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SUMMARY
FINAL ENVIRONMENTAL IMPACT STATEMENT

LAKE APOPKA RESTORATION PROJECT

The purpose of this final Envirommental Impact Statement (EIS) is
to meet the objectives of the National Environmental Policy Act (NEPA).
NEPA directs federal agencies to prepare a statement which identifies

all reasonable alternatives and which evaluates the envirommental impacts

of these altermatives. NEPA then directs federal decision makers to

incorporate this environmental evaluation into the decision making

process. This document has been prepared in accordance with these

directives.

The action for which this document has been prepared is the restora-

tion of Lake Apopka. The overall goal of the restoration project is to

stop the continuing degradation of the lake's water and to restore Lake
Apopka as a quality natural resource.

Four primary objectives have been identified in attaining this

goal. The first objective is to improve the water quality of Lake

Apopka to meet Class III standards as defined in Chapter 17-3, Florida
Administrative Code.

Secondly, the project aims to improve water quality
in the entire Upper Oklawaha Chain of Lakes by restoring the headwaters

of this chain (Lake Apopka). The third objective is to provide aquatic

habitats which are capable of supporting game fish and wildlife, with a

subsequent reduction in rough fish. The final objective involves making

Lake Apopka suitable for water-contact recreational opportunities.
These four objectives are the criteria by which the success of the
restoration project will be judged.

Lake Apopka is a 12,500-hectare (31,000-acre) lake located in
Central Florida, approximately 25 km (15 mi) northwest of Orlando.

Although Apopka has a large surface area, it is a shallow lake, averaging

less than 2 m (6.6 £t) in depth. Throughout the first half of this

century Lake Apopka contained clear water and luxuriant vegetation and



was noted for its excellent bass fishing. Today it is a highly eutrophic
lake and experiences continual algal blooms. About 90 percent of the
lake bottom is covered with organic deposits; in some places this muck

is more than 15 m (50 ft) deep. These unconsolidated sediments are
easily suspended in the water columm, thereby causing extreme turbidity
problems. Suitable habitats for game fish, rooted aquatic vegetation

and benthic invertebrates have been reduced to fractions of their
previous extent. Rough fish such as shad, gar, and catfish are pow the

dominant species in Lake Apopka.

Massive nutrient overloading is the main cause of Lake Apopka's
demise as a quality resource. Sewage discharges from Winter Garden,
irrigation water pumped from the muck farms, and citrus processing plant
wastes were major contributors of nutrients. A 1947 hurricane uprooted
much of the lake's vegetation, releasing more autrients into the water,
and was followed shortly thereafter by the lake's first algal bloom.
Subsequent hyacinth spraying and selective rough fish poisonings added
to the problem because the dead plants and fish were not removed from
the lake. These operations, in conjunction with the lake level stabili-
zation program begun in 1952, stifled any chance of a natural recovery

of the lake's ecosystem.

Measures to improve water quality, restore the fisheries, and
provide recreational opportunities have been outlined in this Final EIS.
DER is the primary project sponsor and has contracted numerous studies
through universities and other agencies to analyze specific problems
related to the restoration project. Frost/freeze, hydrological, limnological,
engineering, and legal studies have all been completed through DER
contracts. Furthermore, the engineering firm of Ross, Saarinen, Bolton,
and Wilder (RSB&W) was retained to study the feasibility and probability

of success of the recommended long-term restoration actionm.
Numerous restoration alternatives were considered and analyzed in

this Final EIS. The DEIS recommended a drastic drawdown of Lake Apopka.

This would consolidate the muck and improve water quality. However,
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significant questions have been raised concerning the success potential
of the drawdown alternative for Lake Apopka. Engineering concerns
include dike protection, shoreline consolidation and irrigation systems.
Biological and chemical concerns include water quality upon refill,
invasion of the exposed bottom by terrestrial vegetation, sediment
consolidation and nutrient release, and littoral zone expansion and game
fish propagation. These questions are addressed in the Final EIS, but
the responses are largely conjectural. Although drawdowns have heen
successful on other Florida lakes, the size of Lake Apopka, the sévere
time constraints imposed on the project schedule, and the characteristics
of the muck layer make it difficult to predict the actual effects of the
proposed drastic drawdown. 1In addition, the cost of a Lake Apopka drawdown
has risen to $19.8 millioh. Because of the remaining uncertainties and
the reduced cost effectiveness of the drawdown of Lake Apopka, a revised

recommendation is proposed in the Final EIS.

Instead of an immediate drawdown, a phased restoration program
using short-and long-term plans is recommended. The short-term plan
includes continued monitoring of water quality in Lake Apopka and downstream
lakes, and implementation of a test drawdown on Lake Mare Prairie, a
smaller lake having characteristics similar to Lake Apopka. The
monitoring will document the present condition of the upper Oklawaha
lakes and any improvement in water quality after completion in 1980
of the waste abatement programs for Lake Apopka. The water quality
parameters measured would be essentially those previously monitored by
Brezonik et al (1978) and Tuschall et al (1979). The estimated cost of
monitoring is $50,000. A test drawdown of Lake Mare Prairie would allow
detailed examination of the drawdown concerns previously discussed and -
at a substantially lower cost ($70,000) than that of a Lake Apopka
drawdown. With the data obtained from the test drawdown, a more accurate
assessment of the effectiveness of a drastic drawdown for restoring Lake

Apopka under design constraints can be made.
The long-term plan for lake restoration includes continued explora-

tion of restoration alternatives and methods which would address the

lake's internal nutrient loading problem. If, following the test drawdown,
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it is determined that drastic drawdowm has a high probability of ini-
tiating recovery of the lake and the resulting benefits are expected tO
be significant and long-lasting, it will be recommended that the prOPOSGd
drawdown be implemented. Two alternatives are suggested for the drawdown.
First, the extreme drawdown as proposed by RSB&W could be implemented.
However, it is essential that the studies on shoreline consolidation and
the recommended geoteéhnical work and soil sampling be completed before
the drawdown. The other alternative ig to revise the current plan

within the“constraints get forth in the DEIS to imprové the probability
of succeés while minimizing adverse impacts. Unfortunately, this alternative
is likely to increase project costs. 1f it is determined that a drastic
drawdown is not feasible for Lake Apopka, the possibility of dredging

the lake and marketing the muck as a useful product should be pursued

and perfected. Currently, no market for the muck has been identified.

In addition, significant environmental problems must be overcome before
dredging can be implemented. If the dredging alternative cannot be
perfected, and the drawdown cannot‘be implemented, the "no action"
alternative is the only remaining practical recommendation. Enhanced
fluctuatién and nutrient abatement are important secondary lake improve=

ment techniques and should be implemented regardless of the final restoration

action.

The following impacts can be expected when the revised recommenda-

tion is implemented.

