparison between Mid-Bay and
Near-Shore IWR Run 54 data collected from the Upper Perdido Bay (WBID 797). Mid-Bay

data includes IWR Run 54 and IP/ECUA supplemental data.

Wilcoxon-Mann-Whitney Chlorophyll-a (2005-2017)
Statistic Mid-Bay Near-Shore
Number of Valid Observations 136 135
Minimum 0.53 0.29
Maximum 66 80
Mean 7.04 11.27
Median 5.0 6.3
Std. Dev. 7.97 12.48
Std. Error of Mean 0.68 1.07
Sample 1 (Mid-Bay) Rank Sum W-Stat 15568
WMW U-Stat 6252
Standardized WMW U-Stat -4.551
Mean (U) 9180
SD(U) - Adj ties 643.4
Lower Approximate U-Stat Critical Value (0.025) -1.96
Upper Approximate U-Stat Critical Value (0.975) 1.96
P-Value (Adjusted for Ties) 0.0000053
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Sufley Field
Drainage Ditch

Number of Verification Period
Chl-a Samples = 26 (59% of total)

Number of Verification Period
Number of Verification Period Chl-a Samples = 1 (2% of total)
Chl-a Samples = 6 (14% of total)

Unnamed Tidal
Creek

Latitude | Longitude

station ID Station Name (oD) (oD) ' IWR Run 54 Upper Perdio Bay Stations
21FLPNS 330100A4 |PERDIDO BAY ESCAMBIA COUNTY 30.4583 -87.3700 A MId-Bay

21FLPNS 330100A7 |Upper Perdido Bay Adjacent Saufley Field Ditch 30.4540 -87.3591 ‘ Near-Shore

21FLPNS 33010C14  |PERDIDO BAY ESCAMBIA COUNTY 30.4218 -87.3490

21FLPNS 33010004 [PERDIDO BAY AT PARADISE BEACH 30.4033 -87.4217

—
Data Source: 2015 Aerial Photography, FDEP F:\projects\12_007_IP_2012\EDS_Monitoring_Report_Figures\
Analytical_Stations_Marine_Only.mxd

Figure 4. Location of Near-Shore IWR Run 54 water quality monitoring ﬂ/-'—

stations within Upper Perdido Bay. Nutter & Associates

environmental consultants
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Additionally, and if the Near-Shore stations are removed from the IWR Run 54 analysis for Upper

Perdido Bay, only 29 total data records that include Chlorophyll-a data results exist for the Mid-Bay

stations (Tables 2 and 6). Of these 29 data records, only 12 Chlorophyll-a records were collected during
the Verification Period (Tables 2 and 6). As specified by F.A.C. 62-303.420, a minimum of twenty
qualifying samples must be present to include a water on the Verified List. Based on the rationale

provided above, a sufficient number of samples from the main body of the Upper Perdido Bay WBID

have not been collected within the Verification Period to move the WBID from the Planning List to the
Verified List.

As described above, the IWR Run 54 dataset includes data that preferentially biases water quality data

collection toward Near-Shore locations instead of the main body of Upper Perdido. In total, two Mid-

Bay and four Near-Shore stations were utilized to conduct the IWR assessment for Upper Perdido Bay

(Table 6; Figures 1 and 4). During the Verification Period, 12 Chlorophyll-a samples were collected from

Mid-Bay stations while 32 Chlorophyll-a samples were collected from Near-Shore sample stations

(Tables 2 and 6). Further, 26 of the 44 total Chlorophyll-a samples collected during the Verification

Period (59%) were collected from a single Near-Shore location at the mouth of a man-made ditch
(21FLPNS 330100A7) (Table 6; Figures 1 and 4). Based upon data analysis conducted (see Tables 5 and
7), the sampling design has likely biased the long-term Verification Period Chlorophyll-a conditions

higher, which has the potential to result in Type | error (incorrectly concluding that a system is impaired,
when it is actually healthy) (FDEP, 2012).

Table 6. Number of Chlorophyll-a sample results by station and station location within Upper
Perdido Bay (see Figures 1 and 4 for station locations).
. Location No. of total No. of Planning No. of Verification No. of Verification Period
Station ID . )
Category Chl-a Samples | Period Chl-a Samples | Period Chl-a Samples Chl-a NNC Exceedances
21AWIC .
755 Mid-Bay 2 2 0 --
21AWIC .
761 Mid-Bay 2 2 0 --
21AWIC .
762 Mid-Bay 2 2 0 --
21FLPNS .
330100A1 Mid-Bay 9 3 6 1
21FLPNS .
330100A5 Mid-Bay 2 2 0 --
21FLPNS .
33010006 Mid-Bay 9 3 6 3
21FLPNS .
33010A10 Mid-Bay 3 3 0 --
Total Mid-Bay 29 17 12 4 (33%)
21FLPNS
330100A4 Near-Shore 1 0 1 1
21FLPNS
330100A7 Near-Shore 26 16 26 13
21FLPNS
33010004 Near-Shore 107 102 5 2
21FLPNS
33010C14 Near-Shore 0 0 0 0
Total Near-Shore 134 118 32 16 (50%)
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IWR Water Quality Data Summary

