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PREFACE

The objective of this report is to assemble and summarize
seven years of water quality data collected on Lake Okeechobee.
The formaf provided should be useful in prompting more intensive
fdtu?e,aha]yses of the data.

| The fnitia? design and field efforts for this program
belong to Messrs. Fred Davis and Michael Marshall. Collection
of the quantity and quality of data presented herein would nof
have been'possible without the technical support of numerous
field and laboratory technicians.

The authors are indebted to Drs. Earl E. Shannon and
Jay J. Messer for their helpful criticism and review of the

draft report{.
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CHAPTER 1
INTRODUCTION

Lake Okeechobee is an important body of water from the perspective of
Timnology, water resource management, economics, recreation, and wildlife
habitats. The lake has the second largest surface area of any freshwater
Take wholly contained within the United States. It is the focal point
of a complex water management system which provides flood protection and
water supply to over 3 million people. The lake supplies essential irriga—
tion wéter~to an agricultural industry with a value of farm production in

the range of $500 million to 1 billion dollars a year while directly supbort—
ing a large commercial fishing industry. The lake is also a world renowned
recreational fishing and hunting area.

In attempts to increase the ability of Lake Okeechobee to meet these
varied uses, the lake and its tributaries/distributaries have been con-
sidefab1y a]teredf Modifications were bégun in 1881 by Hamiltbn DiSston._
and continue_to the present. The lake is now completely regulated with all
- inflows and outflows, except for Fisheating Creek, being contrd11ed by
some type of water control structure. The lake itself is completely sur-
rounded by. a 25 foot dike which is built on the 15 foot MSL contour.

This dike was designed to prevent flooding which historically accompanied
tropical storms, and to increase the storage capacity of the lake.

Due to the critical, and at times conflicting, nature of the uses to
which the lake is put,and due to man's recent concern about the environment,
Lake Okeechobee'has'beén the sdbject of many diverse scientific §tddies.
Table 1-1 provides a concise bibliographical sumhary of recent investi-

_gafions on Lake Okeechobee. Data collection on the lake was begun in




TABLE 1-1. A BIBLIQGRAPHIC SUMMARY OF RECENT INVESTIGATIONS ON LAKE OKEECHOBEE AND ITS WATERSHED

Biological and

Water Quality Surveys Paleolimnological | General Reports
History and Geology and Pollution Loading Studies : __{Summaries)
Parker and Cocke 71944 Parker et al, 1955 Gleason and Stone 1975 Gleason 1974
Will 17964 Florida Game and Fresh Water Marshall 1975 McCaffrey et al. 1976
Tebeau 1974 ]F;ggcg’g;”}?sw“ (1966, 1967, p o ot al. 1975 MacGill et al. 1976
- Brooks 1974 Gayle 1975 Browder 1977

Joyner 1971, 1974

EPA Working Paper #259 1973
Brooks 1974

Brezonik and Federico 1975

Waller and Earle 1975 Gleason 1974
Ager et al. 1975

Waller 1976

Pesnell and Brown 1977

Brezonik et al. 1979

federico and Brezonik 1975
Davis and Marshall 1875
Lamonds 1975

McPherson, Waller and
Mattraw 1976

Lutz 1977

Black, Crow and Eidsness 1977
Messer and Brezonik 1977, 1978
Miller 1978

Maddy 1978

Dickson et al. 1978

CHoM Hi11 1978, 1979

Brezonik et al. 1979

Messer et al. 1979

Kratzer and Brezonik 1981



1940 by the United States Geological Survey (U.S,G.S.) as part of their
survey of surface water quality in the Southeastern United States (Parker
et al. 19565). 1In 1969 the U.S.G.S., in cooperation with the Central and
Southern Florida Flood Control District (now the South Florida Water Manége-
ment District), initiated a three year project designed to document the
1imnoTogicaT characteffstics of Lake Okeechobee (Joyner 1971, 1974).
This study represented the first major attempt at assessing the trophic
state of the lake. Joyner conc]ﬁded that the chemical and biological
charaéteristics of Lake Okeechobee were indicative of an early eutrophic
condition. In January 1973 the South Florida Water Management District
(S;F.N.M.D.) began a limnological study of the lake which was designed
to continue the baseline water chemistry data base begdn by Joyner; develop
material budgets; determine systematic relationships among chemical, bio-
logical, and physical factofs; and assess the trophic state of the lake.
The first 18 months of this study were reported by Davis and Marshall (1975).
The S.F.W.M.D. has continued this major study to the present, the tesu1ts
of which aﬁe.the subject of thié report. The S.F.W.M.D, has also conducted
several other stﬁdies designed to evaluate phytoplankton dynamics and
priﬁary productivity (Marshall 1977); identify the major aquatic plant
communities in the lake's extensive littoral zone (Pesne]i and Brown 1977);
| and assess the impact of agricultural drainage waters on the lake (Dickson
et al. 1978).' In 1976 the S.F.W.M.D. and the Florida Sugar Cane League
(F.$.C.L.) initiated a joint program to gather water quality management
data for the Everglades Agricultural Area. The results of this program
are contained in two CHEM Hi1Y (1978, 1979) reports to the F.S.C.L. and
in Dickson et al. (1978). |



Other State agencies and universities also have been actively involved
in scientific investigations of Lake Okeechobee. Most notably, the
State of Florida, through the Department of Administration (DOA)}, Depart-
ment of Natural Resources (DNR), and the Department of Environmental
Regu]ation (DER), (former1y the Department of Pollution Control), funded
~ the Special Project to Prevent the Eutrophicatfon of Lake Okeechobee.

This project, in turn, funded‘numerous studies of Lake Okeechobee and its
major- tributaries. Summaries of the overall broject can be found in
McCaffrey et al. (1976). Studies specific to the fake included an'asses—
ment of agricultural drainage on the lake (Brezonik and Federico 1975);
an assessment’of_]imiting nutrients (Dye et al. 1975); studies of geo-
chemical sediment-water exchanges (Burton et al. 1975); and identificaton
of aquatic Vertebrate fauna (Yerger 1974).

The University of Florida has also been active in lLake Okeechobee .
research. Two University research grants have.been funded by the S.F.W.M.D.
The first grant evaluated the role of denitrification (Messer et al. 1979)
while the second, still in brogress, is designed to develop an in depth
understanding of nutrient cycles in the lake. The Florida Sugar Cane
League, a private organization, supported an intensive one year university
study of factors affecting primary productivity in Lake Okeechobee

(Brezonik et al. 1979).

FORMAT OF REPORT

This report presents the results of four distinct but related studies:
(1) trend detection; (2) spatial analysis; (3) material budget and trib-
utary analysis; and (4) trophic state assessment. These studies along

with methodologies and a description of the study area will be presented in



eight chapters following this introductory chapter. A summary of this
report along with the major conclusions will be presented in Chapter 2.
Chapter 3 will describe the study area with emphasis on the morphometric'
characteristics, hydroperiod of the lake, and basic land use in the
tributary basins. Collection methodologies and analytical techniques -
commoﬁ to each study will be addressed in Chapter 4. Methodologies
specific to each study, along with sample site locations, parametric-
coverage, and frequency of sampling will be presented in each appropriate
chapter prior to a discussion of the results. The quality of water in

the tributaries along with a discussion of qua11ty/dischargé relationships
will be addressed in Chapter 5. Discussion will focus on major inflows
and also on smaller inflows draining representative land uses. Based ubon
thé tributary qua]ify data and daily discharge measurements, annual material
budgets for this seven year study period will be calculated and discussed
in Chapter 6. Presented in Chapter 7 will be the results and discussion
of the routine water guality monitoring of eight limnetic zone stations.
These data will be the hasis of the discussion of annual and seasonal
trends in the limnetic water quality. Analysis of the spatial distribu-
tion of selected inlake water quality parameters collected at 40 stations
“will be covered in Chapter 8. Chapter 9 will synthesize the information
presented in the earlier chapters in an assessment of the lake's trophic
state. This assessment wi11 develop along several approaches, including
an evaluation of classical trophic state indicators, trophic state indices,
and input/output mass balance type trophic state models. Several mass

balance nutrient prediction models will also he evaluated.



CHAPTER 11
EXECUTIVE SUMMARY AND CONCLUSION
SCOPE AND OBJECTIVES

This report represents the culmination of an intensive seven year
(1973-1979) water Quality study of Lake Okeechobee. The study was designed
specifically to address thé chemical Timnology of the lake, Various
water quality parameters were measured in the lake and at the infiow and
outflow points in order to identify water quality trends and assess the
Také’s trophic state, The trophic state of a lake is a hybrid concept
involving a variety of biological and chemical conditions. Qualitative
designations of trophic state have traditionally been assigned to the lake
with certain biological and chemical characteristics. 01igotrdphic is a
term associated with lakes which usually have low nutrient concentrations;
10w chlorophyli a concentrations; low primary productivities, high
transparencies; high algal, benthic, and fish species diversities; and low
algal, benthic, and fish biomass. Eutrophic is a term assdciated with
lakes which usua11y have high nutrient concentrations; high chlorophyll a.
concentrations; high primary productivities; increased algal bloom
frequehcies; high algal, benthic and fish biomass; and low algal, benthic
“and f{sh species diversity, It is the biological conditions, and not
uéua]?y the chemical characteristics, which most notably impact é lake
and influence its usability to man, '

Since this study assessed only the chemical characteristics of

Lake Okeechobee, well established and documented relationships between
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water quality and trophic state were employed in order to determine the

lake's trophic state. Tt should be emphasized, however, that no direct

assessment was made as to the biological condition of Lake Okeechobee.

The general obiectives addressed in this study were:

(1)
(2}

(3)
(4)

(5)

(6)

Identify annual and seasonal limnetic water quality trends.
Examine areal distribution of Timnetic water quality and its
re1ationsh5p to tributary inflows. |
Identify annual water quality trends and quality/discharge -
rélationships at each tributary. |

Calculate annual lake material budaoet for each oflthe seven
years. _

Assess the trophic state of the lake using trophic state
indicators and indices, mass baiance models, and empirical
models.

Assess mass balance type trophic state nutrient predictive
equations and

Recommend mass balance model as criterion for eutrophic

control.




STUDY INTRODUCTION

Methodology

Lake Okeechobee and its tributaries were monitored extensively for
~Seven years from April 1973 through March 1980. The open wéters of the
lake were sampled on a biWeek]y to monthly frequency using either an eight
or forty station network. The lake's twelve major inflow and outflow points
were sampled biweekly throughout the study period. An additipna} five
minor inflows were sampled during two years (1973 and 1979). In total,
aver 5,500 watér samples were collected, Parametric coverage generally
inc]dded nitrogen species, phosphorus species, sodium, potasﬁium, calcium,
magnesium, chloride, alkalinity, color, turbidity, temperature, dissolved
oxygen and specific conductivity. In addition, chlorophyll a analyses
were performed on samples collected in the lake's limnetic zones from 1947
to 1977. These parameters resulted in the generation of over 115,000 data

points.

Major Events

Several major events occurred during this study which affected the
study-area., Since 1973, three regulation schedules have been in effect
for Lake Okeechobee. Regulation schedules provide operationaf guidelines
for the maintenance of maximum stage levels during the year. Attainment
of these maximum levels depends upon antecedent conditions in the lake
and its basins and upon sufficient rainfall. When the lake is below the
requlation schedule, the actual stage is a function of the inflows,
. gvaporation, and withdrawal demands. At the initiation of this studj in

1973, the lake's regulation schedule was 14.0 to 15.5 feet, In August




1974 the schedule was raised to the 14.5 to 16.0 foot level. The regulation
schedule was further increased to a 15.5 to 17.5 foot level in May 1978
after completion of the Port Mayaca structure {$-308). The implementation
of the 17.5 foot maximum regulation schedule resulted in most of Kreamer,
Torry, and Ritta Islands being inundated at times during 1978 and 1979.
These isiands were previOus]y used for crop farming over the.past 40 to
60 years. A drought in.1973—74 and implementation of fhe higher regulation
schedule in 1978 resulted in a wide variation in the lake stage This
study éhcompassed-thé fourth lowest (10.95' MSL 1n-May/June.19?4) and
fourth highest (17.65' MSL in October/November 1979) lake stage since
1911 (Figure 2-1). |

Other significant events included: (1) permitting of commercial
fishing via trawling and seining in 1976 for the first time sihce.1955;
(2) impTementation of the Lake Okeechobee Temporary Operating Permit
Interim Action F]an in July 1979 resulting in a decrease in the inflows
into the south end of the lake from pump stations $-2 and S-3; and (3)
Hurricane David on September 3, 1979, the first hurricane to strike the

east coast of Florida since 1965.
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SUMMARY OF MAJOR FINDINGS

Lake Okeechobee contains highly mineralized water for an eastern lake
(mean specific conductance of 589 pymhos/cm) which is dominated by calcium,
sodium, chloride and bicarbonate ions. The lake alse has moderaté1y high
and variable color levels (43 Pt units), high daytime dissolved oxygen
concentrations: (>6 mg/L), relative to FAC Chapter 17-3 Water Quality
Standérds, and an average percent 0, saturation of 100 percent. The major
ions, conductivity, and color did not display any readily apparent seasonal
variations. Dissolved oxygen concentrations were usually lowest in. the
summer and highest in winter. Lakewide méan annual turbidity averaged
18.0 JTU, with the highest values occurring in the winter, probably as a
result of wind-driven wave resuspension of bottom sediment. Significant
mean annual variations were noted for all the above parameters, although
steadily increasing or decreasing patterns from 1973 to 13979 were not
identified. The mean annual alkalinity, however, was higher from 1973
(2.58 meq/L) to 1977 (2.55 meq/L) than in more recent years (2.29 and
1.95 mea/L in 1978 and 1979, respectively), Conductivity was significantly
lower in 1979 than fn'the previous years. This was attributed to reduced
'pumpage into the lake frﬁm S-2 and S-3 as a result of implementation of
the Interim Action Plan and higher rainfall and hydraulic Ioadfng"rates.

Pﬁosphorus and nitrogen concentrations in the Take's 1imnetic zone
varied seasonally and displayed significanf annual trends. The inorganic
phosphorus and nitrogen concentrations demonstrated the most proﬁounced
seasonal fluctuations with the highest levels primarily occurring in

the winter and the lowest levels occurring primarily at the beginning
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of summer. The fall represented a period of increasing levels while the
spring represented a period of declining levels. It was hypothesized that -
higher fall/wintertime lake stages provided a mechanism for nutrient
transport from-the littoral zone to the limnetic zone. In addition,
increased wave resuspension of bottom sédiments may have caused -temporary
1ncreases in inorganic nutrient levels, especially nitrogen in the winter,
This was supported by a moderately high correlation bétweén turbiditj and
inorganic nitrbgen levels (r = 0.61). The spring and summer déc]ine'
in concentration was hypothesized to be a result of general increased
biological actifity. |

Significant changes were noted in the mean annual inorganic and total
fractions of both phosphorus and nitrogen. Annual ortho phosphorus
concentrations increased significantly from 1973 {0.005 mg/L) to 1974
{0.014 mg/L)and more recently from1978 {0.018 mg/L) to 1979 (0.045 mg/1).
The average concentration during the intervening years {1974 to 1978)
remaihed relatively constant (Figure 2-2}. The relatively 1afge recent
increases in Timnetic phosphorus concentrations'were hypothesizéd to
be a function of above average phosphorus loadings and increased
internal phosphorus cyclting. Prolonged flooding of the littoral zone
and the ‘inundation of Torry and Ritta Islands,as a result of high
lake stages in 1978 and 1979, were proposed.as possible mechanisms
for the increased internal phosphorus cycling.

The increases in the ortho phosphorus concentrations resulted in
significant changes in total phosphorus. The proporfiona] increases in

the annual total phosphorus concentrations from 1973 (0.048 mg/L) were

-12-
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more gradual than the increase in ortho phosphofus, although the most
sianificant increases again occurred recently, from 1978 (.65 mg/L) to
1979 (0.097 mg/L) (Figure 2-3). There have been no significant decreases
in. the mean annual total and ortho phosphorus concentrations from 1973 to
1979.. Concurrent with the increase in phosphorus concentrations was an
overall increase ih‘the proportion of ortho to total phosphorus from 19
percent in 1973 to 46 percent in 1979. Changes in the mean annual inorganic,
organic, and total nitrogen concentrations did not parallel the phosphorus
trend since both significant increases and decreases occurred from 1973 to
1979 (Fiqures 2-4 and 2-5).

There has been a siagnificant decreasing trend in the nitrogen to phos-
phorus (N:P) ratios from 1973 to 1979. The mean.annuaT inorganic nitrogen
to inorganic phosphorus ratioc decreased from 22.5 in 1973 to 6.7 in 1979.
Gradual decreases were evident from 1973 (22.5) to 1976 {19.4) with the
significant decreases occurring more recently in 1978 and 1979 (8.6 and 6.1,
respectivefy) (Figure 2-6). This decline in the annual N:P ratio was a
function of the dispfoportionate increase in phosphorus concenfrations re1af
tive to.nitrogen concentrations and also possibly a result of the lake |
adjustihq to low N:P ratios in the inflows.

On a seasonal basis, the lower inorganic N:P ratios have occurred in
the summer and the higher ratios in the winter. Summer nitrogen limitations
may cause a seasonal shift from diatoms to nitrogen fixing blue-green algae
late in the summer, a succession described by Marshall (1977). Inorganic
nhosphorus and nitrogen concentrations were sufficiently high in the winter
so that neither nutrient was probably 1imiting. ﬂthef factors (i.e., temper-
ature, light, micronutrients) may 1imit algal growth during the winter. The
decrease in the annual ratios in 1978 and 1979 was primarily the result of a

decrease in the peak wintertime ratios. The decreases in the mean annuail
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total nitrogen to total phosphorus ratios were not as consistent as with the
inorganic ratios., although the 1979 ratio (23.6) as significantly lower than
the 1973 ratio (43.9). The decreases in these ratios indicate at least a
temporary shift from maximum biomass yield being potentially Timited by
phosphorus to being potentially limited by nitrogen, assuming all other algal
growth requirements are met. The ambient concentrations of nitrogen and
phosphorus in the lake, however, were sufficiently high so that neither

nutrient probably limited the growth rate of phytoplankton.

Significant areal differences in the limnetic waters were noted for
all major parameters except dissolved oxygen and organic nitrogen.
Turbidity was generally higher over soft mud sediments than over hard
sand éediments, supporting the wind-driven wave resuspension phenomenon.
The sampling station closest to the Kissimmee River (C-38).had §ign1ficant1y
Tower major ion levels while the most westward station had the‘1owest
mean nutrient levels. The highest average inorganic nitrogen and inorganic
phosphorus Tlevels occurréd at the most southern stations closest to pump
stations S-2 and S-3,

Specific studies from May 1978 through September 1979 were conducted
to document, in greater detail, the distribution pattern of selected
water quality variables in the lake. The distribﬁtidn patterns which
displayed large variations in conductivity, phosphorus, and nitrogen
were se1ected as case studies designed to assocjate the areal patterns
observed in the Take to the quality and quantity of tributary discharges.
Since these case studies represent the extreme events in terms of high
-~ areal variability, they would tend to identify the maximum areas of
tributary influence as defined by rapid changes in ambient lake levels.

A large variation and high mean Tevel in specific conductivity was |

measured from August 6 to 10, 1978. The northern region of the lake
' ' -19-



showed a large area of reduced conductivity levels. Approximately 25 sq. mi.
of the northern region (4.2%) had conductivity Tevels which were two-
thirds below the majority or background level of the lake. An additiona]
25 sq. mi. (4.2%} in the same region had conductivity Tevels one-half
that of the rest of the lake. The lower conductivity levels in this total
50 sq. mi. area {8.4% of the lake) was directly attributed to large
releases from C-38. During these same dates, cohductivity levels were
elevated in a 28.5 sg. mi. area in the south end of the lake. This
fncrease in conductivity over 5 percent of the total Take surface was
attributed to pumpage from the Everglades Agricultural Area primarily
through S-2 and S-3. Pumpage from S-4 increased conductivity levels over
an additional 41 sq. miles {7% of the lake).

The largest degree of areal variation in total phosphorus was

measured during the September 8 to 13, 1975 sampling trip. 1In total,
23 percent (144 sq..mi.) of the Tlake's surface area had total phosphorus
concéntrétions elevated above the background levels for this date. Nine
percent (58 sq. mi.) of the increase was attributed to discharge from
Taylor Creek/Nubbin Slough through $-191. The remaining 14 percent

(86 Sq. mi.) area of elevated phosphorus levels was the result of discharge
from Fisheating Creek. Releases from C-38 appeared to have virtuaily no
effect on-émbienf lake phosphorus concentrations.

| The September 6 to 8, 1978 sampling trip displayed fhe largest
areal variation in total nitrdgen concentrations. During these dates,
4.4 pertent (27 sq. mi.) of the lake's surface area was elevated above
ambient levels. This area of elevated total nitrogen concentrations

occurred in the southern end of the lake and was attributed to pumpage
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from 5-2 and S-3.

There was a wide divergence of nutrient concentrations entering fhe
lake from the various inflows. The highest mean annual flow-weighted
total phosphorus concentration (0.906 mg/L) was measured at Taylor Creek/
Mubbin Slough at S-191. Consequently, S—191 has the Towest total nitrogen
to total phosphorus (TN/TP) ratio (2.5) indicating a large excess. of
phosphorus relative to plant requirements. The North New River and
Hillsboro Canals at $-2 and the Miami Canal at S-3 had the highest mean
annual flow weighted total nitrogen concentration (5.82 mg/L and
4.92 mg/L, respectively). These high nitrogen concentrations resulted
in the highest total nitrogen to total phosphorus (TN)TP) ratios of
any inflow (44.1 at S-2 and 51.8 at S-3) indicating a large excess of
nitrogen relative to plant needs. The Kissimmee River at S-65E had the
lowest mean annual flow-weighted phosphorus concentration (0.092 mg/L)
of any inflow to the lake excluding rainfall. S-65F also had the second
lowest flow weighted total nitrogen concentration (1,39 mg/L) next to
C-41A at S-84 (1.35 mg/L). Variations in nutrient concentrations at
most of the tributary discharge points showed positive correlations to
the amount of discharge.

The majority of the tributaries did not demonstrate any substantial
increase or decrease in nutrient levels from 1973 to 1979. The tributaries
which did show an increasing trend in mean annpual phosphorus levels were
S-4 (0.211 to 0.427 mg/L), the Kissimmee River (0.081 to 0.115 mg/L) and
S-191 (0.737 to 1.013 mg/L). S-2 and S-3 exhibited decreasing mean
annual total nitrogen concentrations from 1973 to 1974 while S-4

exhibited an increasing trend.



The annual flow weighted total nitrogen concentrations from all sources
remained relatively constant over the study period, ranging from 1.66 mg/L
in 1979 to 1.98 mg/L in 1977. The degree of annual fluctuations was
~ greater for total phosphorus than for total nitrogen, although the
fluctuations did not follow any'secular trend. The lowest annual flow-

- weighted total phosphorus conceﬁtration was in 1975 (0.107 mg/L) while

the highest concentration was in 1979 (0.163 mg/L). Based on comparisons
of mean annual limnetic and fTow weighted inflow concentratidns, the
ambient phosphorus‘1eye15!in the lake did not always respond proportionally
‘to the changes in the annua1.f1ow weighted phosphorus inflow concentrations.

Annuai.materia1 budgets for water, phosphorus, nitrogen, and ch1oridé
weré calculated for each of the seven years of this study. Over the
study period, the water budgets had excellent accountability, coming
~ within 4.0 percent of the storage reported by the Army Corps.of Engineers.
The average water residence time (excluding evaporation) and hydraulic
1oading rate (excluding rainfall) from 1973 to 1979 was 3.47 years and
1.57 m/yr, re#pective]y. Based Upon the average material budgets,
direct rainfall and the Kissimmee River accounted for 70 percent of the
water inflow to the lake. Evaporation was respomrsible for almost 66 per-
cent of the water'Teaving the lake. The Nubbin Siough/Tay10r Creek Basin
_ (5191 and S-T33) was the largest contributor of phosphorus, 29.6 percent,
although the basin supplied only 4.9 percent of the‘water. The next two
~ largest sources of phosphorus, the Kissimmee River and rainfall, con-
tributed proportionally less phosphorus (20.2% and 16.7%, respectively)
with respect to the amount of water supplied {(30.9% and 38.8%, respectively).

Similar disproportionalities existed for nitrogen with the EAA (S-2,



5-3, and S-4} contributing 25.0'percent of the total nitrogen load but
only 8.2 percent of the water. Again, the Kissimmee River and'rainfa11
supplied proportionally less nitrogen (24.6 and 24.3%, respectively) than
water. On a lake-wide basis the areal phosphorus and nitrogen 10§d1ng rate
averaged 0,347 and 4,32 g/m2 - yr, respectively. On the average, the lake
retained approxfmately 84 percent of the phosphorus input and 64 pekcent
of the nitrogen input. Annda1 phosphorus and nitrogen retention was
highly correlated to the water residence time.

A comparison of Lake QOkeechobee with literature critical values for
six common trophic state indicators (Secchi disk, chlorophyll a, total
phosphorus, ortho phosphate, total nitrogen, and inorganic nitrogen)
indicated that the lake was eutrophic. The same classification was
determined using a quantitative trophic state index based upon four
indicators (Secchi disk, chlorophyll a, total phosphorus, and total
nitrogen). There was no change in trophic state throughout the gtudy
period,

Eight nutrient ]oading models were evaliuated for their_app]icabi1ity
to Lake Okeechobee. The evaluation criteria included the ability of the
model to assess the trophic state of the Take as compared to the above
subjective indicators and quantitative indices, the ability of the model
to predict inlake nutrient concentrations, the model development data
base and the model parameters. The model which best fit these criteria
for both phosphorus and nitrogen was a modified Vo]]enweider (1976)
mcedel. This model predicted the average Timnetic total phosphorus

concentration from 1973 to 1979 within 2 percent and the total nitrogen
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concentration within 26 percent. Indivfdua] annqa] predictions ranged
“from 4 to 53 percent of the actual phosphorus and nitrogen concentrations.
In addition, the model was developed from a Florida data base with
~measured nutrient budgets and considered the effect of the water residence
“time on the lake's response to nutrient loadings.

ﬁ‘The modified Yollenweider (1976) model predicts a eutrophic state
for Lake Okeechobee'based upon both phosphorus and nitrogen locadings.
:Probabi1ity ana]yéis of the modified Vollenweider. (1976) model indicates
that Lake Okeééhobee had a 78 percent probability of 'being eutrophic
using_phoshhorus loadings and a 79 percent probability using-nitrogen
1badings. Thié is consistent with the trophic state assessment. involving
qualitative subjective indicators and quantitative indices.

The application of the modified Vollenweider (1976) model to Lake
Okeechobee indicated that, on the average, the phosphorus and nitrogen
loads to the Take were 40 and 34 percent, respectively, above the
excessive loading rate, the level which the lake can be expected to
remain eﬁtrophic. Since the lake is neither conclusively phosphdrus or
niprogenjlimited and since the modified Vollenweider (1976) model predicts
the same trobhic state based upon either nutrient, both the phosphorus |

~and nitrogen based models should be used to manage the lake at this time.
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CHAPTER I
DESCRIPTION 2F LAKE NKEECHOREE

Lake Okeechobee ranks as the second largest freshwater lake in the:
United States after Lake Michigan. The lake is centrally located in south
F]oridé between latitudes 27°12'N and 26°40'N and longitudes 80°37'W
and 81°08'W. Brezonik et al. (1979) described the origin and early
history of Lake Okeechobee. The lake originated by gentle epeirogenetic
uplift of an irregular marine surface (Hutchinson 1957). Uneyen sedi-
mentation by currents formed the original submarine depression during the
Pliocene -(Parker and Cooke 1944), Recession of the sea during the |
Pleistocene probably formed the lake itself. The original lake was
increased greatly by organic peat accumulation along the southern rim of
the lake about 6,300 years ago (Brooks 1974}, This natural dam reached
its maximum elevation (&20 ft. mean sea level, MSL)} less 'than 2,000 years
ago. In its natural state Lake Okeechobee had no channelized outflows. The
normal lake stage was a function of tributary inflows, direct rainfall,
and evaporation. Surface outflow from the lake occurred only during
periods of high lake stage (>~20 ft MSL). This Surface release of water
manifested itself as sheet flow over the southern and southwestern shores
through the shallow sawgrass Everglades and eventually goes to Florida
Bay and the Gulf of Mexicb. |

Prior to man-made alterations of the drainage basin, Lake Okeechobee
received surface inflow from approximately 4,000 sq. miles. Since the

early 1900's channel improvements and new canal systems have added
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approximate]y 600 sq. mi. of land to the lake's watershed. Figure 3-1
delineates drainage areas and differentiates between the natural drainage
area and those that have been added by man, Historically the Kissimmee
River, Fisheating Creek, and Taylor Creek were the brimary tributaries
to the lake. Additional smaller inflows occurred via Nubbin Slough
(nprtheastern shore), Nicbdemus Slough (western shore), Lettuce Creek
(eastern shore}, and Hendry Creek (eastern shore}. Non-point sheet flow
also occurred from areas along the northwest and northeastern shores,
including Lake Istokpoga.