Adverse Impacts of Short-Term Plan

1. Algal blooms and unaesthetic conditions are expected to
continue.

2. No immediate improvement in game fish populations 1is
expected.

3. Recreation will continue at low levels.

Adverse Impacts of Long-—term Plan
1. 1f drawdown becomes the long-term plan then the adverse
impacts listed in the DEIS may be realized.

2. 1f some other alternative becomes the recommended plan,
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then its adverse impacts will have to be delineated prior to
implementation.

Beneficial Effects of the Short-term Plan

1. It will be possible to document whether water quality improves
due to the pollution abatement measures and natural recovery
processes.

2. Time will be available for further study of the problems
associated with a drawdown and for development of technology
to make dredging of Lake Apopka cost effective.

3. An in-depth study of the test drawdown will provide valuable
information needed to assess future drawdowns of Florida lakes.

4.

Water quality in Lake Mare Prairie is expected to improve
following the test drawdown.

Beneficial Effects of the Long-term Plan
1.

If the long-term plan is implementation of drawdown, then
the beneficial effects listed in the DEIS will be expected.
2. If an alternative lake restoration technique eventually

becomes the long-term plan, the specific benefits would
have to be re-assessed.
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PREFACE

In early March of 1979, the Environmental Protection Agency (EPA),
published and distributed a Draft Environmental Impact Statement (DEIS)
on the Lake Apopka Restoration Project. This DEIS was written pursuant
to the National Environmental Policy Act of 1969 and was prepared jointly
by EPA and the Florida Department of Environmental Regulation (DER).
The DEIS was filed with the Office of Federal Activities and was circulated
to the appropriate federal and state agencies for comment and review.
Local governmental agencies and interested individuals also received
coples of the DEIS.

This Final EIS consists primarily of changes and revisions to the
DEIS. Most of these revisions resulted directly from input by commenting
agencies and individuals. This reflects favorably on the successful
public participation program associated with the project. Other significant
changes were the result of a revised engineering design of the proposed
restoration technique. These changes evolved during the final engineering

design phase subsequent to the printing of the DEIS.

The basic recommendation‘outlined in the DEIS is a drastic drawdown
of Lake Apopka over a nine month period to consolidate the lake's muck
bottom and enhance the growth of desirable aquatic vegetation. This
recommended technique continues to be supported in the Final EIS, but
further attention has been directed towards techmical questions which
were raised concerning the success potential of the proposed drawdown.
Most of these questions are legitimate concerns and have been addressed
to the fullest possible extent in this document. This Final EIS also
recommends several studies which should be completed prior to impleﬁen-
tation of the proposed drawdown. These studies would result in a better
understanding of the actual results of a drastic drawdown and would
improve the accuracy of the economic and environmental evaluation of

such a large-scale restoration technique.
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Rather than a reprinting of the entire DEIS, the Final EIS consists
only of changes and additions to the draft document and responses to
comments received by EPA. This format was adopted to save publication
costs and to more concisely present the additional information which has
become available since the distribution of the DEIS. Therefore, the
Final EIS should be read in conjunction with the DEIS to obtain a holistic
view of Lake Apopka's history and the restoration project.

A brief synopsis of the lake's condition and the conclusions and
recommendations of the EIS process are contained in the Summary of the
Final EIS. This is followed by Section 1, the Introduction, which
explains the lake's background, identifies citizen concerns, and out-
lines project objectives. Section 2 relates to existing conditions
which were not addressed in the DEIS, and Section 3 analyzes various
restoration alternatives. A description of the recommended alternative
and associated impacts are described in the next two sections. The
public participation program is addressed in Section 6, and the Final
EIS concludes with a listing of all comments received and responses to
each individual comment. A public hearing was held in Tavares on April
10, 1979, to present the proposed drawdown design to concerned citizens
and to receive comments and input on the project in general. A copy of
the transcript of this hearing is included in Section 8 along with

responses to comments and questions raised at the hearing.

Any person receiving a copy of this Final EIS who does not have
access to the DEIS may obtain a copy by writing to:

Environmental Protection Agency
EIS Branch

345 Courtland Street, N.E,
Atlanta, Georgia 30308

xii
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SECTION 1

INTRODUCTION

Lake History

Until the 1950's, Lake Apopka attracted national attention as a

bass fishing lake. Lake Apopka now attracts state-wide attention as an

example of the worst effects of cultural eutrophication. In less than a

generation the lake has changed from a resource of high economic and
aesthetic value into a problem requiring complex and expensive solutioms.

The DEIS explains in great detail the successive stages of Lake Apopka's

degradation. The reader, therefore, is encouraged to refer to that

document for a complete background on the lake's history and current
status.

State and Federal Action

During the past decade, a $9 million nutrient abatement program for

Lake Apopka has been implemented and is nearly completed. An explanation
of this program is included in the draft document, but basically abatement

consists of three major actions:

1. An agricultural waste abatement program conducted by the
muck farmers at a cost to them of approximately $1 million;

2. A citrus processing waste abatement program at a cost to the
industry of about $3.5 million; and

3.

A domestic waste abatement program for the City of Winter -

Garden implemented by constructing a sewage treatment plant
at a total cost of nearly $4.5 million.

Although these actions have greatly reduced the nutrient input to
Lake Apopka, additional restoration efforts are necessary to obtain a

long-term improvement in the lake's water quality.



In 1976, the Florida DER accepted responsibility for an EPA Clean
Lakes grant which had originally been awarded to the Florida Game and
Freshwater Fish Commission (FG&FWFC). This grant was used to fund
preliminary studies in the overall goal of restoring Lake Apopka.

Although many reports and studies had already been completed, and drawdown
appeared to be the most feasible restoration technique, noticeable gaps
in information still existed when DER undertook the project. The follow-

ing studies, therefore, were contracted by D.E.R.:

1. Frost/freeze study by the University of Florida;

2. Hydrological study by the U.S. Geological Survey;

3. Data updating by Bio-Engineering Services;

4.  Study of the legal implications of drawdown by David
Gluckman; and

5.

Limnological study of the effects of drawdown by the
University of Florida.