To evaluate the comparability and potential water quality differences between the Near-Shore and Mid-
Bay data results, summary statistics were calculated for the two groups for all water quality sample
events that included Chlorophyll-a results during the Verification Period (Table 7). Based upon review of
the summary statistics, the Near-Shore and Mid-Bay results differ in many notable ways that verify the
validity of FDEP sample location considerations described above. Specifically, Chlorophyll-a geometric
mean concentrations were 3.1 pg/L lower at the Mid-Bay stations (Geomean = 7.1 pg/L) in comparison
to the Near-Shore (Geomean = 10.2 ug/L) sample locations with potential correlations with lower Near-
Shore salinities and higher Near-Shore total suspended solids concentrations (Table 7). The exceedance
rate of the Chlorophyll-a NNC of 11.5 ug/L also differed between Near-Shore and Mid-Bay stations with
respective NNC exceedance rates of 50% and 33%, with 30% of the total IWR exceedances occurring at a
single Near-Shore Station (21FLPNS 330100A7) (Table 6). No significant differences were evident between
the groups with respect to total nitrogen or phosphorous concentrations (Table 7). Given that
Chlorophyll-a shows significant dependence on location (Near-Shore vs. Mid-Bay), and nutrient
concentrations do not significantly differ between these groups, it cannot be concluded that nutrient
concentrations are driving Chlorophyll-a trends within the Upper Perdido Bay.

Table 7. Planning and Verification Period Summary statistics comparison between Near-Shore and
Mid-Bay IWR Run 54 data for the Upper Perdido Bay (WBID 797).

Temp. DO Salinity | Sp. Cond. | Turbidity | Chl-a | Total-N | Total-P | TSS

Statistic

°C % Sat. ppt uS/cm NTU pug/L | mg/L mg/L | mg/L
Near-Shore IWR Run 54 Data —1/1/2010 to 6/30/2017
No. of Valid Samples 32 28 31 31 31 32 32 32 30
Minimum 11.7 51.1 0.1 120 1.7 | 0.58 0.36 0.00 2.0
Maximum 31.9 | 136.9 18.4 29,710 13 80 1.36 0.10 20
Mean 24.0 93.1 9.2 15,391 56| 15.8 0.63 0.03 7.9
Standard deviation (n) 6.3 21.4 5.8 9,261 3.0 | 16.9 0.22 0.02 4.6
Geometric mean 23.1 90.4 59 10,103 4.8 | 10.2 0.60 0.02 6.7
Main Bay Body IWR Run 54 Data—1/1/2010 to 6/30/2017
No. of Valid Samples 12 12 12 12 12 12 12 12 12
Minimum 15.7 65.4 3.3 6,087 15 2.9 0.33 0.01 2.0
Maximum 29.8 | 108.5 17.5 28,442 7.1 20 0.69 0.03 8.0
Mean 24.7 96.0 8.0 13,610 33 8.8 0.57 0.02 4.3
Standard deviation (n) 4.8 13.5 4.6 7,282 1.5 5.6 0.09 0.01 2.0
Geometric mean 24.1 94.9 6.9 12,043 3.0 7.1 0.56 0.02 3.9
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Supplemental Perdido Bay Water Quality Data Results

Pursuant to International Paper’s NPDES Permit (FLO002526-008-IWIS/NR), quarterly water quality
sampling has been conducted at three stations in 2012 and five stations between 2013 and 2018 within
the main body of Upper Perdido Bay (Figure 1). A detailed summary of water quality methods and data
results over the course of the monitoring period is provided annually to FDEP as required by the
International Paper NPDES permit. A brief summary of the sampling methodologies and results are
provided below to facilitate and justify the inclusion of the results in these comments. In order to
provide a comparison to the IWR Run 54 dataset, only data collected during the Verification Period
(1/1/2010 - 6/30/2017) was utilized in the assessment provided below.

All surface water quality monitoring was conducted in accordance with the most current DEP-SOP-
001/01, FS 1000 General Sampling Procedures (SOP), FT 1000 General Field Testing and Measurement,
FS 2000 General Aqueous Sampling, FS 2100 Surface Water Sampling, and specific SOPs related to pH
(FT 1100), specific conductivity (FT1200), salinity (FT 1300), dissolved oxygen (FT 1500), and turbidity (FT
1600). Phytoplankton samples were collected in accordance with FDEP SOP FS7100. Quality control
procedures followed guidelines outlined in DEP-SOP-001/01 FQ 1000 Field Quality Control
Requirements. Additional QA/QC information can be provided at the request of FDEP.