Improvements in the drainage patterns to the lake were begun in 1881
by Hamitton Disston. According to Brezonik et al. (1979) (from Will 1956)
the Disston canals were dredged from old channels that had beén previously
dug by the Caloosa Indians or their predecessors. Since the early 1900's
major channel improvements and canal systems have been introduced.
Figure 3-2 displays the chronological succession of major drainage improve-
ments in the Lake Okeechobee basin. Most of the present drainage and
water supp1y system was designed and constructed by the U. S. Army Corps
of Engineers and is maintained and operated by the SFWMD.

Erection of low muck levees along the south and southwest shores
eliminated sheet flow into the Everglades in the early 19520's. These
original Tevees were breached by the 1926 and 1928 hurricanes with the
resultant loss of over 2,100 Tives (Douglas 1947). This catastrophe
resulted in the Corps of Engineers building a Targer levee around the south-
ern end of the lake. Construction of this section of levee was completed
in 1937, Later, between 1960 and 1964, the Tevee was raised several

additional feet and extended around the entire lake. Today the Take is
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Figure 3-2.  HISTORY OF THE CONSTRUCTION OF DRAINAGE CANALS AND FLOOD

CONTROL STRUCTURES FROM 1800 THROUGH 1973.
(Source: Brezonik et al. 1979 after Browder et al. 1973)




” completely surrounded by a large levee, the Hoover Dike, which extends

to a height of 40 ft. MSL}and encompasses approximately 750 sq. miles.

Due to construction of the Hoover Dike, Lake Okeechobee does not.receivé
any direct sheet flow runoff, With the exception of Fisheating Creek,

all the inflows to the lake pass through some type of water control
structure. Since the natural stope of the land south of the lake is

away from the lake, several large pump stations and canals are requiréd to
provide drainage into the lake from this area: however, these same canals
can also be used as a gravity irrigation system. Figure 353 shows the
major inflows and outflows to the lake and the direction in which water
travels. Table 3-1 describes the function of each water control structure
along the Hoover Dike.

Due to its shallow depth, Lake Okeechobee has an extensive 1ittoral
zone encompassing approximately 150 sq. miles. According to Pesnell and-
Brown (1977) the present 1ittoral zone is a product of recent lake stages.
Emeraent vegetation occupies about 95,482 acres, which is a band 1/2 to 9
miles wide extending primarily from CTewiston on the southwést to the
Kissimmee River on the north shore (Figure 3-4). The vegetation present
in this emergent zone is listed in Table 3-2.

Tables 3-3 to 3-8 present the 1970-73 land use characteristics of
each major drainage basin to Lake Okeechobee. In general, the entire
Lake Okeechobee watershed is dominated by some type of agricultural
activity. Cattle and dairy pasturelands are the primary land use activ-
ities north and northwest of the lake while cropland (sugarcane, vegetables,
etc.) dominate the drainage basins south and east‘of the lake. There
has not been any major shift in land use activities from 1970 to the

present.
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TABLE 3-1. DESCRIPTION OF LAKE OKEECHOBEE INFLOW AND QUTFLOW STRUCTURES

Pump Station

Location

Specifications

§-2

5-3

S-4

S-127

S-129

S-131

Narth New River
Canal at Lake
Okeechobee.

4 miles west of
the City of
Belle Glade

Miami Canal at

Lake QOkeechobee
in the Town of

Lake Harbor -

C-20 Canal at
Lake Okeechobee
3 miles N. W,
of Clewiston

L-48 Canal

12 miles S.W.
of the Town of
Okeechobee

L-49 Canal

20 miles S.W.
of the Town of
Okeechobee -

t-50 Canal

27 miles S.W.
of the Town
of Okeechobee

4-diesel powered pumps to drain 3/4 of

an inch of water from a 180 sq. mile
portion of the Everglades Agricultural
Area in 24 hours into Lake Okeechobee,
The maximum discharge is 3,600 CFS. Date
of Acceptance - February 1, 1957.

3-diesel powered pumps to drain 3/4 of

an inch of water from a 129 sq. mile
portion of the Everglades Agricultural

Area in 24 hours into Lake Okeechobee.

The maximum discharge capacity is

%,ggo c¢fs. Date of Acceptance April 7,
958.

3-diesel powered pumps to drain 4 inches
of water from a 4.3 sq. mile urban area
and 3/4 of an inch from a 111.7 sq.mile
portion of the Everglades AGricultural
Area in 24 hours (via Canals C-20, C-21).
The maximum discharge capacity is 2,805
cfs. Date of Acceptance July 11, 1975.

5-diesel powered pumps to drain 3/4 of
an inch of water from .a 31.2 sq. mile
tributary drainage basin into Lake
Okeechobee in 24 hours: The maximum
discharge capacity is 625 c¢fs. 15' x 50'
navigation lock adjacent to structure.
Date of Acceptance December 14, 1965.

3-diesel powered pumps to drain 3/4 of
an inch of water from an 18 sq. mile
tributary drainage basin into Lake
Okeechobee in 24 hours. The maximum
discharge capacity is 375 cfs. Date of
Acceptance December 14, 1965,

2-diesel powered pumps to drain 3/4 of

an inch of water from an 11.7 sq. mile
tributary drainage basin into Lake
Okeechobee in 24 hours. The maximum dis-
charge capacity is 230 cfs. 15' x 50'
navigation lock adjacent to structure
Date of Acceptance November 29, 1963.
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TABLE 3-1 (Continued)

Pump Station

Location

Specifications

S-133 L-D4 Canal at 5-diesel powered pumps to drain 3/4
: Tavlor Creek inch of water from a 31 sq. mile
T tributary drainage basin into Lake
Okeechobee in 24 hours. The maximum
discharge capacity is 625 cfs. Date
of Acceptance September 9, 1969.

S-135 L-47 Canal 15 mi. 4-diesel powered pumps to drain 3/4
S.E. of the Town inch of water from a 25.4 sqg. mile
of QOkeechobee tributary drainage basin into lLake

Okeechobee in 24 hours. The maximum
discharge capacity is 500 cfs.

15" x 50" navigation Tock adjacent
to structure. Date of Acceptance
March 6, 1970.

Inflow

Structure Location Specifications

S-71 C-41 Canal {Harney 3-Automatic vertical 1ift gates 25'
Pond Canal) 22 wide by 12' high each: 196.4 sq. mile
miles S.W. of the drainage basin south of Lake Istokpoga.
Town of Okeechobee The maximum discharge capacity is

6,800 cfs. Date of Acceptance October
1962.

5-72 C~40 Canal {Indian 2-Automatic vertical Tift gates 27'
Prairie Canal) 15 wide by 12.5' high each: 100.6 sq. mi.
miles S.W. of the drainage basin south of Lake Istokpoga.
Town of Okeechobee The maximum discharge capacity is 3,800

cfs. Date of Acceptance October 1962.

S-84 C-47A Canal (Brighton 2-Automatic vertical 1ift gates 21’
Canal) 8 miles west wide by 11.8' high each. Drains 70.4
of the Town of sq. mile basin and directly drains from
Okeechobee Istokpoga into the C-38 below S-65E. The

' max. discharge capacity is 9,000 cfs.
Date of Acceptance November .1963.

S-65EF C-38 Canal 6-Vertical 1ift gates 27' wide by 13.7'
{(Kissimmee River) high each. Drains entire 2,260 sq. mi.
8 miles west of the Kissimmee Basin. The maximum discharge
Town of Okeechobee capacity is 24,000 cfs. 30'x 90'

navigation lock adjacent to structure.
Date of Acceptance October 1964.
S-154 L-62 Canal (Popash 2-Concrete box culverts 8' x 10' with

Stough) 5 miles
west of the Town
of Qkeechobee

automatic gates. 32.4 sqg. mile drainage
basin west of Okeechobee City. The
maximum discharge capacity is 1,000
cfs. Date of Acceptance June 1978,
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TABLE 3-1 (Continued)

Inflow

Structure Location Specifications

5191 C-59 Canal (Nubbin 3-Automatic vertical 1iftgates 27' wide x
Slough) at Lake 12.6" high each. 188 sq. mile drainage
Okeechobee 5 miles basin N.E. of the town of Okeechobee via
S.E. of the Town of canals L-63S, L63N, The maximum dis-
QOkeechobee charge capacity is 7,440 cfs. Date of

Acceptance January 26, 1972.

OQutflow -

Structure Location Specifications

HGS-3 Miami Canal at 2-Horizontal swing gates each 25' wide.

- Lake Okeechobee Drainagedirectly from Lake Okeechobee
adjacent to S-3 into the Miami Canal. *The maximum

: discharge capacity is 4,300 cfs. Date
of Acceptance April 7, 1958.

HGS-4 N. New River Canal 2-Horizontal swing gates each 25' wide,
at Lake Okeechobee Drains directly from Lake Okeechobee
adjacent to $-2 into the N. New River Canal. *The

maximum discharge capacity is 4,300 cfs.
Date of Acceptance February 11, 1857.

HGS-5 €-51 Canal 2-Horizontal swing gates each 25' wide.
(WPR Canal) at Lake Drains direct]¥ from Lake Okeechobee
Okeechobee in Canal into the West Palm Beach Canal. *The

" Point maximum discharge capacity is 4,300
cfs. Date of Acceptance February 1955.
S-77 C-43 Canal 4-vertical Tift gates 20' wide by 11.9'

{Caloosahatchee River)

S.W. shore of Lake
Okeechobee at’
Moore Haven

high each. Drains directly from Lake
Okeechobee into the Caloosahatchee
River. The maximum discharge capacity
is 9,300 cfs. '

-* Computed from average lake stage level from April 1973 - March 1980.
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TABLE 3-2. THE YEGETATION OF LAKE OKEECHOBEE, FLORIDA

Plant Community

Bulrush
Spike—rusﬁ
Cattail

WilTow
Beak-rush

Wire Cordgrass
Sawgrass
Buttonbush |
Mixed Forest
Melaleuca
Mixed Grasses
Bog

Water Hyacinth
Water-Lily

Guava

-(Source: Supplement to Pesnell and Brown, 1977)
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Acres

2,427
17,609
24,128
10,419
15,120

6,907

4,041

1,426

1,642

972

9,552

582
202
401

34

TOTAL ACRES 95,482 (149.2

sq. mi.)



TABLE 3-3 LAND USE IN THE KISSTMMEE RIVER BASINY/

Lower Kissimmee Basin (below Lake Kissimmee)

Huber and Heaney (1974) 2/

res

Ac
Urban
Cropland
Improved Pasture 22
Unimproved Pasture 13
~Citrus
Forest
Swamp 78
Marsh
Barren
Total 45

Upper Kissimmee Basin 2/

Huber and Heaney (1974)

1,300
1,600
3,200
3,200
1,000
7,500
9,000
2,200

3,100

2,000

Urban 91,700
Cropland 1,200
Improved Pasture 234,600
Unimproved Pasture 236,000
Citrus - 107,100
Forest 38,200
Swamp 61,100
Marsh 130,300
Barren _ 0
Surface Water . 94,800
996,000
Entire Kissimmee Basin 2/
Huber and Heaney (1974)
Urban 93,000
Cropland 2,800
Improved Pasture 457,800

Unimproved Pasture 369,200

Citrus - 108,100
Forest 45,700
Swamp - 140,000
Marsh 132,500
Barren 3,100
Surface Water 95,800

1,448,000

;80urce: McCaffrey et al.
1970 land lUse

1976

|=2

3%
3%

49.
29.

4
59

2%

7%
.5%

.5%
6%

2%

A%

31

=)} 0 O w~d

6%
Th
.8%
.8%
%

A%

.6%

A%
.2%
6%
A%
5%
2%
7%
2%
. 2%
6%
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Baldwin (1975)

Acres
Cropland 700
Citrus 1,600
Pasture 128,600
Range 233,400
Native 80,600

444,900

Baldwin (1975}

Cropland 1,200
Citrus 107,700
Pasture 88,190
Range 376,350
Native 229,300

802,740

Baldwin (1975)

Cropland 1,900
Citrus 109,300
Pasture 216,790
Range 609,750
Native 309,900

1,247,640

o

2%

28.
- 52.
18.

13.
46,

a/
fo.
9%
4

;
1%

28.6"

3
17

2
. <
:
g%
7

4

48.9%
24.8%



TABLE 3-4 LAND USE IN THE TAYLOR CREEK/NUBBIN SLOUGH BASINJ/

' 2
Florida Dept. of Pollution Control (1974)—/

Acres k5
Agricultural 102,572 67.1%
Idle 0 0%
Forest 22,216 14.5%
Wetlands 22,111 14.5%
Urban/Built Up 5,916 3.9%

152,815

Soil Conservation Service (1973)

Citrus 2,700 1.6%
Cropland 500 3%
Improved Pasture 64,500 - 39.3%
Unimproved Pasture 51,400 31.3%
Forest 40,000 24, 4%
Non-Agricultural __.5,000 3.1%

164,100

1/ Source: McCaffrey et al. 1976
2 1970 tand Use
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TABLE 3-5  LAND USE IN THE FISHEATING CREEK BASIN

Florida Dept. of Poliution Control (1974)2/

Agricultural.
Idle )
Forest
Wetlands
Urban/Built Up.

Soil Conservation Service (1973}

Citrus

Cropland

Improved Pasture
Unimproved Pasture
Forest
Non-Agricultural

1/

" Source: McCaffrey et al.

g-/1970 Land Use

1976
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Acres

85,640
48,835
31,450
120,897

2,568

289,390

4,500
3,400
43,800
120,300
118,500

4,300

293,800

a/

« O

9%

af "

«Jso
.8%
8%

.5%
-2%
14.
40.
40.
6%

6%
9%
3%



-TABLE 3-6 LAND USE IN THE EVERGLADES AGRICULTURAL AREA—

Agricultural
Idle

Forest
Wetlands
Urban/Built Up

Soil Conservation Service (1975)

Citrus
Cropland
- Improved Pasture
Unimproved Pastur
- Forest :
Non-Agricultural

1/ Source: McCaffrey et al. 1976

2/ 1970 Land Use
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Acres

478,300
22,790

20

179,925

25,250

699,285

0
255,700
150,900

47,300

0

227,800 .

692,700

, 2/
Florida Dept. of Pollution Control (1974)"j

1/

68.
. 3%

24.
6%

38.
8%
.8%
0%
32.

21

4%

0%
7%

0%
o
fa

9%



TABLE 3.
3-7 BASINS

Lake Istokpoga Basin

Florida Dept. of Pollution Control

(1974) 2/

Acres
Agricultural 144,795
Idle 6,560
Forest 146,942
Wetlands 12,405
Urban/Built up 23,470

334,172

Harney Pond/Indian Prairie BasinZ/

%

43.3%
2.0%
44.0%
3.7%
7.0%

Florida Dept. of Pollution Control

(1974)
Agricultural 96,160
Idle 29,140
Forest 19,2856
Wetlands 81,055
Urban/Built up 2,590

228,230

42.1%
12.8%
8.5%
35.5%
1.1%

Soil Conservation Service (1973)

Acres
Citrus 56,600
Cropland 800
Improved Pasture 52,100
Unimproved Pasture 46,900
Forest 149,500
Non-Agricultural 55,900

361,800

%

Soil Conservation Seryice (1973}

Citrus 7,300
Cropland 1,600
Improved Pasture - 53,300
Unimproved Pasture 119,900
Wetlands 45,200
Non-Agricultural 2,900

230,200

Entire Lake Istokpoga and Harney Pond/Indian Prairie BasinZ/

Florida Dept. of Pollution Control

(1974)
Agricultural 240,955
[dle 35,700
Forest 166,227
Wetiands 93,460
Urban/Built up 26,060

562,402
1Source: McCaffrey et al.
2 .

1970 Land Use

42.8%
6.4%
29.6%
16.6%
4.6%

1976

Soil Conservation Service (1973)

Citrus 63,900
Cropland 2,400
Improved Pasture 57,430
Unimproved Pasture 166,800
Wetlands 45,200
Non-Agricultural 58,800
Forest 149,500

544,030

-4N-
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LAND USF]}N THE LAKE ISTOKPOGA AND HARNEY POND/INDIAN PRAIRIE

.6%
2%
14,
13.

4%
0 %\

o

- o

15.

5%

2%
A%
23.
52.
19.
2%

2%
of
n

o/
il

7%
44
10.
30.
8.
10.
27.

6%
7%
3%
8%
5%



TABLE 3-8
1980 LAND COVER DATA FOR SMALL PUMP STATIONS*

S-131 BASIN
. . Acre
Fish Farms 5
Improved Pasture - 6375
Levees - 90
Extractive _ 57
Cabbage Palms/0Oaks 77
Water 13
Rivers, Streams, Canals 174
Open and Undeveloped 14
Mobile Homes _ 14
Single Family Low Density 334
Willow 2
Cattail 11
7172

S-127 BASIN
Dairy Farms 20
Improved Pasture _ 17575
Spoil Areas 265
Cabbage Palms/0Oaks _ 5
Water : : 7
Rivers, Streams., Canals 187
Grassland : 56
PaTmetto Prairies ‘ 82
Open Under Development : 99
Open and Undeveloped ‘ a0
Mobile Homes 350
Single Family Low Density 27
Mon-Forested Fresh 1997
20766

S-129 BASIN
Improved Pasture 11333
Levees 208
Cabbage Palms/0Oaks 50
Rivers, Streams. Canals 180
Single Family High Density 334
' 12106

* Source: SFWMD files
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.07

.79
.18

.19
.19

.027
.15



TABLE 3-8 (continued) |
1980 LAND COVER DATA FOR SMALL PUMP STATIONS*

S-133 BASIN
Acre %
Citrus 6 .6
Ornamentals 4 015
Improved Pasture ‘ 15599 60.7
Unimproved Pasture 328 1.2
Levees 06 1.5
Extractive 502 1.9
Pine Flatwoods 257 1.0
Cabbage Palms/Oaks 911 3.5
Pine/Cabbage Palm 319 1.2
Oak 188 .7
Water 160 .6
Rivers, Streams, Canals 217 .8
Cultural & Entertainment : 34 |
‘Marinas & Boatyards 16 .06
Shopping Center _ 40 .1
Sales & Services 274 1.
Industrial 39 .1
Parks 16 .06
Recreational Facility 13 .05
Open Under Development 394 1.5
Open and Undeveloped 341 1.3
Multi-Family 234 .9
Mobile Homes ' - 978 3.8
Single Family High Density 50 .1
Single Family Low Density 938 3.6
Single Family Medium Density 1564 6.0
Educational Facility 161 .6
Other Governmental 22 .08 .
Medical Facility 23 . .08
Airports : 526 2.0
Electrical Power Facility ' 13 .06
Broadcasting or Receiving Towers _ 17 .06
Water Supply Facility : 4 .01
Cypress 767 2.9
Mixed Forested _ , 31 .
Cattail : > 23 .08
Non-Forested Fresh - 86 .3
25674
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TABLE 3-8 (continued)

1980 LAND COVER DATA FOR SMALL PUMP STATIONS*

S-135 BASIN

Sugar Cane
" Dairy Farms
Citrus _ _
Improved Pasture
Levees
Pine Flatwoods
Cabbage Palms/Qaks
Pine/Cabbage Palm
Pine/0ak
Water
Rivers, Streams, Canals
Sales & Services
Open and Undeveloped
Mobile Homes
Single Family Low Density
Cypress '
Non-Forested Fresh
Pine & Wet Prairies

NICODEMUS_SLOUGH BASIN

Improved Pasture
Unimproved Pasture

Spoil Areas
Commercial Forest (Pine)
Cabbage Palms/0Oaks
0id Fields Forested
Dak

Water

Rivers, Streams, Canals
Palmetto Prairies
Cypress
Mixed Forested
SToughs
Cypress & Wet Prairies
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LAKE STAGE REGULATION

The U. S. Corps of Engineers regulates the water stage in Lake
Okeechobee for water supply, flood protection, and navigation. From 1970 to
August 1974 the maximum lake stage was limited to 14.0 ft. MSL at the begin-
" ning of the wet seasbn (May) and 15.5 ft. MSL at the beginning of the dry.
season (October). In August 1974 an interim requlation schedule of 14.5
to 16f0 ft. MSL was impTemented. In order to provide greater flood pro-
tectfon and water supply, modifications were made to the water control
structures around the lake which, in May 1978, permitted the implementation
of the present lake regulation schedule. The present regulation schedule
varies between 15.5 ft. MSL (wet season) and 17.5 ft. MSL (dry season)
(Figure 3-4); Figure 3-5 displays two of the reqgulation schedules and'
déscribes how regulatory releases are made and what other types of releases
are permitted at stages-be1ow regulation 1eve1§. Nﬁen the 1ake stage exceeds
| thé maximum regulation schedule at any time, regulatory releases are made

in order to bring the lake stage down to the maxfmum level. The order

of priority for releases are first through the Agricultura] Area_(North
‘New River, Hillsbora, and Miami Canals). These releases are made to the’
Conservation Areas whi;h permit storage of the water and minimize the net
loss of water from the system. If additional releases are still needed to
bring the lake stage below regulation, then releases are next made through
the Caloosahatchee River and finally through the St. Lucie Canal. Releases
through Caloosahatchee River and St. Lucie Céna1 represent losses of the
surface water resource to tidewater. More specifically, when the Tlake
stage is in Zone C no regulatory releasesare made. Lake levels in Zone B

are lowered by discharges at the three major outfiows. Zone B
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releases are below the maximum possible in consideration of local environ-
mental and flooding concerns in the St. Lucie and Caloosahatchee estuaries.
When the Take stage reaches Zone A, maximum discharges are made from the
three outflows in the order previously described.

In addition to'regu1atory releases, releases are made from the lake
to provide water for agricultural demands, for public water supplies,
for well field recharge, and for maintenance of ecological habitats.
These releases are made on an "as needed” basis.

MAJOR EVENTS

Several major events occurred during this study which affected the
study area. Since 1973 there has been three regulation schedules in |
effect for Lake Okeechobee, as previously described. The implementation
of the 17.5 foot maximum regualtion schedule in 1978 resulted in.most
of Kreamer, Torry, and Ritta islands being inundated at times during
1978 and 1979. These islands were previous]y used for crop farming over
the past 40 to 60 years. A drought in 1973-74, and implementation of the
higher regulation schedule in 1978, resulted in a wide variation in the .
]ake stages. This study encompassed the fourth Towest (10.95' MSL) in
May/June 1974) and fourth highest (17.65' MSL in October/November 1979
lake stage since 1912.

Other significant events included: (1) permitting of fishing
via trawling and seining in 1976 for the first time since }955; _
(2) implementation of the Lake QOkeechobee Temporary Uperating Permit
Interim Action Plan in July 1979 resulting in a decreése in pumpage
at S-2 and S-3; and (3) Hurricane David on September 3, 1979, the

first hurricane to strike the east coast of Florida since 1965.
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CHAPTER [V
MATERIALS AND METHODS

Three major data collection efforts were conducted during this study
involving an eight station limnetic sampling program, a 40 station lake-
wide sampling program and an inflow/outflow sampling program. The details
specific to these three sampling proarams (i.e., parametric coverage,
station location, and sampling frequency) wi11 be preéented separately
in their respective chapters prior to the discussion of results. This
chapter will address the sampling and analytical techniques common to the

several data collection efforts. All raw data is available upon request.

SAMPLING AND ANALYTICAL METHODS

Water samples were collected at 0.5 meters using a 2.2 liter PVC
Niskin sampler. Those samples collected for dissolved nutrients and
anion analysis, (ortho-PO,, No;, NHZ, and NOE, SOZ, €1, alkalinity and

color) wéré filtered immediately upon collection through a 0.45 micron

(R)

membrane filter. Aliquots for catiocn analysis (Ca++, Mg++, K+,

Nucleopore
Na*)were also filtered and acidified with concentrated nitric acid (2
drops/60 ml). Unfiltered aliquots were collected for TKN, total POZ, total
Fe, TOC, total suspended solids, and turbidity. A1l samples were stored
-~ in poiyethy]ene bottles, on ice in the dark, until they were transported
back to the laboratory. In the laboratory the samples were kept at four
degrees Centigrade in the dark. Analyses were commenced within oﬁe week
of samnle collection.

~ The analvtical methods used in this study are described in Table 4-1
and were either recpmmended or approved by the Environmental Protection

Agencv or the American Public Health Association.
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In Situ dissolved oxygen, temperature, specific conductivity, and pH
measurements were made using a Hvdrolab Survevor IT(R) or a Hydrolab Series
8000(R) . Secchi disc readings were measured in centimeters using a standard
8" disc.

For purposes of this réport, inorganic nitrogen was calculated from the
sum of NO2, NN3, and NHa. Inorganic phosphorus is synonymdus with orthe
phosnhorus. The values for nitrogen and nhosphorus analyses are reported as
mg/L N and mg/P, resoectivelv.

CHLOROPHYI_LL ANALYSIS

Ch1orophy11 a sampies were collected for 3 vears, from Apri] 1974 to
March 1977. Unfiltered samples for chlorophyll anaTysis were p1aced in 1909
ml nolyethylene bottles and stored in the dark, on ice, until transnorted
back to the Taboratory (maximum time 24 hours). Immediately upon return to
the laboratory, the samples were filtered through Ge1man glass fiber filters
(0.45 micron pore s{ze) and neutralized with MgCOS. [f necessary,
the samnles were frozen for not more than one week before continuing the
analysis. The filters were ground for one to two minutes with a plastic
nestle and extracted with 90% acetone for approximatelv 18 hours. The
extracted samples were then analyzed on a Coleman double beam spectropho-
tometey usina the trichromatic method of Strickland and Parsons (1972).

RAINWAfER QUALITY COLLECTION METHODOLOGY

The qua1fty of rainfall in the vicinity of Lake Okeechobee was
measured by usinag three bQ1k precinitation collectors Tocated néar the
City of Nkeechobee, at the S-2 pumn station, and at S-131 (Fiqure 4-1).

