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Preface

The tremendous population growth experienced by Florida over the past half century has
imposed correspondingly large stresses on and costs to the state’s natural resources, including its
abundant but ecologically fragile water resources. As a whole, the state’s population almost
quadrupled over the past 50 years—from 4.95 million in 1960 to 18.8 million in 2010. Although
much of the growth has been focused along or near Florida’s very long coastline, the interior
parts of the state also have shared in the boom. For example, metropolitan Orlando, which lies in
the southwest part of the St. Johns River basin that is the focus of the study reviewed in this
report, has grown from fewer than 340,000 people in 1960 to an urban/suburban conglomerate of
more than 2.1 million people spread over several counties and many hundreds of square miles.

Population growth has stressed drinking water supplies in many parts of Florida. In
2008, for example, the Tampa Bay area opened a 25 MGD (million gallons per day) desalination
plant, the largest seawater desalination plant in the United States. In the St. Johns River basin, a
2005-2006 water supply planning study conducted by the St. Johns River Water Management
District (SJRWMD, hereafter referred to as the District) showed that increasing water
withdrawals from the Upper Floridan Aquifer—the principal groundwater supply of the basin
and most of peninsular Florida—beyond those projected to occur by 2013 would lead to
undesirable declines in the aquifer’s piezometric surface. The planning study was conducted as
part of the District’s dual responsibility to provide water supplies for human uses in the basin and
to protect its water resources. The District concluded that the predicted decline in the aquifer’s
piezometric surface would lead to unacceptable levels of harm to native vegetation in large areas
of the drainage basin. As a consequence, the District began to consider alternative sources of
supply for the population growth that was expected in the region. These sources included
recycling and reuse of wastewater and a variety of water conservation measures, but the District
concluded that these would not be sufficient and thus began to consider surface water
withdrawals from the St. Johns River and its major tributary, the Ocklawaha River.

A major two-phase study on the potential environmental impacts of such water
withdrawals was initiated by the District in 2008 and is scheduled for completion in early 2012.
Involving more than 80 technical staff and consultants, the study, which became known in 2009
as the Water Supply Impact Study, or WSIS, has been an unusually comprehensive examination
of the hydrologic and hydrodynamic changes that would occur as a result of water withdrawals
from the rivers and a wide range of environmental and ecological consequences that could ensue.
In late 2008, just as the WSIS was transitioning from the Phase 1 review of existing information
to the full-scale assessment activities in Phase 2, the District requested that the National
Research Council (NRC) form a committee to provide independent review and ongoing advice

Vil
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regarding the impact study. Typical of NRC committees, the composition of the “Committee to
Review the St. Johns River Water Supply Impact Study” was designed to be highly
multidisciplinary. Its nine members were selected for their expertise across the range of
scientific and engineering disciplines involved in the WSIS, and each of them brought along a
broader perspective as environmental scientists and engineers that was invaluable to the
Committee’s work. I have been privileged to serve as the Committee’s chair since its first
meeting in Jacksonville in January 2009.

The Committee thus has followed the WSIS process since the end of the first phase of the
study. From the outset, the Committee viewed its primary role as advisory to an ongoing study
rather than merely critiquing some completed body of work. The Committee conducted its
responsibilities with vigor, producing four formal reports (including this one) over the course of
its nearly three years of operation, and also providing oral advice at six formal meetings with the
District’s staff and through roughly twice the number of conference calls devoted to the progress
and issues of specific workgroups. Members of the Committee thus devoted a large amount of
their time over the past three years to reviewing the WSIS study, and I want to thank them for
their efforts and for the collegiality exhibited in the closed session discussions and in questions
to District scientists. I especially want to thank the following committee members: Ben Hodges
for his ability to digest and explain to the rest of the Committee the huge work products and
detailed reports of the Hydrology and Hydrodynamics workgroup, which were critical to
understanding the potential environmental impacts of water withdrawals; Siobhan Fennessy for
her willingness to do “double duty” in reviewing the work of both the wetlands workgroup and
the wetlands wildlife workgroup; and Mark Peterson for leading the estuarine benthos review in
addition to the considerable workload understanding impacts to fish.

On behalf of the Committee, I would like to express our sincere gratitude to the members
of the District who participated in the Committee’s review of the WSIS. We especially thank the
leadership team: Tom Bartol, Director, Bureau of Water Supply, Ed Lowe, Senior Scientist and
Director, Bureau of Environmental Services, and Mike Cullum, Director, Bureau of Engineering.
We appreciate their hospitality and their efforts to ensure that the formal meetings were useful
and informative to the Committee. We also appreciate the efforts of the eight workgroup leaders
to provide instructive briefings on their groups’ progress: Mike Coveney, plankton; Donna
Curtis, wetland wildlife; Dean Dobberfuhl, littoral zone, submersed aquatic vegetation (SAV);
Larry Keenan, biogeochemistry; Palmer Kinser, wetlands; Rob Mattson, benthos; Steve Miller,
fish; and Pete Sucsy, hydrodynamics and hydrology. Their responsiveness in answering
questions and their openness and willingness to accept suggestions from the Committee is much
appreciated. In conjunction with formal meetings, the Committee participated in four
enlightening and enjoyable field trips on different sections of the St. Johns River. Workgroup
leaders and other WSIS technical staff participated in these trips and were helpful in describing
the system to the Committee. We appreciate the efforts made by the following people in
planning and guiding these field trips: Tom Bartol, Ima Bujak, Robert Burks, Dean Dobberfuhl,
Dina Hutchens, and Michelle Lacasse. We also thank Tom Bartol, Dean Campbell, Michael
Coveney, Michael Cullum, Dean Dobberfuhl, Sonny Hall, John Hendrickson, Jane Mace, Erich
Marzolf, and Peter Sucsy for technical presentations during the trips.

Completion of the Committee’s work would not have been possible without the stellar
efforts of the project’s study director, Laura Ehlers. Her powers to organize, ask relevant and
probing questions, synthesize, and keep the committee on track with completing its tasks are
truly remarkable, and they were invaluable for the successful completion of the Committee’s
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tasks. We also thank Stephanie Johnson for keeping the Committee in fine operating mettle
while Laura was on maternity leave. Meeting and travel logistics were ably arranged by Michael
Stoever and, for one meeting, Sarah Brennan.

This report was reviewed in draft form by individuals chosen for their diverse
perspectives and technical expertise, in accordance with procedures approved by the NRC’s
Report Review Committee. The purpose of the independent review is to provide candid and
critical comments to assist the NRC in making its published reports as sound as possible and to
ensure that they meet institutional standards for objectivity, evidence, and responsiveness to the
study charge. The review comments and draft manuscript remain confidential to protect the
integrity of the deliberative process. We wish to thank the following persons for their review of
this report: Emily Bernhardt, Duke University; Matthew Cohen, University of Florida; Wendy
Graham, University of Florida; Michael Kavanaugh, Geosyntec Consultants; Judy Meyer,
University of Georgia (retired); Jayantha Obeysekera, South Florida Water Management District;
and Ernst Peebles (University of South Florida). These reviewers provided many constructive
comments and suggestions, which we gratefully acknowledge. They were not asked to endorse
the conclusions and recommendations, however, and they did not see the final draft of the report
before its release. The review process for this report was overseen by Jerome Gilbert, NAE, who
was appointed by the NRC to verify that the independent review was carried out in accordance
with institutional procedures and that all review comments were carefully considered.
Responsibility for the final content of the report, however, rests with the Committee and the
National Research Council.

Patrick Brezonik, Committee Chair
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Summary

THE WATER SUPPLY IMPACT STUDY

The St. Johns River Water Management District is responsible for managing water
resources in the St. Johns River basin, which comprises 23 percent of Florida. Approximately
4.73 million people (one quarter of Florida’s population) live in the area served by the District,
which contains the growing cities of Jacksonville, Orlando, and Gainesville. In order to meet the
increasing water supply needs of the District’s residents and other water users, the District is
considering supplementing its historical supply of groundwater with water from the St. Johns and
Ocklawaha Rivers. To better understand the potential ecological impacts of such withdrawals, in
2008 the District began a large scientific study called the Water Supply Impact Study (WSIS).

In late 2008, the Water Science and Technology Board (WSTB) of the National
Academies was asked to review the progress of the WSIS, including such scientific aspects as
hydrologic and water quality modeling and how river withdrawals will affect wetlands,
biogeochemical processes, plankton, benthos, the littoral zone, fish, and wetlands wildlife in the
basin. For two and half years, the WSTB Committee has followed the activities of eight District
workgroups as they modeled the relevant river basins, determined the criteria to evaluate the
environmental impacts of water withdrawals, evaluated the extent of those impacts, and
coordinated with other ongoing projects. The first report of the Committee reviewed the Phase 1
hydrologic and environmental assessment tools and relevant data, and made recommendations
regarding proposed work for the second phase of the WSIS. The Committee’s second report
focused on how the District was responding to the recommendations in its first report. The third
Committee report primarily evaluated the hydrologic and hydrodynamic work being performed
by the District. This fourth and final product of the Committee focuses on the ecological impact
analyses conducted by the environmental workgroups, presents final thoughts about the
hydrologic and hydrodynamic studies, and provides some overall perspectives on the WSIS.
This report does not discuss the recommendations and content of the previous three NRC reports
in great detail.

HYDROLOGY AND HYDRODYNAMICS

Because the goal of the WSIS was to assess potential impacts of withdrawing freshwater
from the St. Johns River, understanding the basin hydrology and river hydrodynamics was vital
to analyzing and understanding possible ecological effects. The District used a suite of surface
hydrology, hydrodynamic, and groundwater models to analyze potential physical changes that
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would be brought about by withdrawals, including changes in river flow, stage, salinity, and
water age (i.e., the length of time a water parcel remains in the river).

The Committee found the work of the hydrology and hydrodynamics (H&H)
workgroup on building, testing, and analyzing its hydrologic and hydrodynamic models,
including efforts to quantify the propagation of data uncertainty into hydrodynamic model
uncertainty, to be state-of-the-art science. The District is building their WSIS analyses on a
hydrodynamic foundation that is well-tested, robust, and well-understood. The H&H workgroup
could further improve its efforts by comprehensively synthesizing its model results in its final
report. This would put into context the relationships between key mechanisms of the river
system and their responses to forecast conditions. In particular, the workgroup should pay
attention to two major competing effects—sea-level rise and increased runoff due to future land
use changes such as urban and suburban development—that affect water surface levels and
salinity, and the uncertainties associated with these effects should be discussed. This “big-
picture view” of the river should be directed at non-modelers and non-hydrologists so that they
can better understand the implications of the extensive modeling studies.

A previous report of the Committee noted the limitations of the surface water hydrology
modeling program HSPF and the steady-state groundwater flow models based on MODFLOW.
Because HSPF has limited value for wetlands, the District was urged to (and subsequently did)
continue developing the Hydroperiod Tool and analyzing water level data from transects used to
develop regulations on minimum flows and levels (MFLs) to determine the correspondence
between river stage and wetland hydroperiod and thus the potential responses of different
wetland types to water withdrawals. In the future, the District also should develop a
groundwater model that simulates the full interaction of the river with the surficial aquifer
system and the Upper Floridan aquifer under both steady state and transient conditions. This
should include an uncertainty analysis for groundwater discharge to the river based on hydraulic
conductivity, which may have uncertainties of an order of magnitude or more for basins the size
of the St. Johns.

ENVIRONMENTAL WORKGROUPS

Seven environmental workgroups used information from the H&H results in combination
with hydroecological models of possible effects to predict the potential impacts of water
withdrawals on (1) wetland vegetation, (2) soil biogeochemical processes, (3) plankton
communities, (4) submersed aquatic vegetation (SAV), (5) freshwater and estuarine benthos, (6)
fish, and (7) wetlands wildlife. Each workgroup was asked to characterize potential
environmental effects of water withdrawals using three criteria: persistence, strength, and
diversity. Persistence was defined in terms of recovery time relative to the return interval for
conditions causing a given effect; strength was defined in terms of both the intensity and scale
(geographic area affected); and diversity was defined in terms of the range of environmental
attributes showing effects. Based on the three criteria, the District developed five categories of
effects ranging from negligible to extreme. For each ranking, the workgroups assigned an
uncertainty level (ranging from very low to very high) defined with reference to (1) the
availability of a predictive model, (2) supporting evidence, and (3) understanding of the
mechanism for an effect. These categories for levels of effect and uncertainty were defined in an
effort to obtain consistency among the workgroups in assessing effects—a strategy condoned by
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the Committee and carried out effectively by the District scientists. The following sections
summarize key findings of the environmental workgroups and describe the major issues that the
Committee had regarding the approach and/or results of each workgroup. Other detailed
criticisms are found in the body of the report (primarily in Chapters 3 and 4).

Wetlands

The wetlands workgroup was tasked with assessing the potential effects of surface water
withdrawals on floodplain wetlands, specifically changes to vegetation communities that might
result from altered hydrology and/or changing salinity regimes. To accomplish this they first
identified river segments that have the highest likelihood of change. These then became the
focus of subsequent analyses. The workgroup assessed existing MFL transect data on wetland
plant community types across the elevational/hydrological gradient of the floodplain in those
river segments to determine how the communities might change with withdrawals. LiDAR data
were acquired for some areas of the watershed to create a digital elevation model (DEM), which
was then subjected to a GIS analysis to predict hydroperiod changes in wetlands. The goal of
this analysis was to determine whether water withdrawals have the potential to (1) alter the
species composition of floodplain wetland communities, (2) alter the extent of wetlands or
various wetland communities found there, and/or (3) lead to a shift in the location of boundaries
between wetland types. The workgroup focused on river segment 8, where impacts to river stage
were predicted to be greatest, and segment 2, where changes in the salinity regime were
predicted to be highest. The wetlands workgroup found “moderate” impacts to wetlands in
segments 2 and 8 under the most extreme future withdrawal scenario.

The wetlands workgroup produced a solid analysis of potential impacts of water
withdrawals to the St. Johns River. Their integration of a LIDAR-based DEM with floodplain
stage exceedence curves to assess the spatial extent of hydrological impacts is a novel approach,
resulting in a robust picture of the spatial extent of dewatering and shifting boundaries between
wetland types. The salinity analysis strategically made use of the Ortega River tributary as a
model system from which results could be translated to the larger St. Johns River. Because the
Committee is confident that the methods developed by the workgroup will be adaptable to other
river segments and be useful to analyze potential changes in river flow in the future, it
recommends expanding the analysis as more data and resources become available.

Biogeochemistry

The biogeochemistry workgroup identified several potential effects of water withdrawals
on biogeochemical processes in the St. Johns River and its drainage basin, all related to the
possibility that soil accretion would be reduced or oxidation of organic soils (histosols) would be
enhanced in riparian wetlands of the river as a consequence of changes in stage induced by water
withdrawals. The workgroup concluded that two effects of water withdrawal had potentially
high significance: reduced nutrient sequestration and increased release of colored dissolved
organic matter. The workgroup considered how much additional release of the constituents of
interest would occur from soil organic matter as a result of water withdrawals, how much of the
additional material would be exported from the wetlands to lakes, and what effects could result
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in downstream ecosystems. Using data on release rates gathered from the literature and very
limited data from their own field and laboratory studies, the workgroup assessed the changes in
DOC, TP, NH4"-N, and TKN loading, as well as changes in dissolved oxygen concentrations,
that would accompany water withdrawals and associated lowering of water levels. Only segment
8 received the full analysis, and the workgroup found that the impacts of an extreme withdrawal
scenario would be negligible.

Although most of their efforts to obtain experimental data were not successful, the
workgroup did a thoughtful and objective analysis on their few experimental results.
Studies to determine values of nutrient and DOC release rates from exposed wetland soils were
unsuccessful for the most part, and no experimental data were available on attenuation of
nutrient and DOC loads as water would flow from re-inundated wetlands into Lake Poinsett.
Nonetheless, the workgroup found a relevant compilation of attenuation rates from natural and
constructed treatment wetlands in the literature.

The multiple regression relationship used in the report to relate increases in DOC loading
to decreases in DO in Lake Poinsett was not strong (r* = 0.42). Given the very small values of
predicted changes in DOC concentrations produced by the modeling analysis for even the “worst
case” withdrawal scenario, however, the Committee concludes that a more sophisticated analysis
could not be justified. Overall, the Committee agrees with the general levels of effect identified
by the biogeochemistry workgroup for the various river segments—conclusions that were based
largely on the H&H modeling analysis, but it regards the workgroup’s assessment of uncertainty
levels for the predicted impacts on some river segments as too low.

Plankton

The plankton workgroup was charged with determining the possible environmental
impacts of water withdrawals on plankton communities in the St. Johns River, most of which
were consequences of enhanced growth of phytoplankton. Consequently, algal bloom dynamics
was a primary focus of the work. The plankton workgroup set thresholds for adverse ecological
effects of algal blooms, modeled the relationships between bloom characteristics and hydrology,
and determined whether water withdrawals would cause or exacerbate adverse effects of algal
blooms. The group predicted changes in phytoplankton biomass, community composition, N,
fixation, cladoceran zooplankton abundance, algal toxins, and dissolved O, concentrations as a
function of changes in water age. They used both empirical methods based on historical data
collected on the lower, middle, and upper St. Johns River since the mid-1990s, and a mechanistic
water quality model called CE-QUAL-ICM. The workgroup concluded that the range of
withdrawal scenarios likely would have little impact in excess of pre-existing algal bloom
conditions in segments 2, 3, 4, and 6 of the St. Johns River.

The overall approach of the plankton workgroup was logical and used the best
available information to derive and parameterize the models. The plankton workgroup
adopted two relatively independent approaches to assess the impacts on phytoplankton bloom
dynamics and consequent changes in water quality. For the one segment of the river where both
approaches were applied, results of the mechanistic and empirical models were similar, which
strengthens their conclusions. Many of the multiple regression equations used to quantify the
relationships between “water age” and phytoplankton characteristics were robust (r* > 0.80),
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which also promotes confidence in the models. The conclusions of the plankton workgroup are
supported by the evidence presented and the predictions are based upon the best available data.

One weakness of the plankton study is that potential changes were compared to a 1995
base case scenario. As the workgroup showed, however, conditions in 1995 were not ideal, and
many sections of the river suffered from persistent algal blooms and anoxia. Water withdrawals
may not worsen conditions, but clearly they will not improve conditions in the river. Another
weakness is that historical estimates of N, fixation were based on nitrogen mass balances for
Lake George, thus representing the net effects of several source and sink processes. In addition,
prediction of the effects of withdrawals on N fixation was based only on changes in water age
and assumed that nitrogen concentrations in the river would not change from the data used to
compute the historical amounts.

Littoral Zone: Submersed Aquatic Vegetation

The littoral zone work group focused their analysis in the middle and lower basin on
Vallisneria americana, which has been identified in 92 percent of the MFL transects in the basin.
Vallisneria was thus regarded an excellent indicator of the condition of the SAV community in
the littoral zone of the St. Johns estuary. The workgroup formulated and tested two main
hypotheses: (1) salinity intrusions could result in stress to Vallisneria that over extended time
periods could reduce its growth and survival in the estuarine portion of the St. Johns River, and
(2) water withdrawals that result in the lowering of water levels in the non-tidal portions of the
St. Johns River could restrict the overall area suitable for SAV growth. To address the first
issue, a salinity/time exposure relationship was developed for Vallisneria from an extensive
literature review, bolstered by experimental data on several levels. To address the latter issue,
the workgroup determined a depth/stage relationship for SAV based on anecdotal data and
information from river segments 2 and 3. They predicted that the effects of the two worst case
scenarios (for salinity in segments 2 and 3 and for stage in segments 7 and 8) were negligible.

The conclusions of the SAV workgroup regarding impacts of lowering water levels
upstream and increasing salinity levels downstream on SAV are well thought-out and arise
from careful data analysis. The assessments appear to be “state of the art” and robust with
regard to salinity and water levels. Indeed, in several instances the workgroup pushed beyond
what is normally achieved in environmental assessments, especially with regard to creating a
useful Vallisneria “salinity stress model” from the literature and experimental data based on
stress enzymes.

The workgroup was advised to keep abreast of two management issues. The first is that
future water withdrawals will be necessitated by increased population density, which will lead to
higher nutrient loadings from the watershed and thus increase the duration and intensity of
phytoplankton blooms in the St. Johns River unless strong management efforts are undertaken to
control nutrient export. This secondary effect of the proposed water withdrawals could be as
much a problem as salinity and water levels in determining the fate of SAV in the St. Johns
River ecosystem. Second, salinity will increase in the estuarine portion of the St. Johns River as
downstream dredging projects and sea-level rise progress. As discussed in greater detail in
Chapter 3, a more detailed exploration of SAV that can withstand higher salinity is warranted.
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Benthos

The benthos and fish workgroups were divided into freshwater and estuarine components,
which took different approaches to understanding the potential impacts of water withdrawals.

Freshwater Benthos

The workgroup based its analysis on the hypothesis that changes in stage prompted by
water withdrawals would have a direct impact on the density and distribution of target taxa, as
well as on community and population metrics such as diversity, density, and biomass. Stage also
was predicted to impact benthos indirectly via changes in wetlands acreage and structure. In
contrast to most other ecological workgroups, the freshwater benthos workgroup did not have
any hydroecological models to predict the magnitude of changes in benthic conditions as a
function of hydrologic changes resulting from water withdrawals. A short-term field study at
Lake Monroe, Lake Poinsett, and Yankee Lake was conducted in 2009 to observe patterns for
several community- and population-level metrics that could be related to hydrology. Also, a
number of studies on the ecology and habitat requirements of crayfish and apple snails in the
upper St. Johns River basin and the Everglades were reviewed. The workgroup combined this
information with H&H model results on water levels to make predictions, using professional
judgment and a “weight of evidence” approach, about the potential effect of water withdrawals
on benthos. Their final predictions for the extreme withdrawal scenarios ranged from negligible
to moderate. Uncertainty was high in almost every segment because of the lack of a predictive
hydroecological model, the lack of monitoring data, and the considerable variability observed in
results of the 2009 study.

The freshwater benthos workgroup’s analysis was based on little benthic data in the
St. Johns River, which greatly limits the Committee’s ability to determine the validity of
the conclusions. None of the results gleaned from the 2009 study could be attributed uniquely
to effects of hydrologic conditions as opposed to seasonal and other possible water quality
effects. The Committee’s concerns are, however, somewhat lessened by the knowledge that the
likely future withdrawal scenario will reduce water levels by much less than the extreme
scenarios evaluated by the workgroup.

The lack of quantitative hydroecological models may reflect the state of the science in
benthological research; if so, this study illustrates the need for such models to be developed. The
workgroup recognized the limitations of their analysis and proposed a future monitoring strategy,
for which the Committee offers numerous suggestions (see Chapter 3).

Estuarine Benthos

The estuarine benthic community was hypothesized to be susceptible to changes in flow
and salinity that might accompany water withdrawal. Data for the analysis were derived from a
long-term data set of the Florida Department of Environmental Protection and a short-term data
set from the U.S. EPA’s Environmental Monitoring and Assessment Program at sites along the
lower St. Johns River. Additional data on white shrimp and blue crab were obtained from the
Fisheries Independent Monitoring Service (FIMS) Program, coupled with supporting material
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from the literature on life history and environmental requirements of these species. The
workgroup used linear and/or nonlinear regression analyses to relate mean macro-infaunal
abundance and abundances of the most common taxa with mean salinity. Using the same three
metrics as the freshwater analysis (community changes, population changes, and changes to
target taxa), the workgroup found that the overall response of estuarine benthos to the extreme
withdrawal scenario was negligible to minor.

Overall, the estuarine benthos analyses were more sophisticated than the freshwater
benthos analyses. Nonetheless, the Committee had several concerns. First, there were no direct
statistical models for abundance and inflow such that quantitative predictions could be made (as
in other ecological parts of the WSIS). The interpretations appear to have been derived from
how salinity changes with withdrawal scenarios and how abundance relates to salinity. Second,
more work on the direct effects of salinity on epifauna needs to be completed before epifaunal
impacts can be dismissed. Third, potential impacts on infaunal and epifaunal benthic organisms
of salinity increases and coupled low DO levels, which could occur periodically in the lower
river, should receive further study.

The benthic workgroup provided several suggestions for future work on mitigation and
data collection, all of which are appropriate and important to consider. The workgroup
expressed concerns about the lack of station-specific sediment composition and associated
benthic communities. They also discussed the need to understand water withdrawal effects on
meroplankton (pelagic larvae of benthic organisms), which are important food sources for many
fishes.

Fish

Freshwater Fish

The processes of concern to the freshwater fish workgroup included how changes in
water levels, flow, floodplain inundation and frequency, and entrainment/impingement, may lead
to changes in vital fish metrics at different levels of organization. The workgroup examined
members of five freshwater habitat-use guilds relative to water withdrawals in the Upper Basin
between Lake Poinsett to Lake Woodruff. The potential degree of impacts on four guilds was
estimated using best professional judgment by examining the ecology of selected species of each
guild with reference to a specific withdrawal scenario. The fifth habitat-use guild—Ilittoral zone,
marsh, and floodplain small fishes assemblages—used MFL transect data in a model that
generates fish densities based on flooding duration, which was developed for a similar habitat-
use guild in the Everglades. Finally, to analyze the potential impacts of entrainment/
impingement on fish, the workgroup conducted a sampling program to determine the species
composition and abundance of spawning fish in river reaches where water withdrawal structures
have been proposed. The workgroup’s predictions regarding impacts ranged from minor to
major (for entrainment/impingement) under extreme withdrawal scenarios.

Overall, the freshwater fish workgroup posed appropriate questions related to
potential impacts on fish assemblages and addressed them as much as available data would
allow. There are, however, some concerns. First, although the approach focuses mainly on
mean water level with a few comparisons of extreme levels (low and high), it does not capture
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cumulative effects of water withdrawals on fishes, such as concentration of fishes into reduced
water volumes and loss of prey for wading and fish-eating birds, snakes, and mammals.
Consecutive drought years, which likely would have considerably more negative impacts on
fishes, were not examined. The workgroup report was written as if the entire assemblage of
fishes within each habitat-guild had been examined when, in fact, only common representatives
of each assemblage were examined. Finally, the discussion of entrainment and impingement
focused on various shad species and did not fully consider all species collected.

Estuarine Fish

The effects of water withdrawals on estuarine fish assemblages (open water small
estuarine fishes, estuarine marsh fishes, estuarine benthic fishes, sciaenid fishes, and marine
fishes) relate to changes in water levels, flow, and changes in spatial distribution of salinity.
Analyses were based exclusively on FIMS data for fish distribution and abundance, and
associated statistical relationships between various measures of abundance and inflow that were
developed. The analyses were conducted for “pseudospecies” only, defined as gear-, size class-,
month-, and zone-specific designations for each species. For all groups, the workgroup predicted
moderate impacts under the worst case withdrawal scenario in river segments 1 to 3.

The estuarine fish workgroup is commended for modifying, in response to the
Committee’s input over the course of two years, their approach to the complex issue of how
fish will respond to changes in flow and salinity. As with the freshwater fish, the estuarine
fish workgroup posed appropriate questions related to potential impacts on fish assemblages and
addressed them as much as available data would allow. With respect to the use of
pseudospecies, the detailed changes noted for each pseudospecies in a given fish assemblage are
probably not as important as the total number of changes within the assemblage relative to the
modeled scenarios.

The fish workgroup predicted a “major” response to water withdrawal, but this was for an
extreme scenario that is not plausible. Because the response surrounds the potential entrainment
or impingement of larval organisms at intake sites, it is imperative that precautions are taken
when designing intake structures to avoid these impacts. The workgroup should consider when
entrainment/impingement is temporally important (such as during seasonal spawning peaks). If
protective intake structures cannot be constructed, the District may need to write conditions into
its permits that require water suppliers to reduce surface water extraction during those peak
recruitment periods.

Wetlands Wildlife

The wetlands wildlife workgroup assessed the potential effects of surface water
withdrawals on 320 species of vertebrate wildlife that depend on the St. John’s River floodplain
habitat. The workgroup used a qualitative approach to evaluate impacts because quantitative
data are lacking on responses to changing hydrologic regimes for many of the species.
Information gleaned from the literature, in combination with input from the wetlands, benthos,
and fish workgroups, was used to make best professional judgments on the effects of
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withdrawals on wildlife with respect to salinity in river segments 1 and 2, and with respect to
altered hydroperiod in segments 7 and 8.

To accomplish this, species were assigned to one of four “wildlife hydrologic types” and
floodplain habitats were assigned one of four hydrologic regimes for wetlands. The wildlife
hydrologic types then were combined with the floodplain hydrologic regimes in a qualitative
model that describes the predicted distribution of species along the floodplain’s hydrologic
gradient (from permanently flooded to dry). The workgroup also used results from the H&H,
wetlands, benthic invertebrates, and fish workgroups to determine the final levels of effect.
Under the extreme withdrawal scenario, major impacts were predicted for estuarine wildlife in
segment 1, moderate impacts were predicted for estuarine wildlife in segment 2, and moderate
impacts were predicted to freshwater wildlife in segments 2, 7, and 8.

The wetlands wildlife analysis was limited by the lack of quantitative, species-
specific information on the response of wildlife to altered hydrology and salinity. Thus, the
analysis is an integration of a very thorough literature review along with the results of the
H&H modeling and input from the wetlands, benthic invertebrate, and fish workgroups.
The literature synthesis was thorough and will be of benefit to future research and management
efforts in the St. Johns basin because it covers such a broad range of species.

The findings of the wildlife workgroup were obscured by the diverse ways in which
species were classified according to their hydrologic attributes. Four categories of wildlife
“hydrologic types” were introduced, but the effects of water withdrawals were shown for only
two of these categories. Establishing wildlife hydrologic types is a sound way to deal with the
diversity of habitat requirements for the species included in the analysis, but the terms used to
describe them are not fully appropriate. For wildlife species, the categories generally describe
how much water the species needs for its annual habitat requirements without consideration of
key life history stages. This is particularly troublesome for amphibians, all of which are obligate
species in the sense that they require standing water for reproduction.