Annual Chlorophyll-a geometric mean results ranged between 2.7 pug/L in 2016 and 7.2 pg/L in 2012
with a general observed decline in annual geometric means during the monitoring period (Table 8). An
annual geometric mean was not calculated for 2017 because only a single sample event was conducted,
but the geometric mean for this event was 1.7 pg/L (Table 8). During the five and a half year monitoring
period (2012 — June 2017), 11 of the 91 Chlorophyll-a samples exceeded the NNC criteria, a 12%
exceedance rate. While the entire data record indicates that Chlorophyll-a concentrations exceed the
NNC, the observed exceedance rates of 10% in 2015 and 5% in 2016 suggest a long-term decreasing
trend in Upper Perdido Bay Chlorophyll-a concentrations (Table 8). Additional trend analysis is provided
in subsequent sections.
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Table 8. International Paper Upper Perdido Bay station Chlorophyll-a concentrations and NNC
compliance assessment during the Verification Period.
Chlorophyll-a (ug/L)
Year Station PBO1 | PB02 I PB03 I PB04 | PBO5 I Seasonal Geomean
NNC Criterion 11.5 pg/L (Upper Perdido Bay Segment 62-302.532)
Winter 2012 -- - -- -- -- --
Spring 2012 66.0 15.0 7.5 - - 19.5
Summer 2012 6.9 10.0 12.0 -- -- 9.4
2012 Fall 2012 1.3 4.1 1.6 -- - 2.0
Station Geo Mean 8.4 8.5 5.2 -- -- --
Overall Chlorophyll-a Geomean 2012 7.2
Number of Chlorophyll-a NNC Exceedances 3
% of Sample Exceeding Chlorophyll-a NNC 33%
Winter 2013 5.3 5.8 1.3 3.7 5.9 3.9
Spring 2013 5.9 1.6 1.6 -- - 2.5
Summer 2013 13.0 6.9 1.1 27.0 8.0 7.3
2013 Fall 2013 6.9 8.5 2.1 9.1 3.7 5.3
Station Geo Mean 7.3 4.8 1.5 9.7 5.6 --
Overall Chlorophyll-a Geomean 2013 4.7
Number of Chlorophyll-a NNC Exceedances 2
% of Sample Exceeding Chlorophyll-a NNC 11%
Winter 2014 4.3 4.8 1.6 4.3 3.2 3.4
Spring 2014 30.0 23.0 6.4 7.5 21.0 14.7
Summer 2014 9.0 9.7 7.5 -- 8.0 8.5
2014 Fall 2014 2.9 2.1 0.8 2.1 2.8 2.0
Station Geo Mean 7.6 6.9 2.8 4.1 6.2 --
Overall Chlorophyll-a Geomean 2014 5.2
Number of Chlorophyll-a NNC Exceedances 3
% of Sample Exceeding Chlorophyll-a NNC 16%
Winter 2015 2.7 0.5 0.5 1.1 2.7 1.2
Spring 2015 5.3 4.3 2.1 6.0 6.7 4.5
Summer 2015 5.6 10.0 4.8 15.0 13.0 8.8
2015 Fall 2015 5.1 8.5 1.9 5.1 5.6 4.7
Station Geo Mean 4.5 3.7 1.8 4.7 6.0 --
Overall Chlorophyll-a Geomean 2015 3.9
Number of Chlorophyll-a NNC Exceedances 2
% of Sample Exceeding Chlorophyll-a NNC 10%
Winter 2016 3.1 3.7 1.1 3.6 2.5 2.6
Spring 2016 2.8 7.7 12.0 5.5 4.6 5.8
Summer 2016 1.8 2.1 3.6 5.0 6.4 3.4
2016 Fall 2016 0.8 1.6 0.8 1.6 0.8 1.1
Station Geo Mean 1.9 3.1 2.5 3.5 2.8 --
Overall Chlorophyll-a Geomean 2016 2.7
Number of Chlorophyll-a NNC Exceedances 1
% of Sample Exceeding Chlorophyll-a NNC 5%
Winter 2017 1.6 2.1 0.5 2.4 3.5 1.7
Spring 20171 No Data No Data No Data No Data No Data -
2017 Station Geo Mean -- -- -- -- -- --
Overall Chlorophyll-a Geomean 2017 --
Number of Chlorophyll-a NNC Exceedances 0
% of Sample Exceeding Chlorophyll-a NNC 0%
2012- Total Number of Chlorophyll-a Samples 91
2017 Number of Chlorophyll-a NNC Exceedances 11
% of Samples Exceeding Chlorophyll-a NNC 12%

1 Chlorophyll-a water quality data was not collected during Spring 2017 due to a tropical storm system that prevented boat-based sampling.
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Upper Perdido Bay Statistical Evaluations of Chlorophyll-a and Nutrient Parameters

Kendall correlations and Mann-Kendall Trends analyses were performed on all Verification Period data
including IWR Run 54 and IP supplemental data (N = 136) as these statistical methods were specifically
cited in F.A.C. 62-303 to evaluate long-term water quality trends. Significant correlations and evidence
of Mann-Kendall trends were determined at a calculated probability (p) < 0.05. Verification Period
Chlorophyll-a concentrations had significant positive correlations with several factors including
temperature, salinity, turbidity, total kjeldahl nitrogen (TKN), total nitrogen (TN), total phosphorus (TP),
and total suspended solids (TSS), whereas there are significant negative correlations for date, depth, and
nitrate+nitrite nitrogen (NOs+NO;) (Table 9). However, Chlorophyll-a does not exhibit a strong linear
relationship with any of the significant correlating variables as determined by R? values, indicating a lack
of evidence for a direct relationship with any one water quality variable (Table 9). While it is true that
nutrients are often correlated with increased Chlorophyll-a concentrations, simple correlations do not
explain temporal trends in Chlorophyll-a. Temporal increases in nutrients for the Upper Perdido Bay
during the Verification Period are not supported by the data (Figure 5), and any notion that Chlorophyll-
a has increased over the Verification Period is contradicted by the data (Figure 5). The results of the
trend analyses suggest there is statistically significant evidence for a decreasing trend in Chlorophyll-a
concentrations during the Verification Period for the combined IWR Run 54 and IP supplemental data,
whereas there is insufficient statistical evidence for an increasing or decreasing temporal trend in TN or
TP during the verification period (Figure 5).