The rainwater collection apparatus consisted of a 20 cm funnel covered by
a screen (1 mm mesh)}. The collection vessel was a 1 liter bottle., A

crown was placed around the edge of the screen in order torreduce perching
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‘TABLE 4-1. ANALYTICAL METHODOLOGIES

AutoAnalyzer II Method

_ : : . Detection
Determination Method _ Range Sensitivity Limits
Alkalinity Colorimetric Automated Methyl Orange, Technicon AA 11 , 0-5.0 meq/L 0.1 meqg/L 0.1 meg/L
' Method #111-71W, modified EPA Method #310.2 '
Ammonia Colorimetric Automated Phenate, Technicon AA II Method 0-0.50 mg/L 0.01 mg/L 0.01 mg/L
~ #154-71W, modified EPA Method #350.1
Chloride Colorimetric Automated Ferr1cyan1de Technicon AA IT 0-200.0 mg/L 2.0 mg/L 4.0 mg/L
Method #99-70W, modified EPA Method #325.2 '
Nitrite Colorimetric Automated Diazotization with Sulfanilamide 0-0.200 mg/L 0.002 mg/L 0.004 mg/L
and coupling with N-{1 naphthyl) ethylenediamine
S Dihydrochloride, Technicon colorimetric, automated AA II
¥ Method #120-70W, modified EPA Method #353.2
Nitrate Same as nitrite with Cadmium Reduction Column, 0-0,200 mg/L 0,002 mg/L, 0.004 mg/L
~Technicon AA 1I Method #100-70W, modified EPA Method #353,2 :
- Total Kjeldahl Colorimetric, Semi-automated Block Digestor, Technicon 0-0.10 mg/L 0,001 mg/L 0,002 mg/L
Nitrogen AR I Method #376-75W, 334-74A, modified EPA Method #351.2
Ortho Phosphate Colorimetric, Automated, Phosphomolybdenum Blue Complex 0-0,10 mg/L 0.001 mg/L 0.002 mg/L

with Ascorbic Acid Reduction, Technicon AA II Method
#155-71W, modified EPA Method #365,1

Total Phosphate Co1or1métr1c Semi-automated Persulfate Digestion followed 0-0.10 mg/L 0,007 mg/L 0,002 mg/L
by same method as Ortho Phosphate Technicon AA 11 Method _ o
#155-714, modified EPA Method #365.1



{Physica1 Parameters

N
7

TARLE 4-1 {fontinued)

AutoAnalyzer I1 Method {Continued)

Determination

Silicates

Sulfate

Total Dissolved

Iron

Total Iron

Determination

_ Suspended Solids

pH

Turbidity

Color

Method

Colorimetric, Automated Ascorbic Acid Reduction of
S111como1ybdate Complex, Technicon AA II Method #105- 71w

Colorimetric, Automated Methylthymol Biue, Technican AA II
Method #118-71W, modifijed EPA Method #375.2

CoTorimetric, Automated TPTZ Complex with thioglycolic
acid pretreatment, Technicon AA Il Method #109-71W

Colorimetric, Semi-automated, Hydrochloric Acid Digestion
modified Standard Methods 13th Ed., pp 192, 1971,
followed by Total Dissolved Iron Determination

Method

Gravimetric Standard Methods Procedure #2080, 14th Ed.,

pp 94, 1975, EPA Methods #160.1 to 160.4-
Electrometric, EPA Method #150.1

Nephelometric Standard Methaods #214A, 14th Ed., pp 132,

1975, EPA Method #180.1

Colorimetric, modified Standard Method #204A, 14th Ed.,
pp 64, 1975 (medified as per N.C.A.S.I. Technical Bulletin

- #243) modified EPA Method #110.2

Range -

0-20.0 mg/L
0-250.0 mg/L
0-1.0 mg/L

0-1.0 mg/L

Range

20-20,000 mg/L

0-14 pH

o pH)
0-1,000 N.T.U.
0-500 mg/L 1.0 mg/L

o Detection
Sensitivity Limit
0.20 mg/L 0.40 mg/L
5.0 mg/L 5.0 mg/L
0.02 mg/L 0.02 mg/L
0.02 mg/L 0.02 mg/L

Detection Range

1.0 mg/L or 5%
whichever is greater

(sensitivity 0.01

as platinum in
platinum-cobalt

solution

2% of scale used



TARLF A-1 (Continued)

Atomic Absorption

Metals - Maior Cation

Determination

Method

i
o
[t

I

Sodium

Potassium

Calcium

Magnesium

Atomic Absorption Direct Aspiration with Dual Capillary System
(DCS), EPA Method #273.1

Atomic Absorption Direct Aspiration with Dual Capillary System
(DCS), EPA Method #258.1

Atomic Gbsofption Direct Aspiration with Dual Capillary System
(DCS), Samples are treated with LA 03/HC1 with DCS, EPA
Method #215.1

Atomic Absorption Direct Aspiration with Dual Capiliary
System (DCS), Same Treatment as calcium, EPA Method #242.1

Range
0-150 mg/L

0-10 mo/L

0-150 mg/1

0-40 mg/L

Detection Range

As calculated from
absorbance

As calculated from
absorbance

As calculated from
absorbance

As calculated from
absorbance



‘and subsequent contamination by bird droppings. A1l the collection equip-
ment was constructed of a nlastic, except for the housing, which was con-
structed of wood. The collector was mounted 1 m above ground level, in
the open, in order to prevent ground splash and drip céontamination. The
rainwater coTlector was serviced daily during week days. Daily samples

(if any)-were frozen into biweekly composites.

MATERIAL LOADING METHODOLOGY

Material Toadings were calculated by combining daily flow rates at'
a particular site and time period, with the corresponding chemical data.
Since chemistry data was not collected daily, two chronologically successive
chemistry data points were averaged to give an estimated value for the time
period between these two points. This average was then used in conjunction
with daily flow data within the time period to cbmpute the daily loadings.
The mater1a1:1oads are reported in 106 grams ( = metric tonne). This was
one of the preferred techniques described by Scheider, et al. (1978); Flow
weighted concentrations were calculated by dividing the mass by the flow

for a given time veriod (i.e., annually or monthly).

ANNUAL PERIODS
Throughout this report year designations will reoresent the 12 moﬁth
period from April 1st of the year indicated through March 31st of the
following vear (i.e., 1973 corresponds to the period April 1, 7973 to
March 31, 1974).



CHAPTER V
TRIBUTARY WATER QUALITY

INTRODUCTION

This chapter will deal primarily with nitrogen and phosphorus levels
entering. Lake Okeechobee from the major surface inflows. The three major
outflows from the lake have, on rare occasions, served as minor inflows.
Under conditions of high canal stages and low lake stages, the Caloosahatchee
River (S5-77) discharged into the lake for one month in June 1974, the
St. Lucie Canal for:three days in 1979, and the West Palm Beach Canal (HGS-5)
for five weeks in 1974, and for one week in 1975 and 1976. Since these
were minor events, the quality of the discharge water will not be discussed.

Specific areas of discussion will focus upon: (1} the diversify of
the general water quality characteristics of the tributaries; (2) re]ative-
ranking of the tribufaries based upon nitrogen and phosphorus; (3) avérage
nutrient levels over the study period; (4) changes in the mean annual
phospho#us and nitrogen concentrations; (5) nutrient/discharge relation-
ships; and (6) nitrogen to phosphorus ratios. | |

The location of the inflows are indicated in Figure 5-1. These trib-
utaries were sampled approximately biweekly from April 1973 through |
March 1980‘(Tab1e 5-1).Sampling methodologies were prevfous]y described
in Chapter IV. Parameters covered included NO3, NOp, TKN, NHg, 0-PO4q,
Total POgq, S04, C1, alkalinity, total Fe, TOC, total suspended solids,
turbidity, color, dissolved oxygen, temperature, pH and conddctivity.
Flow-weighted concentrations presented herein were calculated by dividing

the total annual material mass by the total annual flow.



Station

N.N.R. & Hills. C. (5-2)
Miami C. (S-3)

Harney Pond C. (S$-71)
Indian Prairie C. {S5-72)
Fisheating Creek

Nubbin Stough (S-191)
WPB Canal {HGS-5)
Caloosahatchee R. (S-77)

5-4

Kissimmee R. (S-65E)

S-84

S-127
$-129
S-131
Taylor Creek (S-133)
$-135

Rainfall stations:
Okeechobee F,S.
S-2
S-131

St. Lucie Canal (S-308) )
(L004)

TABLE 5-1

SAMPLING FREQUENCIES

Dates

4/73-10/73
11/73-5/75
6/75-10/75
11/75-3/80

3/76-3/80

4/73-10/73
11/73-11/74

12/74-11/78

12/78-3/80

4/73-10/73
11/73-11/74
12/74-9/78
10/78-3/80

4/73-10/73
11/73-4/74
5/79-3/80

11/74-3/80

4/73-1774
2/74-12/76
1/77-3/80

54—

FOR TRIBUTARIES

Sampiing Frequency

weekly
biweekly
weekly
biweekly

biweekly

weekly
biweekly
monthly
biweekly

weekly
biweekly
monthly
biweekly

weekly
biweekly
biweekly

approx. biweekly

monthly

biweekly
monthly



RESULTS AND DISCUSSION

General Tributary Water Quality

Table 5-2 presents the mean and range of values for all water quality
parameters {except nitrogen and phosphorus) measured at the inflows to
Lake Okeechobee. Nitrogen and phosphorus will be discussed in more depth'
following this section. The 15 major inflow points to Lake Okeechobee |
exhibited a wide rénge of water quality characteristics. Mean cation
and anion Tevels exhibited a 4 to 15 fold range among the tributaries.
Th;s is typified by specific conductance which ranged from an average
of 1025 and 847 uymhos/cm at S-2 and S-3, respectively, to 167 and 168
pmhds/cm at S-84 and S-65E, respectively. One of the minor inflows {S-135)
also hdd a high average specific conductance (920 pmhos/cm). The 1ar§est
variation in a single parameter occurred in alkalinity which ranged from
0.33 meq/L at S-84 to 5.04 meg/L at $S-2. Total iron displayed a different
pattefn_with the lowest average concentrations occurring at S-2, S5-3,
anH S-4 (0.17, 0.16 and 0.16 mg/L, respectively) and the highest concen-
tration at S-72 (0.78 mg/L). |

In response to the low geographic relief of south Florida, total
suspended solids and turbidity levels entering Lake Okeechobee were very
Tow. Total suspended solids ranged from an average of 5.4 mg/L at
S-154 to 12.7 mg/L at S-3. Similarly, turbidity ranged froh‘an average
of 1.1 JTU at S-131 and Fisheating Creek to only 4.9 JTU at S-3.

Mean total organic carbon levels were relatively low at all the
tributaries ranging from 16.1 mg/L at S-84 to 28.8'mg/L at 5-23
however, the tributaries had high maximum total organic carbon concen-

trations from 29.8 to 93.9 mg/L.
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Figure 5-1 INFLOWS AND OQUTFLOWS TO LAKE OKEECHOBEE
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WATER CHEMISTRY PARAMETERS FOR LAKE OKEECHOBEE

TABLE 5-2.  SELECTED
INFLOWS
' Total
Alka- Sus.
S04 1 Tinity Total Fe TOC Solid
Inflow mg/L mg/L meq/L mg/L mg/L mg/L
5-2 1013 Y, 1361 5.04 0.17 28.8 1.4
46.1-251.9=/ 15.7-403.6 .24-10.0 ~ .02-.80 7.8-55.9  .7-5f.
$-3 77.5 113.4 4.05 0.16 23.0 12.7
190.0-129.1 62.8-277.2 .4-8.4 .02-.78 11.4-44.3  .7-95.1
5-4 67.7 114.6 4.02 0.16 24.5 8.3
 23.4-131.5  53,0-196.7 1.82-6.96 .02-.55 6.9-40.9  .8-35.7
Fisheat-  15.0 47.9 0.65 0.41 21.7 6.4
ing Ck  4.4-56.6 9.6-155.1 .07-4.22  .08-1.21 12.3-39.6 .3-66.0
5-127 65.6 88.0 2.70 0.31 . 24.4 6.4
35.2-109.6  28.7-207.9  .60-4.22 .02-1.07 14.8-31.4 - 1.0-16.0
$-129 7.13 72.1 2.44 0.27 24.3 6.3
53.1-80.2  17.6-109.1 1.39-4.22 .04-.96 16.1-47.6 1.0-14.0
5-131 34.0 80. 2 2.35 0.26 19.4 5.8
13.5-54.0  34.7-116.6 .30-4.22 .02-.90 12.4-35.1 1.0-24.0
5-133 55.8 75.2 2.09 0.31 19.2 5.9
- 43.0-69.1 18.4-123.6  .87-4.22  .02-1.35 10.6-29.8 1.0-17.0
5-135 52.9 111.5 3.45 0.18 21.8 5.6
46.7-62.1  82.9-170.7 1.78-5.44 .02-.66 12.0-38.6 1.0-11.0
S-71 36.9 30.9 0.87 0.50 19.8 7.0
9.3-75.0 7.9-102.3  .10-4.22 .03-1.40 6.0-37.8  .2-37.9
S-72 58.9 33.4 0.99 0.78 24.5 6.4
20.4-125.2 1.8-113.7  .10-4.22 .10-2.60 7.0-39.5  .4-37.5
S-154 A7.4 69.1 0.77 0.70 22.2 5.4
40.9-53.8  22.3-147.7 .43-1.12 .13-2.09 8.9-65.8  1.0-17.0
S-65E 21.1 19.7 0.60 0.40 17.6 6.2
8.5-40.0 4.0-67.0 .10-4.93  .18-.83  3.5-93.9  1.0-21.0
S-84 26.8 16.8 0.33 0.72 16.1 5.9
18.4-30.8  6.5-31.0 .08-4.22  .09-3.04 6.3-32.8  1.0-18.0
5-191 38.4 111.1 1.38 0.48 . 20.5 9.6
9.5-75.5 15.6-355.8 .02-1.37 8.9-35.9  1.0-136.4

.34-4.22

1/ Mean value April 1973 - March 1980

2/ Range
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TABLE 5-2 (Continued)
" Turbidity  Color
Inflow JTU Units
$-2 4.6 92
.9-25. 13-215
5-3 4.9 68
.7-23. 6-161
$-4 2.2 98
| .6-11.0 10-320
Fisheat- 1.1 217
ing Ck .4-3.5 28-344
5-127 1.5 172
. 05-3.6 85-320
$-129 1.4 136
.5-3.7 70-250
5-131 1.7 122
.4-3.0 70-255
S-133 2.6 111
.6-17.0 60-220
5-135 2.4 80
3 .7-8.7 35-170
5-71 1.6 181
.4-5.0 24-410
5-72 1.7 228
.06-9.4 25-700
S-154 1.3 187
.6-2.5 80-390
S-65E 1.8 107
| .8-4.4 50240
S-84 2.4 146
1 0.8-20.0 80-318
$-191 3.7 204
.5-49.0

26-400

Temp .0 Sp. Cond.
o¢ ma/L - umhos/cm pH
24.1 5.0 1025 7.67
13.2-32.3 .3-9.8  297-1990 .60-10.20
24.3 6.1 847 7.84
10.8-32.2 2.1-10.3 320-1500 .40-9.80
24.9 6.0 839 7.57
13.2-33.1 .4-13.8 360-1400 = 6.80-8.50
24.6 5.5 251 6.67
11.1-34.0 .1-10.8 22-1250 .10-9.40
24.8 5.3 787 7.68
14.1-32.0 .3-9.6  470-1310 .75-8.84
24,7 5.8 677 7.88
14.3-31.9 .3-9.8  430-845 - .78-9.38
25.1 6.8 654 7.68
16.1-34.0 .4-11.0 220-820 .08-8.40
23.4 5.4 664 7.64
13.5-29.9 1.7-9. 480-860 .91-8.40
24.1 5.8 920 7.97
14.0-32.0 1.6-9. 698-1100 .15-8.45
24.7 5.5 330 6.9
13.6-32.5 .3-9.6  75-2360 .60-10.30
24,9 5.3 349 ' 6.99
13.0-32.5 .3-10.0 97-1130 .50-9.87
22.9 5.5 364 6.60
13.6-31.5 .8-9.0  162-734 .10-7.30
23.6 6.5 168 7.05
15.1-31.1 2.0-9. 96-265 .00-8.40
23.1 6.4 167 6.69
15.4-29.4 2.3-9. 70-246 .70-8.40
24.2 . 4.7 603 . 7.06
13.3-31.9 .1-10. 130-1300 .70-8.51
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Table

Inflow
§-2

5-3
S-4
Fisheat-
ing Ck
§-127

- §-129
S-131
5-133
$-135
S-71
5-72
5-154
S-65E
-84

S-191

5-2 {continued)

5102

4,

14.8

12.4
.7/28.9

7.4
4/7.4

3.6
/1401

6.7
.9/11.4

6.8
.6/10.8

4.1
J7/9.7

5.9
.5/18.4

5.7
4/9.7

6.2

.5/14.1

7.5
.7/22.3
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As a group, the tributaries discharged water with high concentrations
of color. The extremes in the averages ranged from 68 at S-3 to 228 at
5-72. These high color levels result from natural tannins and ligands
which are common in south Florida and correspond to the moderate]y high
total organic carbon levels. |

The average pH of the tributary waters varied approximately 1.4 units
from a low of 6.6 at $-154 to a high of 7.97 at S-135. Several
tributaries demonstrated substantial variations in pH levels, with the
extreme case occurring at S-71 {range of 5.6 to 10.3).

Daytime dissolved oxygen concentrations were moderate ranging from
an average of 4.7 mg/L at S-191 to 6.8 mg/L at S$-131. Individual

values typically ranged from less than 2 mg/L to over 9 mg/L.
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NITROGEN AND PHOSPHORUS

North New River and Hillsboro Canals at S-2

The S-2 pump sfation provides drainage for the North New River and
Hillsboro Canals, two of the four major EAA drainage canals. The average
flow weighted total and ortho phosphorus concentrations at S-2 were 0.132 and
0.077 mQ/L, respectively, which was lower than 12 of the 17 surface inflows
to the lake. (Tables 5-3 and 5-4). S5-2, however, had the highest tota]
nitrogen concentration (5.82 mg/L) and inorganic nitrogen concentration
(2.24 mg/L) of any tributary (Tables 5-5 and 5-6). These high nitrogen concen-
“trations are the result of mineralization of nitrification of soil orgaﬁic
matter (muck), natural processes which are enhanced through present drainage
practices (Messer and Brezonik 1977, Messer 1978). No major changes in the
annual phosphbrus levels were observed during this study, with the Highest con-
centrations occurring in 1973 and the lowest occurring in 1976.(Tables 5-3
and 5-4). The highest mean total nitrogen concentration (7.31 mg/L in 1973)
was substantially higher than the next six years which ranged between 5.12
and 6.01 hg/L. Inorganic nitrogen concentrations were more uniform, fanging
between 1.99 and 3.50 mg/L.

Based upon the dissimilarity of the flow weighted and timé weighted
'concentratiohs for the seven year period, there was a significant quality/
discharge relationship for nitrogen (Table 5-7). Since the flow weighted‘
nitrdgen concentration was greater than the time weighted average concen-
tration for both total nitrogen (5.82 vs. 4,01 mg/L, respectively) and in-
organic nftrogen (2.24 vs. 1.28 mg/L, respectively), thé higher nitrogen
concentrations tended to occur during higher discharges. This relationship
can be identified graphically in Fiqgure 5-2. A similar relationship was

observed for ortho phosphorus but not for total phosphorus (Table 5-8},

_6]_



TABLE 5-3. FLOW WEIGHTED TOTAL PHOSPHORUS CONCENTRATIONS FOR TRIBUTARY INFLOWS

1973 1974 1975 1976 1977 1978 1979 Avg. 1973-79

Inflows _ Conc.l/ Conc. Conc. Conc. Conc. Cong. Conc. Conc.
N.N.R. & Hills C. (5-2) 0.177 0.125 0.171 0.099 0.112 0.107 0.123 0.132
Miami C. (S-3) 0.173 0.140 0.094 0.059 0.108 0.056 0.082  0.095
$-4 - 0.211 0.210 0.227 0.370 0.336 0.427 0.314
Harney Pond C. (S-71) 0.346 0.263 0.241 0.154 0.212 0.226 - 0.322 . 0.260
Indian Prairie C. (5-72)  0.319 0.219 0.335 0.146 0.203 0.166 0.252 0.217
Kissimmee R. (S-65E) 0.081 0.088 0.073 0.083 0.084 0.107 0.115 0.092
5-84 0.070 0.067 0.069 0.055 0.074 0.057  0.073 0.066
Fisheating Creek 0.126 0.498 0.205 0.190 0.138 0.142 0.203 0.235
s-127 &/ 0.384 0.459 0.459 0.459 0.459 0.459 0.533 0. 484
s-129 2/ 0.161 0.184 0.184 0.184 0.184 0.184 0.206 0.189
Coso131 2 0.150 0.139 0.139 0.139 0.139 0.139 0.153 0.138
' Taylor Creek (5-133) & 0.281 0.329 0.329 0.329 0.329 0.329 0.377 - 0.341
5-135 &/ 0.136 0.169 10.169 0.169 0.169 0.169 0.204 -~ 0.181
Nubbin Slough (S-191) 0.737 0.739 0.957 0.950 1.106 0.939 1.013 0.906
Rainfall / 0.057 0.058 0.049 0,063 0.093 0.052 0.053 0,061
Flow Weighted Average 0.138 0.144 0.107 0.131 0.161 0.134 0.163 0.140

_ iy Year represents period AprT} 1st to March 31st.
2/ Concentrations from 1974 to 1978 were computed using average of flow we1ghted concentrations for 1973 and 1979.

3/ Time weighted.
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TABLE 5-4 FLOW WEIGHTED ORTHOQ PHOSPHORUS

1973 1974 - 1975

Inflows ' Conc. Conc. Conc.
N.N.R. & Hills C. (5-2) 0.130  0.082 0.080
Miami C. (S-3) 10.703 0.118 0.058
5-4 - 0.162 0.162
Harney Pond €. (S-71) 0.273 0.179 0.185
Indian Prairie C. (5-72) 0.211 0.131 0.284
Kissimmee R. (S-65EF) 0.038 0.090 0.042
5-84 0.028 0.025 0.02
Fisheating Creek 0.086 0.359 0.148
5-127Y 0.267 0.299 0.299
s-129V 10.109 0.140 0.140
5-1311/ 0.060 0.108 0.108
Taylor Creek (5-133)Y 0. 255 0.258 0.258
5-1351/ 0.085 0.143 0.143
Nubbin Slough (S-191) 1 0.577 0.630 0.867
Rainfal12/ 0.036 0,039 0,047
Flow Heighted Average 0.093 0.113 0,074

1/ Concentrations from 1974 to 1978 were based on actual
measured in 1973 and 1979 '

2/ Time weighted



CONCENTRATIONS FOR TRIBUTARY INFLOMWS

: _ Avg.
1976 1977 = 1978 1979 1973-7
Conc. Conc. Conc. Conc. Conc.
0.059 0.067 0.058 0.066 0.077
0.033 0.054 0.014 0.048 0.054
0.175 0.293 0.264 0.391 0.254
0.107 0.152 0.157 0.215 0.185
0.099 0.147 0.109 0.143 0.139
0.033 0.048 0.057 0.076 0.058
0.019 0.043 - 0.022 0.046 0.028
0.127 0.029 0.087 0.151 0.161
0.299 0.299 0.299 0.304 0.299
0.140 0.140 0.140 0.147 0.140
0.108 0.107 0.108 0.118 0.108
0.258 0.258 0.258 0.259 0.258
0.143 0.143 0.143 0.152 0.143
0.720 0.992 0.854 0.692 0.749
0.038 0.056 0.035 0.043 0.047
0,086 0.113 0.093 0,113 0.100

flow and flow weighted concentrations
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TABLE 5-5 FLOW WEIGHTED TOTAL NITROGEN CONCENTRATIONS FOR TRIBUTARY INFLOWS

1973 1974 1975 1976 1977 1978 1976 Avg. 1973-79

Inflows Conc.lf Conc.. Conc. Conc. Conc. Conc, Conc, Conc.
N.K.R. & Hills C. (5-2) 7.3 5.63 5.50 5.12 6.01 5.80 5.91 5.82
Miami €. (S-3) 6.59 4.69 5.04 4.96 5.36 4,56 3.90 4.92
5-4 ; 2.42 2.42 2.52 3.19 3.43 3.29 2.56
Harney Pond C. (S-71) 2.37 2.10 2.24 2.26 1.90 2.21 2.59 2.26
Indian Prairie C. (5-72)  2.42 2.67 1.82 1.79 2.45 2.46 2.36 2.59
Kissimmee R. (S-65E) 1.50 1.26 1.24 1.36 1.80 2.01 1.35 1.39
5-84 | 1.25 .05 1.37 1.50 1.67 1.49 1.39 1.35
Fisheating Creek .54 2.89 1.77 1.54 1.75 1.73 2.41 2.08
s-127 2/ 1.72 2.15 2.15 2.15 2.15 2.15 2.58 2.3]
s-129 &/ 1.86 2.11 2.1] 2.11 2.1 2.11 2.37 2.17
s-131 & 1.55 1.83 1.83 .83 1,83 1.83 2.10 1.87
Taylor Creek (S-133) &/ 1.61 .84 1.84 1.84 .84 .84 2.07 1.90
5-135 &/ 1.58 1.98 1.98 1.98 1.98 1.98 2.37 2.14
Nubbin STough (S-191) 1.95 2.08 2.16 2.09 2.35 2.69 2.74 2.29
Rainfall 3/« B 1.06 1.06 1.06 1.10 1.12 1.18 1.05 1,09

1.67 1.84 1.64 1.98 1.79 1.66 1.74

Flow Weighted Average

1/ Year repkesents period April Ist to March 31st.

1.77

2/ Concentrations from 1974 to 1978 were computed using average of flow weighted concentrations for 1973 and 1979.

3/ Time weighted.
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1/ Concentrat1ons from 1974 to 1978 were based on

measured in 1973 and 1979

gj Time weighted

0.753

actual flow and flow weighted concentrations

TABLE 5-6  FLOW WEIGHTED INORGANIC NITROGEN CONCENTRATIONS FOR TRIBUTARY INFLOWS
- | Avg;
1973 1974, 1975 1976 1977 1978 1979 1973-79

Inflows conc. Conc. conc. Conc. fonc. Conc. gong, Cornic.
N.N.R. & Hills C. {5-2) 1.99 1.39 2.03 2.04 3.50 2.55 2,09 2.24
Miami C. (S-3) 3.51 - 1.04 2.37 2.27 2.44 1.69 1.21 2.02
$-4 - 0.423 0.443 0.445 0.953 0.903 0.940 0.740
Harney Pond C. (S-71) 0.529 0.418 0.415  0.605 0,400 0.467 0.385 0.457
Indian Prairie C. (S-72)  0.452 0.413 0.307 0.315 0.529 0.423 0.280 0.393
Kissimmee R. (S-65E) 0.142 0.141 0.202 0.145 0.232 0.084 0.148 0.197
5-84 0.095 0.92 0.255 0.271 0.333 0.162 0.132 0.143
Fisheating Creek 0.045 0.313  0.087 0.074 0.034 0.024 0.189 0.139
s-127/ 0.191 0.406 0.407 0.406 0.406 0.406 0.439 0.406
s-129/ 0.076 0.223 0.223 0.223 0.223 0.223 0.258 0.223
s-131Y 0.122 0.203 0.203 0.203 0.203 0.203 0.220 0.203
Taylor Creek (5-133)1/ 0.339 0.388 0.388 0.389 0.389 0.388 0.405  0.389
5-1351/ | 0.202 0.253 0.253 0.253 0.253 0,253 0.260  0.253
Nubbin Slough (S5-191) 0.450 0.492 0.735 0.633 0.682 0.747 0.595 0.601
' Rainfalt? | 0.619 0.604 0.812 0,579 0,536 0,377 0.420 0,565
Flow Weighted Average 0.465 0.417 0.747 0.510 0.411 0.34¢ 0.499
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TABLE 5-7. SUMMARY OF NITROGEN CONCENTRATIONS FOR LAKE OKEECHOBEE TRIBUTARIES (4/1/73-3/31/80)

. | Mean Max. "1 i, Std. Dev.  Flow Weighted
Tributary ' Inorg. Tot. Inorg. Tot. Inorg. Tot. Inorg. Tot. Inorg. Tot.
N.N.R. & Hills C. (S-2) .28 4,01 1243 18.20 0.01 1.03  1.73  2.71  2.24  5.82
Miami C. (S-3) 1.0 3.33  7.60 13.07 0.01 0.81 1.41 2.2t 2.0z 4.9
§-4 - | 057 278 2.95 5.5 0.01 0.65 0.58 0.98 0.74  2.56
Harney Pond C. (S-71) 0.43 2.04 3.74 5.20 0.01 0.35 0.42  0.87  0.45 2.26
Indian Prairie C. (5-72)  0.32 2.02 2.57 7.40 0.01 0.59 0.28 0.79 0.39  2.59
Kissimmee R. {S-65E) 0.18 1.43 0.49 4.41 0.0 0.27 0.12 0.53 .20 1.39
5-84 0.20 1.3 0.74 2.99 0.01 0.18 0.14 0.49 0.14  1.35
Fisheating Creek 0.0 1.76 0.95 6.3 0.01 0.23 0.11 0.68 0.14 2.08
s-127 . 0.27  2.25 3.5  6.92 0.01 0.8 0.49 1.03 0.47 2.31
5-129 0.72 1.99 0.78 3.67 0.01 0.21 0.13 0.60 0.22 2.7
5-131 . 0.4 L7 092 400 0.01 0.2 0.4 056 020  1.87
Taylor Creek ($-133) 0.28 1.8 1.35 3.5 0.01 0.9 0.23 0.52 0.39  1.90
5-135 D 0.17 1.72  0.69 3.7 0.01 0.0 0.16 0.5 0.25  2.14

‘Nubbin Slough (S-191) 0.69 2.27 2.21 552 0.01 0.77 0.41 0.75 0.60 2.29
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TABLE 5-8  SUMMARY OF PHOSPHORUS CONCENTRATIONS FOR LAKE

Tributary

N.N.R. & Hills. C. (S-2)
Miami C. (S-3)

54

Harney Pond C. (5-71)
Indian Prairie C. (S-72)
Kissimmee R. (S-65E)
5-84

Fisheating Creek

$-127

S-129

S-131

Taylor Creek (S-133)

5-135

" Nubbin Slough (5-191) -

mg/ 1
Mean Max.