GENERAL CONCLUSIONS ABOUT THE WSIS

When the Committee first became involved with the WSIS (early 2009), the study
objectives to examine the effects of surface water withdrawal on a broad range of environmental
issues seemed to be quite an undertaking given the available data and disparate paths of analysis.
However, as the study progressed and the Committee presented its comments, relevant data were
collected and the analytical work was increasingly conducted along biological “chains of
causation.” The District scientists welcomed the Committee’s recommendations and
implemented them when feasible, thus overcoming many of the limitations noted by the
Committee early in the project. The Committee commends the WSIS workgroups for their
careful and thoughtful responses to its suggestions.

Even those workgroups stymied by a lack of relevant data and information were able to
make some conclusions about the likelihood of effects from water withdrawals (albeit with high
uncertainty). Insofar as the H&H results indicate that withdrawals will produce relatively small
changes in areas and depths of inundation, the inability of these workgroups to make more
certain predictions is somewhat ameliorated. Indeed, had the WSIS benefitted from having the
results of the hydrologic/hydrodynamic analysis at an earlier date, it is likely that the District
would not have invested so much effort in determining some environmental responses to altered
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flows and levels. In general, the District did a competent job relating the predicted
environmental responses (including their magnitude and general degree of uncertainty) to
the proposed range of withdrawals. The overall strategy of the study and the way it was
implemented were appropriate and adequate to address the goals that the District
established for the WSIS.

Several critical issues that are beyond the control of the District or were outside the
boundaries of the WSIS limit the robustness of the conclusions. These issues include future sea-
level rises and increased stormwater runoff and water quality degradation of surface runoff
engendered by future population growth and increases in impervious area and pollutant
generation associated with urban development. The predicted effects of sea level rise and land
use change on water levels and flows in the river are greater in magnitude than the effects of the
proposed surface water withdrawals, but they have high uncertainties. The District should
acknowledge these limitations in its final report and, using an adaptive management strategy, it
should plan to run its models with more recent rainfall and land use records and with emphasis
on water quality as well as quantity.

In addition, the workgroups did not appear to consider the possibility of “back-to-back”
extreme events (e.g., several extreme droughts separated by only a short period of normal
rainfall) in their impact analyses. They also tended to present mean responses to changes in
driver variables with little or no consideration of the variance in response. Although mean
values are the most likely responses from a statistical perspective, ranges (or variances) of
responses also should be considered in analyzing potential environmental impacts of changes in
driver variables. Such responses may be less likely than mean values, but they may not have
negligible probabilities and could be more detrimental than the mean responses.

Insofar as the MFL regulations limit the withdrawal allowable during low flow periods,
the Committee remains concerned whether MFLs will be rigidly enforced in the future. If there
is an extended drought in the future, water suppliers might not be able to withdraw water from
the river for months or even years on end. It is not obvious that this would be socially
acceptable. Finally, now that the WSIS is nearly complete, the District should reexamine the
results from their earlier water supply study, which concluded that additional groundwater
withdrawals would lead to undesirable impacts on natural vegetation. The Committee
recommends that the District compare the levels and nature of impacts associated with
withdrawals from the two (surface and groundwater) sources of additional water supply for the
region.
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Introduction

ORIGIN OF THE WATER SUPPLY IMPACT STUDY

The St. Johns River Water Management District (SJRWMD or “the District”) is
responsible for managing water resources in the St. Johns River basin and its surroundings—an
area of 31,954 square kilometers (km?) or 12,283 square miles, which is 23 percent of the State
of Florida (see Figure 1-1). The dual mission of the District is to provide water to meet the needs
of human society and to protect natural systems within the basin. Each mission is challenging in
its own right, and together they require careful integration of many technological, scientific,
social, economic, and environmental issues.

Approximately 4.73 million people (25 percent of Florida’s population as of 2009) live in
the area served by the District (Tom Bartol, SIRWMD, personal communication, 2011), which
contains 110 municipalities, including the growing cities of Jacksonville, Orlando, and
Gainesville. The District expects the basin population to increase to 7.2 million by 2030
(SJRWMD, 2009).

In order to meet the water supply needs of the District’s residents and its industrial and
agricultural users (total water demand was 1.13 billion gallons per day in 2009—Tom Bartol,
SJIRWMD, personal communication, 2011), the District historically has relied on groundwater,
with the upper Floridan aquifer as the primary public supply source. As a result of its ongoing
planning efforts, however, the District determined that additional water demands from the
increased population could not be met by further groundwater withdrawals in the basin because
those supplies are reaching their sustainable limits. Indeed, groundwater withdrawals in the
Central Florida Coordination Area (CFCA), near Orlando in the southwest portion of the
District, are not expected to be able to satisfy new demands beyond the year 2013 (SJRWMD,
2006), and the predicted growth in withdrawals from the Floridan aquifer for most of the rest of
the District is not sustainable through the 2030 planning horizon (SJRWMD, 2009). According
to a District study, further water withdrawals from the aquifer would lower the level of its
piezometric surface, leading to unacceptable damage to native vegetation in several areas of the
basin. Alternative water supplies under consideration include three new surface water
withdrawal sites in the St. Johns River and one in the lower Ocklawaha River.

In 2008 the District began a large scientific study on the potential hydrologic and
ecological effects of withdrawing water from the St. Johns River and its major tributary, the
Ocklawaha River. The District requested that their study, called the Water Supply Impact Study
(WSIS), be reviewed as it progressed by a committee (hereafter referred to as “the Committee”)

11

Copyright © National Academy of Sciences. All rights reserved.



Review of the St. Johns River Water Supply Impact Study: Final Report

12 Review of the St. Johns River Water Supply Impact Study: Final Report

Overview map of
St. Johns River Basin
showing key WSIS locations

Jacksonville

Doctors L ake

Grean Cove

. Water Supply Impact Study
Springs
SWIS Withdrawal Locations
MGD
r 10
. A =
: = Hastings
Gainesville Palatla ‘ 0o
Lower Ocklawaha
River @ Chnrnstmas_and_Cocoa_staton_pis
Rodman —— Mk —c Lak MajorBasin
Reser.‘r. Dir rescent aKe Lower St Johns River
MiKddle SL Johns RWer
Upper SL Jonns Rver
——Lake George Cckizwana Rwer
Oiher Diskrici Basins
Ocala
Astor — Lake Woodruff
DeLand
Yankee Lake
5JR near SR46J
Lake Monroe <~ &
Sanford ——Lake Harney
Lake Jesup
5T JOHNSRIVER NEAR CHRISTMAS
Christma 48 Titusville
Orlando
Taylor Creek Reservoir & ST I N
. —————— Cocoa
Lake Poanseit —— Y
s P I, |
a 10 20 Miles Lake Washington 3} Melbourne
——t—+— &
Palm Bay

Blue Cyrpess Lake

Fellsm ere

Vero Beach

FIGURE 1-1 The St. Johns River Basin showing key features of the Water Supply Impact Study (WSIS),
including the boundaries of the subbasins, major lakes along the main stem, relevant cities and towns

including Cocoa and Christmas where model simulations were run, and locations of four potential surface
water withdrawal sites.
SOURCE: SJRWMD (2006).
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of the National Research Council (NRC). The Committee’s statement of task is in Box 1-1.

The WSIS was composed of eight major workgroups carried out by District staff
scientists and aided by a suite of outside experts. The eight workgroups were focused on
hydrology and hydrodynamics, wetlands, biogeochemistry, plankton, benthos, the littoral zone,
fish, and wetlands wildlife. The activities of the workgroups included modeling of the relevant
river basins, determining what criteria should be used to evaluate the environmental impacts of
water withdrawals, evaluating the extent of those impacts, coordinating with other ongoing
projects, and issuing a final report in late 2011. The Committee was asked to review scientific
aspects of the WSIS, including the hydrologic and water quality modeling, how river
withdrawals for drinking water would affect minimum flows and levels in the St. Johns and the
Ocklawaha rivers, the impact of removing old and introducing new wastewater streams into the
rivers, the impacts of water withdrawals on several critical biological targets, and the effects of
sea level rise. Potential environmental impacts considered by the District that also were
reviewed by the Committee include altered hydrologic regimes in the St. Johns River, increased
pollutant concentrations in the river (e.g., sediment, salinity, nutrients, temperature), associated
habitat degradation, and other direct effects on aquatic species due to the operation of the new
water supply facilities.

The first report of the Committee (NRC, 2009a) provided comments on the initial (Phase
I) work of the WSIS, which reviewed the then available hydrologic and environmental
assessment tools and relevant data, and made recommendations regarding proposed work for the
second phase of the WSIS. The second report of the Committee (NRC, 2009b) focused on how

Box 1-1
Statement of Task

An NRC committee overseen by the Water Science and Technology Board of the National
Academies will review the progress of the St. Johns River Water Supply Impact Study (WSIS). Com-
munities in the St. Johns River watershed in east central Florida are facing future drinking water supply
shortages that have prompted the St. Johns River Water Management District to evaluate the feasibility of
surface water withdrawals. At the current time, drinking water is almost exclusively supplied by with-
drawals from groundwater. Reliance on groundwater to meet the growing need for public supplies is not
sustainable. The St. Johns River and the Lower Ocklawaha River are being considered as possible alter-
natives to deliver up to 262 million gallons of water per day (MGD1) to utilities for public supply. In Jan-
uary 2008, the District began an extensive scientific study to determine the feasibility of using the rivers
for water supply, and it has requested the advice of the National Academies as the study progresses.

The WSIS is composed of six major tasks, being carried out by District staff scientists aided by a
suite of outside experts, each with national standing in their scientific discipline. These activities include
modeling of the relevant river basins, determining what criteria should be used to evaluate the
environmental impacts of water withdrawals, evaluating the extent of those impacts, coordinating with
other ongoing projects, and issuing a final report. The NRC committee will review scientific aspects of the
WSIS, including hydrologic and water quality modeling, how river withdrawals for drinking water will affect
minimum flows and levels in the two rivers, the impact of removing old and introducing new wastewater
streams into the rivers, the cumulative impacts of water withdrawals on several critical biological targets,
and the effects of sea level rise. Potential environmental impacts being considered by the District include
altered hydrologic regimes in the river, increased pollutant concentrations in the rivers (e.g., sediment,
salinity, nutrients, temperature), associated habitat degradation, and other direct effects on aquatic
species due to the operation of the new water supply facilities.

1 MGD = 0.645 cubic feet per second (cfs)
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the District was responding to the recommendations in its first report, particularly on areas where
the Committee concluded that additional or continued attention and work were warranted. The
third report (NRC, 2010) focused on evaluating the hydrologic and hydrodynamic work
performed by the District. This report, the fourth and final product of the Committee, focuses
mainly on the ecological impact analyses conducted by seven environmental workgroups of the
District, and provides final thoughts about the hydrologic and hydrodynamic studies and presents
the Committee’s overall perspectives on the WSIS.

Several important constraints on the WSIS had to be taken into account as the committee
proceeded with its review. As noted in NRC (2009a), the Ocklawaha River was not considered
to the same degree as the main stem of the St. Johns River in the workgroup analyses. This is
because a separate analysis of minimum flow and level requirements for the Ocklawaha is
planned for the near future, during which the Ocklawaha will received the kind of intense
scrutiny afforded to the St. Johns in the WSIS. Second, although large amounts of hydraulic data
were available on the main stem of the river to conduct the many hydrologic analyses, data
needed for the environmental impact analyses were not as readily available and in some cases
were very limited. Although District scientists conducted some new monitoring and took
advantage of other data collection programs, lack of data impeded the progress of certain
workgroups (see Chapter 3 for details) and led to uncertainty about some of the WSIS
conclusions. Finally, the WSIS focused almost exclusively on water quantity changes that would
be brought about by additional water withdrawals from the St. Johns River, and as such did not
directly deal with water quality issues (except for salinity changes) that would accompany the
main driver for additional water withdrawals. That is, the growth in population and land use
changes that would necessitate future water withdrawals from the river were not analyzed for
their potential contribution to water quality degradation in the river, a fact noted in the three
previous reports of this committee. The Committee understands the origins of these constraints
and worked within them to be of maximum utility to the District scientists.

CONCLUSIONS OF PREVIOUS NRC REPORTS

Traditional studies undertaken by the NRC usually are in the form of a fresh investigation
or review of a particular issue, program, or report. The present study was unusual (but not
unprecedented) in that it was an interactive review of a significant research project as it was
being conducted. During the more than 2.5-year life of the committee, it reviewed numerous
documents as they were produced, met six times in person with District staff and interested
parties, conducted more than a dozen conference calls, went on four extensive field trips along
the river, and produced three prior reports (NRC, 2009a, b, 2010). The conclusions of the prior
reports are summarized in the following discussion of overarching issues that transcend the
various hydrologic and environmental analyses conducted by the District. The reader is referred
to the previous three reports for details about the progress of individual workgroups.

Integration of Analyses

At the beginning of its tenure, the Committee noted that there were not clear linkages
among the analyses being conducted by the various District workgroups. For example, the work
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of the benthos group did not appear to be directed to the needs of the fish group, which in part
depends on the expected changes in the benthic macroinvertebrate community. This problem
was substantially mitigated when, following recommendations in the first NRC report, each
workgroup developed a conceptual framework (analytic process flow diagram) showing not only
flow within each workgroup, but required inputs of data and information from other workgroups
and expected outputs to other workgroups. The Committee further recommended that
interactions between any two workgroup disciplines be shown in the frameworks of both
workgroups, and that the characteristics of the data and information being transferred (e.g., units
of measurement, frequency, duration, etc.) be specified to improve coordination, which was
subsequently achieved by all workgroups.

In NRC (2009a), the Committee expressed concern about the selection of a limited
number of indicator species upon which to test effects of changes in flow and level due to water
withdrawals from the river. Such narrow considerations can miss important interactions among
workgroup disciplines as well as community-level impacts. The District responded by
increasing the number of target species of fish, wildlife, and wetland vegetation.

Water and Nutrient Budgets

Consistent with the lack of integration among workgroups was the early absence of
system-wide budgets for water and nutrients. The anticipated future growth in population not
only would require increased water withdrawals, but through its impact on land use and reuse of
treated wastewater effluent could potentially cause significant changes in river flow.
Additionally, in early 2010 the Committee became aware of ongoing projects that will have the
effect of returning flows to the upper reaches of the basin that previously had been directed out
of the basin. Due to uncertainties in the timing and degree of impact of these issues, the
Committee recommended that a range of future scenarios, based upon variations among these
parameters, be analyzed. The District subsequently developed water budgets for locations in the
middle and lower river basin under varying river flow regimes. The Committee further
recommended that the District continue developing these water budgets, especially for seasons
and extreme flow conditions critical to the various life stages of target indicator species. A
complete water budget was developed by the District for the middle and lower river basin, in
which all the conventional inflows and outflows, withdrawals, and return flows were taken into
account, as discussed more fully in Chapter 2.

The lack of a system-wide nutrient budget for the basin initially inhibited efforts to
understand the impacts of future withdrawals on algal blooms in the river and especially in the
larger lakes that form a major portion of the middle St. Johns River. The District thus produced
nutrient budgets for some of the waterbodies in the basin that are particularly prone to algal
blooms.

Dewatering of Floodplains and Wetlands
Early on, the Committee noted that detailed hydrologic and wetland modeling would be

needed to determine the nature and areal extent of floodplain and wetland dewatering brought
about by potential water withdrawals. The areal extent, along with the timing and duration of
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events of total or partial dewatering, is critical to understanding the gross impacts on the diverse
ecological web of aquatic species and those that depend on them. Efforts to this effect were
constrained by the limited availability of digital elevation models (DEMs) of sufficiently fine
resolution and field data supporting ecologic stress due to dewatering. The District developed
refinements to their DEMs and produced hypsometric curves showing water levels in the river
and adjacent floodplains and wetlands at several locations along the river. In addition, it
developed the “Hydroperiod Tool,” which estimates daily water depth over an area by
subtracting the ground surface elevation (obtained from a DEM) from an interpolated water
surface elevation model based on river stage. The tool was used by the wetlands workgroup to
determine what wetland areas would be dewatered by a potential water withdrawal and for how
long.

Hydrology and Hydrodynamics

The Committee generally was satisfied with the modeling approach to predict stage, flow,
and salinity at various points of interest along the river. As detailed in NRC (2010), however, it
recommended that the District apply the models to more recent datasets outside the range of
calibration upon which the models were developed. Also, the District was encouraged to
supplement rain gage data with NEXRAD Doppler data, and to move toward 4X or higher geo-
grid resolution, in future work.

An unexpected result of the hydrologic and hydrodynamic modeling was the conclusion
that even under the full withdrawal scenario river flows and levels would increase and not
decrease as had previously been assumed. This counterintuitive finding resulted from two
factors: (1) the completion of the upper basin projects, which will return some water to the river
previously directed out of the basin, and (2) increased flow from impervious surfaces as a result
of land use change. The Committee thus urged the District to devote as much attention to the
environmental consequences of increased flows and levels as to their presumed decrease. For
example, river flow in the downstream portion of the upper St. Johns (near Cocoa and
Christmas) is predicted by the hydrodynamic model to increase due to increasing urbanization
and as a result of the upper basin projects underway and planned for the future. The geomorphic
outcome of increased stream volume, especially in smaller tributaries, could result in the
deterioration of biogeochemical functioning of aquatic systems (NRC, 2010), and the District
was encouraged to consider this during future work.

Projections of Future Population Growth and Land Use Changes

Population growth, which is the driver for increasing future water demand and land use
changes, may not keep pace with the District’s projections. Similarly, the land use projections
used by the District to develop several of its future scenarios, including the 2030 land use
scenario, may prove to be less accurate than hoped for. In both cases, NRC (2010)
recommended that the District acquire and use the most up-to-date projections of population
growth and land use change in its periodic water supply plans and assessments.

Copyright © National Academy of Sciences. All rights reserved.



Review of the St. Johns River Water Supply Impact Study: Final Report

Introduction 17

THE ST. JOHNS RIVER BASIN

As described in more detail in the three previous NRC reports, the St. Johns River flows
in a northerly direction for most of its length—from its origins in headwater wetlands west of
Vero Beach (Indian River County) until it reaches Jacksonville, where it turns east and flows
another 25 miles before reaching the Atlantic Ocean at Mayport (Figure 1-1). Despite being the
longest river in Florida (500 km or 310 miles), its elevation drops only about nine meters (~30
feet) from its headwaters to the ocean (an average of about 1.1 inches per mile or less than 2 cm
per km), and most of the elevation drop occurs in the upper third of the river channel. As a
result, a large fraction of the river is influenced by oceanic tides.

In the upper St. Johns basin, drainage activities for flood control and development of
agriculture in the 20" century claimed large areas of the original floodplain and channelized
parts of the river. In addition, several large areas were removed from the basin, and runoff from
these areas was pumped into manmade canals that flowed directly into the Atlantic Ocean via the
Indian River Lagoon. Because of environmental concerns, wetland restoration began in the
upper basin in the 1980s and is still underway. Several large projects that will return tens of
thousands of acres of land to the upper St. Johns River drainage basin are expected to be
completed by 2015. They involve re-diverting water that currently flows into the Indian River
Lagoon back to the St. Johns River.

The middle St. Johns River is a relatively short segment—approximately 60 km (37
miles)—with several large lakes and springs. It generally is defined as beginning above Lake
Harney and ending below the outlet of Lake Monroe. The basin covers about 3,120 km?” (1,200
mi®), including some heavily urbanized areas northeast of Orlando. The Econlockhatchee River
is a major tributary in this segment, and several large springs also contribute to the river flow.
Lakes Harney and Monroe are widened areas in the main channel of the river, and Lake Jesup is
a shallow off-channel lake between Harney and Monroe.

The lower St. Johns River, the longest of the three segments, is defined as the stretch of
the river that is tidally influenced. It is divided into a freshwater segment, which extends down-
river approximately to Green Cove Springs (river mile 48 from the ocean) and an estuarine
segment, which exhibits increasing salinity as the river approaches the ocean. In turn, the
freshwater segment is divided into two sub-reaches; one includes Lake George, and a second
includes the freshwater reach downstream of the confluence of the Ocklawaha River. The
Ocklawaha River is by far the largest tributary of the St. Johns River (and the most important in
terms of water flow), draining almost one-fourth of the entire basin.

In general, the St. Johns River drainage basin has limited topographic relief, and as a
result the river has extensive riparian wetlands. In the upper basin, the wetlands primarily are
marshes, but in the middle and lower basins, hardwood swamps predominate. These geographic
and hydrologic features provide habitat for a wide array of natural flora and fauna. The highest
elevations in the basin (up to 150-200 feet above sea level) occur to the west of the river, mainly
in the sand hill region east of Gainesville, which has numerous soft-water lakes, and in the Ocala
National Forest in the northern part of the Ocklawaha River basin.

Although agriculture is an important activity within the St. Johns basin, a larger fraction
of the drainage basin, particularly in the middle and lower basins, is forested. Much of the
upland forest is in pine plantations grown for production of pulp and paper (see NRC 2010 for a
summary of land use and land cover in the St. Johns basin, including the Ocklawaha sub-basin).
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Cattle grazing, horse farms, citrus groves, and vegetable production (e.g., potatoes, winter
vegetables) are the major farming activities.

Because of the extensive wetlands throughout the drainage basin, the St. Johns River is
highly stained (brown) with humic color. Water in the river generally is quite hard—high in
calcium, magnesium and alkalinity—as a result of inflows from groundwater and artesian
springs connected to the calcareous Floridan Aquifer. Chloride concentrations also are high,
even in the freshwater portions of the river, because of the influx of groundwater with high
chloride levels. These characteristics provide challenges in treating the water for potable
purposes. The river and its tributaries are rich in nutrients (nitrogen and phosphorus) as a result
of runoff from agricultural and urban areas, as well as inflows of treated municipal wastewater.
The nutrient levels promote luxurious growths of aquatic plants along the river edge and cause
algal blooms in the major in-channel lakes, especially in the middle and lower St. Johns River.

REPORT ROADMAP

This report is the final contribution of the NRC Committee tasked to review the WSIS.
As an update of the Committee’s third report, which focused on results from the hydrology and
hydrodynamics workgroup, Chapter 2 gives some final thoughts on the contributions of this
workgroup, including the results of scenario analyses for the river. It also describes how the
results from this workgroup were used by the seven environmental workgroups, including the
issues of uncertainty and the sensitivity of the results. Chapter 3 critically evaluates the progress
of the seven environmental workgroups. For each, it describes the conceptual model,
summarizes the methods used by the workgroup, summarizes and analyzes the results, and
makes conclusions and recommendations about the adequacy of the effort. Finally, Chapter 4
discusses a number of overarching themes, including the larger context surrounding the WSIS
(such as sea level rise, dredging, water quality issues, population growth and land use change,
and wastewater impacts). It makes general conclusions about the adequacy of the entire WSIS
and provides some lessons to be learned for future studies on natural resource development
versus impacts on environmental quality.

It should be noted that this report refers to District documents (particularly draft reports
of the eight workgroups) that are likely to have been updated since the publication of this report.
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Chapter 2

Hydrology and Hydrodynamics

The goal of the Water Supply Impact Study (WSIS) was to assess potential impacts from
withdrawing freshwater from the St. Johns River. It follows that the withdrawal’s influence on
hydrology and hydrodynamics sets the stage for analyzing and understanding possible ecological
effects. The District used three different types of models for analyzing water flow: surface
hydrology, hydrodynamic, and groundwater. The surface water hydrology modeling used the
well-known program HSPF and was reviewed in NRC (2010). This work served both to analyze
flows through the landscape in the Upper St. Johns River and to provide the inflow boundary
conditions for the hydrodynamic model of the Lower St. Johns River (LSJR) and Middle St.
Johns River (MSJR). The hydrodynamic modeling used a well-established three-dimensional
model, the Environmental Fluid Dynamics Code (EFDC). Hydrodynamic model development
and calibration were discussed in NRC (2010); results from the modeling efforts were described
in detail in Sucsy et al. (2010, 2011) and are further analyzed in this chapter. Steady-state
groundwater flow models based on the U.S. Geological Survey’s MODFLOW were used to
compute groundwater base flows along the river from the surficial aquifer system and the upper
Floridan aquifer. The purposes of the groundwater modeling were to estimate the response of
the underlying aquifer to potential water withdrawals in terms of discharge and aquifer head
change, to provide boundary conditions for the mainstem hydrodynamic model, and to provide
groundwater data for water budget calculations. Because most of the hydrologic and
hydrodynamic modeling efforts were reviewed extensively in NRC (2010), the main conclusions
and recommendations from that report are discussed only briefly here. Rather, this chapter deals
primarily with work done subsequent to the publication of NRC (2010).

WITHDRAWAL SCENARIOS

Hydrodynamic modeling was used to examine the possible effects of a water withdrawal
on water surface level, water age, and salinity along the LSJR and MSJR. These three features
are the key physical' changes that will occur as a result of withdrawals. The water withdrawals,
if approved, would likely occur in stages over a period of years to decades, and thus it was
necessary for STRWMD to assess effects of other forcing conditions®, specifically (1) changes in

' We use physical in the most restrictive sense, to exclude chemical changes.

? In hydraulic/hydrologic modeling terminology, water withdrawals, tides, rainfall, and landscape characteristics are
input forcing conditions that alter the model output. The model does not predict the forcing conditions; instead, it
predicts the system behavior as a result of the forcing conditions.

19
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landscape runoff as predicted by the hydrologic model, (2) impacts from the proposed Upper St.
Johns River (USJR) projects, and (3) predicted sea level rise (SLR).

The hydrodynamic model was run through a comprehensive set of scenarios to evaluate
model sensitivity to different forcing functions. The scenario nomenclature follows a keyword
pattern of:

Extent of withdrawal land-use year — Upper basin project status  sea-level rise

where the values for the keywords are:
withdrawal = {Base, Half, Full, FWOR}
land-use = {1995, 2030}
project = {N, P}
sea-level rise = {N, S, H}

The withdrawal conditions are defined as:

Base: Zero surface water withdrawal (existing condition).

Half:  50% of the proposed maximum withdrawal rate (77.5 MGD) from the SJR.

Full:  100% of the proposed maximum withdrawal rate (155 MGD) from the SJR.
FwOR: Full (155 MGD) SJR withdrawal plus 107 MGD from the Ocklawaha River for a
combined 262 MGD withdrawal

The /and-use conditions are:
e 1995: Historic land-use patterns from 1995 data.
e 2030: Forecast land use patterns for year 2030.

The projects are:
e N: No projects: hydrologic effects of USJR projects are neglected.
e P: Completed projects: all hydrologic effects of USJR projects are included.

The sea-level rise conditions are:
e N: No sea-level rise (i.e., ignore historic trend and use 1995 data).
o S: Sea-level rise for 2030 based on historic trend at Mayport (14 cm).
e H: Higher estimate of sea-level rise at 2030 (28 cm).

Thus, the scenario name Half1995PN indicates the “Half” withdrawal of 77.5 MGD with historic
1995 land-use, the completed USJR projects, and zero sea-level rise. Table 2-1 shows some of
the most commonly used scenarios (and thus represents only a subset of the scenarios used and
referred to throughout this report).
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TABLE 2-1 More frequently used hydrodynamic model scenarios for the WSIS.
Base1995NN (green highlight) is the hindcast scenario of the historic baseline.

Withdrawal Upp_er Sea Level
(mgd) LandUse Ba_S|n Rise (cm)
Projects

Basel1l995NN o historic none o
Half1995NN 77.5 historic none o
Full1995NN 155 historic none 6]
Basel1l995PN (0] historic completed (0]
Half1995PN 77.5 historic completed (0]
Full1995PN 155 historic completed [e]
Basel1l995PS (0] historic completed 14
Full1995PS 155 historic completed 14
Base2030PN o forecast completed o
Half2030PN 77.5 forecast completed o
Full2030PN 155 forecast completed o)
FWOR2030PS 262 forecast completed 14

At first glance, some of the scenario choices in Table 2-1 may seem strange because they
do not correspond to any reasonably expected condition. For example, Base1 995PS combines
1995 land-use conditions with 2030 forecast sea-level rise and the upstream projects installed in
the present decade, and this combination does not reflect any reasonable historic or forecast
condition of the river. Indeed, the purpose of most of these scenarios was neither to forecast nor
hindcast’ a possible river condition but to isolate effects and evaluate model sensitivity for
different forcing conditions. Thus, by comparing Base1995PS to Base2030PS the modelers
could evaluate how land-use changes (1995 to 2030) affect the system for the same sea-level and
project conditions. Further comparison of these ‘S’ sets with the similar ‘N’ sets of Base1995PN
and Base2030PN allowed the modelers to compare how land-use changes interact with sea-level
rise.

The hydrology and hydrodynamics (H&H) workgroup analyzed three scenarios that they
considered to represent reasonable “near-term” possibilities: Base1995PN, Half1995PN, and
Full1995PN, and four scenarios considered to be reasonable long-term possibilities:
Base2030PS, Half2030PS, Full2030PS, and FwOR2030PS. The short- and long-term scenarios
thus differed in terms of land use conditions and salinity effects from sea level rise (and also
inclusion of withdrawals from the Ocklawaha River). The short-term scenarios were considered
to be plausible conditions for approximately the next decade, whereas the long-term scenarios
were considered to be plausible for later decades. The outputs from the above seven scenarios,
coupled with the Base1995NN and Full1995NN scenarios, were the primary hydrologic and
hydrodynamic information provided to the ecological workgroups for their analyses. Note that
the environmental workgroups considered different scenarios to be the “extreme,” depending on
river segment and the type of ecological components being considered; details on these choices
can be found in the individual workgroup reports.