Table 9. Kendall Chlorophyll-a concentration correlation statistics for combined IWR and IP
supplemental data collected over the Verification Period. Bolded values indicate significant
correlations at p < 0.05.

o Temp. | DO | sal. | Turb. | TKkN | NO3* | N | TP | Tss | NHa
Statistic Date NO2
°C % Sat. | ppt NTU mg/L
Correlation | 055 | 039 | 010 | 0.6 | 0.27 0.27 034 | 015 | 016 | 0.15 | -0.05
Matrix
P value <0.001 | <0.001 | 0.096 | 0.008 | <0.001 | <0.001 | <0.001 | 0.011 | 0.008 | 0.014 | 0.434
R2 0050 | 0.151 | 0.010 | 0.027 | 0073 | 0071 | 0.117 | 0022 | 0.024 | 0.023 | 0.002
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Figure 5.

Total nitrogen (TN), total phosphorus (TP), and Chlorophyll-a Mann-Kendall trend analysis

for the combined IWR and IP datasets during the Verification Period. No significant trend

was observed for TN or TP, while Chlorophyll-a concentrations showed a significant

(p=0.0003) decreasing trend in concentration.

Combined IWR and IP Supplemental TN Data Temporal Trend Over the Verification Period
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The combined IWR Run 54 and IP supplemental data that were above the exceedance threshold of 11.5
pg/L (N = 31), showed no significant positive correlations (p < 0.05) with any nutrient constituent
collected at the time Chlorophyll-a exceedance samples were collected (Table 10). As expected, there
was a significant positive correlation with temperature, and a somewhat positive correlation with TSS,
although not statistically significant (p = 0.07). Exceedances of the Chlorophyll-a standard show a
significant decreasing temporal trend over the Verification Period, indicating that the level of
Chlorophyll-a exceedances has been decreasing in the Upper Perdido Bay since 2010 (Figure 5). The
temporal trend in TSS for corresponding Chlorophyll-a exceedance data shows a significant decreasing
trend, suggesting that TSS might be more predictive of Chlorophyll-a exceedances than total nitrogen or
total phosphorus. TSS and Chlorophyll-a exceedance data were moderately correlated although not
statistically significant (p=0.066) (Table 10).

Table 10. Kendall Chlorophyll-a correlation statistics for only Chlorophyll-a data results greater than
11.5 pg/L for the combined IWR and IP supplemental data collected over the Verification
Period. Bolded values indicate significant correlations at p < 0.05.

NO3+
L Temp. DO Sal. Turb. TKN TN TP TSS NHa
Statistic Date NO2
°C % Sat. | ppt NTU mg/L
Correlation | = 4,5 | 05 | 012 | 012 | 022 0.02 2005 | 011 | 007 | 025 | -0.07
Matrix
P value 0.026 | 0707 | 0.386 | 0.403 | 0.125 | 0.891 | 0.719 | 0.400 | 0.608 | 0.066 | 0.605
R2 0086 | 0003 | 0.014 | 0.014 | 0050 | 0.000 | 0.002 | 0.012 | 0.005 | 0.060 | 0.005

The IP supplemental data could be considered more comprehensive and more indicative of the Bay
body, as Chlorophyll-a and nutrient data have been collected quarterly since 2012 at five stations and at
a significant distance away from the shoreline. In contrast, IWR Mid-Bay data was collected only during
2015 and from only two stations. Additional concerns with the IWR Run 54 data including the location
of sampling stations near the shoreline have been discussed previously. Additionally, the IP
supplemental data is somewhat better controlled for temperature and hydrological effects as data have
been collected consistently between stations and seasons. The IP supplemental data indicates that
Upper Perdido Bay Chlorophyll-a concentrations have been declining since 2012 as evidenced by a
significant decreasing trend in all data points and in the annual geometric mean concentrations (Figure
6). The IP supplemental data annual exceedance percentages have dropped from 33% in 2012 to 5% in
2016, with an overall exceedance percentage of 12% during the Verification Period (Table 8).
Accordingly, there is insufficient evidence of a significant decreasing or increasing trend in TN or TP
concentrations over the Verification Period for the IP supplemental data. Further, TN and TP
concentrations are consistently below Upper Perdido Bay NNC thresholds of 1.27 mg/L and 0.102 mg/L,
respectively (Tables 11 and 12). During the Verification Period, a total of 107 total nitrogen and total
phosphorus samples were collected as a part of the IP long-term monitoring program with a 3.7% and
0.0% observed NNC exceedance rate, respectively, demonstrating compliance with Upper Perdido Bay
TN and TP NNC (Tables 11 and 12).
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Figure 6.  Chlorophyll-a annual geometric means from the five IP Upper Perdido Bay monitoring
stations between 2012 and 2017. A significant (p=0.0301) decreasing trend in concentration
was observed.
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Table 11.

International Paper Upper Perdido Bay station total nitrogen concentrations and NNC
compliance assessment during the Verification Period (TN NNC = 1.27 mg/L).