0PO,  TPO,  OPO,  TPO,
0.059 0.149 0.39% 0.832
0.032 0.070 0.880 1.120
0.149  0.210 1.247 1.412
0.127 0.186 0.618 0.772
0.708 0.168 0.580 0.688
0.050 0.086 0.267 0.490
0.027 0.064 0.188 0.910
0.089 0.141 1.079 1,280
0.205 0.298 0.518 0.762
0.091 0.155 0.268 0.338
0.056 0.106 0.176 1.000
0.233 0.306 0©.780 0.880
0.073 0.13¢ 0.304 1.105
0.756 - 0 1.513  2.108

.905



OKEECHOBEE TRIBUTARIES (4/1/73 - 3/31/80)

- Min. Std. Dev. Fiow weighted
oo,  TPO,  OPO,  TPO,  OPO,  TPO,
0.002 0.021 0.068 0.091 '¢.077 0.132
0.001 0.005 0.076 0.095 g.054 0-095
0.002 0.019 0.228 0.259 g.254 0.318
0.002 0.045 0.109 0.132 . g5 0.260
0.002 0.018 0.098 0.118 0.139 0.217
0.002 0.025 0.052 0.062 g.058 0.092
0.002 0.005 0.028 0.076 0.028 0.066
0.002 0.026 0.101 0.139 (.11 0.235
0.003 0.067 0.131 0.169 .299 0.484
0.002 0.048 0.061 0.073 (.70 0.189
0.002 0.022 0.045 0.127 0.108 0.138
0.012 0.006 0.165 0.177 g.250 0.341
0.002 0.002 0.066 0.167 .43 0.18]
0.002 0.010 0.303 0.300 o.749 0.906



Miami Canal at S-3

The S-3 pump station drains a major portion of the EAA through
the Miami Canal. :Tota] and inorganic nitrogen concentrations at S-3 were
the second highest of any tributary, averaging 4,92 and 2.02 mg/L,
respectively, while phosphorus concentrations were among the lowest.
Mineralization of muck soils and nitrification were the primary sources
of these high nitrogen levels (CHZM Hi1l 1978, 1979). Annual trends in
the nutrient levels at S-3 followed a pattern similar to those discussed for
S~2f The hichest average total nitrogen, inorganic nitrogén and total phos-
phorus concentrations were recorded in 1973 with lower levels occurring during
the fallowing six years (Tables 53, 5-6, and 5-6).

Also, in a pattern similar to S-2, the higher nitrogen concenfrations
occurved during the higher discharges. This is evidenced by flow weighted
concentration and time weighted concentrations of 4.92 vs. 3.33 mg/L for
total nitregen and 2.02 vs 1.01 mg/L for inorganic nitrogen (Table 5-7).

A graphical presentation of those relationships is presented in Figure
~5-3. Phosphorus did not show as strong a discharge related pattern as

did nitrogen (Table 5-8).

Canal 20 at $-4

The nutrient Tevels at S-4 were uncharacteristic of those found else-
where in the EAA at S-2 and S-3. This is primarily due to differing soil
types, with 1and iﬁ the S-2 and S-3 basin being primarily muck while the
S-4 basin cpntafns more sand (CHZM Hi11 1978). The inorganic and total
nitrogen concentrations at S-4 were lower than at S~2.and 5-3, averaging
0.74 and 2.56 mg/L, respectively. These are the third and fourth highest

average concentrations of any tributary. Also, unlike S-2 and S-3, total

-f9-~
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nitrogen levels demonstrated a general fncrease gver the bast six years,
From 1974 to 1976 mean total nitrogen levels ranged from 2,42 to 2;52

- mg/L. This_increaéed to a range of 3.19 to 3.43 mg/L during the more

recent -period of 1977 to 1979 (Table 5-5), Total phosphorus levels were

the foufth highest of the tributaries, averaging 0.314 mg/L while ortho
—phosphorus concentrations were the fifth highest_(0.254 mg/L}. This
average-concéntration is 2 to 3 times higher than the average at S-2

or S-3. Annual changes in the mean total phosphorus concentratfons |
paralleled the changes in nitrogen. Average phosphorus cdncentratfons
during the first three years of pump station operation (1974 to 1976) ranged
from 0.210 to 0.227 mg/L. During the latter three yéars (1977 to 1979)

the average éoncentrations increased to a range of 0.336 to 0.423 mg/L.
Discharge related patterns at $-4 were also opposite to those at S-2

and S-3. The higher phosphorus levels occurred during higher discharges
(Table 5-8 and FigUre 5-4) while nitrogen levels appear relatively unrespon-

sive to varying discharges (Table 5-7).

Harney Pond Canal at S-71

| The Harnej Pond Canal is one of three major cana?s which drain the
Istokpoga Basin. Total and ortho phosphorus levels were moderately high,
" averaging 0.260 and 0.185 mg/L, respectively. These were the fifth and
sixth highesf concentrations entering the lake. Total nitrogen concen-
trations were moderate, averaging 2.26 mg/L and ranking eighth out of

17 tributaries. Inorgﬁnic nitrogen concentrations were also moderate,
averaging 0.45 mg/L. Annual phosphorus levels varied approximately

twofold over the seven year period although there was no consistent

-71-
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increasing or decreasing trend, Annual total nitrogen concentrations were
fairly uniform ranging from 1.90 mg/L (1977) to 2.59 mg/L (1979). A
comparison of flow weighted to time weighted concentrations (Tab]é 5-7)
indicated that nitrogen concentrations werernot affected by varying:
discharge rates., Phosphorus, however, did demonstrate a smatl degree of

-discharge related activity (Table 5-8).

Indian Prairie Canal at S-72

The -Indian Priarie Canal is the second major canal which drains
the Istokpbga Basin. The average total phosphorus and total nitrogen
concentrations were moderately high (0.217 and 2,59 mg/L, respeétive]y)
as were the nitrogen 1evéls {0.39 and 0.14 mg/L, respectively). These
levels were sihi]ar to those found at S-71 on the Harney Pond Canal..
There have been no consistent changes in annual éoncentration of either
bhosphorus or nitrogen since 1973, The phosphorusigad nitrogen levels
appear to be somewhat higher during periods of diséharge (Tab]és 5-6

and 5-7).

C-41A at S-84

Canal 41 ié thezthird canal system which drains the Istokpoga Basin.
The average total ph&sphords and nitrogen concentrations were the Towest
of any tributary (0.066 and 1.35 mg/L, respectively), and more virtué]]y the
same as rainfall (Tables 5-3 and 5-5). Both total nutrient concentrations
have remained low and relatively unchanged since 1973. Inorganic nutrient
concentrations were ajso very low, but have been'hore variable (Tables 5-4
and 5-6). Based on comparisons in Tables 5-7 and 5-8, there appear to be

- no discharge related patterns to the nutrient levels.
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Kissimmee River (C-38) at S-65E

The Kissimnee River (C-38) is the largest inflow to Lake. Okeechobee,
both in terms of volume of discharge and size of the drainage basin.
Ortho and total phosphorus concentrations were among the lowest of any
inflow to the lake, averaging 0.058 and 0.092'mg/L, reépective]y, _
(Tables 5-3 and 5-4). Mean annual total phosphorus Tevels were relatively
constant from 1973 to 1977 ranging from 0.073 to 0.088 mg/L. During the
latter years, 1978 and 1979, the mean phosphorus concentrations increased
to 0.108 and- 0.115 mg/L, respectively. Mean annual ortho phosphorUS
concentrations, however, did not show an increasing trend. Somewhat
higher phosphorus concentrations occurred during discharge as evidenced
by the flow weighted concentration being slightly gréater than the time
weighted concentration, and_by the graphical relationship displayed in
Figure 5-5. This relationship, however, is fairly weak.

The mean total nitrogen concentratioﬁ (1.39 mg/L) was the,sécond
lTowest of any tributary, being only slightly higher than tﬁe lowest
average concentration of 1.35 mg/L which occurred at S-84. ‘Mean
annual total nitrogen levels remained fairly constant during the study
period, ranging from 1.24 mg/L (1975) to 2.01 mg/L {1978) (Table 5-5).
Inorganic nitrogen levels were also fairly low. No discharge related

‘patterns in nitrogen concentrations were indicated (see also Messer 1978);

- Fisheating Creek at S.R. 78
Fisheating Creek is the only surface inflow to Lake Okeechobee which
does not pass through some type of water control structure. Total and

" inorganic phosphorus 1e0els in Fisheating Creek were moderately high, :
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averaging 0.235 and 0,161 mg/L, respectively, On an annual basis the

total phosphorus concentrations have fluctuated over a four-fold range from

0.126 mg/L in 1973 to 0.498 mg/L in 1974. Orthq phosphorus concentrations

fluctuated over a 12 fold range (Table 5-4); however, there has been

no consistently increasing or decreasing pattern in the annual phosphorus

levels. Since the flow weighted total phosphorus concentration (0.235 mg/L)

is-substantia11y higher than the time weighted concentration (0.141 hg/L),

& strong discharge related pattern is indicated. A similar discharge

_re]ated pattern was evident for ortho phosphorus. This re1ationship of

higher phosphorus concentrations occurring during higher flows is displayed

in Figure 5-6. |

Inorgan{c and total nitrogen concentrations in Fisheating Créek wére

moderate, averaging 0.139 and 2.08 mg/L, respectively. Variations in the

| mean annual total nitrogen concentrations were less than those of

phosphorus, ranging from 1.54 mg/L (1973 and 1976) to 2.89 mg/L (1974).

Nitrogen showed a lesser degree of correlation to discharge than did

phosphorus (Tab]e 5-7}.

Nubbin Slough at $-191

Nubbin Slough and Taylor Creek (S-191) account for the highest total
phosphorus levels entering the lake, averaging 0.906 mg)L from 1973 to
1979. This is almost twice the Tevel of the next most concentrated source
(0.484 mg/L at S-127). Over 80 percent of the total phosphorus is in
the form of inorganic ortho phosphorus. Animal waste from dairy farms and
beef cattle pasture are the primary source of these high phosphorus

levels (Allen et al. 1975, Federico 1977, Stewart et al. 1977, Goldstein
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et al. 1980). The mean annual total phosphorus concentrations have in-
creased fairly consistently since 1973. 1In 1973 and 1974 the average total
phosphorus concentration was 0.74 mg/L. This increased to 0.957 mg/L
in 1975 and has since ranged from 0.950 to 1.106 mg/L {Table 5-3}. Ortho
phosphorus was highly variable but did not follow the same pattern (Table
5-4}. There does_not appear to be a discharge related pattern to the
phbsphorus concentrations based on either a comparison of flow weighted
means to time weighted means (Table 5-8) or a graphical comparison
(Figure 5-7). |

Tota]_and inorganic nitrogen concentrations at S-191 were moderate,
averaging 2.29 and 0.51 mg/L, respectively. Total nitrogen levels also
increased during the study from 1.95 mg/L in 1973 to 2.?4 mg/L in 1979
{Table 5-5). Inorganic nitrogen levels did not paraliel this fncrease
(Table 5-6). As was the case with phosphorus, nitrogen levels were not

correlated to discharge (Table 5-6).

Minor Pump Stations (S-127, S-129, S-131, S$-133, $-135)

Pump stations S-127, S-129, and $-131 drain small areas of Tan&
along the nbrthwest shore of Lake Okeechobee. Land use in the S-129
.and $-131 basins is primarily devoted to cattle grazing on improved
pasture. Land in the $-127 basin is becoming developed with finger canals
and housing. Pump station S-133 drains the Tower 5 miles of Taylor Creek
which passes through the City of Okeechobee and receives secondary effluent
from the cfty's 1 mgd sewage treatment plant. The rémainfng'sma11 pump
‘station, S-135, is positioned along the northeast shore of. the lake and

drains primarily unimproved cattle pasturelands. These 5 pump stations
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contribute less than 2 percent of the total surface water inflows to Lake
Okeechobee.

The mean concentrations of total phosphorus varied widely betweén
-these'pump stations with S-127 (0.484 mg/L} > 'S-133 (0.341 mg/L) 3 S-129
(0.189 mg/L > $-135 (0.181 mg/L) > S-131 (0.138 mg/L). The concentrations
of total phosphorus at S-127 and S-133 were the second and third highest,
respectively, of any tributary to the Take. The mean annual total and
ortho phosphorus concentrations at each pump station were greater in 1979
~ than in 1973 (Table 5-3),although no data was collected in the infervening
years to document a consistent trend. For all five pump stations, the
levels of total and ortho phosphorus appear to be positively correlated
to discharge since the flow weighted concentrations were greater than
the time weighted concentrations (Table 5-8).

Total nitrogen concentrations were fairly uniform along the pump
statiéns, ranging from an average of 1.87 mg/L at S-131 to 2,17 mg/L at
S-137 (Table 555). As was the case for phosphorus, the total and inorganic
nitrogen concentrations were all greater in 1979 than in 1973, but again
no data in the intervening years was collected (TabTeé 5-5 and.5-6).
Nitrogen levels were also correlated to discharge, although the degree of
association does not appear to be as prominent as compared to phosphorus
(Table 5-7).

'Rainfa]i |

Rainfall represented the lowest concentrations of both total phosphorus
and total nitrogen entering the lake, with an average of 0.061 and 1.09
mg/L, respectively; however, rainfall had the fourth highest inorganic
nitrogen concentration (0.57 mg/L). Since 1973, the mean annual concen-

trations have remained relatively constant, ranging between 0.049 mg/L
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(1975) and 0.093 mg/L (1977} for total phosphorus and between 1.05 mg/L
(1979) and 1.12 mg/L (1977) for total nitrogen (Tables 5-3 and 5-5)

ATl Sources

The average flow-weighted total phosphorus and nitrogen c0ncentrétions
eﬁtering the lake from all sources from 1973 to 1979 was 0.140_and 1.74
mg/L; respective1y; Since 1973 the mean annual inflow cencentrations of
both nutrients have remained relatively constant. Total phosohorus varied
between only 0.131 mg/L (1976) and 0.163 mg/L (1979), while total nitrogen
varied between 1.64 mg/L (1976) and 1.98 mg/L (1977) (Tables 5-3 and 5-5).
The inorganic phosphorus and nitrogen inflow concentrations averaged 0;]00
and 0.50 mg/L, respectively. The variation among the mean annual inorganic
nutrient concentrations was greater than the annual variations among the
tote] nutrients, 60 vs 20 percent, respectively. Overall, although
annual d{fferences'in the nutrient content from all sources was moderately

variable, no consistentty increasing or.decreasing trends were identified.

Nutrient Rat1os

Presented in Tab]es 5-9 and 5-10 are the total n1trogen to total
,phosphorus (TN/TP‘ and inorganic nitrogen to inorganic phosphorus (IN/IP)
;rat1os for the major inflows to Lake Okeechobee. These ratios were based
Supon the flow weighted concentrations presented.in Tables 5-2 and 5-5.
fBased on the average ratio from 1973 to 1979, only 5-3, S-2 and HGSQS
; had IN/IP ratios greater than 10 (37.4, 29.1 and 13.4, respectively).

5 These tributaries had disproportionately high nitrogen concentrations and
| can be considered to be potentially phosphorus Timited. A1l of-the
i remaining tributaries can be considered to be potentially nitrogen limited

"with IN/IP ratios of 5 or less.
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Eleven of the 17 surface infiows had TN/TP ratios greater than 10.
In decreasing order, these inflows were: S5-3 (51.8) > S-2 (44.1) >
HGS-5 (24.2) > S-84 (20.5) > S-77 (16.6) > S65E (15.1) > S-131 (13.6)
> $-308 (12.3) > S-72 (11.9) > S-135 (11.8) > S§-129 (11.5).

Six of the inflows had ratios which were less than 10. Specifically,
these inflows were: Fisheating Creek (8.9) > S§-71 (8.7) > S-4 (8.2)
> 5-133 {(5.6) > S-127 (4.8) > s-191 (2.5). The averaée-IN/IP

and TN/TP ratios in rainfall were 13.8 and 17.7 while the combined ratios
.from all inflows were 5.0 and 13.0, respectively.

No consistent changes in the nutrient ratios‘from 1973 to 1979 were
noted for any of thé inflows, although annual variations'were'noted.
There were also no consistent changes in the combined IN/IP and TN/TP
ratios from all the inflows. There was, however, a 36 nercent variation
in the combined TN/TP ratios and a 69 percent variation in the combined

IN/IP ratios during the study period.
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"TABLE 5-¢  INORGANIC-NITROGEN TO ORTHO-PHOSPHORUS RATIOS FOR TRIBUTARY INFLOWS
| ‘ Avg,
1973 1974 1975 1976 1977 1978 1979 1973-79

Inflows Conc. Conc. Conc. conc. Conc. Conc. Conc. Conc.
N.N.R. & Hills C. (5-2) 15.3 17.0 25.4 34.6 52,2 44.0 31.7 29.1
Miami C. {S-3) 34,1 8.8 40.9 68.8 45.2 120.7 25.2 37.4
5-4 - 2.6 2.7 2.5 3.3 3.4 2.4 2.9
Harney Pond C. (S-71) 1.9 2.3 2.2 5.7 2.6 3.0 1.8 2.4
Indian Prairie C. (S-72) 2.1 3.2 1.1 3.2 3.6 3.9 2.0 2.8
Kissimme R. (5-65E) 3.7 1.6 4.8 4.4 4.8 1.5 2.0 3.4
5-84 3.4 3.7 12.1 14,3 7.7 7.4 2.9 5.1
Fisheating Creek 0.5 0.9 0.6 0.6 1.2 0.2 1.3 0.9
5-127 0.7 1.4 1.4 1.4 1.4 1.4 1.4 1.4
5-129 0.7 1.6 1.6 1.6 1.6 1.6 1.8 1.6
5-131 2.0 1.9 1.9 1.9 1.9 1.9 1.9 1.9
Taylor Creek (S-133) 1.3 1.5 1.5 1.5 1.5 1.6 1.6 1.5
$-135 2,48 1.8 1.8 1.8 1.8 1.8 1.8 1.8
Nubbin Slough (S-191) 0.8 - 0.8 0.9 0.8 0.7 0.9 0.9 0.8
Rainfall 7.2 183 19.8 15.2 9.6 108 10.0 13.8
Flow Weighted Average 5.0 3.7 10.1 5.9 6.7 4.4 3.1 5.0



TABLE 5-10 RATIO OF TOTAL NITROGEN TO TOTAL PHOSPHORUS FOR LAKE OKEECHOBEE INFLOWS

19731 1974 1975. 1976 1977- 1978 1979 Avg. 1973-79.
Inflows _ - _ _
N.N.R. & Hills C. (5-2) Mn.3 45.0 32.2 51.7 53.7 54.2 48.1 441
Miami C. (5-3) 38.1 331 53.6 84.1 49.6 81.4 47.6  51.8
5-4 | 1.5 1.5 1.1 8.6 10.2 7.7 8.2
Harney Pond C. (S-71) 6.9 8.0 9.2 14.7 9.0 9.8 8.0 8.7
Indian Prairie C. (5-72) 7.6 12.2 5.4 12.3 12.5 14.8 9.4 11.9
Kissimmee R. (S-65E) 18.5 14.3 17.0 16.4 21.4 1.8 1.7 15.]
S-84 17.9 15.7 19.9 27.3 22.6 26.1 19.0 20.5
Fisheating Creek 12.2 5.8 8.6 8.1 11.4 12.2 11.9 8.9
5-127 4.5 4,7 4.7 4.7 4.7 4.7 4.8 4.8
5-129 1.6 11.5 11.5 11.5 1.5 1.5 .5  11.5
4 $-13] 10.3 13.2 13.2 13.2 13.2 13.2 13.7 13.6
- T Taylor Creek (S-133) 5.7 5.6 5.6 5.6 5.6 5.6 5.5 5.6
5-135 1.6 1.7 n.7 1.7 1.7 1.7 1.6 1.8
Nubbin Slough (S-191) C2.7 2.8 2.3 2.2 2.1 2.9 2.7 2.5
Rainfall 18.6 18.3 21.6 17.5 12.0 22.7 19.8  17.7
Average | 12.4 11.6 17.2 12.5 12,3 16.1 11.0 13.0

Y Year represents period April 1st to March 31st



SUMMARY

The quatlity of water entering Lake Okeechobee from the 15 primary.
tributaries displayed diverse water gquality characteristics. Water entering
the south end of thé Take from S-2 and S-3 was typically very high in
- dissolved solids (average specific conductance of 1025 and 847 umhos/cm,
respective]y, .This is in contrast to the water entering the north end
of the lake via S-65E and S-84 which was relatively low in dissolved
solids (average specific conductance of 168 and 167 umhos/cm, reépective]y).
Turbidity and tdtal'suspended solids were very Tow while .total organip
carbon and color were typically high at all the inflows. Mean daytime
dissolvéd oxygen éoncentkations were moderate at the infiow points
(ranging between 4.7 and 6.8 mg/L) to the lake although the individual
daytime values at éach tributary displayed wide variations (less than
2 mg/L to over 9 mg/L). |
o The highest mean annual ortho and total phosphorus concentrations were
measured in Taylor Creek/Nubbin Slough at S-191 (0.906 and 0.749 mg/L,
respectively). These high phosphorus Tevels in the Taylor Creek/Nubbin
SToUgh basin originated from a Targe number of intensive dairy operations.
As a reéu]t of the high phosphorus'concentrations, Tay]of_Creek/Nubbin
STough had the lowest TN/TP ratio (2.5) and the iowest IN/IP ratio (0.7).
The Nbrth'New River and Hillsboro Canals at S-2. had the highest mean annual
total nitrogen and inorganic nitrogen concentrations (5.82 and 2;24 mg/L,
respectively). This was followed closely by the‘Miami Canal at S-3 with
average total nitrogen and inorganic nitrogen concentrations of 4.92 and
2.02 mg/L, respectively. The high nitrogen concentrations at S-2 and S-3
were a result of mineralization of muck soils and nitrification in the EAA
basin. These hiah nitrogen concentrations resu1ﬁed in the highest TN/TP
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ratios of any inflow (44.1 at S-2 and 51.8 at S$S-3).

The Towest total phosphorus and nitrogen concentrations-were measured
at S-84 (0.066 and 1.35 mg/L, respectively). The Kissimmee River at S-65E
had the second lowest mean annual total phosphorus concentration (0.092
mg/L) and total nitrogen concentration (1.39 mg/L} of any inflow.to the
Take, except rainfall. Most of the tributaries displayed at least some
degree of positive correlation between nutrient concentrations and dis-
charge. Thé two notable exceptions were Taylor Creek/Nubbin Slough at
5-191, and C-41A at S-84.

The majority'of the tributaries did not demonstrate any substantial
increase or decrease in nutrient levels since 1973. The tributaries which
did show increasing total phosphorus levels were S-4 (0.211 to 0.427 mg/L),
the Kissimmee River (0.081 to 0.115 ma/L). and $-191 (0.737 to 1.013
mg/L). S-2 and S-3 exhibited decreasing mean annual total nitrogen concen-
trations from 1973 to 1979, while S-4 showed an increasing trend. Mean
annual 1norgao1c'nutrient concentrations were usually more variable than
total nutrient concentrations, resulting in a Tack of consistent discern-
able trends.

The comhined annual flow weighted total nitrogen and inorganic
nitrogen concentrations from all sources to the lake varied approximately
16 and 57 peroent, respectively, from 1973 to 1979. The combined annual
tota? phosphorus and ortho phosphorus concentrations varied aoproximate1y
25 and 18 percent, respectively; however, there werc no consistently
increasing or decreasing annual trends in either nutrient from 1973 to
1979. The annual IN/IP and TN/TP ratios in the combined inflows also
- showed variability and lack of consistent change, ranging from a high in
1975 (10.1 and 17.2, respectively) to a low in 1979 (2.9 and 11.0,

respectively).
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CHAPTER VI
MATERIAL BUDGET ANALYSIS

INTRODUCTION

One of the prfmary purposes of this study was to develop a compre-
hensive materials budget for Lake Okeechobee. This chapter describes the
methodology used in ca]cu]éting water, phosphorus, nitrogen, and chloride
.budgets and Wfli present and discuss the annual budgets from 1973 to 1979.
Lake Okeechobee has nine major inflows and five major outflows (Figure 6-1).
Sample co1Tection Tocations, sampling frequency, and parametric coverage
were presented in the previous chapter (V). 1In addition, guality data
for St. Lucie Canal {S-308) was collected at the limnetic station L004
. {see Figure 5-1). Rainfall quality samples were generally cp11ected
every two weeks from Novemher 1974 to March 1980.

Soﬁrces for the hydrologic data are summarized in Table 6-1. The
three organizations suppTyiﬁg data for the water budgets were the U.S.
Geolog?ca] Survey (U.S.G.S.), the Army Corps of Engineers (C.0.E.), and
the South F]orfda_Water Mana gement District. Seepage through_thé Hoover
Dike was estimated from a District Technical Memarandum (Shaw 1980). Flows
at the St. Lucie Canal (S$-308) tributary were calculated because direct
measurements were not available. The C.0.E. monthly water budget for the
Take were used for the rainfall, evaporation, storage, and surface area.
Much of the published data for February and March of 1980 was not
| évai1ab1e at the time of budget calculation, thus, the values were
calculated from the available preliminary data.

The material loads for Lake Okeechobee were calculated by combining

the water. and material data bases. The average concentration hetween
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TABLE 6-1. DATA SOURCES FOR WATER BUDGETl/

Station
N.N.R. & Hitls.C.
(5-2)

- Miami C. {S5-3)

S-4 .
Harney Pond C.
{5-71)

Indian Prairie C.
(5—72)

Kissimmee R.
(S~65E)
-84

Fisheating Creek
S-127
S-129
_ S-131

Taylor Creek
(S-133)

S5-135

Mubbin Slough
- (5-191)

WPB Canal (HGS-5)
St. Lucie Canal
{S-308}

Caloosahatchee R.
(s-77)

Seepage
Rainfall

Evaporation

Inflow/Outflow
inflow/outflow

inf]Ow/outf]ow

3/

inflow/outflow-

 inf]ow

inflow

inflow

inflow

inflow

inflow
inflow
inflow
inflow

inflow
inflow

'inflow/outflow_

inflow/outflow

inflow/outfiow

outflow
inflow

putflow

Period of Record

Source of Data

4/73-1/80
2/80-3/80
4/73-1/80
2/80-3/80
6/74-3/80
4/73-1/80
2/80-3/80
4/73-1/80
2/80-3/80
4/73-3/80

4/73-1/80
2/80-3/80
4/73-3/80
4/73-3/80
4/73-3/80
4/73-3/80
4/73-3/80

4/73-3/80
4/73-3/80

4/73-1/80
2/80-3/80
4/73-7/78
8/78-3/80
4/73-1/80
2/80-3/80
4/73-3/80
4/73-1/80
2/80-3/80
4/73-1/80
2/80-3/80
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USGS
sPuMDS/
USGS
srumMp®/
SFWMD

- USGS

4
SPUMD (cale)—~
USGS

4
SFWMD (calc)-
USGS

USGS
4
SFWMD (calc)—
USGS
SFWMD
SFWMD
SFWMD
SFWMD

SFWMD
SFWMD

SFUMD - .
SFUMD (ca]c)g/
SFWMD (calc)/

b/
SFWMD (calc)—
USGS
SFUMD ,
Shaw, SFWMD
COE .
SFWMD (calc)u/
COE

9;’

SFWMD (caic)—-




TABLE 6-1 {CONT.)
DATA SOURCES FOR WATER BUDGET

Station Inflow/Outf]ow

Storage

Surface fArea

Period of Record

4/73-1/80
2/80-3/80
4/73-1/80
2/80-3/80

Source of Data

COE
SFUMD (calc) %/
COE
SFWMD (ca]c)lg/

Hydrogeolonic investigations alona eastern
SFWMD Tech. Memorandum

using polygon method to weight stations, and using a 20% reduction for

0.8 ( 0.12 (HGS-6) + 0.19 (Indian Prairie)
+ 0.12 (HGS-1) + 0.21 (HGS-2) + 0.08 (HGS-4) + 0.11 {HGS-5) +

Calculated from preliminary COE data using the COE weighing system:

0.434 ( (HGS-6) + KHGS—Z) _).

17" Stored on SFWMD tape #7083
2/ Preliminary SFWMD pumping records, including siphoning from Lake
Okeechobee at S-2 and 5-4 for 1/80-3/80
3/ Only outflow is siphoning from take for 1/80-3/80
4
A4 Calculated from SFWMD operational logs and strycture rating curves
5 _
2/ Preliminary COE data from SFWMD Field Services daily logs
6, .
2/ Calculated from a rainfall-runoff relationship for the St. Lucie
Canal Basin by SFWMD Water Resources Division
7
" From: Shaw, J. E. 1980.
portions of Lake Okeechobee.
8
&/ Calculated from preliminary COE data for seven rainfall stations
the lake as proposed by Riebsame, Woodley, and Davis:
Average L.0 rainfall
0.17 (Port Mayaca)
4
Average L.0.evaporation
10,

! Stage is ca]cﬁ]ated from preliminary COE data using a simple average:

Average L.O.stage =

1/3 ( (HGS-6} + (HGS-2) + (Port Mayaca) )

Storage and surface area are found from the stage-storage and stage-
surface area relationships used by the COE.
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sampling dates was multiplied by the daily flows to produce daily materié]
loads. For $-4 and the small pump stations (S-127, S-129, S-131, S$-133,
$-135), material Toads for unsampled periods were ca]cu1atedjby applying
flow weightéd concentrations from the sampled periods to the discharges
during thg unsampled periods. Seepage outputs were calculated by multiply-
ing the average annual lake concentration by the annual seepage.