In the spring of 1978, EPA and DER mutually agreed to prepare an
environmental impact statement. The E1S, therefore, was begun in
May 1978, and revisited the entire question of the most effective
method of restoring Lake Apopka. The alternatives considered included
no action, enhanced fluctuation, chemical sedimentatiom, dredging,
nutrient diversion, flushing, aeration, and drawdown. Of all these
alternatives, only dredging and drawdown would directly address the
problem of reducing nutrient releases from the highly flocculent muck
bottom to the water column. Retarding or reducing this release was and

still is considered essential to restoring Lake Apopka on a long-term
basis,

Several of the other alternatives, such as nutrient diversion and

enhanced fluctuation, were considered as secondary treatments, but

dredging and drawdown were definitely most effective. Further analysisg

revealed that dredging would be prohibitively expensive for the 124

square kilometer (48 square mile) Lake Apopka. In addition, the disposal

of an estimated 222 million cubic meters of muck spoils would be an

overwhelming undertaking. Drawdown, on the other hand, has been imple~-



mented on other Florida lakes with varying degrees of success. Natural

and man-induced drawdowns resulted in more extensive littoral zomne
vegetation, increased game fish populations, and improved lake bottom

conditions (FG&FWFC, 1978b). Although drawdown is not free of detrimental

side effects, the DEIS recommended it as the most feasible altermative
for the restoration of Lake Apopka.

The engineering firm of Ross, Saarinen, Bolton, and Wilder (RSB&W)

was contracted to perform the engineering design study for the proposed

drawdown. Numerous constraints were imposed on the design from the

beginning, most notably the requirement that the lake be at elevation

19.5 m (64 ft) msl during the winter months to provide frost/freeze

protection for adjacent citrus groves. Other constraints required the

protection of envirommentally sensitive areas, minimal degradation of

downstream waters, and the provision of irrigation water to nearby muck
farms and citrus groves,

A detailed description of the preliminary drawdown design as

envisioned by RSB&W is contained in Appendix B of the DEIS. Adverse

impacts of the proposed drawdown were also discussed as well as measures

to mitigate such impacts. This analysis constitutes the most important

section of the DEIS. Final design of the proposed drawdown is included

in Appendix B of this document, and further recommendations are made as
to the optimal method of restoring the lake.

Citizen and Agency Concerns

During the early stages of the drawdown design and analysis of
environmental impacts, most citizens were highly in favor of the project.
A list of initial citizen concerns was identified by DER and local

officials, and these concerns were addressed both in the DEIS and in

RSB&W's engineering design. As the impact statement assessment and

engineering design continued, however, citizen support of the proposed
project began to waver.



The vast majority of citizens still favor restoring Lake Apopka,
but many concerns have been raised over the side effects of the proposed
drawdown project. Downstream owners worry about their property being
flooded, lakeside residents are unsure of the effects of consolidation
on their property, and citrus grove owners fear that the decrease in the

amount of frost/freeze protection afforded by the lowered lake will be

significant.

Some state and local agencies have also raised questions about
several technical aspects of the proposed drastic drawdown. Specific
concerns relate to the quality of refill water, nutrient release rates
from decomposition of invading terrestrial vegetation, distribution and
spreading of unconsclidated bottom sediments, and successful establishment
of aquatic macrophytes upon refilling the lake. All of these issues
have been addressed to various degrees in the DEIS, but recent additional

information necessitates further analysis of the situation in this Final

EIS.

Finally, and possibly most importantly, the cost of implementing
the drawdown has increased substantially since the preliminary engineering
desigﬁ phase. Because of problems with soil stability, changes in
irrigation systems, and other alterations in engineering facilities to

meet project constraints, the original $13.9 million cost estimate has

increased to $19.8 million. Thus, the cost effectiveness of the proposed

project has suffered a significant setback and must be re-examined in

light of this new situation.

Although it is realized that the cost of the proposed project will
continue to rise as further delays occur, the restoration should be
accomplished in the most cost effective manner possible, both environ-
mentally and economically. Further analysis, therefore, is warranted in
this situation so that a better understanding of the actual effects of

the project can be more accurately ascertained.



SECTION 2
EXISTING CONDITIONS

Water Quality

Since preparation of the DEIS, DER has received water quality data
from the Department of Environmental Engineering Sciences, University of
Florida (Brezonik et al, 1978; Tuschall et al, 1979). The University of
Florida was contracted by DER in March, 1977, to monitor the water
quality of the Oklawaha chain of lakes in order to obtain water quality
data prior‘to the proposed drawdown. These data will be used for com-
parative purposes during and subsequent to the proposed drawdown to
assess its effects on water quality. A summary of the results of this
monitoring program (see Table 2.1) are presented here to update the
DEIS.

An examination of the water quality data presented in the DEIS led
to the suggestion that the Oklawaha chain of lakes could be considered
in three groups. The data presented in Brezonik et al (1978) and
Tuschall et al (1979) confirm these groupings:

1. The Lake Harris, Little Lake Harris, and Lake Yale group
generally have better water quality than the other lakes in the basin.
This is probably because these lakes do not receive water from Lake
Apopka. Historical water quality comparisons could not be made between
the recent data and those that were obtained before 1977 because these
lakes were not investigated by Brezonik et al (1978) and Tuschall et al
(1979).

‘2. Lakes Griffin and Eustis form a second group with similar
water quality. They are the most distant group in the chain of lakes
receiving water from Lake Apopka and have better water quality than the
upstream lakes. Historical comparisons with data prior to 1977 suggest
that no substantial changes have occurred in 1977 and 1978. Dissolved
oxygen, total organic nitrogen, ammonia, inorganic nitrogen, phosphorus,
and chlorophyll-a values were all within the ranges of values found

previous to 1977. In addition, water transparency was better and



Table 2.1 Water Quality Data1

Dissolved Organic

Inorganic
pH Oxygen Nitrogen an-n Nitrogen Total P Ortho-P  Chlorophyll-a
ng 1t ng 1! ng 17! mg 17! ng 17! ng 17! ug 17!
Lake Apopka
1973-1976 _ 7.2-9.5 6~12 2,7-5.7 .01-.24 .01-.3 .07-.3 .01-.06 18

1973 x 9.22 9.5 3.2 .12 +26 .117 .022 47

1977 x 8.87 10.9 3.4 .04 .09 .221 .047 33

1978 x 8.41 11.5 4.7 .06 .11 .156 .039 51
Beauclair _

1973 x 9.15 10.2 3.68 225 .098 041 .020

1977 x 8.73 11.0 3.4 .089 .33 .230 .058 70

1978 x 8.56 12.0 4.3 .110 .12 .217 .034 150
Dora _

1973 x 9.29 10.2 3.0 112 .116 .095 .025 60

1977 x 8.69 10.2 3.0 .135 .19 .160 .049 68

1978 x 8.47 11.1 3.4 .120 .23 .110 .020 67
Eustis _

1973 x 8.66 9.6 3.4 .112 .12 .112 .020

1977 x 8.62 10.1 2,17 044 .08 .133 .022 23

1978 x 8.33 10.1 2.5 .076 .10 .075 .017 32
Griffin _

1973 x 8.72 8.4 2,2 144 .112 .184 .033 66

1977 x 8.51 9.7 2.4 .038 .11 .143 .027

1978 x 8.15 10.1 2,5 .06 .11 .092 .022 55

1.