Year Station PBO1 PB02 PBO3 PB04 PBO5 Seasonal Geomean
Winter 2012 0.45 0.32 0.61 - - 0.44
Spring 2012 0.18 2.01 1.42 - - 0.80
Summer 2012 0.78 0.61 0.65 - - 0.67
2012 Fall 2012 0.74 0.30 0.43 - - 0.46
Station Geo Mean 0.46 0.58 0.70 -- -- -
Overall TN Geomean 2012 0.57
Number of TN NNC Exceedances 2
% of Sample Exceeding TN NNC 17%
Winter 2013 0.16 0.17 0.21 0.53 0.36 0.26
Spring 2013 0.21 0.22 0.30 0.24 0.42 0.27
Summer 2013 0.73 1.25 0.65 0.72 0.77 0.80
2013 Fall 2013 0.14 0.14 0.62 0.14 0.14 0.19
Station Geo Mean 0.24 0.28 0.40 0.34 0.36 --
Overall TN Geomean 2013 0.32
Number of TN NNC Exceedances 0
% of Sample Exceeding TN NNC 0%
Winter 2014 0.65 0.65 0.91 0.80 0.58 0.71
Spring 2014 0.91 0.60 0.65 0.66 0.63 0.68
Summer 2014 0.54 0.53 0.52 0.58 0.51 0.53
2014 Fall 2014 0.48 0.20 0.41 0.16 0.20 0.26
Station Geo Mean 0.62 0.45 0.60 0.47 0.44 -
Overall TN Geomean 2014 0.51
Number of TN NNC Exceedances 0
% of Sample Exceeding TN NNC 0%
Winter 2015 0.80 0.46 0.72 0.75 0.77 0.69
Spring 2015 0.69 0.68 0.70 0.65 0.67 0.68
Summer 2015 0.52 0.27 0.57 0.52 0.54 0.47
2015 Fall 2015 0.56 0.46 0.33 0.43 0.45 0.44
Station Geo Mean 0.63 0.44 0.55 0.57 0.59 --
Overall TN Geomean 2015 0.56
Number of TN NNC Exceedances 0
% of Sample Exceeding TN NNC 0%
Winter 2016 0.32 0.31 0.27 2.13 1.97 0.65
Spring 2016 0.78 0.62 0.65 0.58 0.54 0.63
Summer 2016 0.76 0.71 0.88 0.70 0.69 0.74
2016 Fall 2016 0.42 0.47 0.47 0.47 0.39 0.44
Station Geo Mean 0.53 0.50 0.52 0.80 0.73 --
Overall TN Geomean 2016 0.60
Number of TN NNC Exceedances 2
% of Sample Exceeding TN NNC 10%
Winter 2017 0.48 0.46 0.56 0.49 0.51 0.50
Spring 2017 No Data | No Data | No Data NoData No Data No data
2017 Overall TN Geomean 2017 --
Number of TN NNC Exceedances 0
% of Sample Exceeding TN NNC 0%
Total Number of TN Samples 107
2012-2017 Number of TN NNC Exceedances 4
% of Samples Exceeding TN NNC 3.7%
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Table 12.

International Paper Upper Perdido Bay station total phosphorus concentrations and NNC

compliance assessment during the Verification Period (TP NNC = 0.102 mg/L).

Year Station PBO1 PB02 PBO3 PB04 PBO5 Seasonal Geomean
Winter 2012 0.070 0.039 0.057 - - 0.054
Spring 2012 0.081 0.012 0.012 - - 0.022
Summer 2012 0.099 0.082 0.089 - - 0.090
2012 Fall 2012 0.042 0.015 0.015 - - 0.021
Station Geo Mean 0.070 0.027 0.031 - -- --
Overall TP Geomean 2012 0.039
Number of TP NNC Exceedances 0
% of Sample Exceeding TP NNC 0%
Winter 2013 0.015 0.015 0.015 0.015 0.015 0.015
Spring 2013 0.030 0.035 0.015 0.033 0.031 0.028
Summer 2013 0.064 0.100 0.048 0.062 0.057 0.064
2013 Fall 2013 0.015 0.015 0.050 0.015 0.015 0.019
Station Geo Mean 0.026 0.030 0.027 0.026 0.025 --
Overall TP Geomean 2013 0.027
Number of TP NNC Exceedances 0
% of Sample Exceeding TP NNC 0%
Winter 2014 0.062 0.062 0.058 0.076 0.064 0.064
Spring 2014 0.042 0.049 0.031 0.039 0.044 0.041
Summer 2014 0.071 0.063 0.015 0.052 0.016 0.035
2014 Fall 2014 0.043 0.066 0.015 0.037 0.040 0.036
Station Geo Mean 0.053 0.060 0.025 0.049 0.037 --
Overall TP Geomean 2014 0.043
Number of TP NNC Exceedances 0
% of Sample Exceeding TP NNC 0%
Winter 2015 0.057 0.015 0.015 0.055 0.049 0.032
Spring 2015 0.044 0.036 0.015 0.042 0.048 0.034
Summer 2015 0.064 0.038 0.032 0.083 0.045 0.049
2015 Fall 2015 0.078 0.048 0.041 0.037 0.044 0.048
Station Geo Mean 0.059 0.032 0.023 0.052 0.046 -
Overall TP Geomean 2015 0.040
Number of TP NNC Exceedances 0
% of Sample Exceeding TP NNC 0%
Winter 2016 0.067 0.077 0.032 0.10 0.086 0.068
Spring 2016 0.016 0.089 0.093 0.091 0.090 0.064
Summer 2016 0.072 0.071 0.072 0.071 0.048 0.066
2016 Fall 2016 0.016 0.016 0.016 0.016 0.016 0.016
Station Geo Mean 0.033 0.053 0.043 0.057 0.049 --
Overall TP Geomean 2016 0.046
Number of TP NNC Exceedances 0
% of Sample Exceeding TP NNC 0%
Winter 2017 0.016 0.016 0.035 0.016 0.041 0.023
Spring 2017 No Data | NoData | NoData | No Data | No Data No Data
2017 Overall TP Geomean 2017 --
Number of TP NNC Exceedances 0
% of Sample Exceeding TP NNC 0%
Total Number of TP Samples 107
2012-2017 Number of TP NNC Exceedances 0
Percent of Samples Exceeding TP NNC 0%
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Similarly, comparisons among all sample sites (IWR Run 54 and IP supplemental data) with respect to
bay location (Mid-Bay vs. Near-Shore) failed to indicate a relationship between nutrient and Chlorophyll-
a distributions. Regardless of data set examined, it is clear that Chlorophyll-a values are higher Near-
Shore than Mid-Bay (Figure 7), and this difference is statistically significant for the combined dataset
(W=2481, p<0.0001). However, there is no difference in central tendency in total nitrogen between the
groups, and the IP supplemental data shows higher Total Phosphorous in Mid-Bay locations, where
Chlorophyll-a is lower. As seen with the temporal trends, this lack of accordance between spatial
patterns among nutrients and Chlorophyll-a contradicts the idea that nutrient loading is causing
elevated Chlorophyll-a values in Upper Perdido Bay.