Additional terms based on the data in the water ghd material budgets
will be discussed in this chapter and in Chapter IX. These terms inc]ude
flow weighted concentration, wafer residence time, hydraulic 1oéding rate,
nutrient retention coefficient, and areal loading rate. The flow weighted
concentration is equal to the material load divided by the flow. It is
often considered in place of mean time weighted concentrations becausé it
accounts for the effects, if any, of flow on concentrations. The water
residence timé ( rw) is equal to the lake water volume divided by the
surface outflows (excluding evaporation). The water residence time
repkesents the period of time that water is presenf in a lake with respect
to hutrients, since nutrients are not lostvia eVaporation. This is an
extremely ihpbrtant hydrologic parameter in nutrient loading models
(Chapter IX), as in the hydraulic loading rate (qg).- The hydrdu]ic load-
ing rate is calculated by dividing thelsurface water inflows (eXcluding
rainfall) by the surface area of the lake. It représents the height
(m/yr) that the sdrface inflows would raise the Take tevel during a yéar,
assuming no loss of water_through evaporation or ouff1ow. The pro-
portion§ of phosphorus and nitrogen which are trapped in a lake during
Royn?s

exp’ exn
respectively. The areal loading rate for phosphorus (Lp) or nitrogen

a year are called the nutrient retention coefficients (R

(Ln) is simply the annual material load divided by the surface area
of the lake.
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WATER BUDGET

‘The annual (April through March) water budgets for 1973 to 1979 are
tabulated in Table 6-2. The Tast column presents the average budget for
the seven year period. The ability of these water budgets to account for
the net change in the lake's annual storage is shown in Table 6-3 as percent
errors. For the entire seven year period the water budgets came withih 4.0
percent of the Take storage reported by the COE. With the exception of 1977
all the budgets had positive errors, i.e., in flows overestimated and/or out-
fjows underestimated. This was most significant for 1973 (12.6%).. Over the
entire study period, however, the water budgets were in very gbod égreement
with the published storage. |

Chloride was considered in the material budgets as an accuracy check.
Since chloride is a conservative element, the budget could account for all
additions and losses of chloride over time. Thus, chloride can be considered
as an indicator of material budget accountability. The percentage error in
the chioride budgets is shown in Table 6-3 along with the water budget errors.
For the seven year period the average chloride budget came within 5.9 per-
cent of the'c0mputed storage; however, unlike the water budgets, the overall
chloride budgets had apparent overestimates of outflows and/or underestimates
of inflows (i.e., negative error}. Nevertheless, the overall éccuracy of the
materials budget was very good;

Rainfall directly on the surface of the Take was the largest source of
water to'the'1ake, accounting for almost 39 percent of the 3,546,427 acre
feet of water supplied annually to the lake over the seven jear period. The
Kissimmee River represents the second largest source (31%) and the éing]e
largest surface inflow. ‘Twenty-five (25) of the remaining 30 percent of the
water inputs were distributed about equally between S-2 (5.6%), S-7 (4.9%),"
S-84 (4.0%), Fisheating Creek (5.8%), and S-191 (4.4%). The remaining five
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TABLE 6-2. ANNUAL VATER BUDGETS

2/

INFlows - 1973~ 1974 - 1975
N.N.R. & Hms C (5-2) 154,092 207,708 318,447
MIam119 21,567 42,812 76,545
- 29,249 26,575
Harney Pond C. (S-71) 154,893 171,079 - 82,170
Indian Prairie C(S-72) 24,367 43,304 7,504
Kissimmee R (S-65E) 1,028,913 1,442,038 838,503
S5-84 232,553 211,044 - 87,290
Fisheating Creek 151,627 288,417 105,736
S-127 4,850 12,950 466
S§-129 6,032 12,500 _ 944
- S-13r ' 1,624 9,035 674
Taylor Creek (5-133) 14,442 14,170 2,065
‘Nubbin Slough (5-191) 210,695 155,419 63,178
WPB Canal (HGS-5) 3/ .0 41,211 6,918
St. Lucie C {5-308) 3/ 0 0 0
Caloosahatchee R(S-77) 3/ 0 11,177 0
Rainfall 1,206,250 1,472,190 1,207,499
Total inflow 3,220,252 4,176,904 2,824,883

Qutflows: ‘

N.N.R. & Hills, C (HGS-4) 276,173 322,241 220,498
M1am1 9 (HGS-3) : 161,255 275,431 158,424
- 0 0
HPB Canal (HGS 5) 151,230 231,443 114,843
St. Lucie C (S-308) 10,632 245,351 10,893
Caloosahatchee R{S-77) 74,863 766,522 115,910
Seepage 52,000 52,000 52,000
Evaporation 2,120,264 2,082,860 . 2,183,987
Total outflow 2,846,417 3,975,848 2,856,550
Total inflow 3,220,252 4,176,904 - 2,824,883
Total outflow 2,846,417 3,975,848 = 2,856,550
Change in storage -51,900 105,000 -98,400
Other sinks 425,235 96,056 66, 733

1/ 6 yr average only (thus, total input-and total output # 3

2/ Annual 12 month period April 1st to March 31st
3/ 0ccasional inflows -



FOR LAKE OKEECHOBEE (ACRE-FEET)

inputs and outputs, respectively)

_ Avg.

1978 1977 1978 197 1973-79
205,499 213,347 200,173 71,892 195,880
46,582 83,934 69,512 49,181 55,733
23,558 44,645 50,956 34,338 34,887
99,935 140,083 295,688 245,018 169,838
20,484 34,753 72,116 59,445 37,425
1,157,951 520,423 1,297,681 1,231,434 1,073.849
57,644 11,974 207,740 176,167 140,630
147,977 126,448 197,368~ 379,569 203,449
3,061 7,968 13,438 33,468 10,886
10,602 8,190 14,773 25,135 11,168
6,044 4,443 7,149 7,970 5,277
5,705 7,168 22,392 43,819 15,680
7,666 7,323 27,192 58,525 17,432
176,204 132,339 167,181 170,085 153,586
15,342 0 0 0 9,067
0 0 0 9,172 1,310
0 0 0 0 1,597
1,315,416 1,304,892 1,507,918 1,438,583 1,350,393
3,299,670 2,647,930 4,151,277 4,033,791 3,479,244
186,146 169,284 257,238 197,737 232,760
84,465 79,277 144,482 128,614 147,421
0 0 0o - 1,537 256
104,523 62,550 92,526 87,520 120,662
9,537 50,367 236,693 283,411 120,983
73,881 135,475 - 772,698 779,329 388,383
52,000 52,000 52,000 52,000 52,000
2,140,336 1,890,285 2,036,168 1,965,673 2,059,930
2,650,888 2,439,238 3,591,805 3,495,821 3,122,367
3,299,670 2,647,930 4,151,277 4,033,791 3,479,244
2,650,888 2,439,238 3,591,805 3,495,821 3,122,367
602,200 400,100 356,900 146,300 208,671
46,582 -191,408 202,572 391,670 148,206



TABLE 6-3. PERCENTAGE ERROR IN WATER AND CHLORIDE BUDGETS

Wa ter _ Chloride
Avg. Annual Other Avg. Annual Other .
y storage sinks g 2/ storage sinks YA
Yeard/ (acre-feet) (acre-feet) error (10° g} (106 g) error
3/
1973 3,365,000 425,235 +12.6 354,294 9,993 + 2.8
1974 3,504,000 96,056 + 2.7 340,915 -62,068 -18.2
1975 3,185,000 66,733 + 2.1 342,394 57,535 +16.8
1976 3,462,000 46,582 + 1.3 385,372 -14,856 - 3.9
1977 3,389,000 -191,408 - 5.6 408,510 -11,179 - 2.7
1978 4,429,000 202,572 + 4.6 500,026 —?3,142 F14.6
1979 4,495,000 391,670 + 8.7 458,895 -69,631 -15.2
Avg, '
1973-79 3,690,000 148,206 + 4.0 396,682 -23,359 - 5.9
Annual period is from April through March
2/ . |
Percentage errar = ( (Other sinks) + (Average annual storage) ) X 100
3/

Positive error means that total inflows > total inflows
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percent of the inflow is attributable to the small pump stations (S-127,
S-129, S-131, $-133, and S-135) and the large outflow structures which
occasioﬁa]]y discharge into the lake at low lake stages (HGS-5, 5-308, and
S-77). '

' Evaporation accounted for an average of 66 percent of the water loss
from the lake (2,059,930-acre?feet). The Caloosahatchee River was the
single largest surface outflow (12.4%) followed by HGS-4 (7.5%). HGS-3,
HGS-5, and S-308 released water amounting to 4.7, 3.9 and 3.9 percent of the
total outflow, respectively. Seepage through the Hoover Dike-ﬁaS‘sma11 (1.7%){

_ Hydrological and mbrphometric parameters for Lake Okeechobee are-éhown
in Tab]e 6-4. The mean depth, surface area, and volume of the lake remained
fairly constant from 1973 to 1977, but increased éharply during 1978. The
water residence time varied considerably from 1.85 years in 1974 to 6.78
years.in 1976, primafin as a result of largé variations in annual surface
outfiows. Although surface inflows were not as vakiab]e as'dutfiows, they
did create‘considerable variation in the hydraulic 1oading rate. These

rates ranged from 0.98 m/yr in 1977 to 1.96 m/yr in 1974.

MATERIAL BUDGET

Annual Lake Okeechobee budgets for water, phosphorus; nitrogeh and
chloride are shown in Tables 6-5 to 6-11. Table 6-12 compares the annual .
- variation in the material loads of the major inflows as a percent of their
respective seven year average. Based on these pércentages there was
considerable variation in the annual flows, totaT pﬁosphorus loads and
total nitrogén-1oads from 1973 to 1979. The nitrogen loads to the lake do
not consider atmospheric contributions through dry deposition of'NO2 and
nitrogen fixation. Messer (1978) and Brezonik et al. (1979) estimated that
ﬁitrogen fixation may contribute an additional 15 to 20 percent to the

nitrogen budget. The extreme years varied for each inflow with no
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TABLE 6-4. HYDROLOGICAL AND MORPHOMETRIC PARAMETERS OF LAKE OKEECHOBEE

Mean 2/ 3/ Hydrqu1ic§j
Lake Mean— Surface . Water— Loading
1/ Stage Benth Area Volume Residence Rate
Year— (ft z, m A, kml vV, A-F Time T,, yrs as, m/yr
1973 13.58 2.46 1685 3,365,000 4.63 1.47
1974  13.86 2.54 1703 3,504,000 1.85 1.96
1975 13.16 2.40 1637 3,185,000  4.74 1.22
1976 13.81 2.48 1719 3,462,000 6.78 1.42
1977 13.65 2.47 1690 3,389,000 6.17 0.98
1978 _. 16.01 2.99 1828 4,429,000 2.85 1.78
1979 16.15 3.03 1828 4,495,000 2.95 1.75
Average _ |
1973-79 14.32 2.64 1727 3,690,000 3.47 1.52
l/ Annual period is from April through March
2/ Mean depth = volume/surface area
3/ Based on surface outflows (excluding evaporation )
4/

Based on surface inflows (excluding rainfall)

. =96-



: TABLE 6-5.
1973 WATER, P, N, AND CL BUDGET FOR LAKE OKEECHOBEE (4/1/73 - 3/31/74)

Q TPO, Total N 1 -

(Acre-feet)  (10° grams)  (10% grams)  (10° grams)
Inputs = -
N.NLR. + Hills. C. (S-2) 154,092 33.6 1390.4 27,667
Miami C. (S-3) ' . 21,567 4.6 175.2 3,044
5-4 - - - -
Harney Pond C. (S5-71) 154,893 66.1 451.9 3,248
Indian Prairie C. (5-72) 24,367 9.6 72.6 698
Kissimmee R, {S-65E) 1,028,913 103.3 1900.4 22,685
$-84 232,553 20.1 357.9 4,895
Fisheating Creek 151,627 23.6 288.7 6,176
5-127 4,850 2.3 10.3 411
5-129 6,032 1.2 13.8 474
$-131 1,624 0.3 3.1 142
Taylor Creek (S-133) 14,442 5.0 28.7 1,029
S-135 8,347 1.4 16.3 : 928
Nubbin Slough (5-191) 210,695 191.5 506.0 13,735
WPB Cana]_(HGS—S) 0 0.0 0.0 0
St. Lucie Canal (5-308) 0 0.0 0.0 -0
Ca?oosah?}chee R. (S-77)} 0 0.0 0.0 0
Rainfall! 1,206,250 84.9 1577.3 6,399
Total input (Mﬁn) 3,220,252 547.5 6792.6 - 91,531
Outputs:
M.NLR. + Hills, C. (S-2) 276,173 18.8 625.0 34,107
Miami C. (5-3) - 161,255 14.4 333.8 19,370
5-4 . ' . - - _
WPB Canal (HGS-5) - ' 151,230 15.0 396.4 19,114
St. Lucie Canal _ 10,632 0.8 21.4 1,153
Caloosahatchee R. (5-77) 74,863 5.0 138.6 7,730
Seepage &/ _ 52,000 3.1 108.4 5,485
Evaporation 3/ 2,120,264 0.0 0.0 0
Total output (Moyt) 2,846,417 57.1 1623.6 86,959
Total input (Min) 5 3,220,252 547.5 5792-6 , 91,531
Total output (M) - 2,846,417 57.1 1623.6 86,959
Change in storage ()Y  _51,400 _3.1 -107.2 -5,421
Other sinks 2/ 425,235 493.5 6276.2 9,993
Areal loading _rate | 0.325 4.03 54.3

(g/me-yr) 3/ | o

1/ Using surface area = 500,000 acres
2/ Seepage = 0.72 cfs/mi x miles of dike {100 miles) '
3/ Using COE surface area {avg. = 1685 kmZ) : :
4/ aM = final storage - initial storage (using annual avg. concs. for P, N, and C1)

5/ Other sinks = Min = Mout -

AM
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TABLE 6-6
1974. WATER, P, N, AND CL BUDGET FOR LAKE OKEECHOBEE (4/1/74 - 3/31/75)

Q TPO4 Total N -
Inguts (Acre—Feet) Uoﬁ__El'iiﬂlﬁl (1_0_6 g"f‘flpl‘?i) (iH“ Hnmr._)
N.N.R. + Hills. C. (S-2 207,708 32.0° 1442.7 32,135
Miami C. (5-3) (5-2) 42,812 7.4 247.5 5,017
- 5-4 29,249 7.6 87.4 4,047
Harney Pond C. (5-71) 171,079 55.5 442.9 3,882
Indian Prairie C. (S5-72) 43,304 1.7 142.7 1,103
Kissimnee R. (S-65E) 1,442,038 157.0 2232.8 25,558
-84 ‘ . 211,044 17.5 1372'7 16,;;4
Fi ; 288,417 177.1 27.3 3,821
EI?E?at‘°9 Creek 12,950 7.3 34.3 1,261
5-129 12,500 2.8 32.5 1,069
$-131 ' 9,035 1.6 22.3 ggz
1 Kk (5-13 14,170 5.8 32. 1,222
ICAUANGR - SR SR & B |
in Slouah (S-1 155,419 a1.7 . »51
ﬁﬁgbégna1°%ﬁgsfs) N 41,211 9.1 212.8 4,957
St. Lucie Canal {S-308) 0 0.0 0.0 0
Ca1oosaha¥ hee R. (S-77} 11,177 1.6 26.5 1,267
Rainfall _7 1,472,190 105.2 1923.7 7,723
Total input (M, ) 4,176,904 743.5 - 8607.1 123,812
Qutputs:
N.N.R. + Hills. C. {s-2) = 322,241 25.6 897.4 37,854
Miami C. (S-3) (3-2) 275,431 13.9 532.2 30,772
S-4 _ 0 0.0 0.0 0
WPB canal (HGS-5 231,443 31.5 644.0 24,781
St. Lucie éana1 )_ ' 245,351 14.6 714.8 23,510
Caloosahatchee R. (S-77) 766,522 94.2 1723.5 53,643
Seepage 2/ 52,000 3.3 93.0 5,074
Evaporation 3/ 2,082,860 6.0 0.0 0
| 3,975,848 183. 1 4604.9 175,634
Total output (Mout) | |
Total input (M, ) 4,176,904 743.5 - 8607.1 123,812
Total output (M_ ) 3,975,848 183.1 4604.9° 175,534
ou _ .
Change in storage (s 105,000 6.6 187.8 10,246
Other sinks & 96,056 553.8 C o 3814.4 ~62,068
Areal loading rate (a/m2-yr)3/ 0.437 5.05 72.7

1/ Using surface area = 500,000 acres '

2/ Seepage = 0,72 cfs/mi x miles of dike &TOO miles)

3/ Using COE surface area (avg. = 1703 kmZ)

4/ aM = final storage - initial storage (using annual avg. conc. for P, N, and (]

5/ OQOther sinks = M, - M . - aM
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Inputs

N.N.R., + Hills. C. (5-2)
Miami C. . (S-3)

S-4

Harney Pond C. (S-71)
Indian Prairie C. (5-72)
Kissimmee R. (S-65E)
S-864

Fisheating Creek

S~127

S-129

$-131 :

Taylor Creek (5-133)
5-135 '

Nubbin STough (5-191)
WPB Canal (HGS-5)

St. Lucie Canal ($-308)
Ca]cosaha%;hee R. {S-77)
Hainfall L

Total input (Min

)
Outputs:

N.MN.R. + Hills. C. (5-2)
Miami C. (S-3)}

S-4

WPB Canal {HGS-5)

St. Lucie Canal

. calogsahatchee R. {S-77)
Seepage 2

Evaporation 3/

Total output (Mout)

Total input (M. )

m

Total output (Mout)

Change in storage (AM)E/

Other sinks 5/

Q
(Acre-Feet)

TABLE 6-7
1975 WATER, P, N, AND CL BUDGET FOR LAKE OKEECHOBEE {4/1/ 75- 3/31776)

TP04

{106 grams)

Total N

(108 grams)

0
1,207,499

318,447
76,545

26,575
82,170
7,504
838,503
87,290
105,736
466

944

674
2,065
369
63,178
6,918
0

2,824,883

2,183,982

220,498
158,424
0

114,843
10,893
115,910
52,000

2,856,550

2,824,883

2,856,550

-98,400

66,733

Areal loading rate (g/m2-yr)3/

Using surface area

5/ Other sinks = Min

- M

7 500,000 acres
2/ Seepage = 0.72 cfs/mi x miles of dike
3/ Using COE surface area (avg. =

- AM

1637 km2)
4/ aM = final storage - initial storage (using annual avg.
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- 66, 434
11,296
3,691
3,857
286
18,791
- 1,882
4,456
45

81

64

178

49
3,002

- 1,373
0

0
5,958

126,443

28,749
17,647
0

13,542
1,134
12,758

- 5,517
0

79,347
126,443
79,347
10,439
57,536
77.2

N, and C1)



TABLE

6-8

1976 ‘IATER, P, N, AND CL BUDGET FOR LAKE OKEECHOBEE (4/1/76 - 3/31/7))

Inputs

N.N.R. + Hills.
Miami C. {S-3)
5-4 -
Harney Pond C. {S-71)
Indian Prairie C. (S-72)
Kissimmee R. {S-65E)
S-84
Fisheating Creek
S-127 :
S-129
S-131
Taylor Creek (S-133)
5-135
~Nubbin Slough {S-191)
WPB Canal (HGS-5)

St. Lucie Canal (5-308)
'Ca]oosaha%yhee R. (5-77)
Rainfall .

C. {S-2)

Total input (Min)

Outputs:

N.N.R. + Hills. C. (5-2)
Miami C. (S-3)

5-4

WPB Canal (HGS-5)

St. Lucie Canal {S-308)
Caloosahatchee R. (S5-77)
Seepage £

Evaporation §f

- Total output (M_ )

out
Total input (Min)

Total output (Mout)
Change in storage (AM)ﬂ/

Other sinks 2/

Q
(Acre-Feet)

4
(106 grams)

TPO

Total N
(108 grams)

Ci

(105 grams)

205,499
46,582
23,558
99,935
20,484

1,157,951
57,644
147,977
3,061
10,602
6,044
5,705
7,666

176,204
15,342

0
0

1,315,416
3,299,670

186,146
84,465
0
104,523
9,537
73,881
52,000

2,140,336
2,650,888

3,299,670
2,650,888
602,200
46,582

Areal loading rate (g/mz-yr)gf
500,000 acres

1/ Using surface area

47 o =
5/ Other sinks = M

ut

2/ Seepage = 0.72 cfs/mi x miles of dike
3/ Using COE surface area {avg. =
final storage - initial storage {using annua] avg. conc.
- M - AM

1719 km
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TABLE 6-9
1977 WATER, P, N, AND CL BUDGET FOR LAKE OKEECHOBEE (4/1/77 - 3/31,78)

TPO4 Total N Cl

- Q

Inputs {Acre-Feet) (106 grams)_ (108 grams) 108 grams
N.N.R. + Hills. C. (5-2) 213,347 29.4 1,580.7 37,309
Miami C. (S-3) 83,934 i1.2 554.9 11,334
5-4 44,645 20.4 175.7 6,347
Harney Pond C. (S-71) 140,083 36.7 328.1 4,571
Indian Prairie €. {S5-72) 34,753 8.7 1056.1 1,553
Kissimmee R. (S-65E} 520,423 53.9 1,153.3 15,228
S-84 11,974 1.1 24.6 380
Fisheating Creek 126,448 21.6 273.3 6,183
5-127 7,968 4.5 21.1 776
5-129 8,190 1.9 21.3 700
5-131 ' . 4,443 0.8 10.0 419
Taylor Creek (S-<133) 7,168 2.9 16.3 618
$-135 7,323 1.5 17.9 976
Nubbin Stough (S-191) . 132,339 180.6 383.9 14,476
WPB Canal (HGS-5) : 0 0.0 0.0 0
St. Lucie Canal (S$-308) - 0 0.0 0.0 0
La]oosaha%;hee R. {5-77) 0 0.0 0.0 0
Rainfall b 1,304,892 149.2 1,809.7 8,152
Total input (Min)r ' 2,647,930 524.4 6,475.9 109,022
Qutputs: _

N.LR. + Hills. C. (5-2) 169,284 14.8 602.7 24,413
Miami C. (S-3) : 79,227 5.3 245.6 10,771
S-4 C 0 0.0 0.0 0
WPB Canal {HGS-5) \ 62,550 10.3 193.8 8,405
St. Lucie Canal (S 308)I 50,367 4.5 103.0 5,997
Seepage ¢/ 52,000 4.2 107.1 6,274
Fvaporation 3/ - 1,890,285 0.0 0.0 0

‘ 2,439,238 46.7 1,572.3 71,930

Total output (MOut | _

Tota]-input (Min) : 2,647,930 524.4 6,475.9 109,022
Total output (”ouf) 2,439,238 46.7 1,572.3 71,930
Change in storage (am)%/ 400,100 32.6 824.3 48,271
Other sinks 2/ - 191,408 445.1 4,079.3 -11,179
Areal loading rate /mz—yr}§/ 0.310 3.83 64.5

Y/ Using surface area = 500,000 acres
7/ Seepage = 0.72 cfs/mi x miles of dike 5100 miles)

3/ Using COE surface area (avg. = 1690 km?) :
4/ aM = final storage - initial storage (using annual avg. conc. for P, N, and Cl)
5/ Other sinks = M, - M_ . - oM
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_ g TABLE 6-10
1978 WATER, P, N, AND CL BUDGET FOR LAKE OKEECHOBEE (4/1/78 - 3/31,79)

Q TPOa. Total N : Cl
InEuts (ACY‘E-FEEt_) (]06 grams) _(_106 grams) &]06 grams)
N.N.R. + Hills. C. {S-2 200,173 26.5 1,433.2 37,031
Miami C. (5-3) C. (5-2) 69.512 4.8 391.0 11,384
-4 50,956 21.1 215.5 6,858
Harney Pond C. (5-71) 295,688 82.5 805.6 7,651
Indian Prairie C. (5-72) 72,116 14.8 218.5 2,410
Kissimmee R. (S-65F) 1,297,681 ¥71.4. 2314.6 27,438
5-84 207,740 14.7 382.8 4,164
Fisheating Creek 197,368 34.5 420.2 8,814
5-127 13,438 7.6 35.6 1,308
$-129 _ 14,773 3.4 38.5 1,263
$-131 7,149 1.2 16.1 674
Taylor Creek (5-133) 22,392 9.1 50.8 © 1,931
$-135 27,192 5.7 66.4 3,623
Nubbin Slough (5_19]) - 167,181 193.7 5544 14,281
WPB Canal (HGS-5) 0 0.0 0.0 0
St. Lucie Canal (S-308) 0 0.0 0.0 0
Ca]oosaha%yhee R. (5-77) 0 0.0 0.0 0
Rainfall s 1,507,918 96.1 2,198.8 3,537
Total input (M, ) 4,151,277 687.1 9,142.0 137,367
Qutputs:
N.N.R. + Hills. C. {5-2) 257,238 26.6 1,036.5 34,808
Miami C. (S-3) 144,482 10.9 470.9 18,600
S-4 0 0.0 0.0 0
WPB Canal (HGS-5) | 92,526 14.9 315.8 13,358
St. Lucie Canal (5-308) 236,693 41.1 561.8 25,943
- Caloosahatchee R. (S-77) 772,698 60.4 2,070.2 71,544
Seepage 2/ 52,000 4.4 114.2 5,882
Evaporation 3/ 2,036,168 0.0 0.0 0
Total output (M ,) 3,591,805 158.3 4,569.4 170,135
Total input (M. )} 4,151,277 687.1 9,142.0 137,367
mn :
Total output (M t) 3,591 ,805 ' 158.3 " 4,569.4 170,135
. ou -
Change in storage {am)3/ 356,900 30.4 783.7 140,374
Other sinks 2/ 202,572 498. 0 3,788.9 L73,142
Areal loading rate (g/mz-yr)gf 0.376 5.0 7501

1/ Using surface area = 500,000 acres

2/ Seepage = 0.72 cfs/mi x miles of dike &lOO miles)

3/ , Using COE surface area (avg. = 1828 km2) _ ,

4/ aM = final storage - initial storage {using annual avg. conc. for P, N, and C1)
3/ Other sinks = M. - Mout = &M
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- TABLE 6-11

1979 WATER, P, N, AND CL BUDGET FOR LAKE OKEECHOBEE. (4/1/79 - 3/31/80)

'.Tota] N

Q TPO4 , C1

Inputs (Acre-Feet) (106 grams) jTQG grams ) (106 _grams)
N.N.R. + Hills. C. (5-2) 71,892 10.9 524.5 12,557
Miami C. (S-3) | 49,181 5.0 236.3 . 7,049
5-4 34,338 18.1 141.0 4,165
Harney Pond C. (S-71) 245,018 97.2 782.3 6,007
Indian Prairie C. (5-72) 59,545 18.5 173.2 2,133
Kissimmee R. (S-65E) 1,231.434 175.0 2,042.8 27,795
5-84 176,167 15.8 302.9 3,044
Fisheating Creek 379,569 95,2 1,127.8 110,263
§-127 33,468 22.0 106.5 3,662
5-129 _ 25,135 6.4 73.4 2,318
$-131 _ 7,970 1.5 20.6 802
Taylor Creek (S-133) 43,819 20.4 112.0 4,428
5-135 _ 58,525 14.7 171.2 9,084
Nubbin Slough (5-191) 170,085 212.6 574.9 13,345
WPB Camal (HGS-5) 0 0.0 0.0 L
St. .Lucie Canal (S-308) 9,172 2.2 25.7 1,438
Ca1oosaha¥5hee R. (5-77) 0 0.0 0.0 0
Rainfall L 1,438,583 94.9 1,859.9 7,955
Total input (M; ) 4,033,791 810.4 8,277.0 116,045
Qutputs:

N.N.R. + Hills. C. (5-2) 197,737 18.6 543.6 24,270

Miami C. (5-3) 128,614 10.4 380.5 15,010
5.4 1,537 0.2 . 6.4 N
WPB Canal (HGS-5 87,520 13.1 240.6 12,797
St. Lucie éana1 25_308) 283,411 441 980. 1 31,248
Ca]oosahat'chee R_ (3*77) 779 ,329 62-6 2,092-7 . 8] ,802 ’
.Seepage <, ‘ 52,000 6.2 ]30._2 5,344
Evapor‘*ation' 3/ 1,965,673 0.0 0.0 0
Total output (M, ) | 3,495,821 155.2 4,374.1 170,642
Total input (M. ) 2,033,791 810.4 8,277.0 116,045
Total output (M_ ) 3,495,821 155.2 4,374.1 170,642
Change in storage (&M)%/ 146,300 17.5 366.4 15,034
Other sinks ¥ 391,670 637.7 3,536.5 -6%,631
Areal Toading rate {g/ml-yr)3/ 0.443 4.53 63.5
] Using surface area = 500,000 acres