1973 data from STORET; 1977 data from Brezonik et al, 1978; 1978 data from Tuschall et al, 1979.



specific conductivity, turbidity, and total organic carbon were lower in
Lake Eustis and Lake Griffin than in upstream lakes.

3. Lakes Apopka, Beauclair, Carlton, and Dora exhibit the poorest
water quality of the lakes in the upper Oklawaha River Basin. Dissolved
oxygen levels are frequently supersaturated and pH levels often exceed
the upper standard of 8.5 for Class III waters. These conditions
result directly from excessive phytoplankton growth. Historical com-
parisons of recent data with pre-1977 data suggest that no significant
changes have occurred in dissolved oxygen, total organic nitrogen,
ammonia, inorganic nitrogen and phosphorus. Chlorophyll-a concentra-
tions were also found to be within previous ranges for all of the lakes
except Lake Beauclair where a higher concentration was found in 1978
than in previous years. These lakes, as a group, are the most eutrophic
of the Oklawaha lakes and have the highest turbidity and specific conductivity
of any group of lakes.

Several trends in water quality were evident from the analysis of
the 1977-1978 annual mean parameter values. Total phosphorus, ortho-
phosphorus, and pH decreased in 1978 in all of the lakes. However,
total organic nitrogen increased in all the lakes except Lake Eustis.
In 1978, specific conductivity decreased in Lakes Apopka and Beauclair
but increased in the other lakes. Also, there was a slightly higher
concentration of chlorophyll-a in Lakes Apopka and Eustis and a signi-
ficantly greater chlorophyll-a concentration in Lakes Beauclair and
Griffin. No concrete explanation can be given for these recent changes
in water quality parameters. Although it appears with respect to phos-
phorus that the lake system may be improving, a different conclusion may
be drawn from the nitrogen and chlorophyll data.

Bottom Conditions

Since preparation of the DEIS, DER has received data on the charac~
teristics of the muck associated with Lake Apopka and other Oklawaha
Lakes (Brezonik et al, 1978; Pollman and Brezonik, 1979). An under-
standing of the bottom conditions in these lakes is important in predicting

future trends in water quality and in assessing the impacts of the



proposed restoration alternatives. The muck on the bottom of these
lakes can be described as loose and flocculent. It has a fairly uniform
brown-black color and a relatively high water content. The muck covers
approximately 90% of the bottom of Lake Apopka to an average thickness
of 1.5 meters (5 feet). Only 5% of the lake bottom is suitable for the

spawning of fish, the raising of fish food organisms, and the establish-
ment of aquatic macrophytes.

Brezonik et al (1978) investigated the characteristics of the muck
in the Oklawaha chain of lakes. The average water content of the sediment
was high and ranged from 96% to 98% for all of the lakes except Lake
Griffin (92.8%). The average volatile solids content of the sediment,
which is an indication of the organic content of the sediment, ranged
from 55% to 63%. Lake Apopka sediments had the highest organic carbon
content, while Lake Griffin sediments had the lowest. For comparative

purposes, the volatile solids in sandy sediment are low and average
about 0.3%.

Nutrients associated with the sediments and the interstitial water
in these lakes were also investigated by Brezomik et al (1978) . The

mean total nitrogen content ranged from 21.1 to 27.2 mg/g dry weight

sediment (Table 2.2.). The mean total phosphorus content of the sediment

ranged between 0.53 and 1.45 mg/g dry weight sediment. Lake Dora sedi-

ments had the greatest amount of nitrogen and phosphorus; while Lake

Griffin sediments had the least. These sediment nitrogen and phosphorus

levels were high and ate indicative of eutrophic conditions. The concentration

of nutrients present in the interstitial water and the levels of nutrients

leachable from the sediment are an estimate of the potential for nutrient

release from the sediment. Interstitial and leachable ammonia values

for Lake Apopka sediments (Table 2.3.) were similar to values obtained
in other studies on eutrophic lakes; however, the concentrations of

interstitial and leachable phosphorus were low and do not reflect the
hypereutrophic status of the lake.

The shallowness of Lake Apopka makes it important to consider the
effect of the sediment nutrient pool in the lake's nutrient budget.



Table 2.2

. Statistical Summary of Nitrogen and Phosphorus

Concentrations in Sediments of the Oklawaha Lakes.

TKN TOTAL P

Lake X S.D. X S.D.
Apopka 26.8 4.0 1.02 0.54
Beauclair 26.8 2.7 0.89 0.23
Dora 27.2 4.3 1.45 0.43
Eustis 26.9 4,6 0.93 0.40
Griffin 21.1 10.2  0.53 0.29
1

1,2

All concentrations in mg N or P/g (dry wt); X = average over
all dates and all stations in each lake; S.D. = standard

deviation over all dates and all stations in each lake.

2Source:

Table 2.3.

Brezonik et al, 1978.

Average Values of Leachable and Exchangeable Ammoniym and

Orthophosphate in Sediments of the QOklawaha Lakes.

N -N

4

LEACHABLE

Ortho-~P

EXCHANGEABLE

+
NH4-N

Ortho-P

mg N/g-dry wt ug P/g-dry wt mg N/g-dry wt ug P/g-dry wt

Apopka - 0.47 13.8 1.07 44.4
Beauclair 1.58 101.0 1.83 237.0
Dora1 0.40 36.6 0.50 84.0
Eustis 0.83 10.0 1.51 42.9
Griffin 0.61 11.5 0.87 44.7
1

Includes one sand station.

2Source:

Brezonik et al, 1978.



Pollman and Brezonik (1979) investigated the exchange of nutrients
between the bottom and the overlying water in Lake Apopka. They found
two major mechanisms responmsible for the exchange: diffusion and advection.
Diffusion of nutrients out of the sediment and interstitial water occurs
in response to concentration gradients. Using an equation developed by
Berner (1971), Pollman and Brezomik (1979) calculated the potential
diffusion of phosphorus to the overlying water to be 5.25 mg P/m ~day.
Advective turbulent release represents another mechanism by which nutri-
ents are transported from the sediments to the overlying water. During
the passing of storms, the interface between muck and the overlying
water can be disturbed by wave action. This can lead to turbulent
release of nutrients in Lake Apopka. High winds associated with a
convective storm 6f September, 1978, brought about an immediate increase
in turbidity and inorganic nutrient concentrations in the lake (Figure
2.1). The concentration of phosphorus released during this storm was
estimated to be two times greaterwthan the average annual mean phosphorus
concentration for Lake Apopka. Furthermore, a total of 38,000 Kg of
phosphorus are available for release by these two mechanisms. This
represents a large reservoir of nutrients available for continued algal
propagétion in the lake.