Several additional scenarios also were run to gain insight into possible future events that
might change the predicted outcomes. These scenarios were not intended for use by the
ecological workgroups because of the high level of uncertainty associated with whether or not
these conditions might occur. The additional nomenclature for these scenarios is:

? Hindcasting is a term used by modelers to describe models of past system behavior. Such models are used to
understand the system, to improve the model through calibration, and to estimate model uncertainty.
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CHND: Channel deepening by the U.S. Navy in the lower SRJ
WWTP: Reuse (diversion) of outflow from wastewater treatment plants

It should be noted that not all the scenarios that were run were analyzed in the H & H report.

GROUNDWATER MODELS

Modeling of groundwater flow was used in the WSIS to examine the impact that surface
water withdrawals may have on groundwater discharge to the river due to a declining river stage.
The models were used mainly in the middle SJR, where surface waters are influenced by
groundwater, and to set up groundwater discharge and salinity boundary conditions for the
hydrodynamic model. An important issue regarding groundwater discharge to the St. Johns
River is its role in adding chloride to the river from saline portions of the regional aquifer, i.e.,
the Upper Floridan Aquifer (UFA). Because the groundwater flow models used by the District
do not simulate transient flows or chloride transport, the Committee recommended in NRC
(2009) that the District determine whether the assumptions inherent in applying the models for
these purposes were valid. The District conducted various analyses and concluded that their use
of the steady-state density-independent groundwater models was appropriate (see Sucsy et al.,
2011, Volume 2, Chapter 5 for details of these analyses as well as more comprehensive results
for the groundwater modeling). The sections below briefly revisit these issues.

Analysis of Methods to Estimate Chloride Loads

The District evaluated the validity of three simplifying assumptions needed to compute
chloride loadings from groundwater discharge from the UFA to the St. Johns River using their
models: (1) temporally constant chloride concentrations, (2) constant chloride—salinity
relationships for diffuse groundwater flow, and (3) constant density of groundwater for vertical
flow calculations.

Temporally constant chloride concentrations. According to Sucsy et al. (2011),
chloride concentrations in groundwater of the UFA vary widely across the study area, but the
temporal variations in chloride concentrations at a given location are small. The stability of
chloride concentrations at a given site means that estimates of chloride loads to the river can be
simplified by matching observed chloride concentrations at a given site in the aquifer with
estimates of groundwater discharge. The temporal stability of chloride within observation wells
was demonstrated using four analyses: calculation of relative standard error, visualization of
chloride time-series, visualization of ranked chloride observations, and comparison of chloride
with rainfall indicators.

Constant chloride—salinity relationships for diffuse groundwater flow discharge.
Even if chloride concentrations at a given site do not change significantly over time, the
proportion of chloride relative to other major ions could change. This question is relevant when
using chloride concentrations to estimate salinity levels for use in the hydrodynamic model.
The ratio of eight major ions found in water was used by the District to evaluate the stability of
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salt composition in UFA wells. Three analyses were used: normalization of ionic
concentrations, USGS chemical classification, and Maucha diagrams. Results indicate that salt
composition, like chloride concentration, is stable in groundwater discharging into the MSJR,
which allows accurate conversion of chloride concentrations to salinity. Previous studies on
groundwater in the region have shown that trapped Pleistocene seawater (often referred to as
“relict seawater,” RSW) is the main source of chloride in the UFA. Although chloride varies
widely in observation wells across the study area, a common source (RSW) helps to predict that
the chloride—salinity relationship is spatially constant.

Constant density of groundwater for vertical flow calculations. Vertical density
gradients were found to have only a minor effect on calculated vertical groundwater discharge to
the river, because the gradient between the UFA hydraulic head and river stage is relatively
large. The District’s analyses of groundwater discharge indicated that density differences
between brackish groundwater and fresh river water do not appreciably increase groundwater
discharge to the river.

Based on the above findings, the District concluded that chloride loads could be
calculated as the simple product of simulated groundwater discharge and observed chloride
concentrations, and that density differences resulting from spatial chloride variability are
unimportant in the simulation of vertical groundwater discharge. Constant-density groundwater
flow models thus were considered to be valid for the study area.

Groundwater Modeling Results and Steady-State Assumptions

As noted above, the groundwater modeling studies had two main goals: (1) provide
boundary conditions for a hydrodynamic model of the MSJR, and (2) test whether increased
groundwater discharge and chloride load would appreciably alter river conditions if river water
levels declined due to surface water withdrawals. Because groundwater discharge is nearly
impossible to measure by direct observation, modeling or indirect estimates based on a river
basin mass balance are the only practical alternatives. Two steady-state groundwater flow
models based on the USGS’s MODFLOW were used by the District to estimate groundwater
discharge and chloride load to the St. Johns River: the North-Central Florida Model (NCF) and
the East-Central Florida Model (ECF). The NCF covers the Lower Ocklawaha River and a small
portion of the northern MSJR; the ECF covers the northern USJR and most of the MSJR. Actual
groundwater discharge varies seasonally in response to wet and dry periods; the District’s use of
steady-state values for the WSIS assumes that seasonal variability of discharge is of secondary
importance compared to average discharge.

The District concluded from the modeling studies that diffuse groundwater discharge is
the dominant source of chloride to the MSJR (~75% of the chloride load to the reach upstream of
US17) and that water withdrawals would have insignificant effects on overall discharge and
chloride budgets of associated river segments. These conclusions were based on the finding that
neither groundwater discharge or chloride load is appreciably altered by lowered river stage
because the hydraulic head that drives groundwater discharge is much larger than the maximum
expected reduction in river stage.
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The steady-state approximation for groundwater discharge to EFDC requires testing
because groundwater discharge does respond to seasonal and inter-annual variations of rainfall
and pumping. The groundwater models provided constant groundwater discharge to EFDC, but
the latter is a dynamic model that simulates hydrodynamic variables at hourly time scales.
EFDC simulations made using steady-state groundwater discharge were found to be nearly
indistinguishable from simulations made using observed transient groundwater discharge data
(Belaineh, 2010), however, and District scientists thus concluded that the use of steady-state
groundwater discharge as a boundary condition to EFDC is justified.

Critique

The District’s scientists are commended for their efforts to compile much more complete
documentation to defend the assumptions that allowed them to use a simplified approach to
compute groundwater discharges and salinity fluxes to the river. Their report (Sucsy et al., 2011)
covers the key factors involved in computing groundwater discharge and salinity boundary
conditions for the hydrodynamic EFDC model and presents significantly improved
documentation on the validity of the assumptions regarding constant density and steady state
modeling, thus resolving the Committee’s concerns as expressed in NRC (2009).

Three issues were not adequately addressed in the WSIS. First, the sensitivity of
groundwater discharge to hydraulic conductivity was not investigated. It is well known that
there are large uncertainties and ranges associated with defining hydraulic conductivity in
regional groundwater modeling studies. Second, Sucsy et al. (2011) states that the models were
calibrated to average groundwater conditions for 1995 but it does not discuss the calibration of
diffuse groundwater discharge into the river. Finally, a major concern that the Committee
expressed in NRC (2010) is that groundwater discharge from the surficial aquifer system (SAS)
was not adequately modeled in the WSIS (due to the constraints of the HSPF model). In some
reaches of the river this discharge may be an important contribution to flow and river stage, and
it can influence the extent of inundation in riparian wetlands during periods of low river stage.

HYDROLOGIC MODELING

The District’s hydrologic modeling used standard approaches for meteorological forcing
and watershed runoff. As discussed in NRC (2010), the Committee considers these approaches
to be reasonable with some reservations. This is summarized below along with some additional
comments based on more recent information. To clarify the Committee’s concerns, it is useful to
recognize that the hydrologic modeling effort served two roles in the overall study:

(1) Providing time- and space-varying flow rates into the middle and lower SJR as
forcing conditions for the hydrodynamic model, which in turn provides water level and flow
conditions for the ecological models for those segments,

(2) Providing time- and space-varying flow conditions in the upper SJR for direct use in
the ecological models for these predominantly wetland areas.

In the first role, the hydrologic model can be considered reasonably successful. Because
runoff is a one-way process that accumulates flows into the main-stem river, local catchment
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runoff errors in a calibrated hydrologic model will tend to be offsetting. That is, given the
limited availability of calibration data and its bias towards downstream locations, the hydrologic
model generally will calculate the calibrated accumulated fluxes with acceptable accuracy.
Local fluxes that contribute to the accumulated fluxes may not have sufficient calibration data,
however, to adequately distinguish the partitioning of flows from multiple upstream catchments,
and thus they may have more significant error. In the second role, the hydrologic model has
limitations in its ability to model the catchment-by-catchment wetland effects in the USJR.

The Committee has four reservations associated with hydrological modeling as boundary
conditions to hydrodynamic modeling of the MSJR and LSJR. First, future modeling should be
conducted using the best available rainfall data (NEXRAD Doppler) rather than NWS gages.
Second, the uncertainty associated with using a model calibrated to 1995 land use conditions for
2030 land use conditions needs to be analyzed. One approach to this effort would be to use 2010
land use data without further calibration and analyze the model errors introduced. Third, land-
use decisions and best management practices may affect the assumptions used to generate 2030
land use conditions and stormwater yield. The District should evaluate the significance of
possible changes relative to the predicted catchment fluxes. Fourth, the analysis across multiple
scenarios should examine whether confounding processes can lead to offsetting errors that
underestimate impacts.

The Committee has two principal reservations with regard to the hydrologic model's
application to wetlands. First and foremost, the HSPF model does not include critical
interactions between wetlands and surficial groundwater through water table elevation, in situ
storage, or unconfined aquifer and river exchanges. In addition, the spatial resolution of HSPF
sub-basins is too coarse to adequately represent the scale of wetland response needed for
ecological modeling. The Hydroperiod Tool provides some help in these areas, but how errors in
the original HSPF water flux estimation affect the Hydroperiod results is an unanswered
question.

HYDRODYNAMIC MODEL CALIBRATION AND CONFIRMATION

The Committee reviewed preliminary results of the LSRI/MSJR hydrodynamic model
calibration in a previous report (NRC, 2010). More extensive methods and results for the
hydrodynamic model calibration are presented in Sucsy et al. (2011) Volume 2, Chapter 6. The
Committee regards this chapter as one of the most comprehensive model calibration documents
produced for any U.S. river study. The authors carefully responded to the Committee’s
comments and discussions from NRC (2010). The calibration report covers all the key factors
involved in designing a working hydrodynamic model, including development of a digital
elevation model, grid selection and testing, initial and final calibration results, comparisons with
observed data, and confirmation (verification) against a data set not included in the calibration
data set. The results show that the calibrated model provides a good representation of the
physics of transport through the LSJR and MSJR and thus is a reasonable tool for development
of the WSIS. The Committee congratulates the District on providing a well-documented
scientific foundation for their modeling work.
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Analysis Methods

In Volume 2, Chapter 7 of Sucsy et al. (2011), three modeled river properties (water
level, salinity, and water age) were analyzed across three different scenario sets (hindcast,
forecast, future) using seven different methods: (1) time-series, (2) point-to-point, (3) statistics,
(4) cumulative distribution functions, (5) longitudinal distributions along the river, (6) discharge-
difference, and (7) intensity-frequency duration. Examples of each method are given below.

The hindcast analyses were based on scenarios Base1995NN, Half1995NN, and
Full1995NN. These analyses used the known conditions in 1995 to examine sensitivity of the
historic system to different withdrawal rates (without any competing effects). The forecast
analyses examined how expected changes in land use, sea level rise, and the USJR projects
would affect the system both with and without withdrawals. The analyses of future scenarios
provided a set of “what if”” scenarios for insight into other large changes that might occur.

All of the above analyses were model-model comparisons, i.e., the model results under
different forcing conditions were compared.” By comparing these differences, insight was
gained into how different factors affect the model. The extensive work done to calibrate and
confirm (verify) the model (Volume 2, Chapter 6) provides confidence that the model provides a
reasonable representation of the river physics, and so the comparison of different model results
provides insight into how the river is expected to respond.

Time-series Analysis

An example of a time-series analysis is shown below as Figure 2-1. Each line on the
figure represents the difference between the salinity at Acosta Bridge in one of the water
withdrawal scenarios (either Half or Full) and the zero-withdrawal scenario (Base). This
comparison allows the reader to observe how salinity increases due to water withdrawal, without
the complicating factors of the USJR projects, sea level rise, or changes in land use. Time series
analyses require a separate graph for each location where the analysis is desired. Because the
model produces a time series for each model grid cell, thousands of pages could be filled with
these graphs, which would be of little practical utility. The District appropriately limited itself to
presenting a few time-series graphs for key locations that illustrate the principal physical
responses.

Point-to-Point Analysis

Because a time-series figure provides results at a single location, understanding the
overall effects for different scenarios across multiple locations with these graphs is difficult. To
provide better insight, model scenarios were compared on point-to-point graphs, as shown in
Figure 2-2, which compares the salinity (ppt) in one scenario at selected points in space over all
time (daily-averaged) to the same points in space and time for another modeled scenario. These
comparisons were made for the entire ten-year data series, providing 3,650 data points for each

* Model-observation comparisons are provided extensively in the calibration section, Volume 2, Chapter 6 of Sucsy
etal. (2011).
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FIGURE 2-1 Salinity difference at Acosta bridge. At this location, the vertically averaged mean salinity
over this ten-year period is 5.9 ppt under base conditions, 6.1 ppt under the half withdrawal condition, and
6.2 ppt under the full withdrawal condition.

SOURCE: Sucsy et al. (2011).

of the ten selected spatial locations. Figure 2-2 thus shows that the Full1995NN withdrawal
scenario produces slightly higher daily-averaged salinities than the Base1995NN no-withdrawal
scenario. This approach allows readers to easily find any major effects induced by changes to
forcing functions. Unfortunately, because of the large number of points and the relatively small
differences between scenarios the point-to-point plots have quite a bit of over-printing. This
effect makes it difficult to discern differences between the spatial locations. For example, in
Figure 2-2 the salinities at Buffalo Bluff and Lake George have been entirely overprinted by
salinities at Shands Bridge, Orange Park, and Acosta. The overprinting effect is more dramatic
in several other graphs, most notably in Figure 4-10 of Sucsy et al. (2011), Volume 2, Chapter 7
where the wide range of water levels at Lake Harney completely obscures all the other data.

Statistical Analysis

To further collapse the daily-averaged values of two models from point-to-point graphs,
several statistical measures of the paired values were computed at different points along the
river, which collapses the time variable at each point so that the overall effect over a year can be
evaluated. The statistic of the greatest importance is the root mean square difference (RMSD)
between model results, which is equivalent to the standard deviation caused by the added
forcing. For example, Table 4-2 in SJRWMD (2011), Volume 2, Chapter 7 shows that the
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FIGURE 2-2 Point-to-Point comparison for model salinity (ppt) comparing full withdrawal with zero
withdrawal.
SOURCE: Sucsy et al. (2011).

RMSD for daily averaged water surface levels at Lake Harney for Fulll995NN and
Base1995NN is 4.9 cm. This number characterizes the overall change in the range of water
surface level variability at Lake Harney predicted by the model. Caution should be used with
these statistics, however, because the collapse of time-varying effects into a single number may
obscure unusual or rare events that might be important; for this reason the District also employed
Difference-Discharge analyses (discussed below).

Cumulative Distribution Function (CDF)

The CDF was calculated from the output of each modeled scenario to show the
percentage of the time that a variable would be at or below possible values at particular points in
space. These graphs allow the reader to evaluate whether different models have observably
different distributions over the ten years of simulation. For example, Figure 2-3, which shows
the CDF of salinity at Shands Bridge, indicates that all the model scenarios produce a salinity of
less than 0.5 ppt 90 percent of the time, and higher salinities occur at this site relatively rarely.
The difference between the CDF lines shows that increasing water withdrawal coincides with
some increases in salinities during the 5 percent of the time when the salinity is above 0.5 ppt.
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FIGURE 2-3 CDF of Shands Bridge salinity using models for different withdrawal conditions.
SOURCE: Sucsy et al. (2011).

Longitudinal Distributions

Plots of the longitudinal distribution of mean variables and differences between mean
variables in models provide a way to collapse the time variability and emphasize the space
variability in model output, e.g., see Figure 2-4. The key difficulty with these figures is that they
average the variable at a location over the entire ten-year simulation, which may hide effects
from short-term events. Providing these graphs with standard error bars would provide further

insight.
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FIGURE 2-4 Difference in mean salinity between withdrawal and no-withdrawal scenarios over a ten-year

simulation.
SOURCE: Sucsy et al. (2011).
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Discharge-Difference

The difference in a variable between two model outputs can be analyzed based on when
the difference occurs relative to river discharge. This approach provides a method for
understanding the relationship between the river discharge and the changes associated with
different forcing conditions. For example, the District grouped the model results for river
discharge using 25 m’ s”! intervals and plotted key statistical characteristics (median, minimum
maximum and quartiles; see Figure 2-5) to illustrate how changes in the water surface level vary
with discharge at DeLand. These graphs put the statistical analysis described earlier into context.
For example, the statistical analysis for Lake Harney showed a mean change of 4.9 cm in the
lake level, but the Discharge-Difference analysis showed that much larger differences can be
expected on a routine basis, especially at higher flow rates. As Figure 2-5 shows, during high
flows at DeLand the change in the water surface level could be substantially greater than 4.9 cm;
indeed, the range of the 25™ percentile value for the four box plots for flows between ~200 and
~300 cfs is —8 to —14 cm (mean of —12 cm), meaning that the water level during withdrawals on
average would be ~12 cm lower when flows were ~200-300 cfs. Such decreases may affect
littoral inundation.

Lake Harney
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FIGURE 2-5 Water level difference between full withdrawal (Full1995NN) and no-withdrawal
(Base1995NN) scenarios for Lake Harney over a ten-year simulation.
SOURCE: Sucsy et al. (2011).
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Intensity-Frequency-Duration

The intensity of an effect (e.g., a high water surface level), its frequency (denoted by the
return period, or how often the effect is experienced), and its duration (how long it lasts) can be
analyzed together in an Intensity-Frequency-Duration plot, as shown in Figure 2-6. One can see
that the full withdrawal case can be understood to slightly reduce the intensity (water level) of an
event with a given return period and a given duration (i.e., by comparing the black and red lines
of similar return periods at a selected number of consecutive days). Alternatively, one might
also say that for a particular intensity, the full withdrawal decreases the duration of that event for
a given return period. Because of the log scale and the curvature of the graphs, this effect may
be more significant than the reduction of intensity. For example, Figure 2-6 shows that for a
two-year return period, a water level of 1.7 m is expected to occur with a 100-day duration for
the Base1995NN case, whereas the same water level will occur with only a 70-day duration for
the Full1995NN withdrawal case. Understanding this behavior should be a critical part of
analyzing duration changes for littoral inundation and drying.

Similarly, to understand the impact of salinity changes, Intensity-Frequency-Duration
curves should be analyzed with respect to changes in duration and intensity that might adversely
impact ecological conditions. For example, Figure 2-7 shows that a salinity of 4 ppt with a
return period of ten years has a duration of about three days in the baseline model, but a duration
of ten days under the full withdrawal’.
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FIGURE 2-6 High water levels in Lake Harney over 10 year simulation.
SOURCE: Sucsy et al. (2011).

> Note that Figure 2-7 is difficult to interpret because there seems to be a mismatch between the numbers and the
tick marks on the vertical axis.
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FIGURE 2-7 Salinity at Shands Bridge over a 10-year simulation.
SOURCE: Sucsy et al. (2011).

Linearity Test

The range of scenarios used by the District (Table 2-1) allowed it to develop a linearity
test to better understand the relative contributions of different forcing conditions to physical
effects and whether or not interactions between different forcing conditions lead to nonlinear
behavior. Linear behavior allows different forcing conditions and model response to be analyzed
individually, whereas nonlinear behavior requires different forcing conditions to be analyzed
together. For example, with four different forcing conditions that each might be modeled at
three different levels, linear behavior requires only 12 model simulations (i.e., 4%3 simulations)
to fully understand effects from different forcing conditions, but nonlinear behavior requires 64
simulations (i.e.,4> simulations), making both the computations and analysis a much more
substantial task. Figure 2-8 provides an example of a linearity test that illustrates the overall
impact of the different forcing conditions along the river length. The size of the color-coded
components in each bar indicates the magnitude of the effect attributable to a given forcing
condition, and in each case the bar components add up to close to 100 percent indicating the
effects are substantially linear. In contrast, Figure 2-9 shows how the possible Future Conditions
(Ocklawaha withdrawal, dredging, high sea-level rise, and water reuse) have a nonlinear effect
on salinity.
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FIGURE 2-8 Linearity test for water level effects in Forecast scenarios.
SOURCE: Sucsy et al. (2011).
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Uncertainty Analysis

The District has made impressive efforts to develop a formal uncertainty analysis for the
hydrodynamic model of the St. Johns River (Sucsy et al., 2011, Section 9, Volume 2, Chapter 7).
They used a method called “First Order Error Analysis” (FOEA), through which they looked at
the sensitivity of the model results to different model inputs. The principal idea behind FOEA 1is
to estimate how uncertainty in the model results might be impacted by uncertainty in the forcing
conditions. The sensitivity of the model results to the uncertainty in forcing is evaluated with
Dimensionless Sensitivity Coefficients (DSC), which represent the relative change in model
output for the change in model input. Using the uncertainty in the forcing conditions and the
DSCs, the District was able to quantify confidence intervals for model time series to help bound
their expected model accuracy. In addition to estimating the model uncertainty associated with
input data, the District analyzed uncertainty in the model-predicted changes between the base
and withdrawal models.

The principal limitation of the District’s uncertainty analysis is that it focuses on
evaluating model performance uncertainty relative to the hindcast conditions and does not
address the underlying uncertainty in forecast conditions. The District’s focus on hindcast
uncertainty is commensurate with the state-of-the-art in hydrodynamic modeling; however,
future land-use conditions, future sea-level rise, and permitted water withdrawal restrictions are
also subject to considerable uncertainty. Unfortunately, such forecast conditions are uncertain in
both time and space, which presents an ongoing challenge to uncertainty quantification for
hydrodynamic modeling.

HYDRODYNAMIC MODEL RESULTS

Sections 4, 5 and 8 in Vol. 2, Chapter 7 of Sucsy et al. (2011) provide item-by-item
analyses of model results using the tools described above. A more general discussion of these
results is found in the Section 10 Summary of the same document, which provides individual
summaries for prior sections, sequentially dealing with each effect (water level, salinity, water
age). These summaries focus on general observations extracted from the detailed graphical and
statistical analyses. Overall, the District has presented a reasonable effort to encapsulate a
variety of complex analyses conducted using the hydrodynamic model.

Critique

The work done on building, testing, and analyzing the hydrodynamic model is state-of-
the-art science. The Committee congratulates the District’s scientists for their meticulous efforts
to make this complicated model work and to make sure that they can quantify the propagation of
data uncertainty into hydrodynamic model uncertainty. The Committee has confidence that the
District is building their WSIS analyses on a hydrodynamic foundation that is well-tested, robust,
and well-understood.

The report lacks a comprehensive synthesis of the model results, however. To some
extent, the discussion of the 155 MGD withdrawal effects in Section 10.1 comes close to a
synthesis, but it remains mired in an item-by-item analysis that in some ways misses the forest
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for the trees. After reading Chapter 7, it is clear what the District has done and how each piece
behaves, but not necessarily what it means. Of particular concern is that the uncertainty analysis
has not been synthesized with the water level, salinity, and age analyses to provide a deeper
understanding of the model’s ability to explain the system.

Associated with the lack of synthesis is the lack of discussion and graphs that could put
into context the relationships between key mechanisms of the river system and their responses to
forecast conditions. It appears likely that uncertainties in forecast conditions may be the critical
unknown. From results shown during the committee meetings, the Committee concludes that
there are two major competing effects—sea-level rise and increased runoff due to future land use
changes such as development—that both affect water surface levels and salinity. Sea-level rise
will push salinity further upstream, which effectively adds to withdrawal impacts, but increased
runoff pushes salinity further downstream, subtracting from withdrawal. Both will lead to
increased inundation of littoral zones, which counters the hydrologic effects of withdrawals. The
uncertainties associated with these effects need to be discussed and analyzed. The District’s
presentations during committee meetings indicated the magnitudes of these forecast effects are
significantly larger than their net effect on withdrawal, and so the uncertainty in the forecasts
could easily dominate the system. The District now has the tools and the data to put together a
more complete picture of how the physics of this system will behave and they should be able to
quantify the uncertainties associated with future conditions.

CONCLUSIONS AND RECOMMENDATIONS

The Committee recommends that the District develop a separate hydrodynamic/
hydrologic synthesis study that uses results from all the models to present a clear picture of the
state of the science with regard to the river response. This should be thought of as a “big-picture
view” of the river mechanics based on the understanding developed through the three models.
This report should be directed at non-modelers and non-hydrologists so that they can better
understand the implications of the extensive modeling study. The District should focus on the
type of questions that will concern ecological scientists and the general public.

Over the long term, the District should develop a groundwater model that simulates the
full interaction of the river with the SAS and UFA under both steady state and transient
conditions. In this way the District will have a model that represents the physical system that
allows a better analysis of the river response. The District also should develop an uncertainty
analysis for groundwater discharge to the river based on hydraulic conductivity, which is well
known to have uncertainties that can be an order of magnitude or more for basins the size of the
middle St. Johns.
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Chapter 3

Review of Environmental Workgroup Reports

INTRODUCTION

The District divided its analysis of potential ecological effects of surface water
withdrawals among seven workgroups, each of which addressed a major ecosystem component:
wetlands (emphasizing vegetation), biogeochemistry, plankton, littoral zone—submerged aquatic
vegetation (or SAV), benthic macroinvertebrates, fish, and wetland wildlife. The last workgroup
originally was part of the wetlands workgroup but became a separate group when the analysis of
potential effects on wildlife began in earnest in late 2010. The analyses conducted by all these
workgroups were heavily dependent on the output from the hydrology and hydrodynamics
(H&H) workgroup. Each workgroup produced reports over the last two years describing their
approach, results, and conclusions related to their area of interest. The Committee based its
review on the most recent of these reports (produced during the summer of 2011), as well as on
presentations given to the Committee during its meetings. Although each workgroup used
different sampling and analytical methods appropriate for their ecosystem component, the
District established a common framework for the workgroups to facilitate synthesis of results
across workgroups into an integrated assessment. This chapter discusses the products of each
workgroup separately in the order listed above, but to facilitate an understanding of the design
elements of the overall study that were common among the workgroups, it first describes these
elements.

Because a wide variety of environmental conditions occur across the St. Johns River
basin, the District divided the river into nine segments (Figure 3-1), within which conditions are
relatively uniform conditions. Such factors as geomorphology, soils, hydrology, wetland types,
and water chemistry were used to delineate the segments. Workgroups focused their activities in
segments they considered relevant for their ecosystem component, and thus not all studies were
conducted in every segment. Information on the basis for selection of segments for analysis is
given in the sections on the individual workgroups.

The workgroups conducted their analyses using a common set of water withdrawal
scenarios (see Chapter 2 for details). A long-term record of water flows and levels at various
locations along the river for each withdrawal scenario was derived by the H&H workgroup, as
described in Chapter 2, and each of the ecological workgroups used information relevant to their
segments from this common hydrologic database. As noted earlier, some activities within the
drainage basin, such as the Upper Basin projects, produced model output with water flows and
levels greater than those in the baseline case. The workgroups prioritized withdrawal scenarios
by deviation from base conditions, and the scenario with the largest deviations generally was

37
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FIGURE 3-1 The St. Johns River was divided into nine segments for the purposes of the ecological
analyses.
SOURCE: Kinser et al. (2011).

analyzed first. Analyses of other scenarios were continued down to the scenario(s) with minor to
negligible effects.

To help focus the studies on potential withdrawal effects, each workgroup, following a
recommendation from this Committee, developed a conceptual model during Phase 2 of the
WSIS. Most of these models were modified by the workgroups as their studies proceeded and
they gained information about their system components. The conceptual models—basically box
and arrow diagrams—were intended to show plausible cause-effect relationships between key
environmental drivers and changes in some ecosystem attribute relevant to the ecosystem
component of interest (e.g., phytoplankton, benthos, fish). In turn, the models also showed how
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changes in an ecosystem attribute might be a driver for change in attributes of other ecosystem
components, and development of an understanding of the linkages among the workgroups was an
important reason for constructing the conceptual models. Where possible, each workgroup
included what the District called a “hydroecological model” in the conceptual model. The
former model was an equation (or set of equations) that the workgroup used to quantify the
effects of changes in the driver variables on the ecosystem attribute. In most cases, the
hydroecological model was an empirically derived relationship. In some cases, the workgroup
was unable to find or develop a quantitative model, and a more qualitative or subjective approach
was used to assess the effects. Examples of the District’s conceptual and hydroecological
models are included in discussions of the workgroup reports in subsequent sections of this
chapter, and Figure 3-2 is a flow diagram that illustrates the general approach the District used in
conducting its analyses.

The workgroups were given a mandate to characterize potential environmental effects of
water withdrawals using three criteria: persistence, strength, and diversity. Persistence was
defined in terms of recovery time relative to the return interval for conditions causing a given
effect; strength was defined in terms of both the intensity and scale (geographic area affected);
and diversity was defined in terms of the range of environmental attributes showing effects. In
some cases quantitative numeric values were used to define these criteria, but in most cases the
delineation was ordinal or categorical. Based on the three criteria, the District developed five
categories of effects ranging from negligible to extreme: (1) Negligible—no appreciable change
in any ecosystem component; (2) Minor—ephemeral and weak; no significant change in any
ecosystem component; (3) Moderate—ephemeral and weak; no significant change in natural
resource values; (4) Major—persistent and strong, but not diverse; significant change in natural
resource values; and (5) Extreme—persistent, strong, and diverse; significant change in natural
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FIGURE 3-2 General flow pattern for the WSIS analysis.
SOURCE: Lowe (2011).
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resource values. These categories were defined in an effort to obtain consistency among the
workgroups in their assessments of effects, but the non-quantitative, categorical nature of the
criteria inevitably led to some subjectivity and differences in interpretation among the groups.