2/ Seepage = 0.72 cfs/mi x miles of dike 5100 miles)
3/ Using COE surface area (avg. = 1828 km<)

4/ aM = final storage - initial storage (using annual avg. conc. for P, N, and C1)
5/ Other sinks = Min = Mout - aM
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Year-

1973

1974
1975
1976
1977
1978
1979

1/ percent of seven year average

TABLE 6-12 ANNUAL VARIATIONS IN MATERIAL LOADS 7O LAKE OKEECHOBEE

~Total Inflow

Acre-feet
3,220,252
4,176,904
2,824,883
3,299,670
2,647,930
4,151,277
4,033,791
3,479,244

93
120
81
95
76

19

116

Total
Toad

1059

547.5
743.5
371.4
533.5
524.4
687.1

810.4

602.5

P

%

91

123
62
89
87

114

135

Areal P

a/n’-yr
0.325
0.437
0.227
0.310
0.310
0.376
0.443
0.347

‘Toading rate

108
128

Total N
{oad
wy
6792.6 91
8607.1 115
6410.3 86
6659.9 89
6475.9 87
9142.0 . 122
8277.0 111

7480.7

Areal N

loading rate

4.03
5.05
3.92
3.87
3.82
5.00
4,53
4.32

§
93
17
9]
90
89
116
105



cansistent pattern. There were also no steadily increasing or decreasing
trends among the major inflows although for most of the tfibutaries the
highest ré]ative 1oads occurred in 1978, Compared to the surface inflows,
the annual variation in the material Toads attributable to direct rainfall
on the lake remained relatively constant. The effect of the Interim Action
Plan {IAP) in reducing loadings at S-2 and S-3 was evident during its
initial year of 1979. The largest re]ativé reduction was accomplished at
S-2 where the 1979 material loads were less than.40 percent of the seven 
year aVerage. These were by far the lowest materia] Toads méaSured at 5-2
during the study. The material Toads at S-3 in 1979 were 70 to 88 pércent
below the average although lower relative loadings occurred in 1973 and
1976.
An average material budget for the period 1973-79 is shown in Table

6-13. A summary of the relative contributions of each tributary are
.presented in Table 6-14, where the values are expressed as percentages df
.the~tota1.inf1ow or outflow. It is evident from these tables that the

‘two largest sources of water to the lake contribute 1esé nutrients in pro-
portion to the amount of water. ‘Rainfal1, which on the average contributed
38 percent of the water, accounted for only 16.7% of the phosphoruS; 23.3
percent of the nitrogen, and 6.3 percent of the chloride. Similarly,

the Kissimmee River, which accounted for 32.2 percent of the water, con-
tributed only between 20 and 27 percent of the.phbsphorus, nitrogen, and
chloride. 1In contrast, Taylor Creek/Nubbin Slough (S-191) which supplied
‘only 4.3 percent of‘fhe water, contributed over one-fourth of the total

load of phosphorus to the lake (28.5%). A similar disparity
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Inputs:

N.M.R. & Hills. C. (5-2)
Miami C. (S-3}

s-4 1/ -
Harney Pond C. (S-71)
Indian Prairie C. {S-72)
Kissimmee R. (S-65E)
S-84

Fisheating Creek

S-127

$-129

S-131

Taylor Creek (5-133)
S-135

Nubbin-STough {S-191)
WPB Canal (HGS-5)

St. Lucie Canal (5-308)
Caloosahatchee R. (S-77)
Rainfall

Total 1nput.(M1n)

Qutputs:

N.N.R. & Hills. C. (S-2)
Miami C. (S-3) '
s-4 1/

WPB Canal {HGS-5)}

St. Lucie Canal (S5-308)
Caloosahatchee R. (S-77)
Seepage

Evaporation

Total output M)

out
Total input (M. )
Total output (Mout)

Change in storage (aM)
Other sinks

TABLE b-13
AVERAGE WATER, P, N, AND CL BUDGET FOR LAKE OKEECHOBEE (4/1/73-3/31/80)

Q
_{acre-feet)

TPDg
j106 grams)

Total N
(106 grams )

C1
(106 grams }

195,880
56,733
34,887

169,838
37,425

1,073,849

140,630

203,449
10,886
11,168

5,277
15,680
17,432

153,586

9,067

1,310

1,597
1,350,393

3,479,244

232,760
147,421
256
120,662
120,983
388,383
52,000
2,059,930

3,122,367

3,479,244
3,122,367
208,671
148,206

Areal loading rate (g/mz—yr)

1/
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699.1
374.8

1.1
341.2
346.8
968.1
110.8

0.0

2841.6

7480.7

2841.6

472.9
2166.2
4.32

— 6-yr average only (thus, total input and total output # ¢ inputs and
outputs, respectively).

36,541
8,042
4,740
4,605
1,264

23,041
3,390
8,039
1,108

973
503
1,414
2,480

13,496

1,166
205
181

7,547

- 117,846

30,041
17,634
28
14,939
15,414
36,200
5,648
0

117,326

- 117,836

117,326

23,869

-23,35¢
68.2



TABLE 6-14

AVERAGE PERCENTAGE WATER, P, N, AND CL BUDGET FOR LAKE OKEECHOBEE (4/1/73-3/31/80)

- Inputs:

N.N.R. & Hills. C. (S-2)
Miami C. (S-3)

5-4

Harney Pond C. {S-71)
Indian-Prairie C. ($-72)
Kissimmee R. (S-65L)
-5-84 S

. Fisheating Creek

S-127

5-129

5-131

Taylor Creek (S5-133)
5-135

Nubbin Slough (5-191)
WP8 Canal (HGS-5)

St. lLucie Canal (S-308)
Caloosahatchee R. (S-77)
Rainfall

Total input

Qutputs:

N.N.R. & Hills. C. ($-2)
Miami C. (S-3) ’
S-4 '

WPB Canal (HGS-5)

St. Lucie Canal (S-308)
Caloosahatchee R. (S-77)
Seepage

Evaporation

Total output

Q TPO4
(Acre-Feet) (106.grams)

Total N
(106 grams )

C1
(106 grams )

5.6 5.3
1.6 1.1
1.0 2.2
4.9 9.0
1.1 1.7
30.9 20.3
4.0 1.9
5.8 9.8
0.3 1.1
0.3 0.4
0.2 0.1
0.5 1.1
0.5 0.6 °
4.4 28.5
0.3 0.3
0.0 0.0
0.0 0.0
38.8 16.7
99.5 100.1
7.5 21.5
4.7 9.3
0.0 0.0
3.9 15.5
3.9 15.4
12.4 34.3
1.7 4.0
66.0 0.0
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existed for the contribution of nitrogen and chloride relative to water.
S-2 contributed 18 percent of the nitrogen and 30.5 percent of the chloride
but supplied only 5.5 percént of the water.
Table G-Ts_presents the mean annual material inputs for the lake by
drainage basins. The same_basic trends as discussed .above are evident.
Rainfall and the Kissimmee Basin {5-65) supplied 70 percent of the water
{38.8 and 30.9%, respective]y). The Taylor Creek/Nubbin Slough Basin {5-191
and 5-133).was the largestcontributor of phosphorus {29.6%), followed by |
.the Kissimmee Bsin (20.2%). The Istokpoga Basin represents the third

largest surface input (12.6%), excluding rainfall. Seventy-five percent

of the tofa] nitrogen load to the lake was contributed equally from three -
sources - the Kissimmee Basin (24.6%), EAA (25.0%), and rainfall (24.3%).

The high Tload from the Kissimmee Basin and rainfall was the result of large
discharges and low concentrations while the high contribution from the EAA
was the result of high concentrations and relatively low discharges.
Atmospheric nitrogen 1oadings may be undereétimated since the dry deposition
of NO2 an Qet surfaces was not accounted for by the bulk rainwater precipi-
tation co]Tectors used in this study (Messer and Erezonik 1981).

| The areal loading rates of phosphorus, nitrogen, and chloride aré in-

cluded at the bottom of each annual budget. The areal loading rates have
‘varied over the seven year period, although there were no steadily increasing
or depreasing trends which were consistent from 1973 to 1980. The phogphorus
areal loading rates (Lp) ranged from 0.227 g/mz—yr in 1975 to 0.443 g/mz—yr 7
in 1979. Nitrogen rates (L) ranged from 3.83 g/m’-yr in 1977 to 5.05 m/g°-
yr in 1974, Annual variations in the loading rates from all sources, expressed
as a percent of the seven year average, are listed in Table 6-16. Two years,

1973 and 1976, most closely matched the "average" yeaf. Below average
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TABLE 6-15 AVERAGE WATER, P, N, CL INPUTS BY

Flow _
Inputs Acre-Feet %
Rainfall ' 1,350,393 38.8%
Kissimmee Basin (S-65E) 1,073,849 30.9%
Istokpoga Bas?h, N
(s-71, 5-72, S-84) . 347,893 10.0%
EAA
(5-2, S-3, S-4) 286,500 8.2%
Fisheating Creek . 203,449 5.8%
Taylor Crk./Nubbin
Stough (S-191, S-133) 169,266 4.9%
Minor Pump Sta.
(s-127, s-129, S-131,
5-135) ' 44,763 1.3%
Occasional Inflows:
WPB Canal (HGS-5) 9,067 0.3%
Caloosahatchee R, (5'77) ]’597 0.05%
St. Lucie (S-308) 1,310 _0.04%
Avg. Total Input 3,479,244  100.3%



BASIN FOR LAKE OKEECHOBEE (4/1/73-3/31/80)

Total P
100 g ¢
100.9  16.7%
122.0  20.2%

76.0  12.6%
52.0  8.6%
59.1 9.8%
178.2  29.6%
13.9  2.34

1.7 0.3%

0.2 0.03%

0.3  0.05%
602.5  100.2%

Total N C1

108 4 g 108 4 3
1,817.5  24.3% 7,547  6.4%
1,838.6  24.6 23,081 19.6%
827.7  11.1% 9,259  7.9%
1.870.7  25.0% 49,323 41.9%
521.3  7.0% 8,030  6.8%
an.2 6.3 14,910 12.7%
119.1  1.6% 5,060 4.3%
81.0  0.5% 1,166 1.0%
3.8 0.05% 181 0.2%
3.7 0.05% 205 0.2%
101.0%

7,480.7  100.

5% 117,836



TABLE 6-16 ANNUAL VARIATION IN MATERIAL LOADS FOR THE MAJOR INFLOWS
Percent of 7 Year Average

1973 1974 1975 1976 1977 1978 1979

N.N.R.- Hills. C. Flow 79 106 163 105 109 102 37
(s-2) ™ 1/ 105 100 209 78 92 83 34
g ™™ 2/ 99 103 154 92 113 102 37
Miami C. (S-3) Flow 139 77 137 84 151 125 88
: TP 71 114 137 52 172 74 77
T 52 73 141 84 164 116 70
5-4 Flow - 84 76 68 128 146 98
TP - 56 51 49 151 156 134
T - 68 62 57 137 167 110
Harney Pond C. Flow 91 101 48 59 82 174 144
(S-71 TP 121 102 45 35 67 151 178
TN 95 93 48 59 69 170 165
Kissimmee R. Flow 96 134 78 108 48 127 115
(S-65E) TP 85 129 62 97 44 140 143
TN 103 121 70 106 63 126 117
5-84 Flow 165 150 62 41 9 148 125
: TP 175 152 64 34 10 128 137
™ 153 117 63 45 11 164 130
Fisheating Ck Flow 75 142 52 73 62 97 187
- TP 40 300 45 59 37 58 161
™ 55 197 44 54 52 - 81 216
Nubbin Slough Flow 137 101 41 115 86 109 111
(5-191) TP 112 83 43 120 105 113 124
: ™ 116 92 39 105 a8 128 132
Direct Rainfall Flow - 89 109 88 97 97 - 112 107
FP 84 104 73 102 148 95 94
TN 87 106 87 98 100 121 102

1/ TP = total phosphorus load

2/ TN total nitrogen load

i=

e
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‘1oadings occurred in 1975 and 1977, while above aVerage toadings occurred
in 1974, 1978, and 1979. Although the Interim Action Plan for reducing
loadings at S-2 and S-3 was in effect in 1979, increased. Toadings from
the dther inflows were sufficiently high so as to cause the 1978 and 1979
lake Toad to be well above average.

_ The nutrient retention coefficients displayed in Table 6-17 indicate
that the percentage of phosphorus retained by the lake was greater than
the percentage of nitrogen retained. Phosphorus retention by the lake
ranged from 75.6 percent to 93.6 percent with a seven-year average of -
84.0 percent. The amount of nitrogen retained was somewhat lower ranging
from 47.6 percent to 82.9 percent with an average retention of 64.3 percent.
The year 1974 had the lowest phosphorus and nitrogen retention while 1976 7
had the highest. The amount of nutrient retention was directly proportional
to the water residence time (r = 0.96 for phosphorus retentions and 0.95
for nitrogen retentibn). The differential in the phosphorus versus nitrogen
retention is also reflected in the total nutrient ratio. The total N to
.total P ratio (TN/TP) in the outflow was more than twice that of the waters
entering the lake. This relationship is a function of the greatér relative
retention of phosphbrus as compared to nitrogen and‘nitrogen fixation within
the lake. The TN/TP ratio in the outflow was alSolhigh1y correlated to the

water residence time (r = 0.92).
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TABLE 6-17 FLOW WEIGHTED CONCENTRATIONS FOR LAKE OKEECHOBEE COMBINED
INFLOWS {INCLUDING RAINFALL) AND OUTFLOWS

TPO, (ma/1) Total N TN/TP Nutrient

. (ma/1) Ratio Retention
Year . Cin CoUt Cin Cout in out Rexp Rexn
1973 .138  0.064 .71 1.81 12.4 28.3 0.895 0.757
1974 .133  0.078 1.67  1.97 11.6 25.3 0.756 O.4f6
1975 .107  0.070 1.84 ° 2.12 17.2 30.3 0.842 0.717
1976 .131  0.058 1.64  2.20 12.5 37.9 0.936 0.829
1977~ .161  0.069 1.98 2.32 12.3 33.6 0.916  0.785
1978 .134  0.082 1.79 2.38 13.4 29.0 0.779 0.540

1979 .163  0.082 1.66 2.32 10.2 28.3 0.813° 0.494

Average .140 0.076 1.74 2.17 12.4 28.6 0.840 0.643
1973-79

where,

Rexp = (Pin taP) - Pout) : (Pin + 4P)
exn { (Nin +oN) - Nout) : (Nin + al)
in an ? Qin

Cout = Mout * Q- evaporation)
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SUMMARY

The Kissimmee River and direct rainfall account for 70 percent of the
water entering Lake Okeechobee, while evaporation accounts for almost 66
percent of the water leaving the lake. Over the seven year study period the
water budgets for the lake were within 4.0 percent of the published C.0.E.

storage. The average water residence time and hydraulic loading rate for
Lake Okeechobee from 1973 to 1979 was 3.47 years and 1.52 m/yr, respectively. .

The Nubbin Slough/Taylor Creek basin (S-191 and S-133) was the largest

contributor of phosphorus, 29.6 percent, although it accounted for only 4.9

- percent of the_water. The next two largest sources of phosphorus, fhe

Kissimmee River and rainfall, contributed proportionally less phosphorus

(20.2.and 16.7%, respectively} with respect to the amount of water {30.9%

‘and 38.8%, respectively). Similar disparities existed for nitrogen. The

EAA (S-2, $-3, and S5-4) accounted for 25.0 peréent of the total nitrogen

load while contributing only 8.2 percent of the water. Again the Kissimmee

River and rainfall supplied proportionally less nitrogen (24.6 and 24.3%,

‘respectively} than water. No steadily increasiné or decreasing changes

- in the materia] 1oad§ which were consistent from 1973 to 1979 were indicated.
The areal phosphorus and nitrogen loading rate averaged 0.347 and

4,32 g/mz;yr, respéctive]y, over the seven year studyaperioq. Thé nitrogen

1oading rate did notiinclude nitrogen fixation nor dry depoéition of NOZ'

The lake, on the éverage, retained approximately 84 percent of the phosphorus

load and 64 percent of the nitrogen Toad (excluding dry deposition of NOZ).

Included in the nitrogen retention would be denitrification losses to the

atmosphere.
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CRAPTER VII

LIMNETIC WATER QUALITY -
CHEMICAL CHARACTERISTICS AND WATFR QUALITY TRENDS

INTRODUCTION

This chapter will address the chemical charécteristics and water
quality trends in the limentic area of Lake Okeechobeé'from April 1973 to
March 1980. This evaluation will be based upon surface data collected at
the eight baseline stations (Figure 7-1) since previous study by Davis
and Marshall (1975) indicated that Lake Okeechobee was vertically well
mixed at these locations. Year designations will represent the 12 months
from April 1st.of the year indicated through March 31st of the following
vear (i.e._1973 will correspond to the period April 1,_1973 to March 31,
1974). .Locations were selected so as to adegquately account for major
areal variations but not Tocalized tributary influences. ' The primary
objectives of thé S§mp11ng program and of this chapter were:

(1 Character%ze the chemical quality of Lake Okeechobee

(2) Identify seasonal and annual water quality trends

(3) Assess the limiting nutrient conditions based upon nutrient

ratios, ahd
- (4) Identify spatial variation in the Timnetic zone

Stations were sampled monthly from April 1973 to January 1977, bi-
weekly from February 1974 to December 1976, and monthly from January 19?7
to March 1980. Samples collected were analyzed for NO,, NOE, NH, . TEN,

+

ortho PO,, total PO,, C1~, Na+, K

4! a,
and COZ), color, and turbidity. In situ field data (temperature, pH,

, Ca++, Mg++, alkalinity {primarily HCOZ,

specific conductance, and dissolved oxygen) were also collected. The

collection methodologies were described in Chapter TV.

~114-



OKEECHOBEE.
CITY

[:] ' TAYLOR CREEK-
ey NUBEIN SLOUGH

c-38 5-133

5-191

INDIAN PRRIRIE
CANAL o527

HARNEY POND
CANAL S-129

ST. LUCIE

$-131 CANAL

FISHEATING _

CREEK=——=" TILVERT 11
LITTORAL
Z0ONE : HGS-5
MOORE, 5 Thin mud H R
HFWEN \ on Rangia
7> Shelfs PRHOKEE
e CULVERT 1@
CALCOSAHATCHEE G4
RIVER CULVERY 12R
CLLVERT 12
BELLE
GLRDE
gémﬁ /  cwverr '
F HE&&&&?RO
NORTH NEW

: RIVER CANAL
Adapted from Gleason and Stone (1975)

FIGURE /-1 LAKE OKEECHOBEE. LIMNETIC WATER QUALITY STATIONS
-115-



The water quality chéracterization, identification of seasonal and
annual trends, and assessment of limiting nutrients were based upon the
eight base1ine stations averaged lake-wide for each samp]ing trip.

Spatial variations were evaluated using data collected at the individual
stations over the course of the entire study period. Statistical summaries
of the data Collected at each station are in Appendix A. Seasonal patterns
in the Qater quality data were evaluated from visual inspections of time
series graphs. Patterns in annual concentrations were determined statis-
tically by application of a 2-way ANOVA (station and year) followed by
Duncan's_muTtiple'range test.

The theory of nutrient limitation is based upon the concept that-
of the many_nutrients required for plant growth, the one present in the
Jeast amount relative to a plant's needs (assuming all other physical and
biological requirements are Satisfied) will 1imit the growth of that
plant at that time and is, therefore, considered the "limiting nutrient".
The assessment of the limiting nutrient for a given body of water can be
cbmpTicated due to the large number of chemical, physical, and bfo]ogica]
factors required for growth and due to the spatial and temporal variations
Th these requirements which can exist in a lake. Thereforé, the 1imiting
factor can vafy in both time and space, Of the more than 15 elements
required for algal growth, nitrogen or phosphorus is usually the Timiting
nutriént since the other elements are usually required in such smé11
quantities that they are rarely in short supply. Also the supply of these
other elements 1is usually correlated to the supply of nitrogen and

phosphorus,
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There are two types of limitation which can be identified: growth
rate limitation and yield limitation. For growth rate limitation to exist
the concentration of the 1imiting nutrient needs to be sufficiently low so
that its uptake rate from solution is below optimum and, therefore, the
growth rate of the plant is limited by the rate at which it can assimilate
the nutrient,from_the water. In yield limitation, all the nutrients
needed for growth are present at concentrations which permit maximum qptake
rétes; but one nutrient will be deficient relative to the stoichiometric
needs of the plant. This type of 1imitation is considered potential rather
than actual since other factors such as light, temperature, and ﬁredatiOn

may prevent the algae from reaching maximum biomass and depieting the
| supply of the yield-limiting nutrient. Yield 1imit§tion is more 1mp6rtant
than growth rate limitation since it is the maximum‘a1ga1 biomass, rather
than the rate of algal growth, which most adversely affects the quality of
the water. | |

The relative biological requirement of nutrients is based upon the
presumption that as a result of photosynthesis, algae will assimilate
nitrogen and phosphorus in a stoichiometric atomic ratio of approximately
16N:1P, which is equal to a mass ratio of 7,2N:1P. This rate of depletion
continues until one of the two nutrients becomes depleted in the water
'body at which time the nutrient present in the water in the lowest concen-
tration, relative to the stoichiometric demands of the algae, will limit
subsequent growth. If the mass ratio at that time is greatér than 7.2:1
then phosphorus is considered limiting. If the mass ratio.is 1ess.than
7.2:1, then nitrogen is considered the limiting nutrient. When the ratio
is around 7.2:1 then either nitrogen or phosbhorus may be limiting; A

critical N:P mass ratio of 7-8:1 was adopted by Rast et al. (1978)
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for limiting nutrient assessment of the U, $. portion of the North American
0.E.C.D. watef_bodies and was also used by Schindler (1977). Rast et al.
(1978) also recommended that the inorganic forms of nitrogen and phosphorus

be used in assessing nutrient limitation.
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RESULTS AND DISCUSSION

Temporal Analysis

Figures 7-2 to 7-4 present a time series display of the average major
ion levels for each sampling trip from 1973 to 1979. Inspection of these
graphs' indicate that monthly variations in sodium, potassium, caicium,
magnesium, chloride, alkalinity and conductivity did not follow a seasonal
pattern. There were also no consistent increasing or decreasing patterns
in the mean annual major jon concentrations from 1973 to 1979 (Table 7-1)
although significant variations in the annual meéns were indicated (Tables
7_é to 7-3). A significant decrease in specific conductance occurred in
1979. This reduced level of conductivity may have been at least bartia]]y
the result of implementation of the Interim Action Plan (IAP). The IAP,
in 1977, drastically reduced the inflow of high conductivity water ftOm
S-2 and S-3 which averaged 1025 and 847 pmhos/cm, respectively. Although
the largest total volume of water from all sources enteréd the lake in 1979
(4,495,000 acre-feet) a similar quantity entered in 1978 (4,429,000 acre-
feet)} without a cOrresponding reduction in conductivity. Therefore, the
total VO1umé of water_eﬁtering the lake appears to not have been é direct
factor affecting the decline in the lake's conductivity in 1979. The
mean annual alka?fnity was higher from 1973 (2.58 meg/L) to'1§77 (2.55
meq/L) than in more recent years (2.29 and 1.95 meg/L in 1978 and 1979,
respectively).

In general, however, the jnorganic ionic composition of Lake Okeechcbee
can be adequately represented by the average from i973 to 1979 (Table 7-1).
The ]aké can thus be characterized as beihg éomposed of highly mineralized

water for a lake in a humid climatic zone. Sodium and calcium levels
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Parameter—

1/

Ortho-P
Total P
Inorganic N
Organic N
Total N

Cond. (umhos/cm)
Cl

Na

K

Ca

Mg

Hardness (CaC03)
SO4

5102

Alkatinity (meqg/1)
Total Fe

Dissolved oxygen

Turbidity (JTU)
CQ]O;'(Pt units)
Secchi Disc (M)

~ TABLE 7-1,SUMMARY OF MEAN ANNUAL LIMNETIC LATER QUALITY

Chalorophy1l a (ug/L)-

I/ Units in mg/L unless otherwise noted.

Mean Annual Concentration

1973 1974 1975 1976 1977 1978 1979 . Avg.1973-79
0.005 0.014 0.013 0.016 0.013 0.019 0.045 0.018
0.049 0.049 0.058 0.055 0.063 0.067 0.097 0.063

" 0.08 0.16 0.16 0.22 0.13 0.13 0.26 0.16
1.55 1.29 1.44 1.81 1.53 1.63 1.74 1.57
1.63 1.45 1.60 2.01 1.64 1.77 2.02 1.73
574 570 594 621 617 614 545 589
85.6 79.1 87.4 90.5 98.0 91.8 83.0 87.4
55.0 49,2 57.8 61.7 67.4 - - 56.3
4.1 4.0 4.8 5.1 4.6 - - 4.4
46.6 43.0 44.6 46.9 43,5 - - 45.1
17.3 15.1 17.6 18.6 19.9 - - 17.3
187 169 184 194 190 - - 184
50.2 52.3 54.9 58.4 60.1 - - 54.6
4.8 5.5 6.6 8.4 12.0 - - 6.5
2.7 2.5 2.6 2.7 2.5 2.3 1.9 2.5

- 0.22 0.47 0.52 0.56 0.22 0.26 0.53 0.44
8.2 8.2 8.4 8.8 8.9 8.7 8.8 8.6
1.7 19.8 26.6 25.7 ©15.5 9.1 13.9 18.0
- 55. 47 46 38 35 40 43
0.6 0.6 0.5 0.6 0.7 - - 0.6

24,0 27.0 26.1 ; ; . 25.7



TABLE 7-2 DUNCAN'S MULTIPLE RANGE TEST FOR MEAN ANNUAL CHLORIDE,
SODIUM, CALCIUM, AND ALKALINITY CONCENTRATIONS 1/

_ Chloride (mg/1)
1973%/ 1974 1975 1976 1977 1978

1973 1979
85.6 79.0 87.2 90.6 98.2 91.6 83.3
: A
B B
' C
D
E
Sodium (mg/1)
1973 1974 1975 1976 1977 1978 1979
55.0  49.4 57.9 61.6 66.9 ND=/ ND>/
A
B
¢
D
£
Calcium (mg/1)
1973 1974 1975 1976 1977 1978 1979
46.5 43.1 44.7 46.9 42.2 43.4 DS/
A A A A
B B B
C
Alkalinity (meq/1)
1973 1974 l97s 1976 1977 1978 1979
2.68 2.47 .59 2.70 2.55 2.29 1.95
: A
B
C ¢ C
D D D

1/ Means with the same Tetter are not significantly different (a= .05)
2/

=" Annual means from April of the year indicated through March
‘of the following year.

3/ ND = no data collected
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TABLE 7-3  DUNCAN'S MULTIPLE RANGE TEST FOR MEAN ANNUAL DISSOLVED
OXYGEN, TURBIDITY, AND SPECIFIC CONDUCTANCE LEVELS V/

Dissolved Oxygen {mg/1)

19732/ 1974 1975 1976 1977 1978 1979
8.2 8.2 8.4 9.2 9.0 8.8 8.8
A A
B
c C C

Turbidity (JTY)

11.7 19.9 26.6 25.8 16,4 9.1 14.1
A A
B B B
C c
D D

Specific Conductance {umhos/cm)

1973 1974 1975 1976 1977 1978 1979
589 570 595 621 615 615 545
A A
B B
C C c c

i Means with the same letter are not significantly different (o= .05)

/ .
~ Annual means from April of the year indicated through March-
of the following year
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were high (averaging 56.3 and 45.1 mg/L, respectively) and equally dominated
the cation composition (39.2 and 36.0%, respectively). The anion composition
-wés dominated equally by chloride and alkalinity (40.3 and 40.2%, respec-
tively, Table 7-4) which were also present in relatively high levels (mean
€1 =87.4 mgfL and alkalinity = 2.5 meq/L). 1In addition, the high specific
conductance measured in the lake (averaging 589 pmhos/cm) is indicative
of high dissolved solids levels. |

Color did not display any consistent seasonal pattern although the

actual levels displayed a three-fold range between 20 and 60 Pt units.

| The mean color level of 42.6 Pt units is moderately high for a lake system.
No consistent changes in the mean annual color levels were apparent
from 1973 to 1979.