Another characteristic of sediment important to the ecology of a
lake is the amount of oxygen required for decomposition of organic
matter in the sediment. High sediment oxygen demand can lead to anoxic
conditions in bottom lake waters, which may result in damaging fish
kills. Oxygen uptake by Lake Apopka sediments is primarily by bacterial
decomposition. However, the oxygen demand is relatively low (about 70
mg Ozlmz-hour) and suggests that much of the organic matter in Lake
Apopka is decomposed in the water column as a result of wind mixing and
resuspension. This supports Hargrave's (1973) views that during eutrophicationm,
decomposition at the sediment interface is progressively replaced by

decomposition and oxygen uptake in the water column.

The role of muck in Lake Apopka's future is of major concern. The
sediment is presently a net sink for nutrients; however, the frequent
wind-induced mixing and resuspension of the muck allows the release of

large amounts of nutrients. Even with the completion of the wastewater
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Figure 2,1,Turbidity, ammonium, and ortho-phosphate levels

Source:

in Lake Apopka over time during convective rain
storm on 23 September, 1978.

Pollman & Brezonik, 1979
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abatement programs, this turbulent release of nutrients is likely to

continue for as long as the muck remains in a flocculent state. In

addition to algal bloom problems associated with nutrient release, the

mixing and suspension of the muck increases turbidity. This results in

the reduction of the amount of light reaching the bottom, which dis-

courages the growth of macrophytes. Macrophytes are also smothered by

the movement of the flocculent muck along the bottom of the lake.

12



SECTION 3

ALTERNATIVES AND THEIR EFFECTS

No Action

The No Action alternative may be an inexpensive, simple means of

restoring Lake Apopka naturally. To determine the feasibility of this

alternative, the nutrient budgets and trends in water quality of Lake
Apopka and the downstream lakes were examined.

One of the contributigg factors to the declime of Lake Apopka has

been the addition of nutrients to the lake by cultural (man-made)

sources. To help alleviate this problem, several nutrient abatement

programs are currently being implemented. The Winter Garden Citrus Co-

op has had an adequate waste treatment program for several years and

currently releases only cooling water and small amounts of condensation

by-products directly into the lake. The Winter Garden Advanced Waste-

water Sewage Treatment Plant (STP) will be fully operational in 1979,

entirely eliminating this source of nutrients to Lake Apopka. The muck

farms on the north shore of Lake Apopka contribute significant amounts

of nitrogen and phosphorus to Lake Apopka. The farms outside of Zellwood

Drainage District #2 are scheduled to have operational waste treatment

programs in 1979, which will reduce nutrient loadings by 65%. Inside

Zellwood Drainage District #2, the waste treatment program will be

complete by July, 1980. It will remove 50% of the suspended solids, 30%

of the nitrogen and 25% of the phosphorus formerly pumped to Lake
Apopka (see pages 39-45 the DEIS for more details).

Information on the input of nutrients to a lake is required before

predictions can be made concerning its future water quality. Three

The former Florida
Department of Pollution Control (DPC) published such a budget in 1972.

nutrient budgets have been attempted for Lake Apopka.

However, compared to the subsequent budgets, nutrient values in the DPC

budget are extremely high and should not be considered reliable. In

1977, EPA published a report of the National Eutrophication Survey (NES)

13



that included a nutrient budget for Lake Apopka, using data from 1971
and 1973 (Table 3.1). This budget revealed that the muck farms were the
major contributors of phosphorus (58%) followed by non-point sources
(16%) and the Winter Garden STP (12%). The nutrient budget listed the
non-point sources as the major contributor of nitrogen (45%) followed by
the muck farms (30%) and precipitation (17%). It should be noted, how-
ever, that the non-point source category in the NES nutrient budget also
includes contributions from tributaries draining the Winter Garden STP

and the muck farms.
TABLE 3.1. NUTRIENT BUDGETS FOR LAKE APOPKA

1. NITROGEN

National Eutrophication Survey Brezonik et al 1978
Kg % Kg %

Precipitation 72,730" 17 159, 400 35
Gourd Neck Springs — - 6,380 1
Lateral Inflow —— - 23,370 5
Septic Tank 2,920 1 — ——
Winter Garden STP 24,100 6 23,870 5
Citrus Co-op 5,960 2 4,600 1
Muck Farms 124,150 30 233,400 52
Other Non-point runoff> 187,870 45 R -
TOTAL 417,730 451,000

2. PHOSPHORUS

National Eutrophication Survey Brezonik et al 1978
Kg % Kg %

Precipitation 5,520 7 6,322 11

- Gourd Neck Springs - - 2,470 4
Lateral Inflow — - 1,690 3
Septic Tank 80 1 - -
Winter Garden STP 9,645 12 7,090 13
Citrus Co-op 5,395 7 1,300 2
Muck Farms 45,870 58 36,886 66
Other Non-point runoff 12,300 16 — -
TOTAL 78,810 55,750

1Includes Muck Farm and Winter Garden STP Tributaries and Runoff. Brezonik
et al (1978).
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Brezonik et al (1978) also developed a nutrient budget for Lake

Apopka using data collected in 1977 (Table 3.1.). They found the major

contributors of phosphorus to be the muck farms (66%), the Winter

Garden STP (13%) and precipitation (11%). The major contributors of

nitrogen were the muck farms (52%), precipitation (35%) and the Winter

- Garden STP (5%). If the non~point source category is excluded, then the

ranking of the contributors is the same for both the NES and the Brezonik

et al (1978) budget. To summarize, muck farms, the Winter Garden STP,

and precipitation are the pPrinciple sources of phosphorus, while muck

farms, precipitation, and the Winter Garden STP are the major contributors
of nitrogen.

Upon examination of the budgets, it becomes apparent that elimina-

tion of the cultural sources of nutrients should be a major objective in

any lake restoration program for Lake Apopka. The Winter Garden STP

contribution will be entirely eliminated in 1980. The muck farm contribution

will also be decreased significantly by 1980. The decrease in point

source loading should have a major effect on Lake Apopka. However,

internal nutrient loading from the lake sediments was not included in
either the NES or Brezonik et al (1978) budget.
high water,

The flocculent muck has

nutrient and organic matter content (see Section 2 - Bottom

Conditions for more detail). Even though the muck presently serves as a

net sink for nutrients, large amounts of nutrients are released whenever

wind action mixes the lake water and resuspends the sediment. Nutrients

also diffuse out of the sediment and affect water quality. A detailed

examination of Lake Apopka sediment Structure and processes currently

underway at the Unilversity of Florida will increase the understanding of
these two phenomena. A more accurate estimate of the effects of nutrient

release on overall water quality will be possible when this research is

completed. This internal source of nutrients must be included in any

discussion of Lake Apopka's natural recovery.