The managers of the WSIS also provided guidelines to the workgroups in an effort to
obtain consistency relative to the assessment of uncertainty in the analyses. Five levels of
uncertainty, ranging from very low to very high (Table 3-1) were defined with reference to three
criteria: availability of a predictive model, supporting evidence, and understanding of the
mechanism for an effect.

Subsequent sections of this chapter describing the individual workgroup reports generally
follow a common outline. The conceptual model developed by the workgroup is presented first,
along with any hypotheses or key questions that drove their analyses. The geographic context of
the workgroup’s effort (i.e., the river segments they studied) is described next, along with the
basis for the workgroup’s decisions to focus on those segments. The methods used by the
workgroup are described next. Included in this discussion is a summary of the types of
data/information the workgroup used, the extent to which they relied on H&H data, field
sampling and experimental data (where relevant), analytical protocols to extract information
from the data, and a description of how the workgroup assessed uncertainty. Results obtained by
the workgroup and their conclusions with regard to the effects of water withdrawal on ecosystem
attributes relevant to their area of interest are summarized, along with a discussion of the levels
of uncertainty in their results and conclusions. The sections next provide a critical analysis of
the work, including the correctness of the approach, critical data gaps, uncertainties in the
conclusions, and the extent to which the workgroup responded to previous recommendations of
this Committee. Finally, where appropriate, the sections include a brief discussion of
recommendations for use of adaptive management concepts and follow-up assessment programs.

TABLE 3-1 Categories of uncertainty used in the WSIS and criteria on which they were based.

Uncertainty | Criteria

Very low Very strong quantitative evidence—strong predictive model (PM), strong supporting
evidence (SE), good understanding of mechanism (UM)

Low Strong quantitative evidence—strong PM and either SE or UM

Medium Moderate quantitative evidence or strong qualitative evidence—PM or both SE and UM

High Weak quantitative evidence or moderate qualitative evidence—no PM but either SE or
UM

Very high Weak qualitative evidence—no PM, weak SE and UM—weak in all three areas
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WETLANDS

The wetlands workgroup was tasked with assessing the potential effects of surface water
withdrawals on floodplain wetlands, specifically changes to vegetation communities that might
result from altered hydrology and/or changing salinity regimes. To accomplish this they used a
multistep process that included:

1. Developing a screening-level assessment to identify river segments that have the

highest likelihood of change and that became the focus of subsequent analyses;

2. Completing an assessment of existing MFL transect data on the distribution of
wetland plant community types across the elevational/hydrological gradient of the
floodplain, from river to upland, and determining how those might change;

3. Acquiring LiDAR data for areas of the watershed, where available (portions of river
segments 5, 6, 7 and 8), and compiling a digital elevation model (DEM); and

4. Conducting a GIS analysis to predict hydroperiod changes in wetlands on the
floodplain of river segment 8, where impacts to river stage were predicted to be
greatest, and salinity changes in segment 2, where changes in the salinity regime were
predicted to be highest.

The goals were to determine whether water withdrawals have the potential to (1) alter the species
composition of floodplain wetland communities, (2) alter the extent of wetlands or various
wetland communities found there, and/or (3) lead to a shift in the location of boundaries between
wetland types.

Conceptual Model

A conceptual model illustrating the effects of water withdrawals on wetland plant
communities was developed to investigate possible responses to alterations in wetland
hydroperiod and salinity (Figure 3-3). Decreases in water levels were predicted to lead to a
decline both in the duration of inundation of some wetlands (expressed by stage exceedence
curves, or stage-frequency relationships) and an increase in salinity in wetlands in the lower
stretches of the river that could lead to a shift in wetland plant community composition or
changing boundaries between freshwater and salt-tolerant wetland community types. Ecological
response models in the conceptual model indicate potential relationships between these variables,
and predicted changes in community boundaries and wetland extent are illustrated using a GIS-
based “Hydroperiod Tool” to model changes in floodplain inundation. Inputs to the conceptual
model include results of the H&H modeling, as well as information on soil characteristics from
the biogeochemistry workgroup, which was supposed to provide empirical data on soil accretion
rates on the floodplains. Changes in soil surface elevation have the potential to exacerbate or
ameliorate the effects of predicted changes in river stage. Outputs of the wetlands workgroup
were provided to the benthos, fish, littoral zone, plankton, and wetlands wildlife workgroups to
aid in their analyses.
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Conceptual Model: Effects of Water Withdrawal on Wetland Plant Communities
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FIGURE 3-3 Conceptual model of the wetlands workgroup.
SOURCE: Kinser et al. (2011).

The wetlands workgroup generated four hypotheses from the conceptual model and
identified specific hydrological criteria to test each:

e HI: Changes in inundation depth and duration, relative to baseline, will lead to changes
in the extent of wetlands in the landscape. (This hypothesis would be accepted if the
average annual hydroperiod moves outside a range of 10 to 90 percent exceedence.)

e H2: Changes in inundation depth and duration, relative to baseline, will change the extent
of wetland community types in the landscape. This would be accepted if average depth
and hydroperiod changes sufficiently to alter the relative areas of the hydrologic zones
associated with each community types, resulting in a shift in proportionality.

e H3: Changes in the seasonal pattern of water depths will affect the structure of the
wetland communities. This would be accepted if hydrologic seasonality is altered
sufficiently to change community characteristics such as species composition,
reproduction, recruitment, or mortality.

e H4: Changes in salinity levels will alter the extent of freshwater wetlands. This would be
accepted if the salinity level and duration exceeds freshwater species tolerances
(established, for example, through literature searches) causing community boundaries to
shift.
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These hypotheses were tested over limited geographical areas. Hypotheses 1-3 were tested in
segments 7 and 8 and hypothesis 4 in segment 2.

Methods

Assessing the potential effects of modeled changes in river levels on floodplain wetlands
was done in two stages. In the first step a screening-level assessment of the nine segments
delineated along the St. Johns River (Figure 3-1) was conducted to identify the segments most
likely to experience altered hydrology, thus warranting a detailed analysis of the effects of
withdrawals. River segments with a low potential for change due water withdrawals were
eliminated from subsequent, more detailed analyses. The screening was based on the results of
the hydrologic models under various water withdrawal scenarios provided by the H&H
workgroup.

The second step used a combination of stage exceedence curves to relate the distribution
of plant communities along the elevational gradient of the floodplain and a GIS-based analysis to
display the spatial extent of wetlands in the targeted river reaches and how wetland community
composition, wetland area, and boundaries between wetland community types might be affected
by water withdrawals. This analysis was done using a combination of a DEM based on LiDAR
data, generation of exceedence curves using elevation and plant community information from
MFL transects, and a “Hydroperiod Tool.” The latter tool performed GIS-based analysis that
provided estimates of daily water depth over an area by subtracting the ground surface elevation
(DEM) from interpolated water surface elevations based on river stage. The latter feature
allowed the output from the H&H workgroup to be distributed over the floodplain and enabled
determination of changes in the spatial extent of wetlands (total area and area of each community
type).

An early issue identified by the wetlands workgroup was the need for a high resolution
DEM for use in the spatial analysis of wetland inundation. The coarse resolution of USGS
contour data (5-ft intervals) was not adequate for the workgroup’s needs, and so available
LiDAR data were used to derive a DEM with a contour accuracy of between 10 and 11.7 cm.
Interference of the LIDAR readings by dense wetland vegetation made a correction for ground
elevation necessary. This was accomplished using data from the four MFL transects in segment
8, which include detailed data on ground elevation, as well as the location of wetland plant
communities along the topographical/hydrological gradient.

The potential change in community boundaries in segments 7 and 8 was calculated using
a combination of historical surface water elevations (see below), the change in those elevations
caused by withdrawals (indicating dewatered areas), and a response function based on data
gleaned from literature (both primary sources and grey literature) that described vegetation
responses qualitatively. As part of this analysis, stage exceedence curves of the change in mean
daily water level were used to estimate whether wetland communities would shift downslope and
reestablish at lower elevations where hydrological exceedences match a previous elevation. The
distribution of communities along the elevation gradient of the floodplain (from river edge to
upland edge) thus was used to determine the minimum elevation for each community type, and
the lower boundary of each community then was moved downslope to the new, ecologically
appropriate elevation.
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Historical records on surface water elevation were gathered from 11 stations along the
river for a 10-year period of record. Depth-to-groundwater data were obtained from groundwater
wells on the MFL transects. These data were used to calculate stage exceedence curves along
floodplain elevations.

A second driver of potential changes to wetlands from water withdrawals is changes in
salinity. This was evaluated by considering the upstream movement of isohalines in the lower
St. Johns in river segment 2. The Ortega River, a tributary to the St. Johns River, was used as a
model system. The Ortega River has an extended gradient of wetland communities spanning a
broad range of salinities. Vegetation ranges from freshwater hardwood swamps in the
headwaters to brackish marshes of Spartina bakeri near the confluence of the Ortega and the St.
Johns. Vegetation was sampled along the river corridor using nested plots to document species
composition. Measurements of soil conductivity and salinity, pore water salinity, and pH also
were made. Breakpoints were established between plant community types and regressed against
salinity data to quantify the relationship between the two. This relationship was transferred to
the St. Johns River so that the potential changes in plant communities could be predicted.

Results

The screening level assessment identified river segments most at risk for impacts based
on changes in average annual water levels and salinity using the Fulll995NN scenario, which
shows maximum change from the base condition (Base1995NN). The highest likelihood of
stage effects was found for segments 7 and 8—average decreases in river levels of 4 and 5 cm,
respectively. Segment 2 showed the highest likelihood for salinity effects—a 0.12 PSU change
in salinity. The reaches of segment 8 deemed to be the most vulnerable to change, and for which
LiDAR data was available, were the focus of analysis for impacts resulting from water level
changes.

Floodplain hydrology is complex, and water movement depends on whether water levels
are above or below ground. William Wise (University of Florida) contributed background
information to the workgroup, documenting that floodplain soils in segment 8 typically are very
poorly drained with low hydraulic conductivities, resulting in slow lateral flow of soil water and
long residence times in this dimension. The movement of water in the soil (when soils are not
inundated) tends to be dominated by vertical flows due to the downward movement of
precipitation and upward movement of evapotranspiration. In general, during low-flow periods
when the river is below its banks, the low hydraulic conductivity of the soils means that the time
needed for the water table in the floodplain to equilibrate with the river level is long. Under
these conditions river flows have a relatively minor effect on wetland hydrology. During periods
of overbank flooding, however, the ponded depth of wetlands on the floodplain is the same as the
river stage.

Graphical analysis of river stage versus water level in the wetlands showed this pattern;
levels tend to be decoupled at low flows (when the water table is below ground) and converge
when water levels are above ground (during times of overbank flooding). This pattern held true
for most of the seven wells that the workgroup analyzed, but there were periods when
groundwater levels tracked river levels even at low stage, suggesting a weak link between river
stage and groundwater stage (e.g., Mulberry Mound well 1; Figure 66, middle left panel p. 71,
Kinser et al., 2011). Generally, however, the workgroup concluded that changes in surface
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water-levels in the wetlands are likely to be the primary driver of ecological change and focused
their analysis on changes in hydroperiod.

The wetlands workgroup analyzed each withdrawal scenario in turn, starting with the
most pronounced decrease in water levels and consequent ecological effects under the
Full1995NN scenario. Water withdrawals were found to lead to the dewatering of portions of
the floodplain and subsequent movement of wetland boundaries along the hydrological gradient
from riverbank to upland. Shallow marshes were found to be one of the most affected
community types, and under this modeled “worst case” scenario, the total length of shallow
marsh on the County Line MFL transect in segment 8, for example, decreased by up to 69.4
percent, while the extent of wet prairies increased by 76 percent (see Table 3-2). Within segment
8, the workgroup estimated that 27.5 percent of the total wetland area would be dewatered; even
under the Full1995PN scenario (i.e., with the upper basin projects completed), 20.6 percent of
total wetland area would be dewatered. Thus, substantial changes to wetlands in this segment
are expected. (The subsequent analysis for segment 7 found smaller effects than for segment 8).

For segment 2, correlations between (1) river water salinity and soil salinity and (2) soil
salinity and vegetation communities were used to determine breakpoints in salinity tolerance
between community types. Based on modeled changes in river salinity, plant community
boundaries were predicted to shift upstream by about 1 km on the Ortega River. For the modeled
changes in salinity in the St. Johns River, this translates to a projected shift of saline and
freshwater community types of between ~55 and ~63 km under the Full1995NN scenario.

The above findings are reflected in the decision matrix for levels of effect that the
wetlands workgroup constructed (see Table 3-3). The environmental effects of withdrawals
were evaluated qualitatively based on three factors: strength [three levels related to intensity, as
well as spatial extent: low (1-25%), medium (25-75%) and high (> 75%)]; persistence [how
much recovery occurs between perturbations (full, partial, little, or none)]; and diversity
(percentage of species within a community and/or number of community types significantly
affected, rated low, medium and high using the same breakpoints as above). This approach is a
variation on the intensity-frequency-duration variables used to characterize ecological
disturbance. Each of the 27 possible combinations of effects was rated on a continuum ranging
from negligible to extreme. The largest effects were found for the Full995NN scenario in
segment 8, which received ratings of 2, 3, 3, representing a “major” level of effects. Based on
the lack of water level changes described in the H&H report, the workgroup concluded that
segments 1-4 would have negligible effects.

TABLE 3-2 Community Statistics for County Line Transect. Change between Historical and Full1995NN
Scenarios.

Original Yo
Minimum Historic days H-delta Change in New days Reduction in |% Reduction |Original Change in |change

Community Elevation exceedence flooded ce | ion flooded days flooded |in flooding length New length length in length
Low flatwoods-palm hydric ham| 4.75 0.0307 112.0 0.0296 0.02 108.0 4.0 3.6 79 91 12 15.2
Transitional shrub 4.34 0.1502 548.8 0.1459 0.03 532.8 16.0 2.9 134 124 -10 -7.5
Upper wet prairie 4.12 0.2148 784.7 0.2044| 0.04 746.7 38.0 4.8 110 114 4 3.6
Wet prairie 3.40 0.5878 2147.1 0.5441 0.09 1987.2 159.9 7.4] 591 1040 449 76.0
Shallow marsh 3.27 0.6568 2399.0 0.6122 0.08 2236.1 162.9 6.8 595 182 -413 -69.4|
Deep marsh 2.34 0.8675 3168.7 0.8525 0.05 3113.7 55.0 1.7 167 0.0

SOURCE: Kinser et al., 2011.
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TABLE 3-3 Summary of Withdrawal Effects on Wetlands Metrics for the Full1995NN Scenario.

A Upper and | Boundaries | Wetlands Boundaries Overall
lower between hydrologic | between
wetland wetland seasonality | freshwater
boundaries types and saltwater
communities

s . i
. py g

s 5066 9 -
_%%/////%%/////%/////W//////////////%
_/%////W////%////////%%/////////////%
N 00 i

**1,3,1 **233 *1,1,1 *1,1,1
Level of Effect Uncertainty
Negligible * Very Low
Minor *k Low
Moderate kK Medium
Major Hokkx High

Cross-hatching indicates abbreviated analysis

SOURCE: Table 40 from Kinser et al. (2011).

The uncertainty associated with the workgroup’s predictions was assessed using best
professional judgment in two different ways. Ratings for the response variables that were
directly assessed in segments 2 and 8 were based solely on ecological effects; i.e., the workgroup
did not combine its ratings with the uncertainty associated with modeled output of the
withdrawal scenarios from the H&H workgroup. Conversely, an abbreviated uncertainty
analysis, based only on results of the H&H workgroup or arrived at deductively, was done for
response variables in river segments where little to no change in river hydrology was predicted.
In this case, a rating of “very low” uncertainty was assigned for the response variables in each
segment (1 asterisk). In total, a direct assessment of effects was made for two response variables
in segment 2 and for all four response variables in segment 8. With regard to the “overall effect
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column,” the level of effect and uncertainty ratings were assigned using the most extreme rating
of any of the response variable ratings.

As in the other workgroups, uncertainty was based on the strength of the predictive
model, the strength of supporting evidence (e.g., literature and corroborating data), and the level
of understanding of the underlying mechanisms of change. Each variable could take one of three
states (low, medium, high), and the resulting uncertainties ranged from very low to very high.
The wetlands workgroup had the benefit of a sound understanding of the biological mechanisms
that lead to change and a rich data set for analysis and modeling in segment 8. Uncertainty was
reported as low in segments of the river where the H&H workgroup predict little hydrological
change, and a somewhat higher (moderate) where hydrological changes were predicted to be
sufficient to create an ecological response.

Critique

The wetlands workgroup produced a solid analysis of potential impacts of water
withdrawals to the St. Johns River. Their integration of a LiDAR-based DEM with floodplain
stage exceedence curves to assess the spatial extent of hydrological impacts is a novel approach,
and the workgroup is commended for the effort required to pull all these pieces together into an
integrated whole. The salinity analysis strategically made use of the Ortega River tributary as a
model system from which results could be translated to the larger St. Johns River. The
Committee is confident that the methods developed here will be adaptable to other river
segments and will be useful to analyze potential changes in river flow in the future.

One limitation of the workgroup’s results is the limited area to which their analyses were
applied. Only segment 8 (with an average 5-cm decrease in level) was initially included in the
full analysis, although segment 7 later was analyzed following a recommendation from this
Committee. LiDAR data also are available for portions of segments 5 and 6, and it would be
straightforward to expand the analysis to these segments (where an average 4-cm decrease in
levels is predicted).

The assignment of uncertainty to the workgroup’s results is not clearly presented in the
tables denoting level of effects. Some uncertainty assignments were made using the ecological
analysis of the wetlands workgroup, but most effects were given the lowest uncertainty rating
based on results of the H&H modeling. If this dual approach is to be used, it should be spelled
out more clearly in the legend of the table.

skksk

The work of the wetlands workgroup evolved substantially over the course of the study,
and their final report represents a rigorous scientific study of floodplain wetlands along the St.
Johns. The integration of field data on the distribution and composition of plant communities,
measurements of floodplain topography, remote sensing data (LiDAR) and application of the
Hydroperiod Tool was computationally challenging, but the result is a robust picture of the
spatial extent of dewatering and shifting boundaries between wetland types. The work is limited
by the geographical extent of the analysis, however. Acquisition and processing of LIDAR data
for segments 5 and 6 would enable the analysis to be expanded and would allow the District to
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determine how predicted impacts might differ under the different river conditions found in those
segments. This could be an important step for future assessments of how hydrological changes
to the river that might result from such drivers as stormwater runoff (as impervious surfaces
increase) will affect downstream areas. A full understanding of how wetland responses in
different river segments vary would allow sound management decisions as the St. Johns River
watershed continues to develop.

BIOGEOCHEMISTRY

In phase I of the WSIS, the biogeochemistry workgroup identified seven potential effects
of water withdrawals on biogeochemical processes in the St. Johns River and its drainage basin.
All seven effects were related to the possibility that soil accretion would be reduced or oxidation
of organic soils (histosols) would be enhanced in riparian wetlands of the river as a consequence
of changes in stage induced by water withdrawals. The floodplain’s swampy herbaceous
wetlands have organic soils, and withdrawals could increase the number of days that these soils
are exposed to air. Exposure promotes oxidation of organic matter and release of materials that
could be exported to the river when the soils are inundated again. The workgroup concluded that
three effects of water withdrawal had potentially high significance: (1) reduced nutrient
sequestration, (2) increased release of dissolved organic matter (measured as carbon, i.e., DOC),
and (3) increased production and reduced sequestration of greenhouse gases (carbon dioxide,
methane, nitrous oxide) by the organic soils. The workgroup decided to focus on the first two
issues because they had the greatest potential for effects on the river.

Conceptual Model

The workgroup developed a conceptual model for the effects of water withdrawals on the
above biogeochemical processes, as well as their effects on other ecological processes and
conditions, during Phase II of the WSIS (see Figure 3-4). The model portrays the linkages
between increased water withdrawals and changes in water levels and wetland soil inundation,
leading to changes in oxidation of soil organic matter (SOM), release of nutrients and DOC, and
consequent changes in other conditions, such as changes in nutrient loadings and decreases in
dissolved oxygen (DO) concentrations. The decreases in DO were hypothesized to be caused by
microbial and/or photooxidation of DOC released from SOM during its exposure to the
atmosphere. The model shows how processes of interest to the biogeochemical workgroup are
linked to both hydrologic forcing functions and to ecological changes in the domains of other
workgroups (e.g., plankton, benthos, fisheries). The initial model was modified to reflect
improved understanding of process relationships as Phase II work continued, and the Committee
views the current format of the conceptual model as reasonable and appropriate.
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FIGURE 3-4 Conceptual model for the biogeochemistry workgroup.
SOURCE: Keenan et al. (2011).

Based on the conceptual model, the biogeochemistry workgroup posed four general
questions that it attempted to answer in its Phase II studies: (1) what are the constituents of
interest (relative to enhanced soil oxidation) and where in the system do these constituents occur;
(2) how much additional release of the constituents of interest would occur from SOM as a result
of water withdrawals; (3) how much of the additional material gets exported from the wetlands
to lakes; and (4) what are the effects on downstream lake ecosystems? An implicit assumption in
the last two questions is that the constituents of interest (nutrients and DOC) do not have
important effects on the channelized river itself but may affect off-channel or in-channel lakes
because the longer water residence times of the lakes allow the effects of the released substances
on plankton and other ecosystem components to be expressed. Although the questions are broad
and lacking in detail, the Committee considers them to be a reasonable step in developing a work
plan to address the two issues the biogeochemistry workgroup considered potentially important.
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Methods

Addressing the above four questions requires several types of information. The first part
of question 1 (nature of the constituents of interest) was answered in the Phase I studies. The
answer to the second part of the question (locations where potential effects would occur) relied
on water level (stage-duration) results from the H&H workgroup, in combination with detailed
land elevation data produced in Phase II for the wetlands workgroup.

At the outset of the WSIS Phase II studies, the biogeochemistry workgroup developed a
sampling program to collect soil samples and cores from 86 wetland sites in various segments
along the St. Johns River, as well as a series of field and laboratory studies using soil cores at
microcosm to mesocosm scales to measure nutrient and DOC release rates from dried (and re-
inundated) organic soils. Unfortunately, most of these studies did not yield usable information.
The study involving field cores was unsuccessful because a winter rain event flooded the wetland
shortly after the study began. Similarly, microcosm- and mesocosm-scale experiments
undertaken in 2010 yielded no useful data because drought conditions in the rainy season
resulted in no re-flooding of the wetland soils. Some data were obtained from laboratory studies
on soil cores that had been dewatered and re-flooded, but several problems were found with the
data, minimizing the amount that could be used estimate nutrient and DOC release rates from
exposed (dried) organic soils. For example, cores aged in the laboratory showed different
responses than fresh cores from the field, and these deviations increased with time. In addition,
because of biofilm growth in laboratory cores, only the first four days of data were considered
reliable. The net effect of all these problems was a paucity of data on which to make estimates
of nutrient and DOC release rates from exposed and re-flooded organic soils.

An initial assumption of the biogeochemistry workgroup regarding question 3 was that all
nutrients and DOC released when exposed and dried organic soils were re-flooded would be
exported to the river (or downstream lakes). At the suggestion of the Committee, the workgroup
modified this assumption by incorporating a semi-empirical “cells in series” model based on
chemical reactor theory to allow for losses of nutrients and DOC when water is transported from
re-flooded soils to the river channel or lake edge:

oo (€0
° (1+K/Pqy

where C, = outlet concentration; C; = inlet concentration; C'= background concentration (which
the workgroup assumed was zero to simplify their calculations); K = removal rate coefficient (m
d™); q = areal hydraulic loading (volumetric flow rate (m® d™") divided by the surface area (m?),
orm d); and P = number of tanks in series. K includes removal by a variety of processes,
including chemical breakdown, microbial processes, volatilization, sorption, and settling. The
model thus has three parameters that must be fitted or estimated: K, q, and P. Initially, the
workgroup used median values of K for TKN,1 TP, and BOD? (9.8,6,and 37.4 m d'l,
respectively) from a recent literature review by Kadlec and Wallace (2008) on 123 studies of
nutrient export from natural and constructed treatment wetlands across the United States, but in

" TKN (Total Kjeldahl Nitrogen) is the sum of the total organic nitrogen plus ammonium in a sample and was used
as a surrogate for total nitrogen in the study.

2 BOD (biochemical oxygen demand) is an estimate of the biodegradable organic matter in a sample, expressed in
terms of the amount of oxygen (O,) required for its oxidation.
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the final report the workgroup used the median, first, and third quartile values of K reported by
Kadlec and Wallace for a treatment wetland formerly called Ironbridge, now known as the
Orlando Easterly Wetlands, east of Orlando and within the St. Johns River basin. The
workgroup used BOD as a surrogate for dissolved organic carbon (DOC) because of the lack of
information on K for DOC in the literature on treatment wetlands. A value of P = 3 was assumed
for TN and TP and P = 1 for BOD based on recommendations in Kadlec and Wallace (2008).
Values of q were estimated from flow and morphometry information for the sites to which the
model was applied.

To evaluate the effects of nutrients and DOC released from exposed wetlands on
downstream lakes, the workgroup first calculated water budgets and mass balances for various
constituents for Lake Poinsett and Lake Winder (which is upstream of Lake Poinsett in segment
8 but below the Lake Washington weir). Measured water quality data and flow data (from the
H&H workgroup) for the Base 995NN condition and the Fulll995NN scenario were used to
perform calculations for the period 1996-2008. The monthly results for the time period June-
October were used because that is when most hypoxic events occur in the lakes and also the
period when exposed wetland soils would become re-inundated by summer rains. Based on the
budget information, the workgroup also calculated flow-weighted concentrations of DOC, and
nitrogen and phosphorus species in the inflows and outflows of the two lakes.

Finally, the workgroup used a simple calculation model to estimate the additional loading
of nutrients (TKN and TP) and DOC that would be produced from oxidation of additional areas
of exposed soils caused by water withdrawals from the St. Johns River. In the case of DOC, they
estimated how the change in loading would translate to a change in dissolved organic carbon
(DOC) concentration in the receiving water body (lake), and in oral presentations to the
Committee (February and May 2011), they used a scatter plot of existing data on dissolved
oxygen (DO) concentration versus TOC concentration (TOC = total organic carbon, sum of the
particulate and dissolved forms of organic carbon) in Lake Poinsett to predict how a change in
DOC concentration would affect the DO concentration in the lake. (Most of the TOC in colored
lakes like Poinsett and Winder is DOC, and so the DO-TOC relationship should approximate the
DO-DOC relationship.) The scatter plot showed that DO concentrations tended to decrease as
TOC concentrations increased, but the data were highly scattered, and the correlation between
the two variables was low (r* = 0.2), indicating that TOC/DOC have only limited capability to
predict DO levels. This method of analysis was changed in the written report to an equation
obtained by multiple regression analysis of DO (as the dependent variable) on water elevation,
TP and TOC concentrations as independent variables. This equation has an r* of 0.415 (still
rather low predictive ability).

Results

Based on a screening assessment that took into account river and wetland hydrology and
the abundance of wetlands in the nine segments of the St. Johns River (Figure 3-1), the
workgroup concluded that water withdrawals from the St. Johns River would have the greatest
potential for biogeochemical impacts on the portion of segment 8§ downstream of the Lake
Washington weir. Impacts were defined in terms of increased concentrations of TN, TP, and
DOC resulting from additional exposure of wetland soils and subsequent release of nutrients and
DOC as a result of aerobic oxidation. Segments 7, 6, and 5 were considered to have increasingly
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less potential for impacts. Segments 1-4 were considered not to be susceptible to impacts
because water levels in those segments are controlled by sea level, and segment 9 and the portion
of segment 8 above the Lake Washington weir also were considered not susceptible to impacts
because all proposed withdrawal points are downstream of the weir, which isolates upstream
segments from downstream water level changes. The workgroup also concluded that forested
wetlands were not likely to be affected by water withdrawals because an analysis by the wetlands
workgroup indicated that these wetlands occur primarily along tributaries or seeps and are not
likely to be affected by water levels in the main channel of the river. Herbaceous wetlands
(marshes) thus were assumed to be the only wetlands of importance in the analysis of
biogeochemical impacts.

Table 3-4 summarizes the information that the workgroup used to make its conclusions
about the relative importance of potential biogeochemical impacts on segments 5-8. Segment 7
has the largest area of herbaceous wetlands, but segment 8 downstream of the Lake Washington
weir is a close second. In the context of the screening assessment, wetland area was considered
to be a potential source for nutrient and DOC loading. The product of this area and the
magnitude of average decrease in river stage from the 1995 baseline conditions to withdrawal
scenario Full1995NN (the scenario with the greatest average decrease in river stage) was
considered to represent the potential for wetland soil exposure and oxidation. Average stage
declines for this scenario were greatest in segment 8 and decreased in each successive segment.
In contrast, the magnitude of river flow was considered to be a means of diluting such loadings.
Because each downstream segment has higher flow than the preceding upstream segment, the
potential for dilution of nutrient and DOC loading increased for each downstream segment. The
net effect was that segment 8, with the largest source term and smallest dilution term, was
considered the most vulnerable segment for withdrawal effects on biogeochemical processes.