Turbidity was Tow but varied seasonally throughout the study beriod;
| Turbidity during the calmer summer months was very Tow, usually ranging
from 1 to 5 JTU. The_higher turbidities (20-60 JTU)} were recorded during
the winter. Davis and Marshall (1975) previously identified turbidity (as
measured by Secchi disc) as a variable which was posit1§e1y correlated with
seasonal nutrient fluctuations. Turbidity, in turn,. was stated to'be
primarily dependent upon wintertime wind stress which effectively mixes
the entire water column and causes a resuspension of sediment material.
The relationship between turbidity and nutrient Tevels Was éna]yzed in this
study by use of correlation analysis. There was a relatively high degree
of éssociation {r = 0.61) between the 10910 transformation of turbidity
and inorganic hitrogen. There were also significant, though much lower,
correlations between turbidity and total phosphorus (r = 0.38), ortho
phosphorus (r = 0.26) and total nitrogen (r = 0.26). Turbidity, therefore,

appears to more selectively affect inorganic nitrogen levels rather than
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TABLE 7-4 AVERAGE* AMIOM-CATION BALAMCE FOR LIMNETIC ZONE OF
LAKE OKEECHOBEE

Mean Concentration* (meg/L)

percent error: 1.2%

*

Anions
Chloride 2.46 40.3%
| Alkalinity 2.45 40.2%
Sulfate 1.14 18.7%
6.1

Average of time period April

Cations
Sodium : '2.45 39.2%
Ca]éium - 2.25 36.0%
Magnesium 1.42 22.7%
Potassium 0.11 1.8%
Total Tron 0.02 0.3%
6.25

1973 through March 1980
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phosphorus or total nitrogen. This supports Messer et al. {1979) and
Brezonik et al. (1979) who reported that wind driven sediment resuspension
in lLake Okeechobee resulted in greater releases of nitrate into the water
column than phosphorus. Wind induced turbidity can thus affect the
sediment/water nutrient exchange relationships and at Teast temporarily
affect the ambient inorganic nitrogen levels.

There were no consistent increasing or decreasing trends in the mean
annual turhidity Ieeels from 1973 to 1979, although there were significant
annual variations (Table 7-3). The highest mean annual turbidity levels
occurred in 1975 and 1976 (26.6 and 25.8 JTU,'respectively), while the
lowest turbidity levels occurred in 1973 and 1978 (11.7 and 9.7 JTU,
respectively).

Lakewide daytime limnetic dissolved oxygen concentrations were high,
relative  to the 5.0 mg/L minimum set forth in the Florida Administrative
Code Chapter 17-3 Water Quality Standards, being consistently above 6 mg/L.
Oxygen saturation varied widely, ranging from 30 to 200 percent. The
lowest concentrations usually occurred in the summer {(Figure 7-3). Several
factors which could accouﬁt for these summertime lows include temperature
(decreased 02 sotubility at higher temperatures), lower photosyntheiic
activity due to intense light inhibition (Marshall, 1977) and increased
sediment nygeh demand. Significant differences in annual concentrations
were noted (Table 7-3) with the hichest averaae concentrations occurring
in 1976 (9.2‘mg/L) and the lowest average concentration occurring in
1973 and 1974 (8.2 mg/L). The average dissolved oxygen concentration
over the entire study period was 8.6 mg/L with an average saturation of

100 percent.
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Inorganic phosphorus and nitrogen concentrations in the lake's Timnetic
Zone varied seasonally and displayed significant annual trends. The
typical seasonal inorganic nutrient cycle displayed minimum values in the
summer, an increase in concentrations in the fall, maximum values in the
winter,and a decrease in concentrations in the spring (Figure 7.5)}. This
pattern has become better defined since 1976, The clarity of this pattern
varied between the eight stations (Figure 7-6 and 7-7). Stations 4 and
8, the most centrally located stations furthest from tributary influences,
displayed the mdst well defined seasonal pattern. Assuming this seasonal
pattern continues, the high Timnetic ortho phosphorus and inorganic nitrogen
concentrations measured at the end of this study in March 1980 should
decline during the spring of 1980. Seasonal variations in ortho phqsphorus
resulted in parallel, although less pronounced, variations in total
phosphorué (Figure 7-5). The seasonal variations in inorganic nitrogen,
however, did not consistently produce parallel variations in the total
nitrogen (Figure 7-5). |

- Significant changes were detected in the mean annual phosphorus and
nitrogen concentrations. Statistically significant increases were evident
-in the mean annual ortholphosphorus concentrations from 1973 to 19?4 (0.005
to 0.014 mg/L) and more fecent]y from 1978 to 1979 (0.018 to 0.045 mg/L)
(Table 7-5). The average concentration during the interﬁehing years (1974 -
to 1978) remained relatively constant. The recent increases in 1978 and
1979 were primarily the result of both higher seasonal maxihﬁms and minimums.
The increases in the ortho phosphorus concentrations resulted in significant
changes in total phosphorus. The increase in the annual total phosphorus
concentrations from 1973 (0.048 mg/L) to 1978 (0.065 mg/L) was more gradual

than the increase in ortho phosphorus, although the most significant increase
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TABLE 7-5. DUNCAN'S MULTIPLE RANGE TEST FOR MEAN ANNUAL PHOSPHORUS
AND NITROGEN CONCENTRATIONS 1/
"Ortho Phosphorus (mg P/1)
19732/ 1974 1975 1976 1977 1978 1979
.005 .014 .013 .017 .014 .018 .045

Total Phosphorus (mg P/1)

1973 1974 1975 1976 1977 1978 1979
.048 .049  .059 .055 .066 .065 .097
A A
B B B B
C
Inorganic Nitrogen (mg N/1)
1973 1974 1975 1976 1977 1978 1979
.09 .16 .16 .22 15 12 . .76
A A '
B B B B
C C

Organic Nitrogen (mg N/1)

1973 1974 1975 1976 1977 1978 1979
1.56 1.29 1.43 1.81 1.54 1.66 1.75
. _
B B
C
E
~ Total Nitrogen (mg N/1)
1973 1974 1975 1976 1977 1878 1979
1.63 1.45 1.59 2.02 1.67 1.76 2.03
A A
B B
c C
D , D
1/

< Means with the same letter are not significantly different (o= .

2/

= Annual means from April of the year indicated through

March of the following year. .
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again occurred recently from 1978 (0.065 mg/L) to 1979 {0.097 mg/L)

(Table 7-5). There have heen no significant decreases in the mean annual
ortho and total phosphorus'concentrations from 1973 to 1979. Concurrent
with the increase in phosphorus concentrations was an overall increase in
the proportion of ortho to total phosphorus from.]9 percent in 1973 to

46 percent in 1979.

The trend in fhe mean annual inorganic, organic, and total nitrogen
concentrations did not parallel the phosphorus trend since both significant
increases and decreases occurred from 1973 to 1979 (Table 7-5). The
highest average concentrations occurred in 1976 and 1979 for these nitrogen
components. The lowest average concentrations occurred in 1973 and 1978
for inorganic nitrogen, in 1974 for organic nitrogen, and in 1974 and 1975
for total nitkogen. These mean annual nitrogen and phosphorus concen-
trétions were sufficient]y high so as to indicate that growth rate Timitation
due to a limitation in the rate of nitrogen and phosphorus assimilation by
, phytopEankton,rwas probably an infrequent event.

' The causitive mechanism responsible for the seasonal variations and
annual changes in the inorganic nutrient levels is probably a complex
association between many factors, incTuding phytoplankton dynamics,
littoral zone dynamics, external nutrient inputs, internal nutrient
cycling, and hydraulic loading characteristics. A1£hough elucidation of
this mechanism is. beyond the scope of this study, seasonal and annual coh-
parisons between the limnetic nutrient variations and the input character-
istics can be useful in indicating the relative importance of some of the

inflows and morphometric characteristics on limentic nutrient levels.
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Specifica]Ty, monthly variations in limnetic ortho phosphorus and inorganic
nitrogen concentrations were compared to mpnth]y variations in the lake's
morphometric characteristics (lake stage, mean depth,‘volume, and surface
area) and inflow characteristics (total monthly inflow, total monthly
inorganic nutrient loads, monthly flow weighted inorganic nutrient concen-
trations). Graphical comparisons between these characteristics and 1imnetic
ortho phosphorus and inorganic nitrogen levels (Figures 7-8 - 7-11)
suggest that the limnetic ortho phosphorus concentrat1ons quctuate in
parallel with the lake stage, mean depth, volume, and prior to 1978,
with the surface area. Variations in the inorganic nitrogen concentration
did not appear to be closely related to variations in the monthly
morphometric characteristics. These relationships were quantified using
linear, logarithmic exponential, and 2° polynomial regression analysis.
Since the 2° po]ynomiai regressions produced the highest correlations.
only the polynomial relationships are reported (Table 7-6). The highest cor-
relation (r = 0.75) was between ortho phosphorus and mean depth. Additional
significant correlations were also obtained between ortho phosphorus and
Take stage, volume and surface area due to the mutual interdependency
between the morphometric parameters.

The relationship between the monthly Timnetic ortho phosphorus.levels
and the inflow characteristics were not as well defined. It appears
from Figure 7-11 that there may be some degree of association between
the input loads of ortho phosphorus and the ortho phosphorus levels in the
limnetic zone if an approximate three month lag in the response fime |
is assumed. This would be similar to the response time between the

monthly inflow and the lake stage (compare Figure 7-10 and 7-11).

-137-



INUL
1190
¥ oS
tad
dNer
1190
47ne M
1adu
INEE
1190
1ne
4y
NS
190
.443&
dY
INuL
S 1100
Yane
T tady
INur
1190
e
e
ANHL
190
ng

1827

LIMNETIC ORTHO PHOSPHORUS CONCENTRATIONS AND DAILY STAGE IN LAKE OKEECHOBEE

1976

1

1825

¥

1374

1873

addd
=

09
@73
.86
4
a3
Bis
FIGURE 7-8.

(3904) I9ULS INYT NUIW (rd Bu) SNNOHASOHd OHL¥O
_ -138-




28

(3983) FDHIS IAHT NUIW

ANHL
+120
e
i dy
N

NS
it
INH T
120
FINe
- dy
INWL
120
N
i dH
NEL
130
sy
3dy

NYL

100
INL
Fldd
NY L
- 100
F1Nc

3

ip] o w Sp]
[ - (g ¥} —
3

(/N Bw) NIDOMLIN DINHODMONI

e
.97

ddy

130

1375 1976 13727 1578 1578
LIMNETIC INORGANIC NITROGEN CONCENTRATIONS AND DRILY STAGE

1974

1973

7-9 .

IN LAKE OKEZCHOBZ E

FIGURE

-139-




GTHGE. (fest]

28

18 1

16

14

e

RE BTE (feat)

153 § 18%4 § ﬂ 18%5 é ﬂ lgﬂ § 15? § ' 150 E 159 E |

VOL{#E (aoro-faet)

TARE VORE {aore—feat)

ﬁzgétagﬂagﬁzgﬁzgﬂzw

SUNFRCE ARER {acres)

m \’.m)

Ezgﬂzﬁﬂagﬂaﬁﬂésﬂagﬂzﬁr.

YEFN TEFIH fast)

m tfnt)

EXTEERRAENLE FALAFA L FALA AL

FIGURE 7-10 STAGE, VOLUME MEHN DEPTH,AND AREA FOR LAKE OKEECHOBEE

~140-




ng P

N M.A
. § . . : e §

cEE2RELERT

" 1673 " 1974 1975 " 1978 " 1877 1978 1978

ng P/L)
8

FLOW FETCHTED ORTHS P IWFLON CORC.

" 1978 " 1994 1898 " 1978 " 1877 1978 1378

i410008

1910828

TWLON (OB -TEET)

1210889 |

oloedR |
éloaee |
410888 |
210803 -

1973 - 1974 1979 1978 1877 1978 1879

FIGURE/-11,

AMBIENT ORTHO P CONCENTRATIONS AND INFLOW PRRAMETERS

141-




TABLE 7-6. CORRELATIONS*BETNEEN LIMNETIC INORGANIC NUTRIENT CONCENTRATIONS
AND LAKE MORPHOMETRIC AND INFLOW CHARACTERISTICS

Ortho P Inorganic N
2 2
r r or_ _ C
Stage* 0.69 0.48 0.40 0.16
Mean depth 0.75 0.56 - 0.40 g.16
Volume B 0.63 0.40 0.40 0.16
Surface area 0.53 0.28 0.33 0.11
Total monthly inflow 0 0 0.35 0.12
Total monthly inorganic 0 0 0.32 ¢.10
nutrient load
Flow weightéd inorganic 0 0 0.048_ 0.23

nutrient conc.

* 2° polynomial

** monthly values
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Factors which can affect the response time include withdrawa] demands ,
evaporation, the operational regulation schedule, and the lake morphometry;
however, sinée fhe Timnetic ortho phosphorus concentrations appear to more
cTose]j paral]e] the mean depth, lake volume, and surface area thén the
inorganic phosphorus input loads, a seasonal internal nutrient cyc]ihg
process is suggested. The seasonal increase in the lake stage (or mean
depth) results in a seasonal flooding of the lake's large littoral zone
along the western shoré]ine {125,000 acres or about 25% of thé lake's
sufface area). In the fall, there is some dieback and subsequént decomposi-
tion of the littoral zone_vegetation which releases nufrients (Brezonik

et al. 1979). According to Brezonik et al. {1979), maximum macrophyte
growth occurs in the summer (May to August). At the end of the growing
season in.the fall, most macrophytes senesce, collapse to the sediment

and begin to decompose. This decomposition releases proportiona]ly

more phosphorus than nitrogen {Brezonik et al. 1979). It is hypothesized
that the fall/winter flooding of the littoral zone (as evidenced by increased’
 lake sufface area {Figure 7-10) facilitates the transport of these
nutrients into the lake's limnetic zone. This would correspond to

the fﬁ]l/winter peak in inorganic phosphorus and nitrogen levels.

Monthly limnetic inorganic nitrogen concentrations were not well cor-
re]ated:to either the lake stage, mean depth, lake volume or the surface
area (Figure 7-12 and Table 7-6). There was some degree of association
between the total monthly inorganic nitrogen load and the limnetic
inorganic nitrogen conceﬁtration assuming a three month lag as was the
case with phosphorus. Wintertime release of nitrogen from the sediments

as a result of wind sediment resuspension was previously discussed
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as a mechanism which also may partially account for the winter increase
in inorganic nitrogen.

Comparisons between annual 1limnetic ortho phosphorus and inorganic
nitrogen concentrations and the annual morphometric and inflow character-
istics are presented in Table 7-7. These comparisons support the association
between 1imnetic ortho phosphorus levels and mean depth, lake stage,
lake volume,and surface area. A sharp increase in these morphometric
characteristics in 1978 and 1979 corresponded to a large increase in
the Timnetic ortho phosphorus concentrations. There also appeérs to be
an association between the annual ortho phosphorus loads to the lake
and the Timnetic ortho phosphorus concentrations. Specifically, the
three years which experienced an above average ortho phosphorus 1oad
(1974, 1978, and 1979) correéponded to the three largest increases in the
annual limnetic orfho phosphorus concentrations.

There is, however, some lack of sensitivity in this relationship
between ortho phosphorus Toads and the limnetic concentrations. For
_example, a decrease in the limnetic concentratfon'from 1976 to 1977
occurred when there was an increase in the annual load. In aJdition,
aTthough_the highest annual ortho phosphorus load to the lake occurred

in 1974 (580 X 10°

g P), three other years (1976, 1978 and 1979) had
higher }1mnetic ortho phosphorus concentrations and lower ortho phosphorus
loads. Although the lake appears somewhat responsive to external

nutrient inputs, these inputs cannot solely aécount for the recent
increase (1978 and 1979) in the limnetic ortho phosphorus concentrations.
Therefore, significant internal loads may have occurred in 1978 and 1979.

These recent increases may have been a result of the implementation

of the 17.5' regulation schedule. Implementation of this higher schedule,
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TABLE 7.7,

Annual

COMPARISON OF LIMNETIC NUTRIENT CONCENTRATIONS AND HYDROLOGIC CHARACTERISTICS

Mean Annual Flow-weighted Total Annual Total Mean
Limnetic Conc. Inflow Conc. Load Annual  Annual  Mean  Ann. Mean Annual
mg/L mg/L 106¢ Inflow Lk/Stg. Depth Surf. Area Lake Vol.
Ortho P Inorg.N Ortho P Inorg.N Ortho P Inorg.N A/Ft.  Ft/MSL Ft. Acres A/Ft.
1973 _.005 .08 .093 .47 369 1;848 3,220,252 13.6 8.07 416,364 3,365,000
1974 .014 .16 113 .42 580 2,149 4,176,804 13.9 8.33 420,811 3,504,000
1975 .013 .16 .074 .75 259 2,604 Z,824,883 13.2 7.87 404,503 3,185,000
1976 .016 .22 .086 51 350 2,077 3,299,670 13.8 8.14 424,765 3,462,000
1977 013 .13 13 .75 378 2,461 2,647,930 13.7 8.10 417,599 3,389,000
1978 .019 13 .093 AN 478 2,106 4,151,277 16.0  9.81 451,699 4,429,000
1979 . 045 .26 13 .35 562 1,734 4,033,791 16.5 9.94 45]}699 4,495,000
Avg. '
1973-79 .018 .16 100 .50 425 2,140 14.4 8.66 426,742 3,690,000

3,479,244



coupled with sufficient rainfall in the lake's drainage basins, permitted
tﬁe Take to exceed a stage of 16.5' MSL from October to April during both
1978 and 1979. These higher lake stages may have provided two possible
pathways for dincreased internal phosphorus cycling. The first involves an
extension of the mechanism proposed for the seasonal transport of
nutrients from the 1ittoral zone. The mean depth and surface area graphs
displayed in Figure 7-8 indicates that there was a prolonged fliooding of
the littoral zone to a deeper depth in 1978 and 1979 than typically
occurred prior to October 1978. This may have provided an oppdrtunity for
the transport of a larger quantity of nutrients from the littoral zone than
would have normally occurred if the flooding cycle would haﬁe been of a
shorter duration as was typical from 1973 to 1977. .This mechanism would
have had more impact in 1979 than in 1978 since thé Tittoral zone was
flooded to a deeper depth and for a longer period of time in 1979 than

in 1978. If this mechanism is plausible, then it would be expected that
the largest relative increase in ortho phosphorus concentration would have
occurred at the station closest to the Tittoral zone. Ortho phosphorus
data collected at station 5, located closest to the large western littoral
zone tends to support this mechanism. Annual ortho phosphorus concentrations
at station 5 increased ten-fold from 1978 to 1979 (0.004 to 0.041 mg/L),
the largest increase for any of the limnetic stations {Table 7-8).

A second pathway for internal cycling ihvo]ves the 1nundatioh of
three of the agricultural islands Tocated in the south end of the lake
(Ritta, Kreamer, and Torry Islands). Ritta.and Torry Islands have been
intensively farmed for primarily sweet corn. Approximately 525 acres of

Ritta Island have been farmed since the 1920's while 950 acres of Torry
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TABLE 7-8.MEAN ANNUAL ORTHO PHOSPHORUS CONCENTRATIONS AT THE BASIC

LOOT -
1002
L0033
L004
LOGS
LOO6
L 007

LOO8

EIGHT STATIONS

Mean Annual Ortho Phosphorus Conc. {mg/L)

1973

0.005
0.004
0.004
0.004
0.002
0.011
0.004

(.007

1974

0.014
0.009
0.009

0.009

10.023

0.017

0.019

0.013

1975

0.008

'0.009

0.011
0.015
0.004
0.016
0.018

0.011
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0.019

0.009

0.021

0.017

0.015

0.022

0.005

0.020

0.018

0.013

1978

0.016
0.018
0.025
0.028
0.004
0.029
0.018

0.011

1979

0.038

0.044

0.041

0.042
0.041
0.058
0.050

0.044



Island have been. farmed since the 194n's, Since the topsoil of the islands
is organic muck, the fertilizers applied during farming contained an
abundance of phosphorus relative to nitrogen (4-20-20, Don Bottz, personal
communication}. After many years of fertilizer aoplications. muck soils
lose their fixation canacity for phosphorus (CHQM Hi11, 1979) and, as a
result, phosphorus in the soil profile becoms more mobile. When

the lake exceeded 16.5' MSL in October 1978, farming was abandoned on

the islands. With no active drainage facilities, these islands flooded
from October to Apr11 in 1978 and 1979. This flooding could have extracted
ortho phosphorus from the soil and subsequently transported it back into
the limnetic zone. A similar increase in nitrogen would not be expected
since-fertilizer application of nitrogen was insignificant and since the
mineralization of organic nitrogen in the muck soil would tend to decrease
when the soil flooded. Saturated muck soils tend to become anaerobi§
which can slow the mineralization of soil nitrogen (Messer 1979).

This proposed mechanism for increased internal phosphorus cycling
would also be expected to have been more effective in 1979_thaﬁ in 1978
since both of the agricultural islands were flooded to a deeper depth-
for a longer period of time in 1979 than in 1978. Support for this
mechanism is suggested by a comparison of the annual ortho phosphorus
concentration at stations & and 7 located closest to the agricultural
is1ands. These stations had the highest mean annual ortho phosphorus
concentrations in 1979 relative to the other six limnetic stafibns. If
flooding of the agricuTtura] islands do provide a methaniﬁm for increased
ortho phosphorus concentrations, the increase may be transient. It

would be expected that the quantity of phosphorus released from these
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agricultural islands would decrease during future flooding since the remaining
quantity of extractable ortho phosphorus would decrease with each subsequent
inundation.

There has been a significant decline (Table 7-9) in the annual
inorganic nitrogen to inorganic phosphorus ratios (IN/IP). The mean annual
TN/IP ratio decreased from 22.5 in 1973 to 6.1 in 1979. Gradual decreases
were evident from 1973 (22.5) to 1976 (19.4) with significant decreases
occurring more recently in 1978 and 1979 (8.6 and 6.1, respectively)

(Table 7-9), The primary reason for the decline in the annual IN/IP -
“ratio was an increase in oftho phosphorus concentrations, relative to
inorganic nitrogen concentrations, from 1973 to 1979 (Table 5-5). Another
factor may have involved implementation of the Interim Action Plan (IAP)
for reductionof nutrient loads at S-2 and $5-3 in May 1979. The IAP had
the effect of reducing nitrogen loadings from the EAA, relative to the
preQious years (33% of seven year average) (Chapter V). These reduced
nitrogen Toadings (50% of which were in the inorganic form) would also
tend to contribute to the Tower IN/IP ratio in 1979,

An additional extefna1 factor which also needs fo be considered in
addressing the decline in the IN/IP fatio are the external nutrient
loads. Figure 7.13 displays the IN/IP ratio in the combined inflows, The
IN/IP ratios in the lake do not appear to be sensitive td relative short
term annual changes in the IN/IP ratio in the inf]ows; however, the
lake may be responding to a long term effect of receiving.1ow_IN/IP ratio
inputs.

The decrease in the annual IN/IP ratio in Lake Okeechobee indicates
at least a temporary shift from a system where maximum biomass yield is
potentially limited by phosphorus to one which is potentially limited by

nitrogen. This potential shift in Timitation can become significant if
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TABLE 7-9 DUNCAN'S MULTIPLE RANGE TEST FOR MEAN ANNUAL NITROGEN
TO PHOSPHORUS RATIOS 1/

Inorganic Nitrogen to Ortho Phosphorus Ratio

19732 1974 1975 1976 1977 1978 1979
22.5 20,7 19.4 19.4 15.6 8.6 6.1
A A
B B
c c ¢ c c

Total Nitrogen to Total Phosphorus Ratio

1973 974 1975 1976 1977 1978 1979
43.9 39.1 35.3 42.7 33.7 38.5 23.6
| A
B B B B
C C C c

v Means with the same letter are not significantly different {o= .05}

2/ Annual means from April of the year indicated through March
of the following year
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the ambient levels of inorganic nutrients in the lake decline or if the other
factors required for algal growth (i.e. macronutrients, 1ight, temperature,
etc.) are not limiting.

On a seasonal basis, the lTower IN/IP ratios occurred in the summer while
the higher IN/IP ratios occurred in the winter {Figure7-14). The lower
-summertime IN/IP ratios {frequently below 7-8) corresponded to the period of
1bwest ambient inorganic nutrient Tevels (<0.01'mg/L ortho phosphorus, and
<.05 mg/L inorganic nitrogen). The low IN/IP ratio in conjunction with
tHe Tow inorganic nutrient concentrations suggests that there is nitrogen
Timitation of summer phytoplankton. This summer nitrogen limitation may
trigger the seasonal shift from phytoplankton dominance by diatoms in
the spring to late sﬁmmer dominance by nitfogen fixing blue-green algae
which Marshall (19?7) documented had occurred in 1974. This late suﬁmer
bloom repre#ents the annual peak in phytoplankton biomass. Prior to-1978,
there appeared to be a depletion of inorganic phosphorus from the water
column during the late summer/early fall, resulting in an increase in the
IN/IP ratio to a range of 10-80. This depletion of ortho phosphorus and
1ncréase in the IN/IP ratios was probably the result of phosphorus assimilation
by'the fall blue-green bloom assuming the data collected by Marshall (1977)
is representative of other years. 1In 1978 and 1979, hnwever,there appeared
to be excess inorganic phosphorus remaining in the water column during
the late summer bloom, as exemplified by maximum IN/IP ratios of about
.11 and 10, respectively.

During the winter, inorganic phosphorus and nitrogen levels were
$ufficient1y high so as to make neither phosphorus nor nitrogen a 1imitihg
factor. Some other factor (i.e. light, temperature, micronutrients)

probably 1imits winter phytoplankton growth.
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Decreases in the mean annual total nitrogen in total phosphorus ratios
(TN/TP) were not as consistent nor as large as the decreases in the in-
organic ratios;.a1though the 1979 TN/TP (23.6) was significantly lower
than the 1973 ratio (43.9). On a seasonal basis .the higher TN/TP ratios

occurred in the summer while the lower ratios occurred in the winter, The

" seasonal pattern in the TN/TP ratios was opposite to the seasonal pattern

of the IN/IP ratios.

Areal Analysis

There were significant areal variations in certafn.water guality
parameters between the eight Timnetic stations. The 1océtfon of theser
stations allows an assessment of only large area differences in the
limnetic zone. These data cannot be used to de11néate areas of tributary
influence. Such an evaluation will be addressed in the next chapter.

Dissolved oxygen was the only parameter which was uniform among the
eight stations (Table 7-10 to 7-12). Mean turbidity 1eve1§ at stations
3,4, 6, and 8, which were located over soft mud sediments, were signifi-
cantly greéter than the Tevels at stations 1, 5, and 7 which were located
over hard sand sediments.(Figure 7-1). These associations were reported
earlier by Davis and Marshall (1975). A1l the majdr cations and anions
were significantly 16wer'at_station 1 than at the remaining Statiohs.
Station 1 is located closest to the mouth of the Kjssimmee River (C-38)
and reflects the low ion levels characteristic of C-38 waters (Federico,
in preparation).

Nitrogen and phosphorus both displayed similar areal variations.

Station 5, the most westward station, had the Towest average nitrogen
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TABLE 7-10.DUNCAN'S MULTIPLE RANGE TEST FOR AVERAGE STATION DISSOLVED
. OXYGEN, TURBIDITY, AND SPECIFIC CONDUCTANCE 1/

Dissolved Oxygen (mg/1)

Station 6 3 4 7 8 2 ] 5
8.44 8.5 8.6 8.6 8.7 8.7 8.7 8.8
Turbidity (JTU)
Station 5 1 7 2 3 6 4 8
11.0 12.4 13.8 17.0 20.5 21.4 22.9 -27.0
Specific Conductance (umhos/cm)
Station 1 5 2 3 6 8 4 7
535 566 592 601 602 604 608 610
1/

{ a = .05)

2/ Station means calculated from April 1973 through March 1980
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TABLE 7- ]T -DUNCAN'S MULTIPLE RANGE TEST FOR AVERAGE STATION CHLORIDE
SODIUM, CALCIUM, AND ALKALINITY LEVELS 1.