Figure 7.  Verification period Chlorophyll-a, total nitrogen, and total phosphorus concentrations
between the IWR Near-Shore, IWR Mid-Bay, and IP Mid-Bay station groups.
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In an effort to identify alternative drivers of Chlorophyll-a variability, exploratory analyses were
conducted to evaluate the relationships between hydrological dynamics and Chlorophyll-a
concentrations. Hydrologic variables were calculated from the meteorological station at Pensacola
International Airport, along with three USGS flow gaging stations: USGS 02377570 (Styx River near
Elsanor, AL), USGS 02366115 (Elevenmile Creek near Pensacola, FL), and USGS 02376500 (Perdido River
at Barrineau Park, Florida). Three precipitation metrics were calculated: total precipitation over the 3
days, 7 days, and 30 days prior to each sampling event. Ten streamflow metrics were calculated for each
of the three gaging stations, summarizing the mean, maximum, and minimum daily flows over periods of
3, 7, and 30 days prior to each sampling event. Mean daily flow on each sampling date was also
included. None of the hydrological variables showed more than a weak bivariate correlation with
Chlorophyll-a, with the strongest shown with flow on the Styx River (Spearman’s rho = -0.284, p =
0.001).

A stepwise multiple regression analysis was then conducted to determine the strongest predictors of
Chlorophyll-a variability across all sampling locations. Initially, 7 water quality variables, 33 hydrological
parameters, and the categorical location variable describing whether sites are Near-Shore or Mid-Bay
(hereafter: “location”) were considered for inclusion in the analysis. This large set of explanatory
variables was reduced where possible, in circumstances of significant cross-correlations and conceptual
redundancy among the variables. In such cases, the explanatory variable showing the strongest pairwise
correlation with Chlorophyll-a was retained for the analysis. The dependent variable, Chlorophyll-a, was
logio-transformed to achieve a normal distribution. A parametric, forward stepwise regression analysis
was performed including the following explanatory variables: water temperature (°C), specific
conductance (uS/cm), total nitrogen (mg/L), total phosphorous (mg/L), total suspended solids (mg/L),
location category (Near-Shore vs. Mid-Bay), and maximum flow of the Styx River over the previous three
days (cfs). The resultant best model is summarized in Table 13. The final model excluded total nitrogen
and maximum three-day river flow. Water temperature and location were the strongest predictors of
Chlorophyll-a, and together these variables explain 42.6% of the variability.

The results of this stepwise regression confirm that there is insufficient evidence to conclude that
nutrient concentrations are driving Chlorophyll-a concentrations in Upper Perdido Bay. Total nitrogen
was not retained in the model, and the variability in Chlorophyll-a concentrations explained by total
phosphorous is only 3.7%. These regression results also confirm the possibility of bias in the Chlorophyll-
a values across Upper Perdido Bay from elevated values at Near-Shore sampling locations, as location
category explains 13.9% of the total variability in Chlorophyll-a across the Bay.
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Table 13.  Stepwise regression Chlorophyll-a correlation output statistics. Normality (Shapiro-Wilk
P=0.741) and constant variance (Spearman P=0.897) statistical model assumptions were
met. Total Nitrogen and hydrologic statistics did not show a significant correlation within
the stepwise regression model and thus are not included in the table below.

Variable Delta R? P

Temperature 0.288 <0.001
(L)?C'\jlti:jo_géc)ear’Shme 0.139 <0.001
Total Suspended Solids 0.060 0.037
Total Phosphorus 0.037 <0.001
Specific Conductivity 0.026 0.012

Phytoplankton

As described above, the Upper Perdido Bay has historically experienced Harmful Algal Blooms (HAB),
primarily consisting of Heterosigma akashiwo blooms, that were demonstrated to be correlated with
nitrogen and phosphorus loading from freshwater inflows and point-source dischargers (Livingston,
2007; FDEP 2012). In the development of Upper Perdido Bay NNC, FDEP utilized a “historical conditions
approach” based upon water quality data collected between 1988 and 1991 when “a relatively natural,
well-balanced plankton community was observed in Perdido Bay” (FDEP, 2012). As described in the
Upper Perdido Bay NNC development document (FDEP, 2012), phytoplankton blooms (nuisance or toxic)
were identified as a primary indicator® of nutrient enrichment effects on aquatic life use in
establishment of the NNC.