Results of soil chemical analyses from the synoptic sampling program show wide ranges
in concentrations for many constituents, which is common for soil samples. For example, for all
86 samples collected over the length of the river, total carbon ranged from 14 to 456 g kg™
(mean = 240; interquartile range (IR) = 118-356), and total nitrogen ranged from 0.9 to 36.7 g
kg (mean = 15.6; IR = 8.9-23.4). Similarly, for 12 soil samples collected in wetlands around
Lake Poinsett, total carbon ranged from 120 to 450 g kg™ (mean = 275; IR = 148-379), and total
nitrogen ranged from 9.0 to 36.7 g kg' (mean = 21.0; interquartile range = 12.5-29.4). Although
the Lake Poinsett samples showed less variability than the entire set, both carbon and nitrogen
ranged over a factor of about four at this site.

Results for the field and laboratory release rate studies for nutrients and DOC from air-
exposed soils from the segment 8 wetlands near Lake Poinsett were presented in graphical and
tabular formats. As mentioned earlier, the field experiments did not produce useful results
because of unfavorable weather conditions. Some laboratory studies produced results that were

TABLE 3-4 Data Used by Biogeochemistry Workgroup for Screening Assessment

Segment Area of Average Area/Flow A/F Average stage
herbaceous Flow ratio normalized to change for
wetlands (ha) (m’s™) (ha's m™) Lake Poinsett | Fulll995NN (m)
8 15,764 40 528 1.00 0.05
7 17,287 56 382 0.72 0.04
6 6,816 73 114 0.22 0.029
5 6,374 107 69 0.13 0.015
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difficult to explain and that the workgroup considered to be caused by procedural errors. The
most reliable results generally were considered to be those from laboratory studies that examined
the influence of soil core diameter on release rates, but even here the usable results were limited
to the first four days of inundation after drying because biofilm growths in the core tubes after
that point may have affected the release rates.

Overall, measured release rates for nutrients and DOC from Lake Poinsett wetland soils
were low, indicating that the soils were recalcitrant to oxidation upon exposure to air. The
workgroup provided supporting evidence for the low release rates in the form of carbon-to-
nitrogen (C:N) ratios in the soils, which they reported to be in the range 10-13. Soils collected
from wetlands in segments 6 and 7 as part of the workgroup’s synoptic sampling had similar
average C:N ratios. In contrast, wetland soils in some other upper basin marsh conservation
areas tend to be higher (14-17). According to a soil chemistry book (Brady and Weil, 2002)
cited by the workgroup, the biodegradability of soil organic matter decreases with decreasing
C:N ratios. In this book, soils with C:N = 15-30 are considered to be “active,” decomposing in a
timeframe of 1-2 years; those with C:N = 10-20 are considered “slow,” decomposing in 15-100
years; and those with C:N = 7-10 are considered “passive,” and are stable over timeframes of a
few centuries.

Flow-weighted DOC concentrations for June-October found from the mass balances were
in the range 24-30 mg/L for Lake Poinsett and 25-35 mg/L for Lake Winder. TP generally was
in the range 0.10-0.20 mg/L in both lakes; higher and lower values occurred in a few years.
Similarly, TKN generally was between 1 and 2 mg/L, but again higher or lower values occurred
in a few years. When additional DOC and nutrients released from exposed wetland soils were
taken into consideration, average concentrations of DOC in the river increased by < 0.1 to ~0.2
mg/L, depending on the value of the rate coefficient (K) used in the tanks-in-series removal
model. For TP the concentrations increased by ~0.001 to ~0.01 mg/L depending on the value of
K, and for TKN, concentrations increased by < 0.01 to ~0.02 mg/L. In all cases, the increases
are a small fraction of the average concentrations calculated in the mass balances, and the
workgroup concluded that oxidation of wetland soils would not cause significant effects on
nutrient conditions in lakes of the St. Johns River.

For DOC, the workgroup conducted a further analysis to evaluate potential effects on
dissolved oxygen concentrations in Lake Poinsett. Monitoring data showed that low dissolved
oxygen (DO) concentrations occur in the lake during summer, and the workgroup hypothesized
that the low DO was caused by oxidation of the high concentrations of DOC in the river water.
A photochemical mechanism for DO depletion that involves the colored (humic) portion of DOC
has been known for decades (Miles and Brezonik, 1981; Xie et al., 2004), but microbial
processes also may be involved. The workgroup found a small negative correlation (r* = 0.2)
between DOC and DO concentrations in Lake Poinsett, and using a more complex multiple
regression model they calculated that in-lake DO concentrations would change by negligible
amounts (0.00 to ~0.02 mg/L depending on the value of K used in the tanks-in-series model).

Based on the findings summarized above, the workgroup prepared a series of summary
tables for the level of effects associated with various withdrawal scenarios and the uncertainties
in their conclusions (see Table 3-5 for the extreme scenario). In brief, negligible effects were
predicted for all river segments for all biogeochemical conditions analyzed, but the level of
uncertainty varied widely among the segments. For segments 1-4, the workgroup concluded that
the uncertainty was very low because the H&H modeling showed with a high level of certainty
that there would be no changes in river stage. Uncertainty in conclusions for segments 5 and 6
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TABLE 3-5 Summary of Withdrawal Effects on Biogeochemistry Metrics for the Full1995NN Scenario.

River A DOC ATP ANH4-N | ATKN | A Dissolved Overall
Segment | loading loading loading loading Oxygen effect

1 *
2 * * * * * *
3 * * * * * *
* 3k * % * % * %k * %k * %
n * % * % * % * %k * %k * %
%k k %k % % %k %k k %k %k %k %k %k %k %k %k %k %k %k %k %k %k %k k
n * %k k * %k k * %k k * %k k * %k k * % k
Minor * *x Low
Moderate * %k Medium
Major *¥**E*  High

Cross-hatching indicates abbreviated analysis

SOURCE: Keenan et al. (2011).

was regarded as low, primarily because stage changes in these segments were considered to be
very small, albeit not negligible, and the ratio of wetland area to river flow also was small in
comparison with upstream segments. Uncertainty was largest (high) for segment 7 because no
release rates were measured on soils in this segment. Finally, the uncertainty in conclusions for
segment 8, the only segment for which the workgroup conducted a complete analysis, was
regarded as “medium.”

Critique

Although the general approach used in the screening assessment to rank the vulnerability
of river segments to impacts of withdrawals on biogeochemical processes was reasonable, it
relied on an important assumption that may not have been accurate, namely, that
decomposition/oxidation rates of the wetland soils in different segments are similar. The
biogeochemistry workgroup found that sediments in the portion of segment 8 where they focused
their studies (i.e., Lake Poinsett) were recalcitrant—very slow to decompose, but they did not
directly measure release rates on soils from segments 5-7. Instead, they relied on a similarity in
the average C:N ratios of wetland soils in the segments to infer that release rates would be
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similar. Unfortunately, ranges of C:N ratios were not reported for soil samples within the
segments, and the reported mean value for segment 5 (16.0) is substantially higher than those for
segments 6-8 (12.9-13.2; Table 3 in Keenan et al., 2011). Given the wide ranges of C and N
reported for the synoptic samples (see summary in results section above), it is likely that a fair
range also exists in C:N values—unless the C and N contents of the soils are highly correlated.

Moreover, the use of C:N ratios as the sole basis for assuming that release rates are
similar in the four segments is troublesome for several reasons. First, decomposition of soil
organic matter is highly complicated, and many factors can affect rates, including soil pH, clay
content, and the chemical nature of the organic matter. In addition, the trend cited by the
workgroup (decreasing biodegradability with decreasing C:N) is counter-intuitive because lower
C:N ratios are closer to the C:N ratio (6.4 by weight) typically found in microbial cells. A high
C:N ratio in organic matter indicates a deficiency of nitrogen relative to the needs of
microorganisms for cell synthesis. We do not dispute the general statements about C:N ratios
and organic matter stability reported by Brady and Weil (2002) (the reference used to support the
workgroup’s conclusions), but the Committee regards the workgroup’s heavy reliance on C:N
ratios as overreaching and a major source of uncertainty in the analysis.

Overall, the metrics used in the screening assessment—wetland area, river flow, and
average water level decrease (Table 3-4)—Iled to the conclusion that the segment 8/Lake Poinsett
wetlands were the most susceptible region, but in the Committee’s view, they are not sufficient
to dismiss the potential importance of withdrawal impacts on downstream segments.

The physical and chemical measurements of soil cores collected in the synoptic survey
were performed on integrated samples of the top 10 cm of the cores. Although this may
represent a standard sampling depth in soil chemistry, it is highly likely that most of the sampled
sediments was below the biologically active layer, which in lake and wetland sediments typically
involves only the uppermost centimeter or two of material. Consequently, the sampling design
probably was biased toward old and refractory material. In addition, except for cores used in the
experiment on core diameter, the workgroup’s techniques to obtain sediments for the
decomposition-release experiments did not include the surficial detritus (often called the “fluff
layer”) produced within the previous year. As the workgroup noted, the recently deposited fluff
layer is well known to be mostly labile. Exclusion of this material from most of the sediment
release experiments likely accounts for the slow release rates that the workgroup measured. An
alternative approach that the Committee recommends for calculating nutrient releases from
exposed sediments would assume that all the nutrients bound in the fluff layer are released
during sediment exposure.

It is unfortunate that the workgroup’s efforts to obtain experimental values of nutrient
and DOC release rates from exposed wetland soils were not more successful, but the Committee
recognizes that field-based experiments are especially difficult to conduct. Under the
circumstances faced by the workgroup to complete its assessments, the workgroup conducted a
thoughtful and objective analysis of their limited experimental results.

Although no experimental data were available from the WSIS studies on attenuation of
nutrient and DOC loads as water flows from re-inundated wetlands into Lake Poinsett, to the
workgroup’s credit, they found a compilation of attenuation rates from natural and constructed
treatment wetlands in the literature (Kadlec and Wallace, 2008). That review included results
from a treatment wetland east of Orlando that drains into the St. Johns River, which had rates
within the general range for natural treatment wetlands. Because of the proximity of this site to
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the wetlands around Lake Poinsett and their similar characteristics, the workgroup ultimately
(and appropriately) used these values for their attenuation estimates.

The uncertainty analysis conducted on impacts of nutrient and DOC loadings on
conditions in Lake Poinsett used median and interquartile values for the release rates and
attenuation rate constants. In the Committee’s view, this approach was reasonable and
appropriate. The existence of attenuation rate constant data from the nearby Ironbridge wetland
was fortuitous, and reliance on these data for the attenuation rate constants also was appropriate.
The Committee is less impressed with the regression relationship used in the report to relate
increases in DOC loading to decreases in DO in Lake Poinsett; its highly empirical nature, with
three predictor variables (change in elevation, change in DOC, and change in TP concentration),
is problematic, and its low r* (0.415) indicates poor predictive ability. The Committee
recognizes, however, that accurate, mechanistically based predictions of changes in DO
concentrations caused by changes in DOC would be very complicated and difficult to achieve.
Given the small values of predicted changes in DOC concentrations produced by the modeling
analysis for even the “worst case” scenario (Fulll995NN), the Committee concludes that a more
sophisticated analysis could not be justified.

The Committee agrees generally with the trends in levels of effects and uncertainties
identified by the workgroup for the river segments in the level of effects analysis (Table 3-5), but
we note that the conclusions for segments 1-4 are not based on studies conducted by the
biogeochemistry workgroup. Instead, they are based solely on the H&H modeling analysis.
Regarding the level of uncertainty for segments 5, 6, and 8, it could be argued that a higher
rating (e.g., four stars) would be appropriate given the complete lack (5 and 6) or paucity (8) of
data on nutrient and DOC release rates from the wetland soils in these segments. The large
uncertainties in the predictions, which are troublesome, are mitigated in part by the very low
increases in nutrient (TKN and TP) and DOC concentrations that were estimated for Lake
Poinsett (segment 8), even for the worst case scenario (Fulll995NN). Even if the estimates were
off by more than a factor of ten, the additional concentrations still would be a small fraction of
current concentrations. Finally, the Committee is at a loss to understand how the workgroup
calculated the levels of effect and uncertainties reported for ammonium (NH,") in Table 3-5
because none of the ammonium release rates measured in the sediment release experiments was
considered reliable enough to use in the workgroup’s subsequent modeling analyses to estimate
impacts of withdrawals on water quality in the various segments.

PLANKTON

The plankton workgroup was charged with identifying and quantifying possible
environmental impacts of water withdrawals on plankton communities and Total Maximum
Daily Loads (TMDLs) in the St. Johns River. Most of the potential impacts investigated were
consequences of enhanced growth of phytoplankton. Consequently, phytoplankton bloom
dynamics were a primary focus of this workgroup. The tasks of the plankton workgroup were to
(1) set thresholds for adverse ecological effects of algal blooms, (2) model the relationships
between bloom characteristics and hydrology, and (3) determine whether water withdrawals
would cause or exacerbate adverse effects of algal blooms.
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Conceptual Model

The conceptual model for the plankton workgroup, shown in Figure 3-5, consists of two
different approaches to predict phytoplankton biomass, community composition, N, fixation,
cladoceran zooplankton abundance, algal toxins, and dissolved O, concentrations. One approach
involved empirical methods based on historical data, while the other involved a mechanistic
water quality model. For the empirical approach, inputs for the models included nutrient
loading, water age/retention time, and salinity. The potential effects were estimated using a
collection of regression equations based on historical data collected on the lower, middle, and
upper St. Johns River since the mid-1990s. There were roughly 60 main-stem river sites with
water chemistry data and 40 sites that also had plankton data. The mechanistic model approach
relied on the hydrodynamic/water quality model CE-QUAL-ICM. Model outputs were directed
to the SAV, fish, and benthos workgroups.
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FIGURE 3-5 Conceptual model for the plankton workgroup.
SOURCE: Coveney et al. (2011).
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Methods

The plankton workgroup developed four bloom metrics and thresholds. First, marine
algal blooms were measured as the maximum annual dinoflagellate biovolume. The second
metric was annual nitrogen (N) mass added via nitrogen fixation. Third, freshwater algal bloom
intensity was measured as the maximum algal bloom biomass [expressed in terms of chlorophyll
a (chl @) concentrations] above which an altered phytoplankton community or cyanobacterial
toxins, dissolved O, depletion, and fish stress may occur. Finally, freshwater algal bloom
duration threshold was measured as the annual duration of the longest bloom of an intensity at
which altered zooplankton communities and a reduction in fish production were likely to occur.

The marine algal blooms metric (#1) was designed to evaluate the potential effects of
marine phytoplankton blooms using dinoflagellates as a surrogate group. The workgroup used
best professional judgment to select a threshold for dinoflagellate biovolume of 1,000x10° pm®
mL™", beyond which bloom conditions were considered to exist. Thresholds were based on
phytoplankton data obtained from locations such as Piney Point, Mandarin Point, and Doctors
Lake from 1995 to 2005. Metric #2 (annual N mass added via N, fixation) was defined using
best professional judgment to be a threshold above which additional N, fixation would prevent
the achievement of TMDL goals. The annual mass N added via N, fixation was estimated from
N mass balance calculations for Lake George for 1996-2005, where inflows, outflows, and
tributary contributions of N have been well characterized. The threshold for N, fixation was set
to the point at which the additional N load (change from baseline to withdrawal scenario)
exceeded 20 percent of the required TMDL reduction (i.e., to 308x10° g N yr'™).

Freshwater algal bloom intensity (metric #3) was based on the chl a concentration at
which ca. 80 percent (by biovolume) of the algal community consisted of cyanobacteria. There
are no water quality standards for cyanobacterial abundance but, according to the World Health
Organization, cyanobacterial concentrations exceeding 50 pug/L of chl a may have negative
health effects. Cyanobacterial blooms generally do not occur downstream of Lake George
because of higher salinities in this stretch of the river.

Potential dissolved O, depletion and consequent stress effects on fish were derived from
a linear regression between the maximum chl a concentration during blooms and the minimum
dissolved O, (DO) after the blooms crashed. According to the fish workgroup, a DO level of 2.5
mg L™ is a threshold dividing healthy and unhealthy conditions for fish. According to the
regression relationship between maximum chl ¢ and minimum post-bloom DO, a concentration
of 135 pg L' of chl a results in a predicted DO of 2.5 mg L. Blooms lower than 135 ug L™ of
chl @ might be harmful, but only blooms at or above the threshold were considered to be
definitely harmful.

For the algal bloom duration metric (#4), concentrations of cladocera and three other
zooplankton groups were examined from three sites in the lower St. Johns River as a function of
the number of days of continuous algal blooms (chl @ > 40 pg L™"). The abundance of cladoceran
zooplankton was found to be reduced during extended algal blooms. Using best professional
judgment, the workgroup decided that bloom durations of more than 50 days would be harmful
to cladoceran zooplankton. There was no discernible effect for the other three zooplankton
groups considered.

Assessment of the four metrics to identify water quality impairments under existing
conditions was performed for segments 3, 4, and 6 (the freshwater portion of the lower St. Johns
River and middle St. Johns River lakes). Segment 9 was not assessed because it is above a water
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control structure and would not be affected by downstream water withdrawals. Segments 5 and
7 were not assessed because algal blooms typically do not occur in these areas. Preexisting
impairments for algal blooms in the basin were evaluated by assigning one of five degrees of
impairment to river segments based on the frequency of occurrence of threshold exceedances
from 1995 to 2005. The results of this analysis indicated that all the river segments assessed in
the analysis except Lake Poinsett (segment 8) had pre-existing major impairments.

The mechanistic CE-QUAL-ICM model, originally developed to determine TMDL
targets for the lower St. Johns River, was used to provide a second, relatively independent
assessment of water withdrawals on metric #3 (bloom maximum chl a) for segment 3. The
structure, formulation, and operation of CE-QUAL-ICM were detailed in Appendix 4 of the
plankton workgroup report (Hendrickson, 2011).

Results

Water withdrawal scenarios for the freshwater portion of the lower St. Johns River were
tested using empirical regression models to relate algal bloom metrics to water age. The
performance of various empirical regression models for specified river segments is summarized
in Table 14 of the plankton report (Coveney et al., 2011). Most bloom estimates were based on
multiple linear regressions with the number of independent variables ranging from two to seven,;
adjusted r* values ranged from 0.80 to 0.97.

Ten different water withdrawal scenarios were tested, and the results from the “worst
case” withdrawal (FWOR1995NN and FwOR1995PN) and the “long-term realistic” scenario
(FwOR2030PS) were evaluated relative to 1995 baseline conditions (Base1995NN). The
predicted water age (supplied by the H&H workgroup) was used as the independent variable in
the regression models to calculate chl a. A comparison of the “worst case scenario” simulation
(FWOR1995NN) with the 1995 baseline showed that the change in magnitude and/or frequency
of blooms ranged from —2.9 to +7.6 percent. The greatest effect was seen at Lake Harney. A
similar comparison between the base case and the worst case with the upper basin projects added
in (FWOR2030PS) showed changes in bloom magnitude and/or frequency ranging from —8.4 to
+4.2 percent. Scenario FWOR2030PS showed changes in bloom magnitude and/or frequency
ranging from —12.4 to +3.7 percent, which were rated as “negligible” relative to the baseline
scenario (Base1995NN) (see Table 3-6 and Table 25 of Coveney et al., 2011).

Using water budget and nutrient concentration data to calculate nitrogen budgets for Lake
George, the workgroup estimated that N, fixation varied from —259 to 1780x10° g and averaged
806x10° g from 1996 to 2005. The workgroup estimated that N, fixation contributed 20 percent
or more of the downstream flux of nitrogen in 1996-1998. A predictive model for nitrogen
loadings from fixation calculated from the 1996-2005 estimates and several (unspecified)
measures of water age had a high adjusted r* (0.96).

Water withdrawal affects for Lake Poinsett (segment 8) were evaluated separately
because this lake is located upstream of the proposed withdrawal location. The workgroup
reasoned that withdrawals would reduce the water residence time in the lake, resulting in a
concomitant reduction in chl a levels, and they concluded that there would be no adverse effects
of water withdrawal.

The mechanistic water quality model CE-QUAL-ICM also was used to predict conditions
resulting from the various withdrawal scenarios. The model provided a second assessment of
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TABLE 3-6 Summary of Withdrawal Effects on Plankton Metrics for the FWOR1995NN Scenario.

FW BI
Marine FW Bloom W Bloom FW Bloom

. Magnitud ) Overall
Blooms Magnitude a(%lg;l © Duration vera

Segment| Location

Level of Effect Uncertainty
Negligible * Very Low
Minor *x Low
Moderate Hoxk Medium
Major ok High

Cross-hatching indicates abbreviated analysis

SOURCE: Coveney et al. (2011).
NOTE: Blank segments and NA indicate areas that were not assessed by Plankton Group.

effects of water withdrawals on bloom maximum chl a in segment 3 independent of the
empirical model. The model was not able to capture the magnitude of extreme algal blooms but
did appear to capture the timing and frequency of bloom events. In addition, the model results
showed good agreement with the empirically derived projections. The CE-QUAL-ICM
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predicted median changes in maximum chl a were from +1.7% to — 0.1% for the worst case
scenario (FWOR1995NN) relative to the baseline scenario.

The plankton workgroup also conducted a literature review on flow-phytoplankton, flow-
zooplankton, flow-nutrient, and flow-salinity-oxygen relationships (see Appendix 1 of Coveney
et al., 2011). The review was not exhaustive but does reflect current knowledge about flow
effects on river and estuarine systems. The summary includes preliminary conclusions about the
potential effects of reduced flow for the upper and lower St. Johns River, and the conclusions are
supported by the literature reviewed in the summary.

Uncertainty estimates were based on qualitative assessments of the reliability of three
types of evidence for effects: the results of quantitative models, supporting evidence, and
understanding of mechanisms. The anticipated uncertainty in model predictions is low or very
low (subjective measures).

The workgroup concluded that the range of withdrawal scenarios likely would have little
impact in excess of pre-existing algal bloom conditions in this region of the St. Johns River and
that ecological conditions related to plankton, which are already impaired in parts of the basin,
will not change significantly under the near-term and long-term withdrawal scenarios.

Critique

Ecosystem level ecological models are difficult to construct, verify, and validate. Some
of the most effective models include both quantitative and qualitative components to predict
ecosystem responses to anthropogenic alterations in environmental conditions. Given the large
number of variables and the stochastic nature of ecosystems, quantitative predictions in most
cases represent an informed or “best guess.” It is within this framework that the plankton
workgroup had the difficult task of predicting phytoplankton responses for a range of water
withdrawal scenarios. The workgroup adopted two relatively independent approaches to assess
the impacts on phytoplankton bloom dynamics and consequent changes in water quality. For the
one segment of the river where both approaches were applied, results of both the mechanistic and
empirical models were similar, which strengthens their conclusions. The overall approach of the
workgroup was logical and used the best available information to derive and parameterize the
models. Many of the multiple regressions used to quantify the relationships between water age
and phytoplankton characteristics were robust (r* > 0.80), which also promotes confidence in the
models. The conclusions of the plankton workgroup are supported by the evidence presented
and the predictions are based upon the best available data.

One weakness of the plankton study is that potential changes were compared to a 1995
base case scenario. It appears that the proposed water withdrawal may not worsen conditions
related to plankton relative to 1995 conditions. As the workgroup clearly showed, however,
conditions in 1995 were not “ideal,” and many sections of the river suffered from persistent algal
blooms and anoxia. Withdrawals may not worsen conditions, but clearly they will not “improve”
conditions in the river.

As the workgroup pointed out, nitrogen contributions by N, fixation estimated from the
1996-2005 mass balance analyses are the net sum of several nitrogen source and sink processes,
including in-lake denitrification, sedimentation of particulate nitrogen, release of nitrogen from
bottom sediments, and uptake or release from macrophytes and fish. The relative importance of
these processes is difficult to evaluate. Although N,-fixing cyanobacteria are found routinely in
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Lake George and three sets of in situ N,-fixation measurements in 2004 confirmed that the
process occurs in the lake, the Committee regards the estimates reported by the workgroup as
only gross approximations. Moreover, in calculating the effects of water withdrawals on mass
loadings to the system by N, fixation, the workgroup assumed that only water flows would
change and nutrient concentrations would remain the same as in the historical data used to
generate 1996-2005 estimates and predictive model. The Committee views this situation as
highly unlikely, and consequently views the predictions for this metric to be subject to high
uncertainty.

The uncertainty analysis conducted in this study is purely qualitative and based upon best
professional judgment by the workgroup. The assignment of broad categories of qualitative
certainty may foster a false sense of confidence in the conclusions. Propagation of all errors
from the H&H models through regression analyses, and taking into account other major
assumptions about sea level rise, land use changes, and return flows would likely result in a
much larger degree of uncertainty in the conclusions.

LITTORAL ZONE: SUBMERSED AQUATIC VEGETATION

The littoral zone workgroup began their consideration of the littoral zone by emphasizing
the importance of submersed aquatic vegetation (SAV) in aquatic ecosystems because it
“provides refuge, anchors sediments, provides dissolved oxygen, creates substrate for epifauna
and epiphytes, serves as food for wildlife and competes with phytoplankton for nutrients.” They
also could add that the canopy of dense beds of SAV can reduce currents and attenuate wave
action, which reduces turbidity in the water column and alleviates sediment inputs by helping to
reduce shoreline erosion. The workgroup pointed out that a variety of emergent species occur in
the littoral zone of the St. Johns River, but consideration of these species was left to the wetlands
workgroup to determine the wider impacts of various future water withdrawal scenarios.

Although approximately 11 higher plant species comprise the SAV community in the St.
Johns River, by far the most common in the middle and lower basin is Vallisneria americana,
which was the prime focus of the littoral zone workgroup. Because this species is found
worldwide, a considerable amount of literature is available to assess its tolerance levels,
especially in response to changing water levels and salinity intrusions, and a considerable local
data base also exists on its occurrence in the St. Johns littoral zone, where it has been identified
in 92 percent of the SJRWMD transects. Vallisneria thus can be regarded an excellent indicator
of the condition of the SAV community in the littoral zone of the St. Johns estuary.

In contrast, the most common species in the upper basin is the introduced species
Hydrilla verticillata, which is subjected to annual herbicide applications. The intensive control
efforts, although directed at Hydrilla, also impact native SAV species in the St. Johns waterways.
Unfortunately, the collateral damage to the rest of the SAV community obfuscates the normal
depth distribution, and consequently understanding of the littoral community is much more
fragmentary in the non-tidal portions of the St. Johns River. Because Hydrilla is very sensitive
to salinity, the estuarine portion of the St. Johns River is not afflicted with the dense vegetation
mats that often form when salinities fall below 1 psu.
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Conceptual Model

The littoral zone workgroup developed a conceptual model (Figure 3-6) showing the
relationship between major hydrological drivers (in gray)—riverine stage, flow rates, turbidity
and salinity—and a set of SAV response modules, which also are affected by interactions with
phytoplankton, colored dissolved organic matter (CDOM), and epiphytic growth on SAV. The
latter may be considered a separate SAV component, and it also is a function of nutrients in the
water column. The conceptual model shows that when a combination of the variables mentioned
above exceed the tolerance of SAV, it can become stressed resulting in reduced plant growth and
reproduction, and even mass mortality if extreme conditions are persistent. Going past the SAV
“tipping point” may result in a decline not only in SAV, but also much of the littoral food web.
This disruption results in habitat loss for the benthos and nekton and can spur a decline in local
fish communities as well.

The littoral zone workgroup eventually formulated two main hypotheses that are
illustrated in the central panels of the conceptual model:

Conceptual Model for SAV

——» Causal linkage

---4 Predictive linkage

Plankton tPhytoplankton

Blooms

—y3 Linkage to other
group

Key effect

Wetland
Species

FIGURE 3-6 Conceptual model showing effects of hydrologic and other drivers on the submersed
aquatic vegetation (SAV) community in the St. Johns River and the influence of this community on other
components of the aquatic ecosystem (benthos, fish, wetland species).

SOURCE: Dobberfuhl et al. (2011).
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1. Salinity intrusions can result in stress to Vallisneria that over extended time periods can
reduce its growth and survival in the estuarine portion of the St. Johns River. This effect
could be aggravated if the SAV is forced upstream where the bathymetry generally
provides less suitable shallow water habitat.

2. Water withdrawals will result in the lowering of the water levels (up to 5 cm) in the non-
tidal portions of the St. Johns River, which acts to restrict the overall area suitable for
SAV growth at the periphery of the system. SAV habitat could potentially increase in the
deeper areas of the freshwater lakes, provided that both CDOM and increased turbidity
associated with phytoplankton blooms did not increase in the water column as a
consequence of the withdrawals.

Methods

The assessment of potential changes in the SAV community of the littoral zone from
water withdrawals was based largely on output of the hydrological models under various water
withdrawal scenarios, which was provided by the H&H workgroup. The littoral zone workgroup
first determined the withdrawal scenario that produced the greatest hydrologic changes and
progressed iteratively to the scenario with the least impacts. For example, hydrological model
projections indicated that the largest change in mean water level (—5 cm) would be in river
segment 8, Lake Poinsett, followed downstream in Lake Harney (—4 cm), both of which have
ephemeral SAV communities. The next step was to determine a depth/stage relationship for
SAV, but this was complicated by the lack of extensive data on plant distributions in these lakes
(partly because of extensive herbicide applications, which made it difficult to determine the
“natural” depth distribution). The littoral zone workgroup thus had to formulate a stage/depth
relationship based on fragmentary anecdotal data and information from river segments 2 and 3,
where SAV exists on average to a maximum depth of —85 c¢m (the maximum was —120 cm
deep). Potential habitat changes were derived from the downstream SAV depth distribution data
combined with the lake bathymetry (determined by GIS).