Since some of the nutrient abatement programs are already in

effect, an examination of the trends in water quality in recent years

may be informative in evaluating the potential for Lake Apopka's natural
recovery (see Section 2 - Existing Water Quality for more detail). 1In

Lake Apopka, mean inorganic nitrogen and mean ammonia values have
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generally decreased from 1973-77, but have increased slightly since
1977. Mean phosphorus concentrations have also decreased since 1977.
The other parameters (dissolved oxygen, organic nitrogen, and chloro-
phyll-a) either increased or remained approximately the same since 1973.
While these trends do not indicate a significant improvement in Lake
Apopka's water quality, neither do they indicate an overall decline in
water quality since 1973.

In the dowristream lakes, mean ammonia concentrations have decreased
since 1973 and phosphorus values have decreased since 1977. The other
parameters vary from lake to lake. Indications of improvement are more
difficult to see in the downstream lakes since there is a lag between

the water quality problems in Lake Apopka and their effects on these
lakes.

The restoration of Lake Apopka under the no-action alternative is
a long term proposal. Once pollution abatement has been completed, the
potential exists for improvement of lake water quality. The decrease in
external nutrient loading should be a major factor in limiting further
deterioration; however, it should be noted that internal loading will
remain a major source of nutrients. Wastes were first dumped into Lake
Apopka in the 1920's. The lake's present condition is an accumulation
of over fifty years of abuse. Therefore, even with the implementatiomn

of this extensive nutrient abatement program, recovery of a healthy lake
ecosystem could take decades at best.

The no action altermative is inexpensive with no direct costs
beyond the current waste abatement program. However, economic and
aesthetic benefits normally associated with an unpolluted lake cannot be
realized while Apopka remains in a degraded condition. Commercial and
pleasure fishing revenues will remain insignificant due to the small
populations of game fish, while recreational opportunities and aesthetic

pleasures will continue at their current extremely low levels.

Another important concern when considering the no-action alternative

is its effect on the lakes downstream from Lake Apopka. Since Lake

16



Apopka is at the head of the Oklawaha chain of lakes, the quality of its
water has a direct effect on the quality of the water in the lakes
downstream. The water quality data from 1973 to 1978 do not indicate

any extreme deterioration of any of the lakes; in fact, many values

improved from 1973 to 1978. With completion of the nutrient abatement

program in mid-1980, water quality in the downstream lakes can be

expected to improve or at least be maintained at current levels for most

parameters. It should be noted, however, that downstream lake water

loading from Lake Apopka but
of the individual lakes'

quality is not only affected by pollutant
also by pollutant contributions from each

watersheds. Any improvement in the water quality of the downstream

lakes by the pollution abatement programs currently being implemented

for Lake Apopka could be negated by any increase in pollutant loading in

the individual lakes' watersheds. Therefore, land use practices which

accelerate the movement of potential pollutants into these lakes should

be discouraged in order to optimize benefits from the Lake Apopka pol-
lution abatement program.

Enhanced Fluctuation

e e A A A LA L A LR

The Oklawaha Chain of Lakes evolved under conditions of extreme

water surface fluctuation. Natural fluctuations in lake levels resulted

from variations in rainfalil patterns, evapotranspiration, surface and
groundwater inflow and outflow and geological conditions. As man developed
the area, however, he altered this natural system of high and low water
levels to satisfy his.needs and to protect property. These water level
stabilization efforts by the flood control districts and other agencies
have been a major contributing factor to the increasing degradation of

Florida lakes (Fox, Brezonik, and Keirn, 1977). Unregulated lakes have

withstood abuse better than regulated lakes. The organisms inhabiting

lake ecosystems in Florida have evolved under, and therefore are adapted

to, periodic and sometimes extreme fluctuations of water levels.

The importance of fluctuating lake levels is multi-faceted. During

the low flow period of the cycle, unconsolidated bottom sediments are

exposed to air and sunlight, which allows the sediments to oxidize, dry

out, and compact. If this cycle is repeated on a natural basis, uncon-
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late and
solidated flocculent sediments will not have a chance to accumu

tom
accelerate the eutrophication process. Also, consolidated bot

water
sediments release fewer nutrients and suspended solids to the

column, thereby retarding water quality degradation.

A consolidated lake bottom provides a suitable substrate for
habitation of desirable aquatic macrophytes, for game fish spawning, and
for a diverse assemblage of benthic invertebrates (Fox, Brezonik, and
Keirn, 1977; FG&FwrC, 1974b). Such a diversified, stable lake ecosystem
has a greater assimilative capacity for nutrients and pollutants than a
lake with few aquatic macrophytes (ECFRPC, 1972b). The low pool stage
of lake level fluctuation also allows light to penetrate to a greater
area of the lake boﬁtom due to the shallower water. Aquatic plants can
then beconme eéstablished farther from the original shoreline, thereby

e
increasing the lake's littoral zone, Studies by FG&FWFC personnel hav

shown that "...the lakeward limit of perennial emergent plants is

related to historically low water elevations” (ECFRPC 1972b).

High stages of 1ake level fluctuations occur during the period of

i nts
greatest rainfall. As the lake's volume of water increases, nutrie

are.diluted and the lake experiences a flushing effect. When the lake

rients
starts returning to a more normal or lower stage, many of these nut

are removed from the lake. Therefore, the greater the fluctuation of a

lake, the more flushing action wil] occur. This results in a shorter

. ts
detention time for the lake and decreases the opportunities for nutrien
to contribute to eutrophication,

When man reduced the fluctuation schedule of Lake Apopka and the

entire Oklawaha Chain, he ignored the dynamic natural system under which

the lakes had evolved, Stabilization of thege water levels has since

led to undesirable changes in the lakes' biological communities (SWFWMD,
1976).

unconsolidated bottom sediments, nutrient enrichment due to a reduction

and a reduction in figh and wildlife
populations, Thus, the lake level sta

Lake Apopka in the 1950

in littoral zome vegetation,

bilization program implemented on
s has contributed to the lake's degraded condition,
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A review of Lake Apopka's history indicates a trend toward reduced
fluctuation schedules. TFrom 1942 to 1956, the lake varied in elevation
a total of 1.6 m (5.3 ft), from 19.5 to 21.1 m (64.0 to 69.3 ft) msl
(ECFRPC, 1972b). The surface elevation of Apopka is now maintained
between 20.3 and 20.6 m (66.5 and 67.5 ft) msl (SWFWMD, 1976), and the

lake would seem a likely candidate for enhanced fluctuation. The presently

allowed 0.3 m (1.0 ft) of fluctuation is insufficient to produce any
significant exposure of bottom sediments; no consolidation occurs and

the associated benefits of fluctuation camnot accrue.