In conjunction with the IP/ECUA water quality monitoring program for Upper Perdido Bay,
phytoplankton samples were collected at multiple stations twice annually during summer (August) and
autumn (November/December) monitoring events between 2012 and 2016 (three stations in 2012 and
five stations between 2013 and 2016). During the Verification Period, 46 unique samples were collected
for phytoplankton community characterization. Species present within the samples were grouped in
two primary ways in regard to their potential to cause “nuisance” or “toxic” blooms (Table 14). Taxa
were assigned to these groups using the methodologies and citations below which includes only those
taxa found in 2012 — 2016 Upper Perdido Bay samples:

3 Primary indicators are those that respond directly to nutrient enrichment (e.g., excess algal growth) that result in
measurable adverse ecological effects (e.g., reduction in nursery function related to SAV loss or undesirable
changes in trophic relationships in fish/invertebrate communities (FDEP, 2012).
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Table 14.  List of Harmful Algal Bloom and nuisance bloom forming phytoplankton taxa identified
during historic and contemporary Upper Perdido Bay monitoring studies.

Data Source: Florida Fish and Wildlife Conservation Commission, 2009 (FWRI Technical
Report TR-14, Appendix D)

HAB species present in 2012-2016 Upper Perdido Bay samples

Coelospaerium kuetzingianum

Prorocentrum minimum

Data Source: Livingston, 2007 (results of 1989-2005 Perdido Bay monitoring program)

l HAB species identified in Upper Perdido Bay 1989-2005

‘ Heterosigma akashiwo

l “Bloom-forming” species identified in Upper Perdido Bay 1989-2005

Merismopedia tenuissima

Prorocentrum cordatum (syn. P. minimum)

Cyclotella choctawhatcheeana

Gymnodium spp. (syn. Karenia spp.)

Chaetoceros subtilis (syn. C. subtilis var. abnormis F simplex)

Synedropsis sp. (syn. Synedra sp.)

FFWCC (2009) HAB Species
Two phytoplankton taxa, Coelospaerium kuetzingianum and Prorocentrum minimum, were identified
from Upper Perdido Bay samples collected during the 2012 to 2016 monitoring period that are listed in
the FFWCC (2009) Appendix D — Known or Potentially Toxic or Harmful Algal Species in Florida (Table
14). During the monitoring period, these two taxa never exceeded 3% of the total phytoplankton
community at any station during any sample event (Figure 7). Further, these two taxa were absent from
31 of the 46 samples (67%) with an overall study dominance of 0.3% (Figure 8).

Livingston (2007) HAB and “Bloom” Species
As described by Livingston (2007), several phytoplankton HAB and bloom taxa were correlated with
nutrient loading during the 17-year study of Perdido Bay. Of the species identified by Livingston as
being problematic and/or associated with elevated nutrient loading, six taxa were identified from
samples collected during the 2012 to 2016 monitoring period (see Table 14). During the Livingston
studies, Heterosigma akashiwo was determined to be the most problematic species as a correlation
between increased H. akashiwo density and decreased biological integrity was established. While H.
akashiwo blooms were observed beginning in 1993 with periodic occurrences up through the end of the
Livingston (2007) study (2005), H. akashiwo was never observed in any of the 2012 to 2016 samples. For
the six taxa identified between 2012 and 2016, the IP Upper Perdido Bay station annual average bloom-
species percent dominance decreased over the five-year study period from 19.5% of the phytoplankton
community in 2012 to 2.1% in 2016 (Figure 8). The 2014, 2015, and 2016 dominances of these bloom-
species, 4.0%, 4.8%, and 2.1%, respectively, were similar to “historic condition” background assessment
period dominances with annual dominances of 1.2%, 7.1%, and 1.8% reported by Livingston (2007) in
1989, 1990, and 1991, respectively (Figure 8).
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Figure 8. FFWCC (2009) Harmful Algal Bloom (HAB) species dominance at the five IP Upper Perdido
Bay monitoring stations between 2012 and 2016. The taxa that were found in the samples
were Coelospaerium kuetzingianum and Prorocentrum minimum.
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Figure 9.  Average annual Harmful Algal Bloom (HAB) and nuisance bloom species dominance, as
identified by Livingston (2007), trends between during the 1989 — 2005 Livingston study and
2012 and 2016 International Paper study.
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Verification Period Upper Perdido Bay Phytoplankton Trends

During the IWR Verification Period, no Heterosigma akashiwo blooms were documented, and in fact, no
H. akashiwo individuals were identified from any of the 46 samples collected between 2012 and 2016.
Other potentially toxin producing HAB taxa were identified during the 5-year study period but were
absent during a majority of sampling events, and when present comprised no more than 3% of the
individuals of any given sample (Figure 8). Potential nuisance species, as identified by Livingston (2007),
dominance decreased during the 2012 to 2016 monitoring period to dominances levels similar to those
measured during the 1989-1991 period (Figure 9) which was determined to be a period that supported a
“relatively natural, well-balanced plankton community” (FDEP, 2012).

Phytoplankton community diversity statistics were also compared to the 1989-1991 Livingston (2007)
results to support the opinion that the Upper Perdido Bay is supporting a “relatively natural, well-
balanced plankton community”. While taxa richness was slightly lower during the 2012-2016 data
collection period, Shannon-diversity and evenness diversity statistics indicate that the phytoplankton
community during the 2012-2016 monitoring period exhibited similar phytoplankton community
structure and composition trends as those observed during the NNC baseline assessment period.