Water withdrawals also could impact Vallisneria by changing the distribution of salinity
in the river. These impacts were based on salinity changes predicted from the EFDC
hydrodynamic model output for various water withdrawal scenarios in the estuarine portion of
St. Johns River. The predictions for the littoral cells of the model output were compared with a
salinity/time exposure relationship developed for Vallisneria from an extensive literature review,
bolstered by several types of experimental data, including analysis of stress enzymes. For
example, salinity effects were found to be negligible when plants were exposed to 5 psu for one
month, but showed low stress for two to three months at the same salinity. In contrast,
Vallisneria began to exhibit extreme stress when exposed to 25 psu for only one or two days.
Extreme stress was defined by the littoral zone workgroup as “a deleterious level of salinity
stress that results in losing the majority or all of the above-ground biomass and some level of
below-ground biomass.” In addition to relying on the calibration data from the main stem
model cells of the lower St. Johns, the littoral zone workgroup collected additional salinity data
from October 2009 to March 2010 using a YSI conductivity sensor deployed at a long-term SAV
monitoring site. Data from this site were compared to data collected simultaneously at a nearby
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mid-channel bridge site to determine whether there was any significant difference when using
mid-channel salinity projections to assess the shallow cells where SAV actually grows.

Results

Lake Stage and Potential SAV Habitat

As mentioned above, the Fulll 995NN scenario exhibited the largest mean stage
reductions (relative to the base scenario) in Lake Poinsett (—5 cm) and Lake Harney (—4 cm).
Assuming no significant increase in plankton blooms, epiphytic loading, CDOM, or turbidity due
to sediment suspended in the water column, the potential bottom area available for SAV
colonization would increase in Lake Poinsett by 9 percent, i.e., 89 ha (from a base of 989 ha to
1,078 ha). Using the same assumptions, the potential bottom area available for SAV
colonization in Lake Harney would decrease by 2 percent, i.e., 9 ha (from a base of 391 ha to
382 ha). The workgroup reasoned that the relatively small changes in available bottom area were
the result of the flatness of the stage-area curves of the two lakes, with no dramatic inflections
between the base levels and predicted values. The workgroup’s assumption of no substantial
change in the components that determine light attenuation was based on information derived
from discussions with other STRWMD workgroups [e.g., minimal increases phytoplankton
blooms (plankton workgroup), no substantial DOC output from surrounding wetlands
(biogeochemistry workgroup), and no additional sediment resuspension due to increased wind
forcing, if the lakes become shallower than their 1995 base].

Salinity Exposure Model

To assess the potential impacts of water withdrawals on Vallisneria habitat in the
estuarine portion of the St. Johns River, one cell (i.e., LIJ#3480) that was considered to be
particularly sensitive was selected from the EFDC model grid to track salinity changes. This cell
is located near the most seaward location of the geographical extent of the SAV community and
thus would be the logical location for potential salinity stress. Compared to the base scenario
(i.e., Base1995NN), which has a maximum 7-day salinity of 15.5 psu, the projection for this cell
under the FWOR1995PS scenario was 16.4 psu—a difference of just under 1 psu. Although the
workgroup acknowledged that the combination of environmental circumstances that produce the
FwOR1995PS scenario are very unlikely, they decided that it was important to test what they
viewed as the worst-case scenario in a section of the river where Vallisneria is most vulnerable
to salinity intrusions. Using this worst-case scenario, 199 ha (or 4 percent) of SAV in the
estuarine portion would go from “no effect” to “stressed” status, but most of the change (i.e., 162
ha or 3 percent) would be in the low stress category. Only 61 ha (or 1 percent of the total littoral
habitat) would become moderately stressed 10 percent of the time in the worst case scenario, and
87 ha would be exposed to extreme stress. Spatial analysis of the cells that would be affected the
most showed that the area north of Buckman Bridge would be most susceptible, at least
periodically, to moderate or extreme salinity stress. In this area 12 ha of Vallisneria would
experience visible effects 5-6 percent more frequently under this scenario. The worst case
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analysis led the workgroup to conclude that there is a small risk to stressing grass beds
downstream, and it diminishes rapidly in upstream model cells.

In the larger picture, more than 60 percent of the time, noticeable stress conditions did
not emerge—even under the worst case scenario. Even in beds where there would be periodic
extreme stress, the workgroup concluded from a frequency analysis of salinity intrusions that
recovery of Vallisneria would be likely. This conclusion appears to be bolstered by the analysis
of data on salinity patterns in the shallow (nearshore) areas versus the main stem. As might be
expected, the model over-predicts salinity intrusions into the Vallisneria beds on the estuarine
flanks. The workgroup found that daily conductivity values generally were higher in the main
stem, but the most marked differences occurred during high conductivity events (>5000 pS cm™)
when measurements in the shallow areas were 30-60 percent lower than the channel
measurements. This suggests that there is enough freshwater seepage from groundwater in the
shallow areas compared to the main channel to help Vallisneria survive when periodic salt
intrusions dominate the main channel. The workgroup thus concluded that for Vallisneria “the
actual stress frequency is likely to be lower than the model-predicted frequency for any given
scenario” (Dobberfuhl et al., 2011, page 9-23).

Table 3-7 summarizes the negligible stage and salinity effects of the two “worst-case”
withdrawal scenarios on segments 2 and 3 (FwWOR1995PS) and segments 7 and 8 (Full1995NN).
The asterisks indicate the uncertainty associated with each level-of-effects entry in Table 3-6.
For the stage analysis, the uncertainty was rated as medium because of the qualitative predictive

TABLE 3-7 Summary of Withdrawal Effects on SAV for the Two Worst-Case Scenarios: Full1995NN for
Stage Effects and FWOR1995PS for Salinity Effects.

River Region

* %k

*
*

*
*

* %k

*
*

River Region|
| 6
8

Level of Effect Uncertainty
Negligible * Very Low
Minor * % Low

Moderate ¥**  Medium
Major ok High

Cross-hatching indicates abbreviated analysis

SOURCE: Dobberfuhl et al. (2011).
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model relating the depth of water to light availability. Although this relationship has been
quantified in similar areas of the river, it has not been measured directly in Lakes Poinsett and
Harney. The hydrologic model output was designated as very low uncertainty for Lake Poinsett
and low uncertainty for Lake Harney, such that the overall stage analysis is considered to have
medium uncertainty. Uncertainty regarding the salinity analysis was lower because of the strong
understanding of the mechanism, strong supporting evidence, and strong quantitative predictive
model relating salinity exposure to SAV stress and mortality. Because the salinity data
generated from the EFDC hydrodynamic model was designated as low uncertainty, the overall
salinity analysis was considered to have low uncertainty.

Other SAV

The littoral zone workgroup also considered the interesting question: why are there no
other species of SAV in the St. Johns River capable of replacing Vallisneria downstream when
salinities rise to 15-20 psu and beyond? This is not the case in other estuaries, such as
Chesapeake Bay and the North Carolina sounds or other Florida estuaries such as Indian River,
Biscayne Bay and Florida Bay, where various species of seagrass often are found in abundance.
Species such as Ruppia maritima often become dominant when Vallisneria becomes stressed by
high salt conditions. Although Ruppia does occur in the St. Johns River, 99 percent of the time it
is in conjunction with Vallisneria or another species, according to data presented by the
workgroup. The workgroup hypothesized that Ruppia cannot tolerate high levels of CDOM in
the water column when not in an SAV community, and this limits its ability to colonize areas left
vacant by Vallisneria. One factor that could help explain the inability of freshwater SAV species
(perhaps including Ruppia) to adapt to salty conditions is the low light intensity in the St. Johns
River caused by the high levels of CDOM in the water. To address this hypothesis, the
workgroup developed a Relative Condition Index Model based on previous studies and SAV
data from the St. Johns River. Their analysis indicated, however, that increased transparency in
the water column did not appear to ameliorate the deleterious impacts of salinity at the sites they
selected (Bolles School, Buckman Bridge, and Moccasin Slough in the lower St. Johns River).
Whatever the reason, the lack of SAV replacement downstream for Vallisneria renders the lower
St. Johns River more fragile in terms of rising salinity (and global sea-level rise) than many other
estuaries along the East Coast of the United States, where seagrasses often dominate downstream
segments.

Critique

In general, conclusions of the workgroup regarding impacts of lowering water levels
upstream and increasing salinity levels downstream on SAV are well thought-out and arise from
careful data analysis. Though there were some data gaps such as in SAV distributions in Lakes
Poinsett and Harney, there were logistical reasons why more information was not available (i.e.,
herbicide applications would have complicated any data collection program). There are no
obvious instances where the workgroup overreached in their conclusions and, overall, the
workgroup responded thoroughly to suggestions made by the NRC.
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Of course, many of the workgroup’s conclusions are highly dependent on the H&H
projections, as well as the output of other workgroups, and so there still is some uncertainty.

One important issue is that the surface water withdrawals will result from increased population
density in the basin that will in turn lead to higher nutrient loadings from the basin, which should
increase the duration and intensity of phytoplankton blooms in the St. Johns River if strong
efforts are not undertaken to control these loadings. This secondary effect of the proposed water
withdrawals could be as much a problem as salinity and water levels in determining the fate of
SAYV in the St. Johns River ecosystem. There is abundant evidence in the scientific literature that
eutrophication results in the reduction and sometimes complete demise of SAV in a variety of
aquatic systems of varying salinity. It should be noted, however, that the District has contended
that the TMDL and MFL regulatory processes will regulate nutrient inputs if they become a
problem.

Aside from some of the constraints the littoral zone workgroup was under, the
assessments they made are “state of the art” and robust with regard to salinity and water levels.
Indeed, in several instances they pushed beyond what is normally achieved in environmental
assessments, especially with regard to a useful Vallisneria “salinity stress model” they created
from the literature and their experimental data on stress enzymes.

*ekk

The activities of this workgroup were impressive in many ways, and many of the issues,
which seemed initially uncertain, were addressed in a rigorous scientific framework. One
addition to future SAV monitoring in the upper and middle portions of the St. Johns River could
include analysis of SAV using aerial or satellite imagery. This would need to be done during
periods between phytoplankton blooms when turbidity is low in the water column. If incoming
nutrients were monitored (including benthic flux measurements), it might be possible to obtain a
better understanding of the dynamics of SAV communities in the lakes and lead to a more
integrated approach to control both wanted and unwanted species with more limited use of
herbicides.

Another continuing issue in the estuarine portion of the St. Johns will be increasing
salinity. A more detailed exploration, perhaps using mesocosm approaches, to study Ruppia
growth and survival in relation to salinity and CDOM, as well as its apparent inability to grow
without other species, might be instructive in better understanding the species lack of
downstream survival in the lower St. Johns River. Another suggestion would be experimental
transplanting of seagrass species (native to Florida) along the salinity gradient into the lower St.
Johns from Buckman Bridge to the mouth of the river and careful monitoring of environmental
conditions of success and failure. Combined with mesocosm studies, this possibly could yield a
macrophyte species that might better withstand the higher salinity and CDOM, as well as low
light, enabling it to colonize the high salinity shallow areas of the lower St. Johns River. This
could be an important step in making this estuarine system more resilient to water withdrawals,
downstream dredging projects, and sea-level rise as the century progresses.
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BENTHOS

Both the benthos and fish workgroups divided their investigations by river segment, thus
differentiating between impacts on estuarine organisms (in segments 1 to 3) and freshwater
organisms (in segments 2 to 8). Because the conceptual models for freshwater and estuarine
organisms are significantly different, they are discussed separately in the following two sections.

Freshwater Benthos

Conceptual Model

Figure 3-7 presents the conceptual model for freshwater benthos. The wetlands and
H&H results were used as the primary input to the freshwater benthos studies. In contrast to the
conceptual models of most other ecological workgroups, the freshwater benthos model does not
include any hydroecological model to predict the magnitude of changes in benthic conditions as
a function of hydrologic (or other) changes resulting from water withdrawals. Consequently, the
workgroup relied on professional judgment and “weight of evidence” approaches to make their
assessments. Changes in stage prompted by water withdrawals were anticipated to have a direct
impact on the density and distribution of the target taxa, as well as on community and population
metrics such as diversity, density, and biomass. Stage also was predicted to impact benthos
indirectly via changes in wetlands acreage and structure. Finally, the potential for increase algal
blooms and a lowering of dissolved oxygen—inputs from the plankton workgroup—were
thought to be important in determining impacts to benthos. The major recipients of information
from the benthos workgroup were the fish and wetlands wildlife workgroups, although only the
former is depicted in Figure 3-7.

Methods

For the freshwater benthos, there were few data to work with, especially in the main stem
of the river, and the workgroup was unable to find (or develop) quantitative predictive
relationships between metrics of conditions in the benthos and hydrologic (or other) potential
“driver” variables. Nonetheless, the workgroup attempted to devise community level, population
level, and target taxa information to use in a “weight-of-evidence” analysis on the effects of
water withdrawals.

In terms of community level data, the workgroup searched the literature for information
on several metrics, but ended up basing their conclusions on measures of taxonomic
composition, indicators of tolerance, life history characteristics, and trophic measures. A one-
time survey of benthos in 1999 found that the majority (>50 percent) of the organisms present in
the St. Johns River infaunal (in-sediment) benthic community are classified as “tolerant” of a
wide range of environmental conditions.
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FIGURE 3-7 Conceptual model for the freshwater benthos.
SOURCE: Mattson (2011).

To augment the sparse data set, the workgroup conducted a short-term field study at Lake
Monroe, Lake Poinsett, and Yankee Lake mainly in Nuphar and bulrush habitats in July
(“average” water level) and November (“low” water level) of 2009. The intent of the study was
to compare a more “hydrologically dynamic” ecosystem (Lake Poinsett) with a “less dynamic”
one (Lake Monroe and the St. Johns River near Yankee Lake) under various water level
conditions to determine whether consistent patterns for several community- and population-level
metrics could be seen in the benthos that could be related to hydrology. Macroinvertebrates were
collected, processed, identified, and enumerated at various taxonomic levels. They were also
assigned to a functional feeding group, and biomass estimates were made.

Finally, crayfish (Procambarus alleni and P. fallax) and the Florida apple snail (Pomacea
paludosa) were chosen as key target taxa—crayfish due to their importance in the diets of many
aquatic vertebrates and apple snail due to its importance in the diet of the Everglades snail kite
and other vertebrate taxa. The workgroup reviewed several previous studies conducted on the
ecology and habitat requirements of crayfish and apple snails in the upper St. Johns River basin
and in the Everglades. From the literature, the workgroup gleaned some hydrologic criteria that
would be protective of the target taxa, including mean water depth, preferred duration of
inundation, and dry water season water table depth. They combined this information with data
on water levels along the Lake Poinsett MFL transect to make predictions about the potential
effect of water withdrawals on benthos.
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Results

The workgroup’s analysis consisted of their using best professional judgment given
several lines of evidence. First, the workgroup relied heavily on the results of hydrologic
modeling for the extreme test scenario as evidence that the benthos will not be greatly affected
by a water withdrawal. For the full withdrawal scenario without the upper basin projects added
in, the H&H workgroup predicted stage reductions of between 3 and 5 cm at Lakes Monroe and
Poinsett, which the workgroup argued are small compared to natural variations (1-2 m) and thus
not likely to present a problem for the benthos. The workgroup predicted that there would be no
effect of withdrawals on benthos at average water levels, although withdrawals may have an
effect at lower water levels. The workgroup noted that stage reductions of 0.10 m, which were
predicted to occur frequently at Lake Poinsett under the extreme withdrawal scenario, could have
more substantial effects on the benthic macroinvertebrate community. In the words of the
workgroup, “the benthic data available (from the 2009 field study and the historical data) do not
enable quantitative assessment of how benthic communities would respond to frequent and
sustained water level reductions of 7-10 cm.” The potential impacts of the predicted water level
changes of 7-10 cm in segment § were rated as “moderate” by the workgroup.

Second, the workgroup concluded that the widespread presence of “tolerant” taxa
indicates that the benthos have already adapted to stressful conditions. A one-time survey of
benthos in 1999 found that a majority (>50%) of the organisms in the St. Johns River infaunal
(in-sediment) benthic community were classified as “tolerant” (i.e., eurytopic = tolerate wide
range of environmental conditions). The workgroup suggested that the macroinvertebrate
community in the St. Johns River as a whole may thus be insensitive to changes in hydrology,
although they admitted that there is high uncertainty associated with this assessment.

The results from their analysis of benthos data collected at three locations in 2009 were
not particularly informative. Measures of macroinvertebrate taxonomic diversity, including
Shannon’s diversity, Simpson’s diversity, and Pielou’s evenness, were similar among all habitats
and for both collection dates. Overall mean taxa richness varied considerably among all habitats
at the three locations, with the only clear significant difference being lower taxa richness in
Nuphar vs. bulrush habitat in Lake Poinsett in July. Between the two habitats within each lake,
there were no clear differences in relative abundance of Odonata (dragonflies) or Ephemeroptera
(mayflies). Other taxa (Amphipoda, Mollusca, Diptera, Hemiptera, Oligochaeta, other
Crustacea, and Trichoptera) exhibited varying patterns of relative abundance among the
sampling sites at the three locations, with no clear trends. The relative abundance of various
functional feeding groups in bulrush and Nuphar habitat exhibited considerable variability as
well.

One of the few findings from the 2009 study suggesting a link between benthic metrics
and hydrology was that longer-lived aquatic taxa (Odonata, Ephemeroptera, Amphipoda)
appeared to reach peak relative abundance in areas subject to greater than nine months of
inundation and had lower relative abundance in the more hydrologically dynamic Lake Poinsett.
On the other hand, motile taxa (Coleoptera and Diptera) and taxa with short life histories
(Oligochaeta and Diptera) appeared to exhibit higher relative abundance in shorter-duration
wetland habitats. It should be noted that the metric of relative abundance limits the utility of
these data because it is not possible to determine whether the taxon of interest (e.g., odonates)
are more abundant or less abundant in one environment type than another without knowledge of
how the total abundance of all the sampled benthos shifts; absolute abundance of the focal taxon
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would have been a more appropriate way to evaluate whether (and how much) a taxon might
vary in abundance from environment type to another. The workgroup also found that taxa
richness at the nine marsh stations sampled in Lake Poinsett in July 2009 (measured as the number of
taxa) versus months of inundation was variable, with a slight downward trend as inundation time
increased. Taken together, these data suggested to the workgroup that reduced inundation caused
by a water withdrawal should not affect overall benthic taxa richness, although species
composition would be altered.

With respect to the target taxa, new data and information were provided on their habitat
preferences along the Lake Poinsett MFL transect. These data suggested that the species would
not tolerate a 180-day duration dewatering event, of which there are likely to be about 50 such
extreme events in 100 years. The workgroup superimposed the predicted water level reductions
at Lake Poinsett given the extreme withdrawal scenario onto the minimum, median, and
maximum land surface elevations of marshes along the transect. They found that withdrawals
are likely to have negligible effects on crayfish and apple snail habitat at higher water levels
(because water would still be above the maximum measured land elevation) but minor to
moderate effects at lower water levels.

One interesting analysis done by the workgroup evaluated the effects of water withdrawal
on aquatic invertebrate production by obtaining annual production rates from several floodplain
marsh habitats in the Kissimmee River (which are similar to those in the upper St. Johns River).
The workgroup derived an average production rate of 68 g m™ yr'. This figure was then used in
the biogeochemistry workgroup’s model that relates area-weighted drying of floodplain habitat
in Lake Poinsett (hectare-days) to constituent release rates, but substituting the average
production rate for release rate. The estimated potential loss of floodplain macroinvertebrate
production under the extreme test scenario (Fulll995NN) was 516 metric tons (MT) annually for
the period 1996-2005. Based on an estimated total annual production in the Lake Poinsett area
of 3,500 MT (how this figure was reached is not described in the benthos report), this represents
a loss of about 15 percent.

No studies were done or data collected in river segments 4, 5, and 7, but a deductive
assessment was made of effects based on observations in other segments where data were
collected and comparison of these observations to model-predicted hydrologic changes in those
unstudied segments. For example, because the EFDC model predicted minimal to no water level
changes in segments 4 and 5, the workgroup inferred that effects on benthic communities would
be minor to negligible based on observations in segment 6. Finally, the workgroup did not have
sufficient information to make conclusions about freshwater mussels or how benthic
communities will affect fish populations and vice versa.

The final results for the levels of effect from the extreme withdrawal scenarios are given
in Table 3-8. Uncertainty is high in almost every segment because of the lack of a predictive
hydroecological model, the lack of monitoring data, and the considerable variability observed in
results of the 2009 study.

Critique
The workgroup’s analysis was based on little data on freshwater benthos in the St. Johns
River, which limited the workgroup’s ability to make reliable conclusions and also greatly

limited the Committee’s ability to determine the validity of these conclusions. Although the
workgroup suggested that the changes in water level predicted under the most realistic future
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TABLE 3-8 Summary of Withdrawal Effects on Freshwater Benthos for the Two Worst-Case Scenarios:
Full1995NN for Segments 6-8 and FWOR1995NN for Segments 2-3.

River A FW Benthic A FW Benthic A FW Target Taxa
Segment Community 1995 Populations 1995 Populations 1995

)

sk ksk ok

)

kksk

Level of Effect Uncertainty
Negligible * Very Low
Minor *x Low
Moderate *kk Medium
Major k%% High

Cross-hatching indicates abbreviated analysis

SOURCE: Mattson et al. (2011).
Blank cells indicate not applicable to these river segments.

scenarios likely will have minor effects of benthic populations, no data were presented to support
this conclusion. Unfortunately, none of the results gleaned from the 2009 study could be
attributed uniquely to effects of hydrologic conditions. High variability in the data prevented the
workgroup from separating the effects of hydrology from seasonal and other possible water
quality effects. The Committee’s concerns are somewhat lessened by the knowledge that the
likely future withdrawal scenario will reduce water levels by much less than the extreme
scenarios evaluated by the workgroup. Nonetheless, without a hydroecological model that
describes the relationship between water level changes and benthic metrics, it is impossible to
fully support the benthos workgroup’s conclusions. The lack of quantitative models may reflect
the state of the science in benthological research; nonetheless, this study illustrates the need for
such models to be developed.
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Clearly future studies should address this paucity of data and information and strive to
develop relationships that can be used to either confirm the workgroup’s predictions or revise
them. The workgroup recognized the limitations of their analysis and proposed a future
monitoring strategy (Mattson et al., 2011) to reduce the uncertainty associated with their
predictions. With respect to that strategy, the Committee offers the following suggestions that
expand on some of the recommendations in NRC (2009). First, the limitations of relative
abundance as a metric should be recognized, as it depends on the nature of the comparative
analysis being done. Thus, looking at relative abundances of a taxon can be useful if one wants
to explore differences in space or time for a specific environment type, but not across
environment types. Second, the workgroup’s continued focus on ecosystem function as opposed
to ecosystem structure is not sufficiently discussed or supported. Indeed, many of the ratios for
which they intend to collect data (e.g., between functional feeding groups and other variables)
are known to be mathematically ambiguous at best and misleading or uninterpretable at worst.
The motility, voltinism, and habitat suitability indexes can be subjected to arbitrary threshold
selection without reference to real world situations. Finally, it will be important for the
workgroup to conduct broad-scale analyses to gain the more detailed understanding required to
make informed decisions. For example, it is hoped that the workgroup’s laudable intention to
establish long-term sites that are sampled during the same seasons and for the same habitats can
be expanded in terms of the organisms evaluated (i.e., beyond Odonata). Similarly, the desire to
better understand the linkages between benthos and fish should extend beyond sport fish to other
species that might be threatened (such as the small sunfish that concentrate in shallow edge
areas), as revealed by the analyses of the fish workgroup.

Estuarine Benthos

Conceptual Model

During Phase II of the WSIS, the benthos workgroup developed a conceptual model for
the effects of water withdrawals on estuarine benthic communities and selected estuarine
populations (see Figure 3-8). The model portrays linkages between increased water withdrawals
and changes in flow and salinity, including movement of isohalines, along with causal linkages
from the SAV and phytoplankton workgroups. These lead to changes in benthic community
structure and white shrimp and blue crab populations organized in the conceptual model in a box
and arrow format. The current format of the conceptual model is generally reasonable and
appropriate, except that it does not include an output link to the wetlands wildlife workgroup.’

The only explicit hypothesis presented regarding estuarine benthos was that changes in
salinity cause changes in benthic community structure and populations of white shrimp and blue
crab, ultimately causing indirect effects on fish. No hypotheses were presented about effects to
wildlife directly or indirectly through impacts to fish.

3The wetlands wildlife workgroup used the results of the benthos workgroup, and so this likely was just an oversight
on the part of the benthos workgroup.
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FIGURE 3-8 Estuarine benthos conceptual model.
SOURCE: Mattson (2011).

Methods

Data for the analysis of benthic macro-infaunal community structure were derived from a
long-term data set (1973-1996; ten sites) of the Florida Department of Environmental Protection
(Ross, 1990) and a short-term data set (2000; seven sites) from the U.S. EPA’s Environmental
Monitoring and Assessment Program (Strobel and Heitmuller, 2001). The sites were
interspersed along the lower St. Johns River. Additional data on white shrimp and blue crab
were obtained from the Fisheries Independent Monitoring Service (FIMS) Program (MacDonald
et al., 2009), coupled with supporting material from the literature on life history and
environmental requirements of these species. The sampling procedures for each program were
described in sufficient detail in the benthos workgroup report (Mattson et al., 2011).

Analysis of the macro-infaunal benthic data sets was conducted with Primer software
(Clarke and Warwick, 2001) using non-metric multi-dimensional scaling (MDS) of log, (x+1)
taxon abundance (species, genera, family and phyla) combined into station-substrate categories,
and further classified by cluster analysis. According to Mattson et al. (2011), the workgroup
used a weighted Spearman rank correlation to relate multivariate ordinations of community
structure with measured water quality variables (temperature, salinity, pH, dissolved oxygen).
They selected the best match of these ordinations to investigate different levels of environmental
complexity and tested for significance of the ordinations (Clarke and Warwick, 2001). There
was no discussion, however, of these results.
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Comparison of benthic macro-infaunal abundance and sediment grain size was
problematic because the 300 sediment samples taken by the workgroup were not associated with
the organism samples used for the community analyses. To overcome this problem, the
workgroup approximated spatial trends in grain size distribution using ArcGIS and kriging with
a semivariogram model to interpolate grain size in areas where benthic samples were taken. The
Committee assumes that the interpolated grain size distributions were used to form station-
substrate combinations in the data matrix for the statistical analyses, but this was not actually
stated.

Based on literature and prior experience, the workgroup used linear and/or nonlinear
regression analyses to relate mean macro-infaunal abundance and abundances of the most
common taxa with mean salinity. The nonlinear models were based on the assumption that an
optimal salinity range exists, and that abundance is reduced in non-optimal salinity ranges (bell-
shaped curve). The approach used a standard Levenberg-Marquardt procedure to fit the
independent variables to benthic abundance data, which is reasonable.

Results

Effects of Salinity on Benthic Infaunal Community Structure. Macro-infaunal
communities assembled by several statistical techniques, including cluster analysis, formed two
groups based on station—substrate combinations, coupled with superimposed mean salinity
‘bubbles.” The two clusters generally separated station—substrate combinations into low salinity
(0.4-5.8 psu) and high salinity (13.6-25.7 psu) groups. None of the other water quality
parameters showed any meaningful patterns.

The importance of mean salinity as a directive factor for change in mean infaunal benthos
abundance is supported by the nonlinear regression results, which indicated that mean abundance
was higher at lower mean salinity stations (r* = 0.55, p = 0.004). Peak abundance occurred at a
mean salinity of 0.4 psu, and mean abundances generally were highest at salinities < 2-3 psu.
The estuarine benthos workgroup suggested that other factors (e.g., heavy metal and organic
contaminants) likely contributed to declines in mean abundance in the more saline region, but
this seems speculative.

Results of linear regression analyses (for Phylum and Class) and nonlinear regressions for
all taxa classification levels below Class revealed that nine taxa classes (mostly freshwater
benthos) responded negatively to mean salinity; six classes (mainly marine groups) responded
positively; 14 classes showed a peak abundance relative to mean salinity; and 19 classes had no
relationship with mean salinity. Of the 14 taxa with optimal mean salinity delineations, nine
were at the genus or species level of identification.

The benthic workgroup compared the worst-case withdrawal scenario (FWOR1995NN)
and one reflecting a potential future scenario (FWOR2030PS) to the baseline scenario
(Base1995NN). The FwOR2030PS scenario leads to up-river movement of the 1, 3, 5, and 7 psu
isohalines, mainly in segment 2 and to a lesser extent in segment 3. Based on partial duration—
frequency curves for the upper oligohaline of segment 3 (SR16/Green Cove Springs), the
workgroup concluded that small salinity increases would occur (on average) annually and these
would increase under drought conditions (5-10 yr recurrence). Bottom salinity was predicted to
increase up to 4 psu for about 10 days during a 1-in-10 year drought under FwWOR2030PS. The
workgroup also reported that there were minimal differences in the predicted salinity outputs for
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the FWOR2030PS and FWOR1995NN scenarios. In Segment 2, areas with low salinity would
have comparatively larger salinity increases, but areas with salinities > 15 psu would not change
much under FWOR2030PS. Finally, salinities in segment 1 were predicted not to change much
across any withdrawal scenario, except those involving deepening of the navigation channel.

Work commissioned by the District revealed that benthic community structure in the
river under current conditions was highest in the lowest salinity areas, and that most benthic
groups peaked in abundance at salinity < 5 psu (Montagna et al., 2010). The loss of low salinity
habitat (< 5 psu) as a result of water withdrawals is thus a concern for estuarine benthic
community structure. Segment 2 is the main area where salinity increases could affect benthic
taxa, particularly aquatic insects, which generally are stenohaline (i.e., have narrow salinity
tolerances). However, the predicted increases are of short duration for most salinity-tolerant
estuarine taxa, except during drought periods.

The preponderance of information in the literature indicates that estuarine infauna
benthos are euryhaline (have broad salinity tolerances), and because there appears to be no
relationship between SAV and benthic infaunal abundance in the lower river, the workgroup
concluded that water withdrawals should have minimal impacts on these benthic taxa (even if
SAV were affected). In contrast, the benthic workgroup concluded that there would be no
impacts on epifaunal abundance, which is related to SAV cover (Soulen, 1998), because of the
predicted minimal loss overall of SAV. Whether increases in salinity might directly affect
epifauna independently of changes in SAV coverage was not addressed.