The degree of fluctuation in Lake Apopka could easily be increased

since the sill depth of the tainter gates at the Apopka-Beauclair Canal

Lock and Dam is 19.2 m (63.0 ft) msl. A periodic drawdown to 19.2 m,

however, would expose only approximately 13% of Lake Apopka's bottom

(RSB&W, 1978). Although such exposure could result in some consolidation

of bottom sediments and expansion of the lake's littoral zone, these

benefits would likely be insignificant and temporary. The exposed muck

bottom must be at least 0.3 m (1.0 £t) above water level for significant
consolidation to occur (Crapps, RSB&W, personal communication). However,
even if the muck did consolidate and aquatic vegetation did expand when

the lake level increased, this new growth would be covered by the turbid,

phytoplankton-rich water. The resultant intense shading might adversely

affect much of the newly established vegetation in the littoral zone.

Where the Apopka-Beauclair Canal joins Lake Apopka, the design

altitude of the canal bottom is approximately 18.3 m (60.0 ft) msl

(RSB&W, 1978). Thus, it would be theoretically possible to gravity

drain the lake to 18.3 m, but this would require lowering the entire

downstream chain of lakes far below their average levels. This in turn

would entail modification and precise coordination of the various water
control structures and require an intensive public awareness campaign.

1f the lake were drawn down to 18.3 m, 22% of the lake bottom would be

exposed. Although the long term benefits of this drawdown are not

quantifiable, substantial sediment consolidation and submerged macrophyte

establishment would probably occur. However, even if these fluctuations

were attempted in order to expose a segment of Lake Apopka's bottom, the
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time frame necessary for a successful schedule might be extensive., For
example, Anderson (1970) estimated that it would take more than seven
years to gravity drain Lake Apopka from 20.0 m (65.7 ft) to 18.9 m (62.0
ft) msl, without extenmsive downstream lake level modifications. Therefore,

this is not considered to be a feasible fluctuation alternative.

If pumps were used to enhance the drawdown to 18.9 m, the fluctuation
schedule would still require unreasonable periods of time due to the low
head differential between Lakes Apopka and Beauclair (unless Lake Beaucla?r
and other downstream lake levels were substantially lowered). In addition
to the necessity of dredging the Apopka-Beauclair Canal and installing
pump stations, the lake would have to be refilled before winter to
provide frost/freeze protection for the citrus groves. Assuming all
these conditions were met, and 22% of the lake bottom was exposed at
18.9 m msl, at least 9780 hectares (24,180 acres) of the lake would
still be covered with a deep layer of unconsolidated sediments. When
the lake was refilled, this material might be distributed over the
recently dried bottom, thereby negating the benefits of consolidation.
However, if Lake Apopka were allowed to undergo extreme fluctuation on

an annual or semi-annual basis, then substantial benefits would most
likely accrue.

Enhanced fluctuation has been increasingly recognized by State and
local agencies as an important natural function of Florida lakes. To
slow the eutrophication process of the Oklawaha Chain of Lakes, the
Southwest Florida Water Management District (SWFWMD) and the St. Johms
River Water Management District (SJRWMD) have worked on plans to enhance
the fluctuation of these lakes. The SJRWMD is now in charge of regulating
the lake stages and is evaluating the present operating levels. NoO
schedule changes have been proposed as yet, but a mathematical model to
simulate storm runoff in the Oklawaha Basin is being developed.
When the model is completed, it will be used as a tool to evaluate

current levels and recommend new regulatory stages (Winegardner, SJRWMD,
personal communication).

Many problems have been encountered in proposing new lake levels

for a greater fluctuation of the Oklawaha Chain of Lakes. Agricultural
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and urban development has occurred in the floodplains and shorelines of
the basin since the lake stabilization program was implemented. Such
cultural expansion makes it difficult to increase the fluctuation schedule
significantly without impinging upon these developments (ECFRPC, 1972b).
During low water elevations, the lakes are less éccessible, and some

canals become non-navigable due to the shallower water. Thus, recreational

fishing and boating are adversely affected, When the lakes are at

maximum operating levels, many landowners fear that dikes will fail and

cause flooding of homes and important agricultural lands (Winegardner,

personal communication). It is because of these constraints that the

current fluctuation schedule is so moderate in design. The lake's water

quality is not expected to improve under such a moderate fluctuation

schedule. However, any increase in fluctuation would be beneficial

(SWFWMD, 1976), even though improvement of the lake's degraded condition
may not be expected for many years.

Aeration

Aeration of a lake is the uge of compressed air or pure oxygen or
mechanical pumping of air to increase the dissolved oxygen content of

the lake, especially of the bottom water (Fast, 1975).

Many eutrophic
lakes experie

nce semi-annual periods of oxygen depletion with microbial
decomposition of organic matter primarily responsible for this shortage

of oxygen. However, Lake Apopka is shallow and well-mixed by wind

action. Oxygen rich surface water constantly replaces oxygen-depleted

water near the bottom. In spite of tremendous amounts of decomposing

no significant oxygen depletion has been documented in
Lake Apopka. From this standpoint, aeration of the lake would not be-

organic matter,

expected to significantly improve water quality or lead to the recovery
of any desirable species of plants or animals.

Bottom sediments may also be affected by aeration. Experimental
work tentatively suggests that release of compressed air at the water-

sediment interface of a lake may enhance the aerobic decomposition of

the organic sediments. However, this process is poorly understood, with

key questions remaining to be answered. Until these questions are
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investigated, the use of aeration to deal with problems associated with

flocculent sediments will remain a speculative possibility.

Since preparation of the DEIS, DER received a proposal from Clean=
Flo Laboratories, Inc., of Hopkins, Minnesota, to aerate and restore
Lake Apopka. A brief description of the proposal is presented here; for
more detail, see Appendix C. Two processes would be utilized in the
aeration proposal. Multiple inversion or mixing would be used to oxygenate
bottom water. Multiple inversion of Lake Apopka would require compressors,
Clean-Flo microporous ceramic diffusers and almost 1,000,000 m (3,000, 000
ft) of tubing. In theory, the diffusers would be placed on the bottom
of Lake Apopka and would release bubbles which would rise to the surface
bringing bottom water with them to be oxygenated. The other process
would be to seed the bottom of Lake Apopka with 'beneficial organic
sediment consuming micro-organisms". Over 100,000 liters of these
"sediment-consuming" bacteria would be added to Lake Apopka in order to,
in theory, consume the flocculent muck and accelerate establishment of
the food web. The estimated cost of the project at 1978 prices is
$11,259,000 and the project would extend over ten (10) years.

The basic concepts in the Clean-Flo proposal are that aeration will
turbulently mix Lake Apopka and oxygenate the water and that this--
oxygenation along with the "sediment-consuming" bacteria will alleviate
some of the problems associated with the flocculent sediments. However,
the overriding premise in the Clean-Flo proposal is that Lake Apopka
requires aeration. Lake Apopka, due to its morphology, receives more
than adequate oxygenation through turbulent mixing by wind actiom.
Furthermore, the ability of the "mystery microbes" coupled with aeration
to alleviate sediment related water quality problems is still speculative.