Table 15. Comparison of 1989-1991 (Livingston, 2007) and 2012-2016 (IP) phytoplankton community
diversity statistics.

Phytoplankton Diversity Statistic - average

Data Source Taxa Shannon Diversity Evenness
Richness (Log base 10)

Livingston (2007)
1989 — 1991 all months 26.7 1.74 0.54
1989 — 1991 only August, November, 24.0 171 0.49
and December

International Paper Supplemental Data
2012 19.3 2.56 0.60
2013 17.4 2.70 0.66
2014 13.5 1.54 0.49
2015 20.1 1.85 0.76
2016 21.9 1.30 0.66
2012 - 2016 Study Period Average 18.4 1.94 0.64

Interestingly, the decline in the Livingston (2007) nuisance taxa dominance follows similar trends as
those observed for Upper Perdido Bay Chlorophyll-a concentrations which showed decreasing
concentrations and compliance with NNC during the latter part of the 2012-2017 study period.

Upper Perdido Bay IWR Assessment p.30



CONCLUSIONS

The purpose of this document was to provide additional analysis of the IWR Run 54 dataset as well as to
present additional water quality data pursuant to the proposed Assessment Category revision for Upper
Perdido Bay as a result of a preliminary determination of elevated Chlorophyll-a concentrations above
the NNC threshold. A summary of the main conclusions of this assessment are provided below.

e Upper Perdido Bay is located within a dynamic freshwater/marine water mixing zone which
exhibits high productivity due to natural biogeochemical processes. These mixing zones are
ecologically important to estuarine ecosystems.

e During the Verification Period (1/1/2010 to 6/30/2017), nutrient loading to Upper Perdido Bay
was changed due to International Paper’s redistribution of 23.8 MGD of effluent from
Elevenmile Creek to a receiving wetland distribution system adjacent to Upper Perdido Bay.
Based upon long-term monitoring associated with the effluent redistribution project, nutrient
loading to Upper Perdido Bay has been significantly reduced. As a result, this project effectively
created three different nutrient loading scenarios during the Verification Period.

e |WR Station spatial locations, data collection frequency, and temporal distribution during the
Verification Period potentially bias an accurate assessment of Chlorophyll-a dynamics and long-
term conditions within Upper Perdido Bay. Specifically, it was demonstrated that Near-Shore
sampling locations, which were collected at a higher frequency than Mid-Bay samples, exhibited
significantly higher Chlorophyll-a concentrations. Additionally, the Near-Shore sampling stations
were established at locations that were uncharacteristic of the larger Upper Bay WBID segment
based upon existing FDEP NNC guidance documentation. Given these considerations, an
insufficient number of Mid-Bay sample data were collected during the Verification Period to
satisfy F.A.C. 62-303.420 sample size requirements.

e Both IWR Run 54 and IP datasets indicate a statistically significant declining trend in Chlorophyll-
a concentrations within Upper Perdido Bay during the Verification Period. In fact, IP Upper
Perdido Bay Chlorophyll-a data results indicate that NNC were met during the 2015 and 2016
monitoring period.

e Although weak correlations can be made between Chlorophyll-a concentrations and several
other variables, including nutrients, a temporal trend of increasing nutrients and Chlorophyll-a
concentrations is contradicted by the data. Based on step-wise regression analysis, Upper
Perdido Bay Chlorophyll-a concentrations were not statistically correlated with total nitrogen or
total phosphorus concentrations, which were determined to be in compliance with Upper
Perdido Bay NNC. Spatial and temporal patterns in Chlorophyll-a differed significantly from
nutrient parameters, underscoring the lack of a clear relationship. A variety of potential
environmental variable correlations were investigated, suggesting that Chlorophyll-a
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concentrations are driven by multiple interacting variables including freshwater inflows, climate,
temperature, and sediment, and cannot be mitigated by controlling nutrient loading alone.

NNC criteria were established based upon a “historical conditions” approach during years in
which Harmful Algal Bloom species (HAB) and nuisance phytoplankton blooms were absent
(1989-1991). Based upon phytoplankton community analysis during the IP 2012 to 2016
monitoring period, HAB species were observed to comprise a very small percentage of the
Upper Perdido Bay phytoplankton community. Importantly, the HAB species Heterosigma
akashiwo was absent from the 46 phytoplankton samples collected between 2012 and 2016.
Further, the dominance of nuisance phytoplankton taxa as identified by Livingston was shown to
decrease to near-background levels in 2014, 2015, and 2016.

Based upon the analyses conducted, a definitive or highly correlated driver was not identified for the

observed decrease in overall Chlorophyll-a concentrations and decreases in exceedances during the
Verification Period. With this said, the water quality data does suggest that Chlorophyll-a
concentrations within Upper Perdido Bay are trending toward NNC compliance. Based upon the results

of the IWR database analysis and additional long-term data collection, three recommendations have

been developed:

1)

Revise the Assessment Category of the Upper Perdido Bay WBID from a 3b category to a 4b
category based upon point-source watershed modifications, namely the IP/ECUA effluent
redistribution project;

Maintain the 3b category and revise the 7.5-year assessment period to 1/1/2013 to 6/30/2020
given the nutrient load reductions associated with the IP/ECUA effluent redistribution project,
or;

Maintain the 3b category and continue to collect data given the insufficient number of Mid-Bay
sample results. Additional data collection should be collected systematically to ensure that
potential bias is not imposed by the location and frequency of sampling.
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