According to the benthic workgroup, low DO (< 2 mg/L) occurs in the lower river
about 10 percent of the time. In addition, Diaz and Rosenberg (1995) found that DO < 3 mg/L is
an important threshold that adversely influences benthic communities. Nonetheless, the
workgroup concluded that most benthic organisms are tolerant to low DO situations and thus
most benthic infaunal organisms would not be affected by this level of reduction.

Effects on Estuarine Target Taxa Populations. Two taxa—blue crab (Callinectes
sapidus) and white shrimp (Litopenaeus setiferus)—were chosen from the FIMS report
(MacDonald et al., 2009) for further analysis relative to water withdrawal effects. The FIMS
report showed that highest blue crab abundances for any gear type occurred mainly in backwater
areas with salinities of 12—18 psu (which suggests the importance of shallow water). White
shrimp were most abundant in summer—fall collections with mean salinities in the range 1218
psu; abundances were similar in mainstem and backwater (mainly marsh and oyster) habitats.

The FIMS report analyzed the relationships between several measurements of benthic
and fish abundance and river inflow, which presumably would decrease under water withdrawal
scenarios. The lagged regression analyses of blue crab abundance versus inflow generally had
negative slopes—that is, increasing abundance with decreasing inflow. This relationship had the
maximum effect under the FWOR1995NN scenario (worst case) compared to the scenarios that
added water back to the St. Johns River. Only the regressions for the 183-m seine (180 day lag)
(r* = 0.26) and the 6.1 m otter trawl center-of- abundance (180 day lag) were significant (adj =
0.47; all sizes of blue crab). The predicted small changes in SAV coverage and tidal creek
salinity appear to be a minor influence on blue crab abundance. In addition, the blue crab’s
flexible feeding habits suggest that the minor changes in infaunal prey abundance will not be
important.

The workgroup’s analysis of the combined [MacDonald et al. (2009) and 2009-2010]
data sets found no significant relationship between white shrimp abundance (for any gear type)
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and lagged or unlagged freshwater inflow. In contrast, the relationship between the center-of-
abundance for white shrimp and freshwater inflow varied by gear type and lag periods. For
example, the 30-day (r* = 0.48) and 90-day (r* = 0.66) lagged periods for the 21.3 m seine were
both significant (p < 0.05), as were the 6.1 m otter trawl and 30-day lagged inflow data (I =
0.42, p <0.05). These results indicate that white shrimp would move upstream under the
FwOR1995NN (worse case; max 3.2 km) and FWOR1995PN (max 3.2 km) scenarios; in
contrast, downstream movements would occur for the Base2030PS scenario (—2.6 km), and
mixed results (—0.3 to 1.6 km) would occur for the FwWOR2030PS scenario.

Table 3-9 shows the results for effects on estuarine benthos for the FWOR1995NN and
the FWOR2030PS scenarios, using the same three metrics as the freshwater analysis: community
changes, population changes, and changes to target taxa. For both of these water withdrawal
scenarios, the overall response was found to be negligible to minor, and changes in community
structure, total abundance, and abundance of white shrimp and blue crab populations all were
minor in this scenario. The basis for the small response is that this scenario caused only small
changes in salinity. Moreover, the workgroup concluded that the benthic taxa of interest
generally are tolerant of potential increases in salinity, reductions in DO, and loss of SAV.

TABLE 3-9 Summary of Withdrawal Effects on Estuarine Benthos for both the FWOR1995NN and the
FwOR2030PS Scenarios.

River A EST Benthic A EST Benthic A EST Target Taxa
Segment Community Populations Populations

Level of Effect Uncertainty
Negligible * Very Low
Minor * % Low
Moderate * %k Medium

* ok %k % High
Extreme ok kA K Very high

Cross-hatching indicates abbreviated analysis

SOURCE: Mattson et al. (2011). Note: Blank segments indicate areas that were not assessed.
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Critique

The estuarine benthic analyses and interpretations were considerably better than those
conducted for the freshwater benthos because more data were available to consider and stronger
data analyses were completed. However, the Committee concludes that the levels of uncertainty
for the estuarine benthos analyses were underestimated, particularly in river segment 1, because
of limitations in the spatial coverage of the data sets (limited data in river segment 1) and the low
overall predictability of the FIMS-based statistical models (r* < 0.55). Overall, we conclude that
the low to medium uncertainty for river segments 1-3 are optimistic and probably should be
higher (medium to high).

With regard to the analysis of benthic macro-infaunal community structure, the lack of
stations clustered in the range of mean salinity of 5.8—13.6 psu suggests that there was limited
spatial coverage in the databases used for the analysis. How “‘substrate” was evaluated in these
groupings needs further explanation, and why the workgroup did not conduct analyses to search
for significant differences in community structure is unclear. As mentioned above, the report
does not describe results from the statistical analysis of relationships between multivariate
community structure and measured water quality variables.

Relationships between taxa and environmental conditions are more clearly identified
when genus- or species-level identifications of aquatic organisms are examined (e.g., Peterson,
1988) rather than higher level taxonomic classifications because pooling of species with differing
physiological capabilities averages out responses. In addition, graphs and tables presented in the
estuarine benthos report to illustrate the three general types of responses suggest that some of the
negative and positive linear responses were driven by a few data points that skewed the slope of
the regression line, which may have led to inappropriate interpretations.

The Committee is not convinced that several statements made by the workgroup are
justified by its analyses. For example, more work on the direct effects of salinity on epifauna
needs to be completed before epifaunal impacts can be dismissed. In addition, potential impacts
on infaunal and epifaunal benthic organisms of salinity increases and coupled low DO levels,
which could occur periodically in the lower river, should receive further study.

In addition to the above issues related to specific findings in the results section, the
Committee has other concerns. Without data to investigate the relationship between benthic
metrics and water withdrawals, the workgroup depended heavily on the results of the H&H,
littoral, and fish workgroups and on the work of MacDonald et al. (2009) updated with 2009-
2010 data. Second, the term “population effects” used in Mattson et al. (2011) is misleading in
that the effects are based on a multitude of classification levels (Phyla, Class, Family, etc.),
which are really not populations but groups of similar species that cannot be identified. Finally,
there were no connections in the conceptual model or in the text between the effects of water
withdrawals on estuarine benthos and effects on vertebrate groups (e.g., birds, snakes) via fish
impacts.

Overall, the estuarine benthos analyses were more sophisticated than for the freshwater
benthos. The multivariate data analyses were more reasonable than the salinity and abundance
analyses because a number of data points in the latter analyses were far outside the limits of the
model being used (e.g., outliers) and disproportionately influenced the fit of the model and form
of the relationship. Also, there were no direct statistical models for abundance and inflow such
that quantitative predictions could be directly made (as for other ecological workgroups of the
WSIS). The interpretations appear to have been derived from how salinity changes with
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withdrawal scenarios and how abundance relates to salinity. The literature supports the
abundance-versus-salinity relationships, but other factors may influence distribution and
abundance besides salinity (i.e., sediment composition).

The benthic workgroup provided several suggestions for future work on mitigation and
data collection, all of which are appropriate and important to consider. The workgroup
expressed concerns about the lack of station-specific sediment composition and associated
benthic communities. They also discussed the issue of water withdrawal effects on
meroplankton (pelagic larvae of benthic organisms), which are important food sources for many
fishes. Meroplankton may not be influenced by salinity change itself, but by reductions in the
volume of “zones of preferred salinity” along the salinity gradient (Peebles et al., 1991). The
workgroup indicated that future work was needed on meroplankton and potential effects of water
withdrawals on circulation patterns that might affect meroplankton, and the Committee agrees.

FISH

Freshwater Fish Assemblages

Conceptual Model

A conceptual model for the effects of water withdrawals on freshwater fish assemblages,
as well as potential direct and indirect effects on other ecological processes and conditions, is
shown in Figure 3-9. The model portrays the linkages between changes in water levels, flow,
floodplain inundation and frequency, and entrainment/impingement impacts, leading to changes
in various vital fish metrics at different levels of organization. The processes of concern to the
fish workgroup are linked to both hydrologic/hydrodynamic forcing functions and ecological
changes of other workgroups (e.g., SAV, phytoplankton, benthos, wildlife). The Committee
views the conceptual model as reasonable and appropriate. Although there are no explicit
hypotheses for the freshwater fish component, the conceptual model provides implicit general
hypotheses of the potential direct effects of water withdrawals on fishes and ultimately indirect
effects on wildlife.

Methods

The fish workgroup allocated fishes to five freshwater habitat-use guilds based on the
literature, and then examined representative members of these guilds relative to water
withdrawals. The underlying assumption of this approach is that all members of a guild would
respond similarly. The geographic focus of the freshwater fish analysis was the Upper Basin
between Lake Poinsett to Lake Woodruff, and all seven study sites in this stretch (except for the
site at Lake Poinsett) are MFL transects. Based on the conceptual model, the fish workgroup
integrated input data mainly from the H&H results and the SAV results. They compared four
withdrawal scenarios—Full1995NN, Base1995PN, Full1995PS and Full2030PS—to the bascline
scenario (Base1995NN) at the mean annual 30-day continuous low condition, the mean
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FIGURE 3-9 Conceptual model of the potential effects of water withdrawals on the fresh water fish
community of the St. Johns River.
SOURCE: Miller et al. (2011).

condition, and the 30-day continuous high condition at the seven locations. They also examined
the seasonality of annual (1976-2008) water-level fluctuations (timing and duration of flood
pulse) at Lake Poinsett for all four scenarios, and calculated mean monthly recession rates (cm d’
" at Lake Poinsett and MFL transect H1 for the Base1995NN and Full1995NN scenarios.

The potential degree of impacts on four of the five habitat-use guilds was estimated,
using best professional judgment, by examining the ecology of selected species of each guild
with reference to each scenario listed above. The final habitat-use guild—Ilittoral zone, marsh,
and floodplain small fishes assemblages—used a model that generates fish densities based on
flooding duration developed for a similar habitat-use guild in the Everglades (DeAngelis et al.,
1997). The model was used along seven MFL transects where fish densities were calculated.
The MFL transect data were compared to data generated by the use of limited (temporal and
spatial) stage-duration curves and output from the DEM model to estimate a percentage change
in densities from baseline. The fish workgroup indicated that the two sets of results were
comparable, but comparable data were not provided. For consistency in approach, throughout
the analysis the workgroup used data estimates only from MFL transects.

As part of their efforts to analyze the potential impacts of entrainment/impingement on
fish assemblages, the fish workgroup conducted a sampling program to determine the species
composition and abundance of spawning fish in river reaches where water withdrawal structures
have been proposed. This work was started in 2008 and was completed at the end of summer
2011.

Results
Water Levels, Seasonality, and Recession Rates. The H&H output comparing the

Full1995NN scenario (worst case) to the Base1995NN scenario indicated that from Lake Harney
downstream, the mean, mean 30-day low, and mean 30-day high water levels would change
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minimally (< 1 cm). However, mean water level upstream of Lake Harney dropped by 4-6 cm,
and was variable at 30-day low (2-3 cm) and 30-day high (4-5 cm). In contrast, inclusion of the
Upper Basin projects (Base1995PN) yielded a marked increase in predicted mean and mean 30-
day low water levels relative to Base1995NN from Lake Poinsett to Lake Harney and no change
across the rest of the freshwater reaches of the St. Johns River. Mean 30-day high levels also did
not change across the sample domain. A full withdrawal combined with completion of the
Upper Basin projects (Full1995PS) showed minimal effects on water levels for the mean and
mean 30-day low, whereas mean 30-day high levels were lower by up to 4 cm. Finally, adding
2030 land use change (Full2030PS) showed minor effects (< 1 cm) on water level, except for the
mean 30-day high difference between Lake Poinsett and HI. The fish workgroup concluded that
completion of the Upper Basin projects is a “near-term” solution to projected water-level
decreases. To protect future fish access to the floodplains, the land use changes must occur as
predicted by 2030, or else declines of 3-4 cm (in the mean 30-day highs) would occur and would
impact fish floodplain habitat use upstream of Lake Harney.

To examine changes in the timing and duration of flood events due to water withdrawals,
the fish workgroup compared the Base1 995NN scenario to the other predicted scenarios by
month at Lake Poinsett. Under the Full1995PS and Full2030PS scenarios, the one-day lows
shifted to earlier and later times of year (scenario dependent) although 50 percent remained in
the April to June time frame. In contrast, the one-day highs shifted to later in the year in all
scenarios compared to baseline conditions, but they still remained in the August to October time
period. The authors concluded that these temporal shifts are insignificant, although no support
was provided for the assertion. Finally, the worst-case scenario (Fulll995NN) did not increase
mean recession rates (cm d™) markedly at Lake Poinsett or at the downstream H1 transect; the
maximum increase (—0.26 cm d™') occurred in June. The other scenarios (Full1995PS and
Full2030PS) had smaller effects on recession rates.

Impacts to Fresh Water Fish Assemblages. Based primarily on water level predictions
from the H&H models, no measurable impacts were predicted for four of the five freshwater
habitat-use guilds. These conclusions were based directly on differences in water levels (high vs.
low), flow changes (fast vs. slow), preferred habitat and lateral position of the guild in the
watershed (floodplain vs. main channel), body size, and changes in SAV between the tested
scenarios relative to baseline conditions. One exception to the lack of response of the habitat-use
guilds was the redbreast sunfish, Lepomis auritus, a member of the Large Sunfish Assemblage.
Predicted reductions in fall flows (11-18% < baseline) between Lakes Poinsett and Harney as
part of the Full1995PN and Full2030PC scenarios may reduce recruitment success because this
species prefers flowing water (Bonvechio and Allen, 2005). The fish workgroup suggested that
elevated growth during higher spring flows (17-27% > baseline) may offset this reduction.

For the floodplain small fish assemblage, the fish workgroup used a quantitative
hydroecological model that generates fish densities based on flooding duration. To generate fish
density data for the St. Johns River, the workgroup used data in DeAngelis et al. (1997) to
construct a regression model (r* = 0.78) between months of continuous flooding and fish density
(# m™). Five of the seven MFL transect sites showed decreases in mean small fish density under
most scenarios, but Lakes Monroe and Woodruff showed no change for scenarios without sea-
level rise. Upstream of Lake Monroe, reductions ranged from —9.3% (H1) to —11.3% (County
Line). In Lake Monroe and downstream, mean differences ranged from —0.2% (Lake WoodrufY)
to —10% (Pine Island). There appears to be a transition zone near Pine Island above which sea
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level rise does not influence fish densities much, but further downstream sea level rise influences
water levels such that mean increases occur because of longer flooding times.

Furthermore, the fish workgroup indicated the potential near-term scenario (Full1995PN)
would cause a reduction in the floodplain standing crops of small fish assemblage members by
about 4.7 percent compared to the Base1995NN condition along about 100 km of the St. Johns
River between Lakes Poinsett and Harney. If expanded to the entire floodplain between these
lakes, this would correspond to about 17 to 23 metric tons (19-25 English tons) of small fish
annually, which may negatively impact wading bird populations.

Finally, the fish workgroup noted that their approach was simplistic and did not take into
account the cumulative impacts of multi-year droughts. The table on level of effects for
freshwater fish is shown later alongside the impacts to estuarine fish.

Entrainment and Impingement. Between 2008 and 2009, larval fish collections were
made at six locations that were anticipated to be potential intake sites along the river. Miller et
al. (2011) indicated that more than 700,000 fish larvae and eggs were collected at the various
sample locations for 16 different fish species. Spawning species vulnerable to collection by the
workgroup’s gear and sampling methods were identified starting in late November, peaking
between February and May, and ending by mid-August of both years. Spawning periods differed
among species, and in some areas it varied by year. There was also clear spatial variability in the
abundance of egg and larval fishes. For example, mean catch was 2.5 to 5 times higher at SR46
and Lake Monroe than the other sites. Although SR50 had the lowest overall catch, it had the
highest catch of American shad (10 times more than all other sites). Hickory and Blueback shad
were highest at SR46, and American shad was second most abundant at this site. These results
indicate SR50 is more important for these species than overall catch would suggest.

Critique

Overall, the freshwater fish workgroup posed appropriate questions related to potential
impacts on fish assemblages and addressed them as much as available data would allow. The
workgroup carefully examined impacts to fish along seven MFL transects and at Lake Poinsett in
appropriate scales relative to the projected water level reductions. They were able to quantify
different responses due to water withdrawals based on geography.

The Committee has a number of concerns, however. First, the approach focused mainly
on mean water level with only a few comparisons of extreme levels (low and high). In addition,
it did not capture cumulative effects of water withdrawals on fishes, such as concentration of
fishes into reduced water volumes, causing increased predation pressure, and loss of prey for
wading and fish-eating birds, snakes, and mammals. Consecutive drought years, which likely
would have considerably more negative impacts on fishes, were not examined. Uncertainty in
the analyses also stems from the inherent uncertainty in the H&H predictions (see Chapter 2 and
NRC (2010) for further discussion of the uncertainty in the hydrologic and hydrodynamic
models). Finally, the workgroup report was written as if the entire assemblage of fishes within
each habitat-guild had been examined when, in fact, only common representatives of each
assemblage were examined. This over-simplification is illustrated in the redbreast sunfish
difference compared with the other members of the same habitat-use guild.
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The fish workgroup focused its discussion of entrainment and impingement on various
shad species and did not fully consider all the species they collected, which included gobies,
silversides, and various centrarchids. Furthermore, the workgroup noted that their diversity and
abundance data were based on collection of specimens “...vulnerable to [sampling by] our gear
..., suggesting that some species were underrepresented in their data sets. The data should be
used to evaluate where to permit intake structures based on the spatial and temporal spawning
patterns of the full array of fishes collected. The workgroup indicated that there should be no
problems with intake between September and November but special considerations will need to
be made during other months, in particular at the SR50 site because of the high catch of shad
species and overall high diversity of fishes.

As noted by the fish workgroup, careful thought and planning will need to be done to
reduce the loss of egg and larval fishes through intake screens. This includes the placement of
intake structures, the type of intake structures used, intake water velocities permitted, and the
proportion of potential spawning sites and larval habitat (mainly shad) near intake structures.
Some of the preliminary data suggest this can be accomplished only when the full fish analysis is
completed. Furthermore, the use of Empirical Transport Models (models used to project intake
impacts across a larger-scale integrated area) will allow examination of cumulative impacts from
the multiple intake sites being considered along the St. Johns River.

Estuarine Fish Assemblages

Conceptual Model

A conceptual model for the effects of water withdrawals on estuarine fish assemblages is
shown in Figure 3-10. The models portray the linkages between increased water withdrawals
and changes in water levels, flow, and changes in spatial coverage and distribution of salinity
zones leading to changes in various biological vital metrics of selected fishes. As with the
freshwater component, the Committee views the conceptual model as reasonable and
appropriate.

Methods

The H&H models indicated that the Fulll995NN was one of the worst-case scenarios
relative to salinity changes from the baseline conditions; the limnetic habitat was reduced about 7
percent in area, and the polyhaline and euhaline habitats increased by almost 19 percent. Mean
60- and 120-d values changed less. The long-term scenario Full2030PS showed little change in
salinity area from baseline conditions.

Analysis of the estuarine fish is based almost exclusively on the FIMS report
(MacDonald et al., 2009; coupled with 2009-2010 new data sets), which used a 21.3-m bag seine
(2005-08), 183-m seine (2005-08), and a 6.1-m otter trawl (2001-08) to obtain fish data. Each
gear type collects different species, size classes, and relative abundances. MacDonald et al.
(2009) constructed linear and quadratic regressions for fish distribution and abundance of
“pseudospecies” (species separated into size classes) and freshwater inflow by gear type. Daily
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FIGURE 3-10 Conceptual model of the potential effects of water withdrawals on the estuarine fish
community of the St. Johns River showing key effects considered.
SOURCE: Miller et al. (2011).

freshwater inflows were estimated from USGS gauges at DeLand and Rodman Dam near Orange
Springs; these were summed to estimate total daily inflow into the St. Johns River upstream of
the FIMS sampling regions. This approach did not account for additional inflow from smaller
tributaries for which no data exist. The data screening and statistical approach used in
MacDonald et al. (2009) was modified by the workgroup based on the approach outlined in
Helsel and Hirsch (2002) and Helsel (2011).

Abundance was reported as trip abundance (based on individual monthly samples) and
annual abundance (summed monthly samples) by gear type. Trip abundance was calculated
based on periods of highest abundance of each pseudospecies as indicated by length—frequency
plots. The geographical center (km from mouth) of the trip abundance of each pseudospecies
was used to calculate distribution responses to changing inflow (called center-of-abundance) at
the same lagged time periods. Each monthly sampling trip was a single data point in the
regression with the center-of-abundance being calculated for all samples within each trip.

Pseudospecies were selected initially based on having > 100 individuals by gear type and
at least 5 percent frequency of occurrence in all samples, and mean daily flow data used were
lagged at 30-day intervals from 30 to 360 days. This produced 444 pseudospecies—lag
combinations for further processing. These non-transformed pseudospecies—lag combination
data were compared to inflow with a Spearmean’s rho statistic (Helsel, 2011) and the
combinations with rho > 0.4 and p < 0.05 were retained for further analysis. Because some of
the Spearman results of the pseudospecies—lag data had similar rho values for multiple lag
periods, the District further reduced the data combinations by processing only those with rho
values that were within +3% of the highest rho. The District took those data and processed four
linear regressions with various levels of transformation: (1) no transformation, (2) dependent
variable transformed, (3) independent variable transformed, and (4) both variables transformed.
The District also calculated a predicted 1’ value (pred r’) based on the PRESS statistic (Predicted
RESidual Sum of Squares statistic) for each regression, and the combinations with the best linear
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r* value (and best pred ) were selected for further analysis. Finally, the District took these
equations and processed them relative to the output from various H&H withdrawal scenarios
related to the baseline. The final set of pseudospecies—lag period combinations included 20
pseudospecies for center-of-abundance (distribution), 21 pseudospecies for annual abundance,
and 40 for trip abundance (Miller et al., 2011).

Finally, like the other workgroups, the fish workgroup quantified the ecological
significance of their data (for each FIMS zone and fish assemblages) by developing three
metrics: strength, persistence, and diversity.

Results

Center-of-Abundance Responses. Twenty (20) pseudospecies (2 freshwater and 18
estuarine/marine) had significant median center-of-abundance regressions versus inflow. The r*
values ranged between 0.27 and 0.73 (mean = 0.42). All pseudospecies moved downstream with
increasing freshwater inflow, which expanded the freshwater area while reducing the saltwater
area. Application of the linear regressions for these 20 pseudospecies to the H&H model outputs
indicated that for the Fulll 995NN, Half1995NN, and Full1995PN scenarios, the center-of-
abundance moved upstream with reduced inflow compared to the Base1995NN; the changes
were small (2.9 km; 1.8 miles). In contrast, movement varied for the other scenarios, with all 20
pseudospecies moving downstream for the Half2030PS scenario; 13 moving downstream and 7
upstream under the Full2030PS scenario; and 13 moving upstream, 4 downstream, and 3 not
moving under the FwWOR2030PS scenario. Maximum movements ranged from 1.2 km (0.8
miles) downstream for white shrimp (< 15 mm TL size class only) to 2.8 km (1.7 miles)
upstream for striped mullet (31-45 mm TL size class only).

Abundance Responses. Of the 61 pseudospecies that exhibited a strong change in
abundance versus freshwater inflow change, 13 were freshwater and 48 estuarine/marine. Size-
dependence and lag flow characteristics greatly influenced the abundance response of many
pseudospecies. The general pattern was that when freshwater inflow was reduced, a decrease in
the freshwater assemblage abundances (e.g., bluegill, channel catfish, white catfish, and redear
sunfish in selected size groups) was observed, along with an increase in estuarine/marine
assemblage abundances (e.g., white mullet, various gobies and flounders, Atlantic croaker, spot,
spotted seatrout, and blue crab for selected size groups). This pattern generally reversed when
freshwater inflow was increased. For example, the pooled freshwater assemblage members
increased under the Half2030PS and Full2030PS scenarios relative to the Base1995NN scenario,
but not in the more extreme FwWOR2030PS. In contrast, the pooled estuarine assemblage
members changed less from scenario to scenario, probably due to their euryhaline nature. The
sciaenid and marine assemblages changed considerably, shifting mainly from very abundant
under the Full1995NN, Half1995NN, and Full1995PN scenarios to less abundant under the
Half2030PS and Full2030PS scenarios. The fish workgroup indicated that changes occurred
mainly due to the shifting interface between oligohaline and low mesohaline regions of the St.
Johns River.

Levels of Effect. Given the large number and variability in the pseudospecies
considered, it is difficult to make gross generalizations about the impacts of water withdrawals
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on fish in the lower St. Johns River. Nonetheless, the fish workgroup produced a level-of-effects
table found below as Table 3-10. The table shows the effects of the Fulll995NN scenario, which
was deemed to have the largest overall effect on fish assemblages. The top half of the table
(segments 1-3) reflects the estuarine fish analysis, and the bottom half of the table reflects the
results of the freshwater fish analysis. It should be noted that the entrainment/ impingement
analysis (first column in Table 3-10) is incomplete, such that those results and interpretations are
preliminary under all scenarios.

To determine the uncertainty rankings in Table 3-10, the fish workgroup (like the other
workgroups) assessed the strength of the statistical models used, supporting evidence from the
literature, and their understanding of the responsible mechanisms. Statistical model strength was
based on the calculated r* and pred r*. Supporting evidence scores were based on the number of
studies that could provide support for withdrawal effects documented in this study. Finally,
causal mechanisms were thought to be well understood for almost all pseudospecies, except for a
few that the fish workgroup thought required higher uncertainty.

TABLE 3-10 Summary of Withdrawal Effects on Fishes for the Full1995NN Scenario.

FreShwater FiShes

Entrainment/ Open Water Open Large Marsh and Littoral Open-Water| Estuarine Estuarine | Sciaenid Estuarine Marine Fishes

River
Region Impingement Riverine Water Sunfishes Floodplain Zone, Small Marsh Fishes| Benthic Fishes Invertebrates

Large Fishes Small Large Marsh, and Estuarine Fishes

Forage Fishes Floodplain Fishes

Fishes Small
Fishes

Fkkk ok kK Fkkk Fkkk *k *kk kK k *% *hkk *%

*% *kk *% *kk *k *kk ke k *% *hkk *%
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*% *% *% *kkk k.

*kk *% Kk Fkkk *kkk ko
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*% *kkk *kkk *kkk *kk

Level of Effect

Uncertainty
Negligible
* Very Low
Minor e 64
Low
Moderate el Medium
*kkk "
: High
MaJO' *kdkkk g +
Very high

Cross-hatching indicates abbreviated anal

SOURCE: Miller et al. (2011).
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Critique

Overall, the fish workgroup is commended for modifying their approach to this complex
issue, in response to the Committee’s input over the course of two years. The fish workgroup is
the only one to have found a “major” response to water withdrawal, although this was for an
extreme scenario that is not plausible. Because the response surrounds the potential entrainment
or impingement of larval organisms at intake sites, it is imperative that this analysis be
completed soon and that precautions are taken when designing intake structures to avoid these
impacts. The workgroup should evaluate the times of year when entrainment/impingement is
important (such as during seasonal spawning peaks). If protective intake structures cannot be
constructed, the District may need to write conditions into its permits that require water suppliers
to reduce surface water extraction during those peak recruitment periods.

Throughout the text of Miller et al. (2011) responses of both pseudospecies and
assemblages are discussed in an equivalent manner, and that is not appropriate because an
assemblage is a collection of pseudospecies that represent what is collected in an area. The
Committee suggests that the fish workgroup consider using only one of these designations
(assemblage or pseudospecies) throughout the document for clarity, or provide a table indicating
which pseudospecies responses were used to delineate the overall assemblage responses. Also,
the detailed changes noted for each individual pseudospecies within a certain fish assemblage are
probably not as important as the total number of changes within the assemblage relative to the
modeled scenarios. That is, changes in the fish assemblages are more important in estimating the
impacts from proposed water withdrawals because those changes may influence food web
integrity and energy flow within the St. Johns River.

WETLANDS WILDLIFE

The wetlands wildlife workgroup assessed the potential effects of surface water
withdrawals on the 320 species of vertebrate wildlife that depend on the St. John’s River
floodplain habitat. Their stated goal was to identify any potential adverse impacts to floodplain
wildlife. The workgroup used a qualitative approach to evaluate impacts, in large part because
of the lack of quantitative data on species responses to changing hydrologic regimes for many of
the species found in the watershed. Information gleaned from the literature, in combination with
input from the work of the wetlands, benthos, and fish workgroups, was used to make best
professional judgments on the effects of withdrawals on wildlife with respect to salinity in river
segments 1 and 2, and with respect to altered hydroperiod in segments 7 and 8. To accomplish
this, species were assigned to one of four “wildlife hydrologic types,” groupings of species with
similar hydrologic requirements and so, it is assumed, similar responses to hydrologic change.

Conceptual Model
A conceptual model depicting the potential effects of water withdrawals on wetland
wildlife species was developed to investigate possible responses to alterations in hydroperiod and

salinity (Figure 3-11). Inputs include the results from the H&H workgroup on the predicted
changes in flow, water depth, and salinity for each scenario that was investigated. The
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FIGURE 3-11 Conceptual model for the wetlands wildlife workgroup.

SOURCE: Curtis (2011).
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workgroup predicted that changes in water depth would lead to changes in wildlife abundance as
mediated by the changes in wetland type and area (shown as an input from the wetlands
workgroup). The results of the fish and benthic invertebrate workgroups were integrated to
make qualitative estimates of changes in secondary productivity of the floodplain wetlands.
Benthos and fish, particularly crayfish, apple snails, and small marsh fish, serve as prey for many
wildlife species. Declines in the abundance and distribution of prey species could result in

declining wildlife populations.