Therefore, the Clean-Flo proposal was found not to be a cost effective
means of restoring Lake Apopka.

Dredging

The primary advantage of dredging as a lake restoration technique
is that it removes nutrient-rich sediments from the lake bottom, thereby

preventing nutrient recycling. Water quality is often improved due to

22



this removal of a large nutrient source. Furthermore, dredging deepens
the lake, increasing the usable area of the lake for recreational purposes.
This deepening can also reduce wind and wave resuspension of the remaining
muck sediments, since wave induced turbulence decreases as lake depth

increases. Furthermore, if Lake Apopka were deeper, the increased lake

volume would be to the citrus growers' advantage by providing potentially

greater frost/freeze protection.

In northern lakes which are made deeper by dredging, the lake water
can becope stratified with regard to water temperature. During the
summer when maximum phytoplanktoh growth 6ccurs, nutrients from the
remaining sediments can béitrapped in the cold water layer at the bottom,

thus limiting the amount of nutrients available for propagation of

phytoplankton blooms. However, this nutrient-restricting stratification

benefit does not occur in shallow, subtropical lakes, due to the relatively

limited temperature range of the water and the mixing caused by wind
action.

The disadvantages of dredging are numerous and in many instances
overshadow the benefits derived from this restoration technique. While
bottom sediments act as a source of nutrients,
sink.

they also act as a nutrient

A balanced equilibrium exists in lakes between the nutrients in

the sediments and the water columm. Dredging may expose nutrient-poor

sediments which have a lower nutrient absorptive capacity, thus weakening

the ability of the lake to cope with new nutrient inputs (Sargent,

1976). However, Fox, Brezonik, and Keirn (1977) indicated that the muck

of Lake Apopka is saturated with nutrients and that any agitation releases,
rather than stores, phosphorus and nitrogen. Thus,

while the newly
exposed bottom would cause no new problem,

the process of.dredging could
release nutrients from the sediment through the agitation of the bottom

material, thus further degrading water quality in Lake Apopka and the
entire chain of lakes.

The agitation caused by the dredging process can adversely affect a
lake by making more nutrients available for phytoplankton growth. As

the phytoplankton increase in number, light transmission through the
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water is decreased. This could adversely affect littoral vegetation.
Furthermore, As the phytoplankton die, they sink to the lake bottom
adding to the accumulation of flocculent organic matter. The dredging
of lake bottoms also results in abnormally high turbidity levels in the
water column, further reducing light transmission and exerting a smothering
effect on aquatic plants and animals. This may be especially true for
Lake Apopka, since dredging such extensive deposits of muck would
require at least four to five years. A 1970 study at Seattle University
showed that this "suspension of the sediments can increase the oxygen
uptake rate by a factor of ten" (Dunst et al, 1974). This could cause
oxygen deplefion and result in fish kills during the period of dredging.

In the process of removing the bottom material, benthic inverte-
brates would also be removed. Although Apopka currently has a limited
variety of bottom dwelling organisms, these animals serve as an important
food source for game fish, Long—terﬁ studies at the University of
Wisconsin indicate that more than two years are required for re—-estab-
lishment of the bottom fauna after dredging (Dunst et al, 1974). In a
similar manner; the dredging process would remove dormant seeds of
aquatic vegetation which are important for expansion of the littoral
zone in the restored lake. Thus, dredging would seriously delay the re-
establishment of a healthy and productive lake ecosystem. This delay
does not conform well with the project objective of providing aquatic

habitats capable of supporting substantial game fish and wildlife
populations.

3
It has been estimated that Lake Apopka contains 222,000,000 m

(290,000,000 yd3) of flocculent organic material. To realize substantial
long-lasting benefits from the dredging alternative, a major portion of
this muck must be removed. Otherwise, the remaining material would be
distributed over the 'restored" lake bottom, negating the potential
benefits in these areas. Various dredging methods are available to

remove the bottom sediments, but environmental damage and operational

costs are important considerations.

Using the dragline method to dredge Lake Apopka would cost approxi-
mately $127 million (FDPC, 1971; corrected to 1978 cost index from the
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U.S. Department of Commerce, 1978); however, this method would cause

extreme turbidity problems and envirommental damage. The cost estimate
also does not include disposal costs for the muck thst would be removed.
This is an important consideration in that the return waters from dredge
spoils are high in nutrient concentrations and, if not treated properly,

can cause further environmental damage (Dunst et al, 1974). Therefore,

this method of dredging is not environmentally acceptabie at any cost

due to its potential for degrading Lake Apopka and the entire downstream
chain of lakes.

To ensure that water guality is not degraded to any great extent,
an airlift suction method of hydraulic dredging could be utilized at a
cost of approximately $3.90 - $4.50/m> (s3.00-$3.50/yd3). At this unit
price it would cost $870 - $1,015 million to dredge all of Lake Apopka.
Again, this estimate does not include costs for disposal, handling,
transportation, and processing of the dredged spoils. Thus, the cost of
implementing dredging as the restoration technique for Lake Apopka

appears to be prohibitively expensive both economically and environ-
mentally.

Suggestions have been made to offset the high cost of dredging by

utilizing private capital to remove the muck and recycle it as a marketable

product. In theory, this recommendation has merit because it would

defray the cost of the restoration by using the private enterprise

system. Instead of the muck being discarded as a nuisance, it would be

processed and put to some beneficial use. However, certain problems

exist with this proposal which prohibit it from being implemented in the
near future.

The most logical use of the muck would seem to be spreading it on

the adjacent farms to the north of the lake. This seems especially

attractive since the poorly drained soils on which these farms are based
lose a layer of organic material each year due to oxidation. Unfor-

tunately, the muck dredged from the bottom of Lake Apopka is not equivalent

to soil used on the farms. The muck would have to be processed (spread

and dried while being continuously Plowed so as not to consolidate)
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before it could be utilized. This process would be quite expensive and

most farmers are not willing to invest enough capital to make the dredging
and processing alternative financially feasible. Any attempt to place

dredged muck directly onto existing farm fields would ruin the present
irrigation systems.

Another proposal for utilizing Lake Apopka's bottom sediments

considered processing the muck to produce methane gas, which could be

sold as fuel. This commercial project is particularly desirable in

light of the present energy situation and would solve the problem of

where to discard the sediments. However, conversations with W. M.

Cauthen, of Florida Gas Corporation, indicated two major problem areas

with this proposal: (1) Additional technology is needed before this

gasification process is commercially feasible. Thus, it would be a

minimum of five ye