Chloride (mg/1)
Station ] 5 2 6 8 4 3 7
77.3% 6.1 88.0  89.0  89.1 89.6  89.7 90.1

Sodium (mg/1)
Station 1 5 2 8 7 6 4 3
50.3 55.1 56.7 56.7 57.1 57.5 58.1 58.3

Caleium (mg/1)
Station 1 5 2 8 3 _ 7 6 | 4
40.7 43.0 45.7 45.8 46.2 46.4 46.5 6.6

Alkalinity (meq/]).
. Station 1 - 2 5 6 3 4 8 7
2.2 2.4 2.4 2.5 2.5 2.5 2.5 2.5

l Means connected by the same line are not significantly different (o = .05)

2/ Station means calculated from April 1973 through March 1980
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TABLE 7-12.DUNCAN'S MULTIPLE RANGE TEST STATION NUTRIENT MEANSL/

Total Phosphorus {mg/1)
Station 5 7 2 3 1 6 8 4

0462 055 .063 .064 067 .067 .068 .073

Ortho Phosphorus (mg/1)
Station 5 1 2z 8 3 4 7 6
012 015 016 .016 .018 .020 .021 .025

Total Nitrogen {mg/1)
Station 5 6 1 2 3 8 4 7
1.63 1.68 1.70 1.72 1.74 1.76 1.78 1.83

Inorganic Nitrogen (mg/1)
Station 5 1. 2 3 8 il 6 7
.08 .13 .15 .16 .17 .18 .21 .23

Organic Nitrogen (mg/1)
Station 6 5 2 3 8 1 7 4
1.47 1.55 1.57 1.58 1.59 1.59 1.60 1.61

Yy Lines connected by the same line are not significantly different

2/ Mean of period April 1973 through March 1980
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and phosphorus levels (Table 7-13}. The highest total and inorganic
nitrogen concentrations occurred at the most southerly stations (station 7).
Mean organic nitrogen concentrations were uniform throughout the lake,
ranging from 1.47 mg/L at station 6 to 1.61 mg/L at station 4. These means
were calculated over the entire study period; thus are an average of the
Tower levels measured in 1973 and the highest levels me&sured in 1979.

The ANOVA used to test for significant differences indicated no significant
station~-year interaction which implies that the decrease observed from

1973 to 1979 occurred uniformly at all the stations.
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TABLE 7-13. DUNCAN'S MULTIPLE RANGE TEST FOR AVERAGE STATION NUTRIENT RATIOSEJ

Inorganic Nitrogen to Ortho Phosphorus

Station 7 .5 s 1 3 8 4 6

25.42/  17.2 15.3 15.1 14.8 14.7 14.2 12.4

Total Nitrogen to Total Phosphorus

Station & 7 2 8 3 6 1 4
6.9 44.8 - 35.6 33.5 32.6 31.6 30.9 29.6
B
Means connected by the same 1ine are not significantly different ( « = .05}
2/

Station means calculated from April 1973 through March 1980
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SUMMARY

Eight limnetic stations were sampled on a minimum monthly frequency
from April 1973 through March 1980. Routine parameters included nitrogen,

phosphorus, major fons, turbidity, color, and in situ field parameters

(dissolved oxygen, temperature, pH, and specific conductance). The
specific objectives of this sampling were to: (1) characterize the
chemical water quality of Lake Qkeechobee; (2) identify season and 1ong
term temporal trends; (3} assess the 1imiting nutrient{s)} of the Tlake |
based upon nutrient ratios; and (4) identify long term spacial variations.
The following specific conclusions were supported by this data.

(1) There were no readily apparent seasonal variations or consistent
increasing or decreasing changes in mean annual levels associated
with the.major ions (Na, K, Ca, Mg, C1, a1ka11hity) or specific
conductance. The lake is composed of highly mfnera]ized
water with the cations being dominated by calcium and sodium
and the anions being dominated by chloride and alkalinity.

(2) Color levels were moderately high for a lake system, averaging
42.6 Pt units. No seasonal trends were noted although there
was a wide range in individual values {19 to 59 Pt unifs).

(3) Turbidity levels varied seasonally with the highest values
(20 to 60 JTU) occurring during the winter. Wind driven wave
resuspension of sediments was attributed to.the higher turbidity
levels. On the average, however, turbidity remained low (18
JTU). No consistent increasing or decreasing trend was observed

from 1973 to 1979.
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(4)

(5)

(6)

Lakewide daytime dissolved oxygen concentrations were high
(relative to FAC Chapter 17-3 Water Quality Standards)

being consistent1y above 6 mg/L and averaging 8.6 mg/L. Saturation
ranged from 30 to 200 percent with an average of 100 percent.
Inorganic phosphorus and nitrogen concentrations in the lake's
limnetic zone displayed distinct seasonal patterns. Peak-cdhéen-
trations typically occurred in the winter while the lowest
concentrations occurred in the summer. The fall represented a
period of increasing levels while the spring represented a

period of declining levels. It was hypothesized that higher

- fall/wintertime lake stages provided a mechanism for nutrient

transport from the littoral zone to the limnetic zone. The spring
and summer decline in concentration was probably a result of
1n¢reased biological activity.

Mean annual Timnetic ortho phosphorus concentrations increased
significantly from 1973 to 1979 (0.005 to 0.045 mg/L) w{th

the 1arge$t increase occurring in 1978 and 1979. Three hypothe-
sized mechanisms which may have contributed to these increased
levels of ortho phosphorus were: (a) increased cycling of
nutrients from the littoral zone as a result of the 1fttora1
zZone being flooded for an extended period of tihe and to a
deeper depth in 1978 and 1979; (b) extractidn and_transport

of soluble ortho phosphorus from the two agricultural islands,

-following inundation at higher 1978 and 1979 lake stages; and

(c) above average ortho phosphorus loads entering the lake

in 1978 and 1979.
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(7) The increases in the annual ambient ortho phosphorus concentrations

(8)

(10)

in 1978 and 1979 resulted in significant increases in the
ambient total phosphorus levels. In addition, the proportion

of ortho to total phosphorus in the Timnetic zone increased from
19 percent in 1973 to 46 percent in 1979, | |

There were significant variations'in the mean annual inorganic
and total nitrogen concentration: hawaver, there was no

steadily increasing or decreasing trend from 1973 to 1979.

The mean annual limnetic inorganic nitrogen to phosphorus
(IN/IP) ratio decreased steadily from 25 in 1973 to 6.1 in
1979. Prior to 1978, the ratio was greater than 15, indicating
potential phosphorus limitation of maximum biomass. In 1978
the ratio (9.8) was in a transition range. During the last
year (1979) the ratio declined to 6.1, which is indicative

of potential nitrogen limitation. The ratioc for 1978 and 1979
were significantly lower than those calculated prior to 1977.
It was suggested that the decline in the ratic was primarily

a result of the disproportionate increase in ortho phosphorus
relative to inorganic nitrogen. In addifion, reduction of
nitrogen 1oédings in 1979 through implementation of the Interim
Aétion.Plan may have also contributed to the lower IN/IP ratio
in 1979.

The mean annual total nitrogen to phosphorus varied between

34 and 44 from 1973 to 1977 with no consistent pattern. A
significant decrease occurred in 1979 when the ratio_dec11ned

to 24.
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(1

(12)

Distinct seasonal trends occurred in the nutrient ratios.
The IN/IP fatio was lowest during the summer, frequently
helow 7-8. These Tow summer IN/IP ratios., counled with

Tow inorganic nutrient levels, probably resulted in nitrogen.

. 1imiting conditions in the summer. It was hypothesized that

“this seasonal shift to low summer IN/IP ratios triggers the

late summer bloom of nitrogen fixing b]ue—greén algae reported
by Marshall {1977). During the fall/winter, the ratios

were highest, ranging from 19 to 80. Since the winter in-
organic nutrient concentrations were typicaily at their peak, it.
is unlikely that either phosphorus or nitroge was Timiting

in the spring.

Significant areal differences were noted in all major parameters

except for dissolved oxygen and organic nitrogen, Turbidity

‘levels were higher over soft mud sediments than over hard
" sand sediments. Station 1, Tocated closest to the Kissimmee

‘ River {C-38), had significantly lower major ion 1evels,_

Station 5, the most westward station, had the lowest mean

‘nutrient Teveis. The highest average inorganic phosphorus

and nitrogen concentrations occurred at stations 6 and 7,

the most southerly stations,’
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CHAPTER VIII

SPATIAL DISTRIPUTINN OF WATER QUALITY VARIABLES IN
LAKE CKEECHOREF - CASE STIIDIES

INTRODUCTION

From May 1978 through September 1979, the S.F.W.M.D, opérated an
intensive (forty station) water quality monitoring_network within the
HHmnetic and littoral zones of Lake Okeechobee (Figure“8-1). This ex-
tensive network was established to assess the areal variation'of severa]I
water quality variables. The approach taken in this assessment was td
present cases which illustrated extreme distributional charécteristics'
with regards to several water quality variables. These cases represent
variable hydrologic conditions. |

In the 40 station network, several stations were located immediately
adjacent to-inflow bnd outflow points around the perimeter of the lake.
The majority of:tﬁeée perimeter stations were accompanied by another
station which was located two miles offshore;r Additional stations were
situated near the pub]icrwater supply (PWS) intake structures fof
eréchobee City (LZé), Belle Glade (LZ24), Clewiston {LZ30), Pahokee (LZ19)
and South Bay (LZ26}. The remaining stations were distributed uhiform]y
- over the rest of the lake. The eight baseline 1imnetic zone monitoring
sfatiohs were included within the forty station network in order to main-
tain a continuous period of record for those stations during this intensive
study. The latitude and Tongitude of all stations are given in Table 8-1.

Monthly samp]ing.was conducted at all stations. The sampling dates
and the routine variables which were monitored are given in Table 8-2.

A11 samples were collected within one-half meter of the surface.
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TABLE 8-1 COORDINATES OF THE FORTY MONITORING STATIONS WITHIN

LAKE OKEECHOBEE

Station Code ' Latitude
LZ1 27 12 20
172 27 11 30
Lzz 27 10 37
Lz4 27 11 27
L75 27 09 32
176 | 27 08 24
L77 27 08 31
L78 27 08 23
L79 27 08 38
LZ10 27 05 07
1.211 | 27 05 10
LZ12 27 04 30
1713 27 02 55
L2714 | 26 59 06
LZ15 26 59 06
L716 26 58 55
L1717 - 26 51 52
L218 2652 53
L719 - ' 26 49 37
LZ20 26 50 48
Lz21 26 48 05
Lze2 . 26 46 54
LZ23 26 42 07
Lz24 26 44 04
1725 26 44 20
1726 26 40 59
LZ27 26 41 54
L728 26 46 30
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P.W.S.!

City

intake for Okeechobee

Also Station‘L001

Station LOOZ
Station L0O3

Also
Also

Alsp = Station 1.004

il

P.W:S. intake for Pahokee

P.W.S. intake for Belle Glade
P.W.S. intake for South Bay

Also = Station LOO7



TABLE 8-1 (CONTINUED)

Station Code Latitude Longi tude Comments

LZ29 26 49 24 N 80 47 16 W  Also = Station LO06
LZ30 ' 26 47 54 N 80 51 38 W  P.W.S. intake for Clewiston
LZ31 26.45 35 N 80 55 05 W

LZ32 26 47 27 N 80 57 42 W

LZ33 26 5327 N 805257 W

LZ34 ' 26 57 33 N 8054 14 W _Also = Station L0O8
Lz3s 26 57 3N 80 58 40 W Also = Station L0OS
LZ36 26 58 42 N 81 02 12 W

1LZ37 26 58 07 N 81 04 05 U

LZ38 27 02 00 N 80 56 10 W

LZ39 27 00 56 N 80 54 42 W

LZ40. 26 52 56 N 80 47 15 W

| .
Public Water Supply
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TABLE 8-2
VARIABLES

May 22 - 24, 1978
June 12 - 14, 1978 |
July 12 - 14, 1978
August 8 - 10, 1978
Sept. 6 - 8, 1978
Octaber 10 - 12, 1978

Sampling Dates

Nov. 7 - 9, 1978

*Dec. 5 - 6, 1978

Jan. 9 - 11, 1979
*Jan., 30 - 31, 1979
March 6 - 8, 1979 -
*April 10 - 12, 1979

FORTY STATION SAMPLING FREQUENCY AND ROUTINELY MONITORED

May 8 - 10, 1979
June 5 - 7, 1979
July 3 - 5, 1979

. August 7 - 9, 1979
Sept. 10 - 13, 1979

NOTE: "*" indicates that contour maps were not run on those dates.

Variables

Analytical Field
NOX, *C1 *Dissolved Oxygen
NO2 *Alkalinity Specific Cohductance
NO3 *T-Fe *Temperature

. *
NH - *T-Org. C pH
TKN *Turbidity
O—PU4 *Color
T-PD4
NOTE: "*" indicates that contour maps were not run for these variables
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DATA EVALUATION

The areal distribution of several water quality variables has beeh
depicted via a series of contour maps. These maps were generated by uti-
1izing "SYMAP" - a computer mapping program which was developed at Harvard
University's Laboratory for Computer Graphics and Spatial Analysis.. These
contour maps display data by interpolating a continuous surface in the
regions where there are no data points. These interpolated values are a
function of the distance to, and the values qﬂ the neighboring data points
(Dougenik et al., 1975). Each smoothly interpolated value is modified by
a weighting factor whose magnitude is inversely proportional to the square
of the distance betﬁeen the neighboring data points.

The contour maps contained within this report were assembled as
cbjectively as possible but several factors affect the graphic output of
the SYMAP program. By changing the width of the contour intervals it is
possible to change the area of influence which can be attributed to each
paint source discharge to the lake. Other factors which affect the graphic
output of SYMAP are map dimension, map scale, dqta point distribution, and
the search rgdius for neighboring data points involved in interpolation.

In order to mitigate the effects which these factors have on the final out-
put,and to allow for an objective comparison of output betwéen sample dates,
many bf the above factors were standardized'from map to hap. Eaﬁh class
interval within the contour maps was represented by a unique character

so as to aid in discerning one contour level from the next. These unique
.characters were chosen so that, ideally, the density of the print on the
paper increased with each increase in contour levels {i.e. the higher the

variable concentration, the darker the print).
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The map legend gives the width of each class interval, the characters associ-
ated with each class interval, the data value extremes for each map and
a8 histogram of actual data values. Various inflow and outflow conveyances:
were labeled around the perimeter of each map. Several prominent']and masses
within the lake itself were also identified. These land masses were treated
by SYMAP as 1mpermeab1e barr1ers.

The SYMAP evaluation was limited to three water guality variables
{i.e. specific conductance, nitrogen, and phosphorus)}. The criterion
used to determine which sampling dates would be discussed was based on the
variability of the variable as measured by its standard deviation. The
dates which were selected were generally the dates of highest-and Towest
variability, although other factors such as overall means and the rate of
discharge for certain tributaries were also considered. Once the contour
‘maps were generated, the lake area within each contour interval was calcu-
lated by using a Hewlett Packard 9815 calculator with a digitizing board.
In order to analyze the potential effects that the inflows had on the
SYMAP's of the Iake, it was first necessary to determ1ne.. |

(1) whach conveyances were discharging to the lake when the actua]

sampling took place.

(2) The relative significance of the volume of water discharged

| from one conveyance as compared to the next. o

(3} The quality of water discharged at each conveyance.

(4) The ambient quality of the water in the lake.

In order to determine #1 and #2, tables were constructed which dis-
played the operational status of the inflows to the lake for the time
period which involved each'sample date. Since each sampling trip took

three days to cdmp]ete, three different time periods of discharge were
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recorded in these tables. The discharge values. in these tables may be
compéred to the maximum discharges made duringlthe seven year study period
(Table 8-3). Each time period consists of the actual date samples were
collected in the vicinity of an inflow plus two days prior to that date.
In order to ascertain #3, a table was summarized from Chapter V (Table
8-4) which contains mean values of several water quality variables which
are representative of the water discharged to the lake from the majority
of the inflows surrounding the lake. Values contained in Table 8-4

are either flow proportional means or means of values collected only
during discharge from April 1973 through March 1980. For the purpose of
this analysis, the ambient water quality of the lake was defined as

the water contained in the contour level which covered the largest surface

. area of the lake.

Specific Conductance

- The contour maps which illustrate the'area1 distribution of the spe-
cific conductance in Lake Ckeechobee are shown in Figures 8-2 and 8-3,
The map of the August 1978 trip, which illustrates variahle conductivity
data, is representative of cases when several conveyances were discharging
to the lake. The August 1979 map, which displays uniform conductivity
data, represents a limited discharge case. Each c1aés interval (i.e.
contour Tevel) used in the specific conductance maps was 200 umhos/cm
wide. There were nine intervals ranging from 0 to 1800 umhos/cm. The
area within eéch interval is displayed in Table 8-5. The total lake area
of the conductivity maps was calculated to be approximately 619 square

miles,
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TABLE 8-3  MAXIMUM DAILY DISCHARGES TO LAKE OKEECHOBEE FROM- 1973
' THROUGH 1980

Peak : Peak
Structure Oischarge Structure Discharge
{acre-feet) (acre-feet)
S-65E 27769 s-4 - 2531
5-84 7002 | Fisheating Creek 15927
5-133 1478 5-131 399
s-191 - 6663 | s-71 5831
5-135 1194 $-129 726
5-2 7755 5-72 3035

S-3 ' 4919 $-127 1412

NOTE: Daily discharge records were not available for several
of the structures which were listed in the "Operational
Status” tables. '
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TABLE 8-4 MEAN VALUES REPRESENTATIVE OF DISCHARGE TO THE LAKE (4/1/73-3/31/80)

variaple!!)
Inflow Sp. Cond. (2) Total N Inorg N Total P Ortho P
5-2(2) 1407 5.82 2,28 0.132  0.077
5-3(2) 1110 4.92 » 02 0.095  0.054
s 875 2.5 0.74  0.314  0.254
5-71(2) 176 2.26 0.45 0.260  0.185
s-72{2) 191 2.50  0.39 0.217  0.139
s-e5£(2) 152 1.39 0.20 0.092  0.058
s-g4(2) 129 1.35 0.14 0.066  0.028
Fisheating ck'2) 109 2.08 0.14 0.235  0.161
5-127(2) 675 2.31 0.41 0.484  0.299
s-129(2) 607 2.17 0.22 0.189  0:140
5-131(2) 605 1.87 0.20 0.138  0.108
s-133'2) 610 190 039 o3m1 0258
s135" ) 857 2.14 0.25 0.181  0.143
s-191(2) 376 2.29 0.60 0.906 = 0.749
cutvert 10(%) 1581 7.39 3.64 0.265  0.169
culvert 11(4) 1637 3.41 1.28 0.485  0.435
 cutvert 12(4) 1642 13.43 714 029 0.083
cutvert 1280 3206 7.40 2.75  0.305  0.248
culvert 4al4) 1638 5.14 2.77 0.080  0.039
s-236%) 1565 5.07 2.32 0.086  0.022

(1) Units are $p. Cond. {umhos/cm), N or P {(mg/L as N or P).

(2) Nutrient concentrations are flow weighted.

(
(

3) Specific Conductance is time weighted for discharge cases only,

4) Nutrient concentrations are time weighted for discharge cases only.
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TABLE 8-5 LAKE AREA WITHIN SPECIFIC CONDUCTANCE CONTOUR INTERVALS

Contour interval August 1978 August 1979
unthos/cm : sq. mi, % sg. mi. %

<200 . 25.7 4.2

200 - 400 . 49,1 7.9

400 - 600 794 12.8 611 9.9

600 - 800 | 394,0 63.6 563.2 91.0

800 - 1000 61.8  10.0

1000 - 1200 7.2 1.2

1200 - 1400 ‘ 0.7 0.1

1400 - 1600

Mean o 614 639

Std. Dev. 267 . ' 39

Note: Total lake area for specific conductance maps = 619 sq. mi.
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The operational status of the inflows to Lake Okeechobee for August
1978 and 1979 are depicted in Tables 8-6 and 8-7, respectively. It is
evident from Table 8-6, that water releases from the Kissimmee River Basin,
during August 1978, should have the greatest impact on the ambient water
quality in the north end of the Take since it is the single largest source
of water. The large releases from S-65E and $S-84 probably obscure the
impact on the ambient water quality of the lake of discharge from S-127,
S-133, 5-191 and 5-135. Besides the Kissimmee River (S—BSE) and 5-84,
significant releases of water to the lake were also made by S-2, S-3,

S-4, S-71, S-72, and Fisheating Creek.

It is evident from Table 8-4 that water which entered the_northern
region of the lake had a much Tower conductivity than that which entered
the southern region.

The contour map depicting the areal distribution of specific con-
ductance data in Lake Okeechobee during the August 1978 sampling trip
(Figure 8-2) has ambient level conductivity values in the range of 600
to 800 pmhosfém (Level 4) as indicated in Table 8-5. Approximately 64%
of the area of the lake (394 square miles) contained water defined.as
ambieﬁt, This means 36% of the lake was affected.by the various inflows
based on the criteria used to generate the contour map for thi§ date.
Relatively low conductivity water entering the north and west sides of

the Take had a dilution effect on the ambient lake water, Approxim&te]y
116 sguare mi]es (18.7%) of the lake was affected by the various dis-
charges from S-129 clockwise to S$S-135. Level 2 contour data (200 to 400
umhos/cm) in the vicinity of the Indian Prairie Canal (5-72) illustrate
the localized area of impact due to releases from this area. Thié dilution

agrees favorably with the conductivity data for $-72 (Table 8-4). Although
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TABLE 8-6.

OPERATIONAL STATUS OF INFLOW CONVEYANCES TO LAKE OKEECHOBEE

= - means flows not available

Blank
COMMENTS: (A)
(B)

(C)
(D)

(E)
(F)

*indicates actual sample dates

means flows not applicable

Fairly continuous discharge prior to these dates.

Structure on automatic.
not calculated.

Not in operation at this time.

Operated by private drainage districts.

These waterways were not gauged at this time.

Discharge occurred daily.

Volume and Date of Discharge v
August 1978 _
Inflow 6th _ 7th _ 8th* Oth*  10th* _ Total __Comments
S-65E 19379 18665 18903 2/ - 56947 A
S-84 3808 4185 3312 11305 A
5-154 - - B
S-133 0 472 0 472 F
5-191 750 684 307 1741 A
5-1356 0 365 0 . 365 F
Culvert 11 - - - D
- Culvert 10 - - - - D
Culvert 12A - - - D
Culvert 12 - - - D
S-2 2222 1103 446 3771 A
Culvert 4A - - D
5-3 510 500 1010 A
5-236 0 0 0 C
Industrial C, - - - . E
S-4 607 325 595 1527 A
. Fisheating Ck. 2598 2440 2301 7339 A
5-131 0 0 143 143 F
S-71 2420 2103 990 5513 A
5-129 0 0 0 _ F
5-72 1984 1718 107 3809 A
S5-127 0 234 0 . 234 F
' Total Inflow = 94176 acre-feet
1/ Average Lake Stage on 8/6/78 = 15.90 ft. (MSL)
NOTE: " Volumes are expressed in acre-feet. The time frame under con-
sideration includes the date sampling occurred in the vicinity
2/of the inflow conveyance plus two days prior to that date/

VYolume

No discharge data
available, however, there probably was discharge at
this time since S-2, 5-3,and S-4 were pumping also.

Small releases are made every 3 to 4 days.
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TABLE 8-7. OPERATIONAL STATUS OF INFLOW CONVEYANCES TO LAKE OKEECHOBEE
1/

Volume and Date of Discharge—
August 1979

Inflow - 5th 6th 7th*  8th 9th* Total Comments
S-65E 2/ 1822 1469 2138 5429 A
5-84 0 0 0

S-154 0 0 0

$-133 0 0 0

S-191 _ 17 119 175 465

5-135 i 0 0 0

Culvert 11 - - - B
Culvert 10 - - -~ B
Culvert 12A - - - B
Culvert 12 - - - B
5-2 0 0 0

Culvert 4A - - - B
5-3 0 0 0

S-236 0 - 0

Industrial C. = - - -

S-4 0 0 0

Fisheating Ck. ' 143 147 149 439 A
S-131 0 0 0

S-71 0 0 0

S-129 0 0 216 216

S-72 | 0 0 0

§-127 ' 0 0 0

Total Inflow 6549 acre-feet:
Average Lake Stage on 8/5/79 = 14.30 ft. (MSL)
1/

NOTE: — Volumes are expressed in acre-feet. The time frame under con-
sideration includes the date sampling occurred in the vicinity
of the inflow conveyance plus 2 days prior to that date.

- means flows not availalbe
Blank means flows not applicable

1

2/

COMMENTS: (A) Fairly continuous discharge prior to these dates.
(B) Operated by private drainage districts. MNo discharge
data available.
{C) This waterway not gauged at this time.
(D) Pumped for 8 hours on the 6th. Volume not calculated.

*indicates actual sample dates
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water releases from S-65E, S-84 and S-191 were significant, it is diffi-
cult to determine the exact zone of influence of each source due to fheir
close proximity-to one another. Based on the conductivity data in Table |
- 8-4, it's reasonable to assume that all Level 1 contour data (0 to 200
vmhos/cm) in that vicinity is directly attributable to dischargé-from
C-38 (Kissimmee River) and $-84. This Level 1 contour accounts for 24.8
square miles of 4% of the total lake area. The Level 2 contour in the
same vicinity reflects the combined influences of C-38, $-84 and-5-191.
Thfs Léve] 2 contour represents 24.8 square miles or an additional 4%
_of the surface érea of the lake. Level 3 data (400 to 600 umhos/cm)
reflects the additional influence of the Indian Prairie Canal combined
with C-38, S-84Iand,5-191 water releases. This Level 3 contour accounts
for an additional 63.4 square miles (10%) of lake surface area affected
by discharge into the north end of the lake.

‘On.fhe west side of the lake from the Caloosahatchee River (S-77)
clockwise to the'Harney Poﬁd Canal (S-71), 38 square miles or approximately
6% of the lake's surface displayed conductivity levels which were diluted
below the émbient concentration. Conductivity values which are repre-
~ sentative of discharge from this area (Table 8-4) indicate that a dilution
effect should be evident. Fisheating Creek and 5-71 both contributed
significant amounts of water to that portion of the lake, while discharge
from S-131 was negligible in comparison. The small dispiay of Level 1
contour data (approximately 1 sq. mile) is probably directTy-attributab]e-
to Fisheating Creek,while Level 2 {21 square miles) and 3 contours (16
square miles) are the result of the combined influence of the water

releases in that area. Since there is a large littoral zone in this region
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of the lake which was not penetrated by the sampling program, the true
contour levels in this area may depart somewhat from the SYMAP represen-
- tation. In addition, regulatory releases of water from the lake via the
Caloosahatchee River (S-77) began on August 8th. These regulatory
releases may have caused water in this region of the lake fo flow toward
§5-77 rather than disperse in some other manner. No data currently exists
‘ to_efther prove or disprove this hypothesis, however.

Water quality in the vicinity of pump station 4 (S-4) and the
Industrial Canal also was altered from the ambient level in the lake.
Level 5 contours {800 to 1000 umhos/cm) indicate that the specific con-
ductance was raised in a 41 square mile area of the lake. This area in
the Level 5 contour was equal to approximately 7% of the sufface area
and had conductivity values that resembled the mean value for S-4 {875 umhos/
cm}. Since no quality or quantity data is available for the Industrial
Canal, it is not possible to attribute the Level 5 contour data to either
one source or another with a great deal of certainty. It does, howeyer,
appear that S-4 was responsible for the elevated conductivities in that
area since ambient lake concentrations may be found 1mmediate1y east of
the Industrial Canal, whereas S-4 is more or less centered within the
" boundary of the Level 5 contour.

Another area of elevated conductivity data is the south end of the
lake from culvert 10 c]otkwise to $-236. Approximate1y 28.5 square miles
or 5% of the lake is affected by discharge from this area. The
highest conductivity values (Level 7; 1200 to 1400 umhos/tm).are found
in a one square mile area in South Bay immediately adjacent to Kreamer_

and Torry Islands. This Level 7 contour -is probably due to high chloride
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concentrations in the water being pumped off of Torry Island due to con-
struction of the Belle Glade marina and recreation complex on the island.
Ltevel 5 (800 to 1000 umhos/cm) and 6 (1000 to 1200 umhos/cm) contours in
that same area reflect the combined impact of backpumping from $-2 and

S—3 as well as discharge from the privately owned and operated culverts.
Although water discharged through the private culverts typically has higher
conductivities than that which is backpumped from $-2 and $-3 {(Table 8—4),
a lack of hydrology data for these culverts makes an_appraisa] of their
relative effect on the water in the lake impossible.

In contrast to the August 1978 map of the distribution'of specifié
coﬁductance values, tﬁg«August 1979 distribution map {Figure 8-3) displays
a much more homogeneous lake. Approximately 61 square miles (10%) of
the lake were diluted from the ambient concentration (Level 4; 600
to 800 umhos/cm) to a Level 3 cohtour (400 to 600 umhos/cm). The reason
for the lake being more homogeneous during the August 1979 trip than
during the August 1978 trip was that 14 times more water entered the lake
in August 1978 than did in August 1979. |
Nitrogen

The total nitrogen and inorganic nitrogen déta for the Septeﬁber
1978 sampling héve been mapped (Figures 8-4 and 8-5, respectively) since -
both parameters had a high degree of variability. fn contrést, the dis-
tribution of both parameters was very uniform during the January 1979
sampling and the maps of the distributions are shown in Figures 8-6 and 8-7.

As can be seen from the summaries of the discharges into the

lake during the two sampling trips (Tables 8-8 and 8-9), there was
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