Methods

To assess the potential effects of modeled changes in hydrologic parameters like river
stage on wetland wildlife, information and data were gathered from existing literature and on-
line sources. No new field data were collected for this analysis. Much of the literature is based
on previous Florida research projects, including some that detail the links between wildlife
habitat requirements and floodplain hydrology (e.g., hydroperiod and inundation frequency).

In order to increase the sensitivity of the model, each species was assigned a “hydrologic
type” that describes its hydrologic preferences. The terms that describe the hydrologic types
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were drawn from the wetland plant indicator status terminology (Reed, 1988), and include
obligate (OBL), facultative wet (FACW), and facultative (FAC). The workgroup added a fourth
category, aquatic (AQ), for species that use open water habitats greater than 2 m deep. Each
species was assigned to a category based on the hydroperiod required to support that species
(including information on the time for metamorphosis (where applicable) and floodplain
recession rates), as established from the literature. The hydroperiods that correspond to the
wildlife hydrologic types range from a high of 310-365 days of inundation per year for AQ
species to many fewer days of inundation for FAC species; only AQ species are associated with
a specific water depth (> 2 m).

A hydrologic wildlife model was created by combining the eleven vegetation
communities that are typically found on the St. John’s River floodplain with four categories
describing the duration of floodplain inundation (permanently flooded to dry/intermittently
flooded) with the four wildlife hydrologic types. The result is a qualitative model that describes
the predicted distribution of species along the floodplain’s hydrologic gradient (permanently
flooded to dry). From this, an assessment of impacts was made.

Results

The screening level assessment of hydrologic change by river segment was used to
identify groups of estuarine species that may be affected by water withdrawals in river segments
1 and 2, and freshwater wildlife in segments 6, 7 and 8. A partial assessment was also made for
some categories of the freshwater species in segments 2 and 3. The overall effects for wildlife
were determined for four withdrawal scenarios: the Full1995PN for which a table showing the
levels of effects was developed (Table 3-11), and the Half2030PS, Full2030PN, and Full2030PS
scenarios. The latter three were judged to have similar effects, and so the results were combined
on a single table. Under the Fulll995PN scenario, minor impacts were predicted for estuarine
species in segment 1, moderate impacts were predicted for estuarine species in segment 2, and
moderate impacts were predicted for freshwater species in segments 2, 7 and 8. These
predictions were made for both freshwater and saltwater aquatic (AQ) and obligate (OBL)
species. No assessments were made for facultative (FAC) or facultative wet (FACW) species.
Uncertainty was judged to be very high for all predictions.

To make these assessments on the level of impacts, the results from the H&H modeling
and the wetlands, benthic invertebrates, and fish workgroups were evaluated. Under the worst
case Full1995PN scenario, the loss of hardwood swamp and Bald-cypress that is expected due to
salinity increases would result in a loss of cover and nesting habitats for a number of species,
including species of salamanders, turtles, snakes, herons, eagles, and ospreys. However, the
ichthyofaunal distribution changes described for the fish pseudospecies (both reduced and
increased), and their actual relationship to local wildlife, were equivocal or indeterminate. The
workgroup concluded that despite the moderate level of effects predicted for the estuarine fish
community, the overall fish and estuarine invertebrate biomass may not be greatly altered for the
floodplain wildlife in this segment. Thus, moderate effects were predicted for segment 2 and
minor effects for segment 1. Freshwater species in segment 2 were also assigned a moderate
impact.

In the upper basin under the Fulll1995PN scenario, moderate effects were predicted for all
freshwater wildlife groups in segments 7 and 8. These segments were deemed to be the most
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sensitive to freshwater wildlife due to predicted changes in floodplain hydroperiods (although
changes to wetland hydroperiods, which also may alter invertebrate and fish abundance, were
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only assessed for segment 7). An assessment of the level of effects was also made for freshwater

species in segment 3 (moderate) and in segment 2 (moderate). Information on how the

designations were made for segment 3 was not provided.
Overall, the AQ and OBL wildlife groups were predicted to persist if water withdrawals

occur, partly due to compensation from the upper basin projects. Habitat shifts due to sea level
rise, on the other hand, may lead to a shift from freshwater to estuarine habitats in the lower
reaches of the river with consequent impacts to freshwater species there. One conclusion
reached by the workgroup is that the 50 percent exceedance curve for floodplain inundation

TABLE 3-11 Summary of Withdrawal Effects on Wildlife for the Full1995PN Scenario as well as the
FWOR1995NN, FWOR2030PS, Full1995NN, Half1995PN, Full2030PN,Half2030PS, and Full2030PS

Scenarios.

River Sezment mﬁm :FLW
Species

1 NA A

3 AT ——

3 A wheee

4 NA HA

5 NA A

[ MNA NA

7 aaas —

8 anas T

FW = Freshmater

FHE:Emmn&nm]

Level of Effect
Negligible
Minor
Moderate

Major

Cross-hatching indicates abbreviated analysis

SOURCE: Curtis (2011).

Mot applicable, this sepment was not analyzed m the floodplain wildlife evahation.

Uncertainty

* Very Low
ok Low
k% Medium
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appears to be an important threshold for obligate (OBL) species; most species in this group use
habitat that has a 50 percent or greater inundation rate.

Potential declines in the productivity of small fish were a major driver of the predicted
impacts to piscivorous wildlife in segments 7 and 8. Eight listed species were found to depend
on small marsh fish, including alligators, wood storks, and the least tern. The percent of fish in
the diets of these species ranges from about 2 to nearly 100 percent.

Critique

The wetlands wildlife workgroup conducted a qualitative review of the potential impacts
of withdrawals to floodplain wildlife species. The analysis was limited by the lack of
quantitative, species-specific information on the response of wildlife to altered hydrology and
salinity. Thus, the analysis is an integration of a very thorough literature review along with the
results of the H&H modeling effort and input from the wetlands, benthic invertebrate, and fish
workgroups. Effects due to salinity changes in the lower reaches of the river were predicted to
be much greater than impacts from lower water levels in the upper basin. The literature
synthesis was thorough and will be of benefit to future research and management efforts in the
St. Johns basin, particularly because it covers such a broad range of species. This report
represents a true integration of the literature analysis with the results of other ecological
workgroups, most notably the wetlands and fish workgroups, meeting the spirit of the approach
outlined in their conceptual model. Future studies might address these links. For example, a
study investigating whether the 50 percent exceedence of floodplain inundation represents a
threshold for the persistence of listed wildlife species in different habitat types would be a useful
undertaking.

The findings of the wildlife workgroup are obscured by the diverse ways in which species
were classified according to their hydrologic attributes. Four categories of wildlife “hydrologic
types” were introduced in the text and used in a hydrologic model showing the distribution of
those types along a gradient of flooding (permanently wet to dry). However, the effects of water
withdrawals were shown for only two of these categories. Establishing wildlife hydrologic types
is an appropriate way to deal with the diversity of habitat requirements for the species included
in the analysis, but the terms used to describe them were borrowed from wetland plant indicator
categories used to delineate jurisdictional wetlands, and they are not fully appropriate as applied
here. The plant categories describe the probability of finding a given species in a wetland
habitat; for example, an OBL plant species is expected to occur in wetlands >99 percent of the
time, but the OBL category is not linked with the duration of inundation. For the wildlife species
in this report, however, the categories describe generally how much water the species needs for
its annual habitat requirements without consideration of how flooding is associated with key life
history stages. This is particularly troublesome for amphibians, which are all obligate species in
the sense that they require standing water for reproduction. Finally, the ways in which the
impacts of withdrawals were assessed for species in river segments 3, 6, and 8 were not
presented. Because the wetlands workgroup did not directly analyze floodplain wetland changes
in these segments, the wildlife levels of effects ratings should be removed.
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Chapter 4

Overarching Themes and Conclusions

The St. Johns River Water Supply Impact Study (WSIS) was designed to be a broad-
ranging examination of the potential ecological effects of water withdrawals from the St. Johns
River and its largest tributary, the Ocklawaha River. Its execution involved a large number of
District scientists and consultants (almost 80 individuals) allocated among eight work groups in a
two-phase effort extending over four years. In this regard, the District should be applauded for
the scale and seriousness of the efforts expended to evaluate potential impacts of water
withdrawals on the hydrology of the river and on the major components of the aquatic and semi-
aquatic ecosystems of the river system. The scope of the studies undertaken in the WSIS was
unusually comprehensive relative to other environmental impact analyses with which the
Committee members are familiar. In contrast to most of those studies, which rely on existing
data, the WSIS also involved extensive collection of new data, at least for some ecological
components.

The genesis for the WSIS was a water supply planning study conducted by District
scientists in the middle of the past decade, which showed that continued reliance on groundwater
resources in the St. Johns drainage basin would lead to unacceptable declines in the piezometric
surface of the Floridan Aquifer (the principal aquifer used for potable water supply in the
region). The modeled declines in the piezometric surface with additional withdrawals were
projected to cause unacceptable damage to native vegetation, especially in areas around the
Orlando and Jacksonville metropolitan areas, in some cases as soon as 2013. Now that the WSIS
is nearly complete and the District has evaluated the nature and extent of deleterious ecological
impacts likely to occur as a result of future withdrawals from the St. Johns and Ocklawaha
Rivers, it would be useful for the District to reexamine the results from their earlier groundwater
study and compare the level and nature of negative impacts associated with withdrawals from the
two (surface and groundwater) sources of additional water supply for the region.

SUMMARY OF RESULTS AND GENERAL CONCLUSIONS

Integration of the disparate results from all the workgroups into meaningful conclusions
about overall impacts is a very difficult activity in any broad-based environmental impact
assessment. The District accomplished this by assigning an effect rating to each metric used by
an environmental workgroup using common criteria based on strength, persistence, and diversity
(see Chapter 3). Although each workgroup had to independently interpret the three facets of an
effect as they related to their specific metrics, and some workgroups used more quantitative data
and information than others, the Committee is confident that the effects rankings can be
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compared across environmental workgroups. This is a consequence of the substantial and
increasing interactions between workgroups that the Committee witnessed over the course of two
years, the overlap between scientists working on multiple workgroups, and the oversight of the
Lead Scientist Ed Lowe, who provided continual input to the workgroups as they developed their
rankings.

Several tables summarizing the results of the WSIS [found in Lowe et al. (2011)] are
presented below. Table 4-1 shows the effects, ranging from negligible to extreme, for each of
the major hydrologic drivers, by river segment. This table can be considered to represent the
worst possible realistic scenario, as it includes a large withdrawal and 1995 land use, but
completion of the upper basin projects and no sea level rise. Changes in flow rate precipitated by
scenario FWOR1995PN are predicted to have moderate effects in segments 1-3 on fish and
(consequently) wildlife. Also in the estuarine portion of the river, changes in salinity are
expected to have moderate effects on wetlands vegetation and minor effects in benthic
macroinvertebrates. Water age effects brought about by withdrawal are expected to have minor
impacts on the plankton communities in segments 2-4. Changes in water level in river segments
5-8 are expected to moderately affect wetlands, fish, and wildlife. Finally, entrainment or
impingement could have major effects on fish in upper basins locations where the withdrawal is
likely to occur, but these could be ameliorated by proper intake design, as noted in Chapter 3.
Considering all drivers, salinity in the lower river and water level changes in the upper river are
likely to have the largest effects on river ecology, particularly on fish. Potential
entrainment/impingement issues further highlight fish as a vulnerable ecological community.

More specific information can be gleaned from Table 4-2, which shows the levels of
effects for each environmental workgroup by segment, under the scenario that was most extreme
for that workgroup. The Full1995PN scenario was found to cause the most extreme effects for
five workgroups (wetlands, biogeochemistry, benthos in the upper river, fish, and wildlife), and
the effects range from negligible (for biogeochemistry) to moderate (for benthos, fish, and
wildlife). The most extreme scenarios for the plankton and SAV workgroups produced only
negligible effects. Summing these effects over all workgroups leads to the same results apparent
in the final column of Table 4-1: moderate effects are likely in the lower river due to salinity and
flow rate issues, and in the upper river due to changes in water levels. The District’s approach of
using the lowest denominator in terms of a level of effect—across all metrics within a
workgroup, across hydrologic drivers in Table 4-1, and across workgroups in Table 4-2—
represents an application of the precautionary principle that is appropriate.

On the other hand, the workgroups did not appear to consider the possibility of “back-to-
back extreme events in their analyses, e.g., two or three years of extreme drought in a row, which
the Committee considers to be reasonably likely future situations. They also tended to present
mean responses to perturbations of a given driver with little or no consideration of the variance
in that response. Although mean values are considered the most likely responses from a
statistical perspective, in analyzing potential environmental impacts of changes in driver
variables it is important to consider ranges (or variances) of responses. Although such responses
may be less likely than mean values, they may not have negligible probabilities and they also
could be much more detrimental than the mean responses. The Committee remains concerned
that the District did not consider such conditions sufficiently in their otherwise thorough
analyses.
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TABLE 4-1 Levels of Effects by H&H Driver and River Segment for the Most Extreme, Realistic
Withdrawal Scenarios: FWOR1995PN for Segments 1-3 and Full1995PN for Segments 4-8. The affected
ecological attributes are indicated with capital letters (Biogeochemistry, Plankton, Littoral Zone, Wetland
Vegetation, Macroinvertebrate Benthos, Fish, Floodplain Wildlife).
River Entraiment Salinity Water Age Water Overall
Segment & Level
Impingement (excluding E&I)

%// A F
) weF, BW,V

****W’
***V

]
ik, F,W,V
****W’
**V

Negligible effect | * Very low uncertainty

Minor effect *x Low uncertainty

Moderate effect | *** Medium uncertainty

Major effect kol High uncertainty

Extreme effect *¥xxxx | Very high uncertainty

SOURCE: Lowe et al. (2011).
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TABLE 4-2 Levels of Effects by Ecological Workgroup for Each River Segment. The scenarios indicated
in the top row are the realistic scenarios with the strongest environmental effect for each attribute and
segment combination.

M--////// -
//////// 7 -////////
////% // /

Negligible effect | * Very low uncertainty
Minor effect *x Low uncertainty
Moderate effect | *** Medium uncertainty
Major effect latotl High uncertainty
Extreme effect | ***** Very high uncertainty

SOURCE: Lowe et al. (2011).

NOTE: Cross hatching indicates abbreviated analyses, which is not necessarily the same as in Chapter 3.
Thus, for the SAV and biogeochemistry groups, hatching indicates that the workgroups did not model the
effects of any realistic scenario. Their conclusions were based on the logic that negligible effects were
found for the most extreme test scenario so all other scenarios, which all had weaker H&H effects, would
also be negligible. In the case of the wetlands workgroup, they analyzed the Full1995NN scenario in the
estuary (segment 2) and found moderate effects. Because the Full1995NN and Full1995PN scenarios
had nearly identical H&H effects this far downstream, they concluded that the environmental effects also
would be nearly identical to those for the Full1995NN scenario.

For each workgroup table on levels of effects (see Chapter 3), District scientists indicated
the level of uncertainty associated with each ranking based on three factors: availability of a
predictive model, existence of supporting evidence, and the workgroup’s understanding of the
mechanism for an effect. For Tables 4-1 and 4-2, the largest uncertainty ranking given for a
workgroup was used. The number of uncertainty asterisks in the final column on overall effects
reflects the uncertainty in the entry with the greatest effect. The estimates of uncertainty
produced by most of the workgroups were reasonable; that is, the Committee is not surprised that
most of the results are associated with a moderate or even high level of uncertainty. Overall, the
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Committee considers the District’s cross-workgroup synthesis efforts as the WSIS was drawing
to a close to be appropriate and done well, particularly in comparison with many previous
environmental impact analyses.

The NRC Committee became involved with the WSIS toward the end of Phase I (early
2009). At that time, the objective to examine the effects of surface water withdrawal on a broad
range of environmental issues seemed to be quite an undertaking (and perhaps unrealistic) given
the available data and disparate (and somewhat limited) proposed paths of analysis. However, as
the study progressed and the Committee presented its comments, relevant data were collected
and the analytical work was increasingly conducted along biological “chains of causation.” The
District scientists welcomed the Committee’s recommendations and implemented them when
feasible, thus overcoming many of the limitations noted by the Committee early on in the
project. The Committee commends the WSIS workgroups for their careful and thoughtful
responses to its suggestions. Overall, the draft versions of the workgroup reports reviewed by
the Committee reflect positively on the seriousness, level of effort, and competence of the WSIS
participants, and especially the leadership of the group. The Committee views the synthesis
chapter (Lowe et al., 2011) as state-of-the-art in real-world analysis of large aquatic systems by
management agencies. In the end, the District did a competent job relating the predicted
environmental responses (including their magnitude and general degree of uncertainty) to
the proposed range of withdrawals. The overall strategy of the study and the way it was
implemented were appropriate and adequate to address the goals that the District
established for the WSIS.

Even the workgroups that were stymied by a lack of relevant data and information, such
as the biogeochemistry and freshwater benthos workgroups, were able to produce defensible
conclusions about the likelihood of effects from water withdrawals in the upper river segments
(albeit with high uncertainty). Of course, this is not to say that the Committee agreed with all the
conclusions in the workgroup documents. Insofar as the H&H results indicate that withdrawals
will produce relatively small changes in areas and depths of inundation, the inability of these
workgroups to make more certain predictions is somewhat ameliorated. Indeed, had the WSIS
benefitted from having the results of the hydrologic/hydrodynamic analysis at an earlier date, it
is likely that the District would not have invested so much effort on determining some potential
environmental responses to altered flows and levels. At a minimum, the workgroups would have
been able to better focus their studies in areas with the greatest likelihood of impacts, and in
some cases they might have decided that less field sampling and/or fewer experimental studies
were needed.

The WSIS was a meaningful exercise in other important ways. First, the District
scientists learned much about the system that the District manages. Second, the scientists gained
experience in conducting large-scale environmental impact studies, and this resulted in
improvements in their analyses over the period of the exercise.

Several critical issues that are beyond the control of the District or were considered to be
outside the boundaries of the WSIS limit the robustness of the conclusions. These issues include
future sea-level rises and increased stormwater runoff and changes in surface water quality
engendered by future population growth and land-use changes. As discussed in Chapter 2, the
predicted effects of some of these issues on water levels and flows in the river are greater in
magnitude than the effects of the proposed surface water withdrawals, but they have high
uncertainties. In addition, the relatively short period (ten years) of the rainfall record used for the
hydraulic and hydrodynamic modeling and the assumption that it will apply to future climatic
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conditions is a concern. The Committee recognizes that changing climatic conditions globally
are rendering long-term historic records less and less useful in making extrapolations to future

rainfall patterns, particularly for time periods in the more distant future (e.g., 25-50 years from
now). The District should acknowledge this limitation in its final report and should plan to run
its models with more recent rainfall records in an adaptive management mode.

The Committee continues to be somewhat concerned with the basis for the final
conclusion that water withdrawals of the magnitude considered in the WSIS will not have many
deleterious ecological effects. In large part, this conclusion was based on the model findings that
increased flows from the upper basin projects and from changes in land use (increases in
impervious urban/suburban areas) largely compensated for the impacts of water withdrawals on
water flows and levels. Although the upper basin projects should be viewed as a positive
influence insofar as they will return land to the basin (and water to the river) that belonged there
under natural conditions, the same cannot be said about increased surface runoff from
impervious urban- and suburbanization. The generally poor quality of surface runoff from such
land uses is well known. Uncertainties about future conditions over which the District has no
control (e.g., climate change, sea level rise, land use) also lead to concerns about the reliability of
the conclusions. Finally, insofar as the MFL regulations limit the withdrawal allowable during
low flow periods, these conclusions may be technically correct, but the Committee maintains
substantial concern as to whether MFLs will be rigidly enforced in the future. If there is an
extended drought in the future, when increased water supply demands have led to surface
withdrawals, water suppliers might not be able to withdraw water from the river for months or
even years on end. It is not obvious that this would be socially acceptable.

STUDY SCOPE AND CONSTRAINTS

The WSIS operated within a range of constraints that ultimately imposed both limitations
and uncertainties on the study’s overall conclusions. First, although large amounts of hydrologic
data were available on the main stem of the river to conduct analyses and calibrate
hydrodynamic/hydrologic models, data needed to understand surface water—groundwater
interactions and for the environmental impact analyses were not as readily available. In some
cases data were very limited. District scientists conducted some new monitoring and took
advantage of other data collection programs, but the lack of data impeded the progress of some
workgroups (see Chapter 3 for details) and led to uncertainties about some of the WSIS
conclusions.

Second, some constraints reflect basic scientific limitations regarding our ability to
predict future environmental conditions. For example, rates and extent of sea-level rise resulting
from global climate change are uncertain (and controversial) at the time scale of several decades
or longer, and long-term rates of population growth and land-use changes in the drainage basin
also are very difficult to predict at multi-decadal time scales. Uncertainties in projections for
these future conditions add to the final uncertainties in the District’s conclusions about water
level (and other hydrologic) changes resulting from future water withdrawals and thus to
uncertainties regarding related ecological impacts. For sea level rise, population growth, and
land use change, the Committee recommends (as did the NRC, 2010 report) that the District
revisit and update the projections in their periodic Source Water Assessment and Water Supply
Plans to ensure the accuracy of their predictive models over time. Similar questions may need to
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be asked about the certainty of water coming from the upper basin projects, in the unlikely event
that they are not completed because of funding constraints or other priorities. All of these issues
can be best dealt with if the District is able to adopt an adaptive management approach when
considering future water withdrawals from the river, which key District staff have repeatedly
expressed a desire to do.

A third kind of constraint is related to District assumptions concerning the ultimate fate
of water withdrawn for municipal/domestic use. The District assumed in its hydrodynamic
modeling to forecast withdrawal effects that wastewater inputs would remain at current levels of
5.2x10° m’/d through the period of analysis (Sucsy et al., 2010). Under possible future
conditions with greater uncertainty, the District modeled a scenario in which WWTP effluent
would be reused by agriculture and/or industry and that effectively there would be no direct
return of the water to the river or its tributaries, and it regarded this as a conservative assumption
for the purpose of hydrologic modeling. This scenario showed only a “barely perceptible”
reduction in water level and increase in salinity along the river, because most of the WWTPs are
located in the lower SJR where natural flows and tidal effects are greatest.

In part because of the above assumption, the District did not include a separate
workgroup on water quality impacts in the WSIS, and the potential effects of withdrawals on
aquatic biota were assumed to result primarily from hydrologic changes. Similarly, runoff
resulting from increases in urban/suburban land area in the basin was assumed to affect
watershed hydrology only (within the constraints imposed by current regulations to retain
stormwater flows in urban areas). The modeling conducted by the District did not have a water
quality component, and the District considered the potential ecological effects of significant
increases in degraded stormwater runoff, as well as changes in the frequency distribution of
stream flows in urbanized areas, to be outside the scope of the WSIS. It most likely is true that
such changes would not have important ecological effects on the main channel of the St. Johns
River and on its large tributaries, and in this respect they can be considered to fall outside the
“narrow confines of the WSIS.” Nonetheless, such effects are likely to be important in smaller
streams draining newly urbanizing areas (which are giving rise to the need for surface water
withdrawals from the St. Johns River in the first place!).

A fourth type of constraint reflects the inability to predict how other government entities
not controlled by the District may change the river in the future. For example, deepening of the
river channel in the stretch from Jacksonville to the mouth for military purposes to allow Navy
vessels with deeper drafts to access the river has been proposed, but the District has no way of
knowing whether this ever will happen. In order to give resource managers a way of assessing
its relative importance, a scenario with a 50-foot deep channel was analyzed as a future condition
with a high degree of uncertainty. It is important to note that simulations for this scenario
indicated that dredging would have much larger effects on up-river movement of salinity than
any of the water withdrawal scenarios the District examined.

Although the District included water withdrawals from both the main channel of the St.
Johns River and from the Ocklawaha River in its withdrawal scenarios, the WSIS focused only
on potential effects of the withdrawals on the hydrology and ecology of the St. Johns River (and
associated riparian wetlands). The Committee expressed concern from the outset of this study
about the exclusion from the WSIS of potential effects of withdrawals on the Ocklawaha River
(NRC, 2009). The District gave two primary reasons for excluding the Ocklawaha River from
the WSIS. First, an MFL study had not yet been conducted for the Ocklawaha, but one was
planned for the near future. The District thought it would be premature to include the
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Ocklawaha in the current WSIS without the existence of an MFL, which does exist for the main
channel of the St. Johns River at Deland. Second, District scientists and administrators felt that a
focus on the potential effects of water withdrawals on the main channel of the St. Johns River
was a sufficiently complicated (and costly) undertaking of its own, and they did not wish to
dilute that effort by including the Ocklawaha in the present study. The District has indicated,
however, that it realizes the potential effects on the Ocklawaha do need to be addressed. The
Committee wishes again to emphasize the importance of doing this analysis in a thoughtful and
comprehensive way that is informed by lessons learned from the current study. Based on its
review of the MFL study on the St. Johns River at DeLand, the Committee recommends that the
District should use an approach for the Ocklawaha River study that is more similar in detail and
scope to that of the current WSIS than the much less detailed and more cursory approach used in
the St. Johns River-DeLLand MFL study.

LESSONS FOR FUTURE STUDIES OF A SIMILAR NATURE

The goals, mission, and mode of operation of this Committee differed from those of
typical NRC study committees, which are mandated to review and analyze existing information
on a current (and usually controversial) issue and prepare a written report summarizing its
conclusions and recommendations. Instead, the Committee was asked to provide reviews and
advice regarding an ongoing scientific investigation. It did so not only through the means of
written reports (of which this is the fourth and final), but also through substantive oral
interactions during six meetings and four field trips of the full Committee. District scientists
responsible for components of the WSIS provided oral presentations on their progress and other
interested parties also made short presentations at these meetings. In addition, several
conference call updates were provided between full meetings of the Committee on specific
project components. Subgroups of the Committee, including the committee chair and staff
officer, participated in these conference calls, which included slide presentations and were used
to provide oral feedback to the District’s scientists.

Although the Committee maintained its independence and willingness to criticize
throughout this process, it nevertheless viewed its role as more advisory than adversarial, and its
primary goal was to provide timely advice to improve the quality of the WSIS. The District’s
scientists generally responded favorably to recommendations made by the Committee and in
most cases changed their approach to reflect these recommendations.

In the context of NRC studies, the responsibilities and approach of this Committee were
not unique; indeed the Water Science and Technology Board has a history of providing advice to
ongoing projects and studies (such as the USGS National Water Quality Assessment program,
restoration of the Everglades, and numerous projects of the U.S. Army Corps of Engineers).
Nonetheless, the Committee wishes to provide some perspectives that may be useful in guiding
the design of future studies that are instituted, like the WSIS, to evaluate the potential
environmental quality impacts of projects to develop/use a natural resource.

A simple but important piece of advice to those planning impact assessment studies like
the WSIS is to “start early.” Study periods in most cases need to extend over several years, and
for most efficient use of human and financial resources, they should be designed using a more
linear (sequential) and less parallel approach. In the context of the present (WSIS) study, this
means that the hydrodynamic and hydrologic modeling work should have been completed (or
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nearly so) before commencing the ecological impact components of the project. In the
Committee’s view, this would have been more efficient economically and also could have led to
more effective studies on ecological impacts because the scientists responsible for those studies
would have been able to focus better on the locations and types of ecological communities most
at risk. The Committee is aware that the St. Johns River Water Management District had time
constraints that made a longer, more linear study approach infeasible, but the general principle of
“longer, more linear” rather than “shorter and more parallel” impact studies remains sound.

The primary conceptual model driving the WSIS can be summarized as follows:

Increased Changes in Changes in Responses of biotic
water - water levels = aquatic and - components of river
withdrawals and flows wetland habitat and wetlands

In most cases, the direct effects of water withdrawals on biotic components of the river and
associated wetland ecosystems thus were viewed as mediated by changes in habitat conditions.
In some cases, however, such as plankton and SAV responses, water quality changes induced by
biogeochemical process changes associated with changes in water levels also were considered to
be potential drivers of change. The focus on habitat change as a driver of biotic changes,
coupled with the assumption that water withdrawn from the river would be used
consumptively—that is, would not flow directly back into the river or its tributaries—Iled to a
decreased emphasis on water quality impacts of water withdrawals in the WSIS as a whole.
Even if the withdrawn water would not flow directly back into the St. Johns River or its
tributaries, to the extent that it is not lost by evapotranspiration (a major fate of water used for
irrigation), it will wind up somewhere, including in groundwater aquifers, where it may have
impacts.

In retrospect, the Committee concludes that the WSIS should have included a water
quality workgroup that addressed the effects of changing land use on runoff and return flow
water quality throughout the basin. It is clear that future needs for additional water supplies in
the St. Johns River basin will be driven by population increases that also will result in land-use
changes—essentially increases in urban/suburban land cover—and increases in the production of
wastewater effluent. Both of these changes are highly likely to affect surface water quality in the
basin. The District argued that these considerations were beyond their scope and authority and
that existing regulations such as NPDES permits and stormwater regulations would be sufficient
to prevent water quality degradation. Although the Committee accepts the District’s argument
that it lacks authority to control land use and population growth, it does not accept the view that
this means the District has no responsibility to consider these issues in a study on the
environmental impacts of surface water withdrawals.

In conducting the WSIS, District scientists found that the lack of basic data (e.g., certain
kinds of benthos and fish information) and the inadequacy of basic analytical tools (e.g., on
wetland hydrology and biogeochemical processes) limited what they were able to achieve and
conclude. Some of these deficiencies could be overcome by future work of District scientists,
and these needs should be addressed in the District’s medium- and long-term planning for future
studies.
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